
Dietary Patterns and Health
A Nutrition Science Approach

Rebecca Matthews



Dietary Patterns and Health: A  
Nutrition Science Approach





Dietary Patterns and Health: A 
Nutrition Science Approach

Edited by Rebecca Matthews



Published by White Word Publications,
5 Penn Plaza,
19th Floor,
New York, NY 10001, USA

Dietary Patterns and Health: A Nutrition Science Approach 
Edited by Rebecca Matthews

© 2021 White Word Publications 

International Standard Book Number: 978-1-9789-7363-3

This book contains information obtained from authentic and highly regarded sources. Copyright for all individual 
chapters remain with the respective authors as indicated. All chapters are published with permission under the Creative 
Commons Attribution License or equivalent. A wide variety of references are listed. Permission and sources are indicated; 
for detailed attributions, please refer to the permissions page and list of contributors. Reasonable efforts have been 
made to publish reliable data and information, but the authors, editors and publisher cannot assume any responsibility 
for the validity of all materials or the consequences of their use. 

The publisher’s policy is to use permanent paper from mills that operate a sustainable forestry policy. Furthermore, the 
publisher ensures that the text paper and cover boards used have met acceptable environmental accreditation standards. 

Trademark Notice: Registered trademark of products or corporate names are used only for explanation and identification 
without intent to infringe. 

Copyright of this ebook is with White Word Publications, rights acquired from the original print publisher, Syrawood 
Publishing House.

Cataloging-in-Publication Data

Dietary patterns and health : a nutrition science approach / edited by Rebecca Matthews.
p. cm.

Includes bibliographical references and index. 
ISBN 978-1-9789-7363-3
1. Diet. 2. Food habits. 3. Health. 4. Nutrition. I. Matthews, Rebecca.

TX357 .D54 2021
613.2--dc23



TABLE OF CONTENTS

 Preface .......................................................................................................................................................... IX

Chapter 1	 Associations of childhood, maternal and household dietary patterns 
with childhood stunting in Ethiopia: proposing an alternative and 
plausible dietary analysis method to dietary diversity scores.............................................................. 1  
Yohannes Adama Melaku, Tiffany K. Gill, Anne W. Taylor, Robert Adams, 
Zumin Shi and Amare Worku

Chapter 2	 Dietary selenium intake based on the Chinese Food Pagoda: 
the influence of dietary patterns on selenium intake........................................................................... 16  
Jing Wang, Linsheng Yang, Hairong Li, Yonghua Li and Binggan Wei

Chapter 3	 Development of a dietary index based on the Brazilian Cardioprotective 
Nutritional Program (BALANCE)............................................................................................................ 24  
Jacqueline Tereza da Silva, Ângela Cristine Bersch-Ferreira, Camila Ragne 
Torreglosa, Bernardete Weber and Renata Bertazzi Levy

Chapter 4	 Association of serum vitamin D concentrations with dietary patterns 
in children and adolescents....................................................................................................................... 33  
Vijay Ganji, Bernadette Martineau and William Edmund Van Fleit

Chapter 5	 Adaptation and validation of a food frequency questionnaire (FFQ) 
to assess dietary intake in Moroccan adults........................................................................................... 44  
Khaoula El Kinany, Vanessa Garcia-Larsen, Mohamed Khalis,  
Meimouna Mint Sidi Deoula, Abdelilah Benslimane, Amran Ibrahim, 
Mohamed Chakib Benjelloun and Karima El Rhazi

Chapter 6	 Maternal dietary patterns during pregnancy and preterm delivery.................................................. 56  
Min-Shan Lu, Jian-Rong He, Qiaozhu Chen, Jinhua Lu, Xueling Wei,  
Qianling Zhou, Fanfan Chan, Lifang Zhang, Niannian Chen, Lan Qiu, 
Mingyang Yuan, Kar Keung Cheng, Huimin Xia and Xiu Qiu

Chapter 7	 Environmental footprints of food consumption and dietary 
patterns among Lebanese adults.............................................................................................................. 66  
Farah Naja, Lamis Jomaa, Leila Itani, Jeremy Zidek, Sibelle El Labban, 
Abla Mehio Sibai and Nahla Hwalla

Chapter 8	 Population-based studies of relationships between dietary acidity load, 
insulin resistance and incident diabetes in Danes............................................................................... 77  
Joachim Gæde, Trine Nielsen, Mia L. Madsen, Ulla Toft, Torben Jørgensen, 
Kim Overvad, Anne Tjønneland, Torben Hansen,  
Kristine H. Allin and Oluf Pedersen

Chapter 9	 Healthy diets ASAP – Australian Standardised Affordability and 
Pricing methods protocol........................................................................................................................... 88  
Amanda J Lee, Sarah Kane, Meron Lewis, Elizabeth Good,  
Christina M Pollard, Timothy J Landrigan and Mathew Dick



	Chapter 10	 Dietary patterns of university students in the UK.............................................................................. 102  
E. F. Sprake, J. M. Russell, J. E. Cecil, R. J. Cooper, P. Grabowski, 
L. K. Pourshahidi and M. E. Barker

	Chapter 11	 Pessimism, diet and the ability to improve dietary habits: a three-year follow-up 
study among middle-aged and older Finnish men and women....................................................... 118  
Mikko Pänkäläinen, Mikael Fogelholm, Raisa Valve, Olli Kampman, 
Markku Kauppi, Erja Lappalainen and Jukka Hintikka

	Chapter 12	 Association of dietary patterns, anthropometric measurements and metabolic 
parameters with C-reactive protein and neutrophil-to-lymphocyte ratio in 
middle-aged and older adults with metabolic syndrome.................................................................. 127  
Ahmad Syauqy, Chien-Yeh Hsu, Hsiao-Hsien Rau and Jane C.-J. Chao

	Chapter 13	 Association between eating behaviour and diet quality: eating 
alone vs. eating with others..................................................................................................................... 139  
Wonjeong Chae, Yeong Jun Ju, Jaeyong Shin, Sung-In Jang and Eun-Cheol Park

	Chapter 14	 Greenhouse gas emissions of self-selected diets in the UK and their 
association with diet quality: is energy under-reporting a problem?............................................. 150  
Kentaro Murakami and M. Barbara E. Livingstone

	Chapter 15	 Adherence to Mediterranean and low-fat diets among heart and lung 
transplant recipients.................................................................................................................................. 160  
Timothy R. Entwistle, Adèle C. Green, James E. Fildes and Kyoko Miura

	Chapter 16	 Dietary quality linkage to overall competence at school and emotional 
disturbance in representative Taiwanese young adolescents: dependence 
on gender, parental characteristics and personal behaviors............................................................. 167  
Lin-Yuan Huang, Mark L. Wahlqvist, Meei-Shyuan Lee and Po-Huang Chiang

	Chapter 17	 Vegetarian-style dietary pattern during adolescence has long-term positive 
impact on bone from adolescence to young adulthood..................................................................... 180  
Elham Z. Movassagh, Adam D. G. Baxter-Jones, Saija Kontulainen, 
Susan Whiting, Michael Szafron and Hassan Vatanparast

	Chapter 18	 Relationship between dietary patterns and risk factors for cardiovascular 
disease in patients with type 2 diabetes mellitus................................................................................ 190  
Yusuke Osonoi, Tomoya Mita, Takeshi Osonoi, Miyoko Saito,  
Atsuko Tamasawa, Shiho Nakayama, Yuki Someya, Hidenori Ishida,  
Akio Kanazawa, Masahiko Gosho, Yoshio Fujitani and Hirotaka Watada

	Chapter 19	 Stability-based validation of dietary patterns obtained by cluster analysis................................. 201  
Nicolas Sauvageot, Anna Schritz, Sonia Leite, Ala’a Alkerwi,  
Saverio Stranges, Faiez Zannad, Sylvie Streel, Axelle Hoge,  
Anne-Françoise Donneau, Adelin Albert and Michèle Guillaume

	Chapter 20	 Several grain dietary patterns are associated with better diet quality and 
improved shortfall nutrient intakes in US children and adolescents............................................. 214 

VI   Contents

Yanni Papanikolaou, Julie Miller Jones and Victor L. Fulgoni III



Contents   VII

	Chapter 21	 Food choice motives including sustainability during purchasing are 
associated with a healthy dietary pattern..............................................................................................224  
B. Allès, S. Péneau, E. Kesse-Guyot, J. Baudry, S. Hercberg and C. Méjean

	Chapter 22	 Serum phospholipid fatty acids, dietary patterns and type 2 diabetes among 
urban Ghanaians........................................................................................................................................ 236  
Franziska Jannasch, George Bedu-Addo, Matthias B. Schulze, 
Frank P. Mockenhaupt and Ina Danquah

		 Permissions

		 List of Contributors

		 Index









Associations of childhood, maternal and 
household dietary patterns with childhood 
stunting in Ethiopia: proposing an alternative 
and plausible dietary analysis method to dietary 
diversity scores
Yohannes Adama Melaku1,2* , Tiffany K. Gill2, Anne W. Taylor2, Robert Adams3, Zumin Shi2 and Amare Worku1

Abstract

Background: Identifying dietary patterns that consider the overall eating habits, rather than focusing on individual
foods or simple counts of consumed foods, better helps to understand the combined effects of dietary
components. Therefore, this study aimed to use dietary patterns, as an alternative method to dietary diversity scores
(DDSs), and investigate their associations with childhood stunting in Ethiopia.

Methods: Mothers and their children aged under 5 years (n = 3788) were recruited using a two-stage random
cluster sampling technique in two regions of Ethiopia. Socio-demographic, dietary and anthropometric data were
collected. Dietary intake was assessed using standardized dietary diversity tools. Household, maternal and child
DDSs were calculated and dietary patterns were identified by tetrachoric (factor) analysis. Multilevel linear and
Poisson regression analyses were applied to assess the association of DDSs and dietary patterns with height-for-age
z score (HAZ) and stunting, respectively.

Results: The overall prevalence of stunting among children under-five was 38.5% (n = 1459). We identified three
dietary patterns each, for households (“fish, meat and miscellaneous”, “egg, meat, poultry and legume” and “dairy,
vegetable and fruit”), mothers (“plant-based”, “egg, meat, poultry and legume” and “dairy, vegetable and fruit” and
children (“grain based”, “egg, meat, poultry and legume” and “dairy, vegetable and fruit”). Children in the third
tertile of the household “dairy, vegetable and fruit” pattern had a 0.16 (β = 0.16; 95% CI: 0.02, 0.30) increase in HAZ
compared to those in the first tertile. A 0.22 (β = 0.22; 95% CI: 0.06, 0.39) and 0.19 (β = 0.19; 0.04, 0.33) increase in
HAZ was found for those in the third tertiles of “dairy, vegetable and fruit” patterns of children 24–59 months and
6–59 months, respectively. Those children in the second (β = −0.17; 95% CI: -0.31, −0.04) and third (β = −0.16; 95%
CI: -0.30, −0.02) tertiles of maternal “egg, meat, poultry and legume” pattern had a significantly lower HAZ
compared to those in the first tertile. No significant associations between the household and child “egg, meat,
poultry and legume” dietary patterns with HAZ and stunting were found. Statistically non-significant associations
were found between household, maternal and child DDSs, and HAZ and stunting.
(Continued on next page)
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Conclusion: A higher adherence to a “dairy, vegetable and fruit” dietary pattern is associated with increased HAZ
and reduced risk of stunting. Dietary pattern analysis methods, using routinely collected dietary data, can be an
alternative approach to DDSs in low resource settings, to measure dietary quality and in determining associations of
overall dietary intake with stunting.

Keywords: Dietary data analysis, Dietary diversity score, Dietary pattern, Stunting

Background
Although the global burden of stunting decreased between
1990 and 2015 by more than 25%, it has continued to be a
major nutrition-related risk factor causing 257 deaths per
100,000 globally [1]. In sub-Saharan Africa, 11.8 disability-
adjusted life years (DALYs) and 136,455 childhood deaths
in 2015 were attributable to stunting [2]. In Ethiopia, 38%
of children under-five years of age were stunted [3] and it
was a risk factor for 960,742 DALYs and 11,065 deaths in
2015 [2]. Stunting also halts the development of societies
by negatively affecting mental and physical health [4].
Suboptimal nutrition is a major contributor to stunting in
developing countries [5], although there are other causal
and contextual factors [4].
Although there are well-established methods, collation

and analysis of dietary data have remained challenging in
low-income countries (LICs) for various reasons, includ-
ing high costs, lack of centralized platforms for dietary
data, little investment in research, low capacity and tech-
nical complexity [6]. As a result, dietary assessment is
mainly dependent on approaches which require low cost
and provide low quality. Dietary diversity assessment has
remained the most commonly used method of data collec-
tion, analysis and interpretation approach in LICs. Dietary
diversity scores (DDSs) of households, women and chil-
dren [7–9] are important tools and the most commonly
used indicators of assessing the adequacy of nutrient in-
take. In many studies, it has been also demonstrated that
DDSs were useful indicators of micronutrient status [10–
13] and a higher DDS is associated with a lower risk of
stunting [14–16]. The indicators are relatively simple and
suitable for use in large surveys [3]. However, data col-
lected for the purpose of DDS analysis are qualitative, and
in most cases, they are dichotomized (yes/no) [8] restrict-
ing further analyses. Thus, the analyses depend on a sim-
ple count of food groups and do not consider the
correlations of the food groups and their impact on nutri-
tional (disease) outcomes. In addition, because the main
purpose of DDS analysis is on the number, rather than the
type of foods consumed, this may ignore the antagonist,
additive and synergistic effect of food groups.
Currently the focus of nutritional epidemiology is to

investigate the patterns of multiple food and nutrient in-
takes without ignoring the interactions. Methodological
development over the last two decades enables us to

explore the association between diet and disease out-
comes through a systematic consideration of the correl-
ation between the components of the overall diet, that is
dietary patterns [17, 18]. A study by Humphries et al. re-
ported that total food expenditures (using food groups
for child DDSs) did not significantly predict HAZ in
Ethiopia. In this study, household food group expend-
iture index, determined by factor analysis of disaggre-
gated food expenditure, was found to be a significant
predictor for HAZ [19]. This leads to a premise that a
mere aggregate availability and accessibility of the in-
cluded food groups are not the determining factors for
HAZ, rather the specific types of food groups available
and their consumption pattern. Another study in the
same cohort strengthens this conclusion [20]. Therefore,
identifying dietary patterns that consider the overall eat-
ing habits, rather than focusing on individual foods (sim-
ple counting of consumed foods), better reflect the
complexity of dietary intakes and help to understand the
combined effect of diet components [21]. In this study,
we aimed to identify household, maternal and child diet-
ary patterns and investigate their associations with child-
hood stunting in Ethiopia using the same dietary data
collected for determining DDS. In addition, the study
compares the findings with the estimates of associations
between DDSs and stunting. To the best of our know-
ledge, this is the first study investigating the aforemen-
tioned objectives.

Methods
Study area and participants
A cross-sectional study was conducted in the South Na-
tions, Nationalities and People (SNNP) and Tigray
(northern Ethiopia) regions between June and September
2014. The two regions are geographically located at op-
posite ends of Ethiopia, in the south and north, with dif-
ferences in agroecology, subsistence farming being the
most common occupation in both regions. The SNNP is
a larger geographic area and has a greater population
size compared to the Tigray region. This study was part
of a larger project of the Alive and Thrive’s (A&T) impact
evaluation for community-based interventions. The major
objectives of the evaluation included assessment of infant
and young child feeding (IYCF) practices and stunting
prevalence. The baseline and progress evaluation of the
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project were conducted between June and September
2010 and 2013, respectively.

Sample size calculation and sampling technique
The sample size was calculated based on the 2010 baseline
and 2013 progress evaluation surveys’ estimates. It took
into account an intracluster correlation of 0.03–0.04. A
total of 75 clusters (enumeration areas [EAs]), a one-sided
test, a power of 80%, and a significance level of α = 0.05
were included in the calculations. Based on these consid-
erations, a minimum sample size of 2950 was required
(Table 1). However, in total, data were collected from
3788 children and their mothers.
A two-stage cluster sampling technique was used to

select households with children under five. In the first
stage (primary sampling unit), EAs were selected from
89 districts (the second smallest administrative units in
Ethiopia). The EA is a geographical unit devised by the
Central Statistical Authority (CSA) of Ethiopia, which
consists of 150–200 households. This is the smallest
cluster used in Demographic and Household Surveys
and roughly coincides with the kebele (the smallest ad-
ministrative units) boundaries (Fig. 1). A total of 75 EAs
(26 from Tigray and 49 from SNNP), from 56 districts
(19 from Tigray and 37 from SNNP) were selected using
probability proportional to size (PPS) sampling in rela-
tion to the population of the EAs.
In the second stage, children between 0 to 59.9 months

(n = 3788) were selected. A complete household listing
with the number of children residing in each household,
in each selected cluster, was developed in collaboration
with the local health and administrative offices. This list
included identification of all eligible candidates for the
survey (mothers of those children under 60 months of
age). From this list, three sampling frames were devel-
oped: children aged 0–5.9 months, 6–23.9 months, and
24–59.9 months. From each sampling frame, study sub-
jects were selected using a systematic random sampling
(SRS). Households selected to participate in one age cat-
egory were not included in the other sampling frames,
even if there were other eligible children in a household.

Data collection
All data (interview and anthropometric) were collected
by trained data collectors who had bachelor degrees or
above. To maintain the data quality, demonstrations and
pilot testing were conducted during the training period.
Trained supervisors oversaw and monitored the data
collectors during the field work. The supervisors also
checked 5–10% of the anthropometric and interview
data to ensure reliability.

Anthropometry data collection
The length or height of children was measured to the
nearest 0.1 cm using the United Nations International
Children’s Emergency Fund (UNICEF) recommended
wooden board with an upright wooden base and mov-
able headpieces. Children ≥24 months were measured
while standing upright while those less than 24 months
in the recumbent position. Weight was measured to the
nearest 0.1 kg using UNICEF’s scale [22]. Immunization
cards or home records of the date of birth, if available,
were used to determine the age of the children. In the
case of absence of these documents, mother’s recall was
taken using the local calendar and then converted to the
Gregorian calendar. Adult weighing and height scales
were used to measure maternal weight and height, re-
spectively. Mothers were asked to remove shoes and
heavy cloths before weight and height were measured.
Weight and height were recorded to the nearest 0.1 kg
and 1.0 cm, respectively.

Dietary data collection
Dietary data for children [7] and women [8] and house-
hold dietary and food insecurity data [9, 23] were assessed
using standard tools. Dietary intake was assessed for the
preceding day (24 h). For children aged 6–23 months,
seven food groups (grains, roots and tubers; legumes and
nuts; dairy products (milk, yogurt, cheese); flesh foods
(meat, fish, poultry and liver/organ meats); eggs; vitamin-
A rich fruits and vegetables; and other fruits and vegeta-
bles) were included [7]. For children 24–59 months, an
additional two food groups (oils and fats and independent
categories of other fruits and vegetables) were included.

Table 1 Sample size calculation, 2014

Baseline
(2010) rate
(%)

Expected
endline rate
(%)

Percentage point (pp)
or change in mean z-
score

Power Intra-class
correlation at
baseline (2010)

Intra-class correlation at
2013 progress evaluation
survey

Minimum
sample size
required

Stunting (24-59 m) 55.9 48.9 7 pp 0.8 0.032 NA 1450

Exclusive breast feeding
(0–5.9 m)

72.4 79.4 7 pp 0.8 0.026 0.005 600

Minimum dietary diversity
(6–23.9 m)

6.3 11.3 5 pp 0.8 0.038 0.125 900

Minimum total sample
size required

2950
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The maximum dietary diversity for women of reproduct-
ive age (MDD-W) assessment includes 10 food groups
(grains, white roots and tubers, and plantains; pulses
(beans, peas and lentils); nuts and seeds; dairy; meat,
poultry and fish; eggs; dark green leafy vegetables; other
vitamin A-rich fruits and vegetables; other vegetables;
other fruits). Consumption of food by any of the house-
hold member from any of 12 food groups in the last 24 h
was also assessed and the household DDS was deter-
mined. The food groups were cereals; roots and tubers;
vegetables; fruits; meat, poultry, offal; eggs; fish and sea-
food; pulses/legumes/nuts; milk and milk products; oils/
fats; sugar/honey and miscellaneous [23].

Other covariates
Data including socio-demographic (such as maternal age,
maternal education, sex of the head of the household and
paternal education), economic (household asset), environ-
mental factors (such as water source and latrine type),
health service utilization (such as place of delivery for
index child), and household characteristics (such as the
number of under-five children living in a household) were
collected. Different socio-economic indicators were com-
bined using principal component analysis to construct
household wealth. The factor scores were divided into
quantiles (poorest, poorer, middle, richer and richest) to
indicate the relative socio-economic status of the

Fig. 1 Sample description
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Table 2 Characteristics of study participants by age of children in Ethiopia, 2014

Characteristics Overall 0–5 months 6–23 months 24–59 months p-value

N 3788 601 896 2287

Sex of children

Male 1850 (48.8%) 284 (47.3%) 438 (48.9%) 1126 (49.2%) 0.680

Female 1805 (47.7%) 294 (48.9%) 433 (48.3%) 1076 (47.0%)

Missing 133 (3.5%) 23 (3.8%) 25 (2.8%) 85 (3.7%)

Sex of household head

Male 3438 (90.8%) 560 (93.2%) 820 (91.5%) 2055 (89.9%) 0.098

Female 231 (6.1%) 26 (4.3%) 53 (5.9%) 151 (6.6%)

Missing 119 (3.1%) 15 (2.5%) 23 (2.6%) 81 (3.5%)

Number of under 5 children in the household

One Child 2353 (62.1%) 259 (43.1%) 505 (56.4%) 1585 (69.3%) <0.001

Two children 1313 (34.7%) 300 (49.9%) 372 (41.5%) 641 (28.0%)

More than three children 97 (2.6%) 40 (6.7%) 18 (2.0%) 39 (1.7%)

Missing 25 (0.7%) 2 (0.3%) 1 (0.1%) 22 (1.0%)

Maternal age, median (IQR) 29.0 (25.0, 35.0) 27.0 (23.0, 32.0) 28.0 (23.0, 33.0) 30.0 (25.0, 35.0) <0.001

Maternal education

No education 2069 (54.6%) 274 (45.6%) 454 (50.7%) 1339 (58.5%) <0.001

Primary 1364 (36.0%) 265 (44.1%) 351 (39.2%) 746 (32.6%)

Secondary and above 193 (5.1%) 41 (6.8%) 50 (5.6%) 102 (4.5%)

Missing 162 (4.3%) 21 (3.5%) 41 (4.6%) 100 (4.4%)

Paternal education

No education 1283 (33.9%) 177 (29.5%) 282 (31.5%) 823 (36.0%) 0.004

Primary 1644 (43.4%) 293 (48.8%) 397 (44.3%) 952 (41.6%)

Secondary and above 417 (11.0%) 73 (12.1%) 106 (11.8%) 238 (10.4%)

Missing 444 (11.7%) 58 (9.7%) 111 (12.4%) 274 (12.0%)

Maternal body-mas index (kg/m2), mean (SD) 20.2 (2.4) 20.9 (2.4) 20.0 (2.3) 20.1 (2.4) <0.001

Maternal Height (meter), mean (SD) 1.6 (0.1) 1.6 (0.1) 1.6 (0.1) 1.6 (0.1) 0.550

Place of delivery

Home 2371 (62.6%) 263 (43.8%) 483 (53.9%) 1623 (71.0%) <0.001

Health facility 1346 (35.5%) 327 (54.4%) 398 (44.4%) 619 (27.1%)

Other 71 (1.9%) 11 (1.8%) 15 (1.7%) 45 (2.0%)

Water source

Piped water 1694 (44.7%) 279 (46.4%) 399 (44.5%) 1014 (44.3%) 0.740

Other improved 1104 (29.1%) 168 (28.0%) 253 (28.2%) 683 (29.9%)

Unimproved 990 (26.1%) 154 (25.6%) 244 (27.2%) 590 (25.8%)

Latrine type

Traditional pit latrine 3087 (81.5%) 493 (82.0%) 735 (82.0%) 1857 (81.2%) 0.015

Improved latrine 25 (0.7%) 10 (1.7%) 3 (0.3%) 12 (0.5%)

No facility/bush/field 676 (17.8%) 98 (16.3%) 158 (17.6%) 418 (18.3%)

Income quantile

Poorest 603 (15.9%) 87 (14.5%) 151 (16.9%) 364 (15.9%) 0.470

Poorer 602 (15.9%) 96 (16.0%) 134 (15.0%) 372 (16.3%)

Middle 602 (15.9%) 84 (14.0%) 142 (15.8%) 376 (16.4%)

Richer 602 (15.9%) 109 (18.1%) 136 (15.2%) 356 (15.6%)
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participants. The highest level of education achieved was
categorized into no education, primary, and secondary
and above. Water source was classified as piped, other im-
proved and unimproved. The type of functional latrine
used in the household was categorized into traditional pit
latrine, improved latrine and no facility/bush/field.

Anthropometry and dietary data analyses
Height-for-age z score (HAZ), an indicator of linear
growth, was compared with reference data from the
World Health Organization (WHO) Multicentre Growth
Reference Study Group, 2006 [24] using the ENA (Emer-
gency Nutrition Assessment) SMART (Standardized
Monitoring and Assessment of Relief and Transitions)
2011 software. Children whose HAZ is <−2 SD from the
median of the WHO reference population were consid-
ered stunted (short for their age). In our analysis, both
HAZ (continuous) and stunting (categorical; stunted = 1/
not stunted = 0) were used as outcome variables. Mater-
nal body mass index (BMI) was calculated based on the
measured weight (kg) and height (meters) (weight [kg]/
(height[meters])2).
For children aged 6 to 23, and 24 to 59 months, the

minimum acceptable DDS was defined as consuming food
from four or more of the standardized set of seven (6 to
23 months) or nine (24 to 59 months) food groups on the
preceding day of the survey [7, 25]. For women (mothers/
caregivers of the index children), a threshold of at least 5
food groups of the 10 was considered acceptable [8]. The
scores of household DDS were continuous, ranging from
0 to 12, based on whether any of the members of the
household consumed any of the 12 food groups. Mini-
mum household DDS was not determined because a di-
chotomous indicator has not been developed [8, 23].
However, we assumed that consumption of food groups
above the median number as adequate. Nine Household
Food Insecurity Access Scale (HFIAS) generic questions
were used with a dichotomized response (0 = no/1 = yes)

to assess food insecurity [9]. Each of the questions were
asked with a recall period of four weeks (30 days). If a re-
spondent answers “yes” to any of the above nine ques-
tions, frequency-of-occurrence questions were asked to
determine whether the condition happened rarely (1 =
once or twice), sometimes (2 = three to ten times) or often
(3 =more than ten times). The insecurity status was cate-
gorized into four groups (secured, mild, moderate, and se-
vere) using the Food and Nutrition Technical Assistance
(FANTA) algorithm [9].
Dietary patterns were identified by polychoric (tetra-

choric) analysis—a family of factor analysis which uses a
tetrachoric correlation matrix to construct latent vari-
ables from dichotomized (binary) observed data [26].
For each of the dietary patterns, factor scores were
assigned for all study participants. Factor scores show
the relative position of the study participants in each of
the identified patterns, thus reflecting adherence to the
patterns. Pattern-specific factor scores are calculated as
the sum of the products of the factor loading coefficients
and standardized daily consumption of food and nutri-
ent groups related to the pattern. The factor scores were
orthogonally (varimax) rotated to create less correlation
among the patterns and to facilitate their interpretability.
Participants were then assigned into tertiles (first [lowest
adherence]; second; and third [highest adherence] ter-
tiles) based on their factor scores. Eigenvalues (>1), scree
plots, and interpretability of the factors were used to de-
termine the number of dietary and nutrient patterns.
Factor loadings (the correlation between each pattern
and the food and nutrient groups) were calculated. Per-
centages of variances (the variations that were explained
by the identified dietary and nutrient patterns) were also
computed.

Statistical analyses
The chi-square (categorical variables), ANOVA (normally
distributed continuous variables) and Kruskal-Wallis

Table 2 Characteristics of study participants by age of children in Ethiopia, 2014 (Continued)

Characteristics Overall 0–5 months 6–23 months 24–59 months p-value

Richest 602 (15.9%) 106 (17.6%) 144 (16.1%) 351 (15.3%)

Missing 777 (20.5%) 119 (19.8%) 189 (21.1%) 468 (20.5%)

Stunted

No 2161 (57.0%) 510 (84.9%) 539 (60.2%) 1109 (48.5%) <0.001

Yes 1459 (38.5%) 45 (7.5%) 330 (36.8%) 1084 (47.4%)

Missing 168 (4.4%) 46 (7.7%) 27 (3.0%) 94 (4.1%)

Height-for-age z-score, mean (SD) −1.6 (1.8) 0.0 (1.6) −1.5 (1.6) −2.0 (1.6) <0.001

Underweight

No 2986 (78.8%) 563 (93.7%) 704 (78.6%) 1715 (75.0%) <0.001

Yes 802 (21.2%) 38 (6.3%) 192 (21.4%) 572 (25.0%)

Weight-for-age z-score, mean (SD) −1.0 (2.3) 0.2 (3.7) −1.0 (2.3) −1.3 (1.6) <0.001

6 Dietary Patterns and Health: A Nutrition Science Approach



(continuous but not normally distributed) tests were used
to compare differences of proportions, means and medians,
respectively, between groups. Principal component analysis
(PCA) was used to compute economic status (in quintiles)
of households.
To assess the associations of household, maternal and

child dietary diversity and patterns with HAZ and child-
hood stunting, β coefficients and the prevalence ratio
(PR) with their corresponding 95% confidence intervals
(CIs) were determined using multilevel linear and Pois-
son regression models, respectively [27]. Since the data
were collected using a multi-stage cluster sampling

technique, stunting could potentially be correlated in
clusters (EAs). We, therefore, used a two-level model
with individual factors as level 1 and geographical areas
(EAs) at level 2 (random effects). A stepwise backward
elimination of covariates in the models was conducted and
potential factors were retained at p-value < 0.20. This
method was used for both individual and community level
factors. Dietary diversity and pattern scores were treated as
categorical (model 1) and continuous (model 2) variables.
Estimates of associations were adjusted for socio-
demographic factors (child age, sex, maternal age and edu-
cation, number of under-five children in a household),

Fig. 2 Household, maternal and child dietary patterns and corresponding factor loadings and proportion of food groups. The colour gradation
reflects how large and in which direction was the correlation between the food groups and the dietary patterns. Deep green colour refers a
relatively higher correlation (a higher intake) of the food groups with the corresponding patterns. Deep red refers relatively a lower correlation (a
lower intake) of the food groups with the corresponding dietary patterns
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maternal anthropometry (height and BMI), infant and
young child feeding practices (exclusive breastfeeding) and
household food security at level 1. At level 2, water source
was included. Model fit was assessed using Akaike’s (AIC)
and Bayesian (BIC) information criteria. We tested interac-
tions between DDSs, dietary patterns, other covariates with
HAZ and stunting using multiplicative terms. We con-
ducted sensitivity analysis: 1) by labelling missing values of
covariates as “missing” and including in the models; 2) by
including and excluding covariates (such as household
wealth, paternal education, place of delivery and latrine
type). Further, the association between joint classifications
of tertiles of dietary patterns and HAZ was explored. Statis-
tical analyses were performed using Stata version 14.1
(Stata Corporation, College Station, TX, USA). A 2-sided t-
test value of P < 0.05 was considered statistically significant.

Results
Participant characteristics
Almost half of the children (1805, 47.7%) were female.
Only 3.1% of the households had a female head. In 2353
(90.8%) of households, there was only one child aged

under five. The median maternal age was 29.0 years
(IQR = 25.0, 35.0). More than half (2069; 54.6%) of the
mothers were illiterate. The mean maternal BMI was
20.2 kg/m2 (SD = 2.4). Almost two-thirds (2371; 62.6%)
of mothers delivered the index child at home. The
prevalence of stunting among children aged 0–59 months
was 38.5% with a mean (SD) HAZ of 1.6 (1.8). A fifth
(777; 20.5%) of the study participants had missing values
of household income (Table 2).

Dietary patterns
Figure 2 depicts household, maternal and child dietary
patterns and corresponding factor loadings. For each, we
identified three dietary patterns. Pattern 2 (“egg, meat,
poultry and legume”) and pattern 3 (“dairy, vegetable
and fruit pattern”) were similar for all groups. The “egg,
meat, poultry and legume pattern” was characterized by
a high intake of eggs, meats, legumes, cereals, oils, fats
and sweets. The “dairy, vegetable and fruit based” pat-
tern was characterized by a high intake of fruits tubers,
roots, vegetables and milk and milk products. A “plant-
based pattern” and a “dairy, vegetable and fruit pattern”

Table 3 Household, maternal and child dietary diversity scores, food security and breastfeeding by stunting status in Ethiopia, 2014

Characteristics Total Normal Stunted p-value

N 3788 2161 1459

Household dietary diversity score (HDDS), median (IQR) 5.0 (4.0, 7.0) 5.0 (4.0, 7.0) 5.0 (4.0, 6.0) 0.004

HDDS category

< =5 HDDS 2031 (53.6%) 1131 (52.3%) 813 (55.7%) 0.045

> 5 HDDS 1757 (46.4%) 1030 (47.7%) 646 (44.3%)

Women (DDS-W), median (IQR) 3.0 (2.0, 4.0) 3.0 (2.0, 5.0) 3.0 (2.0, 4.0) <0.001

DDS-W category

< 5 DDSW 2859 (75.5%) 1595 (73.8%) 1137 (77.9%) 0.005

> =5 DDSW 929 (24.5%) 566 (26.2%) 322 (22.1%)

DDS 6–23 months, median (IQR) 2.0 (1.0, 3.0) 2.0 (0.0, 3.0) 2.0 (2.0, 3.0) <0.001

DDS 6–23 months category

0–3 food groups 779 (86.9%) 474 (87.9%) 282 (85.5%) 0.552

4–7 food groups 117 (13.1%) 65 (12.1%) 48 (14.6%)

Child DDS (24–59 months), median (IQR) 3.0 (1.0, 4.0) 2.0 (0.0, 4.0) 3.0 (2.0, 4.0) <0.001

Child DDS (24–59 months) category

0–3 food groups 1411 (61.7%) 661 (59.6%) 684 (63.1%) 0.054

4–9 food groups 876 (38.3%) 448 (40.4%) 400 (36.9%)

Household food security

Food Secure 1744 (46.0%) 1026 (47.5%) 621 (42.6%) 0.005

Mildly Food Insecure Access 344 (9.1%) 201 (9.3%) 133 (9.1%)

Moderately Food Insecure Access 1103 (29.1%) 626 (29.0%) 438 (30.0%)

Severely Food Insecure Access 574 (15.2%) 298 (13.8%) 256 (17.5%)

Missing 23 (0.6%) 10 (0.5%) 11 (0.8%)

Exclusive breast feeding 2719 (71.8%) 1592 (73.7%) 998 (68.4%) 0.001

HDDS household dietary diversity score, DDSW women dietary diversity score
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Table 4 Stunting prevalence among children across tertiles of household, maternal and child nutrient pattern scores in Ethiopia,
2014

Tertiles of dietary patterns

T1 T2 T3

Household dietary patterns

Pattern 1 (“fish, meat and miscellaneous”)

n 1298 1259 1154

Normal 715 (55.1%) 734 (58.3%) 668 (57.9%) 0.097

Stunted 533 (41.1%) 472 (37.5%) 424 (36.7%)

Missing 50 (3.9%) 53 (4.2%) 62 (5.4%)

Pattern 2 (“egg, meat, poultry and legume”)

n 1327 1291 1093

Normal 760 (57.3%) 762 (59.0%) 595 (54.4%) 0.044

Stunted 516 (38.9%) 464 (35.9%) 449 (41.1%)

Missing 51 (3.8%) 65 (5.0%) 49 (4.5%)

Pattern 3 (“dairy, vegetable and fruit”)

n 1441 1052 1218

Normal 776 (53.9%) 584 (55.5%) 757 (62.2%) <0.001

Stunted 599 (41.6%) 425 (40.4%) 405 (33.3%)

Missing 66 (4.6%) 43 (4.1%) 56 (4.6%)

Maternal dietary patterns

Pattern 1 (“plant-based”)

n 1270 1232 1235

Normal 683 (53.8%) 701 (56.9%) 749 (60.6%) 0.002

Stunted 529 (41.7%) 481 (39.0%) 431 (34.9%)

Missing 58 (4.6%) 50 (4.1%) 55 (4.5%)

Pattern 2 (“egg, meat, poultry and legume”)

n 1264 1291 1182

Normal 755 (59.7%) 714 (55.3%) 664 (56.2%) 0.020

Stunted 447 (35.4%) 528 (40.9%) 466 (39.4%)

Missing 62 (4.9%) 49 (3.8%) 52 (4.4%)

Pattern 3 (“dairy, vegetable and fruit”)

n 1262 1233 1242

Normal 679 (53.8%) 708 (57.4%) 746 (60.1%) 0.002

Stunted 530 (42.0%) 476 (38.6%) 435 (35.0%)

Missing 53 (4.2%) 49 (4.0%) 61 (4.9%)

Child dietary patterns (6–59 months of age)

Pattern 1 (“grain-based”)

1274 950 963

Normal 649 (50.9%) 509 (53.6%) 493 (51.2%) 0.430

Stunted 584 (45.8%) 409 (43.1%) 421 (43.7%)

Missing 41 (3.2%) 32 (3.4%) 49 (5.1%)

Pattern 2 (“egg, meat, poultry and legume”)

n 1255 999 933

Normal 640 (51.0%) 538 (53.9%) 473 (50.7%) 0.249

Stunted 561 (44.7%) 422 (42.2%) 431 (46.2%)
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were identified for mothers. While these two patterns
appeared to be similar, the “plant-based” pattern was
however characterized by a high intake of grains, tubers
and leafy vegetables. Individual food items used for food
groupings and the proportion of food groups consumed
by households, mothers and children are depicted in
Additional file 1: Tables S1, S2 and S3.

DDSs, dietary patterns, household food security and
stunting
Table 3 and Additional file 1: Table S4 show the DDSs
of households, mothers and children by whether or not
stunting was present. Three-quarters (2859; 75.5%) of
the mothers had a DDS less than five. Only 13.1% of
children aged 6–23 months had a DDS greater than or
equal to four. The proportion of children aged 24–
59 months who had a DDS less than or equal to three
was 61.7% (1411). The proportion of food secure house-
holds was 46.0% (1744). A marginally significant statistical
difference in the proportion of stunting was found be-
tween those children with a household DDS < =5 and >5
(p = 0.045). The prevalence of stunting was significantly
different by maternal DDS (p = 0.005). No significant dif-
ference in the prevalence of stunting was found between
the DDSs of children aged 6–23 and 24–59 months.
Except for the “fish, meat and miscellaneous” dietary

pattern (p = 0.097), there were significant differences in
the prevalence of stunting across the tertiles of the other
household dietary patterns. The prevalence of stunting
(41.6%) in the first tertile of household “dairy, vegetable
and fruit” dietary pattern was higher compared to the
third tertile (33.3%) (p < 0.001). Children in the third ter-
tile of maternal and child “dairy, vegetable and fruit”
dietary pattern were less likely to be stunted compared
to the first and second tertiles (p = 0.002) (Table 4).

Associations of DDSs and dietary patterns with HAZ and
stunting
After adjusting for potential individual and community
level factors, no significant associations between house-
hold, maternal and child DDSs with stunting (HAZ) was

found. Children in the third tertile of the household “dairy,
vegetable and fruit” pattern had a 0.16 (β = 0.16; 95% CI:
0.02, 0.30) increase in HAZ compared to those in the first
tertile. Similarly, the prevalence of stunting among chil-
dren in the third tertile of the pattern was lower (PR =
0.83; 95% CI: 0.72–0.95) compared to those in the first ter-
tile. Those children in the second (β = −0.17; 95% CI:
-0.31, −0.04) and third (β = −0.16; 95% CI: -0.30, −0.02)
tertiles of maternal “egg, meat, poultry and legume” pat-
tern had a significantly lower HAZ compared to those in
the first tertile (Table 5 and Additional file 1: Table S5).
A 0.22 (β = 0.22; 95% CI: 0.06, 0.39) and 0.19 (β = 0.19;

95% CI: 0.04, 0.33) increase in HAZ was found for those
in the third tertiles of the “dairy, vegetable and fruit” pat-
terns for children 24–59 months and 6–59 months, re-
spectively. The AIC and BIC were significantly lower for
the household and maternal dietary patterns compared
to the corresponding DDSs (Table 5). In the joint classifi-
cation, children in the first tertile of maternal “egg, meat,
poultry and legume” and the third tertile of child “dairy,
vegetable and fruit” patterns had a 0.31 (β = 0.31; 95% CI:
0.05, 0.57) increase in HAZ compared to the respective
third and first tertiles of the patterns. A 0.29 (β = 0.29;
95% CI: 0.07, 0.50) increase in HAZ was found for those
children in the third tertiles of both the maternal and
child “dairy, vegetable and fruit” dietary patterns, com-
pared to the first tertiles of the patterns (Fig. 3).
The sensitivity analysis, which was undertaken by label-

ling missing values as “missing” and including them in the
analysis, as well as incorporating additional covariates, did
not change the findings materially. There were no signifi-
cant interactions between the DDSs and dietary patterns,
and the other covariates and HAZ (stunting). The interac-
tions among dietary patterns for each of the levels (house-
hold, maternal and children) were also not significant
(data not shown).

Discussion
For households, mothers and children, we computed the
DDSs and identified three dietary patterns for each. At
all levels, a dietary pattern characterized by high intake

Table 4 Stunting prevalence among children across tertiles of household, maternal and child nutrient pattern scores in Ethiopia,
2014 (Continued)

Tertiles of dietary patterns

T1 T2 T3

Missing 54 (4.3%) 39 (3.9%) 29 (3.1%)

Pattern 3 (“dairy, vegetable and fruit”)

n 1136 1029 1022

Normal 577 (50.8%) 499 (48.5%) 575 (56.3%) 0.002

Stunted 505 (44.5%) 494 (48.0%) 415 (40.6%)

Missing 54 (4.8%) 36 (3.5%) 32 (3.1%)
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Table 5 Adjusted β coefficients (95% confidence interval) for the associations of household, maternal and child dietary diversity
scores and tertiles of dietary pattern scores with childhood height-for-age z score in Ethiopia, 2014

Adjusted β coefficient (95% confidence interval) for height-for-age z score

Household

Dietary diversity score <=4 > = 5 P value AIC (BIC)

Reference 0.03 (−0.80, 0.14) 0.624 12,722 (12850)

Tertiles

Dietary patterns T1 T2 T3 P for trend AIC (BIC)

Pattern 1 (“fish, meat and miscellaneous”) Reference −0.01 (−0.15, 0.12) −0.07 (−0.21, 0.07) 0.312 12,466 (12600)

Pattern 2 (“egg, meat, poultry and legume”) Reference −0.001 (−0.14, 0.13) −0.03 (−0.19, 0.12) 0.681 12,467 (12601)

Pattern 3 (“dairy, vegetable and fruit”) Reference 0.07 (−0.07, 0.20) 0.16 (0.02, 0.30)* 0.026 12,462 (12597)

Maternal

Dietary diversity score <=4 > = 5 P value AIC (BIC)

Reference 0.03 (−0.10, 0.16) 0.672 12,722 (12851)

Tertiles

Dietary patterns T1 T2 T3 P for trend AIC (BIC)

Pattern 1 (“plant-based”) Reference 0.07 (−0.07, 0.20) 0.09 (−0.06, 0.23) 0.229 12,564 (12699)

Pattern 2 (“egg, meat, poultry and legume”) Reference −0.17 (−0.31, −0.04)* −0.16 (−0.30, −0.02)* 0.025 12,558 (12693)

Pattern 3 (“dairy, vegetable and fruit”) Reference 0.06 (−0.07, 0.20) 0.10 (−0.05, 0.25) 0.229 12,564 (12698)

Children aged 6–23 months

Dietary diversity score <=3 > = 4 P value AIC (BIC)

Reference −0.26 (−0.61, 0.78) 0.130 3107 (3196)

Tertiles

Dietary patterns T1 T2 T3 P for trend AIC (BIC)

Pattern 1 (“grain-based”) Reference 0.07 (−0.18, 0.32) −0.20 (−0.50, 0.10) 0.290 3124 (3219)

Pattern 2 (“egg, meat, poultry and legume”) Reference 0.03 (−0.30 (0.32) −0.02 (−0.27, 0.24) 0.892 3127 (3222)

Pattern 3 (“dairy, vegetable and fruit”) Reference −0.001 (−0.25, 0.25) 0.02 (−0.27, 0.32) 0.890 3128 (3222)

Children aged 24–59 months

Dietary diversity score <=3 > = 4 P value AIC (BIC)

Reference 0.12 (−0.02, 0.27) 0.095 7641 (7748)

Tertiles

Dietary patterns T1 T2 T3 P for trend AIC (BIC)

Pattern 1 (“grain-based”) Reference 0.08 (−0.09, 0.25) 0.04 (−0.14, 0.21) 0.685 7663 (7776)

Pattern 2 (“egg, meat, poultry and legume”) Reference 0.13 (−0.3, 0.30) −0.05 (−0.23, 0.13) 0.668 7659 (7772)

Pattern 3 (“dairy, vegetable and fruit”) Reference −0.03 (−0.20, 0.14) 0.22 (0.06, 0.39)** 0.007 7654 (7766)

Children aged 6–59 months

Tetiles

Dietary patterns T1 T2 T3 P for trend AIC (BIC)

Pattern 1 (“grain-based”) Reference 0.10 (−0.04, 0.25) −0.04 (−0.19, 0.11) 0.643 10,746 (10871)

Pattern 2 (“egg, meat, poultry and legume”) Reference −0.07 (−0.7, 0.21) −0.02 (−0.17, 0.13) 0.841 10,748 (10874)

Pattern 3 (“dairy, vegetable and fruit”) Reference −0.02 (−0.16, 0.13) 0.19 (0.04, 0.33)* 0.014 10,741 (10867)

The β coefficients were adjusted for both individual (maternal body mass index, age (if applicable), household food security, number of under-five children in a
household, maternal education, maternal height, exclusive breast feeding) and community-level patterns (water source)
P for trend was determined by including the tertiles of dietary patterns as continuous variables
AIC Akaike’s information criterion, BIC Bayesian information criterion
*p < 0.05; **p < 0.01
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of dairy, vegetables and fruits was positively associated
with HAZ and inversely related to stunting. In addition,
a maternal “plant-based” pattern (characterized by high
intake of grains, white tubers, roots, plantains and dark
leafy vegetables) was inversely and significantly associ-
ated with childhood stunting. Statistically non-significant
associations were found between household, maternal
and child DDSs and stunting.
Dietary patterns show a better picture of eating habits

compared to DDSs by reflecting mainly the behavioural
aspect of food consumption that has a synergistic effect on
health. Evidence shows that dietary patterns identified by
factor analysis are associated with several non-
communicable diseases [28, 29], highlighting the plausibility
and validity of the approach. In low- and middle-income
countries, a study also indicated that the application of fac-
tor analysis, using disaggregated food expenditure data to
explore food consumption patterns, is an important ap-
proach to identify patterns and food groups that predict
children’s nutritional status [19]. The dietary patterns are
defined based on the factor loadings of individual food
items which contribute at different levels. Unlike DDSs, fac-
tor analysis is an a posteriori statistical analysis method that
creates unrelated food patterns that could potentially be as-
sociated with an outcome [17]. In addition, using this ap-
proach, it is possible to assess the relative intake level of the
individual food groups within a dietary pattern. Dietary pat-
terns defined the overall characteristics of the dietary habits
of the study groups. In this study, we found that the “dairy,

vegetable and fruit” pattern was a common feature of
household, maternal and childhood dietary habits.
The results indicate that a pattern characterised by a

high intake of dairy, vegetables and fruits was positively
associated with HAZ (inversely related to stunting).
However, the proportion of households (32.7%), mothers
(28.0%) and children (30.0%) consuming dairy products
was low. In a recent study in Malawi, it was reported
that frequent milk intake during pregnancy was posi-
tively associated with birth size [30]. In Ethiopia, a
higher intake of cow’s milk, in addition to cereals and/or
legumes, was associated with a higher length-for-age z-
scores among children aged 5–11 months [31]. In our
study area, cow’s milk is the most commonly consumed
type of dairy product. It is believed that the milk con-
tains important nutrients, including protein, calcium
and vitamin A, which are important for development
and bone growth [32]. A systematic review of dairy con-
sumption and physical growth has shown that a daily in-
take of 245 ml of milk is associated with 0.4 cm increase
in height per annum compared to non-consumers [33].
It was also reported that low consumption of vegetables
and fruits was associated with stunting and poor linear
growth in children aged 6–23 months [34]. This implies
that, in addition to available interventions to increase
dietary diversity, targeting to increase accessibility and
consumption of dairy, vegetables and fruits specifically,
could have an important contribution to the reduction
of stunting prevalence.

a b

Fig. 3 Multivariable adjusted β coefficient and 95% confidence interval of fractures in joint classified participants across nine strata formed with
the tertiles of dietary patterns. The β coefficients were adjusted for both individual (maternal body mass index, age (if applicable), household food
security, number of under-five children in a household, maternal education, maternal height, exclusive breast feeding) and community-level pat-
terns (water source)
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Unlike other studies [14, 15, 35], we found a non-
significant association of household, maternal and child
DDSs with stunting. This difference could be explained by
the differences in sample size, sampling and analysis
methods. Particularly, with regard to the analysis methods,
we used a multilevel Poisson regression model to determine
the level of associations. This method allows for controlling
for the geographical clustering effect of the samples, and ac-
counting for potential correlations, under the premise that
variations in childhood stunting could be due to both indi-
vidual and community level factors [36]. Most studies that
found a positive association between DDS and stunting did
not consider this clustering effect [16, 37]. The association
may also be confounded by income [38, 39]. However, in
this study, even when we adjusted for income, the associ-
ation still remained statistically non-significant.
A study by Daniels et al. suggested that the addition of

portion size as part of data collection could improve the
correlation of DDSs with nutrient adequacy [40]. An-
other study among Zambian infants suggested that al-
though dietary diversity had a positive effect on linear
growth, micronutrient adequacy among those who con-
sumed fortified foods may be more accurately assessed
using other food indicators [41]. In Eastern Kenya, a study
reported that child DDS was not associated with child-
hood stunting [42]. In Ethiopia, while household food
group expenditure index (identified using factor analysis)
significantly predicted HAZ (β = 0.067; p = 0.03), dietary
diversity was only marginally associated with HAZ (β =
0.037; p = 0.05) [19]. DDSs are important indicators of
dietary quality in terms of micronutrient density and ad-
equacy. However, DDSs only measure one dimension of
dietary quality. Macronutrients (for instance, protein) also
have an important role in growth and development in
children [8]. Although DDS is an important approach to
measure dietary quality, we recommend that the use of a
posteriori dietary data analysis methods (such as factor
analysis) as an alternative or complementary method, can
give a further insight into the eating behaviours of a popu-
lation group. These approaches are also important to
understand the relative contribution of foods in a pattern
that have a potential link with disease outcomes or nutri-
tional status, eventually leading to identifying specific food
items, which are most important in determining an out-
come of interest (a disease or nutritional status).
Measures taken to ensure the quality of the data are a

major strength of the study. Before, during and after the
data collection, all possible quality control measures, in-
cluding intensive training of data collectors, use of
standard procedures and tools, intensive and supportive
supervision and standardization of anthropometric mea-
surements to minimize bias and associated errors were
implemented. The use of qualitative dietary data without
portion size and limited food items for the identification

of dietary patterns in the factor analysis could be a limi-
tation. Therefore, further validation studies are needed.
In addition, due to the cross-sectional design, we cannot
claim a cause-effect relationship between dietary pat-
terns and stunting.

Conclusions
Identification of dietary patterns using a posteriori diet-
ary analysis methods can be an alternative and feasible
method of diet quality assessment in LICs as an alterna-
tive approach to DDSs. We found that, while DDSs are
not significantly associated with HAZ (stunting), a diet-
ary pattern characterized by a high intake of dairy, vege-
tables and fruits by households, mothers and children is
positively associated with HAZ and inversely associated
with stunting. These findings could be of importance in
developing food-based interventions targeting house-
holds, mothers and children. In addition, the study sug-
gests an alternative approach of analysing dietary data to
determine dietary quality using an a posteriori method
with the same data collected for DDSs. More research is
warranted to confirm the findings.
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Dietary selenium intake based on the Chinese 
Food Pagoda: the influence of dietary patterns 
on selenium intake
Jing Wang1,2, Linsheng Yang1,2*, Hairong Li1,2*, Yonghua Li1 and Binggan Wei1

Abstract

Background: Selenium (Se) is essential for humans, with many critical roles in physiological and pathophysiological
processes. Fish, eggs and meats are usually the rich food sources of Se. To improve the nutritional status of
population, a new version of balanced dietary pattern in the form of the Chinese Food Pagoda (2016) was
proclaimed. This study aimed to evaluate the contribution of this balanced dietary pattern to daily Se intake, and to
assess Se intake status of Chinese residents under this Food Pagoda scenario.

Methods: Based on the food consumption recommended in the Food Pagoda, this study collected the data of Se
contents in various food composites and estimated dietary Se intakes (EITDS) in 12 provinces from the 4th China
Total Diet Study. The estimated Se intakes based on the Chinese Food Pagoda (EICHFP) in 12 provinces were
calculated. EITDS and EICHFP in various food groups among different regions were compared.

Results: The average EICHFP in all regions, within the range of 66.23–145.20 μg/day, was greater than the China
recommended nutrient intake (RNI) (60 μg/day). None of the highest EICHFP went beyond the tolerable upper intake
level of Se (400 μg/day). Animal source foods should be the primary source of daily Se intake according to the
EICHFP. The average EITDS in China (88 μg/day) was in line with its range of EICHFP (81.01–124.25 μg/day), but that in
half of the regions failed to achieve their lowest EICHFP. Significant differences between EITDS and EICHFP were
observed in cereal food, aquatic and dairy products (P < 0.05), among which Se intake from aquatic and dairy
products presented seriously insufficient in almost all regions.

Conclusions: The ideal dietary pattern recommended in the Food Pagoda can meet the daily requirements of
Chinese population for Se intake to maintain optimal health. From the perspective of the balanced diet and Se-rich
sources, the consumption of aquatic products should be increased appropriately to improve the general Se intake
level of Chinese population.

Keywords: Selenium, Dietary intake, Chinese Food Pagoda, China Total Diet Study

Background
Selenium (Se) is an essential micronutrient for human
health, with critical roles in redox homeostasis, antioxi-
dant defense and immune system [1, 2]. Insufficient or
excessive Se intakes are linked to many acute and
chronic diseases [3–8]. In particular, problems related to
Se deficiency are an emerging issue for human health

worldwide [9]. It is estimated that 15% of the global
population suffers Se deficiency of different degrees [10].
China as one of the 40 Se-deficient countries has over 105
million people facing adverse health impacts due to Se de-
ficiency [11, 12]. Owing to large variations in food Se, the
dietary Se intake varies considerably among regions, nor-
mally being consistent with Se distribution in the environ-
ment. In China, low Se intakes are primarily found in the
low-Se geographic belt from northeast to southwest, with a
mean of 27.6 μg/day; while high Se intakes are observed in
Se-rich areas, with a mean of 85.5 μg/day; in some seleno-
sis areas, the Se intake can even reach up to 1253.7 μg/day
on average [12]. Considering its narrow range between the
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necessary and the toxic dose, an optimal daily Se intake is
required to maintain public health.
A reasonable diet is the crucial determinant for daily Se

intake [13]. It is well known that cereals, fish, eggs and
meats are the major dietary sources of Se [12, 14, 15]. In
response to stronger demands for healthy growth of
people, the Chinese government proclaimed a new version
of the Dietary Guidelines for Chinese Residents in the
form of the Food Pagoda (Fig. 1), based on principles of
nutritional science and the current national situation [16].
Five levels of the recommended consumption correspond-
ing to five food groups are involved in the Food Pagoda,
covering the essential foods we should consume in daily
life [17]. This Pagoda recommends a relatively ideal diet-
ary pattern to improve the general nutrition of Chinese
residents. However, whether it can meet the daily require-
ments of Se intake for general population and achieve the
optimal daily Se intake has yet to be ascertained.
In the past decades of China, Se deficiency diseases, for

e.g. Kashin-Beck disease and Keshan disease, have been
prevalent in low-Se areas, with particularly high morbidity
in underdeveloped regions. Apart from low Se contents in
local foods, unreasonable food consumption patterns were
also considered as one of the main reasons for deficient Se
intake [18]. A study on dietary Se intake in 1990s found
that urban residents consumed more Se-rich foods such
as meats, seafood, eggs and dairy products than rural resi-
dents, resulting in contrasting Se intakes between the two
populations [18]. With the rapid growth of China’s econ-
omy, food supply and diversity increased dramatically
[19]. Since the balanced diet conforming to the Chinese
Food Pagoda is deemed as an ideal dietary pattern to pro-
mote nutrition, it is necessary to assess the Se intake level

under the scenario of this Food Pagoda, and to be clear
about the gap between this level and the current Se intake
status of Chinese population in different provinces. This is
the first study to evaluate the Se intake of Chinese resi-
dents associated with the 2016 Chinese Food Pagoda and
discuss the influence of dietary patterns on Se intake. It
will be valuable for the future research on daily optimal Se
intake and also for the government to put forward proper
strategies on Se supplementation. Therefore, this study
aimed to: 1) test whether compliance with the Food Pa-
goda could meet daily requirements of Se intake for Chin-
ese residents; 2) make quantitative comparisons of the
China Total Diet Study-based estimates of Se intake
(EITDS) with the Food Pagoda-based estimates of Se intake
(EICHFP) in different food groups.

Methods
Data source
The China TDS is a national survey to investigate the
levels of various nutrients and chemical contaminants in
foods and assess their dietary exposure for the Chinese
population [20]. The data of food Se contents and the
EITDS in China and 12 provinces used in this study were
directly obtained from results of the 4th China TDS in
2007 [21]. Hereinto, the analysis of food Se was conducted
by the National Institute of Nutrition and Food Safety.
EITDS was calculated by multiplying determined food Se
contents with the investigated food consumption data.

Food consumption survey
The 4th China TDS was carried out in 2007, with a simi-
lar design and experimental methods to the 3rd China
TDS in 1990 [22]. The Chinese Centre for Disease

Fig. 1 Food Guide Pagoda for Chinese residents [16]

17Dietary selenium intake based on the Chinese Food Pagoda: the influence of dietary patterns on selenium...



Control and Prevention organized the food consump-
tion survey. Multistage random cluster sampling
method and food composites approach were used in
this survey. A total of 12 provinces were selected to
represent the average dietary patterns of different
areas of China, covering about 50% of the total
Chinese population. These provinces consist of
Heilongjiang (HLJ), Liaoning (LN), Hebei (HeB),
Shaanxi (ShX), Ningxia (NX), Henan (HN), Shanghai
(ShH), Fujian (FJ), Jiangxi (JX), Guangxi (GX), Hubei
(HuB), and Sichuan (SC). Three survey sites (two
rural counties and one urban city) were randomly se-
lected in each province as food sampling sites, and 30
households were sampled randomly from each site.
1080 households in total were covered in the survey.
The food consumption pattern in each province was
determined by a 3-day household dietary survey
(including weighing and recording) and 24-h recalls.
The average daily consumption of each food category
by a standard Chinese adult man (aged 18–45, 63 kg
body weight, light physical activity) was used as the stand-
ard food consumption pattern, and was calculated from
the total household food consumption [22].

Samples collection and analysis
Food samples were collected from local food markets, gro-
cery stores and rural households in each survey site. All
food items were aggregated into 12 groups, including ce-
reals, beans, tubers, meat and poultry, eggs, aquatic prod-
ucts, milk and dairy products, vegetables, fruits, sugars,
water and beverages, and alcohol. These samples were
cooked and prepared according to the local habits, and
then blended to form composites with weights proportional
to the average daily consumption for the province [21]. The

prepared food composites were shipped to the National In-
stitute of Nutrition and Food Safety for analysis [21]. Total
Se content in food composites was determined by the in-
ductively coupled plasma mass spectrometry (Agilent
7500a ICP-MS) after microwave digestion of 0.3–0.5 g
(solid) or 4–5 mL (liquid) in a mixture of 6 mL of concen-
trated HNO3 and 2 mL of 30% H2O2. Reagent blank, stand-
ard reference materials, and parallel samples were
determined simultaneously to maintain the reliability of
analysis. Limit of detection for Se was defined as three-
times of the standard deviation of baseline value [21].

Calculation of dietary se intake based on the Chinese
food pagoda (EICHFP)
The ranges of EICHFP in China and 12 provinces were
calculated according to the following equation [20]:

EICHFP ¼ C�m;

where C (μg/g) is the concentration of Se in each food
group determined in the 4th China TDS, including 12
food groups in 12 provinces (as listed in Table 1); m
(g/d) is the consumption of corresponding food
groups recommended in the Dietary Guidelines and
Food Pagoda for Chinese Residents (2016) (as shown
in Fig. 1). The lower and upper limits of recom-
mended consumption were used for calculating the
lowest and highest EICHFP, respectively. In terms of Se
contents in food groups, the lowest values in staple
food like cereals, beans and tubers were found in
Hubei, Liaoning and Heilongjiang province, which
was broadly consistent with the distribution of low-Se
belt in China [23]. It can thus be confirmed that food
Se contents determined in the TDS are reliable.

Table 1 Concentrations of Se in various food groups in China and 12 provinces (μg/g)a

Food Group HLJ LN HeB ShX HN NX ShH FJ JX HuB SC GX AVG

Cereals 0.004 0.003 0.028 0.062 0.010 0.036 0.013 0.008 0.031 0.003 0.020 0.016 0.020

Beans 0.027 0.022 0.022 0.048 0.023 0.017 0.012 0.020 0.011 0.028 0.043 0.053 0.027

Tubers 0.027 0.024 0.023 0.063 0.015 0.058 0.006 0.011 0.008 0.002 0.017 0.048 0.025

Meat 0.111 0.157 0.121 0.166 0.238 0.173 0.219 0.124 0.210 0.186 0.205 0.276 0.182

Eggs 0.172 0.146 0.338 0.549 0.266 0.120 0.291 0.276 0.164 0.285 0.375 0.249 0.269

Aquatic product 0.135 0.708 0.591 0.366 0.456 0.121 0.462 0.367 0.468 0.231 0.422 0.597 0.410

Dairy product 0.072 0.022 0.022 0.018 0.023 0.038 0.028 0.015 0.155 0.202 0.019 0.048 0.055

Vegetables 0.035 0.012 0.065 0.146 0.110 0.042 0.079 0.079 0.020 0.068 0.041 0.089 0.066

Fruits 0.002 0.002 0.002 0.002 0.022 0.008 0.002 0.002 0.002 0.002 0.002 0.025 0.006

Sugars 0.032 0.002 0.118 0.011 0.002 0.047 0.002 0.023 0.002 0.002 0.002 0.101 0.029

Water 0.002 0.005 0.002 0.002 0.002 0.004 0.002 0.002 0.002 0.002 0.002 0.002 0.002

Alcohol 0.006 0.005 0.002 0.002 0.002 0.002 0.009 0.008 0.002 0.004 0.002 0.008 0.004

Abbreviations: HLJ Heilongjiang, LN Liaoning, HeB Hebei, ShX Shaanxi, NX Ningxia, HN Henan, ShH Shanghai, FJ Fujian, JX Jiangxi, GX Guangxi, HuB Hubei, SC
Sichuan, AVG average
aAll the data of Se contents in different food groups were from the 4th China TDS [21]

18 Dietary Patterns and Health: A Nutrition Science Approach



Statistical analysis
Data processing and chart production were mainly per-
formed with the Microsoft Office Excel 2013 and SPSS
23.0. Coefficients of variation (CV) were calculated for
the average EITDS and EICHFP in each food group. T test
was used when comparing the difference between the
average EITDS and EICHFP in various food categories.

Results
EICHFP in China and different regions
Based on the concentrations of food Se in Table 1 and
the food consumptions recommended in the Food Pa-
goda, results of the EICHFP were shown in Table 2. It was
observed that the average EICHFP in 12 provinces were
all greater than the China recommended nutrient intake
(RNI) of Se (60 μg/day). The lowest EICHFP was also
higher than the RNI in almost all regions with the ex-
ception of Heilongjiang and Ningxia province which
might be related to the relatively low Se levels in their
local food (Table 1). None of the highest EICHFP went
beyond the tolerable upper intake level of Se (400 μg/
day) set by the Chinese Nutrition Society [24]. Owing to
the variation of Se levels in the local food, the average
EICHFP varied greatly among regions, ranging from 66.23
to 145.20 μg/day. The highest average EICHFP was ob-
served in Shaanxi province where Se levels in staple food
and vegetables were the highest; while the lowest was
found in Heilongjiang province where Se contents in all
kinds of food groups were relatively low. It could be seen
from Fig. 2 that differences of the average EICHFP among
regions mainly lay in dairy products (CV = 1.05), cereals,

beans and tubers (CV = 0.70), as well as vegetables and
fruits (CV = 0.56). Animal source foods including meat,
eggs, aquatic and dairy products made the highest con-
tribution to daily Se intake in all regions according to
the Food Pagoda eating patterns, ranging from 41.8 to
81.9%.

EITDS in China and different regions
According to the survey data from the 4th China TDS,
the EITDS of daily dietary Se in various food groups in 12
provinces were presented in Fig. 3. Generally, the level
of average EITDS for Chinese adults (88 μg/day) was slightly
higher than the China RNI of Se (60 μg/day). Large geo-
graphical variation of dietary Se intake was observed among
regions in China. As shown in Fig. 3, the highest EITDS was
found in Shaanxi province (135.31 μg/day) at 2.3 times of
RNI, followed by Shanghai (134.58 μg/day); while the low-
est EITDS was observed in Heilongjiang province (43.86 μg/
day), followed by Liaoning (53.35 μg/day), which were the
only two provinces below the RNI. The EITDS in most of
the provinces, such as Hebei, Henan, Jiangxi, Hubei,
Sichuan and Guangxi, was within the range of 71.5–95.
72 μg/day. Great variations of EITDS in food groups among
regions were observed in aquatic products (CV = 1.17),
dairy products (CV = 1.07), and cereals, beans and tubers
(CV = 0.82), making differences in the major contributors
to dietary Se intake in 12 provinces. Animal source food
was found making the highest contribution to dietary
Se intake in more than half of the regions, including
Heilongjiang, Liaoning, Shanghai, Fujian, Hubei, Sichuan,
and Guangxi province ranging from 38.1 to 69.4%. Par-
ticularly, aquatic products corresponded to the highest
contributors in Fujian (45.4%) and Liaoning (30.9%) prov-
ince. By contrast, cereals and tubers contributed the most
to daily dietary Se intake in Shaanxi, Hebei, Ningxia, and
Jiangxi province within the range of 41.6–61.9%. Vegeta-
bles made a predominant contribution to daily Se intake
in Henan and Hubei province, accounting for 41.2 and 41.
7% of the total intake respectively. Despite all this, it can
be observed that animal foods and cereals are still the
major sources of daily dietary Se intake in most regions of
China, which is similar to previous studies in China [25].

Comparison of EITDS with EICHFP
Results of the comparison between total EITDS and
EICHFP were depicted in Fig. 4. In terms of the whole
country, the average EITDS (88 μg/day) just fell into the
range of its EICHFP (81.01–124.25 μg/day). This indicated
that the daily dietary Se intake of Chinese population
was overall in line with the recommendation proposed
by the Chinese Food Pagoda. However, similar situation
was only found in Hebei, Shaanxi, Ningxia, and Sichuan
province. The majority of regions including Heilong-
jiang, Liaoning, Henan, Jiangxi, Hubei, and Guangxi

Table 2 The average EICHFP and its ranges in China and
different provinces (μg/day)
Regions The average EICHFP

a The lowest EICHFP The highest EICHFP

HLJ 66.23 55.21 77.25

LN 79.75 60.90 98.60

HeB 105.32 79.39 131.25

ShX 145.20 112.65 177.75

HN 116.59 89.04 144.15

NX 74.41 58.92 89.90

ShH 100.32 77.59 123.05

FJ 84.81 65.05 104.58

JX 113.46 96.47 130.45

HuB 130.41 113.89 146.93

SC 86.75 67.42 106.08

GX 133.94 101.41 166.48

AVG 102.63 81.01 124.25

Abbreviations: HLJ Heilongjiang, LN Liaoning, HeB Hebei, ShX Shaanxi, NX
Ningxia, HN Henan, ShH Shanghai, FJ Fujian, JX Jiangxi, GX Guangxi, HuB
Hubei, SC Sichuan, AVG average, EICHFP estimated Se intake based on the
Chinese Food Pagoda
aThe average EICHFP = (the lowest EICHFP + the highest EICHFP)/2
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province had a lower EITDS when compared with their
corresponding lowest EICHFP. The gap between them
ranged from 3.03 μg/day to 26.86 μg/day, with relatively
bigger gaps in Hubei (26.86 μg/day) and Jiangxi (24.97 μg/
day) province. By contrast, the EITDS in Shanghai and Fu-
jian province (134.58 and 111.31 μg/day) were even higher
than their highest EICHFP (123.05 and 104.58 μg/day). This
comparison was just between the EITDS and EICHFP which
were calculated under different food consumption pat-
terns, regardless of the China RNI.
The EITDS and their corresponding ranges of EICHFP

from each food category among different regions were
calculated and integrated according to the five levels of
food groups classified by the Food Pagoda. As listed in
Table 3, EITDS from the first level of the Food Pagoda
(cereals, tubers and beans) in 12 provinces all exceeded
their recommended ranges; while those from the fourth
level (dairy products) were all far below their recom-
mended amounts. This situation was more remarkable
in Shaanxi, Hebei, Henan and Jiangxi province where
the EITDS from cereals, tubers and beans were more than
3 times of their highest EICHFP, while those from dairy
products were substantially poor. Additionally, Se intake

from the third level (meat, eggs and aquatic products)
varied greatly among regions, where only Heilongjiang
and Hubei province had appropriate Se intake from this
level. Those in Shanghai and Fujian province were much
higher than their upper limits of EICHFP, which might ac-
count for their higher EITDS in Fig. 4. Almost all prov-
inces had adequate Se intake from the second level of
the Food Pagoda (vegetables and fruits) with the excep-
tion of Shaanxi, Henan and Guangxi province being
slightly lower than their recommendations.

Discussion
Compared with other countries in the world, the dietary
Se intake of Chinese population (88 μg/day) was rela-
tively moderate. It was higher than numerous countries
throughout Europe (including the UK) and the Middle
East where the reported daily Se intake were less than
55 μg/day [26], but lower than those from certain devel-
oped countries, such as the US where 133.5 μg/day of
average Se intake for men was reported [27]. However,
great geographical variations of Se intake still existed in
China. There are many possible factors that can have an
effect on Se intake and result in these variations. These

Fig. 2 The average EICHFP in different food groups in 12 provinces and ChinaaAbbreviations: HLJ Heilongjiang, LN Liaoning, HeB Hebei, ShX
Shaanxi, NX Ningxia, HN Henan, ShH Shanghai, FJ Fujian, JX Jiangxi, GX Guangxi, HuB Hubei, SC Sichuan, AVG average, EICHFP estimated Se intake
based on the Chinese Food Pagoda.aNumbers in parentheses are coefficients of variation in each food group; the same as below

Fig. 3 The average EITDS in different food groups in 12 provinces and ChinaAbbreviations: HLJ Heilongjiang, LN Liaoning, HeB Hebei, ShX Shaanxi,
NX Ningxia, HN Henan, ShH Shanghai, FJ Fujian, JX Jiangxi, GX Guangxi, HuB Hubei, SC Sichuan, AVG average, EITDS estimated Se intake based on
the China Total Diet Study.
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factors primarily include disparities in dietary patterns, con-
sumption habits, food culture, economic levels, and also Se
contents in food among different regions [18, 28, 29]. It is
difficult to distinguish which factor plays a predominant
role in dietary Se intake since the situation varies from re-
gions to regions. For example, cereals and tubers made the
highest contribution to daily dietary Se intake in Shaanxi,
Hebei, Ningxia, and Jiangxi province, accounting for 41.6–
61.9%; while 45.4 and 30.9% of daily Se intake were from
aquatic products in Fujian and Liaoning province, making
the highest contributors. The former is presumably ascribed
to the relatively high Se levels in local crops (Table 1), as
well as the food culture where tend to have large

consumptions of flour or rice [21]; the latter, however, may
be attributed to the consumption habits developed by their
water-adjacent living environment. Correlations between Se
contents and EITDS in each food group also showed
that highly significant correlations were only observed
in foods with large consumptions, including cereals (r
= 0.936, P < 0.01), tubers (r = 0.787, P < 0.01), vegeta-
bles (r = 0.895, P < 0.01) and fruits (r = 0.769, P < 0.01).
Foods with relatively high Se contents but small con-
sumptions, such as seafood, eggs, and meats, pre-
sented poor correlations with Se intake (P > 0.05). In
this study, the influence of dietary patterns on Se in-
take was discussed separately by quantitative

Fig. 4 Comparison of daily dietary Se between EITDS and EICHFP in 12 provinces in ChinaAbbreviations: HLJ Heilongjiang, LN Liaoning, HeB Hebei,
ShX Shaanxi, NX Ningxia, HN Henan, ShH Shanghai, FJ Fujian, JX Jiangxi, GX Guangxi, HuB Hubei, SC Sichuan, AVG average, EITDS estimated Se
intake based on the China Total Diet Study, EICHFP estimated Se intake based on the Chinese Food Pagoda.

Table 3 EITDS and EICHFP in different food categories in 12 provinces of China (μg/day)a

Food
category

Cereals, tubers and beans Vegetables & Fruits Meat, eggs and aquatic products Dairy products

EITDS EICHFP ranges EITDS EICHFP ranges EITDS EICHFP ranges EITDS EICHFP

HLJ 5.55 2.83–5.25 13.50 10.90–18.20 19.96 16.72–27.05 4.09 21.60

LN 6.16 2.35–4.40 6.98 4.00–6.70 37.01 40.44–72.18 2.04 6.60

HeB 37.02 7.30–11.80 24.17 19.90–33.20 25.37 42.00–70.30 0.57 6.60

ShX 83.70 16.75–27.30 38.19 44.20–73.70 11.99 43.24–67.35 0.86 5.40

HN 24.41 3.33–5.65 36.72 37.40–62.70 23.30 38.40–65.35 0.73 6.90

NX 32.66 10.53–17.45 20.10 14.20–23.80 10.19 16.56–28.05 0.58 11.40

ShH 14.01 3.20–5.10 30.54 24.10–40.20 82.92 38.88–65.63 4.05 8.40

FJ 6.57 2.65–4.50 27.05 24.10–40.20 76.30 30.68–50.63 0.48 4.50

JX 39.61 6.88–10.65 7.48 6.40–10.70 23.16 33.68–59.05 0.05 46.50

HuB 4.31 1.40–2.50 36.43 20.80–34.70 43.99 28.08–45.53 0.22 60.60

SC 27.19 5.93–9.85 14.21 12.70–21.20 36.68 40.08–65.78 4.79 5.70

GX 31.35 6.93–12.25 25.77 31.70–53.25 36.48 44.88–77.93 0.22 14.40

AVG 26.05 5.93–9.85 23.43 21.00–35.10 35.61 34.44–57.85 1.56 16.50

Abbreviations: HLJ Heilongjiang, LN Liaoning, HeB Hebei, ShX Shaanxi, NX Ningxia, HN Henan, ShH Shanghai, FJ Fujian, JX Jiangxi, GX Guangxi, HuB Hubei, SC
Sichuan, AVG average, EITDS estimated Se intake based on the China Total Diet Study, EICHFP estimated Se intake based on the Chinese Food Pagoda
aThe data of EITDS in different food categories were from the 4th China TDS [21]
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comparison between EITDS and EICHFP which were
calculated using the same food Se contents [21].
In the first place, the calculated results of EICHFP being

greater than the China RNI (Table 2) has well suggested
that Se intake complying with the balanced dietary pat-
terns recommended in the Chinese Food Pagoda could
meet the daily requirements of the majorities in China,
even though Se contents in various food groups vary
greatly among regions. By comparison with the total
EITDS, it was found that half of regions failed to meet
the minimum Se intake requirements of the Food Pa-
goda, indicating that dietary patterns in these regions
may exist irrationality. When compared within various
food categories, it was noteworthy that significant differ-
ences between the average EICHFP and EITDS were found
in cereals, tubers and beans (t = − 2.975, P = 0.007),
aquatic products (t = 2.468, P = 0.021) and dairy products
(t = 3.089, P = 0.005). According to the average EICHFP in
the whole country, there should be 7.7% of Se intake
contributed from staple food, 23.0 and 16.1% contrib-
uted from aquatic and dairy products. Clearly, the
current Se intake from staple food has been sufficient,
accounting for 29.6% of the average EITDS in China;
while that from aquatic and dairy products is largely de-
ficient across the country, only accounting for 13.5 and
1.8% of the average EITDS in China. In fact, Chinese
population consumed very limited milk and dairy prod-
ucts every day, with an average of 28.4 g/day per capita
according to the food consumption data in the 4th
China TDS [21], far below 300 g/day per capita recom-
mended in the Pagoda. The consumption of aquatic
products (29.0 g/day per capita) was also less than the
lower limit of the recommended amount (40 g/day per
capita) [16, 21]. However, compared with other animal
source foods, milk and dairy products are not very good
sources for Se. The average Se content in dairy products
was only 0.055 μg/g, far less than that in aquatic prod-
ucts (0.410 μg/g) [21]. Therefore, from the view of the
balanced dietary pattern and Se sources, Se nutrition for
the general population can be further improved by prop-
erly increasing the consumption of seafood and its by-
products.
It is well known that human Se intake is closely associ-

ated with Se levels in foodstuffs and dietary pattern. The
former is strongly dependent on the Se in soil which var-
ies significantly across different regions of world [30];
the latter, however, can be changed with the increase of
food supply and diversity as well as dietary habits. In the
present study, for instance, in Heilongjiang and Liaoning
province where EITDS has not reached the China RNI,
their Se intake can be further improved by slightly
adjusting eating patterns on the basis of Food Pagoda,
such as consuming more fish, milk and dairy products,
and so on. Even in some regions where Se intake has

achieved the RNI, it can still be supplemented by adjust-
ing the consumption of Se-rich foods within the recom-
mended ranges to obtain Se-associated health benefit.
The present study underestimated the influence of soil
Se distribution on Se intake, because even though Se
levels in food is a reflection of soil Se in most instances,
soil Se contents do not help in cases where the food lo-
cally produced is sold and consumed by residents in
other regions. Instead, by calculating the contribution of
the balanced diet to daily Se intake, this study demon-
strated that Se intake complying with balanced dietary
patterns can achieve or even exceed the China RNI in
different regions no matter how greatly their Se contents
in food vary. Thus, it is believed that the daily require-
ment of the general population for Se can be satisfied if
the Chinese Dietary Guidelines and the Food Guide
Pagoda are strictly obeyed.

Conclusions
Attempts can be made to improve the general Se intake
levels by adjusting eating patterns. The present study
made it clear that the balanced dietary pattern based on
the Chinese Dietary Guidelines and Food Pagoda could
meet daily requirements of the majorities for Se in China
under the current Se levels in food. However, the com-
parison between EITDS and EICHFP showed that Se intake
in half of the regions could not achieve their lowest
EICHFP. The differences between them among regions
mainly lay in cereal food, aquatic and dairy products. Se
intake from staple food for Chinese population may have
been sufficient, and more Se nutrition can be taken from
aquatic products in terms of a well-balanced diet.
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Abstract

Background: The diet of the Brazilian Cardioprotective Nutritional Program (BALANCE) classifies food into four groups
and sets the daily amount to be consumed. The dietary approach of BALANCE is different from other dietary
recommendations; therefore, it is not possible to use existing dietary indexes (DI) to assess patient’s adequacy to
BALANCE diet. For this reason, it is important to develop a specific dietary index based on BALANCE diet.
This study aims to describe the development of the BALANCE DI, evaluate its internal consistency, construct and
content validity and population characteristics associated with the index.

Methods: We analyzed baseline data from the BALANCE randomized clinical trial (https://www.clinicaltrials.gov/;
NCT01620398). The four food groups of the diet were adopted as index components. Points ranging from 0 to 10 were
given to each index component. Internal consistency was evaluated by correlation coefficients between total score
and component scores, as well as Cronbach’s Alpha. Content and construct validity were assessed by checking how
nutrients are associated with the index and if the index could distinguish between groups with known differences in
diet, respectively. Crude and adjusted linear regression analyses were performed to evaluate population characteristics
associated with the index.

Results: The analysis included 2044 subjects (58.6% men). The average of the total index was higher among women
(p < 0,05). The components of the index showed low correlations with each other. The correlations between each
individual component with the total index were > 0.40. Cronbach’s alpha coefficient was 0.66. High scores in the index
were inversely associated (p < 0,05) with energy, total fat, monounsaturated fat (MUFA) and cholesterol; they were
positively associated (p < 0,05) with carbohydrates and fiber. Hypertensive men and diabetic women had higher scores,
while male smokers had lower scores.

Conclusions: The BALANCE DI showed reliability and construct validity similar to other DI. It also detected
characteristics of individuals that are associated with higher or lower index scores.

Keywords: Dietary assessment, Nutritional index, dietary patterns, Reliability and validity, Cardiovascular disease
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Background
Dietary habits are important modifiable risk factors for
cardiovascular diseases (CVD), the first cause of death
and burden of disease worldwide and in Brazil [1, 2].
The World Health Organization (WHO) emphasizes
that a healthy diet, able to prevent CVD, is influenced by
many complex interactions (income, food availability
and affordability, individual preferences and beliefs, cul-
tural traditions, geographical, environmental, social and
economic factors) [3]. To take these complex interac-
tions into account, the choice of foods that compose a
healthy and cardioprotective diet should be regionalized.
Brazil has a variety of food rich in cardioprotective com-

ponents such as fiber, vitamins and bioactive compounds
that could be used to promote cardiovascular protection
and minimize the burden of CVD. The Brazilian Cardio-
protective Nutritional Program (BALANCE) is an educa-
tional intervention aimed at improving the consumption
of foods available in the country with a potential cardio-
protective role. The Brazilian Ministry of Health has been
assessing the effectiveness of the BALANCE program in a
multicentric and randomized clinical trial since 2013 [4].
The dietary component of the BALANCE program

ranked foods in groups represented by the colours of the
Brazilian flag. As green is the most abundant colour in
the flag, the items included in the green group should be
eaten more often. Yellow is the second most abundant
flag colour, thus the advice is to eat foods in the yellow
group in moderation. Blue represents foods that should
be consumed in smaller quantities. Ultra-processed
foods are not recommended in the BALANCE diet and
are represented by red, which is not in the Brazilian flag.
Details about the food classification criteria have been
published elsewhere [4].
Several dietary indexes (DI) have been developed to

study associations between dietary patterns and CVD in
different populations [5–10]. A DI combines the many
aspects of a nutritional recommendation or guideline
and uses them as the items of the index. These aspects
are generally the amount of nutrients, foods or food
groups to be eaten in each period of time (day/week/
month). Since the dietary aspects of the BALANCE pro-
gram are different from other cardioprotective dietary
patterns, it is not possible to use existing DI to assess
the role of the BALANCE diet on cardiovascular protec-
tion. We therefore aim to describe the development of
the BALANCE DI, to assess its internal consistency,
construct and content validity, and to evaluate the popu-
lation characteristics associated with the index.

Methods
Study population
To develop the DI we used data from the BALANCE
study (https://www.clinicaltrials.gov/; NCT01620398), a

multicentric randomized clinical trial. The trial aims to
assess the effects of the Brazilian Cardioprotective Nutri-
tional Program in the secondary prevention of cardiovas-
cular diseases. Between March 2013 and January 2015,
2535 adults over 44-years-old and with a personal history
of cardiovascular disease were enrolled in the trial and
followed-up until December 2017 in one of the 35 sites in
Brazil. Details of the trial procedures are given elsewhere
[4]. The 2044 individuals who had full dietary data at base-
line were included in the present analysis, which was ap-
proved by the School of Public Health/University of São
Paulo Research Ethics Committee.

Data collection and description of variables
Data were collected in the 35 sites by trained researchers
following standardized procedures. Details of the data
collection are given in the BALANCE research protocol,
available on request from the authors [4].
Dietary intake was assessed from a single 24-h recall

collected by trained interviewers who asked for a de-
tailed description of all foods and drinks consumed the
day before the interview, following an adaptation of the
Multiple-Pass Method steps [11]. A photographic album
of food portion sizes was available to help with the esti-
mation of quantities of food consumed [12]. The food
intake data was recorded in Nutriquanti Software using
household measures and then converted to grams. The
software calculated the energy and nutrient amount
using information from different food composition ta-
bles, including the Brazilian Food Composition Table
and the USDA Food Composition Table. All the 24-h re-
calls that ranged over less than 1000 kcal or more than
3000 kcal were double-checked. Discrepant home mea-
sures, such as “zero tablespoon” and “150 teacups” were
also double-checked. Records with less than the 1st or
greater than the 99th percentile of energy were excluded
[13]. The relative participation of macronutrients in the
diet was expressed as the percentage of total energy in-
take. Cholesterol, sodium and fiber were presented as
milligrams or grams per each 1000 kcal ingested.
Height was measured twice with wall-mounted stadi-

ometers (0.5 cm precision) with the subject barefoot in a
standing position. Weight was collected twice with cali-
brated scales (100 g precision) with the subject barefoot
and wearing light clothes. Waist circumference (WC)
was measured twice with an anthropometric tape in the
midpoint between the lowest rib and the iliac crest. The
average of the measurements was used. If the measure-
ments differed more than 0.5 kg for weight, 0.5 cm for
height and 1 cm for WC, the entire procedure was re-
peated until the difference between the two new mea-
sures was lower than the established cut-off. Body mass
index (BMI) was calculated as weight divided by the
square of height (kg/m2) and classified according to age.
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If age ≤ 59 years-old, underweight = BMI < 18.5 kg/m2,
normal weight = BMI ≥ 18.5 kg/m2 and < 25 kg/m2,
overweight = BMI ≥ 25 kg/m2 [14]. If age ≥ 60 years-old,
underweight = BMI < 23 kg/m2, normal weight = BMI ≥
23 kg/m2 and < 28 kg/m2, overweight = BMI ≥ 28 kg/m2

[14, 15].
A questionnaire was applied to investigate the personal

history of CVD and smoking status. Diagnoses of dia-
betes, hypertension and dyslipidemia were self-reported.

The dietary component of the BALANCE program
The dietary component of the BALANCE program [4] is
designed to meet the nutritional recommendations
proposed by the Brazilian Cardiovascular Guidelines
[16–20]. To implement these recommendations on nu-
tritional advice, we compiled a list of cardioprotective
foods, based on a set of qualitative criteria defined by
nutrition experts considering the most relevant aspects
of Brazilian nutritional guidelines: a) no added sugar; b)
low-calorie content; c) lack of nutrients that increase car-
diovascular risk (cholesterol, saturated fat, and sodium);
and d) presence of cardioprotective nutrients (antioxi-
dants and dietary fiber). The result of the compilation was
a list consisting of low-fat yoghurt and milk, fruits and
vegetables, and beans cooked with garlic, onion, soybean
oil (up to 1%) and refined salt (up to 0.5%).
Energy, saturated fat, cholesterol and sodium densities

[21] of foods in the list were evaluated to create cutoff
values for food classification into the green, yellow and
blue groups. The maximum density values of the list were
1.11 kcal per gram, 0.01 g of saturated fatty acid per gram,
0.04 mg of cholesterol per gram, and 2.01 mg of sodium
per gram. These values were applied in the food
categorization as follows: foods with all 4 density values
equal to or less than the cutoffs were assigned to the green
group (vegetables, fruits, beans, low-fat milk and yoghurt);
foods with one or two densities above the cutoffs were
assigned to the yellow group (rice, bread, pasta, oats, cous-
cous, nuts, vegetable oil); foods with three or four nutrient
densities above the cutoffs were categorized into the blue
group (meat, fish, cheese, eggs).

Finally, the BALANCE diet contains a red group. The
cutoffs were not adopted as criteria for assigning foods
in this group. Instead, foods lacking beneficial compo-
nents such as vitamins, antioxidants and dietary fiber
and known as sources of trans fats, refined sugar, artifi-
cial sweeteners, and preservatives – mainly ultra-
processed foods - compose the red group.

The BALANCE dietary index
We created the BALANCE DI considering the aspects
of the existing DI that are used to analyze associations
between dietary patterns and cardiovascular disease
[7, 22–25]. The BALANCE Program recommends a
number of servings in each food group depending on
the energy level, as shown in Table 1. Energy need was
calculated multiplying current body weight by 20 kcal
in overweight or 25 kcal in normal weight or 32 kcal
in underweight participants [17, 26]. Individuals with
calculated need below 1400 kcal were set to 1400 kcal,
those above 2400 kcal were set to 2400 kcal. Intermediate
values were assessed accordingly to mathematical approxi-
mation rules. For example, if the calculated need is
1758 kcal, the nutritionist must assign into the 1800 kcal,
the closest value.
The index has four components corresponding to the

BALANCE food groups. The scoring criteria are sum-
marized in Table 2 and were made a priori, based on the
BALANCE principles and recommendations and the
population distribution of consumed servings. Each
component was given a score ranging from 0 (worst) to
10 (best), therefore the total score ranges from 0 to 40.
A score of zero is given to the green group when there

is no consumption and a score of 10 when the consump-
tion is equal or higher than the recommendation. A
score of 10 is assigned to the yellow group when the
number of servings is exactly that recommended. The
minimum score is assigned to the yellow group when
the number of servings is 50% over or below the recom-
mendation. The blue and red groups received a reverse
score (higher intakes are given lower scores). In the blue
group, the maximum score is assigned to the number of
servings equal to or lower than the recommendation

Table 1 BALANCE recommendation of servings per day in each food group according to the energy-levela

Number of servings per day

BALANCE food groups 1400 1600 1800 2000 2200 2400

Kcal Kcal Kcal Kcal Kcal Kcal

Green (vegetables, fruits, beans and legumes, low-fat milk) 9 11 11 12 14 16

Yellow (rice, bread, pasta, oats, couscous, nuts, vegetable oil) 6 7 9 10 11 13

Blue (meat, fish, cheese, eggs) 2 2 3 3 4 4

Red (ultra-processed foods) 0 0 0 0 0 0

BALANCE = Brazilian Cardioprotective Nutritional Program
aThis content was published in the BALANCE research protocol, is reproduced with permission and available on request from the authors [14]
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and the minimum when there are at least two servings
above the recommendation. Finally, in the red group, a
score of 10 is assigned when there is no consumption,
and a score of 0 is given to 4 or more reported servings.
Those participants consuming intermediate amounts
were scored proportionally.
To calculate the score, we classified all food items

reported in the 24-h recalls into the BALANCE food
groups and defined the size of a serving. Then, we
calculated the number of servings consumed and the
corresponding score for each component. Finally, we
summarized the component values to obtain the total
score.
Because the BALANCE DI was developed to assess

the consistency with the BALANCE Program dietary
component, we decided to follow the rationale of the
Program and use the BALANCE food groups as the
items of the score. The foods in the green group have
low energy, saturated fat, cholesterol and sodium density
and higher levels of cardioprotective compounds [4].
Furthermore, the consumption of these foods is low in
the Brazilian population [27] and we aim to improve the
intake of such foods. For this reason, we did not assign a
penalty for overconsumption and used a monotonic
function to score this component (higher levels of intake
received higher scores).
As the yellow group is the major provider of energy

intake, we believe the consumption should be neither
higher nor lower than the recommendation, to maintain
the energy balance. Hence, the scoring system has two
directions with intakes under or above the recommenda-
tion being penalized.
The blue group is mainly responsible for the saturated

fat, cholesterol and sodium intake and received a reverse
score (higher intakes get lower scores). The red group is
not recommended in the BALANCE diet and therefore
also gets a reverse score. For these items in the index
there is no clear scientific evidence determining what

amount of intake should receive the minimum score of
zero. To improve discriminatory power and the ability to
detect differences in the population, we determined, as
the cutoff, an approximate value of the 75th percentile
of the population intake distribution. A similar strategy
has been adopted in previous studies [28].

Statistical analysis
The scores of the overall index and its components were
described in mean and 95% confidence interval (95% CI)
for males and females and differences were assessed by
Mann-Whitney tests. Subsequent analyses were per-
formed separately by sex because the scores differed
among men and women.
To evaluate the internal consistency of the index we

analyzed the inter-item correlation matrix, and calcu-
lated the Spearman rank correlation coefficients between
the components and total index. We also estimated the
Cronbach’s coefficient alpha. Values higher than 0.70 in-
dicated reliability (internal consistency).
To assess construct validity, we checked if the index

could distinguish between groups with known differ-
ences in diet (men and women). To assess the content
validity, we verified if the index was associated with key
nutrients in an expected direction, dividing it into quar-
tiles and calculating the mean and 95% CI of energy and
selected nutrient intakes in each quartile. The fourth
quartile indicated the highest adequacy with the BAL-
ANCE, whereas the first quartile indicated the lowest
adequacy with the diet. Tests for linear trends were per-
formed to compare the population intakes across the
quartiles.
The population characteristics associated with the

index were assessed by linear regression, crude and ad-
justed for age, BMI, waist circumference, hypertension,
dyslipidemia, diabetes and smoking status. All the ana-
lyses were conducted in STATA software, version 12,
and statistical significance was defined as p < 0.05.

Table 2 Scoring criteria for the BALANCE dietary index, mean score (95% confidence interval) among men and women with a
history of cardiovascular disease

Index component (BALANCE food group) Criteria for 0 point* Criteria for 10 point* Score for men Score for women

Green (vegetables, fruits, beans and legumes,
low-fat milk)

0 ≥ the recommendation 4.49 (4.34; 4.65) 4.55 (4.36; 4.73)

Yellow (rice, bread, pasta, oats, couscous, nuts,
vegetable oil)

50% > or < the
recommendation

= the recommendation 3.50 (3.30; 3.69) 3.52 (3.29; 3.74)

Blue (meat, fish, cheese, eggs)** ≥ 2 beyond the
recommended

≤ the recommendation 5.20 (4.95; 5.46) 6.09 (5.80;6.38)

Red (ultra-processed foods)** ≥ 4 ≤ 0 5.37 (5.14; 5.61) 5.90 (5.64; 6.16)

Total score (range)** 0 40 18.56 (18.11; 19.02) 20.05 (19.54; 20.56)

BALANCE = Brazilian Cardioprotective Nutritional Program
*Servings/d between the minimum and maximum criteria were given the scores proportionally
**Statistical differences between means p < 0.05 (Mann-Whitney test)
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Results
The analysis included 2044 subjects with a mean (stand-
ard deviation) age of 63 [9] years. Among males (58.6% of
the population), 88.3% were hypertensive, 78.5% dyslipid-
emic, 41.9% diabetic, 63.3% former smoker and 7.4%
current smoker and the mean (SD) of BMI and WC was,
respectively, 28.5 (4.4) Kg/m2 and 101.1 (11.3) cm. Among
females, 93.2% were hypertensive, 79.0% dyslipidemic, 45.
7% diabetic, 41.6% former smoker and 8.0% current
smoker and the mean (SD) of BMI and WC was,
respectively, 29.8 (5.5) Kg/m2 and 97.9 (12.9) cm.
Table 2 describes the criteria for minimum and max-

imum score in each component of the BALANCE DI and
shows the mean (95% CI) for the components and total
score among men and women. The results differed be-
tween sexes, with females having higher scores in the total
index, and in the blue and red components (Table 2). The
findings for the green and yellow groups were similar in
both sexes.
The correlations among BALANCE DI components and

total index are shown in Table 3. The components of the
index had low correlations among themselves (r < 0.10).
The blue and red groups showed similar correlations with
the total index (r = 0.61 and r = 0.62, respectively) and
were more correlated with the total index than the other
components, indicating that their variance contributes
more to the total score. Nevertheless, the green and yellow
groups do add important information to the total score as
they show correlations higher than 0.40. The Cronbach’s
coefficient alpha of the BALANCE dietary index was 0.66.
Table 4 presents the mean (95% CI) of energy and se-

lected nutrient intakes across quartiles of the BALANCE
index among men and women. Higher scores were in-
versely associated with intakes of energy, total fat, MUFA
and cholesterol and positively associated with intakes of
carbohydrate and fiber. Among males, there was no differ-
ence in the consumption of proteins across the quartiles
of the score and among females, the intake of protein was
higher in the 4th quartile. No difference was observed in
the intake of polyunsaturated fat and sodium.
Table 5 presents population characteristics associated

with the index. In general, males with hypertension and
females with diabetes had higher scores in the index,

while male smokers had lower scores. On average, the
adjusted analyses showed hypertensive men having 1.77
higher scores than non-hypertensives, male current
smokers had 2.13 lower scores compared with males
who never smoked and diabetic women had 1.56 higher
scores than non-diabetics.

Discussion
BALANCE DI was developed to reflect the recommenda-
tions of the dietary component of the BALANCE Pro-
gram. The index showed reasonable internal consistency,
construct and content validity and detected population
characteristics associated with higher or lower scores.
The ability to detect known differences in the popula-

tion corroborates the construct validity of a DI [25]. It is
well known that women in general eat more healthily
than men and the BALANCE DI found variations across
sex, with women having higher scores in the total index.
This finding is consistent with previous studies assessing
different diet indexes, which also observed women hav-
ing a more favorable diet [25, 28–30]. The higher con-
sumption of fruits and vegetables by women is usually
the reason they obtain better scores in DI [28]. However,
our study showed no differences in the consumption of
fruits and vegetables (green food group) across sex, but
found lower consumption of meat (blue food group) and
ultra-processed foods (red food group) among women.
The BALANCE DI also detected differences in the diet
between smoker and non-smoker males. On average,
smokers had lower scores than non-smokers.
The Cronbach’s coefficient alpha measures the internal

consistency and values higher than 0.70 indicate ac-
cepted reliability. Similar to other studies which found
alphas between 0.6 and 0.7 [25, 31], the alpha coefficient
for the BALANCE DI was 0.66. According to Guenther
and colleagues [25], given the complex and multidimen-
sional construct of DI and because individuals do not
fully meet and do not fully fail to meet all the dietary
standards used in the indexes, an alpha coefficient
slightly lower than 0.70 is expected. The low inter-item
correlation (r < 0.10) and correlations ≥0.40 between
each item and total index strengthen the reliability of
the index.

Table 3 Correlation between BALANCE diet components and total index

Green group Yellow group Blue group Red group Total index

Green group 1

Yellow group 0.0113 1

Blue group 0.0096 0.0053 1

Red group 0.0883 0.0430 0.0892 1

Total index 0.4033 0.4594 0.6131 0.6157 1

BALANCE = Brazilian Cardioprotective Nutritional Program. Green group = vegetables, fruits, beans and legumes, fat free milk and yogurt. Yellow = rice, bread,
pasta, oats, couscous, nuts, vegetable oil. Blue =meat, fish, cheese, eggs. Red = ultra-processed foods
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The BALANCE DI showed association with energy
and key nutrients in an expected direction, because it
was inversely associated with intakes of energy, total fat,
MUFA and cholesterol and it was positively associated
with intakes of fiber and carbohydrate. These findings
are consistent with previous diet quality indexes for
Swedish, Australian and American population without
cardiovascular disease [9, 29, 32], except the 14-point
Mediterranean diet adherence screener which was

inversely associated with carbohydrate and positively as-
sociated with MUFA [33]. In concordance with our find-
ings, Mendes and colleagues found that higher intakes
of total fat were significantly associated with lower index
scores in the Healthy Eating Index for the Brazilian
population [30].
The lower levels of MUFA in the highest quartile of

the index were expected because the sources of MUFA
in western diets are usually the same as the sources of

Table 4 Energy and selected nutrient intake (mean and 95% confidence interval) across quartiles of the BALANCE dietary index
among men and women with a history of cardiovascular disease

Dietary component MEN WOMEN

1 2 3 4 1 2 3 4

n 300 299 299 299 211 212 212 212

BALANCE index range 0; 13.31 13.32; 18.33 18.34; 24.79 24.80; 38.62 0; 14.51 14.52; 20.54 20.55; 25.59 25.61; 39.59

Energy, Kcal 1851
(1777; 1926)

1629
(1560; 1697)

1453
(1396; 1509)

1345
(1293; 1398)

1498
(1416; 1579)

1279
(1206; 1351)

1213
(1140; 1287)

1169
(1116; 1221)

Protein, % Kcal 19.2
(18.4; 20.0)

19.2
(18.3; 19.8)

19.2
(18.5; 19.9)

18.3
(17.7; 18.9)1

17.5
(16.6; 18.5)

18.7
(17.9; 19.7)

17.8
(17.1; 18.6)

18.8
(18.1; 19.6)

Carbohydrate,
% Kcal

48.0
(46.6; 49.3)

50.8
(49.6; 52.0)

54.6
(53.4; 55.8)

58.7
(57.5; 59.9)

51.3
(49.8; 52.7)

54.1
(52.7; 55.6)

57.2
(55.6; 58.8)

59.3
(57.8; 60.7)

Total fat,
% Kcal

32.9
(31.9; 33.8)

30.8
(29.9; 31.8)

27.2
(26.3; 28.1)

24.9
(24.0; 25.8)

31.7
(30.5; 32.9)

28.2
(27.0; 29.4)

26.9
(25.7; 28.2)

24.1
(23.0; 25.2)

Saturated,
% Kcal

10.9
(10.5; 11.3)

8.4
(9.4; 10.1)

8.4
(8.0; 8.8)

7.1
(6.8; 7.5)

11.0
(10.5; 11.5)

9.2
(8.7; 9.7)

8.4
(7.9; 8.7)

7.2
(6.8; 7.7)

Monounsaturated, % Kcal 9.1 (8.7; 9.5) 9.8 (8.2;9.0) 7.7 (7.3; 8.1) 6.9 (6.6; 7.2) 8.8 (8.3; 9.2) 7.5 (7.0; 7.9) 7.3 (6.8; 7.8) 6.9 (6.3; 7.4)

Polyunsaturated, % Kcal 7.5 (7.1; 7.9) 7.9 (7.5; 8.4) 7.4 (7.1; 7.8) 7.3 (7.0; 7.7)1 6.9 (6.4;7.3) 7.3 (6.8; 7.8) 7.1 (6.6;7.6) 6.7 (6.3; 7.1)1

Cholesterol, mg/1000 Kcal 162
(149; 174)

141
(130; 152)

133
(121; 145)

111
(102; 120)

147
(134; 160)

130
(119; 141)

113
(101; 125)

103
(94; 112)

Sodium, mg/1000 Kcal 1922
(1845; 2000)

1818
(1752; 1885)

1860
(1800; 1920)

2090
(1762; 2417)1

1760
(1678; 1852)

1873
(1748; 1999)

1798
(1711; 1884)

1777
(1690; 1863)1

Fiber, g/1000 Kcal 10.1
(9.6; 10.6)

12.3
(11.8; 12.9)

14.5
(13.8; 15.1)

17.8
(17.0; 18.6)

10.2
(9.5; 10.9)

13.2
(12.4; 13.9)

15.0
(14.0; 16.0)

17.2 (
16.2; 18.2)

BALANCE = Brazilian Cardioprotective Nutritional Program. 1The P-value for linear trend was not significant (≥ 0,05). All others were significant, P < 0,05

Table 5 Association between the BALANCE dietary index and characteristics of men and women with history of cardiovascular
diseases

MEN WOMEN

Population characteristics Crude Adjusteda Crude Adjusteda

Coefficient 95% CI Coefficient 95% CI Coefficient 95% CI Coefficient 95% CI

Age, years (continuous) 0.06 0.01; 0.11 0.04 −0.01;0.10 0.05 −0.01; 0.11 0.04 −0.022; 0.10

BMI, kg/m2 (continuous) − 0.09 − 0.20; 0.01 − 0.02 − 0.24; 0.20 − 0.08 − 0.17; 0.01 0.02 − 0.16; 0.20

Waist circumference, cm (continuous) − 0.04 − 0.08; 0.00 − 0.04 − 0.12; 0.05 − 0.04 − 0.08; 0.00 − 0.06 − 0.13; 0.02

Hypertension (no = 0, yes = 1) 1.77 0.35; 3.18 1.86 0.41; 3.32 −2.38; −2.26; 1.78 − 0.37 −2.46; 1.73

Dyslipidemia (no = 0, yes = 1) − 0.20 −1.30; 0.91 − 0.53 −1.67; 0.61 − 0.18 − 1.43; 1.07 − 0.39 − 1.68; 0.90

Diabetes (no = 0, yes = 1) 0.37 −0.55; 1.29 0.40 − 0.54; 1.34 1.18 0.16; 2.20 1.56 0.48; 2.63

Smoking status (never smoked = 0)

Former smoker 0.01 − 1.00; 1.03 0.01 − 1.01; 1.03 0.30 − 1.67; 2.27 −0.12 − 1.21; 0.96

Current smoker −2.53 −4.41; − 0.66 −2.13 −4.03; − 0.22 0.64 − 1.30; 2.58 −0.15 − 2.14; 1.84

BALANCE = Brazilian Cardioprotective Nutritional Program
BMI Body mass index
aAdjusted for age, BMI, waist circumference, hypertension, dyslipidemia, diabetes and smoking status
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saturated fat [34] and they should be consumed in small
quantities in the BALANCE diet. Furthermore, the BAL-
ANCE diet encourages the intake of foods available and
accessible in Brazil, which are not beneficial sources of
MUFA, contrary to the reality of the Mediterranean re-
gion [4, 35].
Nevertheless, the relative participation of carbohydrate

increases as the score in the index increases. This could
be explained by the lower relative participation of total
fat in the higher levels of the score. Because the amount
of fiber was also positively associated with the index,
another explanation for the higher quantities of carbohy-
drate in the top levels of the index is the high intake of
fruits in the BALANCE diet (data not shown), which
has, as a benefit, elevated amounts of vitamins and
bioactive compounds with a cardioprotective role [36].
The higher percentage of protein among women in

the 4th quartile of the index is an unexpected result. We
have two possible explanations for that. First, the macro-
nutrients are presented as a percentage of energy, which
means that if the percentage of one macronutrient
changes the others will consequently change. Thus, the
higher amount of protein could be explained by the
lower relative participation of total fat in the highest
quartile of the index. Second, an increase in protein
intake from green group foods (beans and legumes, fat-
free milk and yoghurt) may also have led to this result.
We were not able to detect associations between the

index and the intake of sodium. A possible explanation
is the fact that the sodium intake was estimated from
24-h recalls, which is not a robust instrument for esti-
mating sodium intake. The gold standard method to es-
timate sodium intake is the 24-h urinary excretion, but
these data were not available. A previous study estimated
sodium intake from semi-quantitative food frequency
questionnaire and was also unable to detect an associ-
ation between the DI and the intake of sodium [27].
In our study, we observed lower index scores among

males smoking and higher scores among males with
hypertension and females with diabetes. Previous studies
did not find associations between hypertension and dia-
betes diagnosis and conformance with DI [32, 37], but
found associations between DI and BMI, WC and smok-
ing status [29, 32, 33]. It is important to highlight that
these studies included patients without previous CVD,
while BALANCE included patients in the secondary pre-
vention. Thus, subjects from BALANCE trial may have
already received nutritional advice from dieticians, doc-
tors, and nurses before being enrolled in the trial, mak-
ing them aware of the eating choices they should make.
This is a possible explanation for having hypertensive
and diabetics subjects with better index scores.
The present study has limitations. The diagnoses of

diabetes, hypertension and dyslipidemia were self-

reported. However, this is unlikely to have added bias to
the study because participants are in the secondary pre-
vention of cardiovascular disease, which requires them
to take some medications daily. By the type of taken
medication (antihypertensive, for example) patients and
interviewers know their health condition.
Although the dietary data were collected by trained in-

terviewers following standardized procedures and were
submitted to quality control, the usual intake could not be
estimated because we had only one 24-h recall. Usually in-
take is estimated with at least two 24-h recalls to soften
the effects of within-person variance in the assessment of
the diet-disease relationship. The present study described
the development of a dietary index based on the
BALANCE diet and did not assess diet-disease relation-
ships. Furthermore, a single 24-h recall can characterize
the average consumption of a group and can be used
when the sample size is large (higher than 1000) [38].
The number of servings in the blue group is an upper

limit, i.e. if the recommendation is two servings then
two servings or less should be eaten, while foods in the
red group are not supposed to be part of the diet. Blue
and red groups are given a reverse score and there is no
clear scientific evidence or logical value clarifying how
high an intake should be to deserve the minimum score
of zero. Thus, we decided to use data-driven cut-offs to
avoid giving the maximum or minimum score to a large
proportion of the population. The decision to use data-
driven cut-offs could compromise the external validity of
the index. It is also important to note that our findings
are derived from a Brazilian population aged 45 years or
older with a personal history of major cardiovascular
events (stroke, coronary heart disease, peripheral vascu-
lar disease) and the BALANCE dietary index can charac-
terise the diet of similar populations.

Conclusion
In this manuscript, we described the development of
BALANCE DI and assessed some aspects of its validity,
as well as population characteristics associated with
higher or lower scores.
Regarding the internal consistency, BALANCE DI

showed performance similar with other DI. The con-
struct validity was corroborated by the ability to discrim-
inate groups with known differences in the diet (males/
females). The positive association with the consumption
of carbohydrate and fiber, probably reflecting the intake
of fruits, and the inverse association with intakes of en-
ergy, total fat, MUFA and cholesterol reinforces the con-
tent validity. Concerning population characteristics, we
observed that diabetic women and hypertensive men
were more likely to have higher index scores while
smoking males were more likely to have lower scores.
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The BALANCE DI has several potential uses: evalu-
ation of the BALANCE Program dietary intervention;
monitoring trial participants’ compliance with the diet
during the follow-up period; assessment of the associ-
ation between the BALANCE diet and major CVD
events; prediction of CVD risk (future). Before applying
the index for all these purposes, we suggest studies with
longitudinal designs to assess the validity of the index
against health outcomes and its performance in detect-
ing the relationship between overall diet and health.
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sociation of serum vitamin D concentrations
ith dietary patterns in children and adolescen
1* 2 3
Ganji , Bernadette Martineau and William Edmund Van Fleit
stract

ckground: Because children have been advised on the dangers of sun exposure, diet is an important contributor of
um 25 hydroxyvitamin D [25(OH)D] concentrations. Aim of this study was to determine whether serum 25(OH)D
centrations were associated with any specific dietary patterns in US children.

thods: Data from 2 cycles of National Health and Nutrition Examination Survey (NHANES) 2003–2004 and 2005–2006
individuals aged 2 to ≤19 y, were used to study relation between dietary patterns and serum 25(OH)D. We derived 2
jor dietary patterns based on the food frequency questionnaire data. These were labeled as High-Fat-Low-Vegetable
tary (HFLVD) pattern and Prudent Dietary (PD) pattern.

sults: In multivariate adjusted analysis, there was no significant relationship between serum 25(OH)D concentrations
tertiles of HFLVD and PD dietary pattern scores in all subjects, boys, and girls. When dietary patterns scores were
d as a continuous variable in adjusted analysis, children (all) with higher PD contribution scores to overall diet showed
ignificant positive relation with serum 25(OH)D (β = 59.1, P = 0.017). When data were stratified by sex, a significant
sitive relation was observed in girls between serum 25(OH)D concentration and PD pattern scores (β = 82.1, P = 0.015).
ignificant negative relation was observed in girls between serum 25(OH)D and HFLVD pattern scores (β = − 88.5,
0.016).

nclusion: Overall, serum 25(OH)D were associated with PD pattern but not with HFLVD pattern in US children. In
blic health perspective, it is important to encourage children, especially girls who are consuming HFLVD pattern to
ft to healthier diet.
ywords: Dietary patterns, NHANES, Serum 25 hydroxyvitamin D, US children, Vitamin D
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kground
assical function of vitamin D is to regulate extracel-
calcium and phosphorus. Current evidence suggests
vitamin D may play a role in various non-bone
ses such as autoimmune disease [1, 2], cardiovascu-
isease [3, 4], type-2 diabetes mellitus (T2DM) [5],
ession [6], and cancer [7]. Dietary vitamin D sources

D
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m
H
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de oily fish such as salmon, mackerel, bluefish,
ines and tuna, shiitake mushrooms (fresh or sun-
), and egg yolks. Fortified dietary sources of vitamin
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dieta
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vitam
trati
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clude milk, orange juice, infant formulas, yogurts,
er, margarine, cheeses, and breakfast cereals [8].
rum 25-hydroxyvitamin D [25(OH)D] is a com-
ly used marker of vitamin D nutritional status.
ovitaminosis D is a widespread problem in the US,
ifically in children and adolescents [9–12]. Preven-
of suboptimal vitamin D status in childhood may
ce future adverse health conditions. The contribu-
of dietary sources to vitamin D status is not clearly
n in children. Some studies have shown that
ry intake of certain vitamin D rich foods had a sig-
ant positive influence on serum 25(OH)D concen-

ons [13, 14], whereas other studies have shown that
in D intake did not affect serum 25(OH)D concen-

ons [15]. While sunlight exposure is the major
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ce of circulating serum 25(OH)D [16], children and
escents have been advised on the dangers of sun
sure [17] and are exposed to increased use of sun-
en lotions and time spent indoors which has likely
ributed to the increasing prevalence of low vitamin
atus [18]. Therefore, diet is an important contributor
irculating serum 25(OH)D in the absence of or in
resence of reduced sunlight exposure.
our knowledge, no data are available on the rela-
between dietary patterns and serum 25(OH)D in US
ren and adolescents. Studies that have looked at
and vitamin D status have addressed associations
een individual food sources such as fortified milk or
fish. However, people consume a variety of foods in
bination [9]. Dietary pattern analysis, an alternative
oach to traditional single nutrient epidemiology,
s into account all nutrient interactions and allows
more comprehensive approach to study the relation
een disease and dietary intake [19]. Therefore, the
ctive of this study was to determine whether serum
H)D concentrations were associated with any spe-
dietary patterns in US children and adolescents

g assay-adjusted data from the National Health and
ition Examination Survey (NHANES) 2003–2006.

hods
NHANES survey methods
National Center for Health Statistics (NCHS) con-
s large, nationally representative, sample surveys
n as NHANES on the noninstitutionalized US civil-
population. A sample representative of individuals
> 2 months was selected by using a stratified,

tistage, probability sample survey design. Beginning
999, NHANESs were conducted as annual surveys
data are released in 2-y cycles for public use. Certain
roups including low-income persons, adolescents,
ons aged ≥60 y, non-Hispanic black (NHB), and His-
c/Mexican American (H/MA) are oversampled to
more reliable estimates for these specific groups.
detailed descriptions of the survey design and meth-
ogies are described elsewhere [20].
ANES 2003–2004 was conducted between January
and December 2004 in 12,761 individuals [9643
examined in the Mobile Examination Centers

C)] and NHANES 2005–2006 was conducted
een January 2005 and December 2006 in 12,862
iduals (9950 were examined in the MECs). Partici-
s were interviewed in their homes to gather infor-
on on demographic characteristics, diet, and health.
itional health data were collected during a medical
ination conducted in MECs. At the MECs, a phys-
exam, blood and urine sample collection, and other
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nostic measurements were performed. All NHANES
ocols were approved by the NCHS Ethics Review

food
mon
d prior to data collection. Detailed description of
e protocols is found elsewhere [21].
useholds were randomly selected and all members
in the household were screened for demographic
acteristics. One or more individuals within the
ehold were then selected for sample based on age,
and race-ethnicity. NHANES 2003–2006 sample in-
ed individuals ≥2 mo old. Race-ethnicity was catego-
as non-Hispanic white (NHW), NHB, H/MA, and

er. Participants self-reported their race-ethnicity
s. Poverty income ratio (PIR) was calculated as the
of income to the family’s appropriate poverty

shold. To avoid damage to the MECs, examination
in the North were collected in spring/summer (May
ctober 31) and in South were collected in fall/winter
ember 1–April 30). Data for body mass index
I) were obtained from the medical examination
ponent of NHANES. Supplement users were defined
d on participants who answered ‘yes’ to the question
you take supplements in the past 30 d?” Partici-
s were asked about hours spent watching television,
ing video games, and using the computer.
ood samples were collected by venipuncture from
icipants in MECs according to standard protocols.
iled specimen collection and processing methods
been previously reported [22, 23]. Serum 25(OH)D
entrations were analyzed and determined at the
onal Center for Environmental Health, Centers for
ase Control and Prevention using the Diasorin
oimmunoassay (Stillwater, MN).
riodically, NHANES data files are updated by the
S, replacing previous data files. In November 2010,
pdate occurred for serum 25(OH)D data because of
ges and drifts in serum 25(OH)D assay over time.
was likely due to method variation that resulted
reagent and calibration lot-to-lot variation. The
S released a data advisory for vitamin D and rec-
ended use of the assay-adjusted data by investiga-
rather than previously available unadjusted data. A
iled description of this data advisory for serum
H)D is described elsewhere [24].
216-item food frequency questionnaire (FFQ) com-
nt was newly added to NHANES 2003–2004 and
used to gather information on the frequency of food
umption of participants over the past 12 months.
questionnaire was developed, tested, and validated
e National Institutes of Health, National Cancer In-
te. Participants were asked the average number of
s foods were consumed over the past 12 months
for certain types of foods, their seasonal intake were
gathered. Participants reported the number of

s/d, wk., mo, or never that a food was consumed. All

s’ frequency of consumption was standardized to a
thly intake by using a conversion factor of 30.4 d/mo
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his is the number of days in an average month.
uency of consumption was collected for dairy prod-
, meat, fish and seafood, poultry, eggs, fruits and
s, vegetables, grains and legumes, snacks and sweets,
rages, and added fats. Those participants who did not
er the FFQ were excluded from this study.

y sample
cycles of NHANES 2003–2004 and 2005–2006
used in this study. Although serum 25(OH)D con-

rations are available publically in NHANES 2001–
, this survey was not included in this current study
use FFQ data were not collected. Data on children
een ages 2 to ≤19 y from NHANES 2003–2004 and
–2006 were concatenated into one master analytic
base, NHANES 2003–2006 (n = 8747). Subjects with
m 25(OH)D concentration data were then selected

th
=
ex
or
ur
da
da
re
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St
In
in
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cr
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nclude in this study (n = 7172). Of the remaining
participants, children < 2 y old were excluded from

cruc
juice

National Health and Nutrition 
Examination Survey 2003-2006-

children 2-19 years old
(n=8,747)

Subjects selected with serum 25-
hydroxyvitamin D concentration

(n=7,172)

Subjects selected with serum 25-
hydroxyvitamin D concentration and 

food frequency data
(n=4,600)

Final eligible study sample: children 2-
19 y old with all study variables 

(n=4,404)

I

E

E

E

. 1 Study sample derivation after removing subjects for missing data for main v
ighted n = 60,274,698)
data analysis due to lack of completed FFQ (n
572). Of the remaining 4600 children, 71 were
uded because they reported that they were lactating
regnant, 45 were excluded due to lack of BMI meas-
ent, 4 were excluded due to lack of calorie intake
, 3 were excluded due to lack of supplement use
, and 73 were excluded due to lack of screen viewing
onse. Thus, the final analytic sample consisted of
children and adolescents (Fig. 1).

y variables
is study, the foods from the FFQ were categorized
30 food groups. These 30 food groups were low-fat
high-fat dairy products, dairy alternatives, fish and
r seafood, eggs, meat, processed meat, poultry,
med soups, other soups, pizza, mixed foods, cereals,
ed grains, whole grains, nuts, legumes, tomatoes,

iferous, starchy, and other vegetables, fruit, fruit
s, snacks and sweets, butter and margarine, other

Ineligible due to lack of 25-
hydroxyvitamin D concentration

(n=1,575)

neligible due to lack of food frequency 
data (n=2,572)

xcluded due to pregnancy and lactation
(n=71)

Excluded due to lack of data for BMI
(n=45)

xcluded due to lack of data for energy 
intake (n=4)

Excluded due to lack of data for 
supplement use (n=3)

xcluded due to lack of data for screen 
viewing time (n=73)

ariables and confounding variables sequentially
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added sugars, coffee/tea, energy drinks (high or
, and alcohol (Table 1). Foods were categorized
d on nutrient profiles or culinary use and were
ped similar to those used in other studies [25].
uency of dietary intake of these 30 food groups for
individual was used to identify major dietary

rns. Age, sex, race-ethnicity, BMI, PIR, time of
ination, use of supplements, energy intake, and

en use hours were considered as potential confound-
variables as these are known to affect serum

ag
(<
ce
po
(>
pu
≤2
ta
co
tio
H)D concentrations [18, 26]. Participants were
gorized into 2–3 y, 4–8 y, 9–13 y, and 14–19 y old

alco
y; th

e 1 Food groups used in the dietary pattern analysis: NHANES 2003-

Groupsb Foods from Food-Frequenc

Questionnairec

at dairy 1, 2%, skim, nonfat, and ev

fat dairy Whole milk, cream, ice crea

alternative Soy, rice, and other milk; n

nd other seafood Oysters, clams, and shellfish

Egg whites, whole egg, eg

Beef, steak, roasts, hamburg

ssed Meat Bacon, Canadian bacon, sa

ry Chicken, all types; and turk

ed soup Creamed soups, all types; a

soup Broth-based soups and bea

Pizza, all types

dishes Casseroles, lasagna, macaro

l Oatmeal, grits, and other c

d grains English muffin, bagel, roll, c

e grains Dark breads and rolls; brow

Peanuts, walnuts, and othe

es Pintos, kidney, blackeyed p

y vegetables White potatoes, french frie

toes Tomatoes, including fresh,

ferous and green vegetables Spinach, turnip, collard, cha

vegetables Pickles, green beans, peas,

Apples, pears, peaches, ban

juices Orange juice, grapefruit jui

ts and Snacks Donuts, danish, cookie, bro

r and Margarine Butter and margarine, all ty

fats Olive oil, corn oil, canola o

iments Maple syrup, honey, jam, a

e/Tea Coffee and tea, regular and

y drinks Sodas and fruit drinks, inclu

ol Beer, wine, wine coolers, h

404; weighted n = 60,274,698. NHANES 2003–2004 and 2005–2006 were combined i
s consumed by survey participants were categorized into 30 food groups based on
consumption data were collected using a 216-item qualitative Food Frequency Que
groups. BMI was categorized as normal weight
th percentile) and overweight and obese (≥85th per-
ile) for age and sex. PIR was categorized as below
rty (< 1.0), middle income (1.0–2.5), higher income
5), and not reported. Combined television, com-
r, and video game use hours were categorized as
, 3–4 h, or > 4 h/d. Smoking status and alcohol in-
variables were also considered as potential

ounding variables. However, smoking-related ques-
s were only asked to children aged ≥12 y and

hol-related questions were asked to adults aged ≥20
erefore, both were dropped from the analysis.

2006a

y

aporated milk; yogurt/frozen, low-fat cheese,and low-fat sour cream

m, pudding, cottage cheese, cheese, and sour cream

on-dairy creamer, and meal replacement beverage

; fish: fillets, sticks, tuna, salmon, and raw fish sushi

g substitute, and egg salad

er, pork, ribs, and ham

usage, hot dogs, luncheon meats, liver, and Liverwurst

ey

nd chowders

n soups

ni and cheese, and chili

ooked cereals; and cold cereal, all types

racker, stuffing, cornbread, biscuit, pancake, waffle, pasta, and rice

n rice, bulgur, cracked wheat and millet; and granola bars

r nuts; seeds; and nut butters

eas, lima, lentils, refried beans, baked beans, soybeans, and tofu

s, and potato salad; squash, sweet potatoes, carrots, and yams

tomato juice, and salsa

rd, kale, broccoli, cabbage, cauliflower, Brussel sprouts, and lettuce

peppers, onion, cucumber, corn, and mixed Vegetables

anas,melons, strawberries, grapes, pineapple, and dried fruit

ce, apple juice, grape juice, and prune juice

wnie, cake, pie, cobbler, popcorn, pretzels, tortilla chips, and candy

pes

il, salad dressings, mayonnaise, and gravies

nd jelly

decaffeinated

ding Hi-C, Kool-Aid, lemonade, and cranberry cocktail

ard liquor, and mixed drinks

nto one master database, NHANES 2003–2006
nutrient profiles or culinary use
stionnaire
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analysis
stical analysis was performed using SAS statistical
are (version 9.2, SAS Institute) as it is capable of
ling the complex survey design of NHANES. The
ey analysis procedures accounted for primary sam-
unit, stratum, cluster, and observation weight in

calculation of variances used for interval estimation
hypothesis testing. The NOMCAR option was used
ll analyses so that design variables with missing
es are used in the domain analysis to estimate vari-
s using Taylor series linearization method. Detailed
elines on the sample weighting and the proper vari-
estimation procedures are outlined in the NHANES
lytic and Reporting Guidelines [20].
ctor analysis (principal component) was used to
tify dietary patterns based on the frequency of diet-
intake of the 30 predefined food groups. The PROC
TOR procedure in SAS was used to conduct this
ysis. The factors were rotated by orthogonal trans-
ation to achieve a structure of independent factors
greater interpretability. The number of factors that
retained was determined based on an Eigenvalue
), explained variance (≥5%), and Cattell scree plot.
remaining factors were considered the main dietary
rns and were labeled based on interpretation of the
. Factor loadings were derived for each of the 30
groups across the extracted factors. For each

ry pattern, a factor score was calculated for each
icipant by combining the frequency of dietary intake
he food groups weighted by their factor loadings.
ary pattern scores were then stratified into tertiles
, medium, and high) based on the factor scores for
dietary pattern.
i-square tests were used to identify associations
een demographic, lifestyle, and health characteristics
ng the dietary pattern tertiles. Multivariate-adjusted
ession analysis was used to determine the associations
een serum 25(OH)D concentrations and dietary
rns. Associations were analyzed according to the par-
ants’ factor scores for each dietary pattern divided
tertiles (low, medium, and high), and to the factor
es as a continuous variable. This analysis included sex,
race-ethnicity, use of supplements, time of examin-
, BMI, PIR, and screen use hours as potential con-
ding variables. Variables found to be non-significant
as PIR and use of supplements were dropped from

model. Because previous studies found differences of
m 25(OH)D concentrations by sex [11, 26], the
ent analysis for the relation between serum 25(OH)D
dietary patterns was then stratified by sex. Univariate
VA was used to establish if serum 25(OH)D concen-

ons varied across dietary patterns for all subjects,
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, and girls in an unadjusted analysis. Analysis of co-
nce (ANCOVA) was utilized to establish if serum

NHW
whil
H)D concentrations varied across dietary patterns
adjusting for various confounding variables. Multiple
parisons among dietary patterns for serum 25(OH)D
entrations were made using independent unpaired
ts with a Bonferroni correction. Serum 25(OH)D con-
rations were presented as mean ± standard error (SE).
stical significance was set at α = 0.05.

lts
ral demographic characteristics of study sample
sample consisted of 51.5% (n = 2154) boys and

% (n = 2250) girls. Of the 4404 participants, 62.5%
1293) were NHW, 15.3% (n = 1428) were NHB, and
% (n = 1323) were H/MA. The participants were
ibuted across the age categories: 8.4% (n = 399) 2–3
.4% (n = 924) 4–8 y, 29.9% (n = 1282) 9–13 y, and
% (n = 1799) 14–19 y olds. Of the study population,
% (n = 1133) reported having taken a supplement 30 d
r to the completing the survey. The majority (61.1%,
215) of the participants were examined in the sum-
. 84.8% (n = 3626) were classified as healthy weight
15.2% (n = 778) as overweight and obese based on the
. The majority (49.9%, n = 1984) reported ≤2 h/d of
ision, computer, and video game usage, although
% (n = 1296) reported between 3 and 4 h/d of usage
21.6% (n = 1124) reported > 4 h/d of usage.

ary patterns
major dietary patterns were identified based on the
r analysis from the 30 predefined food groups
le 1). Higher positive factor loading scores are inter-
ed to contribute most to the factor score, and con-
ely, higher negative factor loading scores contribute
to the factor score. The 1st factor had heavy factor
ing scores for meats, snacks and sweets, condiments,
d dishes, pizza, processed meats, refined grains,
fat dairy, coffee/tea, poultry, starchy vegetables, and
and other seafood. Thus, the 1st factor was labeled
he High-Fat-Low-Vegetable Dietary (HFLVD) pat-
. This was the most dominant dietary food pattern
e population and explained largest variance in food
e. The 2nd factor had heavy factor loading scores
all vegetable groups, fruit, other fats, mixed dishes,
and other seafood, tomatoes, and meats. Thus, the
factor was labeled as the Prudent dietary (PD)
rn. The detailed factor loading matrixes are listed
able 2.

acteristics of study population by dietary pattern
sample distribution by characteristics of the study
lation across tertiles of each dietary pattern is pre-
ed in Table 3. Proportion of persons belonging to
and H/MA race-ethnicities tended to decrease,
e proportion of persons belonging to NHB tended
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Table 2 Factor loading matrix for dietary patterns in National
Health and Nutrition Examination Survey (NHANES) 2003-2006a,b

Categoryc Factor 1: HFLVD
Patternd

Factor 2: PD
Patternd

Cruciferous & green
vegetables

0.118 0.705

Other vegetables 0.144 0.734

Tomatoes 0.172 0.464

Starchy vegetables 0.514 0.518

Fruit 0.199 0.676

Fruit juice 0.364 0.243

Nuts 0.228 0.409

Legumes 0.085 0.406

Fish & other seafood 0.505 0.479

Meat 0.645 0.457

Poultry 0.519 0.392

Processed Meat 0.580 0.346

Whole grains −0.049 0.448

Refined grains 0.570 0.448

Cereals 0.084 0.347

Eggs 0.279 0.298

Low fat dairy −0.136 0.413

High fat dairy 0.543 0.133

Dairy Alternative/Meal
Replacement

0.203 0.082

Creamed soups 0.163 0.196

Other soups 0.299 0.415

Mixed dishes 0.605 0.523

Pizza 0.604 0.089

Snacks & sweets 0.635 0.338

Butter & Margarine 0.423 0.288

Other fats 0.353 0.525

Condiments 0.632 0.173

Energy drinks 0.513 −0.074

Alcohol 0.120 −0.018

Coffee/Tea 0.523 −0.078
an = 4404; weighted, n = 60,274,698. Correlation coefficients
bFactor procedure, principal component analysis. Two factors with Eigenvalues
≥1.5 were rotated and extracted. Factors were labeled according to the foods
found to have the highest correlation coefficients within each factor (dietary
pattern). Positive factor scores indicate that those foods are more likely to be
consumed in that dietary pattern. Lower negative scores indicate that those
foods are least likely to be consumed in that dietary pattern
cFood categories were based on consumption data collected from a 216-item
Food Frequency Questionnaire from NHANES 2003–2004 and 2005–2006.
Individual foods were categorized into 30 food groups
dHigh
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crease across the tertiles of HFLVD pattern scores
0.001). Proportion of children in the 14–19 y old

sh
co
ad
sc

-Fat-Low-Vegetable Dietary Pattern or Prudent Dietary Pattern
group tended to increase from tertile 1 (30.1%) to
le 3 (40.6%) (P = 0.003), while their proportion

ation
P = 0
ed to decrease from tertile 1 (48.8%) to tertile 3
%) (P < 0.001). In both the HFLVD and PD
erns, the proportion of children in the lowest PIR
gory tended to increase from the lowest tertile to
highest tertile pattern scores. In the HFLVD
ern, the proportion of children who viewed ≤2 h
ombined television, computer, and video games
ed to decrease from the lowest tertile (59.8%) to
highest tertile (41.6%) pattern scores (P < 0.001),
e they tended to increase from the lowest
%) to the highest tertile (55.4%) pattern scores
0.001).
bjects in the low-intake group of the HFLVD pat-
(P for trend = 0.003) and the high-intake group of
PD pattern (P for trend< 0.001) were more likely to
consumed supplements. Subjects in the low-intake
p of the PD pattern had a higher BMI (P for trend
01. Subjects in the high-intake group of the HFLVD
rn had higher combined usage of television, com-
r, and video games/d than those in the low-intake
p (≤2 h/d) (P for trend < 0.0001). Subjects in the
-intake group of the PD pattern had lower com-
d usage of television, computer, and video games/d
r trend < 0.0001).

tion between serum 25(OH)D and dietary patterns
relation of mean serum 25(OH)D concentrations
dietary pattern according to the tertiles of factor
es are presented in Table 4. In the unadjusted re-
sion analysis, serum 25(OH)D concentrations dif-

significantly across the tertiles of the HFLVD
rn scores (P = 0.003) and PD pattern scores (P =
2). Subjects who had low-intake HFLVD pattern
es had greater serum 25(OH)D concentrations com-
d to those with medium and high-intake pattern
es (+ 1.2 ± 0.1 ng/mL and + 2.5 ± 0.01 ng/mL, re-
tively). When the model was adjusted to confound-
variables, mean serum 25(OH)D concentrations of
boys and girls with low, medium, and high-intake
VD or PD patterns scores did not differ significantly.
s with medium and high PD pattern scores had
tly higher mean serum 25(OH)D concentrations
pared to those with low pattern score (21.5 ± 0.5 vs.
± 0.6 ng/mL; P = 0.064).
e relation between serum 25(OH)D concentrations
dietary pattern scores as a continuous variable is
ented in Table 5. In unadjusted analysis, subjects
higher HFLVD contributions scores to overall diet
ed a significant negative relation to serum 25(OH)
entrations (β = − 135.56; P < 0.001). In the same un-
sted analysis, subjects with higher PD contribution
es to overall diet did not show a significant associ-

with serum vitamin D concentrations (β = − 57.1;

.073). However when subjects were stratified into
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Table 3 Sample distribution by demographic and health characteristics according to the tertiles of factor scores for dietary patterns:
National Health and Nutrition Examination Survey (NHANES) 2003-2006a, b

Characteristic HFLVD Pattern Scorec(n = 4404) PD Pattern Scorec(n = 4404)

Low
(<−0.003875)

Medium (−0.003875
to 0.000925)

High
(> 0.000925)

P for Trendd Low
(< 0.004175)

Medium (− 0.004175
to 0.001912)

High
(> 0.001912)

P for Trendd

N 1338 1465 1601 1523 1376 1505

Sex

Boys, % 48.6 51.8 54.2 0.165 48.7 55.8 50.1 0.098

Girls, % 51.4 48.2 45.8 51.3 44.2 49.9

Race-ethnicity

NHW, % 70.0 62.2 55.2 < 0.001 61.0 66.4 60.0 0.003

NHB, % 7.3 13.9 24.7 18.0 13.2 14.7

H/MA, % 14.3 14.1 11.5 10.9 13.1 15.9

Other, % 8.3 9.8 8.6 10.9 7.3 9.4

Age

2–3 y, % 9.6 8.9 6.7 0.003 5.3 8.9 11.0 < 0.001

4–8 y, % 25.8 26.6 26.8 18.6 30.0 30.4

9–13 y, % 34.6 29.4 25.8 27.3 30.7 31.8

14–19 y, % 30.1 35.1 40.6 48.8 30.4 26.8

Poverty income ratioe

< 1.0, % 16.7 19.6 28.4 < 0.001 20.4 20.0 24.3 0.001

1.0–2.5, % 33.0 31.9 32.0 32.5 29.8 34.7

≥2.5, % 48.1 44.7 37.2 42.3 48.2 39.3

Not reported, % 2.1 3.8 2.4 4.8 2.0 1.6

Season of Examinationf

Fall/Winter, % 40.2 39.6 36.8 0.693 39.0 36.3 41.4 0.395

Spring/Summer, % 59.8 60.4 63.2 61.0 63.7 58.6

Use of Supplementsg

Yes, % 38.4 35.3 28.5 0.003 27.0 36.4 38.9 < 0.001

No, % 61.6 64.7 71.5 73.0 63.6 61.1

Body mass index

<85th percentile, % 86.0 84.0 84.5 0.610 81.8 86.2 86.4 0.028

≥85th percentile, % 14.0 16.0 15.5 18.2 13.8 13.6

Daily screen viewingh

≤2 h, % 59.8 48.4 41.6 < 0.001 42.7 51.6 55.4 < 0.001

3–4 h, % 25.1 28.8 31.5 30.2 27.8 27.4

> 4 h, % 15.2 22.8 26.9 27.0 20.6 17.3
an = 4404; weighted n = 60,274,698. NHANES 2003–2004 and 2005–2006 were combined into one master database, NHANES 2003–2006
bDietary pattern scores were stratified into tertiles (low, medium, and high) based on factor scores for each dietary pattern
cHigh-Fat-Low-Vegetable Dietary pattern or Prudent Dietary pattern
dSignificance determined by Rao-Scott chi-square test
eRatio of income to the family’s appropriate poverty threshold. A ratio of < 1.0 is characterized as below poverty
fData collected during May 1–October 31 (spring/summer) and November 1–April 30 (fall/winter)
gParti
hData e p

39Association of serum vitamin D concentrations with dietary patterns in children and adolescents
and girls, only girls showed significant relation with
m 25(OH)D concentrations for both dietary pattern
es. Girls with higher HFLVD contribution scores

sh
25

cipants who took supplements 30 days before survey was conducted
collected on the combined hours of television, computer, and video games usag
ed a significant negative relation (β = − 193; P <
1) and girls with higher PD contribution scores

subj
diet
ed a significant positive association to serum
H)D concentrations (β = 79.8; P = 0.035).
the adjusted multivariate regression analysis, all

er day
ects with higher PD contribution scores to overall
showed a significant positive relation with serum
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Table 4 Relation of serum 25(OH)D concentrations with dietary pattern scores: National Health and Nutrition Examination Survey
(NHANES) 2003-2006a,b

HFLVD Pattern Score (n = 4404)c, d PD Pattern Score (n = 4404)c, d

Low
(<− 0.003875)

Medium (− 0.003875
to 0.000925)

High (> 0.000925) P- valuee Low
(< 0.004175)

Medium (− 0.004175
to 0.001912)

High
(> 0.001912)

P- valuee

ng/mL ng/mL ng/mL ng/mL ng/mL ng/mL

Unadjusted analysis

All subjects
(n = 4404)

27.3 ± 0.5 26.1 ± 0.6 24.8 ± 0.7 0.003 24.7 ± 0.7 26.8 ± 0.5 26.7 ± 0.6 0.012

Boys (n = 2154) 27.4 ± 0.6 26.8 ± 0.7 25.8 ± 0.8 0.123 25.8 ± 0.7 26.9 ± 0.7 27.3 ± 0.7 0.151

Girls (n = 2250) 27.2 ± 0.7 25.2 ± 0.8 23.6 ± 0.8 0.003 23.6 ± 0.9 26.6 ± 0.6 26.1 ± 0.7 0.005

Adjusted analysis

All subjects
(n = 4404)f

22.1 ± 0.4 22.1 ± 0.3 21.7 ± 0.5 0.594 21.4 ± 0.5 22.1 ± 0.3 22.5 ± 0.4 0.195

Boys (n = 2154)g 22.9 ± 0.5 23.3 ± 0.4 23.1 ± 0.6 0.810 23.0 ± 0.5 22.9 ± 0.4 23.5 ± 0.5 0.370

Girls (n = 2250)g 21.4 ± 0.5 20.9 ± 0.5 20.4 ± 0.7 0.529 19.9 ± 0.6 21.5 ± 0.5 21.5 ± 0.5 0.064
an = 4404; weighted n = 60,274,698. NHANES 2003–2004 and 2005–2006 were combined into one master database, NHANES 2003–2006. Regression analysis of
dietary patterns scores and serum 25(OH)D concentrations
bDietary pattern scores were stratified into tertiles (low, medium, and high) based on factor scores for each dietary pattern
cMean ± standard error
dHigh-Fat-Low-Vegetable Dietary Pattern or Prudent Dietary Pattern
eSignificance determined by F-test in analysis of variance for unadjusted analysis and in analysis of covariance for adjusted analysis
fAnalysis was adjusted for sex, race-ethnicity, age, season of examination, body mass index, and daily screen viewing. Poverty income ratio, supplement use, and
energy intake were not found significant in this model and therefore those variables dropped
gAnaly nd
intake ppe
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H)D (β = 59.1; P = 0.017). Similarly, when subjects
stratified into boys and girls in the adjusted

ysis, only girls showed a significant relation with
m 25(OH)D concentrations for both pattern scores.
s with higher HFLVD contribution scores showed a
ificant negative relation (β = − 88.5; P = 0.016) and
with higher PD contribution scores showed a

ificant positive association (β = 82.1; P = 0.015) to
m 25(OH)D concentrations.

ussion
ur knowledge, this is the most comprehensive study
investigated the relation between serum 25(OH)D
entrations and dietary patterns in children and ado-
nts in a nationally representative sample survey.
g factor analysis, we derived HFLVD and PD pat-
s. Serum 25(OH)D was significantly lower in HFLVD
pared to PD pattern, and the highest serum
H)D concentrations for all subjects were in those
low HFLVD or medium and high-intake PD pat-

s scores. In the multivariate adjusted analysis, a sig-
ant positive relation was found between PD pattern
r scores and serum 25(OH)D concentrations. When
were stratified by sex, a significant positive relation
observed in girls who consumed the PD dietary pat-
and a significant negative relation was observed in
who consumed the HFLVD dietary pattern.
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sis was adjusted for race-ethnicity, age, time of examination, body mass index, a
were not found significant in this model and therefore these variables were dro
etary patterns derived in this study were similar to
dietary patterns reported in the literature on US

seru
who
ren [27]. Poti et al. [27] using the NHANES data
ed Western and Prudent dietary patterns. Studies
ing vitamin D intake with the vitamin D status have
n conflicting results [13, 15, 27]. We found that
ects with high PD pattern scores had significantly
er serum 25(OH) concentrations compared to those
HFLVD pattern scores. In contrast, Polish vegetar-

children had 2-fold lower serum 25(OH)D concen-
ons than in their omnivorous counterparts [28].
le in this study those who consumed the PD pattern
not necessarily vegetarians, they did have higher
r scores for many similar type of foods found in a
tarian diet and lesser factor scores for foods typical
n omnivorous diet. However Chan et al. [29] found
ssociation between serum 25(OH)D and vegetarian
s. Differences between studies may be due to
rences in subject characteristics and confounding
bles used in the statistical analysis.
e highest serum concentrations for all subjects were
d in those with low-intake HFLVD scores or in
e with medium- and high-intake PD pattern scores.
is analysis individuals were scored on each pattern,
efore a person’s diet would be represented by a com-
tion of both factors. A high factor score from one
ry pattern does not necessarily mean a low factor
e from the other dietary pattern for an individual.
ever, these results seem to suggest that the greatest

daily screen viewing. Poverty income ratio, supplement use, and energy
d

m 25(OH)D concentrations occurred in individuals
consumed a healthier type diet that had a higher



emp
mixe
seru
facto
adju
betw
patte
stud
sun
25(O
Th

who
to c
stud
scor

this
dieta
crea
who
to b
sugg
low
cess
Gor
Afri
25(O
HFL
obes
the
adhe
mor
watc
gam
lowe
ther
≤2 h
scor
scor
an i
conc
Fu

both
juste
25(O
fish/
pose
of fe
have
fat-s
store
vitam
plan
rls
ve
Th
na
e
d

eta
re
ve
ud
ild
b
pr
os
ea

Table 5 Relation of serum 25(OH)D concentrations with dietary
pattern scores: National Health and Nutrition Examination
Survey (NHANES) 2003-2006a,b

βc Standardized β SE for βd P-valuee

Unadjusted analysis

HFLVD Pattern Scoref

All subjects −135.6 −0.13 32.3 < 0.001

Boys −81.4 −0.08 47.8 0.099

Girls −193.0 −0.19 36.7 < 0.001

PD Pattern Scoref

All subjects 57.12 0.06 30.8 0.073

Boys 36.13 0.04 31.8 0.265

Girls 79.75 0.08 36.1 0.035

Adjusted analysis

HFLVD Pattern Scoref

All subjectsg − 39.1 −0.04 26.6 0.153

Boysh 17.7 0.02 36.3 0.631

Girlsh − 88.5 −0.09 34.6 0.016

PD Pattern Scoref

All subjectsg 59.1 0.06 23.5 0.017

Boysh 35.7 0.03 24.1 0.149

Girlsh 82.1 0.08 31.8 0.015
an = 4404; weighted n = 60,274,698. NHANES 2003–2004 and 2005–2006 were
combined into one master database, NHANES 2001–2006
bRegression analysis using factor scores as continuous variable and dependent
variable, serum 25(OH)D concentrations
cMultivariate regression coefficient
dStandard error for multivariate regression coefficient
eSignificance between dietary patterns and serum 25(OH)D in the
regression model
fHigh-Fat-Low-Vegetable Dietary pattern or Prudent Dietary pattern
gAnalysis was adjusted for sex, race-ethnicity, age, season of examination,
body mass index, and daily screen viewing. Poverty income ratio, supplement
use, and energy intake were not found significant in this model, therefore
those variables were dropped from the analysis
hAnalysis was adjusted for race-ethnicity, age, season of examination, body
mass index, and daily sun screen viewing. Poverty income ratio, supplement
use, and energy intake were not found significant in this model, therefore
those
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hasis on vegetables, fruits, and some emphasis on
d dishes, fish, and meats. The differences seen in
m 25(OH)D concentrations may be due to the
rs other than diet; because when the analysis was
sted for confounding variables, the association
een serum 25(OH)D concentrations and dietary
rns was no longer present. This was seen in other
ies such that other factors such as race, season, and
exposure were more significant predictors of serum
H)D concentrations than dietary intake [30, 31].
e higher serum 25(OH)D concentrations in those
adhere more closely to a PD pattern may be related
ertain lifestyle and health-related factors. In this
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variables were dropped from the analysis
y, we found that children with high PD pattern
es had consumed more supplements compared to

of c
due
with high HFLVD pattern scores. Consumption of
ry supplements has been associated with an in-
se of serum 25(OH)D concentration [32]. Children
consumed vitamin D supplements were less likely
e vitamin D deficient [9]. Additionally, it has been
ested that the bioavailability of vitamin D may be
in those who are overweight or obese because of ex-
ive sequestering of vitamin D in adipose tissue [33].
don et al. [12] found that a higher BMI and being
can American was associated with decreased serum
H)D. Similarly, we found that subjects with high
VD pattern scores were tend to be overweight or
e and NHB. This could be a possible explanation of
lower serum 25(OH)D concentrations in those who
red more closely to the HFLVD pattern. Further-
e, greater indoor activity measured by hours spent
hing television, using computers, or playing video
es has also been found to be a factor associated with
r 25(OH)D concentrations [9]. In the present study,
e was a greater proportion of children who had
/d of screen viewing time had higher PD pattern
es compared to those with high HFLVD pattern
e suggesting decreased overall screen viewing time is
mportant factor for the increased serum 25(OH)D
entrations in those who adhere to a PD.
rthermore, the relation of serum 25(OH)D with
dietary patterns remained for girls only in the ad-
d analysis. Nanri et al. [34] found higher serum
H)D concentrations in women who had higher
shellfish consumption and lower BMI. They pro-
d the difference may be related to body composition
males compared to males. Because women generally
higher fat mass than men and vitamin D is

oluble, this could result in higher amounts being
d in the fat tissue of females and lower serum
in D concentrations. This could be a possible ex-

ation for why in the present study we have observed
who adhere most closely to the HFLVD pattern
significantly lower serum vitamin D concentrations.
e present study has several strengths that included
tionally representative survey with a large sample
of children and adolescents. Because of a wide range
ata are available on demographic characteristics,
ry information, and other health-related factors, we
able to adjust serum 25(OH)D concentrations for

ral known confounding variables. Results in this
y can be interpreted towards the general US
ren and adolescents population because NHANES
ased on a probability sample survey design and is
esentative of the US population. Because of
s-sectional nature of this study, cause and effect
surement is not possible. In addition, dietary intakes

hildren estimated by a FFQ may be underreported
to subjects’ inability to recall intakes accurately [35].
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errors in reporting food intakes may be minimal be- 4.
e the FFQ used in NHANES had been previously
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d and validated by the National Cancer Institute.

clusions
rall, serum 25(OH)D concentration was associated
the PD pattern but not with the HFLVD pattern
S children and adolescents. When stratified by
the relation between dietary patterns and serum
H)D was confined to only girls. Although vita-
D status has improved slightly recently, the
vitaminosis D is still evident in US children and
escents [36]. Because of hypovitaminosis D is
d to several chronic diseases [3–5], it is prudent
prove the vitamin D status of children to reduce

future risk for chronic diseases. In public health
pective, it is important to encourage children, es-
ally girls who are consuming HFLVD pattern to
to healthier diet.
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)D: 25-hydroxyvitamin D; ANCOVA: Analysis of Covariance; BMI: Body
index; FFQ: Food frequency questionnaire; H/MA: Hispanic/Mexican
ican; HFLVD: High Fat-Low-Vegetable Dietary Pattern; MEC: Mobile
nation Centers; NCHS: National Center for Health Statistics;
ES: National Health and Nutrition Examination Survey; NHB: non-Hispanic
NHW: non-Hispanic white; PD: Prudent Dietary Pattern; PIR: Poverty
e Ratio; SE: Standard error; T2DM: type-2 diabetes mellitus
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Abstract

Background: To date, no culture-specific food frequency questionnaires (FFQ) are available in North Africa. The aim of
this study was to adapt and examine the reproducibility and validity of an FFQ or use in the Moroccan population.

Methods: The European Global Asthma and Allergy Network (GA2LEN) FFQ was used to assess its applicability
in Morocco. The GA2LEN FFQ is comprised of 32 food sections and 200 food items. Using scientific published
literature, as well as local resources, we identified and added foods that were representative of the Moroccan
diet. Translation of the FFQ into Moroccan Arabic was carried out following the World Health Organization
(WHO) standard operational procedure. To test the validity and the reproducibility of the FFQ, 105 healthy
adults working at Hassan II University Hospital Center of Fez were invited to answer the adapted FFQ in two
occasions, 1 month apart, and to complete three 24-h dietary recall questionnaires during this period. Pearson
correlation, and Bland-Altman plots were used to assess validity of nutrient intakes. The reproducibility
between nutrient intakes as reported from the first and second FFQ were calculated using intra-class
correlation coefficient (ICC). All nutrients were log-transformed to improve normality and were adjusted using
the residual method.

Results: The adapted FFQ was comprised of 255 items that included traditional Moroccan foods. Eighty-seven
adults (mean age 27.3 ± 5.7 years) completed all the questionnaires. For energy and nutrients, the intakes
reported in the FFQ1 were higher than the mean intakes reported by the 24-h recall questionnaires. The
Pearson correlation coefficients between the first FFQ and the mean of three 24-h recall questionnaires were
statistically significant. For validity, de-attenuated correlations were all positive, statistically significant and
ranging from 0.24 (fiber) to 0.93 (total MUFA). For reproducibility, the ICCs were statistically significant and
ranged between 0.69 for fat and 0.84 for Vitamin A.

Conclusion: This adapted FFQ is an acceptable tool to assess usual dietary intake in Moroccan adults. Given
its representativeness of local food intake, it can be used as an instrument to investigate the role of diet on
health and disease outcomes.
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Background
The burden of chronic non-communicable diseases
(NCD) in African countries continues to rise [1]. The
epidemiological profile of North Africa increasingly mir-
rors that of more developed societies, where cancer, car-
diovascular, and respiratory diseases represent a major
societal and health burden. Prevalence of these, and
other NCDs related to diet, has continuously increased
in the last two decades [2–4], but there is scant scientific
evidence on the role of dietary habits on disease risk and
prevalence in the Moroccan population [5, 6].
Food frequency questionnaires (FFQs) are a helpful

instrument to ascertain usual dietary intake and its
relationship with health and disease outcomes [7, 8].
Although FFQs are widely used in Europe and Amer-
ica [9, 10], nutritional epidemiology in Morocco re-
mains hindered by the lack of locally representative
dietary questionnaires, particularly FFQs. We are
only aware of one FFQ recently developed to ascer-
tain usual fruit and vegetable intake in Moroccan
adults [11]. To date, the vast majority of what we
know about dietary habits and chronic disease in this
country relates to their association with Ramadan
and obesity [2, 12].
The rapid socio-economic transition in North Africa

has been accompanied by changes in the way the popula-
tion eat, which are not easily captured with dietary ques-
tionnaires from, for example, high income countries.
Morocco is a fast-growing developing country with a diet
characterised by intake of vegetable-based dish, spices,
and meat [11–13], and a rich combination of very trad-
itional dishes with a more modern cuisine. Having FFQs
that reflect such transitions and cultural features are ur-
gently needed to identify regionally and locally relevant
dietary risk factors for health and disease outcomes. To
implement these FFQs, the validity and reproducibility of
the instrument needs to be assessed [14, 15].
Our study was aimed at adapting the international

GA2LEN FFQ to include staple foods consumed in
Morocco, and at validating it in a sample of health Mo-
roccan adults.

Methods
Participants
One hundred five adults working at Hassan II University
Hospital Center of Fez were invited to answer the three
24-Hour Recall and the FFQ in two occasions. Eligibility
to take part in the study was defined as having a regular
diet over the previous 12 months and not have used any
medications known to affect food intake or appetite dur-
ing this period. The subjects had a stable weight. Data
collection was conducted over a period of 4 months
(July to October) in 2009.

FFQ adaptation
The Global Asthma and Allergy Network (GA2LEN) FFQ
was adapted to reflect the Moroccan diet. The GA2LEN
FFQ was designed to be used as a single, common instru-
ment to assess dietary intake across Europe [9]. It was ini-
tially piloted and validated in five European countries, and
it has been subsequently used in several multi-national
studies including high and low income countries [16].
To adapt the GA2LEN FFQ to the Moroccan diet we

compiled information published in the scientific litera-
ture on usual foods commonly consumed in Morocco
and these were added to each section. In order to retain
its international comparability, several food items from
the original GA2LEN FFQ were kept in each of the sec-
tions even though they were not necessarily relevant to
the Moroccan diet (e.g. pork or alcohol intake).
The Standard Operational Procedure (SOP) of the

World Health Organization [17] was followed for the
forward and back translations from English to Moroc-
can Arabic. A first translation from English into Moroc-
can Arabic (version 1) was carried out by a bilingual
person. This version was then tested amongst five people
from the respiratory unit of the University Hospital of Fez.
Doubts and difficulties in answering the questions were
investigated and after this initial assessment, a second
Arabic version was produced (version 2). To improve the
identification of foods relevant to the Moroccan popula-
tion, the research team in Fez also visited several local
markets and supermarkets to identify common brand
names and foods that could be relevant and were added
accordingly, adding up to a total of 255 food items in the
FFQ (Table 1). Subsequent back-translation into English
was performed by another translator with a good know-
ledge of English but who had not seen the FFQ before. A
final draft of the FFQ (version 3) was agreed in Moroccan
Arabic and English (Table 1).
Each food item in the FFQ was assigned a portion size

using standard local household units such as plate, bowl,
spoons of different size (tablespoon, teaspoon), tea-pot,
tea-glass, and glass of water, as well as using photo-
graphs from a booklet (‘Food and typical preparations of
the Moroccan population’ [14].
Frequency of dietary intake reported in the FFQ was

estimated by selecting one of eight categories: never,
once to three times per month, once a week, twice to
four per week, five to six times per week, once per day,
twice to three times, more than four times.

Validation of the FFQ
The FFQ was validated against the average of three
24-h recall questionnaires over a period of 1 month
(Fig. 1). Participants were first asked to answer a 24-h
recall questionnaire, where they reported all the foods
and beverages consumed the day before, providing
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Table 1 Foods included in FFQ for Morocco

Name

1-Bread

Any type of bread

Bread, whole meal, average (Durum Wheat)

Bread, white, French stick

Bread of zouane (Rye)

Mllaoui/rghaif/mssemen/batbout/matlouaa

Bread of smida/harcha (Semolina)

Homemade bread

Other type of bread (barley)

2-Breakfast with grains

Any type of grains

Assida/Smida

Dchicha/belboula

Porridge (herbel), mflak

All-Bran

Corn Flakes

3-Couscous

Barley Couscous, cooked with meat, vegetables and dried grape

Barley Couscous, cooked with sugar and cinnamon

Wheat Couscous, cooked with meat, vegetables and dried grape

Wheat Couscous, cooked with sugar and cinnamon

Corn Couscous, cooked with meat, vegetables and dried grape

Corn Couscous, cooked with sugar and cinnamon

4-Pasta

Any type of Pasta

Pasta white boiled (Spaghetti, Macaroni)

Pasta, whole meal, boiled

Pasta with meat vegetables and cheese

Chaaria Mhammsa

5-Cake

Any type of cake, cherry

Madeleine cake

Cake with date

Croissants

Moroccan swetees

Basboussa Maqrout

Aassida

Doughnuts, ring

Rice pudding, canned

Pancake roll

Cake, coconut

Sellou Zammita

Chabbakia Mkharrka

6-Rice

Table 1 Foods included in FFQ for Morocco (Continued)

Name

Any type of rice, brown, boiled

Rice, white, easy cook, boiled

Rice, brown, boiled

Noodles, rice, dried

7-Sugar

Sugar, white

Jam, fruit spread

Honey

Syrup, golden

8-Sweets without chocolate

Chew sweets

Fudge

Toffees

Cereal chewy bar

Polo skimo glace

9-Chocolate

Any type of chocolate

Chocolate covered bar with fruit/nut/bix

Natural white and black chocolate

10-Vegetable oil

Oil, vegetable, blended, average

Oil, safflower

Oil, olive

Oil, Argan

Oil, corn

11-Margarine and vegetable fat

Any margarine and vegetable fat, (except soya fat)

Light margarine or less fat (30% fat)

Margarine (from 40 to 60% fat)

Normal margarine (more than 70% fat)

Mixed fat (except soya)

Original fat of soya (any type)

12-Butter and animals fat

Any animal fat (butter)

Butter with less fat (40% less fat)

Butter with less fat (from 40 to 60% fat)

Smen (traditional butter)

13-Nuts

Any type of dried Fruit

Peanuts, plain

Cashew nuts, roasted & salted

Almonds toasted

Walnuts

Pistachio nuts, roasted & salted
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Table 1 Foods included in FFQ for Morocco (Continued)

Name

Chestnuts

Oak nut

14-Legumes

Any legumes

white beans, boiled

Lentils, red, split, boiled

Chick peas, whole, dried, boiled unsal

Green beans/French beans, raw

Broad beans, frozen, boiled in unsalted

Soya beans, dried, boiled

Peas, raw

15-Vegetables (mean dish)

Any vegetables except potatoes

Lettuce, average, raw

Spinach, raw

Fenugreek seeds

Rejla; Bakkoula

Mloukhia (jews Mallow)

Tomatoes, raw

Aubergine, raw (Eggplant)

Courgette, raw (squash)

Peppers, red, raw, yellow

Cucumber, raw

Carrots, raw

Parsnip, raw

Swede, raw

Artichoke globe, raw

Radish, white, mooli, raw

Beetroot, raw

Chilli peppers, green, raw

Sweet corn Kernels, raw

Asparagus, raw

Aromatic herbs (Mint basilica, parsley basil coriander)

Leeks, raw

Mushrooms, black, white

Onions, raw

Garlic, raw

Cauliflower, raw

Pumpkin red

Brussels sprouts, raw

Broccoli, green, raw

Cabbage white, red, green

Tomatoes stuffed with vegetables

Pickle, mixed veg

Table 1 Foods included in FFQ for Morocco (Continued)

Name

Ginger, root

16-Potatoes (mean dish)

Any type of potatoes

Potatoes, old mashed with hard marg

Potatoes, old, baked, flesh & skin

Chips, homemade, fried in blended oil

Salad, potato with French dressing

Potato cakes fried in veg oil

Tortillas

Sweet potato

17-Fruits (one unit)

Any type of fruits

Apples

Pears

Bananas

Peaches

Avocado

Cherries

Lemon pickles

Mulberries, raw, Blackcurrants, Raspberries

Watermelon

Grapes

Mangoes

Apricots

Nectarines

Plums

Dried mixed fruit

Pineapple

Kiwi Fruit

Juice, lemon

Oranges

Mandarine

Grapefruit

Fruit cocktail, conserved in syrup

Figs, raw, dried

Black or green olives

Raisins

Dates, dried with stones

18-Juice

Orange juice (concentrate)

Pomegranate juice (pomegranate, raw)

Any other type of juice

19-Non-alcoholic beverages

Lemonade
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Table 1 Foods included in FFQ for Morocco (Continued)

Name

Beet juice

Mineral water

20-Coffee/Tea

Tea, infusion

Coffee, instant, made up

Zizwa (coffee, liquid)

Tea, Chinese, leaves, infusion

Mint, fresh

Other herbal infusions

21-Beer

Any type of beer

22-Wine

Any type of wine

Wine, red

Wine, white, dry

Wine, rose

23- Other-alcoholic beverages

Port, sherry, liqueur,

Spirits 37.5%

24-Red meat

Any type of red meat (beef, cow, lamb, goat)

Beef, fillet steak, forerib, lean & fat, roast, steamed, grilled

Beef in tagine

Minced meat of beef

Lamb, grilled, steamed, roasted

Lamb cooked in tagine, Mrouzia

Minced meat of lamb

Goat meat

Veal, fillet, roast

Camel meat

Rabbit, Duck, partridge

Sausage of beef, lamb, cow, chilled, fried

kocha or bread filled with meat

Kabab, chawarma

Pork

Khliaa/Dried meat

Khliaa (dried meat with salt and cooked with fat), cow

Khliaa (dried meat with salt and cooked with fat), sheep

Qaddid (dried meat with salt), cow, sheep

Dried pork meat

25-Poultry

Any type of chicken

Chicken steamed

Chicken cooked in tagine

Table 1 Foods included in FFQ for Morocco (Continued)

Name

Chicken grilled and roasted

Turkey steamed

Turkey cooked in tagine

Turkey grilled and roasted

Sausage and skewer of turkey

Poultry smoked, conserved

Any poultry smoked, conserved (e.g. mortadella, casheer)

26-Offal (sekat)

Liver of beef, lamb

Tongue, heart, kidney, head, brain, of cow or beef or sheep, lamb

27-Fish

Any fish fresh, smoked, white, fat

Fresh fat fish (e.g. salamon, tuna, truite, sardine, bouri)

White fresh fish (e.g. sole, merlan)

Fresh fish / other sea foods (eggs of fish)

Seafood shrimp, squid, mussels

Frozen seafood

Frozen fat fish (e.g. salamon, tuna, truite, sardine, bouri)

Frozen white fish (e.g. sole, merlan)

Conserved fat fish (e.g. salamon, tuna, truite, sardine, bouri)

Fat fish dried or smoked (e.g. salamon, tuna, truite, sardine, bouri)

White fish dried or smoked (e.g. sole, merlan)

Conserved seafood shrimp, squid, mussels

28-Eggs

Farmer eggs

Farmer egg boiled or sandwich

Farmer eggs’s meals: Omlet, eggs with tomatos, eggs with pepper
and tomatos

Dessert with Farmer eggs (Cake, egg tart)

Industrial eggs

Industrial egg boiled or sandwich

Industrial egg’s meals: Omlet, eggs with tomatos, eggs with pepper
and tomatos

Dessert with Industrial eggs (Cake, egg tart)

29-Milk of cow/Milk of soya

Whole milk (milk,cow,whole,3,5%fat)

Lben (alone or with fruit)

Skimmed milk (Milk, cow, skimmed, 0,5% fat)

Semi skimmed milk (Milk, cow, partly skimmed, 1.5% fat)

Milk free fat

Raib

Soya milk

Saykook

Yaourt

Yaourt Activia

48 Dietary Patterns and Health: A Nutrition Science Approach



qualitative (e.g. type of food) and quantitative (e.g.
portions) details. Each of the three 24-h recall ques-
tionnaires was administered 10 days apart, on two
working days and 1 week-end day. The recalled food
items were assigned to the food groups of the
adapted FFQ.

The FFQ was completed in two occasions, a month
apart, a day after participants completed the first and
last 24-h recall questionnaires.

Nutritional composition data for Moroccan foods
Available Food Composition Tables from Morocco were
used to derive nutrient composition for several traditional
dishes and for some modern products [14, 15]. Additional
information needed for non-traditional (‘modern’) foods was
obtained from other regional sources of data, namely the
Tunisian food composition table [18], the food composition
table for African countries (FAO) [19], the French food
composition table (CIQUAL) [20] and the United States de-
partment of agriculture nutrient database (USDA) [21].
To calculate total energy intake (TEI), macro-, and

micro-nutrient intakes, we created a syntax using the
SPSS.20 software. First, the amount of servings consumed
was estimated using the standard food portion sizes and
these were converted into grams per day [14]. For seasonal
foods, participants were asked to answer the question
based on intake when these foods were available. The daily
intake was calculated according to the number of months
per year that each seasonal food was available. TEI and
nutrient intakes were calculated by multiplying the fre-
quency of consumption of each food item by the content
(per 100 g) and by the specified portion, and then adding
the contribution from all food items.

Socio-demographic characteristics
The FFQ had an additional section enquiring about
general characteristics namely age, sex, educational
level, and occupation. To estimate body mass index
(BMI), height and weight were measured using a cali-
brated equipment (stadiometer and weighing scale, re-
spectively) and BMI was derived using the formula
weight (kg) divided by height2 (m2).

Statistical analyses
Descriptive results were expressed as means standard
deviations, or as percentages and frequencies for con-
tinuous and qualitative variables, respectively.

Table 1 Foods included in FFQ for Morocco (Continued)

Name

Soya yaourt

30-Cheese

Any type of cheese

Hard cheese (e.g. Cheddar, Parmesan)

Soft cheese (Camembert, Brie, Philadelphia)

Semi hard Cheese (Gouda, Emmental/Edam)

Jben (Natural or aromatic)

Fresh cheese (e.g. Vita, Mozarelle)

Others: La vache qui rit, Kiri, Coeur du lait, Junior

31-Other dairy products

Ice cream

Cream

Fresh cream

Double cream

32- Miscellaneous foods

Soup with vegetables and meat

Soup with vegetables and grains (e.g. Dchicha, Smida)

Soup with meat or offal

Soup with fish

Tagine with meat or poultry

Salt brik

Pizza

Sorghum

Chilli sauce

Ketchup

Salad sauce

Mayonnaise

Mustard

Fig. 1 Schematic representation of the study aiming to test the relative validity and reliability of the Moroccan Food Frequency Questionnaire
against 24-hour recalls
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The mean daily intake of the three 24-h recall ques-
tionnaires was used as a representative average of the
consumption reported in these questionnaires. Descrip-
tive means and standard deviations of nutrient intakes
estimated by the FFQ the first and second time (FFQ1
and, FFQ2), and the average of the three 24-h recall
questionnaires are presented as untransformed values.
As nutrient variables were not normally distributed these
were log-transformed (log10) to reduce skewness and
optimize the normality of the distribution.
Validity of the FFQ1 was compared with the average

of three 24-h recall questionnaires using Pearson correl-
ation coefficients. Adjustment correlation coefficients for
TEI were calculated using the residual method [22] (with
TEI as the independent variable and the nutrient as the
dependent variable). Energy adjusted intakes were calculated
by adding the mean nutrient intake to the residual derived
from the regression analysis. The de-attenuated correlations
[23] were calculated to remove the within-person variability
found in the 24-h recall questionnaires using the following
formula:

rt ¼ r0
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi

1þ r=n
p

rt is the corrected correlation between the energy ad-
justed nutrient derived from the FFQ and 24-h recall ques-
tionnaires, r0 is the observed correlation, r is the ratio of
estimated within-person and between- person variation in
nutrient intake derived from the three 24-h recall question-
naires, and n is the number of replicated recalls (n = 3).
Bland–Altman plots [24, 25] were used to assess agree-

ment between the two methods. For this analysis, the
average values of FFQ1 and three 24 Hour Recalls ((FFQ1
+Mean 24 HRs)/2) were plotted against the difference in
intake between the two methods, and the limits of agree-
ments (mean difference ± 1.96 SD (differences)) were used
to show how large the disagreements between the two
methods.
For the reproducibility of the FFQ, the agreement between

FFQ1 and FFQ2 was assessed by Pearson product-moment
correlation coefficients and intra-class correlation coeffi-
cients (ICC) of transformed nutrients and energy-adjusted
nutrient intakes. Statistical analyses were performed using
SPSS 20.0.

Participant’s consent and ethics
All participants were informed about their role in the
study and gave formal consent before being interviewed.
The study was approved by the Ethics Committee at
University of Fez.

Results
The final version of the adapted FFQ contained 255
foods, which were classified into 32 groups as follows:

(1) bread, (2) breakfast with grains, (3) couscous, (4)
pasta, (5) cake, (6) rice, (7) sugar, (8) sweets without
chocolate, (9) chocolate, (10) vegetable oil, (11) margar-
ine and vegetable fat, (12) butter and animals fat, (13)
dried fruit, (14) legumes, (15) vegetables, (16) potatoes,
(17) fruits, (18) juice, (19) non-alcoholic beverages, (20)
coffee/tea, (21) beer, (22) wine, (23) other-alcoholic bev-
erages, (24) red meat, (25) poultry, (26) sekat (offal), (27)
fish, (28) eggs, (29) milk of cow/milk of soya, (30)
cheese, (31) other dairy products, and (32) miscellaneous
foods (Table 1).
A total of 87 participants completed all the dietary ques-

tionnaires (two FFQs and three24-h recall questionnaires).
Most of the participants were females (70.1%) and young
adults (mean age 27.3 ± 5.7 years). Over two thirds of
participants (70.6%) had a normal BMI (Table 2). Eighteen
subjects did not complete the second FFQ, with the main
reason being declining to participate again (n = 12), or not
being available after several attempts were made to
contact them (n = 6).
The mean intake of TEI, macro-nutrients and

micro-nutrients measured by FFQ1, FFQ2, and the 24-h
recall questionnaires are presented in Tables 3. For TEI
and nutrients intakes, the means reported in the FFQ1
were higher than the means reported using the average of
the three 24-h recall questionnaires. The Bland-Altman
plots for energy, and macronutrients (carbohydrates, pro-
teins, and fat) are shown in Fig. 2. The Bland Altman plots
confirmed an over-estimation of nutrient intakes con-
sumptions by the FFQ.
Correlations between nutrient intakes derived from

the FFQ1 and the mean of the 24-hour recall question-
naires are presented in Table 4. Crude correlation coeffi-
cients between the two methods varied from 0.23 (fiber) to

Table 2 Socio-demographic characteristics and anthropometric
measurements of study participants (N = 87)

Characteristics Results

Age (mean ± SD) 27.3 ± 5.6

Gender (%)

Female 70.1

Male 29.9

Education (%)

Primary 2.3

Secondary 10.3

University 87.4

Body masse index category (%)

Underweight (< 18.5) 3.5

Normal (18.5–24.9) 70.6

Overweight (25–29.9) 22.4

Obese (BMI ≥30) 3.5
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0.89 (total monounsaturated fatty acids [MUFA]), and were
statistically significant. Adjusting for TEI was statistically
significant for all nutrients but it decreased the value of cor-
relation coefficients. However, de-attenuation (adjustment
for residual measurement error) increased all correlation
coefficients, ranging from 0.24 (fiber) to 0.93 (total MUFA).
The intra-class correlation coefficients (ICC) and Pear-

son’s correlation coefficients for both the unadjusted and
the energy adjusted nutrient intakes estimated from FFQ1
and FFQ2 were presented in Table 5. The Pearson correla-
tions (unadjusted) between nutrient intakes assessed by
two FFQ varied from 0.62 (carbohydrates) to 0.76 (Vita-
min A). Adjusting for total energy intake decreased all
correlation coefficients, ranging from 0.53 (fat) to 0.73
(Vitamin A). The ICCs unadjusted ranged from 0.76
(carbohydrates) to 0.86 (Vitamin A and Vitamin C).
The ICCs energy adjusted ranged from 0.69 (fat) to
0.84 (Vitamin A). All correlations were statistically
significant.

Discussion
Our study described the process of adaptation of the
international GA2LEN FFQ for use in Moroccan adults,
and its relative validity and reproducibility to estimate
usual food intake. The adapted FFQ contained 255
items, including staple foods consumed by the Moroccan
population. The FFQ was classified into 32 food groups or
sections, to mirror the structure of the GA2LEN FFQ,
which facilitates international comparability. To our
knowledge, this is the first FFQ in Morocco to include a

Table 3 Daily consumption of nutrients estimated by the first
and second Food Frequency Questionnaire and mean of three
24 Hour Recalls

Nutrients FFQ1 FFQ2 24 Hour Recalls

Mean ± SD Mean ± SD Mean ± SD

Energy (kcal) 2546.5 ± 719.5 2392.5 ± 738.9 1926.2 ± 589.6

Carbohydrates(g) 452.1 ± 149.7 430.4 ± 148.6 321.9 ± 103.3

Proteins (g) 135.3 ± 61.6 128.9 ± 57.4 87.1 ± 38.2

Fat (g) 108.2 ± 39.9 103.9 ± 44.3 71.8 ± 39.0

Total MUFA(g) 110.2 ± 64.0 104.6 ± 57.8 45.8 ± 32.9

Total PUFA(g) 78.3 ± 53.8 72.5 ± 47.1 31.1 ± 29.9

Total SFA(g) 80.9 ± 55.6 75.6 ± 54.3 41.4 ± 33.1

Vitamin A (μg) 445.1 ± 220.9 439.9 ± 259.2 533.1 ± 680.8

Vitamin C (mg) 221.6 ± 141.6 196.3 ± 114.0 129.3 ± 93.4

Vitamin E (mg) 73.4 ± 53.1 70.1 ± 48.7 28.0 ± 30.2

Selenium (μg) 138.4 ± 74.0 144.7 ± 67.2 91.1 ± 63.7

Magnesium (mg) 567.3 ± 237.0 556.7 ± 230.3 324.7 ± 143.7

Calcium (mg) 1241.6 ± 600.6 1188.7 ± 576.2 755.0 ± 408.2

Iron (mg) 28.5 ± 22.4 26.7 ± 20.6 16.9 ± 11.4

Fiber (g) 49.4 ± 58.5 44.9 ± 52.1 26.3 ± 37.4

Fig. 2 Bland altman plots of difference between energy and macro-
nutrients (carbohydrate, proteins, and fat) as predicted by the first
FFQ and the mean of three 24-hour recalls

51Adaptation and validation of a food frequency questionnaire (FFQ) to assess dietary intake in Moroccan adults



comprehensive list of both traditional and ‘modern’ foods,
providing a reasonable assessment of relative dietary in-
take over a 1-year period. We are aware of another FFQ
developed in Morocco by Landais et al., but it is limited to
intake of fruits and vegetables only [11]. The energy

adjusted Pearson correlation between the FFQ and the
mean 24-HRs showed that the relative validity findings
were moderately consistent across the majority of nutri-
ents, they ranged between 0.19 for fat to 0.86 for total
MUFA, and these observed values were comparable to
other FFQs validation studies [26–28].
The nutrient intakes reported with the use of the FFQ

were higher than those reported using the 24-h recall
questionnaires. This over-reporting is not uncommon
when validating an FFQ with a relatively large number
of food items [26, 29–33]. We used the average of three
24-h recall questionnaires, which is considered an ac-
ceptable number of days to capture usual intake [34]. A
systematic review found that 75% of validation studies
use the 24-h recall questionnaires as reference method
against FFQs [35], preferred for the accuracy to capture
daily consumption of a varied diet, and for their rela-
tively easier administration and analysis compared to
other dietary questionnaires. The FFQ and the 24-h re-
call questionnaire have some differences in their error
sources, which make them sufficiently independent [36].
Both instruments are prone to memory bias (long-term
vs short term in the FFQ vs the 24-h recall question-
naire, respectively) and have differences in the percep-
tion of portion sizes (usually pre-defined in the FFQ)
[35, 37, 38]. The 24-h recall questionnaire method is
based on open-ended questions; while the FFQ is usually
designed to have close-ended questions.
The acceptable correlations between the the FFQs and

24-HRs and the overestimation of energy and nutrient

Table 5 FFQ reproducibility: Pearson correlation coefficients and intra-class correlation coefficients (ICC) for nutrient intake as
reported in FFQt1 and FFQt2 in Moroccan adults

Nutrients Pearson correlation coefficient Intra-class correlation coefficient

Unadjusted Energy-adjusted Unadjusted Energy-adjusted

Energy (kcal) 0.73** – 0.84** –

Carbohydrates(g) 0.62** 0.56** 0.76** 0.72**

Proteins (g) 0.68** 0.60** 0.81** 0.75**

Fat (g) 0.69** 0.53** 0.81** 0.69**

Total MUFA(g) 0.71** 0.61** 0.82** 0.76**

Total PUFA(g) 0.70** 0.61** 0.83* 0.76**

Total SFA(g) 0.73* 0.64** 0.84** 0.78**

Vitamin A (μg) 0.76** 0.73** 0.86** 0.84**

Vitamin C (mg) 0.75** 0.67** 0.86** 0.80**

Vitamin E (mg) 0.71** 0.60** 0.83** 0.75**

Selenium (μg) 0.66** 0.60** 0.80** 0.75**

Magnesium (mg) 0.64** 0.59** 0.78** 0.74**

Calcium (mg) 0.69** 0.64** 0.81** 0.78**

Iron (mg) 0.71** 0.66** 0.83** 0.80**

Fiber (g) 0.72** 0.65** 0.84** 0.79**

*Energy and nutrients were transformed (log10) to improve normality; **p ≤ 0.001

Table 4 Validity of Food Frequency Questionnaire: Pearson
correlations between first food frequency questionnaire and
mean of three 24 Hour Recalls

Nutrients 24 Hour Recalls Vs Food Frequency Questionnaire1

Unadjusted Energy adjusted De-attenuated

Energy (kcal) 0.67* – 0.69*

Carbohydrates(g) 0.63* 0.60* 0.66*

Proteins (g) 0.34* 0.29* 0.35*

Fat (g) 0.26* 0.19* 0.28*

Total MUFA(g) 0.89* 0.86* 0.93*

Total PUFA(g) 0.87* 0.84* 0.91*

Total SFA(g) 0.79* 0.82* 0.90*

Vitamin A (μg) 0.55* 0.52* 0.72*

Vitamin C (mg) 0.62* 0.40* 0.63*

Vitamin E (mg) 0.71* 0.70* 0.74*

Selenium (μg) 0.36* 0.33* 0.38*

Magnesium (mg) 0.56* 0.43* 0.66*

Calcium (mg) 0.46* 0.42* 0.55*

Iron (mg) 0.69* 0.58* 0.74*

Fiber (g) 0.23* 0.21* 0.24*

*Energy and nutrients were transformed (log10) to improve normality *p ≤ 0.01

52 Dietary Patterns and Health: A Nutrition Science Approach



intakes between the two methods were confirmed by the
Bland-Altman plots. These figures indicated a positive
mean difference for TEI and macronutrients. These re-
sults are in agreement with those reported by other
studies [39–41].
Since no dietary method can assess nutrient intake with-

out error [35], we used energy adjusted nutrient estimates in
our analyses as a way to reduce correlated errors between
the two dietary methods [22, 38]. Energy-adjustment de-
creased correlation coefficients for all nutrients, which often
happens when variability is more related to systematic
errors of under/overestimation than to energy intake
[42–44]. Similarly, other studies have not reported
that energy-adjusted estimates improved crude corre-
lations [45–47]. The de-attenuated correlations were
increased because of the correction for the day to day
variation in intakes.
The reproducibility of the FFQ was examined by the

administration of the questionnaire in two occasions,
1 month apart. As reported in other studies [48, 49], we
found that the estimates observed in FFQ1 were slightly
higher than in the second FFQ. This could be partly ex-
plained by the level of engagement of the participants
and the attention required to complete the FFQ in full.
The ICCs showed a good level of agreement for the
reporting of macro- and micronutrients, ranging from
0.69 (fat) to 0.75 (proteins for macro-nutrients, and over
0.7 for most micro-nutrients, suggesting that the FFQ
has a good repeatability and reproducibility [50].
Our study has several strengths. The structure of the

FFQ was adapted from the international GA2LEN FFQ,
whose applicability has been demonstrated in multi-
national studies in high [9] and low income countries
[51]. In order to make the FFQ representative of the
Moroccan population, we endeavored to identify trad-
itional foods that are part of the staple diet of the coun-
try, while also maintaining the international structure of
the food classification to facilitate international compari-
sons. We followed a strict protocol to ensure the FFQ
was correctly translated into Moroccan Arabic, which is
different from the written and spoken Arabic in other
North African countries. The FFQ also takes into ac-
count seasonal variations in food consumption, an im-
portant feature in North Africa where seasonality
strongly influences dietary choices.
We acknowledge this validation study has some limita-

tions. The FFQ captures usual intake of foods over a
longer period of time than a 24-h recall questionnaire,
which could lead to errors in the results. We compared
the FFQ to the average intake reported in three 24-h re-
call questionnaires. Although this is an acceptable num-
ber of interviews, several studies recommend seven
recall days (replicates) to capture a better estimate of the
habitual intake. However, three recording days per

subject are considered feasible and sufficient to estimate
within-person variability (day-to-day variability). Due to
the length of the validation study (1 month), some sea-
sonal variations might not have been captured accurately
with the 24-h recall questionnaire. This may negatively
impact the correlation results, reflecting differences be-
tween the two instruments, rather than limitations of
the FFQ. The length of the FFQ (255 food items) might
have discouraged the participants to respond it fully. We
designed the FFQ bearing in mind the current gap in
nutritional epidemiology in North Africa, creating a tool
that captures the usual diet of Morocco, and that it
estimates intake of other foods that are associated with
the nutritional transition of the region. Finally, the
majority of the study sample was comprised of women
with a high level of education. This does not represent
the general population of Morocco, where illiteracy and
poverty are common. The use of the FFQ in the general
population would probably require a close interaction
between an interviewer and the participant to overcome
communication and educational limitations.

Conclusions
This adaptation and validation study showed that the
FFQ has a good relative validity and a good reprodu-
cibility for most nutrients. It is the first complete and
validated tool to assess usual dietary intake in the
Moroccan population that includes a wide range of
traditional, as well as more ‘modern’ food items.
Given its representativeness of local foods and habits,
it can be used as an instrument to assess the relation
of dietary habits and diseases in which diet might
play a role.
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Maternal dietary patterns during pregnancy and 
preterm delivery: a large prospective cohort study 
in China
Min-Shan Lu1,2,3†, Jian-Rong He1,2†, Qiaozhu Chen3†, Jinhua Lu1,2, Xueling Wei1,2, Qianling Zhou1, Fanfan Chan1,2,
Lifang Zhang1,2, Niannian Chen1,2, Lan Qiu1,2, Mingyang Yuan1,2, Kar Keung Cheng4, Huimin Xia1,5*,
and Xiu Qiu1,2,3* , on behalf of the Born in Guangzhou Cohort Study Group

Abstract

Background: Evidence about the associations between maternal dietary patterns and preterm delivery is scarce in
Eastern countries. The purpose of this study was to examine the associations between maternal dietary patterns
during pregnancy and preterm delivery in a Chinese population.

Methods: A total of 7352 mothers were included in the Born in Guangzhou Cohort Study, a prospective
study in China. A validated self-administered food frequency questionnaire (FFQ) was used to assess maternal
diet at 24–27 weeks of gestation. Dietary patterns were identified by cluster analysis. Gestational age was
obtained from routine medical records. Preterm delivery was defined as delivery before 37 completed weeks of
gestation, and was further classified into spontaneous and iatrogenic preterm delivery, and also early/moderate and
late preterm delivery. Associations between dietary patterns and preterm delivery outcomes were assessed using
logistic regression analyses.

Results: Six dietary patterns were identified, including ‘Milk’, ‘Cereals, eggs, and Cantonese soups’, ‘Meats’, ‘Fruits, nuts,
and Cantonese desserts’, ‘Vegetables’, and ‘Varied’. There were 351 (4.8%) preterm deliveries in this study population.
Among those of preterm delivery, 16.2 and 83.8% were early/moderate and late preterm delivery, respectively.
Compared with women of ‘Vegetables’ pattern, those of ‘Milk’ pattern had greater odds of overall preterm delivery
(adjusted odds ratio [OR] 1.59, 95% confidence interval [CI] 1.11, 2.29, p < 0.05), spontaneous preterm delivery (adjusted
OR 1.73, 95% CI 1.14, 2.62, p < 0.05) and late preterm delivery (adjusted OR 1.73, 95% CI 1.08, 2.62, p < 0.05); those of
‘Cereals, eggs, and Cantonese soups’ and ‘Fruits, nuts, and Cantonese desserts’ patterns had greater odds of late
preterm delivery (adjusted OR 1.54, 95% CI 1.01, 2.35 for ‘Cereals, eggs, and Cantonese soups’, adjusted OR 1.61, 95% CI
1.04, 2.50 for ‘Fruits, nuts, and Cantonese desserts’, respectively).

Conclusion: Maternal diet with frequent consumption of milk and less frequent consumption of vegetables during
pregnancy might be associated with increased odds of preterm delivery. Future interventions should investigate
whether increasing vegetable intake reduces preterm deliveries.

Keywords: Pregnant women, Dietary pattern, Preterm delivery, Cluster analysis, Birth cohort, Chinese women
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Background
Preterm delivery, defined as birth before 37 completed
weeks of gestation, is associated with short-term and
long-term neonatal morbidity, and is one of the leading
causes of neonatal mortality [1, 2]. Women who deliver
preterm have a higher risk of developing cardiovascular
disease than those who deliver at full-term [3]. Maternal
nutrition can directly affect the growing fetus [3, 4] and
considerable amount of evidence has strongly supported
the role of diet in preterm delivery [5, 6].
The incidence of preterm delivery is about 11.1%

globally [2]. There are geographical variations of the
prevalence of preterm delivery; and a maximum 10% of
preterm births survive in low-resource settings compared
with over 90% in high resource countries. China is one of
the ten countries with the highest numbers of preterm
deliveries [2]. The rate of preterm delivery in China was
7.1% in 2011 [7], and was estimated to increase in future
years [8]. Country specific actions might be considered to
tackle factors influencing preterm delivery.
As an important modifiable factor, maternal diet has

received considerable amount of attention in previous
studies of preterm delivery. However, these studies have
mainly focused on assessing the associations between
single foods or nutrients and preterm delivery, and yielded
mixed results [9–11]. It is not yet known whether the
associations between maternal nutrition and preterm
delivery are due to overall nutrition or deficiency of a
particular nutrient [11]. It is challenging to distinguish the
specific effects of single foods or nutrients because of their
highly interconnected nature [12]. It might therefore be
more useful to assess the whole foods or dietary pattern
[12], in order to obtain information valuable for nutrition
interventions during pregnancy.
Dietary patterns can represent the combined effects of

all foods consumed in a person’s diet. To date, few studies
investigated the associations between maternal dietary
patterns and preterm delivery, and had varied findings
[13–17]. Most of the evidence focused in western countries,
including Denmark [13], Norway [14], America [15], and
Australia [16]; while only one study was conducted among
the Asian population [17]. Chia et al. in the Growing Up in
Singapore Towards healthy Outcomes study (GUSTO) re-
ported that vegetables, fruits, and white rice consumption
is associated with a lower incidence of preterm delivery
among a multiethnic sample in Singapore [17]. Dietary
habits are population specific. Distinctive differences exist
between the Chinese and the Western diets [18]. Chinese
pregnant women have complex and diverse eating behav-
iors, and follow a set of dietary customs which are not
extensively explored in the literature [19, 20]. The aim of
this study is therefore to examine the associations between
dietary patterns during pregnancy among the Chinese preg-
nant women and the incidence of preterm delivery.

Methods
Study design and population
The present study used data from the Born in Guangzhou
Cohort Study (BIGCS), an ongoing prospective cohort
study conducted in the Guangzhou Women and Chil-
dren’s Medical Center (GWCMC). The BIGCS aims to
elicit the role of social, biological and environmental influ-
ences on pregnancy and child health and development.
Methods of the BIGCS are detailed elsewhere [21]. Briefly,
women were recruited during their first routine antenatal
examinations (normally around 16 weeks, Q1) at two
campuses of the GWCMC, and followed up at the second
trimester (about 24 to 27 weeks, Q2) and at delivery. The
inclusion criteria were women of less than 20 weeks
gestation, of Chinese nationality, living in Guangzhou,
intended to stay in Guangzhou with their child for at least
three years after delivery. The protocols of the BIGCS were
reviewed and approved in accordance with the standards of
the Institutional Ethics Committee of the GWCMC. All par-
ticipants gave written consent at the time of recruitment.
A flowchart of the selection process of the study popu-

lation is shown in Fig. 1. During February 2012 and
April 2015, 15,772 eligible pregnant women were invited
and 11,859 (75.2%) of them agreed to participate in the
BIGCS. After excluding participants who had missing
Q1 data (n = 545), pre-pregnancy hypertension (n = 10),
pre-pregnancy diabetes (n = 23), occurrence of twin
pregnancy (n = 228) or dropped out (n = 705), missing
Q2 data (n = 2800), implausible dietary data (a weekly in-
take frequency of < 32, n = 45), terminations of pregnancy
(n = 101), and missing delivery data (n = 50), there were
7352 mothers included in this study. Compared to the
remaining 7352 women in the present analysis, women
who missed Q2 data were younger, and more likely to
have lower levels of education, income and pre-pregnancy
body mass index (BMI) (Additional file 1: Table S1).

Dietary assessment
Information about dietary intake was obtained from a
self-administered, non-quantitative food frequency question-
naire (FFQ) at the Q2 interview. This FFQ is a structured
questionnaire on 64 specified food items (Additional file 1:
Table S2), as well as additional questions regarding cooking
oil, beverages, Chinese soup (normally cooked with meat
and/or vegetables, of salty flavor and water-like texture
[22]), processed meats (such as Lap-mei, Siu mei) and
Cantonese desserts. For each food item, participants were
asked to indicate their frequency of consumption ‘in the past
week’. The FFQ has previously been validated using the
BIGCS cohort data [23]. Briefly, a subsample of cohort par-
ticipants (n = 210) completed (1) the first FFQ (FFQ1) at
24–27 weeks of gestation, (2) three inconsecutive 24 h diet-
ary recalls during 29–31 weeks of gestation, and (3) the
second FFQ (FFQ2) at 33–35 weeks of gestation. The crude
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Spearman correlation coefficients for consumption frequen-
cies of food groups between FFQ1 and FFQ2 (0.33–0.71)
and between FFQ2 and the average of three 24 h dietary
recalls (0.23–0.62) are considered acceptable for dietary as-
sessment during pregnancy [23].
Individual food items were combined into 30 food

groups according to a similar nutrient profile or culinary
uses (Additional file 1: Table S3). The frequencies of
intake of food groups were calculated by summing the
weekly consumption frequencies of each food item in
the group. The percentages (%) of weekly intake of the
food groups were calculated as frequency of the food
group intake divided by total frequencies of food intake
for each participant. The variables of ‘frequency’ and ‘per-
centage’ reflect dietary intake from different perspectives.
The variable ‘frequency’ reflects the exact frequency of
individual food intake; while the variable ‘percentage’
considers the balance of frequencies from different food
intakes. Both ‘percentage’ and ‘frequency’ variables were
used to construct dietary pattern, respectively, with the
application of cluster analysis. Since our purpose was to
provide dietary advice for the general pregnant women,
we believed the balancing of diet may be more informative

than the specific frequency as the ideal amount of food in-
take should depend on individual energy expenditure
status. Therefore, in this paper, results obtained from the
‘percentage’ variables were presented as the main results;
while results obtained from the ‘frequency’ variables were
presented as supplementary.
Cluster analysis was performed using the k-means pro-

cedure, as described elsewhere [24]. The K-means method
was applied to classify participants into a predetermined
number of mutually exclusive groups, by comparing
Euclidean distances between each participant and each
cluster center in an interactive process until no further
changes occur. Several runs were conducted by varying
the number of clusters from two to six, in order to identify
the optimal one. The ratios of between-cluster variance to
within-cluster variance for each food group [25] were
compared across the number of clusters when the vari-
ables ‘percentage’ were used as input variables in cluster
analysis (Additional file 1: Table S4). We believed that
clusters identified from six-cluster solution could better
reflect the diversity of participants’ dietary characteristics
and are more nutritional meaningful than that from
three-cluster solutions. Based on the aforementioned de-
terminations, we selected the six-cluster solution as the
most appropriate solution when used ‘percentage’ vari-
ables as input variables. We also selected the six-cluster
solution when used ‘frequency’ variables as input variables
based on the nutritional meaningfulness of clusters. Clus-
ter names were based on the food groups with highest
content. These clusters are explained in the result section.

Assessment of preterm delivery
The primary outcome of this study was preterm delivery,
defined as delivery at 36+ 6 weeks or below. Gestational
age was confirmed by ultrasound examination in the
first- or early second-trimester, and was documented in
the routine medical record. Secondary outcomes of this
study included spontaneous, iatrogenic, early/moderate,
and late preterm delivery. Preterm delivery was classified
into spontaneous (spontaneous onset of preterm delivery)
and iatrogenic (induced or caesarean delivery on maternal
or fetal indications) preterm delivery. Preterm delivery
was also categorized into early/moderate (≤ 33+ 6 weeks)
and late (34+ 0 to 36+ 6 weeks) preterm delivery, according
to the gestational age.

Covariates
Information regarding potential confounders was assessed
by self-reported comprehensive baseline questionnaire at
Q1, including maternal age, education level (high school or
below, vocational/technical college, undergraduate, post-
graduate), monthly income (≤1500, 1501–4500, 4501–9000,
or ≥ 9001 yuan), parity (primiparous, multiparous), passive
smoking during pregnancy (no, yes), supplementation with

15772 eligible pregnant women approached 

between February 2012 and April 2015

11859 pregnant women who agreed to 

participate

Missing Q1 data (n=545)

Pre-pregnancy hypertension (n=10)

Pre-pregnancy diabetes (n=23)

Multiple pregnancies (n=228)

Dropped out (n=705)

Missing Q2 data # (n=2800)

7548 singleton pregnant women with FFQ

7352 mothers for analysis

Terminations of pregnancy (n=101)

Missing delivery data (n=50)

7503 singleton pregnant women with 

available dietary data

Implausible dietary data $ (n=45)

Fig. 1 Selection process of study population in the BIGCS. # There
are 2800 participants who did not attend our study clinic in their
24–27 gestational weeks and did not finish the Q2 questionnaire.
However, these participants remained in the BIGCS cohort. We
excluded them in the current analyses, as dietary information
collected in Q2 was the key variable. $ A weekly intake frequency of
less than 32 was considered as the ‘implausible dietary intake’ data
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folic acid (no, started during pregnancy, or started pre- con-
ception), pre-pregnancy weight (kg) and height (m), previ-
ous preterm delivery (no, yes). Pre-pregnancy BMI (kg/m2)
was calculated by dividing weight in kilograms by height in
meters squared. Study participants were divided into three
groups as follows: BMI < 18.5 kg/m2 (underweight), BMI
18.5–23.9 kg/m2 (normal), BMI ≥ 24 kg/m2 (overweight or
obese), according to the Guidelines for Prevention and
Control of Overweight and Obesity in Chinese Adults [26].

Statistical analyses
Descriptive statistics (i.e., mean, standard deviation, fre-
quencies, and percent frequencies) were reported for all
socio-demographic factors (age, education level, and
monthly income), health characteristics (parity, passive
smoking during pregnancy, pre-pregnancy BMI, previous
preterm delivery, and supplementation with folic acid).
These variables were cross- tabulated by dietary patterns,
and significant differences were assessed by ANOVA for
continuous variables or chi-square tests for categorical
variables. Logistic regression was conducted to assess
the independent effect of dietary patterns on preterm
delivery related outcomes, including overall preterm deliv-
ery, spontaneous preterm delivery, iatrogenic preterm
delivery, early/moderate preterm delivery as well as late
preterm delivery. All covariates described above were en-
tered into each regression model as potential confounders.
The firth’s correction was applied to improve the accuracy
of the logit coefficients in the adjusted models referring to
iatrogenic preterm delivery and early/moderate preterm
delivery.
P < 0.05 was considered statistically significant. Cluster

analysis was performed by R version 3.2.3 [27], and the
remaining analyses were performed using SPSS software
version 20.0 (SPSS, Inc., Chicago, USA).

Results
Six clusters of dietary pattern were identified (Table 1),
namely the ‘Milk’ (n 1090, 14.8%), ‘Cereals, eggs, and
Cantonese soups’ (n 1078, 14.7%), ‘Meats’ (n 1125, 15.3%),
‘Fruits, nuts, and Cantonese desserts’ (n 875, 11.9%), ‘Veg-
etables’ (n 1442, 19.6%), and ‘Varied’ (n 1742, 23.7%)
patterns. ‘Milk’ had the most frequently consumed of milk
products (including fresh milk, pasteurized milk, milk
powder, and formula for pregnant women) and less fre-
quently consumed of whole vegetables. ‘Cereals, eggs, and
Cantonese soups’ had the most frequently consumed of
staples such as rice, pasta, porridge, eggs, and Cantonese
soups. ‘Meats’ had the most frequently consumed of red
meat and processed meat. ‘Fruits, nuts, and Cantonese
desserts’ had the most frequently consumed of fruits,
nuts, and Cantonese desserts. ‘Vegetables’ had the most fre-
quently consumed of leafy and cruciferous vegetables. ‘Var-
ied’ was characterized by relatively frequent consumption

of mixed foods, including noodles, bread, root vegetables,
melon vegetables, mushrooms, sea vegetables, bean vegeta-
bles, processed vegetables, poultry, animal organ meat, fish,
other seafood, bean products, yoghurt, sweet beverages,
puffed food, confectioneries, and snacks.
Subject characteristics across the six dietary patterns

are shown in Table 2. There were significant differences
in maternal age, education level, monthly income, parity,
and passive smoking during pregnancy among subjects
in these six groups. No significant difference regarding
supplementation with folic acid, pre-pregnancy BMI and
previous preterm delivery was found among subjects in
these six groups.
The gestational length range was 27+ 6 to 42+ 1 weeks

in our study. There were 351 women delivered preterm,
taking up 4.8% of the total participants. Among these
351 women, 262 (74.6%) were spontaneous preterm de-
livery, 62 (17.7%) were iatrogenic preterm delivery, and
the rest 27 (7.7%) cases were either spontaneous or iat-
rogenic preterm delivery. We are unable to classify these
27 cases because they did not deliver their babies at the
GWCMC. Among 351 women who delivered preterm,
294 (83.8%) were late preterm and 57 (16.2%) were
moderately or early preterm. The incidence of preterm
delivery was highest (66 cases, 6.1%) in the ‘Milk’ group.
Table 3 shows associations between dietary patterns
and preterm delivery. Because the beneficial value of
vegetables, we selected ‘Vegetables’ pattern as reference
pattern. Compared with women in the ‘Vegetables’
group (reference), those in the ‘Milk’ group had signifi-
cantly higher odds of preterm delivery after adjustment
for potential confounders (OR 1.59, 95% CI 1.11, 2.29,
p < 0.05). No significant difference in the odds of preterm
delivery was observed among subjects in other patterns
neither in the crude nor adjusted models.
When we analyzed secondary outcomes individually,

we found significantly greater odds of spontaneous pre-
term delivery for women in the ‘Milk’ groups in com-
parison to those in the ‘Vegetables’ groups (adjusted OR
1.73, 95% CI 1.14, 2.62, p < 0.05). No significant associ-
ation was found between iatrogenic preterm delivery
and maternal dietary pattern. We also found significantly
greater odds of late preterm delivery for women in the
‘Milk’ (adjusted OR 1.73, 95% CI 1.08, 2.62, p < 0.05),
‘Cereals, eggs, and Cantonese soups’ (adjusted OR 1.54,
95% CI 1.01, 2.35, p < 0.05) and ‘Fruits, nuts, and Cantonese
desserts’ (adjusted OR 1.61, 95% CI 1.04, 2.50, p < 0.05)
groups in comparison to those in the ‘Vegetables’ groups.
No significant association was found between moderately
or early preterm delivery and maternal dietary pattern
(Table 3).
By using ‘frequencies’ of 30 food groups as input vari-

ables in the cluster analysis, we also identified six dietary
patterns and labeled them as ‘Rich’ (n 381, 5.2%), ‘Milk-S’
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(n 864, 11.8%), ‘Fruits’ (n 930, 12.6%), ‘Meats-S’ (n 975,
13.3%), ‘Moderate’ (n 1735, 23.6%), and ‘Prudent’ (n 2467,
33.6%) patterns (Additional file 1: Table S5). The letter “S”
was added after the pattern name (e.g. “Milk-S” and
“Meats-S”) to separate supplementary (from ‘frequency’
variables) and main (from ‘percentage’ variables) results.

Additional file 1: Table S6 presents subject characteristics
across the six dietary patterns. No significant association
was found between these dietary patterns and overall
preterm delivery. Compared with women in other dietary
patterns, women in the ‘Milk-S’ group had significantly
higher odds of spontaneous preterm delivery (adjusted OR

Table 1 Percentages (%) of weekly intake of 30 food groups assessed with a self-administered food frequency questionnaire across
the six dietary patterns identified among 7352 pregnant Chinese women from the Born in Guangzhou Cohort Study

Dietary patterns

Varied Milk Pattern a Meats Pattern b Vegetables
(n = 1742) (n = 1090) (n = 1078) (n = 1125) (n = 875) (n = 1442)

Food groups c Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD

Cereals

Rice 8.1 2.8 10.9 3.4 16.4 3.8 12.5 3.2 10.4 3.4 12.0 3.5

Pasta 4.4 2.8 4.1 2.8 5.1 3.6 4.2 2.8 4.3 2.9 4.0 2.5

Noodles 2.8 3.0 1.6 2.0 2.3 2.6 2.0 2.1 2.4 2.6 2.0 2.1

Porridge 1.6 1.5 1.3 1.5 1.8 1.8 1.6 1.7 1.3 1.5 1.4 1.5

Bread 2.1 1.8 1.8 2.1 2.0 2.0 1.6 1.8 1.3 1.7 1.9 1.9

Vegetables

Leafy and cruciferous vegetables 10.1 3.0 10.7 3.4 7.8 2.9 10.5 3.7 9.3 3.4 17.9 3.8

Root vegetables 3.7 1.9 2.5 1.8 2.8 1.8 2.7 1.8 3.0 1.9 3.1 2.0

Melon vegetables 4.2 2.2 3.3 2.1 3.7 2.3 3.5 2.2 4.0 2.4 3.5 2.2

Mushrooms 1.5 1.2 1.0 1.1 1.1 1.1 1.0 1.0 1.2 1.1 1.1 1.1

Sea vegetables 1.0 1.0 0.6 0.8 0.7 0.9 0.6 0.9 0.7 0.9 0.6 0.9

Bean vegetables 1.6 1.2 1.2 1.2 1.3 1.3 1.3 1.2 1.3 1.1 1.3 1.1

Processed vegetables 0.6 1.0 0.3 0.7 0.5 0.9 0.4 0.8 0.4 0.9 0.4 0.8

Fruits 7.7 2.4 8.1 2.9 8.1 2.8 7.5 2.9 15.3 3.9 7.6 2.9

Meats

Red meat 7.1 2.5 7.7 3.0 6.8 2.7 14.4 3.4 7.1 3.1 7.6 3.0

Poultry 2.6 1.8 2.4 1.7 2.5 1.8 2.5 2.0 2.0 1.6 2.4 1.8

Animal organ meat 1.2 1.5 1.0 1.4 1.0 1.3 1.0 1.4 0.8 1.1 0.9 1.2

Processed meat 0.3 0.7 0.3 0.9 0.3 0.8 0.4 0.9 0.3 0.7 0.2 0.7

Eggs 5.3 2.2 5.8 2.5 5.8 2.9 5.5 2.8 5.3 2.5 5.0 2.3

Fish 3.1 1.9 3.0 2.1 3.0 2.0 2.9 2.0 2.7 1.8 2.9 1.8

Other seafood 1.2 1.3 0.9 1.1 1.0 1.2 0.9 1.1 1.0 1.2 0.9 1.2

Bean products 6.9 3.6 3.4 2.4 4.2 2.8 3.7 2.5 4.4 2.8 3.8 2.5

Nuts 4.3 2.4 4.1 2.6 3.8 2.7 3.3 2.5 4.6 3.1 3.5 2.5

Milk 5.1 2.7 13.0 4.1 5.9 3.0 5.4 2.9 5.9 3.2 5.1 2.9

Yoghurt 2.5 2.2 1.5 1.9 2.0 2.3 1.7 2.0 2.2 2.3 1.8 2.1

Sweet beverages 1.9 3.1 1.2 2.1 1.6 2.6 1.2 1.9 1.4 2.2 1.2 2.0

Cantonese desserts 0.3 0.9 0.3 1.0 0.2 0.7 0.2 0.8 0.4 1.1 0.2 0.7

Cantonese soups 3.1 2.1 3.6 2.3 4.0 2.5 3.7 2.3 3.1 2.3 3.2 2.1

Puffed food 0.3 0.7 0.2 0.5 0.2 0.6 0.2 0.5 0.2 0.5 0.2 0.5

Confectioneries 2.2 2.5 1.3 2.0 1.6 2.2 1.3 1.8 1.7 2.2 1.4 2.0

Snack 3.2 2.4 2.9 2.7 2.9 2.7 2.4 2.3 2.2 2.3 2.7 2.3
a “Cereals, eggs and Cantonese soups”
b “Fruits, nuts and Cantonese desserts”
c Percentage values (%), calculated as frequency of the food group intake divided by total frequencies of food intake. The highest mean values are underlined
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1.44, 95% CI 1.02, 2.02, p < 0.05), while women in the
‘Rich’ group had significantly lower odds of spontaneous pre-
term delivery (adjusted OR 0.41, 95% CI 0.18, 0.93, p < 0.05)
(Additional file 1: Table S7).

Discussion
This is the first prospective study to examine the rela-
tionships between maternal dietary patterns and preterm

delivery in a Chinese population with a relatively large
sample size. Six dietary patterns of the Chinese were
generated, represented by foods generally consumed by
the Chinese frequently and the cultural Cantonese cuis-
ine. Women in the ‘Milk’ group had greater odds of
overall preterm delivery, spontaneous preterm delivery
and late preterm delivery than those in the ‘Vegetables’
group. We also found that, compared with women in

Table 2 Characteristics of the participants across the six dietary patterns identified by cluster analysis

Dietary patterns Pvalue*

Total Varied Milk Cereals, eggs and
Cantonese soups

Meats Fruits, nuts and
Cantonese desserts

Vegetables

Characteristics (n = 7352) (n = 1742) (n = 1090) (n = 1078) (n = 1125) (n = 875) (n = 1442)

Age, years, mean ± SD 29.1 ± 3.3 29.3 ± 3.3 29.0 ± 3.5 28.8 ± 3.3 29.0 ± 3.3 29.0 ± 3.2 29.3 ± 3.4 0.002

Education level, n (%) < 0.001

High school or below 624 (8.5) 117 (6.7) 105 (9.6) 110 (10.2) 83 (7.4) 79 (9.0) 130 (9.0)

Vocational/technical college 1807
(24.6)

338 (19.4) 285 (26.1) 309 (28.7) 282 (25.1) 213 (24.3) 380 (26.4)

Undergraduate 4031
(54.8)

986 (56.6) 591 (54.2) 569 (52.8) 642 (57.1) 461 (52.7) 782 (54.2)

Postgraduate 890 (12.1) 301 (17.3) 109 (10.0) 90 (8.3) 118 (10.5) 122 (13.9) 150 (10.4)

Monthly income, Yuan, n (%) < 0.001

≤ 1500 692 (9.4) 161 (9.2) 107 (9.8) 93 (8.6) 101 (9.0) 92 (10.5) 138 (9.6)

1501–4500 2274
(30.9)

430 (24.7) 402 (36.9) 387 (35.9) 383 (34.0) 216 (24.7) 456 (31.6)

4501–9000 3062
(41.6)

754 (43.3) 410 (37.6) 441 (40.9) 453 (40.3) 396 (45.3) 608 (42.2)

≥ 9001 1158
(15.8)

353 (20.3) 143 (13.1) 140 (13.0) 164 (14.6) 150 (17.1) 208 (14.4)

Refused to answer 166 (2.3) 44 (2.5) 28 (2.6) 17 (1.6) 24 (2.1) 21 (2.4) 32 (2.2)

Parity, n (%) < 0.001

Primiparous 6430
(87.5)

1501
(86.2)

1002
(91.9)

967 (89.7) 956 (85.0) 799 (91.3) 1205 (83.6)

Multiparous 922 (12.5) 241 (13.8) 88 (8.1) 111 (10.3) 169 (15.0) 76 (8.7) 237 (16.4)

Passive smoking during pregnancy, n
(%)

2222
(30.2)

472 (27.2) 322 (29.5) 364 (33.8) 384 (34.1) 252 (28.8) 428 (29.7) < 0.001

Supplementation with folic acid, n (%) 0.110

No 603 (8.2) 128 (7.3) 91 (8.3) 96 (8.9) 103 (9.2) 66 (7.5) 119 (8.3)

Started during pregnancy 3501
(47.6)

811 (46.6) 511 (46.9) 535 (49.6) 535 (47.6) 392 (44.8) 717 (49.7)

Started pre- conception 3248
(44.2)

803 (46.1) 488 (44.8) 447 (41.5) 487 (43.3) 417 (47.7) 606 (42.0)

Pre-pregnancy BMI, kg/m2, n (%) 0.325

< 18.5 1803
(24.5)

414 (23.8) 293 (26.9) 274 (25.4) 257 (22.8) 212 (24.2) 353 (24.5)

18.5–23.9 4608
(62.7)

1114
(63.9)

645 (59.2) 682 (63.3) 705 (62.7) 563 (64.3) 899 (62.3)

≥ 24 847 (11.5) 189 (10.8) 137 (12.6) 110 (10.2) 145 (12.9) 93 (10.6) 173 (12.0)

Missing 94 (1.3) 25 (1.4) 15 (1.4) 12 (1.1) 18 (1.6) 7 (0.8) 17 (1.2)

Previous preterm delivery, n (%) 53 (0.7) 14 (0.8) 9 (0.8) 5 (0.5) 8 (0.7) 3 (0.3) 14 (1.0) 0.502

*ANOVA and Chi square tests were used to test differences between the patterns
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the ‘Vegetables’ group, those in the ‘Cereals, eggs, and
Cantonese soups’ and ‘Fruits, nuts, and Cantonese des-
serts’ groups had increased odds of late preterm delivery.
Our findings implied that maternal diet with frequent

consumption of vegetables might contribute to lower odds
of preterm delivery. Similarly, several studies suggested
that vegetables are important components of protective
dietary patterns to which women adhere may have lower
odds of preterm delivery. In a large prospective cohort
study in Norway, diets rich in vegetables and fruits, known
as the prudent diet, are associated with a lower incidence
of preterm delivery [14]. Another study in Singapore has
shown that a dietary pattern high in vegetables, fruits, and
white rice is associated with a lower incidence of preterm
delivery [17]. Low vegetables intake might induce to inad-
equacy of antioxidants, which can reduce both systemic
and local inflammation [28] and hence the risk of preterm
premature rupture of membranes [29]. Insufficient intake
of vegetables inhibits peristalsis and might lead to consti-
pation during pregnancy [30, 31], which might further
impair fetal growth [32].

Frequent consumption of milk and less frequent con-
sumption of vegetables in our study was found to have
higher odds of preterm delivery. Similarly, increased odds
of preterm delivery were also found for a diet high in
whole milk in the American population [15]. Our findings
could be explained from the following aspects. Firstly,
dairy is not consumed on a regular or daily basis for most
of the Chinese [19]. The variety of dairy products in China
is not as much as that in the Western countries. Milk
(mainly cow’s milk), including fresh milk and milk powder,
is the main source of dairy products in China [18]. Yog-
hurt consumption is increasing in China; however, there is
still a gap to catch up with the Western world. Dairy prod-
ucts (e.g. milk, cheese and yoghurt), high in dietary pro-
tein and calcium, are essential for fetal growth and skeletal
development [33, 34]. Dairy is thus recommended in preg-
nancy dietary guidelines in different countries including
China [35, 36]. Women in the ‘Milk’ group tended to con-
sume whole milk more frequently, milk powder while they
had yoghurt less frequently in their diet (Table 1). Yoghurt
products enriched with probiotics have been reported to

Table 3 Associations between dietary patterns and preterm delivery

Preterm delivery Dietary patterns

Varied Milk Cereals, eggs and
Cantonese soups

Meats Fruits, nuts and
Cantonese desserts

Vegetables

Overall preterm delivery (n, %) 85 (4.9) 66 (6.1) 54 (5.0) 44 (3.9) 43 (4.9) 59 (4.1)

Crude OR (95% CI) 1.20
(0.86–1.69)

1.51 (1.05–2.17) * 1.24 (0.85–1.80) 0.95 (0.64–1.42) 1.21 (0.81–1.81) 1.00 (Reference)

Adjusted OR (95% CI) a 1.27
(0.90–1.80)

1.59 (1.11–2.29) * 1.31 (0.89–1.92) 1.01 (0.67–1.51) 1.30 (0.87–1.96) 1.00 (Reference)

Spontaneous preterm delivery (n, %) 63 (3.7) 52 (4.8) 39 (3.7) 32 (2.9) 34 (3.9) 42 (2.9)

Crude OR (95% CI) 1.25
(0.84–1.86)

1.67 (1.10–2.53) * 1.25 (0.81–1.95) 0.97 (0.61–1.55) 1.35 (0.85–2.13) 1.00 (Reference)

Adjusted OR (95% CI) a 1.29
(0.86–1.92)

1.73 (1.14–2.62) * 1.30 (0.83–2.03) 1.00 (0.63–1.60) 1.41 (0.89–2.24) 1.00 (Reference)

Iatrogenic preterm delivery (n, %) 14 (0.8) 9 (0.9) 10 (1.0) 5 (0.5) 8 (1.0) 16 (1.1)

Crude OR (95% CI) 0.73
(0.36–1.50)

0.76 (0.33–1.73) 0.84 (0.38–1.87) 0.40 (0.15–1.09) 0.83 (0.35–1.95) 1.00 (Reference)

Adjusted OR (95% CI) a, b 0.79
(0.38–1.61)

0.79 (0.34–1.74) 0.90 (0.40–1.94) 0.46 (0.16–1.14) 0.87 (0.36–1.97) 1.00 (Reference)

Late preterm delivery (n, %) 73 (4.2) 53 (4.9) 47 (4.4) 37 (3.3) 40 (4.6) 44 (3.1)

Crude OR (95% CI) 1.38
(0.95–2.03)

1.63 (1.08–2.45) * 1.44 (0.95–2.19) 1.08 (0.69–1.68) 1.51 (0.98–2.34) 1.00 (Reference)

Adjusted OR (95% CI) a 1.46
(0.99–2.15)

1.73 (1.08–2.62) * 1.54 (1.01–2.35) * 1.11 (0.73–1.79) 1.61 (1.04–2.50) * 1.00 (Reference)

Moderately or early preterm delivery (n, %) 12 (0.7) 13 (1.3) 7 (0.7) 7 (0.6) 3 (0.4) 15 (1.1)

Crude OR (95% CI) 0.67
(0.31–1.43)

1.17 (0.55–2.47) 0.63 (0.26–1.55) 0.60 (0.24–1.47) 0.33 (0.10–1.15) 1.00 (Reference)

Adjusted OR (95% CI) a, b 0.73
(0.34–1.55)

1.19 (0.56–2.50) 0.68 (0.27–1.58) 0.63 (0.25–1.48) 0.42 (0.11–1.21) 1.00 (Reference)

a Adjusted for maternal age, education level, monthly income, parity, passive smoking during pregnancy, supplementation with folic acid, pre-pregnancy BMI, and
previous preterm delivery
b The firth’s correction was applied to improve the accuracy of the logit coefficients
* P value < 0.05
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be associated with a reduced risk of preterm delivery [9, 37].
Another possible explanation is that women having a
frequent consumption of milk in our study might thus con-
sider their diet healthy enough, without paying attention to
the context of a balanced diet and the whole vegetables
consumption.
In the subgroup analyses, we only found a significant

association between dietary pattern and spontaneous pre-
term delivery for women in the ‘Milk’ groups in comparison
to those in the ‘Vegetables’ groups. Our supplementary
results obtained from ‘frequency’ variable support such
finding. After stratification of preterm delivery according to
gestational age, we only found significantly greater odds of
late preterm delivery for women in the ‘Milk’, ‘Cereals, eggs,
and Cantonese soups’ and ‘Fruits, nuts, and Cantonese des-
serts’ groups in comparison to those in the ‘Vegetables’
groups. In agreement with our study, several studies also
showed that the significant association was primarily driven
by the higher incidence of spontaneous preterm delivery
[14, 15, 17] and late preterm delivery [14]. It is speculated
that dietary factors might only marginally reduce the pro-
gression to preterm delivery and the effect is therefore most
easily detectable in late preterm delivery [14]. It appears
that there is no significant association between maternal
diet and iatrogenic preterm delivery or early/moderately
preterm delivery in our study. Notably, only a single meas-
ure of dietary intake obtained from an FFQ was used in this
study, limiting the validity of the finding.
This is the first prospective study to examine the rela-

tionship between maternal dietary patterns and preterm
delivery in a Chinese population with a relatively large
sample size. The high participation rate in the cohort study
and the availability of ultrasound data to confirm gesta-
tional age are additional major strengths. Previous studies
exploring maternal dietary patterns and preterm delivery
have mostly been conducted by using factor analysis to
identify dietary patterns. Instead, we used cluster analysis,
which can provide a clear description of exactly what is
frequently consumed [38]. Our findings might thus be
more valuable for a nutrition intervention design to target
pregnant women in need. In addition, patterns obtained
from cluster analysis in our study appear to better reflect
the Asian dietary pattern than that from factor analysis
conducted by He et al. in the same cohort [39].
The present study had some limitations. Firstly, we did

not collect data on food servings or portion sizes of food
items, and were unable to calculate the amount of food
consumption and adjust the total energy intake. However, it
was suggested that individuals are generally incapable to
describe food portions accurately [40], and there are sus-
tainable within subject variations in the indication of food
quantities [41]. In contrast, a simple FFQ is sufficient to
indicate actual intakes [42]. As previous studies [39, 43],
frequencies of food intake were used as a proxy for a

quantitative indicator. Secondly, we assessed food intake ‘in
the past week’ at 24–28 week of gestation. The information
during this short period might not be representative of diet-
ary habits throughout pregnancy. However, previous studies
have suggested that overall dietary patterns differed minim-
ally during pregnancy [44, 45]. Thirdly, we could not pre-
cisely distinguish women who were on special diets, which
might affect the findings. However, such case is estimated
to be rare in our study, as we have excluded women with
pre-pregnancy hypertension or diabetes. Only four partici-
pants were reported as ‘vegan’. Fourthly, more than 20% of
the participants missed Q2 data. Finally, owing to the
nature of the observational study design, we are unable to
identify the causality between preterm delivery and diet.
Residual confounders are likely to exist even after we have
adjusted for several factors in the statistical analysis.

Conclusions
In conclusion, a maternal pregnancy diet with frequent
consumption of milk and less frequent consumption of
vegetables is found to be associated with increased odds of
preterm delivery among Chinese women in the current
large-scale birth cohort. Frequent consumption of vegeta-
bles should be recommended during pregnancy to prevent
preterm delivery.
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Environmental footprints of food consumption 
and dietary patterns among Lebanese adults
Farah Naja1, Lamis Jomaa1, Leila Itani2, Jeremy Zidek4, Sibelle El Labban1, Abla Mehio Sibai3 and Nahla Hwalla1*

Abstract

Background: Following the release of the Sustainable Development Goals, dietary patterns and guidelines are being
revised for their effect on the environment in addition to their health implications. The objective of this study was to
evaluate and compare the Environmental Footprints (EFPs) of food consumption patterns among Lebanese adults.

Methods: For this study, data for adults aged > 18 years (n = 337) were drawn from a previous national survey
conducted in Lebanon (2008–2009), where dietary intake was assessed using a 61-item Food Frequency Questionnaire.
Dietary patterns previously derived in the study sample included: Western, Lebanese-Mediterranean and High-Protein.
In this study, food consumption and dietary patterns were examined for their EFPs including water use, energy use,
and greenhouse gas (GHG) emissions, using review of life cycle analyses.

Results: In the study population, the EFPs of food consumption were: water use: 2571.62 ± 1259.45 L/day; energy use:
37.34 ± 19.98 MJ/day and GHGs: 4.06 ± 1.93 kg CO2 eq / day. Among the three dietary patterns prevalent in the study
population, the Lebanese-Mediterranean diet had the lowest water use and GHG per 1000 Kcal (Water (L/Kg): 443.61 ±
197.15, 243.35 ± 112.0, 264.72 ± 161.67; GHG (KG CO2 eq/day) 0.58 ± 0.32, 0.38 ± 0.24, 0.57 ± 0.37, for the Western,
Lebanese-Mediterranean and High- Protein, respectively). The scores of the High-Protein dietary pattern were
associated with higher odds of the three EFPs, whereas the Lebanese-Mediterranean dietary pattern was associated
with lower odds of energy use. Furthermore, scores of the Western pattern were associated with higher water use.

Conclusions: The findings of this study showed that, among Lebanese adults, the Western and High-Protein dietary
patterns had high EFPs, whereas the Lebanese-Mediterranean dietary pattern had lower water use and GHG emissions.
Coupled to our earlier findings of the Lebanese-Mediterranean pattern’s beneficial effects on health, the findings of this
study lend evidence for the notion that what is healthy for people may also be healthy for ecosystems and highlight the
need for nutrition recommendations to take into consideration the nexus of water, food, energy, in addition to health.

Keywords: Dietary patterns, Environmental footprint, Mediterranean, Sustainability, Lebanon

Background
The Middle East and North Africa (MENA) region suffers
from a high prevalence of non-communicable diseases
(NCDs) constituting 47% of the region’s burden of diseases,
and this rate is expected to rise up to 60% by 2020 [1]. Such
a high burden of NCDs is possibly brought about by a shift
in dietary habits and a remarkable nutrition transition [2].

This nutrition transition is characterized by a rapid shift in
dietary intake from traditional, diverse and balanced diets
towards more ‘westernized’ diets [1], specifically a high
consumption of ‘harmful’ foods and low consumption of
‘protective’ foods [3]. This situation has triggered national
and regional efforts to develop dietary guidelines and rec-
ommendations that promote the consumption of balanced
diets known for their protective effects against NCDs [4, 5].
However, these efforts did not consider the environmental
impact of such guidelines in a region that suffers of depleted
resources, in terms of water scarcity, land degradation and
high energy use [2]. These issues have been raised by the re-
leased Sustainable Development Goals (SDGs) which called
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for sustainable consumption and production and brought
“sustainable diets” to the forefront of the sustainability
agenda [6, 7]. ‘Sustainable diets’, according to the Food and
Agriculture Organization (FAO) (2012), are those diets with
low environmental impacts that contribute to food and nu-
trition security and to healthy life for present and future gen-
erations. Sustainable diets are protective and respectful of
biodiversity and ecosystems, culturally acceptable, accessible,
economically fair and affordable; nutritionally adequate, safe
and healthy; while optimizing natural and human resources
[8]. Accordingly, United Nations Environment Program
(UNEP) (2016), called to reexamine food-based dietary
guidelines, not only for their health outcomes but also with
respect to their environmental sustainability, given the con-
siderable impact of dietary choices and food consumption
on the environment [9]. Efforts to quantify environmental
impacts of food consumption led to the development of
environmental footprint indicators, spanning multiple
dimensions and including greenhouse gas emissions (carbon
footprint), nitrogen release (nitrogen footprint), water
use (blue and green water footprint) and land use
(land footprint) [10].
Accordingly, a growing body of research explored the pre-

viously recommended diets and dietary patterns in terms of
their impact on environmental footprints and depletion of
natural resources [11, 12]. Results from these studies sug-
gested that plant-based dietary patterns, which are primarily
based on fruits, vegetables, legumes, whole grains, nuts and
seeds, have a more positive impact on health and a lower
environmental impact than animal-based dietary patterns.
Nevertheless, these findings need to be considered through
a context-specific lens to account for regional and local
variations in agricultural practices, environmental resources,
local food systems and cultural preferences of diverse
populations [13].
Lebanon is a middle income country in the MENA region,

which, similar to other neighboring countries, is witnessing
an increase in the prevalence of diet-related diseases, a rapid
nutrition transition coupled with scarcity and poor manage-
ment of natural resources [1, 14]. Previous research in the
country has studied dietary intake and food consumption
patterns in terms of their effect on health and wellbeing.
The results of these investigations consistently identified
two main dietary patterns: ‘Western’ and ‘Lebanese- Medi-
terranean’, where, the Western pattern has been associated
with adverse health outcomes, including obesity, hyperten-
sion, and metabolic syndrome. On the other hand, the
Lebanese-Mediterranean pattern showed protective effects
against metabolic abnormalities and type 2 diabetes [14–18].
These findings provided evidence for recommendations to
limit consumption of the Western dietary pattern and
encourage adherence to the Lebanese-Mediterranean diet in
order to combat the rising epidemic of NCDs in the coun-
try. However, such dietary recommendations and guidelines

were not examined in terms of their environmental sustain-
ability, as called upon by the international community and
the SDGs, in a country and a region where environmental
issues are paramount. The aim of the present study was to
evaluate the environmental footprints (EFPs) of overall food
consumption and to examine the association of these EFPs
with dietary patterns previously identified in Lebanon. Con-
tributions of foods and food groups to the EFPs of each pat-
tern were also examined.

Methods
Study design, participants and data collection
Data for this study were drawn from the cross-sectional Na-
tional Nutrition and Non-Communicable Disease Risk
Factor Survey (2008–2009). Details describing the sampling
frame and techniques are described elsewhere [19]. In brief,
the households which were considered as primary sampling
units were selected, using a stratified cluster random
sampling frame. The numbers of households from each
cluster were proportional to the cluster’s size. Within each
household, one adult with no history of chronic diseases
(> 18 years of age) was randomly chosen and was invited
to participate in the survey. At the participants’ homes,
data collection was conducted following the WHO STEP-
wise approach to Surveillance (STEPS) [20] and included
socio-demographic and lifestyle questionnaires, anthropo-
metric measurements, biochemical assessment, as well as
a food frequency questionnaire (FFQ) for the evaluation of
dietary intake (n = 337) [21]. The study protocol was
reviewed and approved by the Institutional Review Board
of the American University of Beirut, and informed con-
sent was obtained from all participants in the study.
For the purpose of this study, survey data pertaining to

the participants’ socio-demographic and lifestyle characteris-
tics as well as dietary intake were used. Socio-demographic
characteristics included age, sex, crowding index, marital
status, and education level. Crowding index (CI), defined as
the average number of people per room, excluding the kit-
chen and bathroom, was used as a proxy for socioeconomic
status, whereby a lower CI was associated with a higher
socio economic status [22]. Earlier investigations showed
that CI was associated with adherence to certain dietary pat-
terns in Lebanon [19, 23, 15].The lifestyle factors considered
in this study were related to smoking and physical activity.
Physical activity was assessed using the short Arabic version
of the International Physical Activity Questionnaire [24].
Using metabolic equivalents-mins per week, three levels of
physical activity were determined (low, moderate, high).
Dietary intake of study participants was assessed using a
61-item FFQ. These foods are listed in Additional file 1. This
FFQ measured dietary intake over the 1 year preceding the
interview. For each food item listed in the FFQ, a standard
portion size was specified and five frequency choices were
given (never, daily, weekly, monthly or yearly). This FFQ
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was designed by a panel of nutritionists and included culture
specific dishes and recipes. It was tested on a convenient
sample of Lebanese adults to check for clarity and cultural
sensitivity. Further details about this FFQ are found else-
where [15].

Dietary patterns in the study population
Previous work by our research group derived dietary pat-
terns prevalent among the survey participants (n = 337)
[19, 21], whereby the 61 food items listed in the FFQ were
grouped into 25 food groups based on similarities in in-
gredients, nutrient profile, and/or culinary usage [25] and
were entered in the factor analysis. Food items having a
unique composition (e.g. eggs, olives, and mayonnaise)
were classified individually. Furthermore, certain food
items such as falafel sandwiches, though made of legumes,
were entered separately from this food group given that
falafel is a fried form of legumes and the sandwiches are
usually eaten out of home, unlike other legume-based
dishes that are mainly consumed in stew form and pre-
pared at home. The total intake for each group (expressed
as daily gram intake) was calcualted by summing the daily
gram intake of each food within the group. For example,
the daily gram intake from the food group ‘Dried fruits’
was calculated by adding the daily gram intake of dried
raisins, dried apricots and dried prunes. Further details
about the derivation of these patterns are presented else-
where [21]. In brief, three dietary patterns were identified
using factor analysis: Western, Lebanese-Mediterranean,
and High-Protein. The Lebanese-Mediterranean deitary
pattern was previously proposed as a variant of the Medi-
terranean diet [26]. The factor scores for each of the iden-
tified pattern were calculated by multiple regression
approach whereby independent variables in the regression
equation are the standardized observed values of the food
items in the estimated patterns. These predictor variables
are weighted by regression coefficients, which are ob-
tained by multiplying the inverse of the observed variable
correlation matrix by the matrix of factor loadings. The
factor scores are the dependent variables in the regression
equation [27]. Each individual received a factor score for
each dietary pattern. The obtained scores were normally
distributed with a mean of zero and standard deviation
equal 1. These scores indicated the degree to which each
participant’s diet corresponds to the identified pattern. In
this study, these scores were used to examine the associ-
ation of dietary patterns with the EFP. The foods/ food
groups that consituted these patterns and their factor
loadings are described in Table 1.

Derivation of environmental foot prints (EFPs)
For the purpose of this study, metrics for three EFPs were
calculated including water use, energy use and GHGs
(Additional file 1). The mapping of dietary patterns to

their associated EFPs required the estimation of metrics
for the EFPs of each of the 61 items listed in the FFQ
which made up the food groups of these patterns. These
metrics were estimated based on a review of previously
published Life Cycle Assessment (LCAs) analyses. LCA is
an internationally recognized method employed to esti-
mate the impact of resource use at all stages of a product’s
existence from creation to end of life [25]. The LCAs
reviewed in this study followed the ISO 14040 and 14,044
[28]. LCAs conducted in Mediterranean or neighboring
countries with similar climates to Lebanon were priori-
tized over LCAs conducted in countries of other regions
in the world. For each EFP metric, the origins of LCA data
(local, regional or international) used in its estimation are
described in Additional file 2. In this appendix, the refer-
ences used in estimating the EFPs for each food item are
also listed. For each food item, LCAs that covered pro-
cesses from cradle to market (or distribution point) were
selected. LCAs that included use phase impacts (such as
cooking, heating or refrigeration) were not considered in
this study. In this study, the functional unit considered
was 1.0 kg of food consumed. The functional unit is de-
fined as a representative, reference measure of the studied
system to which all inputs and outputs can be related [29].
For wine/beer, some LCAs report results in liters instead
of Kg. Results in these studies were recalculated to a per
kg basis assuming a density of 1.0 kg/l. For milk and milk
products, though most LCAs report their results in Kg of
milk, the percentage fat and protein in the milk could
vary. Therefore the outcomes of the LCAs used for milk
were adjusted to reflect the standard fat and protein cor-
rected milk values of 3.5% fat and 3.2% and was used as
fat-protein corrected milk (FPCM), a common practice in
dairy LCAs, using the following formula: FPCM(kg) =
0.149 * milk kg + 5.89 * fat kg. + 3.48 * protein kg [30].

Water use
The water use environmental metric consisted of the
total water use in liters (blue and green water combined)
per kilogram of food consumed. Two important ele-
ments were considered in the calculation of the water
use metric:

1) Consideration of the domestically produced vs
imported proportion of each foods: The Food and
Agriculture Organization (FAO) data [31] and the
United Nations Comtrade database [32] were used
to identify foods that are produced locally versus
those that are imported. In addition, for imported
foods, we have considered the top two countries by
amount from where a certain food is imported.

2) Use of a water stress-based impact assessment
method: Following step (1), water use was adjusted
for each country using the water stress index (WSI)
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developed by Pfister et al., 2009 [33].WSI is consid-
ered an impact assessment component that allows
accounting for crop production in water stressed
areas.

In light of these two aforementioned considerations,
the water use metric estimation in this study was ad-
justed using the below formula:

Water use adjustedð Þ ¼ Water use�%produced� WSILebanonð Þ þ
Water Use�%importedTotal�%importedCountry1� WSICountry1ð Þ þ
Water Use�%importedTotal�%importedCountry2� WSICountry2ð Þ

GHGs
The GHG metric was calculated in kg CO2 eq/kg food
consumed. Most LCAs used in this study reported GHG
emissions in terms of CO2 eq. However, a few LCAs re-
ported CH4 and N2O separately, in addition to CO2. For
these LCAs, emissions from N2O and CH4 were converted
to kg CO2 eq using the following two equations [34]:

CO2eqN2O ¼ XN2O � GWPN2O

CO2eq CH4 ¼ XCH4 � GWPCH4

where X N2O is the amount of N2O released in kg, XCH4

is the amount of CH4 released in kg, GWP N2O is the
100-year global warming potential of N2O, and GWPCH4

is the 100-year global warming potential of CH4, GWP
N2O = 265, and GWPCH4 = 28 [34].
The total CO2 eq was calculated by adding CO2eq N2O

and CO2eq CH4 to the CO2 emissions. It is important to
note that CH4 emissions from decomposing organic
waste in landfills was not directly considered in this

analysis due to a lack of specific data for each food item.
Fluorinated gases are also not considered as their contri-
butions to the accumulated GHGs of food products may
be considered negligible [35].

Energy use
In this paper, ‘energy use’ referred to industrial energy
consumption while ‘energy intake’ referred to human en-
ergy consumption. Energy use was estimated in MJ/kg
food consumed. For all foods considered in this study,
energy values and GHG emissions were sourced
separately.

Statistical analysis
Socio-demographic characteristics of the study popula-
tion were described using proportions. For each food
item listed in the FFQ, the EFPs metrics corresponding
to each participant’s dietary intake was estimated using
the below formula:

Xn

i¼1

consumedi � impacti

where n is the food item number, consumedi is the
amount of food consumed in kg- as obtained from the
FFQ, and impacti is the EFPs per unit kg consumed for
each food. The EFPs per unit Kg of food item are pre-
sented in Additional file 1. For example, the ‘rice and
rice products’ food item is estimated to have a GHG im-
pact of 2.05 kg CO2eq / kgconsumed. Therefore, if a survey
participant consumed an average of one serving of rice
(75 g) per day, then rice would contribute 0.15 kg CO2eq

to the overall GHG footprint of the diet of this partici-
pant. Accordingly, for each of the 61 food items, study
participants had estimated metrics for the 3 EFPs that

Table 1 Food items/groups constituting the dietary patterns prevalent in the study populationab

Western Lebanese-Mediterranean High-Protein

Pizza, pies and refined grains (0.63) Fruits (0.64) Poultry (0.69)

Fast food sandwiches(0.57) Legumes (0.56) Meat (0.63)

Sweets (0.53) Whole dairy products (0.53) Fish (0.59)

Regular soda (0.51) Olives (0.47) Low fat dairy
products (0.55)

Mayonnaise (0.45) Vegetables (0.45) Hot drinks (0.35)

Nuts and Seeds (0.43) Burghol (whole wheat parboiled
and crushed) (0.34)

Breakfast cereals (0.22)

Eggs(0.4) Dried fruits (0.29) Light soda (0.22)

Fats and oils(0.37) Traditional suits (0.25)

Ice cream(0.31)

Bottled fruit juices(0.23)

Alcoholic beverages (0.21)
aFactor loading of the various food groups/items are presented in ()
bThe dietary patterns and the food items-and their factor loading- making up these patterns were taken from data of Matta et al. (2016) [21]
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corresponded to their dietary intake (Additional file 1).
The Means ± SD of EFP metrics for water use, energy
use and GHGS were calculated for the overall dietary in-
take in the study population. In addition the EFPs of
each of the three patterns were calculated by adding the
EFPs of the food groups making up these patterns. To
adjust for dietary energy intake, the EFPs for the various
dietary patterns were also reported per 1000 Kcal and
were compared using repeated measure ANOVA. The
effects of adherence to any of the dietary patterns on the
odds of having a high EFPs were estimated using mul-
tiple logistic regression models. For each dietary pattern,
three separate regression models were built, each model
corresponding to one of the three EFP metrics consid-
ered in this study. In each of these models, the inde-
pendent variable was the score of one of the dietary
patterns and the dependent variable was high EFPs. The
latter was defined as belonging to the top 20% of the re-
spective EFPs. These models were adjusted for age, sex
and energy intake.

Results
Table 2 describes the characterstics of the study popual-
tion, in terms of sociodemographic, lifestyle and dietary
intake. Over 60% of the study population had a crowding
index greater than 1 and were married. As for education,
34% of the study sample had a university level. Mean
dietary energy intake was 2638.87 ± 1231.08 Kcal, with
carbohydrates, proteins and fats contributing 49.06%,
15.71% and 36.48% respectively. (Table 2).
Table 3 presents the EFP of dietary intake in the study

sample, as a total and by dietary pattern. Overall dietary
intake of survey participants has the following EFPs
(mean ± SD): Water use: 2571.62 ± 1259.45 L/day; Energy
use: 37.34 ± 19.98 MJ/day GHG: 4.06 ± 1.93 kg CO2eq/day.
After adjustment for energy (/1000 Kcal), for both water

use and GHGs, the Lebanese-Mediterranean pattern had
the lowest EFP (p < 0.05), while no significant difference
was noted between the Western and the High-Protein pat-
terns. For energy use, the highest EFP was that of the
Western diet, followed by the Lebanese-Mediterranean
diet and the High-Protein, with significant differences be-
tween these patterns at p <0.05. (Table 3).
Table 4 shows the results of the multiple logistic re-

gression of the effect of adherence to each of the dietary
patterns on the odds of high EFPs, controlling for age,
sex and dietary energy intake. For water use, adherence
to both the Western pattern and High-Protein dietary
patterns was associated with higher odds of having a
high water use footprint, while no association was noted
with the Lebanese-Mediterranean dietary pattern. The
magnitude of the association between a high EFP of
water use with the Western dietary pattern was higher
than that with the High-Protein dietary pattern (OR:

2.56 and OR 1.93 respectively). As for energy use, while
the High-Protein dietary pattern was associated with
higher odds of having high EFP for this metric (OR:
1.90, 95% CI: 1.00–4.00), a Lebanese-Mediterranean
dietary pattern was associated with significantly lower
odds (OR: 0.95, 95%CI: 0.92–0.98). For GHG, the
High-Protein dietary pattern was significantly associated
with having a high EFP for this metric (OR: 3.22, 95%CI:
1.96–5.28). (Table 4).
Table 5 presents the percent contributions of various

food or food groups to the 3 EFPs of each of the dietary
patterns. The total EFPs of each pattern was based on

Table 2 Characteristics of the study population (n = 337)a

Study population
(n = 337)

Demographic characteristics

Age (years)

18–30 111(32.9)

31–40 103(30.6)

≥ 41 123(36.5)

Sex

Males 168 (49.8)

Females 169 (50.2)

Social and lifestyle characteristics

Crowding index

< 1 122(36.4)

≥ 1 213(63.6)

p-value

Marital status

Single 129(38.3)

Married 208(61.7)

Education

Up to High school 231(68.5)

University level 106(31.5)

Smoking

No 231(68.5)

Yes 106(31.5)

Physical activity level

Low 122(36.2)

moderate 68(20.2)

High 147(43.6)

Dietary intake characteristics

Energy intake (Kcal) 2638.87 ± 1231.08

Carbohydrates (% of total energy) 49.06 ± 7.03

Proteins (% of total energy) 15.71 ± 2.90

Fats (% of total energy) 36.48 ± 6.90
aValues in this table represent n(%) and mean ± SD for categorical and
continuous variables respectively
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the sum of EFPs of food groups making up this pattern.
Within the Western pattern, the highest contributor to all
EFPs was ‘All grains’ (water use: 22.67%; energy use: 32.80%
and GHGs: 29.22%). For the Lebanese-Mediterranean diet-
ary pattern, compared to other food/food groups making up
this pattern, whole dairy products had the highest percent-
age contribution to water use (43.01%). ‘Vegetables’ contrib-
uted most to energy use (60.12%) and GHG (50.75%) of this
pattern. Within the High-Protein pattern, the highest con-
tributor to all three EFPs was ‘Meat’ (water use: 69.30%,
energy use: 50.87% and GHG: 73.08%). (Table 5).

Discussion
The results revealed comparable levels of water use, energy
use, and GHG emission for food consumption of Lebanese
adults to estimates of other countries. Furthermore, compar-
ing dietary patterns, the Lebanese- Mediterranean diet had
the lowest EFPs for water use and GHGs. In terms of associ-
ations between adherence (higher scores) to various dietary
patterns and having a high EFP (belonging to the top 20% of
the population), the results of this study suggested that ad-
herence to either the Western or the High-Protein led to an
increase in the odds for water use, the High-Protein pattern
was also associated with higher odds for energy use and
GHGs, while the Lebanese-Mediterranean was associated
with lower odds for energy use.
For comparison purposes of the EFP of the Lebanese

food consumption to other countries, the EFPs were cal-
culated based on an intake of 2500 kcal/person. For water
use, in this study, the average per-person water use
(2451 L/day) was slightly lower than the global average
(2799 L/day [36] and similar to estimates obtained for
Finland (2377 L/day) [37]. Water use of food consumption

in the United States and Italy had higher estimates
(3998 L/day and 3469 L/day, respectively) [37]. Though
within range, the water use estimated for average food
consumption in Lebanon ought to be taken into consider-
ation especially in view of the scarcity of natural resources.
Lebanon together with other countries of the MENA re-
gion are among the most water stressed areas of the
world, whereby the water availability per person is more
than six times below the global average (1383 m3 to
8462 m3) [38]. The within-range estimate for water use as-
sociated with food consumption in this study coupled with
water scarcity in the country is alarming in view of the
high water cost of agricultural production, especially that
the forecasted climate change is expected to further re-
duce rainfall by 6–8%, snow cover by 40%, and prolong
drought periods for every 1 °C of temperature rise [39].
Regarding energy, the estimate obtained in this study
(35 MJ/day) is higher than that of the United States
(28 MJ/day) [40], this finding is alarming especially that
Lebanon relies almost solely on imported energy, whether
in the form of gas or oil, while its average citizen con-
sumes greater kWh as compared to global estimate (3563
kWh in Lebanon vs 3030 kWh per person globally) [41].
As for GHGs associated with food consumption in
Lebanon, the results of the study revealed an estimate (3.9
Kg CO2 eq/day) that is similar to other Mediterranean
countries such as Greece (3.6 Kg CO2 eq/day) [42] and to
the United States (3.56 Kg CO2 eq/day) [43] and lower
than estimates reported in France (4.8 Kg CO2 eq/day)
[44]. Such differences could be explained by variations in
processes of agricultural practices/food production [45, 46]
or composition of food consumption. Regarding the latter,
Mediterranean countries tend to consume lower meat and

Table 3 Environmental Footprints of dietary intake in the study sample: Total and by dietary pattern §

Total Western Lebanese-Mediterranean High-Protein

Water use (L / day) 2571.62 ± 1259.45 1231.02 ± 937.23a 602.06 ± 330.70b 653.87 ± 452.92b

Water use (L/day) per 1000 Kcal 951.68 ± 216.26 443.61 ± 197.15a 243.35 ± 112.0b 264.72 ± 161.67a

Energy use (MJ / day) 37.34 ± 19.98 20.53 ± 17.50a 10.82 ± 6.27b 5.00 ± 4.41c

Energy use (MJ / day)/1000 Kcal 14.25 ± 5.76 7.55 ± 4.85a 4.60 ± 2.87b 2.09 ± 1.84c

GHG (KG CO2 eq/day) 4.06 ± 1.93 1.58 ± 1.23a 0.90 ± 0.56b 1.40 ± 0.99c

GHG (KG CO2 eq/day)/1000 Kcal 1.53 ± 0.51 0.58 ± 0.32a 0.38 ± 0.24b 0.57 ± 0.37a

§Values with different superscripts are significantly different at p < 0.05
Values with different superscripts (a, b) are significantly different

Table 4 Multiple logistic regression for the association between dietary patterns and the odds of high EFPs scores in the study
population (n = 377) ab

Dietary patterns Water use (L / day) Energy use (MJ / day) GHG (kg CO2 eq / day)

Western 2.56 (1.13–5.18) 0.96 (0.93–1.00) 1.32 (0.62–2.81)

Lebanese-Mediterranean 1.01 (0.97–1.04) 0.95 (0.92–0.98) 1.26 (0.86–1.85)

High-Protein 1.93 (1.26–2.96) 1.90 (1.00–4.00) 3.22 (1.96–5.28)
aHigh environmental foot print is defined as belonging to the top 20% of each footprint
bThe logistic regression models were adjusted for age, sex, and energy intake
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meat products (main contributors to GHGs) as compared
to Europe and the Unites States [47]. Despite the lower
GHGs associated with food consumption in some Mediter-
ranean countries (including Lebanon) as compared to
Western countries, the recent review of the link between
global diets, environmental sustainability and health sug-
gested that adherence to a typical Mediterranean diet results
in even lower estimate for GHGs (2.6 Kg CO2 eq/day), lend-
ing evidence for future research for dietary intake recom-
mendations to lower the GHG associated in Mediterranean
countries. Such research ought to consider the evaluation
and implementation of dietary recommendation within the
tightly linked diet–environment–health trilemma [48].
In this study, the results indicated that the Lebanese-Me-

diterranean dietary pattern had the lowest levels of water
use and GHG emissions, as compared to the Western and

the High-Protein patterns. The lower EFPs of the
Lebanese-Mediterranean diet were also observed for other
traditional diets in Japan [49], South Asia [50] and among
indigenous people in Italy [51]. This finding is also in line
with those of a previous investigation of the EFPs of dietary
patterns in Spain which showed that adherence to a West-
ern dietary pattern led to a significant increase in GHG,
agricultural land use, energy as well as water consumption,
while adherence to the Mediterranean diet reduced the im-
pact on all EFPs metrics considered in that study [52]. Fur-
thermore, a recent systematic review of studies examining
dietary patterns and their environmental sustainability con-
cluded that adherence to Mediterranean style diets has a
less negative impact on the environment than current aver-
age dietary intakes in the United States [12]. In fact, within
the definition of sustainable diets, the FAO and Biodiversity

Table 5 Percentage contribution (mean ± SD) of food/food groups to EFP metric of the dietary patterns

Dietary patterns Water use
(L / day)

Energy use
(MJ / day)

GHG
(kg CO2eq / day)

Western

Pizza, pies and refined grains 25.88 ± 14.39 5.88 ± 5.39 4.11 ± 3.87

Fast food sandwiches 11.59 ± 10.98 5.06 ± 6.25 21.62 ± 18.02

Sweets 14.67 ± 14.64 6.89 ± 7.36 5.75 ± 5.97

Regular Soda 8.26 ± 11.26 10.68 ± 14.03 4.81 ± 7.24

Mayonnaise 0.39 ± 0.82 0.34 ± 0.75 0.37 ± 0.85

Nuts and seeds 10.83 ± 13.36 0.93 ± 2.18 0.96 ± 2.02

Eggs 4.84 ± 7.66 1.47 ± 4.71 5.42 ± 7.91

Fats and oils 9.62 ± 8.01 12.24 ± 9.18 6.97 ± 6.35

Ice cream 0.32 ± 0.44 1.32 ± 1.79 1.98 ± 2.67

Bottled fruit juices 13.18 ± 17.30 21.31 ± 24.43 16.37 ± 20.40

Alcohol beverages 0.43 ± 2.23 1.08 ± 3.58 2.43 ± 6.90

Lebanese-Mediterranean

Fruits 20.69 ± 14.09 10.62 ± 9.19 10.23 ± 8.73

Legumes 13.11 ± 9.59 0.81 ± 0.93 6.90 ± 6.39

Whole dairy products 43.01 ± 19.05 21.04 ± 18.73 22.02 ± 20.32

Olives 8.39 ± 11.33 3.27 ± 5.79 6.55 ± 10.04

Vegetables 10.29 ± 7.68 60.12 ± 20.49 50.75 ± 21.08

Burghol (whole wheat parboiled and crushed) 2.13 ± 4.42 3.18 ± 5.01 2.16 ± 3.81

Dried fruits 0.29 ± 1.06 0.36 ± 1.27 0.33 ± 1.19

Traditional sweets 2.09 ± 2.89 0.60 ± 0.92 1.07 ± 1.55

High-Protein

Poultry 19.21 ± 14.27 18.21 ± 12.48 14.98 ± 12.44

Meat 69.30 ± 21.29 50.87 ± 22.73 73.08 ± 20.79

Fish 3.22 ± 7.76 19.50 ± 17.89 6.86 ± 11.06

Low fat dairy products 4.88 ± 12.31 6.02 ± 16.59 3.56 ± 11.58

Hot drinks 0.55 ± 2.17 0.03 ± 0.10 0.01 ± 0.03

Breakfast cereals 0.38 ± 5.45 0.56 ± 5.52 0.35 ± 5.45

Light Soda 2.47 ± 8.86 4.80 ± 14.15 1.16 ± 6.23
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International in collaboration with other organizations ac-
knowledged the Mediterranean diet as an example of sus-
tainable diets with four main themes which related not only
to health and wellbeing, but also to environment and sus-
tainability, economy as well as well as culture [53, 54]. It is
important to note that the Lebanese-Mediterranean shares
many characteristics of the Mediterranean diet including
high consumption of fruits, vegetables, and olive oil and ol-
ives. Hence the Lebanese- Mediterranean was previously
proposed as a variant of the Mediterranean diet from the
eastern side of the Mediterranean basin [26]. Similar to the
other Mediterranean and traditional diets, the lower EFPs
of the Lebanese-Mediterranean diet observed in this study
could be due to the fact that limited intake of animal food
and higher consumption of plant foods (vegetables, cereals
and legumes), which are characteristics of this diet, have
lower GHG emissions [55, 56]. The present study’s findings
that the Lebanese-Mediterranean diet had lowest water and
GHGs footprints, while the Western dietary pattern had
high EFPs are of particular concern as the country is under-
going nutrition transition towards a more westernized diet-
ary consumption. The ongoing nutrition transition would
lead to intensification in EFPs and potentially impacting the
available natural resources in a region facing significant
water scarcity, climate, and landscape and ecosystems
threats [53].
When the associations between the various patterns and

EFPs were investigated, the results showed a direct associ-
ation between a higher adherence with the High-Protein
pattern and all three EFPs considered in this study. This
finding echoes previous reports documenting that the
consumption of animal-based food groups has the highest
impact on the environment, including water use, energy
use and GHGs [48].
In this study, the EFPs of dietary patterns were further

characterized whereby the main contributors, in terms of
foods and food groups, to the EFPs within these patterns
were identified. Within the Western pattern, grains, fast
food sandwiches and bottled juices contributed most to
EFPs. The Fast food sandwiches of the Western pattern
were composed of processed meat-based fillings, such as
‘Chawarma’ and hamburger. In many countries, red meat
was identified as the greatest contributor to diet-related as
well as overall agricultural GHG emissions [57–62]. In ac-
cordance with the results of this study, Hendrie et al.
(2014) showed that red meat and non-core foods (which in-
cluded processed meats, hot drinks and other energy-dense
food items) in the Average Australian Diet accounted for
the greatest contribution to GHG emissions [63]. The high
contribution of bottled fruit juices to water use in the
Western pattern, is in agreement with the reportedly high
water footprint of apple and orange juice (200–230 L of
water/200 ml glass or 1020–1140 L of water/L of juice)
[64]. Interestingly in the Western pattern grains

contributed most to the EFPs of this pattern. Although in
general, grains are reported to be low on environmental im-
pact [65], however, their high consumption by Lebanese
adults led to their large contribution to the EFPs of this pat-
tern. Within the Lebanese-Mediterranean pattern, dairy
products alone contributed over 40% of the total water use
of this pattern, 21% of energy use and 22% of its GHGs.
Though not a common element of the Mediterranean diets,
dairy products were part of the Lebanese-Mediterranean
pattern. Lebanon, as well as other countries of the Levant
including Syria and Jordan, traditionally consumes large
quantities of dairy products, which are typically consumed
as fermented milk products such as yogurt, strained yogurt
(labneh) and white cheese in brine [66]. This finding is in
line with other studies which showed that dairy products,
principal sources of animal protein in some Mediterranean
diets, presented high environmental footprints possibly due
to the low consumption of meat and meat products in gen-
eral in these diets [52, 67]. It is noteworthy that the vegeta-
bles group contributed to 60% of energy use and 51% of
GHG in this pattern. These results could be explained by
1) the relatively high consumption of vegetables within
the Lebanese diet and 2) the fact that production of vege-
tables requires more energy and GHGs than grains and
fruits [48, 68]. In light of these findings, it appears sensible
to recommend limiting dairy and increasing fruit con-
sumption within the Lebanese-Mediterranean pattern.
However future studies are needed to examine such rec-
ommendations taking into consideration the nexus of
water, food, energy, as well as health. Policies focusing on
one dimension of this nexus ignore the potential tradeoffs
among the different impacts and may inadvertently strain
resources [10]. For the High-Protein pattern, meat and
poultry has the highest contribution to the EFPs of this
pattern. As indicated earlier in this section, most research
investigating the EFP of food consumption concluded that
animal-based food groups, including meat and poultry
pose the highest burden on the environment, including
high water use, energy use and GHGs [48].
The strength of this study lies in it being the first in

the MENA to examine EFPs of food consumption and
dietary patterns and as such it could constitute a model
for other countries in the region to emulate. The find-
ings of this study ought to be considered in light of a
few limitations. First, in the context of this study, met-
rics derived through the use of LCAs are to be inter-
preted with caution. LCAs allow for measuring the
ecological footprint of each food or food category
throughout its life cycle, which typically includes agricul-
tural production and processing [12]. However most of
the LCAs are conducted in high income countries with
very few based in middle or low income countries. In
this study, effort was exerted to use local and regional
LCAs. If not available, LCAs from high income countries
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with similar climate and environmental conditions were
used. Second, although this study addressed three EFPs,
other elements of environmental sustainability such as
soil erosion, biodiversity, pollution, farm management
and ecosystem services were not considered in this
study. It is important to note that the lack of a detailed
inventory of agricultural and production practices in
Lebanon and other countries of the region limit the
feasibility of a comprehensive assessment of environ-
mental footprints of food consumption.

Conclusion
The findings of this study showed that, among Lebanese
adults, food consumption in general and the Lebanes
e-Mediterranean dietary pattern had the lowest estimates
for water and GHGs footprints, while the Western and
High- Protein patterns had higher EFPs. Coupled to our
earlier findings of the Lebanese-Mediterranean pattern’s
beneficial effects on health and the Western pattern’s dele-
terious effects on health, the findings of this study lend
evidence for the notion that what is healthy for people
may also be healthy for ecosystems. These EFPs estimates
associated with food consumption patterns in the country
could be used to inform policies vis-a-vis agricultural pro-
duction, type of production, food imports, subsidies and
recommendations for sustainable food consumption. This
study is a first step towards the formulation of sustainable
diets for the Lebanese population. Further studies are
needed to examine the nutrition value, quantity and qual-
ity of the food items comprising the identified patterns in
order to achieve this goal and help countries address the
SDGs.

Abbreviations
CH4: Methane; CI: Crowding index; CO2eq: Carbon dioxide equivalent;
EFP: Environmental Footprints; FFQ: Food Frequency Questionnaire;
GHG: Greenhouse Gas; GWPCH4: Global warming potential of methane;
GWPN2O: Global warming potential of nitrous oxide; ha: Hectar; LCA: Life
cycle analysis; MENA: Middle East and North Africa Region; MJ: Mega Joules;
N2O: Nitrous oxide; NCD: Non-Communicable Diseases; NRI: Natural
Resources Inventory; SDG: Sustainable Development Goals; t: Metric Ton;
UNEP: United Nations Environment Program; WHO: World Health
Organization

Funding
This research did not receive any specific grant from external funding
agencies in the public, commercial or not-for-profit sectors. Internal funding
from the American University of Beirut supported the data analysis included
in this research.

Authors’ contributions
FN led the write-up of the manuscript and supervised data analysis and in-
terpretation; LJ, contributed to the interpretation of the results and the write
up of the manuscript; LI was responsible for the statistical analysis of dietary
data. JZ was responsible for the derivation of the EFPs metrics. AS contrib-

uted to the analysis of dietary data; NH was responsible for the
conceptualization of the study objectives, provided valuable input for data
interpretation and has critically reviewed the manuscript. All authors have
approved the final article.

Competing interests
The authors declare that they have no competing interests.

Author details
1Nutrition and Food Sciences Department, Faculty of Agriculture and Food
Sciences, American University of Beirut, PO Box 11-0236, Riad El Solh, Beirut
11072020, Lebanon. 2Department of Nutrition & Dietetics, Faculty of Health
Sciences, Beirut Arab University, PO Box 11-5020, Riad El Solh, Beirut
11072809, Lebanon. 3Department of Epidemiology and Population Health,
Faculty of Health Sciences, American University of Beirut, PO Box 11-0236,
Riad El Solh, Beirut 11072020, Lebanon. 4Futura Food LLC, 113 Creekside
Drive, State College, PA 16801, USA.

References
1. Mehio Sibai A, Nasreddine L, Mokdad AH, Adra N, Tabet M, Hwalla N.

Nutrition transition and cardiovascular disease risk factors in Middle East
and North Africa countries: reviewing the evidence. Ann Nutr Metab. 2010;
57:193–203.

2. Hwalla N, Bahn R and El Labban S, “Sustainable food consumption in Arab
countries” 2015, https://pdfs.semanticscholar.org/99a7/
57dc14fadc9d9e23955e04ef610e9cd5b5c6.pdf. Accessed May 4 2017.

3. Afshin A, Micha R, Khatibzadeh S, Fahimi S, Shi P, Powles J, et al. The impact
of dietary habits and metabolic risk factors on cardiovascular and diabetes
mortality in countries of the Middle East and North Africa in 2010: a
comparative risk assessment analysis. BMJ Open. 2015;5(5):e006385.

4. Bach-Faig A, Berry EM, Lairon D, Reguant J, Trichopoulou A, Dernini S, et al.
Mediterranean diet pyramid today. Science and cultural updates. Public
Health Nutr. 2011;14(12A):2274–84.

5. Fischer CG and Garnett T, “Plates, pyramids, planet: developments in national
healthy and sustainable dietary guidelines: a state of play assessment” 2016,
http://www.fao.org/3/a-i5640e.pdf. Accessed 23 Apr 2017.

6. United Nations Development Programme (UNDP), "Sustainable
Development Goals," 2016, http://www.undp.org/content/undp/en/home/
sustainable-development-goals/. Accessed 21 Apr 2017.

7. Meybeck A, Gitz V. Sustainable diets within sustainable food systems. Proc
Nutr Soc. 2017;76(1):1–11. https://doi.org/10.1017/S0029665116000653.
PubMed PMID:28195528.

8. Food and Agriculture Organization of the United Nations(FAO), "Sustainable diets
and biodiversity: directions and solutions for policy, research and action.," 2012,
http://www.fao.org/docrep/016/i3004e/i3004e.pdf. Accessed 21 Apr 2017.

9. United Nations Environment Programme (UNEP), "Sustainable
Development Goals (SDGs)," 2016, http://www.un.org/
sustainabledevelopment/. Accessed 18 Apr 2017.

10. Gephart JA, Davis KF, Emery KA, Leach AM, Galloway JN, Pace ML. The
environmental cost of subsistence: optimizing diets to minimize footprints.
Sci Total Environ. 2016;553:120–7.

11. Johnston JL, Fanzo JC, Cogill B. Understanding sustainable diets: a
descriptive analysis of the determinants and processes that influence diets
and their impact on health, food security, and environmental sustainability.
Adv Nutr. 2014;5(4):418–29.

12. Nelson ME, Hamm MW, Hu FB, Abrams SA, Griffin TS. Alignment of healthy
dietary patterns and environmental sustainability: a systematic review. Adv
Nutr. 2016;7(6):1005–25.

13. Jones AD, Hoey L, Blesh J, Miller L, Green A, Shapiro LF. A systematic review
of the measurement of sustainable diets. Adv Nutr. 2016;7(4):641–64.

14. Nasreddine L, Naja F, Sibai A-M, Helou K, Adra N, Hwalla N. Trends in
nutritional intakes and nutrition-related cardiovascular disease risk factors in
Lebanon : the need for immediate action. J Med Liban. 2014;62(2):83–91.

74 Dietary Patterns and Health: A Nutrition Science Approach

https://doi.org/10.1186/s12937-018-0393-3
https://doi.org/10.1186/s12937-018-0393-3
https://pdfs.semanticscholar.org/99a7/57dc14fadc9d9e23955e04ef610e9cd5b5c6.pdf
https://pdfs.semanticscholar.org/99a7/57dc14fadc9d9e23955e04ef610e9cd5b5c6.pdf
http://www.fao.org/3/a-i5640e.pdf
http://www.undp.org/content/undp/en/home/sustainable-development-goals/
http://www.undp.org/content/undp/en/home/sustainable-development-goals/
https://doi.org/10.1017/S0029665116000653
http://www.fao.org/docrep/016/i3004e/i3004e.pdf


15. Naja F, Hwalla N, Itani L, Karam S, Sibai AM, Nasreddine L. A Western
dietary pattern is associated with overweight and obesity in a national
sample of Lebanese adolescents (13–19 years): a cross-sectional study.
Br J Nutr. 2015;114(11):1909–19.

16. Nasreddine L, Naja F, Sibai A-M, Hwalla N, Itani L, Dimassi H. Dietary
patterns in cardiovascular diseases prevention and management: review of
the evidence and recommendations for primary care physicians in Lebanon.
J Med Liban. 2014;62(2):92–9.

17. Naja F, Hwalla N, Itani L, Salem M, Azar ST, Zeidan MN, et al. Dietary
patterns and odds of type 2 diabetes in Beirut, Lebanon: a case–control
study. Nutr Metab. 2012;9(1):111.

18. Naja F, Nasreddine L, Itani L, Chamieh MC, Adra N, Sibai AM, et al. Dietary
patterns and their association with obesity and sociodemographic factors in
a national sample of Lebanese adults. Public Health Nutr. 2011;14(9):1570.

19. Naja F, Nasreddine L, Itani L, Adra N, Sibai A, Hwalla N. Association between
dietary patterns and the risk of metabolic syndrome among Lebanese
adults. Eur J Clin Nutr. 2013;52(1):97–105.

20. Bonita R, De Courten M, Dwyer T, Jamrozik K and Winkelmann R,
"Surveillance of risk factors for noncommunicable diseases: the WHO
STEPwise approach: summary," 2001, http://www.who.int/ncd_surveillance/
media/en/269.pdf. Accessed April 17 2017.

21. Matta J, Nasreddine L, Jomaa L, Hwalla N, Mehio Sibai A, Czernichow S, et
al. Metabolically healthy overweight and obesity is associated with higher
adherence to a traditional dietary pattern: a cross-sectional study among
adults in Lebanon. Nutrients. 2016;8(7):432.

22. Rahmouni K, Correia ML, Haynes WG, Mark AL. Obesity-associated
hypertension. Hypertension. 2005;45(1):9–14.

23. Jomaa L, Hwalla N, Itani L, Chamieh MC, Mehio-Sibai A, Naja F. A Lebanese
dietary pattern promotes better diet quality among older adults: findings
from a national cross-sectional study. BMC Geriatr. 2016;16(1):85.

24. "INTERNATIONAL PHYSICAL ACTIVITY QUESTIONNAIRES (IPAQ)," http://www.
sdp.univ.fvg.it/sites/default/files/IPAQ_English_self-admin_short.pdf.
Accessed 30 July, 2018.

25. Scientific Applications International Corporation (SAIC), Curran MA. Life-cycle
assessment: principles and practice. Cincinnati: National Risk Management
Research Laboratory, Office of Research and Development, US
Environmental Protection Agency. 2006. pp. 1–80.

26. Naja F, Hwalla N, Itani L, Baalbaki S, Sibai A, Nasreddine L. A novel
Mediterranean diet index from Lebanon: comparison with Europe. Eur J Clin
Nutr. 2015;54(8):1229–43.

27. DiStefano C, Zhu M, Mindrila D. Understanding and using factor scores:
considerations for the applied researcher. Pract Assess Res Eval. 2009;14(20):1–11.

28. Finkbeiner M, Inaba A, Tan R, Christiansen K, Klüppel H-J. The new
international standards for life cycle assessment: ISO 14040 and ISO 14044.
Int J Life Cycle Assess. 2006;11(2):80–5.

29. Weidema B, Wenzel H, Petersen C, Hansen K. The product, functional unit
and reference flows in LCA. Environmental News. 2004;70:1–46.

30. Tyrrell H, Reid J. Prediction of the energy value of Cow's Milk1, 2. J
Dairy Sci. 1965;48(9):1215–23.

31. Food and Agriculture Organization of the United Nations (FAO), "FAOSTAT,"
2017, http://www.fao.org/faostat/en/#data. Accessed Apr 27 2017.

32. United Nations, "UN Comtrade database," 2014-2017, https://comtrade.un.
org/. Accessed 26 Apr 2017.

33. Pfister S, Koehler A, Hellweg S. Assessing the environmental impacts of freshwater
consumption in LCA. Environmental science & technology. 2009;43(11):4098–104.

34. Forster P, Ramaswamy V, Artaxo P, Berntsen T, Betts R, Fahey DW, et al.,
Changes in atmospheric constituents and in radiative forcing. Chapter 2, in
Climate change 2007. The physical science basis. 2007.

35. U.S. Energy Information Administration, "Carbon Dioxide Emission
Estimates," 2016, https://www.eia.gov/environment/emissions/co2_vol_
mass.cfm. Accessed March 15.

36. Jalava M, Kummu M, Porkka M, Siebert S, Varis O. Diet change—a solution
to reduce water use? Environ Res Lett. 2014;9(7):074016.

37. Capone R, Iannetta M, El Bilali H, Colonna N, Debs P, Dernini S, et al. A
preliminary assessment of the environmental sustainability of the current
Italian dietary pattern: water footprint related to food consumption. J Food
Nutr Res. 2013;1(4):59–67.

38. Jemmali H, Sullivan CA. Multidimensional analysis of water poverty in MENA
region: an empirical comparison with physical indicators. Soc Indic Res.
2014;115(1):253–77.

39. MoE/UNDP, "Impacts of Climate Change on Water," 2014, http://
climatechange.moe.gov.lb/water. Accessed April 25.

40. Alexandrou A, Tenbergen K, Adhikari D. Energy balance of a typical US diet.
Foods. 2013;2(2):132–42.

41. International Energy Agency, "Lebanon: Indicators for 2014," 2017, http://
www.iea.org/statistics/?country=LEBANON&year=2014&category=
Key%20indicators&indicator=TPESbySource&mode=chart&categoryBrowse=
true&dataTable=BALANCES&showDataTable=false. Accessed 25 Apr 2017.

42. Abeliotis K, Costarelli V, Anagnostopoulos K. The effect of different types of
diet on greenhouse gas emissions in Greece. International Journal on Food
System Dynamics. 2016;7(1):36–49.

43. Heller MC, Keoleian GA. Greenhouse gas emission estimates of US dietary
choices and food loss. J Ind Ecol. 2015;19(3):391–401.

44. Vieux F, Darmon N, Touazi D, Soler LG. Greenhouse gas emissions of self-
selected individual diets in France: changing the diet structure or
consuming less? Ecol Econ. 2012;75:91–101.

45. Hoekstra AY and Chapagain AK, Water footprints of nations: water use by
people as a function of their consumption pattern, in Integrated assessment
of water resources and global change. 2006, .Springer. p. 35–48.

46. Smith P, Martino D, Cai Z, Gwary D, Janzen H, Kumar P, et al. Contribution of
working group III to the fourth assessment report of the intergovernmental
panel on climate change. Cambridge: Cambridge University Press; 2007.

47. Donini LM, Dernini S, Lairon D, Serra-Majem L, Amiot M-J, del Balzo V, et al.
A consensus proposal for nutritional indicators to assess the sustainability of
a healthy diet: the mediterranean diet as a case study. Front Nutr. 2016;3.

48. Tilman D, Clark M. Global diets link environmental sustainability and human
health. Nature. 2014;515(7528):518–22.

49. Gabriel AS, Ninomiya K, Uneyama H. The role of the Japanese
traditional diet in healthy and sustainable dietary patterns around the
world. Nutrients. 2018;10(2):173.

50. Rasul G. Managing the food, water, and energy nexus for achieving the sustainable
development goals in South Asia. Environmental Development. 2016;18:14–25.

51. Kuhnlein HV. Food system sustainability for health and well-being of
indigenous peoples. Public Health Nutr. 2015;18(13):2415–24.

52. Sáez-Almendros S, Obrador B, Bach-Faig A, Serra-Majem L. Environmental
footprints of Mediterranean versus Western dietary patterns: beyond the
health benefits of the Mediterranean diet. Environ Health. 2013;12(1):118.

53. FAO/CIHEAM. Towards the Development of Guidelines for Improving the
Sustainability of Diets and Food Consumption Patterns in the
Mediterranean Area.Available: http://www.fao.org/docrep/016/ap101e/
ap101e.pdf. Accessed 25 April 2017.

54. Dernini S, Meybeck A, Burlingame B, Gitz V, Lacirignola C, Debs P, et al.
Developing a methodological approach for assessing the sustainability of
diets: the Mediterranean diet as a case study. New Medit. 2013;12(3):28–36.

55. Carlsson-Kanyama A, González AD. Potential contributions of food consumption
patterns to climate change. Am J Clin Nutr. 2009;89(5):1704S–9S.

56. Fara G. Nutrition between sustainability and quality. Ann Ig. 2015;27(5):693–704.
57. Tukker A, Goldbohm RA, De Koning A, Verheijden M, Kleijn R, Wolf O, et al.

Environmental impacts of changes to healthier diets in Europe. Ecol Econ.
2011;70(10):1776–88.

58. Weber CL, Matthews HS. Food-miles and the relative climate impacts of
food choices in the United States. Environ Sci Technol. 2008;42:3508–13.

59. Berners-Lee M, Hoolohan C, Cammack H, Hewitt C. The relative greenhouse
gas impacts of realistic dietary choices. Energy Policy. 2012;43:184–90.

60. Wolf O, Pérez-Domínguez I, Rueda-Cantuche JM, Tukker A, Kleijn R, de
Koning A, et al. Do healthy diets in Europe matter to the environment? A
quantitative analysis. J Policy Model. 2011;33(1):8–28.

61. Kim B, Neff R. Measurement and communication of greenhouse gas
emissions from US food consumption via carbon calculators. Ecol Econ.
2009;69(1):186–96.

62. Scarborough P, Allender S, Clarke D, Wickramasinghe K, Rayner M.
Modelling the health impact of environmentally sustainable dietary
scenarios in the UK. Eur J Clin Nutr. 2012;66(6):710–5.

63. Hendrie GA, Ridoutt BG, Wiedmann TO, Noakes M. Greenhouse gas
emissions and the Australian diet—comparing dietary recommendations
with average intakes. Nutrients. 2014;6(1):289–303.

64. Water Footprint Network, "Product Gallery," n.d, http://waterfootprint.org/
en/resources/interactive-tools/product-gallery/. Accessed April 26 2017.

65. Barilla Center for Food and Nutrition(BCFN). Double Pyramid 2016 – A more
sustainable future depends on us.Available: https://www.barillacfn.com/m/

75Environmental footprints of food consumption and dietary patterns among Lebanese adults

http://www.un.org/sustainabledevelopment/
http://www.un.org/sustainabledevelopment/
http://www.who.int/ncd_surveillance/media/en/269.pdf
http://www.who.int/ncd_surveillance/media/en/269.pdf
http://www.sdp.univ.fvg.it/sites/default/files/IPAQ_English_self-admin_short.pdf
http://www.sdp.univ.fvg.it/sites/default/files/IPAQ_English_self-admin_short.pdf
http://www.fao.org/faostat/en/#data
https://comtrade.un.org/
https://comtrade.un.org/
https://www.eia.gov/environment/emissions/co2_vol_mass.cfm
https://www.eia.gov/environment/emissions/co2_vol_mass.cfm
http://climatechange.moe.gov.lb/water
http://climatechange.moe.gov.lb/water
http://www.iea.org/statistics/?country=LEBANON&year=2014&category=Key%20indicators&indicator=TPESbySource&mode=chart&categoryBrowse=true&dataTable=BALANCES&showDataTable=false
http://www.iea.org/statistics/?country=LEBANON&year=2014&category=Key%20indicators&indicator=TPESbySource&mode=chart&categoryBrowse=true&dataTable=BALANCES&showDataTable=false
http://www.iea.org/statistics/?country=LEBANON&year=2014&category=Key%20indicators&indicator=TPESbySource&mode=chart&categoryBrowse=true&dataTable=BALANCES&showDataTable=false
http://www.iea.org/statistics/?country=LEBANON&year=2014&category=Key%20indicators&indicator=TPESbySource&mode=chart&categoryBrowse=true&dataTable=BALANCES&showDataTable=false
http://www.fao.org/docrep/016/ap101e/ap101e.pdf
http://www.fao.org/docrep/016/ap101e/ap101e.pdf


publications/doublepyramid2016-more-sustainable-future-depends-on-us.
pdf. Accessed April 26 2017.

66. Alqaisi O, Ndambi OA, Uddin MM, Hemme T. Current situation and the
development of the dairy industry in Jordan, Saudi Arabia, and Syria. Trop
Anim Health Prod. 2010;42(6):1063–71.

67. Serra-Majem L. The Mediterranean diet as an example of environmental
sustainability. Omega International. 2016;2(5):1–8.

68. Scarborough P, Appleby PN, Mizdrak A, Briggs AD, Travis RC, Bradbury KE, et
al. Dietary greenhouse gas emissions of meat-eaters, fish-eaters, vegetarians
and vegans in the UK. Clim Chang. 2014;125(2):179–92.

76 Dietary Patterns and Health: A Nutrition Science Approach

http://waterfootprint.org/en/resources/interactive-tools/product-gallery
http://waterfootprint.org/en/resources/interactive-tools/product-gallery
https://www.barillacfn.com/m/publications/doublepyramid2016-more-sustainable-future-depends-on-us.pdf
https://www.barillacfn.com/m/publications/doublepyramid2016-more-sustainable-future-depends-on-us.pdf
https://www.barillacfn.com/m/publications/doublepyramid2016-more-sustainable-future-depends-on-us.pdf


Population-based studies of relationships between 
dietary acidity load, insulin resistance and incident 
diabetes in Danes
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Abstract

Background: It has been suggested that the acidity of the diet may be related to increased risk of type 2 diabetes.
To investigate this hypothesis, we tested if the acidity of the diet, measured as the Potential Renal Acid Load (PRAL)
score, was associated with incident diabetes and diabetes-related intermediary traits.

Methods: A total of 54,651 individuals from the Danish Diet, Cancer and Health (DCH) cohort were included in the
prospective cox regression analyses of incident diabetes over a 15 years follow-up period. Moreover, 5724 Danish
individuals with baseline data from the Inter99 cohort were included in the cross sectional, multivariate and logistic
regression analyses of measures of insulin sensitivity, insulin release and glucose tolerance status derived from an oral
glucose tolerance test (OGTT).

Results: In the DCH cohort a trend analysis showed that quintiles of PRAL score were, after multifactorial adjustment,
associated with a higher incidence of diabetes (ptrend = 6 × 10− 7). HR for incident diabetes was 1.24 (1.14; 1.35) (p = 7 ×
10− 7) between first and fifth PRAL score quintile.
In Inter99 higher PRAL score associated with insulin resistance as estimated by lower BIGTT-Si (an OGTT-derived index
of insulin sensitivity) (p = 4 × 10− 7) and Matsuda index of insulin sensitivity (p = 2 × 10− 5) as well as higher HOMA-IR
(p = 0.001). No association was observed for measures of insulin release, but higher PRAL score was associated
with lower OGTT-based disposition index.

Conclusions: A high dietary acidity load is associated with a higher risk of diabetes among middle-aged Danes.
Although adjustment for BMI attenuated the effect sizes the association remained significant. The increased risk of
diabetes may be related to our finding that a high dietary acidity load associates with impaired insulin sensitivity.

Keywords: Dietary acid load, PRAL, Glucose, Insulin resistance, Disposition index, Type 2 diabetes

Background
Accumulating evidence suggests that a high dietary acid-
ity load results in chronic tissue metabolic acidosis
which, in turn, may contribute to the development of in-
sulin resistance and type 2 diabetes (T2D) [1–5].
Observational studies report that a high dietary acidity

load associates with the risk of developing T2D: an epi-

demiological study of ~ 66,000 middle-aged French
women, including 1372 incident T2D cases, reported a
higher incidence of T2D during 14 years of follow-up in
those study participants with a high dietary acidity load
[6]. Also, in an analysis combining data from three ob-
servational studies of American health professionals with
a total of 15,305 cases of T2D in 4,025,131 person years
of follow-up, the authors reported an increased risk of
T2D with a higher PRAL score [7]. Yet, this finding
could not be reproduced in a Swedish study of 911 eld-
erly men with 115 cases through 18 years of follow-up
[8]. Gender discrepancies have been suggested since a
study of 1191 incident cases of T2D among ~ 65,000
Japanese showed an association with T2D in men only
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during 5 years of follow-up [9]. Finally, higher dietary
acidity load was reported to associate with increased
insulin resistance in a study of 1732 Japanese (> 90%
men) [10].
A widely used approach to estimate dietary acidity

load is the Potential Renal Acid Load (PRAL) score
which is a validated proxy for renal net acid excretion
[11]. Another estimation for the acidity of the diet is the
NEAP score (Net Endogenous Acid Production). Both
estimates seem to reflect a similar risk of incident dia-
betes [6, 7, 9, 10].
The PRAL score is based on dietary intake of protein

and various micronutrients, phosphorus, potassium, cal-
cium and magnesium, and takes into account the ab-
sorption rate of the nutrients in the gut, unlike the
NEAP score, which only operates with potassium and
protein intake [6]. A negative PRAL score reflects an al-
kalizing potential of the diet whereas a positive PRAL
score reflects an acidifying potential of the diet.
The aim of the present study was to substantiate and

elaborate previous findings and test if PRAL score asso-
ciates with impaired glucose tolerance and incident dia-
betes in our study sample of middle-aged people from
the general Danish population. Furthermore, in a cross
sectional study of middle-aged individuals from the
Danish general population, we aimed to test the hypoth-
esis that a higher PRAL score associates with diabetes-
related intermediary traits, including impaired beta-cell
function and insulin resistance, derived from Oral
Glucose Tolerance Tests (OGTT).

Methods
The present study is based on two Danish population-
based cohorts: the Diet, Cancer and Health cohort
(DCH) and the Inter99 cohort (ClinicalTrials.gov ID
no. NCT00289237).

Diet, Cancer and health cohort
During 1993 to 1997, 160,725 Danish men and women
were invited to participate in the DCH cohort; the inclu-
sion criteria being age 50–64 years, living in the greater
Copenhagen and Aarhus areas, born in Denmark and
not registered with a previous cancer diagnosis in the
Danish Cancer Registry. In total, 27,178 men and 29,875
women participated. However, 574 individuals were ex-
cluded due to cancer diagnosis before baseline, leaving
56,479 participants available for analysis.
The present study is based on data from 25,808 men

and 28,843 women after exclusion of patients with
known diabetes at baseline (n = 1371), participants with
incomplete dietary registration (n = 53), participants
with extreme values of self-reported energy intake (<
1000 KJ/day (n = 0) or > 20,000 KJ/day (n = 197)) and
participants with missing values for BMI and lifestyle

characteristics (diet, smoking and physical activity)
(n = 207). Information on incident diabetes during the
15 years of follow-up was obtained from The National
Diabetes Register [12] and dates of death were obtained
from the Danish Civil Registration System. All other in-
formation was collected at baseline. A flowchart is given
in Additional file 1: FigureS1.
In the DCH cohort, diet was monitored at recruitment

by a 192-item FFQ that each participant received by mail
before their visit to the study centre. The FFQ was de-
signed specifically for this study population, aiming to
capture the average intake of different food and beverage
items over the past 12 months before study inclusion.
Daily intakes of foods and nutrients were calculated for
each participant by the software programme FoodCalc
(www.ibt.ku.dk/jesper/foodcalc/). A description of the
development and validation of this FFQ, and a detailed
description of the estimation of the dietary intake of the
population have been published [13–16]. Information on
smoking habits and physical activity was obtained from
questionnaires.

Inter99 cohort
The Inter99 cohort is a non-pharmacological interven-
tion study for the prevention of ischaemic heart disease
[17]. Detailed description of the Inter99 study is given in
the Additional file 1.
The present study is based on data from 2843 men

and 2881 women after exclusion of participants with
incomplete dietary registration (n = 150), participants
with missing data from the OGTT (n = 359) and
participants with extreme values of self-reported en-
ergy intake (< 1000 KJ/day (n = 6) or > 20,000 KJ/day
(n = 93)). Additionally, 19 individuals had fasting
serum C-peptide levels lower than 150 pmol/l and
were, due to suspicion of type 1 diabetes, excluded
from further analyses. Four hundred thirty-three indi-
viduals had missing information on smoking, physical
activity, dietary intake or body mass index (BMI) and
were thus excluded. A flowchart is given in
Additional file 1: FigureS2.
Based on OGTT derived data, participants were char-

acterised as having normal glucose tolerance (NGT)
(n = 4288), impaired fasting glucose (IFG) (n = 474), im-
paired glucose tolerance (IGT) (n = 655) or screen de-
tected, treatment-naive T2D (n = 214) according to the
1999 WHO criteria [18]. Additionally, a self-reported
diabetes diagnosis was reported for 93 participants. In
the present analytical protocol, individuals with com-
bined IFG and IGT are presented together in the IGT
group.
In the multivariate analyses of diabetes-related inter-

mediary traits, participants with self-reported diabetes at
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baseline were excluded (n = 93) leaving 5631 participants
eligible for analysis.
To assess beta cell function we used insulinogenic

index and corrected insulin response as well as dispos-
ition index. To review insulin sensitivity we used
Homeostatic Model Assessment of Insulin Resistance
(HOMA-IR), Matsuda index of insulin sensitivity (ISIMat-

suda) and BIGTT-Si. Calculations of these indices are
given in Additional file 1.
The Inter99 study participants completed, at recruit-

ment, a validated and self-administered food frequency
questionnaire (FFQ) during their visit to the Research
Centre [19]. They were asked to report their dietary in-
take during the month before examination. The FFQ in-
cluded 198 questions on food items and beverages with
additional questions regarding portion sizes of selected
food items. All food items in the FFQ were linked to a
food item in the Danish Food Composition Databank
[20]. A detailed description of the questionnaire and es-
timation of the dietary intake of the population has been
published [19]. Smoking status and physical activities
were obtained from validated questionnaires as reported
[17].

The potential renal acid load (PRAL) score
PRAL score was derived based on the estimated intake
of several nutrients calculated from the FFQ used in In-
ter99 and DCH [6]:

PRAL
mEq
day

� �
¼ 0:49� protein

g
day

� �
þ 0:037

� phosphorus
mg
day

� �
−0:021

� potassium
mg
day

� �
−0:013

� calcium
mg
day

� �
−0:026

�magnesium
mg
day

� �

Statistical analyses
All statistical tests were performed using the R statistical
package (http://cran.r-project.org/, version 3.1.3). A
p-value of < 0.05 was considered statistically significant.
In the DCH cohort, Cox proportional hazards regres-

sion models with age as the time scale were used to
estimate hazard ratios (HRs) of incident diabetes. Partic-
ipants were censored at their date of death or emigra-
tion. PRAL score was analysed as categorised into
quintiles, with the lowest category as the reference
group. Two multivariate models were used: model 1 was
adjusted for age (as time scale), smoking status (never-
smoker/ex-smoker/current smoker), physical activity

(metabolic equivalent of task (MET)) [21] and total fat,
carbohydrate and energy intake, and model 2 was fur-
ther adjusted for BMI. We tested the assumption of pro-
portional hazards by visual inspection. Due to an uneven
distribution of men and women across the quintiles and
to address the previous diverging findings on men and
women we conducted the analyses in combined datasets
and stratified by sex.
In Inter99 logistic regression models were used to as-

sess the association between PRAL score and IFG, IGT,
and diabetes. Additionally, in Inter99 linear regression
models were used to test whether PRAL score (as a con-
tinuous variable) was associated with diabetes-related
intermediary traits in non-diabetic individuals only (n =
5631). Two multivariate models were used: model 1 was
adjusted for age, sex, total fat, carbohydrate and energy
intake, smoking status (never-smoker/ex-smoker/current
smoker) and level of physical activity (0–2 h/week, 2–
4 h/week, 4–7 h/week, 7–12 h/week) [22] and model 2
was further adjusted for BMI. To test whether the as-
sumptions for linear regression analysis were fulfilled, all
variables were inspected with regards to linearity as well
as homogeneity of variance and normality of the resid-
uals. Natural logarithmic transformation was used to ap-
proximate a normal distribution when needed. Test of
effect modification was performed by introducing the
interaction term in the linear models.

Results
Baseline characteristics of included participants in the
two cohorts are shown in Table 1 as stratified by quin-
tiles of PRAL score. Individuals with a higher PRAL
score had a higher intake of total and saturated fat,
lower intake of fruits and vegetables and higher daily en-
ergy intake (see Table 1). In the subsequent analyses, we
adjusted for these differences.

Outcome from analyses of the DCH cohort
During a mean follow-up period of 15 years 7201 inci-
dent cases of diabetes occurred in the total study popu-
lation. Multifactor adjusted HRs (model 1) of diabetes
were 1.06 (95% CI 0.98; 1.15) (p = 0.12), 1.10 (95% CI
1.02; 1.19) (p = 0.02), 1.13 (95% CI 1.04; 1.22) (p = 0.003)
and 1.24 (95% CI 1.14; 1.35) (p = 7 × 10− 7), respectively,
for the second, third, fourth and fifth quintile versus the
first quintile of PRAL score (ptrend = 6 × 10− 7) (Fig. 1).
Further adjustment for BMI attenuated the HRs as HR
for the 5th vs. the 1st quintile was 1.10 (95% CI 1.01;
1.20) (p = 0.03) (Fig. 1, model 2), but the same trend was
observed across the quintiles (ptrend = 0.04). In the sex
stratified analyses a similar association was observed for
both men and women (Fig. 2). However, when BMI
was included in the model the association with
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Table 1 Baseline characteristics of study participants in the Inter99 study and in the DCH cohort by quintiles of PRAL score

Quintile 1 Quintile 2 Quintile 3 Quintile 4 Quintile 5 Total

Inter99 (n = 5631)

Participants, n 1127 1126 1126 1126 1126 5631

PRAL range, mEq/d −92; − 13 −13; − 3 −3; 4 4; 12 12; 90 −92; 90

Men, n (%) 469 (42) 530 (47) 487 (43) 581 (52) 722 (64) 2789 (50)

Age, years 50 (41; 55) 50 (40; 55) 45 (40; 50) 45 (40; 50) 45 (40; 50) 45 (40; 50)

BMI, kg/m2 26.2 ± 4.5 26.1 ± 4.4 26.1 ± 4.6 26.1 ± 4.3 26.3 ± 4.6 26.2 ± 4.5

Physical activity, min/week (%)

0–112 117 (10) 136 (12) 133 (12) 157 (14) 155 (14) 698 (12)

142.5–225 246 (22) 248 (22) 261 (23) 256 (23) 256 (23) 1267 (23)

255–420 601 (53) 586 (52) 609 (54) 573 (51) 571 (51) 2940 (52)

450–720 163 (14) 156 (14) 123 (11) 140 (12) 144 (13) 726 (13)

Smoking, n (%)

Current 539 (48) 444 (39) 420 (37) 390 (35) 396 (35) 2189 (39)

Former 283 (25) 304 (27) 292 (26) 287 (25) 267 (24) 1433 (25)

Never 305 (27) 378 (34) 414 (37) 449 (40) 463 (41) 2009 (36)

Energy intake, KJ/d 9286 ± 3082 9043 ± 2878 9049 ± 2861 9605 ± 2866 11,039 ± 3163 9604 ± 3064

Protein, g/d 76 ± 23 77 ± 23 79 ± 23 85 ± 23 103 ± 28 84 ± 26

Carbohydrates, g/d 293 ± 114 268 ± 96 263 ± 93 274 ± 92 302 ± 98 280 ± 100

Dietary fiber, g/d 23 ± 11 21 ± 8 20 ± 8 21 ± 8 23 ± 9 22 ± 9

Fat intake total, g/d 67 (51; 88) 72 (56; 94) 76 (59; 98) 84 (66; 107) 103 (79; 132) 80 (60; 105)

Saturated fat, g/d 25 (18; 35) 28 (21; 38) 29 (22; 39) 33 (25; 43) 40 (30; 53) 31 (22; 42)

Diet, Cancer and Health (n = 54,651)

Participants, n 10,931 10,930 10,930 10,930 10,930 54,651

PRAL range, mEq/d − 117; −10 −10; −3 −3; 4 4; 12 12; 89 −117; 89

Men, n (%) 3564 (33) 4215 (39) 4838 (44) 5789 (53) 7402 (68) 25,808 (47)

Age, years 55 (52; 60) 56 (52; 60) 56 (52; 60) 56 (52; 60) 55 (52; 60) 56 (52; 60)

BMI, kg/m2 25.6 ± 3.9 25.8 ± 4.0 26.0 ± 3.9 26.1 ± 4.0 26.4 ± 4.1 26.0 ± 4.0

Physical activity, MET-h/week 59 (39; 88) 56 (37; 84) 56 (36; 82) 56 (37; 83) 57 (37; 87) 57 (37; 85)

Smoking, n (%)

Current 4551 (42) 4203 (38) 3723 (34) 3615 (33) 3605 (33) 15,713 (29)

Former 2963 (27) 2948 (27) 3125 (29) 3287 (30) 3390 (31) 19,697 (36)

Never 3417 (31) 3779 (35) 4082 (37) 4028 (37) 3935 (36) 19,241 (35)

Energy intake, KJ/d 9013 ± 2463 9026 ± 2405 9374 ± 2432 9948 ± 2467 11,384 ± 2745 9749 ± 2657

Protein, g/d 82 ± 23 86 ± 23 91 ± 23 99 ± 24 119 ± 29 95 ± 28

Carbohydrates, g/d 254 ± 78 240 ± 71 243 ± 70 252 ± 70 276 ± 75 253 ± 74

Dietary fiber, g/d 22 ± 8 20 ± 7 20 ± 7 20 ± 6 22 ± 7 21 ± 7

Fat intake total, g/d 67 (53; 83) 73 (58; 89) 78 (64; 96) 86 (70; 105) 104 (86; 126) 81 (64; 101)

Saturated fat, g/d 25 (19; 32) 28 (22; 35) 30 (24; 37) 33 (27; 41) 40 (33; 49) 31 (24; 39)

Food intake, g/d

Red meat 63 (46; 84) 70 (52; 93) 77 (57; 101) 85 (63; 112) 105 (75; 141) 78 (56; 107)

Fish 32 (21; 46) 35 (23; 49) 37 (25; 52) 41 (28; 57) 49 (33; 70) 38 (25; 55)

Dairy products 263 (121; 515) 278 (138; 536) 289 (152; 547) 307 (172; 576) 344 (206; 617) 295 (156; 560)

Vegetables 180 (113; 272) 158 (100; 223) 151 (99; 213) 148 (97; 207) 155 (104; 213) 157 (102; 224)

Fruit 202 (107; 350) 154 (81; 254) 141 (74; 224) 131 (68; 204) 117 (61; 189) 145 (75; 240)

Data are mean ± standard deviation or median (inter quartile range) unless otherwise specified. Descriptive data on the Inter99 cohort are on non-diabetic
individuals only. MET Metabolic Equivalent of Task, PRAL Potential Renal Acid Load
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incident diabetes disappeared for men, but remained
significant for women (ptrend = 0.02).

Outcome from analyses of the Inter99 study
The multifactor-adjusted odds ratio (OR) for a one
standard deviation higher PRAL score was 1.11 (95% CI
1.01; 1.22) (p = 0.03) for IGT (Fig. 3). The OR dimin-
ished with further adjustment for BMI (p = 0.11). No sig-
nificant association was observed between PRAL score
and T2D (Fig. 3) and PRAL score and IFG. However,
when adjusting for BMI we found an association be-
tween lowered PRAL score and IFG with an OR of 0.89
(95% CI 0.80; 0.99) (p = 0.03).
A higher PRAL score was associated with lower

OGTT-based measures of insulin resistance (model 1) as
expressed by decreased BIGTT-Si (p = 4 × 10− 7) and
ISIMatsuda (p = 2 × 10− 5) as well as increased HOMA-IR
(p = 0.001) (Table 2). Accordingly, a higher PRAL score
was associated with higher serum insulin levels at fasting
and 120 min during the OGTT (p = 2 × 10− 4 and p = 8 ×
10− 16, respectively), and with higher plasma glucose
levels at 120 min (p = 4 × 10− 10) (Table 2). No associa-
tions were observed between PRAL score and corrected
insulin response (p = 0.2) or insulinogenic index (p =
0.3), both of which are indices of beta cell function. In
addition, a higher PRAL score was associated with a
lower OGTT-based disposition index (p = 0.004). All
findings remained significant after further adjustment
for BMI (model 2) and with similar effect sizes.
When testing for effect modification we introduced

the interaction term PRAL×sex in the linear regression
models, but the interaction terms were not significant
(data not shown). However; to address diverging

previous findings in men and women we further strati-
fied by sex. We found that a higher PRAL score was as-
sociated with indices of insulin sensitivity in both
women and men (Table 3), but the association with in-
creased HOMA-IR with increased PRAL score was only
apparent in women. Furthermore, an association be-
tween higher PRAL score and lower HbA1c was seen in
men, but only after adjustment for BMI. No associations
were found between PRAL score and indices of beta cell
function in the sex stratified analyses, but a higher PRAL
score was associated with lower disposition index in
women (Table 3).

Sensitivity analysis
In the Inter99 cohort we further did a sensitivity analysis
where we adjusted for family history of diabetes,
hypertension and dietary patterns (see Additional file 1:
TableS1). This information was not available to us in the
DCH cohort, and so the sensitivity analysis was only
conducted in the Inter99 cohort. The sensitivity analysis
showed comparable associations as demonstrated in the
primary analyses except the associations between PRAL
score and HbA1c and disposition index. In the sensitiv-
ity analysis the two latter associations became
non-significant (see Additional file 1: TableS1).

Discussion
In the DCH cohort of more than 54,000 individuals with
~ 7200 incident cases of diabetes after 15 years of
follow-up, we demonstrated a positive relationship be-
tween PRAL score and development of incident dia-
betes, substantiating previous findings [6–10]. Moreover,
in baseline data from the Inter99 study of 5631 non-

Fig. 1 Hazard ratio (HR) of incident diabetes according to PRAL score quintiles in the full DCH cohort. Age is used as the time scale in the cox
model. Model 1 is adjusted for fat, energy and carbohydrate intake, smoking and physical activity, while model 2 is adjusted for BMI, fat, energy
and carbohydrate intake, smoking and physical activity. Squares indicate HR for model 1, and circles indicate HR for model 2. The p-value shown
indicates significance of a trend test
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Fig. 3 PRAL score and glucose tolerance status among participants of the Inter99 study. Odds ratios (OR) of impaired fasting glucose (IFG), impaired
glucose tolerance (IGT) and type 2 diabetes (T2D) according to PRAL score as shown for one standard deviation of PRAL score in the total population
(16.36 mEq/day). Model 1 is adjusted for age, sex, smoking, physical activity and fat, energy and carbohydrate intake, while model 2 is adjusted for age,
sex, BMI, smoking, physical activity and fat, energy and carbohydrate intake. NGT = Normal Glucose Tolerance. Participants having combined IFG and
IGT were classified as IGT. Squares indicate OR for model 1, and circles indicate OR for model 2

Fig. 2 Hazard ratio (HR) of incident diabetes according to PRAL score quintiles in the DCH cohort stratified by sex. Age is used as the time scale
in the cox model. Model 1 is adjusted for fat, energy and carbohydrate intake, smoking and physical activity, while model 2 is adjusted for BMI,
fat, energy and carbohydrate intake, smoking and physical activity. Squares indicate HR for model 1, and circles indicate HR for model 2. The
p-value shown indicates significance of a trend test
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diabetic individuals with OGTT-derived data, we found
that a higher PRAL score was associated with reduced
insulin sensitivity, but not with changes in proxies of
beta cell function. In addition, higher PRAL score
was associated with a lower OGTT-based disposition
index. We did not observe any major diverging re-
sults between the sexes, and so we cannot confirm
that any specific differences exist in regards to PRAL
score and sex. When adjusting for BMI in the DCH
cohort, only the increased HR between the first and
the fifth quintiles remained significant. Furthermore,
when adjusting for BMI, the significant trend seen in
males disappeared, but remained significant in
women. In the Inter99 cohort, adjustment for BMI
had no effect on the analyses. Since the individuals
with a higher PRAL score generally had a higher
overall energy intake, the increased BMI may be part
of the explanation for the increased incidence of dia-
betes. However, since the associations persist even
after adjustment for BMI, it shows that there is in-
deed an association between PRAL score and incident
diabetes as well as diabetes intermediary traits which
is independent of BMI.

Despite a lack of association with indices of beta-cell
function in the Inter99 study, we did find an association
with lower disposition index as an indication of a de-
creased beta cell secretion of insulin at the concomitant
level of insulin resistance. Hence, we cannot completely
discard an association between PRAL score and beta-cell
function. Higher PRAL score is consistent with a gener-
ally unhealthy diet, which is reflected in our finding that
individuals with a higher PRAL score also had a higher
intake of total and saturated fat, lower intake of fruits
and vegetables and higher daily energy intake. We have
accounted for these confounders by adjusting for dietary
fat, carbohydrate and total energy intake in our analyses.
The different nutrients, especially protein, embedded

in the calculation of the PRAL score may come from
various sources. Since the amino acid composition of
plant proteins is different from the composition of
animal proteins, it is possible that ingestion of plant
proteins will have a different effect on the tissue acid-
ity than animal proteins. Indeed, a previous study
showed an association between incident T2D and ani-
mal protein intake, but not with plant protein intake
[23]. One could therefore speculate that a type of

Table 2 Associations between PRAL score and diabetes-related intermediary traits in the baseline part of Inter99 study as well as
means and medians for the individual quintiles

Variable Quintile 1 Quintile 2 Quintile 3 Quintile 4 Quintile 5 BetaModel 1 (95%CI) PModel 1 PModel 2

PRAL range (mEq/d) −92; −13 −13; −3 −3; 4 4; 12 12; 90

HBA1C (%)a 5.9 ± 0.5 5.8 ± 0.5 5.8 ± 0.5 5.8 ± 0.6 5.8 ± 0.5 −0.0009 (−0.002; −5 × 10−5) 0.04 0.01

Plasma glucose (mmol/l)

Fastinga 5.6 ± 0.8 5.5 ± 0.8 5.5 ± 0.6 5.6 ± 0.9 5.5 ± 0.9 − 0.0003 (− 0.002; 0.001) 0.7 0.2

30 mina 8.7 ± 2.0 8.7 ± 1.9 8.6 ± 1.9 8.6 ± 1.8 8.7 ± 1.8 − 0.0009 (− 0.004; 0.002) 0.6 0.2

120 min 5.7 (4.8; 6.9) 5.9 (4.9; 6.9) 5.9 (4.9; 6.9) 6.0 (5.0; 7.0) 5.9 (5.0; 7.0) 0.2 (0.1; 0.2) 4 × 10−10 1 × 10−8

Serum insulin (pmol/l)

Fasting 32 (22; 47) 33 (23; 50) 36 (24; 52) 35 (25; 53) 36 (25; 53) 0.2 (0.09; 0.3) 2 × 10−4 0.008

30 min 239 (171; 334) 234 (165; 346) 243 (181; 349) 257 (178; 376) 257 (183; 368) 0.07 (− 0.03; 0.2) 0.2 0.8

120 min 145 (86; 230) 151 (96; 246) 164 (103; 253) 162 (103; 273) 162 (95; 273) 0.6 (0.4; 0.7) 8 × 10−16 6 × 10−14

Measures of beta cell function

Insulinogenic index 24.2 (16.5; 35.4) 23.4 (15.9; 34.7) 24.7 (17.2; 36.3) 25.8 (17.2; 38.8) 25.4 (17.2; 37.5) 0.06 (−0.06; 0.2) 0.3 0.8

Corrected insulin
response

638 (392; 1051) 602 (392; 1033) 689 (413; 1107) 691 (410; 1146) 679 (413; 1094) 0.09 (−0.04; 0.2) 0.2 0.3

Measures of insulin sensitivity

HOMA-IR 1.3 (0.89; 2.0) 1.3 (0.89; 2.1) 1.4 (0.94; 2.2) 1.4 (0.98; 2.2) 1.4 (0.97; 2.2) 0.2 (0.07; 0.3) 0.001 0.04

ISIMatsuda 8.4 (5.6; 11.7) 8.1 (5.3; 11.9) 7.8 (5.1; 11.1) 7.5 (5.1; 10.9) 7.6 (4.9; 10.8) −0.2 (− 0.3; − 0.1) 2 × 10−5 0.001

BIGTT-Sia 9.7 ± 4.1 9.4 ± 4.1 9.3 ± 4.0 9.0 ± 4.0 8.8 ± 4.0 −0.02 (− 0.03; − 0.01) 4 × 10−7 4 × 10−7

Disposition Index 304 (211; 447) 291 (200; 410) 298 (203; 419) 297 (205; 412) 306 (206; 415) −0.2 (− 0.3; − 0.05) 0.004 0.02

Data are from the Inter99 cohort (n = 5631) and are presented as mean ± standard deviation or median (inter quartile range) for each quintile of PRAL
score as a description of the cohort. Effect sizes (95% confidence interval) are calculated using linear models with PRAL score as a continuous variable
and are given as percentage increase for a one unit increase in PRAL score except for variables that have not been transformed by the natural logarithm
in which case it is given as an increase per unit. The linear regression model 1 was adjusted for age, sex, smoking, physical activity and fat, energy and
carbohydrate intake. The linear regression model 2 was further adjusted for BMI. BIGTT-Si was not adjusted for sex as this variable is included
in the calculation of BIGTT-Si. Calculations of measures of beta cell function and insulin sensitivity were carried out as described in methods.
Variables were transformed by the natural logarithm unless otherwise indicated by (a). Quintile values are raw data and are for descriptive
purposes only
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measure where proteins were reported as of their ori-
gin or corresponding amino acids would provide use-
ful information about the underlying theories of
dietary acidity load and diabetes.
The amount of dietary fiber ingested are surprisingly

similar across the quintiles. However, the food items
from where the dietary fiber is obtained may vary con-
siderably and may therefore have different impacts on
the PRAL score. For instance, dietary fibers originating
from vegetables and fruits will have an alkalizing effect
and thus decrease the PRAL score, whereas dietary fiber
originating from whole grain may have a different effect
on the PRAL score [1]. As appears from the baseline
table (Table 1) of the DCH cohort, the dietary fiber
ingested in the lower quintiles must come from fruits
and vegetables, whereas the dietary fiber in the higher
quintiles originate from other food items, although we
cannot say for certain which ones. Additionally, it is
noteworthy that the quintiles with the highest PRAL
scores are also the ones with the highest number of
current smokers. This is the case in both the DCH co-
hort and the Inter99 cohort. It cannot be excluded that
smoking status might influence food preferences. Indeed,
a study by Endoh et al. shows, that the dietary patterns
in Japanese men and women differ between smokers and
non-smokers [24].
An intervention study conducted in American adults

showed that individuals would be able to lower their
PRAL score by 13 units when following a vegan diet for
two to three days a week, while a reduction of almost
30 units was seen in individuals following the vegan diet
every day in a week [25]. If we examine our data from
the DCH cohort, we find that a reduction of 30 units
would be sufficient to move an individual from Q4 to
Q1. With a reduction of just 12 units an individual
would step down an entire quintile. Despite the modest
increased risk of diabetes between the lowest and the
highest quintile, diabetes is still major burden in soci-
ety today, and even slight reductions in this risk
through a diet change might have considerable impact
on public health.
Our study has limitations. First, in the present epi-

demiological studies, we did not use the hyperinsuline-
mic euglycemic clamp to measure insulin sensitivity, as
this would not be feasible in such large cohorts; still the
surrogate measures applied in the current study,
HOMA-IR, ISIMatsuda and BIGTT-Si, have all been vali-
dated in previous studies and provide physiologically
relevant proxies for insulin sensitivity [26–28]. Addition-
ally, to overcome any uncertainties in the individual sur-
rogate measures, we have used several different proxies
of insulin sensitivity to measure the same outcome.
Second, and most important, in our study of incident
diabetes, information was collected at baseline only.

Consequently, all conclusions based on the DCH cohort
rely on the assumption that the study participants have
not changed their diet or lifestyle substantially over the
following 15 years of follow-up. Third, the diagnosis of
diabetes was based on The Danish National Diabetes
Register which does not clearly distinguish between pa-
tients with type 1 diabetes or T2D [12]. Yet, individuals
in our study were at least 50 years of age at baseline,
and since newly diagnosed type 1 diabetes is quite rare
in Denmark above this age we do not expect this lack of
diagnostic accuracy to bias our analytical outcomes. The
PRAL score in our two cohorts ranged from around −
100 to 100 and with a median range of − 20.6 to 18.6 in
the Inter99 cohort and − 16.3 to 18.0 in the DCH cohort,
respectively. These median ranges are roughly the same
as in the two studies by Kiefte-de Jong et al. (− 17.4 to
21.3) and Fagherazzi et al. (− 23.0 to 14.3). However, the
PRAL score range in the study by Xu et al. was from −
40 to 323. For histograms of the PRAL scores in the two
cohorts, please see Additional file 1: FigureS3 and
FigureS4. We believe that these between study differ-
ences may be related to differences in dietary patterns
and the demographics of the study populations. Further-
more, the variations in PRAL score may occur due to
differences in how the questionnaires and food compos-
ition tables are structured between studies.

Conclusions
We confirm the association of a high acidity load with
incident T2D and suggest that the risk of T2D might be
mediated partially through a decrease in insulin sensitiv-
ity. Although the present study and previous reports
suggest a link between dietary acidity load and incident
diabetes among middle-aged people, carefully designed
and conducted dietary interventions are needed to eluci-
date whether a causal link exists between the two and
which mechanisms might be involved.
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Healthy diets ASAP – Australian Standardised 
Affordability and Pricing methods protocol
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Abstract

Background: This paper describes the rationale, development and final protocol of the Healthy Diets Australian
Standardised Affordability and Pricing (ASAP) method which aims to assess, compare and monitor the price, price
differential and affordability of healthy (recommended) and current (unhealthy) diets in Australia. The protocol is
consistent with the International Network for Food and Obesity / non-communicable Diseases Research, Monitoring
and Action Support’s (INFORMAS) optimal approach to monitor food price and affordability globally.

Methods: The Healthy Diets ASAP protocol was developed based on literature review, drafting, piloting and revising,
with key stakeholder consultation at all stages, including at a national forum.

Discussion: The protocol was developed in five parts. Firstly, for the healthy (recommended) and current (unhealthy)
diet pricing tools; secondly for calculation of median and low-income household incomes; thirdly for store location and
sampling; fourthly for price data collection, and; finally for analysis and reporting. The Healthy Diets ASAP protocol
constitutes a standardised approach to assess diet price and affordability to inform development of nutrition policy
actions to reduce rates of diet-related chronic disease in Australia. It demonstrates application of the INFORMAS
optimum food price and affordability methods at country level. Its wide application would enhance monitoring and
utility of dietary price and affordability data from a health perspective in Australia. The protocol could be adapted in
other countries to monitor the price, price differential and affordability of current and healthy diets.

Keywords: Diet price, Food price, Diet affordability, Food affordability, Food policy, Food environments, Healthy diets,
INFORMAS, Fiscal policy, Nutrition policy, Obesity prevention, Non-communicable disease, Monitoring and surveillance

Background
Poor diet is now the major preventable disease risk fac-
tor contributing to burden of disease, globally and in
Australia [1]. Less than 4 % of the population consume
diets consistent with the evidence-based Australian Diet-
ary Guidelines [2, 3]; on average, at least 35% of the total
daily energy intake of adults and at least 39% of the
energy intake of children [4] are now derived from un-
healthy ‘discretionary’ food choices, defined as foods and
drinks high in saturated fat, added sugar, salt and/or
alcohol that are not required for health [3]. Of particular
concern is the contribution of poor diet to the rising rates

of overweight and obesity. Based on measured height and
weight, 25% of Australian children aged two to 17 years
and 63% of Australian adults aged 18 years and over are
now overweight or obese [5]. There is an urgent need for
nutrition policy actions to help shift the current diet of
the population towards healthy diets as recommended by
the Australian Dietary Guidelines [3, 6].
The expense of healthy foods has been reported as a

key barrier to consumption in Australia, particularly
among low socioeconomic groups [7–11]. However,
well-defined data in this area are lacking [6] as classifica-
tion of ‘healthy’ and ‘unhealthy’ foods and diets varies
[12, 13] and the relative price of ‘healthy’ and ‘unhealthy’
foods depends on the unit of measure (i.e. per energy
unit, nutrient density, serve or weight) [14]. Compari-
sons can be difficult particularly in the context of the
total diet and habitual dietary patterns that are the major
determinant of diet-related disease [3, 15–17]. However,
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the relative price and affordability of current and healthy
(recommended) diets have been assessed rarely, as op-
posed to the relative price of selected pairs of ‘healthy’
and ‘less healthy’ foods [6].
Various methods have been utilised to assess food

prices in Australia, such as Consumer Price Indexes
(CPI) [18, 19] and supermarket price surveys, however
these usually tally the price of highly selected individual
food items and do not necessarily relate to relative cost
of the total habitual diet [6, 13]. A variety of ‘food bas-
ket’ diet costing tools have also been developed at state,
regional and community levels [13]. These methods have
the potential to measure the cost of a healthy diet. How-
ever, dissimilarity of metrics is a recognised barrier to
the production of comparable data [7, 13].
A recent systematic review of food pricing methods

used in Australia since 1995, identified 59 discrete sur-
veys using five major food basket pricing tools (used in
multiple survey areas and multiple time periods) and six
minor food basket pricing tools (used in a single survey
area or time period) [13]. No national survey had been
conducted. Survey methods differed in several metrics
including: type and number of foods surveyed; applica-
tion of availability and/or quality measures; definition of
reference households; calculation of household income;
store sampling frameworks; data collection; and analysis.
Hence results are not comparable across different loca-
tions or different times [13]. With exception of Queens-
land Health’s Healthy Food Access Basket tool revised in
2015, [20] none of these fully align with a healthy diet as
recommended by the Australian Dietary Guidelines [3].
Further, none accurately reflect current Australian diets
[2, 4, 5, 13].
Since 1995, the vast majority of ‘healthy’ food pri-

cing surveys in Australia have confirmed that: food
prices in rural and remote areas are up to 40% higher
than those in capital cities; lower socioeconomic
households need to spend a higher proportion of their
income to procure healthy diets than other Austra-
lians, and food prices generally increase over time [13,
21]. Related calls for interventions, such as for freight
subsidies or food subsidies for low income groups in
specific regions have gone unheeded [22, 23]. Hence,
it could be asserted that these surveys have had
limited utility in informing fiscal and health policy
[13]. As a result, there have been several calls for the
development of standardised, healthy food and diet
pricing survey methods nationally in Australia [24,
25] and globally [6]. There is also a need for
policy-relevant data [6, 26].
The aim of relevant nutrition policy actions is to help

shift the current intake of the whole population to a
healthier diet consistent with dietary recommendations.
Governments can manipulate food prices through a range

of complex policy approaches [6]. Three common strat-
egies to increase the affordability of ‘healthy’ foods are:

� taxing ‘unhealthy foods’ (“fat taxes”) e.g. on sugar
sweetened beverages;

� exempting ‘healthy foods’ from goods and service
tax (GST) or value added tax; and

� subsidising ‘healthy foods,’ such as through agricultural
and transport subsidies, retail price reductions, or
voucher systems targeted to vulnerable population
groups [6].

Therefore, to inform relevant policy decisions, robust
data are required for both current (unhealthy) and healthy
(recommended) diets [6]. With respect to food price and
affordability, the key health and nutrition policy relevant
question to be answered by food pricing surveys is: “What
is the relative price and affordability of ‘current’
(unhealthy) and ‘healthy’ (recommended) diets?”
While the potential effects of specific changes to fiscal

policy have been modelled [27, 28], recent ‘real life’ data
are lacking to inform policy decision making in Australia
[29]. Assessment of the price, price differential and
affordability of a healthy diet (consistent with Dietary
Guidelines) and current (unhealthy) diets (based on
national surveys), determined by standardised national
methods, would provide more robust data to inform
health and fiscal policy in Australia and monitor poten-
tial fiscal policy interventions [13].
There is a lack of such data globally; the current re-

search helps to address this, within the food price mod-
ule of the International Network for Food and Obesity/
non-communicable diseases Research, Monitoring and
Action Support (INFORMAS) [6, 30]. Under the aus-
pices of INFORMAS, the results of this study provide a
potential globally-applicable stepwise food price and af-
fordability monitoring framework that advocates ‘min-
imal’, ‘expanded’ and ‘optimal’ approaches, to establish
benchmarks and monitor the cost of healthy food, meals
and diets; the level depends on availability of data and
country capacity [6]. The novel INFORMAS ‘optimal’
approach proposes concurrent application of two food
pricing tools to assess the price, price differential and af-
fordability of a healthy diet (consistent with Dietary
Guidelines) and current (unhealthy) diets (based on na-
tional surveys). It requires assessment of household in-
come, representative sampling and, ideally, stratification
by region and socio-economic status (SES).
Based on the ‘optimal’ approach of the INFORMAS

diet price and affordability framework, we developed a
standardised method to assess and compare the price
and affordability of healthy and current diets in
Australia, provide more robust, meaningful data to in-
form health and fiscal policy in Australia, and develop
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national data benchmarks with the potential for inter-
national comparisons [29].
This paper presents the resultant protocol for Healthy

Diets ASAP methods in Australia.

Aim
The aim of this paper is to describe the development
and final protocol of the Healthy Diets ASAP methods,
based on the INFORMAS optimal price and affordability
approach. It details tools and methods to assist others to
apply the approach in a standard manner, in order to
enable comparison of the price, price differential and
affordability of healthy (recommended) and current
(unhealthy) diets in Australia.

Methods
Development of the healthy diets ASAP protocol
Background: Developing and piloting the initial diet pricing
tools and methods
In November 2013, all key Australian stakeholders gave
in-principle support at a national teleconference for the
development of national food price and affordability
monitoring methods based on the INFORMAS ‘optimal’
approach. The development and pilot testing of the
methods using readily available dietary data for five
household structures in high socio-economic (SES) and
low SES areas is reported elsewhere [29]. The findings
confirmed that the general approach could provide use-
ful, meaningful data to inform potential fiscal and health
policy actions. Application of the diet pricing tools
accurately reflected known composite food group ratios
[2] and the proportion of the mean food budget
Australian households spent on discretionary foods and
drinks in analysis of the Consumer Price Index (CPI)
with respect to Australian Dietary Guidelines food
groups [19]. However, internal validity testing suggested
that construction of some of the initial diet pricing tools
could be improved to enhance accuracy [29]. For ex-
ample, while performance of both diet pricing tools was
acceptable at household level, only the healthy diet pri-
cing tool was acceptable at an individual level for all
demographics in the sample; the unhealthy (current) diet
pricing tool could be improved for the 14 year old boy
and both genders aged 70 years or over [29]. Further, po-
tential systematic errors could be minimised by the utilisa-
tion of detailed dietary survey data in the Confidentialised
Unit Record Files (CURFs) from the Australian Health
Survey (AHS) 2011–12 [31] and the Australian 2011–13
food composition database [32], both of which were un-
available at the time of the pilot study [29].
Development of accepted, standardised diet pricing

methods also required agreement from all key stake-
holders on the final approach, including accord on sys-
tematic arbitrary decisions points around application of

the tools (such as whether to record the price of the
next largest or smallest packet if a particular size of food
was unavailable in-store). There was also a desire to sim-
plify methods to optimise uptake and utility.

Development and testing of diet pricing tools and process
protocols
The final Healthy Diets ASAP protocols were developed
in two phases.

Phase one: Revising and re-testing initial tools and
methods The food pricing tools were revised based on
the pilot outcomes [29] and feedback from international
food pricing experts (including at the Food Pricing Work-
shop convened by authors AL and CP at the 14th Inter-
national Society of Behavioural Nutrition and Physical
Activity (ISBNPA) conference in Edinburgh May 2015).
The revised unhealthy (current) diet pricing tools

reflected dietary data at the five-digit level by age and
gender groupings [4] in the CURFs of the AHS 2011–12
[31]. The most commonly available branded items and
unit sizes in Australian supermarkets were identified
from the pilot [29]. Other minor changes, and the rea-
sons for these, are included in Table 1.
The revised Healthy Diets ASAP diet pricing tools and

methods were applied to assess the price, price differen-
tial and affordability of current and healthy diets in six
randomly selected locations in two major cities (Sydney,
New South Wales and Canberra, Australian Capital Ter-
ritory) in November and December 2015. The prelimin-
ary reports of these studies were provided to NSW
Health and ACT Health in early 2016. Colleagues in
these government departments provided feedback on the
revised methods early March 2016.

Phase 2: Development of the final protocol At the na-
tional Healthy Diets ASAP Methods Forum (the Forum)
held in Brisbane on 10 March 2016, 25 expert stake-
holders from academia, government jurisdictions and
non-government organisations (see Acknowledgements)
worked together to finalise the Healthy Diets ASAP tools
and methods for national application in Australia.
De-identified preliminary data from and feedback on the
reports provided to NSW Health and ACT Health were
used to highlight methodological challenges and arbi-
trary decision points during the Forum.
Generally, the revised tools and methods applied in

Sydney and Canberra were confirmed at the Forum.
However, some simplifications around arbitrary decision
points were recommended (Table 2).
The revised tools and methods were finalised accord-

ing to the recommendations from the Forum. The re-
sultant Healthy Diets ASAP protocol is described in
detail in the results.
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Following the Forum, the food price data collected in
Sydney and Canberra in late 2015 were reanalysed ac-
cording to the Healthy Diets ASAP protocol and the
preliminary reports to NSW Health and ACT Health
were finalised in May 2016.

Results
The healthy diets ASAP protocol
There are five parts to the Healthy Diets ASAP protocol.

The healthy diets ASAP protocol part one: Construct of the
diet pricing tools
There are two diet pricing survey tools: the current
(unhealthy) diet pricing tool; and the healthy (recom-
mended) diet pricing tool (Table 3). The diet pricing sur-
vey tools include provision of quantities of food for a
reference household consisting of four people, including
an adult male 31–50 years old, an adult female 31–50 years
old, a 14 year old boy and an 8 year old girl. An allowance
for edible portion/as cooked, as specified in AUSNUT
2011–13 [32], is included in both diet pricing tools. Any
post plate wastage was not estimated or included.

The healthy diets ASAP current (unhealthy) diet pricing
tool The current (unhealthy) diet pricing tool constitutes
the sum of the mean intake of specific foods and drinks,
expressed in grams or millilitres, in each age/gender
group corresponding to the four individuals comprising
the reference household, as reported in the AHS 2011–

12 [31]. Foods are grouped according to stakeholder rec-
ommendations (Table 2) and amounts consumed per
day are derived from the CURFs at 5-digit code level
[31]. The mean reported daily intake for each of the four
individuals (Additional file 1) are multiplied by 14 and
tallied to produce the quantities consumed per house-
hold per fortnight. The amounts of foods and drinks
comprising the Healthy Diets ASAP current (unhealthy)
diet for the reference household per fortnight is pre-
sented in Table 3. The total energy content of the refer-
ence household’s current diet is 33,860 kJ per day.
Common brands of included food and drink items are
included in the data collection sheet in Table 4.

The healthy diets ASAP healthy (recommended) diet
pricing tool The healthy diet pricing tool reflects the
recommended amounts and types of foods and drinks
for the reference household for a fortnight, consistent
with the Australian Guide to Healthy Eating and the
Australian Dietary Guidelines [3]. The amounts are cal-
culated from the daily recommended number of servings
and relevant serve size of foods for the age/gender and
physical activity level (PAL) of 1.5 of the four individuals
comprising the reference household in the omnivorous
Foundation Diet models [33]. As the Foundation Diets
were developed for the smallest adults (or in the case of
children, the youngest) in each age/gender group, the
amounts of foods were increased by 20% for the 8 year old

Table 1 Minor revisions to the initial diet pricing tools and methods

Improvement Aim/rational/comment

Added bottled water, olive oil, and relatively healthy
pre-made “convenience” foods, such as sandwiches and cooked
chicken, to the healthy (recommended) diet pricing tools

To enhance comparability with the current (unhealthy) diet pricing tools,
that include comparable, but less healthy, options

Further aggregated nutritionally similar products with similar utility in
both diet pricing tools (for example, ‘cabana’ and ‘bratwurst’ were
grouped with ‘sausages’)

To minimize the number of items to be priced in-store to reduce survey
burden and cost

Included the same food groupings in the healthy food component of
both current and healthy diet pricing tools

To simplify data collection, comparison between current and healthy
diets and interpretation of results

Adjusted the diet of the 8 year old girl (who was the oldest in her age/
gender group) from the base Foundation Diets levels, according to the
prescribed methods of Total Diet modelling to inform the 2013 revision
of the Australian Guide to Healthy Eating of the Australian Dietary
Guidelines [33]

To ensure adequate energy content of the constructed healthy
(recommended) diet of the 8 year old girl in the reference household

Adjusted median household income at Statistical Area Level 2 (SA2) level
by relevant wage price index; clarified that available data sets at SA2 level
provide median gross (i.e. not disposable) household income

To incorporate the effect of inflation. Median household income at
sub-national (area) level is readily available from published government
sources, so has been used frequently in calculation of food affordability
in Australia [13]. However, published median household income data at
area level reflects gross (total) income and has not been adjusted for
essential expenditures such as taxation, to reflect disposable household
income; results should be interpreted accordingly.

Included a third option for estimating median disposable household
income at the national level, for use in future national diet price and
affordability surveys.

To enhance comparability with low (minimum) disposable income
household income, that is also calculated at the national level.
Median disposable household income is available only at national level
currently; however data may be available at state/territory level in the
future.
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Table 2 Arbitrary decisions made by key stakeholders at the national Healthy Diets ASAP Forum

Decision Point Forum decision- standard protocol Rationale/other comments

Household structure

1. Number of household structures for which
results are reported? (5 different structures were
developed in the pilot study)

• Report and compare results for one
household structure only

• Simpler to interpret and communicate results
for only one (common) household structure.
Less analysis, and therefore resources, required
to access diet prices, therefore the protocol is
more likely to be used

2. Composition of household structure? • 2 adults and 2 children:
-adult male 31–50 yrs. old
-adult female 31–50 yrs. old
-boy 14 yrs. old
-girl 8 yrs. old
• Publish quantities of food to be included
for a range of individuals (age/gender),
in addition to those to be included in the
selected household structure

• Most commonly used household structures in
Australian studies are 6 and 4 person
households

• Of these household structures, use 4 as it is
closest to the median Australian household
size of 3 persons

• Those interested in reporting results for other
household structures (e.g. single parent or
pensioners) could perform additional analysis
post data collection

Data collection

3. Which products should be included?
a) Branded?
b) Generic?
c) Cheapest?
d) Sales items?
e) Bulk deals?
f) How should any optional data collected be
identified on the data collection forms?

a) Include most common market share branded
products (Australia wide)

b) Include generic products only if branded
items are not available (but exclude ALDI
supermarket which tend to stock generic
products). However, consider supporting
optional inclusion of cheapest generic item,
including the special/sale price (also applies to
inclusion of ALDI)
c) Don’t specifically seek to include cheapest
item. However, consider supporting optional
inclusion of cheapest item, including the special/
sale price (also applies to inclusion of ALDI)
d) Exclude sales items (as above)
e) Exclude bulk deals (i.e. two for the price of
one deals)
Consider adding tick box in end column of data
collection form to record if costing generic/
special/sale price items as optional extras

a) Include the most popular items reported in
the Australian Health Survey (AHS) 2011–13 as
current diet

b) Inclusion of generic items has potential to
bias, affect comparability and distort results
over time- but could be included if
consumption data continues to suggest
increasing intake.

c) Cheapest price could also be collected to
answer an optional additional question, but
inclusion of cheapest price, including of sales
or generic items, has potential to bias, affect
comparability and distort results over time.
d) As above
e) As above. If optionally, collecting the
cheapest price, could use multi buy price by
dividing to obtain single price
f) May need to use multiple data collection
forms for each store or add additional data
collection column if collecting optional prices

4: Unhealthy (current) diet pricing tool

a) Adjust for known under-reporting in AHS
2011–12?

No adjustment; report as ‘best case scenario’ There are no robust data on which to base
adjustment factor, so could introduce error.
Analysis is not adjusted for any other reasons.

b) Confirm coding for five food group and
discretionary foods?

• Tinned meat and vegetables- code as ½ veg
and ½ meat

• Tinned fruit – code as fruit
• Ham salad sandwich- (replace with chicken
salad sandwich) and code as 1/3 bread, 1/3
veg, 1/3 chicken meat

• Choc-chip Muesli bar – code as discretionary
• Flavoured milk – code as non-discretionary
(decision consistent with ABS classification)

• Processed meats (e.g. ham) – code as
discretionary

• Water – include ½ reported water intake as
bottled water (costed) and ½ as tap water
(not costed)

• Decisions should be consistent with coding
used by the ABS in the AHS 2011–12

• Revisit decisions reassessed when the
Australian Dietary Guidelines (ADGs) are
reviewed (i.e. in 5 years’ time)

5. Healthy (recommended) diet pricing tool

Should any extra healthy foods be included?
Such as more convenience options, bottled
water? Is the healthy diet unrealistic without
inclusion of some discretionary foods or drinks,
such as alcohol?

• Water – include ½ reported water intake as
bottled water

• Convenience items- confirmed inclusion of
roasted chicken and sandwich– no further
inclusions

Use the ADG Modelled Foundation diets based
on rationale that:
−63% Australian adults are overweight/obese
-There was no adjustment for underreporting
in current diet
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girl who is the oldest in her height/age group, according
to the recommendations [3].
To ensure the most commonly consumed healthy foods

in Australia are used, food categories in the healthy diet
pricing tool are the same as those in the current diet pri-
cing tool (but differ in quantity). A variety of fresh, canned,
frozen and dried foods is included. For example, represen-
tative categories of fresh produce reflect common fruit and
vegetables available all year round in Australia. Luxury
products, such as imported fruit and vegetables (particu-
larly those out of season) and foods with very high cost per
kilogram (e.g. oysters, smoked salmon) are excluded. Some
‘convenience’ foods are included in the healthy diet pricing
tool as per stakeholder decisions (Table 2).
Consistent with Australian recommendations [3], the

healthy diet pricing tool does not contain any discretion-
ary choices. It includes: grain (cereal) foods, in the ratio
66% wholegrain and 33% refined varieties; cheese, milk,
yoghurt and calcium-fortified plant based alternatives,

mostly (i.e. > 50%) reduced fat, with a maximum of 2–3
serves of high fat dairy foods (cheese) per person per
week; lean meat (beef, lamb, veal, pork), poultry and
plant-based alternatives (with no more than 455 g red
meat per person per week); a minimum of 140 g and up
to 280 g fish per person per week; up to 7 eggs per person
per week; a selection of different colours and varieties of
vegetables (green and brassica, orange, legumes, starchy
vegetables, other vegetables) with a minimum 350 g per
day for adults; a variety of fruit with a minimum of 300 g
per day for adults; and an allowance of unsaturated oils or
spreads or the nuts/seeds from which they are derived
[33]. The daily quantities of food categories recommended
for each individual (age/gender) in the reference house-
hold (Additional file 2) are multiplied by 14 and tallied to
provide quantities per fortnight (Table 3).
The amounts of foods and drinks comprising the

Healthy Diets ASAP healthy (recommended) diet for the
reference household per fortnight are presented in Table 3.

Table 2 Arbitrary decisions made by key stakeholders at the national Healthy Diets ASAP Forum (Continued)

Decision Point Forum decision- standard protocol Rationale/other comments

• Alcohol – do not include -Most Australians are not expending enough
energy to allow for additional energy intake
from any discretionary foods or drinks
- The healthy diet should be aspirational,
and reflect that associated with optimal
health outcomes

6: Income data

Should mean or median income be used?
What assumptions should be used to
determine indicative low income?

• Include both median household (HH)
income from published data and calculated
low (minimum) disposable income household
(HH) income (confirmed assumptions used in
pilot calculations)

• Also consider reporting results against the
Australian poverty line

• Median HH income is specific to location,
but is pre-tax i.e. not disposable income

• Low income HH calculation is not specific
to location apart from rent (which is set
low so rarely changes)

• Poverty line is lower than 50% of the
Australian median HH income

• Median household income and indicative
low (minimum)
vs disposable household income are not
comparable

7: Sampling framework

Sampling frameworks: which areas, stores,
distances (e.g. 7 km radius of centre of SA2
area) should be included?

• Sampling approach SA2 stratified by Index
of Relative Socio-Economic Disadvantage for
Areas (SEIFA) and including all stores within a
specific radius confirmed (ALDI excluded in
initial methods as above)

• Requested further work to determine
calculating distance away from centre for
inclusion of stores

• Methods of randomisation trialled is
appropriate and feasible

• 7 km radius of inclusion may not be
appropriate for all locations, particularly
in rural areas

8: Data collection protocols

Prioritisation of sizes and branding for pricing,
as proposed on data collection sheet

• Proposed detailed methods confirmed e.g. size
prescribed but if not available take next larger
size first

• Detailed methods proposed are appropriate
• Reflect common current practice in most
locations; clear and concise; easy to follow

9: Definition of affordability

Should affordability level be set at 25% or 30%
of disposable HH income?

• May need to assess both (post hoc) but initially
use 30% pending further review of the literature
and international consultation

• Based on most commonly used definition
in international literature from high income
countries

93Healthy diets ASAP – Australian Standardised Affordability and Pricing methods protocol



Table 3 Composition of the current (unhealthy) and healthy
(recommended) diets for the reference householda per fortnight

Food or drink Quantity

Current (unhealthy) diet

Bottled water, still (ml) 5296

Artificially sweetened ‘diet’ soft drink 2391

Fruit

Apples, red, loose (g) 3497

Bananas, Cavendish, loose (g) 899

Oranges, loose (g) 1664

Fruit salad, canned in juice (g) 2046

Fruit juice 3026

Vegetables

Potato, white, loose (g) 1460

Sweetcorn, canned, no added salt (g) 206

Broccoli, loose (g) 422

White cabbage, loose (g) 235

Iceberg lettuce, whole (g) 795

Carrot, loose (g) 753

Pumpkin (g) 240

Four bean mix, canned (g) 74

Diced tomatoes, canned, in tomato juice(g) 234

Onion, brown, loose (g) 84

Tomatoes, loose (g) 488

Frozen mixed vegetables, pre-packaged (g) 1184

Frozen peas, pre-packaged (g) 273

Baked beans, canned (g) 369

Salad vegs in sandwich 120

Veg in tinned meat and vegetable casserole (g) 646

Grain (cereal) foods

Wholegrain cereal biscuits Weet-bix™ (g) 430

Wholemeal bread, pre-packaged (g) 1054

Rolled oats, whole (g) 870

White bread, pre-packaged (g) 3033

Cornflakes (g) 680

White pasta, spaghetti (g) 1326

White rice, medium grain (g) 1622

Dry water cracker biscuit (g) 258

Bread in sandwich 120

Meats, poultry, fish, eggs, nuts and seeds

Beef mince, lean (g) 267

Lamb loin chops (g) 257

Beef rump steak (g) 1056

Tuna, canned in vegetable oil (g) 1052

Whole barbeque chicken, cooked (g) 1661

Eggs (g) 872

Table 3 Composition of the current (unhealthy) and healthy
(recommended) diets for the reference householda per fortnight
(Continued)

Food or drink Quantity

Meat in tinned meat and vegetable casserole (g) 646

Chicken in sandwiches 120

Milk, yoghurt, cheese and alternatives

Cheddar cheese, full fat (g) 624

Cheddar cheese, reduced fat (g) 44

Milk, full fat (ml) 5961

Milk, reduced fat (ml) 2929

Yoghurt, full fat plain (g) 204

Yoghurt, reduced fat, flavoured (vanilla) (g) 676

Flavoured milk (ml) 2416

Canola margarine (g) 170

Sunflower oil (ml) 7

Olive oil (ml) 7

Discretionary choices

Beer, full strength (ml) 4661

White wine, sparkling (ml) 863

Whisky (ml) 266

Red wine (ml) 1078

Butter (g) 280

Muffin, commercial (g) 1455

Cream-filled sweet biscuit, pre-packaged (g) 496

Muesli bar, pre-packaged (g) 373

Peanuts, salted (g) 255

Pizza, commercial (g) 1182

Savoury flavoured biscuits (g) 222

Confectionary (g) 418

Chocolate (g) 441

Sugar sweetened beverages (Coca Cola) (ml) 12,012

Meat pie, commercial (g) 1638

Frozen lasagne, pre-packaged (g) 4322

Hamburger, commercial (g) 2413

Beef sausages (g) 1048

Ham (g) 189

Potato crisps, pre-packaged (g) 518

Potato chips, hot, commercial (g) 670

Ice cream (g) 1830

White sugar (g) 564

Salad dressing (ml) 277

Tomato sauce (ml) 569

Chicken soup, canned (g) 1340

Orange juice (ml) 3027

Fish fillet crumbed, pre-packaged (g) 302
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The total energy content of the household’s healthy diet is
33,610 kJ per day. Common brands of included food and
drink items are included in the data collection sheet in
Table 4.

Diet pricing tools for additional household structures
Several stakeholders requested (Table 2) that the compos-
ition of current (unhealthy) and healthy (recommended)
diets be provided for four other household compositions
commonly investigated in Australia1 (for example, for sin-
gle parent or pensioner households) so that additional
data analysis could be performed. These data are included
in Additional file 3.

Validity of the diet pricing survey tools Convergent
validity of the constructed healthy and current diet pri-
cing survey tools for each age/gender group was assessed
by energy and macronutrient analysis using FoodWorks
7 Professional [34] computer program installed with
AUSNUT 2011–13 [32] (the food composition database
used to analyse the AHS) and comparing results with
Australian Nutrient Reference Values [35] and nutrient
results from the AHS 2011–12 respectively [5, 31]. The
results are presented in Additional file 4. As deemed ac-
ceptable for modelling outputs to develop the Australian
Guide to Healthy Eating, [33] the energy content of the
constructed healthy diet pricing tool is within 5% of the
Foundation Diet levels and the macronutrient profiles
are within the recommended ranges for more than 97%
of values for all age/gender groups. Similarly, the energy
content of the current diet pricing tool is within 5% of
the reported energy intakes of the AHS 2011–2012 [4]
for all individuals.
Internal validity indicators, such as the ratio of fruit

and vegetables content between the healthy and current
diet pricing tools (approximately 2:1) are consistent with

Table 3 Composition of the current (unhealthy) and healthy
(recommended) diets for the reference householda per fortnight
(Continued)

Food or drink Quantity

Instant noodles, wheat based (g) 381

Healthy (recommended) diet

Bottled water, still (ml) 5296

Fruit

Apples, red, loose (g) 5460

Bananas, Cavendish, loose (g) 5460

Oranges, loose (g) 5460

Vegetables

Potato, white, loose (g) 2320

Sweetcorn, canned, no added salt (g) 1160

Broccoli, loose (g) 1470

White cabbage, loose (g) 1470

Iceberg lettuce, whole (g) 1470

Carrot, loose (g) 2205

Pumpkin (g) 2205

Four bean mix, canned (g) 1005

Diced tomatoes, canned, in tomato juice(g) 1638

Onion, brown, loose (g) 1638

Tomatoes, loose (g) 1638

Frozen mixed vegetables, pre-packaged (g) 1638

Frozen peas, pre-packaged (g) 1638

Baked beans, canned (g) 1005

Salad vegs in sandwich 120

Grain (cereal) foods

Wholegrain cereal biscuits Weet-bix™ (g) 2216

Wholemeal bread, pre-packaged (g) 4272

Rolled oats, whole (g) 6648

White bread, pre-packaged (g) 893

Cornflakes (g) 670

White pasta, spaghetti (g) 2042

White rice, medium grain (g) 2042

Dry water cracker biscuit (g) 781

Bread in sandwich 120

Meats, poultry, fish, eggs, nuts and seeds

Beef mince, lean (g) 1168

Lamb loin chops (g) 1169

Beef rump steak (g) 1172

Tuna, canned in vegetable oil (g) 1841

Whole barbeque chicken, cooked (g) 1471

Eggs (g) 2208

Peanuts, roasted, unsalted (g) 780

Chicken in sandwiches 120

Table 3 Composition of the current (unhealthy) and healthy
(recommended) diets for the reference householda per fortnight
(Continued)

Food or drink Quantity

Milk, yoghurt, cheese and alternatives

Cheddar cheese, full fat (g) 704

Cheddar cheese, reduced fat (g) 516

Milk, full cream (ml) 6438

Milk, reduced fat (ml) 12,000

Yoghurt, full fat plain (g) 2576

Yoghurt, reduced fat, flavoured (vanilla) (g) 5100

Canola margarine (g) 412

Sunflower oil (ml) 291

Olive oil (ml) 291
aThe reference household comprises four people: adult male 19–50 yrs. old;
adult female 19–50 yrs. old; boy 14 yrs. old; girl 8 yrs. old
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available published data [2, 31] and recommendations
[33]. Further, the proportion of household food expend-
iture on discretionary items (around 58%) [29] is similar
to that described by the ABS (58.2%) using different
methods based on household expenditure [19]. Hence
the tools appear valid for use in estimating the cost of
current and healthy diets.

The healthy diets ASAP protocol part two: Location and
store sample selection
A random sample of the Statistical Area Level 2 (SA2)
locations in each town is selected to achieve a represen-
tative sample. SA2 locations are stratified by the Index
of Relative Socio-Economic Disadvantage for Areas
(SEIFA) quintile using information and maps available
on the ABS website [36–38] Following sample size cal-
culations, the required number of SA2 locations within
SEIFA Quintile 1, 3 and 5 are selected randomly for
participation. Food outlets within seven kilometres by
car of the centre of each SA2 location are identified with
Google™ Maps [39] and included in the surveys. Stores
to survey include one outlet of all supermarket chains
(in trials these were Coles™, Woolworths™ and Independ-
ent Grocers Australia (IGA™), Supabarn™ and ALDI™),
‘fast-food’/take-away outlets (a Big Mac™ hamburger
from the McDonald’s™ chain; pizza from the Pizza Hut™
chain; fish and chips from independent outlets) and two
alcoholic liquor outlets closest to the geographical centre
of each SA2 location.

The healthy diets ASAP protocol part three: Collecting and
entering food price data
The Healthy Diets ASAP diet price survey data collec-
tion form (Table 4) combines the items included in the
current diet and the healthy diet for convenience and
utility. The agreed price data collection protocol is pre-
sented in Table 5 and is printed on each data collection
form. Research assistants are trained to use the form
and follow the price collection protocol strictly. Prices
are collected within the same 4 week/monthly period, as
prices change over time.
Permission to participate is sought from each store

manager prior to data collection.
Data entry and analysis sheets have been developed

using Excel™ spreadsheets [40]. Double data entry is rec-
ommended to minimise error. Data are cleaned and
checked. Any missing values are imputed to ascribe the
mean price of the same food item in all other relevant
outlets in the same SA2 area. Data analysis tools are
available from the corresponding author. As has been
achieved previously for the Victorian Health Food Ac-
cess Basket [41], the Healthy Diets ASAP App is under
development to streamline data collection and analysis
and reduce error.

Table 4 Healthy Diets ASAP (Australian Standardised Affordability
and Price) Survey Data Collection Form
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The healthy diets ASAP protocol part four: Determination of
household income
Household income is determined by either of three
methods, depending on the purpose of the study and the
granularity of available data.

Median household gross income at area level In
Australia, national census data is the only source of SA2
level household income data and is provided only at
total (gross) level. Median gross household income is de-
termined per week (before taxation, rent and other ex-
penses) in each SA2 area by entering relevant post codes
into the Community Profile data calculator [42] that is
based on the 2011 Census results [36], adjusted for the
wage price index (for example, there was an increase of
11.1% from September 2011 to September 2015) and
multiplying by two to derive median household income
in each SA2 area per fortnight. Details and examples are
provided in Additional file 5.

Indicative low (minimum) disposable household
income Indicative low (minimum) income of the refer-
ence household (and other households of interest to spe-
cific stakeholders) is calculated based on the level of
minimum wages [43] and determination of the welfare
payments provided by the Department of Human Ser-
vices [44] as per the methods used by the Queensland
Department of Health [20]. Assumptions are made for
employment, housing type, disability status, savings and

investments, child support, education attendance and
immunisation status of children (Table 6). As welfare
policy actions can change, the most recent schedules
should be used. Where it is higher than the minimum
threshold, the indicative low (minimum) household in-
come is adjusted for taxation payable [45] so also repre-
sents minimum household disposable income. Details
and examples are provided in Additional file 6.

Median household disposable income at national
level For assessment of diet affordability at the national
level, median equivalised disposable household income
for the reference family composition is sourced from the
Survey of Income and Housing [46].

The healthy diets ASAP protocol part five: Data analysis
and reporting
The price of the healthy (recommended) and current di-
ets in each store and the mean price for each SEIFA
quintile is calculated for the reference household com-
position in each of areas surveyed in each city. Results
can be presented in a range of metrics, including the
cost of the total diets per household per fortnight, and
the cost of purchasing specific five food group and dis-
cretionary foods and drinks (including policy relevant
items such as alcohol, ‘take-away foods’ and sugar-sweet-
ened beverages). The results for the current (unhealthy)
diet and healthy (recommended) diet are compared to
determine the differential.
Affordability of the healthy and current diets for the

reference household is determined by comparing the
cost of each diet with the median gross household
income (Additional file 5) and also with the indicative
low (minimum) disposable income of low income house-
holds (Additional file 6). Where a representative national
survey of diet prices has been conducted, affordability of
the healthy and current diets for the reference household
is determined by comparing the cost of each diet with
the median equivalised disposable income [46] and with
the indicative low (minimum) disposable income of low
income households. Internationally, a benchmark of 30%

Table 5 Healthy Diets ASAP food price data collection protocol

1. Record the usual price of an item, i.e. do not collect the sale/special
price unless it is the only price available (if so, note in comment column)
2. Look for the specified brand and specified size for each food item,
and record the price
• If the specified brand is not available: Choose the cheapest brand
(non-generic) available in the specified size. Note this brand in the
“Your brand” column
• If the specified size is not available: Choose the nearest larger size
in the specified brand. If a larger size is not available, choose the
nearest smaller size. Note this size in the “Your size” column
• If both the specified brand and specified size are not available:
Choose the cheapest in the nearest larger size of another brand
(non-generic). If a larger size is not available, choose the nearest
smaller size
• If multiple brands are specified, record the price of the cheapest one
and note brand in the “Your brand” column
• If the item is only available in a generic form (e.g. Home Brand,
Coles, Woolworths Select, Black and Gold) choose the most expensive
generic item in the specified size. If the specified size is not available,
choose the nearest larger size. If a larger size is not available, choose
the nearest smaller size. Note the generic name in the “Your brand”
and the size in the “Your size” columns

3. Loose produce: choose the usual cheapest price per kg of the variety
not on special. If the only variety available is on special, record the
special price and note in comments column
4. Peanuts: choose the branded packet size closest to 250 g. If
packaged, roasted, unsalted peanuts are not available, record the price
of the loose ‘bulk scoop & weigh’ roasted, unsalted peanuts per 100 g
5. Check all data are collected and recorded as above, before leaving store

Table 6 Assumptions applied to determine the indicative low
(minimum) disposable household income of the reference household

The reference household consists of an adult male, an adult female, a
14 year old boy and an 8 year old girl
• The adult male works on a permanent basis at the national minimum
wage ($17.29 per hour)for 38 h a week

• The adult female works on a part-time basis at the national
minimum
wage ($17.29 per hour)for 6 h a week

• Both children attend school and are fully immunised
• None of the family are disabled
• The family has some emergency savings that earn negligible interest
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of income has been used to indicate affordability of a
diet [6, 10].
Data files can be manipulated to investigate the effects

of potential fiscal policy changes on the affordability of
current (unhealthy) and healthy (recommended) diets
for the reference household. The price of the relevant
foods and drinks can be modified readily to highlight the
likely ‘real-world’ impacts of different scenarios, for ex-
ample, to investigate the potential extension of the
Goods and Services Tax (GST) on basic healthy foods
[47], or the potential application of different levels of
taxation on sugary drinks in Australia [29].

Discussion
There are several methodological limitations inherent in
the Healthy Diets ASAP protocols. Given that it is based
on national reported mean dietary intakes, the cost of
the current (unhealthy) diet is unlikely to be the same as
actual expenditure on food and drinks in specific areas
and among specific groups [48]. Other assumptions
commonly made in similar apparent consumption and
household expenditure surveys include that food is
shared equitably throughout the household, that there is
no home food production and minimal wastage. Nutri-
tionally similar products were aggregated to minimise the
number of items included in the diet pricing tools, but
products were not necessarily homogenous in terms of
price. However, similar healthy food items were included
in each diet to try to minimise any unintended effects.
Ideally, the specific foods included in both diet pricing

tools are culturally acceptable, commonly consumed,
widely available, accessible and considered ‘every day’ ra-
ther than luxury items. As the foods and drinks included
in the current diet pricing survey tool reflect actual con-
sumption data, it was presumed that they were deemed
by the population as a whole as meeting these require-
ments. No adjustments were made for costs such as
transport, time, cooking equipment and utilities; as these
apply to both current and healthy diets, assessment of
the price differential between the two can help control
for some of these hidden costs to some extent. However,
these hidden costs would increase actual diet costs and
decrease affordability of the diets.
No adjustments were made to account for the marked

under-reporting in the AHS 2011–12 [4], reported dietary
variability amongst different groups other than age/gender
stratification, or the greater proportion of pre-prepared
‘convenience’ items in the current diet pricing tool com-
pared with the healthy diet pricing tool. Given the high
rates of overweight/obesity in Australia, the Foundation
Diets were prescribed for the shortest and least active in
each age group according to the modelling that informed
the Australian Guide to Healthy Eating [33]; however this

would under-estimate the requirements of taller, more ac-
tive and healthy weight individuals.
No attempt was made to control the price of the healthy

diet pricing tool or the current diet pricing tool for energy,
as the diets are constructed on recommended energy
levels and actual reported levels of energy respectively.
Further, the energy content of each tool is a determinant
variable that directly affects diet-related health outcomes
[18, 49]. As most Australians are already overweight or
obese, increasing recommended energy requirements in
excess of Foundation Diets is not consistent with
optimum health outcomes [33]. As the key exposure vari-
able affecting the life time risk of diet-related disease is
the total diet and dietary patterns, approaches such as this
that compare metrics of actual current diets with recom-
mended diets are more pertinent to the health policy de-
bate than the more common, but limited, studies into the
relative price of selected ‘healthy’ and ‘unhealthy’ foods or
single ‘optimised’ diets [18, 50, 51].
While a benchmark of 30% of income has been used to

indicate affordability of diet internationally and in
Australia [6, 9, 10] it is not clear from the literature
whether this income comparator is gross income or dis-
posable income [6]. Using disposable income to estimate
affordability better reflects the capacity of a household to
afford food/diets [52, 53]; using gross income is a more
conservative approach as it does not take taxation into ac-
count. However, in Australia currently, median disposable
household income data are readily available only at na-
tional level [46]; at area level only median gross household
income data are readily available. Further, the composition
of the reference household does not align necessarily with
that of households in the census in all areas. Comparing
diet price with indicative low (minimum) disposable
household more accurately estimates affordability of diets
in vulnerable groups. However, the tax paid component of
indicative low (minimum) disposable household income
can be removed to improve comparability with estimates
of affordability determined by application of gross median
household income.
Arbitrary decision points occur around sampling frame-

works, data collection protocols (for example, selection of
cheapest comparable generic item if the branded item is
unavailable in any size), analysis and presentation of re-
sults, data sources and definitions of family and household
income and composition. Such methodological limitations
are common to other food price studies. In order for final
methods to be replicable, agreement among key stake-
holders including end users on each of these decision
points at the Healthy Diets ASAP Forum was invaluable.
Publication of detailed protocols is essential to support up-
take, replicability, fidelity and transparency of the method.
The detailed dietary survey data required to produce the

current (unhealthy) diet pricing tool and the modelling
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data required to produce the healthy (recommended) diet
pricing tool are not easily accessible in all countries and
technical capacity to analyse individual records may be
limited. Therefore, this optimal approach may be too
complex for application to assess and monitor the price of
diets from a health perspective globally. However, there is
potential for the diet pricing tools to be adapted for use in
other countries by substitution of food components with
commonly-consumed local equivalents, dietary analysis
and testing.

Conclusion
The development of standardised Healthy Diets ASAP
method protocols provides an example of how the
INFORMAS optimal food price and affordability methods
can be adapted at country level to help develop standar-
dised, policy relevant diet price assessment, monitoring
tools and benchmarks. The approach can be used to as-
sess the price, price differential and relative affordability of
current (unhealthy) and healthy (recommended) diets and
inform scenario modelling of potential fiscal and nutrition
policy actions.
The Healthy Diets ASAP method satisfies long-standing

calls for the development of a nationally standardised
approach to assess food prices from a health perspective,
supporting comparison of results from different locations
and over time, in Australia.
The protocol could be adapted in other countries to

benchmark and monitor the price, price differential and
affordability of current and healthy diets globally.

Endnotes
1Additional data are provided for:

� Household 1(n = 6): adult male 31–50 yrs. old; adult
female 31–50 yrs. old; older female 70+ yrs. old; boy
14 yrs. old; girl 8 yrs. old; boy 4 yrs. old

� Household 2 (n = 3): single parent with 2 children:
adult female 31–50 yrs. old; boy 14 yrs. old; girl
8 yrs. old

� Household 3 (n = 1): single unemployed person:
adult male 31–50 yrs. old

� Household 4 (n = 2): older couple with no children:
senior adult male 70+ yrs. old; senior adult female
70+ yrs. old: pensioners

Additional files

Additional file 1: Current (unhealthy) Diets: Mean daily intake of
representative categories of foods and drinks for individuals (age/gender)
comprising the reference household, and other common households.

Additional file 2: A. Foundation diet recommended serves of foods per
week for individuals (NHMRC 2011) comprising the reference household

and other common households. B. Healthy (recommended) Diets:
Recommended serves per day of food groups and amounts of
composite foods and drinks for individuals comprising the reference
household, consistent with Foundation Diets (NHMRC 2011) including
commonly-consumed brands.

Additional file 3: Composition of the current (unhealthy) diet and
healthy (recommended) diet for four additional households (HH1, HH2,
HH3, HH4) per fortnight.1

Additional file 4: Energy and nutrient analysis of individual current and
healthy diet baskets compared to results of the AHS and Foundation Diet
modelling.

Additional file 5: Median income determination by SA2 Example-
Median income data from the 2011 Census, ABS Community Profiles of
SA2 areas for six SA2 locations in Sydney, NSW*.

Additional file 6: Calculations of low (minimum) disposable household
income data from welfare data – Example.
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Dietary patterns of university students in the UK
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Abstract

Background: University represents a key transition into adulthood for many adolescents but there are associated
concerns about health and behaviours. One important aspect relates to diet and there is emerging evidence that
university students may consume poor quality diets, with potential implications for body weight and long-term
health. This research aimed to characterise dietary patterns of university students in the UK and their sociodemographic
and lifestyle antecedents.

Methods: An online, cross-sectional survey was undertaken with a convenience sample of 1448 university students from
five UK universities (King’s College London, Universities of St Andrews, Southampton and Sheffield, and Ulster University).
The survey comprised a validated food frequency questionnaire alongside lifestyle and sociodemographic questions.
Dietary patterns were generated from food frequency intake data using principal components analysis. Nutrient intakes
were estimated to characterise the nutrient profile of each dietary pattern. Associations with sociodemographic variables
were assessed through general linear modelling.

Results: Dietary analyses revealed four major dietary patterns: ‘vegetarian’; ‘snacking’; ‘health-conscious’; and ‘convenience,
red meat & alcohol’. The ‘health-conscious’ pattern had the most favourable micronutrient profile. Students’
gender, age, year of study, geographical location and cooking ability were associated with differences in pattern
behaviour. Female students favoured the ‘vegetarian’ pattern, whilst male students preferred the ‘convenience,
red meat & alcohol’ pattern. Less healthful dietary patterns were positively associated with lifestyle risk factors
such as smoking, low physical activity and take-away consumption. The health-conscious pattern had greatest
nutrient density. The ‘convenience, red meat & alcohol’ pattern was associated with higher weekly food spending;
this pattern was also identified most consistently across universities. Students reporting greater cooking ability
tended towards the ‘vegetarian’ and ‘health-conscious’ patterns.

Conclusions: Food intake varied amongst university students. A substantial proportion of students followed
health-promoting diets, which had good nutrient profiles obviating a need for dietary intervention. However,
some students consumed poor diets, incurred greater food costs and practised unfavourable lifestyle behaviours,
which may have long-term health effects. University policy to improve students’ diets should incorporate efforts
to promote student engagement in cooking and food preparation, and increased availability of low cost healthier
food items.
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Background
University students represent a substantial proportion
(50%) of the UK young adult population [1] and an indi-
vidual’s university career may be influential in the estab-
lishment of long-term eating patterns and thus chronic
disease risk. This population also represents a group of
young adults with a set of unique factors driving dietary in-
take: the transition to university life may be associated with
increased autonomy over food choice, small food budgets,
and exposure to new social groups and food cultures.
A limited body of data indicates that the dietary be-

haviours of UK university students are not conducive to
either short- or long-term health. Alcohol consumption
has received most research attention revealing that binge
drinking is endemic [2, 3]. There are also indications of
high intakes of confectionery and fast foods, and low
consumption of fruit and vegetables [3, 4]. Although
there is some evidence that dietary behaviours track
from adolescence to adulthood [5, 6], the transition from
home to university life has been associated with un-
favourable changes to food intake: increases in alcohol
and sugar intake, and decreases in fruit and vegetable
consumption have been reported [7].
Additionally, the first year of university life has been

identified as a period associated with body weight gain
in both North American [8] and UK students [9, 10].
Such weight gain may have long-term repercussions,
since overweight during young adulthood has been iden-
tified as a significant predictor of obesity later in life
[11]. Furthermore, high rates of body dissatisfaction and
dieting behaviours have been noted, particularly amongst
female students [12, 13]. Such engagement in dieting be-
haviour and dysfunctional relationships with food not
only impact on dietary adequacy [14, 15], but may also
create tension and conflict for young people as they de-
velop relationships with new peer groups [16].
Dietary studies of British university students are con-

strained by crude dietary assessment, small sample size
and generally focus on a single university [3, 4]. Further-
more, their analytical approach has been on single foods
and/or nutrients, which has allowed assessment of intake
relative to dietary recommendations. Using multivariate
statistical techniques to identify dietary patterns through
intake of multiple interrelated food groups captures the
complexity and multidimensional nature of diet, which
is representative of real life food consumption [17]. This
approach also allows greater insight into the different
patterns of food consumption that naturally occur within
a population and facilitates identification of sub-groups
who may be most in need of health promotion efforts.
Universities in particular may represent a setting in
which dietary behaviours are open to change and large
groups of young adults can be reached, representing an
appropriate target for health promotion efforts. A dietary

patterns approach has been used widely in various UK
population groups, but has not been employed to char-
acterise the diets of university students.
This study aimed to identify dietary patterns that exist

within a UK university student population, to assess the
nutritional profile of these patterns, and to examine
socio-demographic and lifestyle variables underpinning
these patterns.

Methods
Study design
This cross-sectional study involved a convenience sam-
ple of five regionally and socio-economically diverse uni-
versities throughout the UK (Universities of: Sheffield,
Ulster, King’s College London (KCL), Southampton and
St Andrews). These universities had responded positively
to an invitation to participate in the research study; con-
tact was made via university Human Nutrition or Health
Sciences departments. A web-survey, comprising a vali-
dated food frequency questionnaire (FFQ) (Tinuviel Soft-
ware Ltd., Warrington, UK) was used to assess dietary
intake. Socio-demographic and lifestyle data were also col-
lected. The survey was conducted between Autumn 2013
and Spring 2015. Data collection was preceded by a pilot
study, which was used to refine the web-survey.
Ethical approval was obtained from each participating

university. Informed consent for participation was ob-
tained on the first page of the web-survey.

Subjects & recruitment
All British and European Union students less than 30 years
of age at the five participating universities represented eli-
gible participants. A cut-off of 30 years was chosen in
order to focus on the dietary behaviours of young adults.
International students (non-Home or non-EU) were not
included because of possible heterogeneity in food choice
(this issue was identified in the pilot study), and the diet-
ary assessment instrument used was Euro-centric. Stu-
dents identifying as international students on the first
page of the online survey could not proceed. Only health
sciences students were recruited at the University of
Southampton, because of logistical issues in distribution
of the survey. All students were recruited through univer-
sity email distribution lists. This email provided study de-
tails and emphasised that students did not have to be
eating a healthy diet to participate. Participants were re-
quired to recall their habitual diet over the most recent
university semester (three months). This was the autumn
semester 2013 for students at Sheffield, the autumn se-
mester 2014 for students at Ulster and KCL, and the
spring semester 2014 for students at Southampton and St
Andrews. Participants who provided their contact details
were entered into a prize draw; each person could win
one of 40 £20 high street vouchers.
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Participant eligibility
A total of 1683 students across the five universities
responded to the survey. Figure 1 shows numbers of stu-
dents excluded based on fulfilment of various eligibility
criteria. The cut-offs for implausible energy intakes in
the Nurses’ Health Study (< 500 Kcal/day and > 3500
Kcal/day) and Healthcare Professionals’ Follow-up Study
(< 800 Kcal/day or > 4200 Kcal/day) were used to identify
and exclude participants reporting implausible energy
intakes the current study. Using this method, 24 partic-
ipants were identified as over-reporters (8 males; 16
females) and three participants were identified as
under-reporters (1 male; 2 females). A total of 1448
students comprised the final sample.

Dietary data
A validated 111-item FFQ originally developed by the
Medical Research Council was employed to assess diet-
ary intake (DietQ; Tinuviel Software Ltd., Warrington,
UK; [18, 19]. The FFQ was piloted among 40 students at
the University of Sheffield. Feedback from the pilot study
led to three further items being incorporated into the
questionnaire (consumption of hummus; tofu; water).
Frequencies of consumption in the questionnaire were

expressed as follows: every day = 7/week, through to
once per week = 1/week; once every 2–3 weeks (F) =
0.5/week; rarely/never (R) = 0. Where absolute quan-
tities of consumption were given, these were converted
into number of portions consumed per day. Food and
nutrient intakes were generated directly from these
FFQ data using the nutritional analysis software
QBuilder (Tinuviel Software, Warrington, UK). The ori-
ginal 111 foods/food groups listed in the FFQ were

condensed into 55 broader foods/food groups for dietary
patterns analysis. These 55 foods/food groups are detailed
in Additional file 1: Table S1.

Socio-demographic, anthropometric and lifestyle data
The following socio-demographic information was col-
lected: age; gender; degree programme and year of study;
full/part-time study; nature of term-time residence; eth-
nicity; religion; socioeconomic status (SES); maternal
education; and university attended. Information on dieting/
weight loss behaviour, supplement use, cooking ability (four
response options from ‘able to cook wide range of meals
from raw ingredients’ through to ‘unable to cook at all’),
smoking status (students were asked to self-identify as a
never smoker, ex-smoker, social smoker or regular smoker),
self-reported physical activity levels (students were required
to self-identify as not very active, moderately active or very
active), body weight (kg) and height (m) (for calculation
of body mass index (BMI), kg/m2), cooking behaviours
(consumption of: meals made from raw ingredients;
pre-prepared foods; ready meals and take-aways; and
meals from university cafeteria) and weekly food ex-
penditure (£) was also collected.

Identification of dietary patterns
To generate dietary patterns, the 55 food/food group intake
variables were entered into a principal component analysis
(PCA) and a varimax (orthogonal) rotation was performed.
The number of components retained was determined by
the scree plot, parallel analysis and component interpret-
ability [20]. Food/food groups with factor loadings > 0.32
were used to interpret each dietary pattern.

Final sample size = 1448

27 students identified as implausible energy intake reporters

14 students reported to be pregnant or breastfeeding at the time of the survey

16 failed to provide sufficient identifying data (e.g. no data on university attended)

165 failed to meet inclusion criteria (e.g. >30 years; international student)

6 identified as non-genuine responders

7 identified as duplicate responders

1683 completed surveys received 

Fig. 1 Numbers of students excluded based on fulfilment of various eligibility criteria

104 Dietary Patterns and Health: A Nutrition Science Approach



Statistical analysis
Pearson’s product moment correlation coefficients were
calculated between pattern scores and absolute nutrient
intakes. Partial correlation coefficients were also calcu-
lated, which adjusted for energy intake. Correlation co-
efficients ≥0.5 and ≤ − 0.5 were considered strong.
Examination of scatter plots revealed no evidence of
non-linear relationships between component scores
and nutrient intakes.
General linear models (GLMs) were firstly fitted for

demographic variables alone (model 1) and then with
additional eating factors (model 2). Maternal education
was not included in the models, since data were not
available for all students. Religion was also not included
due to confounding with ethnic background.
Variables were categorised into two groups for entry

into a GLM: 1) demographic variables: gender, age,
leisure-time physical activity, BMI, smoking, ethnicity,
year of study, term-time accommodation, university
attended, and full-time/part-time status 2) cooking- and
eating-related variables: cooking ability, animal food
consumption, frequency of consumption of meals pre-
pared using raw ingredients, frequency of consumption
of meals using pre-prepared foods, frequency of con-
sumption of ready-meals and take-aways, frequency of
consumption of meals from university cafeteria, fre-
quency of skipping breakfast, frequency of skipping
lunch, and amount spent on food.
For each retained dietary component a GLM was fitted

with demographic variables only (Group 1). A second
GLM was then fitted, which included significant demo-
graphic variables and variables from Group 2. Multi-
comparison post-hoc tests with Sidak correction were
carried out to aid interpretation of significant factors in
the GLM. The Statistical Package for the Social Sciences
(SPSS) Version 20 was used for all statistical analyses. A p
value of < 0.05 was considered significant.

Results
Participant characteristics
The sociodemographic characteristics of the sample are
shown in Table 1. The sample comprised 1064 (73.5%)
women and 384 (26.5%) men. The majority of students
were White British (n = 911; 62.9%) and registered for
full-time study (n = 1394; 96.3%). The mean age of the
sample was 21.5 years (SD 2.63 years). The majority of re-
spondents were from the University of Sheffield (n = 567;
39.2%), Ulster University in Northern Ireland (n = 443;
30.6%) and KCL (n = 305; 21.1%). The remaining students
were from the Universities of Southampton (n = 79; 5.5%)
and St Andrews, Scotland (n = 54; 3.7%). Just over
one-third of students were studying a health-related de-
gree. The majority of students (n = 1000; 69.1%) reported a

healthy BMI (18.5–24.99 kg/m2); mean BMI was
22.8 kg/m2 (SD 4.64 kg/m2).
In terms of eating behaviours of the sample, just under

two-thirds of students described themselves as regular
meat-eaters, whilst approximately 10% of students iden-
tified themselves as vegetarian. Just over half (55%) of
students reported that they were able to cook a wide
range of meals from raw ingredients, and 73% consumed
self-cooked meals from raw ingredients ‘every’ or ‘most’
days. One in four students reported that they consumed
meals cooked from pre-prepared foods, which could be
assumed to represent convenience foods, ‘most days’ or
‘everyday’. Approximately 30% of students reported that
they skipped breakfast at least most days. Just less than
one quarter of students spent less than £20 on food each
week; a weekly food budget of £20–29 was most com-
mon. Almost one in five students spent over £40 on
food each week. Full details are provided in tabular form
in Additional file 1: Table S2).

Dietary patterns
Four principal components were retained, which ex-
plained 21.7% of the total variance in food intake. The
first component explained 8.4% variance; the three
remaining components explained 5.7%, 4.2% and 3.4% of
the variance in food intake respectively. Table 2 shows
the factor loadings of each of the food groups in the four
dietary components retained.
The first dietary component had high positive factor

loadings (≥ 0.32) for pulses, beans and lentils, tofu, meat
alternatives, hummus, nuts, and other green vegetables
and salad items. It had high negative factor loadings for
poultry, processed meat, and red meat and offal. This
dietary pattern was labelled ‘vegetarian’, because there
was a clear tendency towards consumption of non-meat
protein sources and avoidance of all meat and fish prod-
ucts. The second dietary component had high positive
factor loadings for biscuits, cakes and sweet pastries,
milk- and cream-based desserts, confectionery, crisps
and savoury snacks, fruit juice, other bread, pizza and
fizzy drinks. This component was labelled ‘snacking’, be-
cause it was mainly characterised by snack-type foods
that generally did not represent components of main
meals, require no preparation and offered many options
for mobile consumption. The third component had high
positive factor loadings for fatty fish and canned tuna,
white- and shellfish, nuts, eggs, fresh fruit, other green
vegetables and salad items, oat- and bran-based break-
fast cereals, herbal and green tea, and low fat/low calorie
yogurts. This dietary pattern was labelled ‘health-con-
scious’, because it was characterised by foods typically as-
sociated with improved health, and was congruent with
dietary components labelled ‘health-conscious’ or ‘pru-
dent’ in other dietary pattern studies [21]. Finally, the
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fourth component was labelled ‘convenience, red meat &
alcohol’, because it had high factor loadings for red meat
and savoury foods requiring little or no preparation, and
it was the only component with a positive loading on al-
coholic drinks. There were also high factor loadings for
fried food, pasta and rice, ready-made sauces, pizza,
chips, alcoholic drinks, processed meat, red meat and
offal, and eggs; there was a strong negative factor load-
ing for low fat/low calorie yogurts.

Correlational analyses
Pearson’s correlation coefficients between dietary pat-
tern scores and energy intake were calculated. These
are displayed in Table 3. There was a weak negative
correlation between the ‘vegetarian’ pattern and energy
intake (r = − 0.096; p < 0.01), but a weak positive correl-
ation between the ‘health-conscious’ pattern and energy

Table 1 Socio-demographic characteristics of the sample

Number Percentage (%)a

Gender

Male 384 26.5

Female 1064 73.5

Age (years)

17–21 873 60.3

22–25 412 28.5

26–30 163 11.3

BMI (kg.m−2)

< 18.5 112 7.7

18.5–24.9 1000 69.1

25–29.9 220 15.2

≥30 76 5.2

Leisure-time physical activity

Not very active 473 32.7

Moderately active 748 51.7

Very active 227 15.7

University attended

University of Sheffield 567 39.2

Ulster University 443 30.6

KCL 305 21.1

University of Southampton 79 5.5

University of St Andrews 54 3.7

Faculty of study

Arts 252 17.4

Social science 285 19.7

Engineering 109 7.5

Science 212 14.6

Medicine and health 521 36.0

Full or part time status

Full time 1394 96.3

Part time 54 3.7

Year of study

1st year undergraduate 489 33.8

2nd year undergraduate 301 20.8

3rd year undergraduate 264 18.2

4th or higher year undergraduate 136 9.4

Postgraduate 245 16.9

Other 13 0.9

Term-time residence

University catered accommodation 58 4.0

University self-catered accommodation 340 23.5

Private accommodation with other
friends/students

610 42.1

Private accommodation on own 63 4.4

Table 1 Socio-demographic characteristics of the sample
(Continued)

Number Percentage (%)a

With parents/relatives 205 14.2

With partner 107 7.4

With parents/partner & children 48 3.3

With children only 9 0.6

Other 8 0.6

Ethnic background

White British 911 62.9

White Irish 235 16.2

Other White ethnicity 139 9.6

Mixed ethnicity 45 3.1

Asian/Asian British 69 4.8

Black/African/Caribbean/Black British 15 1.0

Other 16 1.1

Would rather not say 18 1.2

Mother’s level of education

CSE 80 5.5

Vocational 59 4.1

O Level 184 12.7

A Level 96 6.6

Degree 342 23.6

Would rather not say 120 8.3

Not askedb 567 39.2

Smoking habits

Never smoker 1090 75.3

Ex-smoker 72 5.0

Social smoker 192 13.3

Regular smoker 94 6.5
awhere percentages do not total 100% this is due to missing data
bThis question was not available for University of Sheffield students
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Table 2 Factor loadings of the 55 food groups in the four principal components extracted from the PCA of frequency of food
intake data of 1448 university students

Food group (% variance) Vegetarian (8.4%) Snacking (5.7%) Health-conscious (4.2%) Convenience, red meat
& alcohol (3.4%)

Pulses, beans & lentils 0.642 − 0.113 0.216

Tofu 0.627 0.105

Meat alternatives 0.586 0.126 − 0.109 0.121

Hummus 0.585 0.147

Chicken/poultry −0.456 0.106 0.277

Processed meat −0.453 0.277 0.354

Red meat & offal −0.439 0.163 0.134 0.332

Biscuits, cakes & sweets 0.623 − 0.106

Milk & cream-based desserts 0.531 0.160

Confectionery − 0.174 0.524

Crisps & savoury snacks 0.413 −0.170 0.253

White bread −0.141 0.393 −0.209 0.214

Fruit juice 0.354

Other bread 0.104 0.342

Canned fruit 0.101 0.320 0.100 −0.124

Fruit squash (not low calorie) 0.293 −0.182

Other yogurts 0.276 0.216 −0.105

Other spread 0.251

Added sugar in tea, coffee & cereal 0.239 0.128

Quiche 0.201 0.218 0.124

Fatty fish & canned tuna −0.120 0.616

White fish & shell fish −0.157 0.531

Nuts 0.324 0.491

Eggs −0.151 − 0.120 0.477 0.350

Fresh fruit 0.174 0.443 −0.108

Other green vegetables, onions & salad items 0.369 −0.258 0.376 0.127

Oat- & bran-based breakfast cereals −0.172 0.372 −0.170

Herbal & green tea 0.313 −0.153 0.365

Low fat & low-calorie yogurts 0.334 −0.308

Tea & coffee 0.122 0.251

Fried food 0.503

Pasta & rice 0.135 0.451

Ready-made sauces 0.396

Pizza 0.327 −0.171 0.392

Chips − 0.160 0.301 − 0.221 0.379

Alcoholic drinks 0.328

Butter −0.166 0.137 0.312

Mayonnaise, salad cream & other dressings −0.115 0.249 0.225 0.277

Cream 0.128 0.198 0.209

Crispbread 0.144 0.132 −0.179

Peas 0.115

Boiled, mashed, roast & jacket potatoes −0.211 0.261 0.113

Root vegetables & sweetcorn 0.237 0.300
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intake (r = 0.271; P < 0.01). The ‘snacking’ and ‘conveni-
ence, red meat and alcohol’ dietary patterns exhibited
the strongest correlations with energy intake (r = 0.582
and r = 0.547 respectively). Owing to these significant
associations, energy-adjusted nutrient intakes were used
to explore relationships with dietary patterns scores.
There were strong positive correlations (0.5 ≥ r < 0.6;
p < 0.01) between the ‘vegetarian’ pattern and energy-
adjusted intakes of fibre, copper and thiamin. The ‘health-
conscious’ pattern was the most nutrient dense, with sig-
nificant, positive, strong correlations (0.5 ≥ r < 0.7; p < 0.01)
for energy-adjusted intakes of selenium, vitamin D, vitamin
B12, and biotin. The ‘snacking’ pattern was strongly posi-
tively correlated with energy-adjusted non-milk extrinsic
sugars (NMES) (r = 0.524; P < 0.01). Alcohol intake
(energy-adjusted) was negatively correlated with scores
on the ‘snacking’ pattern (r = − 0.317; P < 0.01). Only in-
take of total sugars (energy-adjusted) was strongly and
negatively correlated with the ‘convenience, red meat &
alcohol’ pattern (r = − 0.577; P < 0.01).

General linear models
Adjusted mean pattern scores by demographic and cook-
ing/eating behaviour variables from the GLMs are pro-
vided in Table 4 (Model 1) and Table 5 (Model 2). The
text that follows summarises the key findings.

Pattern 1 – Vegetarian
In Model 1 (demographic variables only) female gender
(p < 0.001), middle age group (p = 0.020), moderate
leisure-time activity levels (p = 0.045) and ex-smoker sta-
tus (p = 0.025) were independently associated with higher
scores on the vegetarian dietary pattern. Attendance at

Ulster University was independently associated with lower
‘vegetarian’ pattern scores (p < 0.001).
In Model 2 (demographic variables & food/eating re-

lated variables), female gender (p < 0.001), middle age
group (p = 0.020), greatest self-reported cooking ability
(p = 0.036), least frequent consumption of pre-prepared
foods (p = 0.047) and lower consumption of animal
products (p = 0.036) were independently associated with
higher ‘vegetarian’ pattern scores. Attendance at Ulster
University (p < 0.001) was independently associated with
lower scores.

Pattern 2 – Snacking
In Model 1, low leisure-time physical activity (p < 0.001),
attendance at Ulster University (p = 0.003), full time stu-
dent status (p = 0.001) and living with parents/other rel-
atives (p < 0.001) were independently associated with
higher ‘snacking’ pattern scores.
In Model 2, lower leisure-time physical activity par-

ticipation (p = 0.012), attendance at Ulster University
(p = 0.029), living with parents/other relatives or in uni-
versity catered accommodation (p = 0.033), and full-
time student status (p < 0.001) were independently
associated with greater pattern score. Infrequent
consumption of meals prepared from raw ingredients
(p < 0.001), and frequent consumption of pre-prepared
foods (p < 0.001) and ready meals/take-aways (p < 0.001)
were also independently associated with high ‘snacking’
pattern scores.

Pattern 3 – Health-conscious
In Model 1, ‘very active’ physical activity levels (p < 0.001),
‘White Other’ ethnicity (p = 0.004) and third year of
undergraduate study (p = 0.041) were independently

Table 2 Factor loadings of the 55 food groups in the four principal components extracted from the PCA of frequency of food
intake data of 1448 university students (Continued)

Food group (% variance) Vegetarian (8.4%) Snacking (5.7%) Health-conscious (4.2%) Convenience, red meat
& alcohol (3.4%)

Baked beans 0.112 0.112

Wheat bran 0.124 − 0.136

Low calorie squash & fizzy drinks 0.115

Non-white bread

Low fat, olive & pufa spread −0.124

Fizzy drinks (not low calorie) −0.180 0.332 − 0.204 0.282

Jam, marmalade & honey 0.255 −0.125

Cheese 0.214 0.145 0.218

Water −0.253 0.292

Milk −0.162 0.107 0.120 0.106

Other breakfast cereals −0.150 0.168 − 0.194

Soups 0.209 0.125 0.215

Food groups with factor loadings ≥0.10 & ≤ − 0.10 are displayed; those ≥0.32 are highlighted in bold and those ≤ − 0.32 are italicised
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associated with higher scores on the ‘health-conscious’
pattern. Youngest age group (p = 0.015) and attendance at
University of Sheffield were independently associated with
lower scores (p < 0.001).
In Model 2, the five significant demographic factors

identified in Model 1 remained independently associated
with ‘health-conscious’ pattern scores. Additionally, re-
porting being ‘able to cook a wide range of meals from
raw ingredients’ (p = 0.002), daily consumption of meals

made from raw ingredients (p < 0.001) and pre-prepared
foods (p = 0.002), greatest amount of money spent on
food (≥50/week) (p < 0.001), at least occasional con-
sumption of animal products (p < 0.001) and infrequent
skipping of breakfast (p < 0.001) were independently as-
sociated with higher health-conscious pattern scores.
Rare – compared to occasional or almost daily - con-
sumption of take-aways/ready meals was associated with
lower scores (p = 0.042).

Table 3 Pearson’s correlations between dietary pattern scores and estimated average daily nutrient intakes from frequency of food
intake data

Vegetarian Snacking Health-conscious Convenience, red meat & alcohol

Nutrient Absolute Adjusted Absolute Adjusted Absolute Adjusted Absolute Adjusted

Energy (kcal) −0.096 γ 0.582 γ 0.271 γ 0.547 γ

Protein (g) −0.304 γ − 0.389 γ 0.309 γ − 0.343 γ 0.483 γ 0.469 γ 0.491 γ 0.334 γ

Total fat (g) − 0.171 γ − 0.183 γ 0.602 γ 0.232 γ 0.291 γ 0.116 γ 0.535 γ 0.134 γ

Total carbohydrate (g) 0.073 γ 0.322 γ 0.633 γ 0.316 γ 0.101 γ − 0.287 γ 0.330 γ − 0.358 γ

NMES (g) −0.163 γ − 0.110 γ 0.696 γ 0.524 γ − 0.124 γ − 0.393 γ 0.234 γ − 0.174 γ

Saturated fat (g) − 0.266 γ − 0.326 γ 0.638 γ 0.347 γ 0.166 γ − 0.098 γ 0.485 γ 0.080 γ

Monounsaturated fat (g) − 0.241 γ − 0.306 γ 0.558 γ 0.144 γ 0.302 γ 0.142 γ 0.507 γ 0.091 γ

Polyunsaturated fat (g) 0.018 γ 0.143 γ 0.430 γ −0.026 0.336 γ 0.209 γ 0.492 γ 0.137

Total sugars (g) 0.019 0.123 γ 0.602 γ 0.333 γ 0.295 γ 0.154 γ 0.043 −0.577 γ

Fibre (g) 0.443 γ 0.551 γ 0.080 γ −0.259 γ 0.386 γ 0.306 γ 0.096 γ −0.207 γ

Sodium (mg) 0.113 γ 0.286 γ 0.439 γ −0.002 γ 0.313 γ 0.172 γ 0.436 γ 0.040 γ

Potassium (mg) 0.035 0.196 γ 0.360 γ −0.240 γ 0.472 γ 0.451 γ 0.352 γ −0.212 γ

Calcium (mg) 0.073 γ 0.183 γ 0.449 γ 0.106 γ 0.315 γ 0.189 γ 0.199 γ −0.258 γ

Magnesium (mg) 0.229 γ 0.461 γ 0.253 γ −0.347 γ 0.509 γ 0.482 γ 0.304 γ − 0.197 γ

Iron (mg) 0.147 γ 0.332 γ 0.247 γ −0.350 0.339 γ 0.214 0.400 γ − 0.017

Copper (mg) 0.343 γ 0.545 γ 0.229 γ −0.256 γ 0.458 γ 0.387 γ 0.340 γ − 0.035

Zinc (mg) −0.264 γ −0.318 γ 0.289 γ − 0.382 γ 0.391 γ 0.304 γ 0.483 γ 0.080 γ

Selenium (mg) −0.221 γ − 0.208 γ 0.208 γ − 0.259 γ 0.584 γ 0.555 γ 0.423 γ 0.115 γ

Iodine (μg) − 0.260 γ − 0.247 γ 0.259 γ − 0.065 0.524 γ 0.488 γ 0.126 γ −0.224 γ

Vitamin A (μg) 0.132 γ 0.163 γ 0.050 − 0.129 γ 0.362 γ 0.314 γ 0.065 − 0.095 γ

Vitamin E (mg) 0.163 γ 0.286 γ 0.347 γ −0.022 0.505 γ 0.447 γ 0.244 γ − 0.145 γ

Vitamin D (μg) −0.136 γ − 0.113 γ 0.015 − 0.209 γ 0.645 γ 0.613 γ 0.159 γ −0.009

Thiamin (mg) 0.484 γ 0.558 γ 0.217 γ 0.010 0.044 −0.059 0.200 γ 0.004

Riboflavin (mg) −0.223 γ − 0.216 γ 0.338 γ − 0.090 γ 0.394 γ 0.298 γ 0.210 γ −0.258 γ

Niacin (mg) −0.359 γ −0.429 γ 0.221 γ − 0.377 γ 0.465 γ 0.408 γ 0.408 γ 0.008

Vitamin B6 (mg) −0.210 γ − 0.226 γ 0.266 γ − 0.435 γ 0.332 γ 0.199 γ 0.439 γ − 0.011

Vitamin B12 (mg) − 0.315 γ − 0.311 γ 0.180 γ − 0.163 γ 0.583 γ 0.537 γ 0.230 γ − 0.065

Folate (μg) 0.177 γ 0.313 γ 0.191 γ − 0.294 γ 0.416 γ 0.329 γ 0.253 γ − 0.155 γ

Biotin (μg) 0.088 γ 0.169 γ 0.100 γ −0.319 γ 0.690 γ 0.673 γ 0.212 γ − 0.123 γ

Vitamin C (mg) 0.202 γ 0.244 γ 0.163 γ −0.017 γ 0.299 γ 0.237 γ 0.009 − 0.197 γ

Alcohol (g) 0.023 0.064 −0.020 − 0.317 γ 0.026 − 0.086 γ 0.345 γ 0.180 γ

γP < 0.01
Correlation coefficients between absolute nutrient intakes and relative nutrient intakes adjusted for energy intakes are both shown. Correlation coefficients ≥0.5
are highlighted in bold
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Table 4 General Linear Model 1 – Demographic Variables

Vegetarian Snacking Health-conscious Convenience, red meat &
alcohol

Lack of fit p = 0.612 p = 0.330 p = 0.280 p = 0.012

Demographic
variable

Adjusted mean
pattern score

p value Adjusted mean
pattern score

p value Adjusted mean
pattern score

p value Adjusted mean
pattern score

p value

Gender

Male 0.082 < 0.001 −0.315 0.074 0.378 0.132 0.475 < 0.001

Female 0.304 −0.428 0.469 −0.117

Age

17–21 0.133a 0.020 −0.326 0.424 0.262b 0.015 0.228 0.496

22–25 0.339a −0.429 0.434a 0.210

26–29 0.197 −0.361 0.574b 0.100

Leisure-time physical activity

Not very active 0.184a 0.045 −0.171ab < 0.001 0.029ab < 0.001 0.250a 0.032

Moderately active 0.308a −0.356ac 0.383ac 0.097a

Very active 0.177 −0.588bc 0.857bc 0.191

BMI

< 18.5 0.292 0.221 −0.281 0.391 0.437 0.055 0.139 0.092

18.5–24.9 0.289 −0.436 0.407 0.073

25–29.9 0.154 −0.432 0.574 0.144

≥ 30 0.156 −0.339 0.275 0.361

Smoking status

Never 0.086a 0.025 −0.333 0.270 0.404 0.173 −0.026ab < 0.001

Ex 0.421a −0.393 0.387 0.121c

Social 0.159 −0.254 0.562 0.311ac

Regular 0.225 −0.507 0.340 0.310b

Ethnicity

White British 0.214 0.441 −0.299 0.810 0.263a 0.004 0.206 0.585

White Irish 0.364 −0.381 0.276b 0.254

White Other 0.182 −0.322 0.545ab 0.140

Mixed 0.105 −0.352 0.627 0.297

Asian/Asian British 0.281 −0.272 0.309 0.211

Black/Black British 0.003 −0.274 0.048 −0.041

Other 0.103 −0.705 0.882 0.489

Rather not say 0.531 −0.370 0.437 −0.123

Year of study

1st year UG 0.212 0.194 −0.240 0.154 0.477a 0.041 0.179 0.134

2nd year UG 0.080 −0.439 0.503 0.203

3rd year UG 0.090 −0.475 0.614a 0.139

≥ 4th year UG 0.091 −0.431 0.480 0.410

Postgraduate 0.177 −0.374 0.282 0.309

Other 0.687 −0.272 0.182 −0.166

Term-time accommodation

Uni catered 0.129 0.963 −0.104a < 0.001 0.176 0.068 0.374 0.053

Uni self-catered 0.245 −0.517b 0.236 0.219

Private with friends 0.242 −0.397a 0.341 0.201
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Pattern 4 – Convenience, red meat & alcohol
In Model 1, male gender (p < 0.001), lowest leisure-time
physical activity levels (p = 0.032), and regular/social
smoking status (p < 0.001) were independently associ-
ated with higher scores on the ‘convenience, red
meat & alcohol’ diet pattern. An independent inverse
association between living alone in private accommo-
dation and score on this pattern approached signifi-
cance (p = 0.053).
In Model 2, higher pattern scores were independently

associated with male gender (p < 0.001), regular/social
smoking status (p < 0.001), most frequent consumption
pre-prepared foods (p = 0.040), frequent consumption of
ready-meals/take-aways (p < 0.001), frequent breakfast
skipping (p < 0.001), regular consumption of animal
products (p < 0.001) and greater amounts of money
spent on food (p < 0.001). Lower scores were independ-
ently associated with living alone (p = 0.026) and spend-
ing less money on food (p < 0.001).

Discussion
This study aimed to identify dietary patterns within a UK
university student population and to delineate the socio-
demographic, lifestyle and other behavioural characteris-
tics of students favouring these patterns. Dietary patterns
analysis unveiled heterogeneity in food choice with stu-
dents following four major dietary patterns: ‘vegetarian’,
‘snacking’, ‘health-conscious’ and ‘convenience, red meat &
alcohol’. These patterns explained approximately one fifth
of the variance in food intake. Students’ gender, age, geo-
graphical location and cooking ability were associated with
differences in pattern behaviour. Clustering of lifestyle risk
factors with dietary patterns was also evident, with less
healthful dietary patterns associated with smoking, low
physical activity and take-away consumption. Students
tending to the ‘convenience, red meat & alcohol’ pattern
reported spending more money on food each week.
The ‘vegetarian’, ‘snacking’ and ‘health-conscious’ patterns

identified here are analogous to those previously reported

Table 4 General Linear Model 1 – Demographic Variables (Continued)

Vegetarian Snacking Health-conscious Convenience, red meat &
alcohol

Lack of fit p = 0.612 p = 0.330 p = 0.280 p = 0.012

Demographic
variable

Adjusted mean
pattern score

p value Adjusted mean
pattern score

p value Adjusted mean
pattern score

p value Adjusted mean
pattern score

p value

Private on own 0.324 −0.265 0.450 −0.275

Parents/relatives 0.173 −0.076bc 0.524 0.175

Partner 0.269 − 0.306c 0.456 0.187

Parents/partner + children 0.138 −0.247 0.290 0.074

Children only 0.218 −0.555 0.344 0.254

Other 0.268 −0.879 0.992 0.402

University

Sheffield 0.146abc < 0.001 −0.370a 0.003 0.098abcd < 0.001 0.166 0.270

Ulster −0.376adef −0.214ab 0.318aef 0.299

KCL 0.398bd −0.569b 0.541be 0.237

Southampton 0.227e −0.264 0.584cf 0.221

St Andrews 0.719cf −0.442 0.576d −0.027

Faculty

Arts 0.334 0.234 −0.308 0.527 0.456 0.766 0.275 0.277

Social science 0.180 −0.357 0.464 0.191

Engineering 0.123 −0.416 0.400 0.153

Science 0.216 −0.453 0.357 0.177

Medicine & health 0.261 −0.324 0.440 0.099

Full-time vs. part-time student status

Full-time 0.183 0.582 −0.109 0.001 0.381 0.560 0.246 0.378

Part-time 0.263 −0.634 0.466 0.113

Independent associations between dietary pattern scores and non-nutrient variables. p values < 0.05 are highlighted in bold. Common superscript letters indicate
significant post-hoc differences between categories within each variable
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Table 5 General Linear Model 2 – Demographic + Eating related variables

Vegetarian Snacking Health-conscious Convenience, red meat &
alcohol

Lack of fit p = 0.001 p = 0.748 p = 0.426 p = 0.017

Demographic variable (n) Adjusted mean
pattern score

p value Adjusted mean
pattern score

p value Adjusted mean
pattern score

p value Adjusted mean
pattern score

p value

Gender

Male 1.119 < 0.001 Not entered
into model

Not entered
into model

N/A 0.645 < 0.001

Female 1.304 0.129

Age

17–21 1.140a 0.020 Not entered
into model

N/A −0.047 0.049 Not entered
into model

N/A

22–25 1.301a 0.113a

26–29 1.314 0.161b

Leisure-time physical activity

Not very active 1.258 0.183 0.270ab 0.012 −0.187ab < 0.001 0.436 0.117

Moderately active 1.297 0.208ac 0.064ac 0.327

Very active 1.199 0.034bc 0.350bc 0.399

BMI

< 18.5 Not entered
into model

N/A Not entered
into model

N/A 0.110 0.215 Not entered
into model

N/A

18.5–24.9 0.057

25–29.9 0.173

≥ 30 −0.037

Smoking status

Never 1.190 0.292 Not entered
into model

N/A Not entered
into model

N/A 0.224ab < 0.001

Ex 1.321 0.272c

Social 1.264 0.520ac

Regular 1.230 0.532b

Ethnicity

White British Not entered
into model

N/A Not entered
into model

N/A −0.107ab 0.016 Not entered
into model

N/A

White Irish −0.080c

White Other 0.123ac

Mixed 0.243

Asian/Asian British 0.033

Black/Black British − 0.081

Other 0.370b

Rather not say 0.106

Year of study

1st year UG Not entered
into model

N/A Not entered
into model

N/A 0.048a 0.004 Not entered
into model

N/A

2nd year UG 0.069

3rd year UG 0.200a

≥ 4th year UG −0.008

Postgraduate − 0.158

Other 0.304

Term-time accommodation

Uni catered Not entered
into model

N/A 0.427ab 0.033 Not entered
into model

N/A 0.595 0.026

Uni self-catered 0.159ac 0.495

Private with friends 0.149bd 0.469
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Table 5 General Linear Model 2 – Demographic + Eating related variables (Continued)

Vegetarian Snacking Health-conscious Convenience, red meat &
alcohol

Lack of fit p = 0.001 p = 0.748 p = 0.426 p = 0.017

Demographic variable (n) Adjusted mean
pattern score

p value Adjusted mean
pattern score

p value Adjusted mean
pattern score

p value Adjusted mean
pattern score

p value

Private on own 0.218 0.030a

Parents/relatives 0.390cde 0.431a

Partner 0.248e 0.378

Parents/partner + children 0.378 0.293

Children only − 0.178 0.430

Other −0.256 0.364

University

Sheffield 1.218abc < 0.001 0.136a 0.029 −0.270abcd < 0.001 Not entered
into model

N/A

Ulster 0.894adef 0.242abc 0.069aef

KCL 1.424bd 0.036b 0.196be

Southampton 1.298eg 0.337 0.187cf

St Andrews 1.424cfg 0.103c 0.197d

Full-time vs. part-time student status

Full-time Not entered
into model

N/A 0.442 < 0.001 Not entered
into model

N/A Not entered
into model

N/A

Part-time −0.101

Cooking/eating-related variables

Cooking ability

Wide range 1.350ab 0.036 0.024 0.190 0.257ab 0.002 0.261 0.297

Limited range 1.239ac 0.015 0.065ac 0.301

Pre-prepared only 1.125bc 0.151 −0.101bc 0.527

Unable to cook at all 1.292 0.492 0.082 0.459

Animal food consumption

Regular meat-eater −0.171abcd < 0.001 0.187 0.080 0.445a < 0.001 0.500ab < 0.001

Flexitarian 0.291aefg 0.199 0.488b 0.185ac

Lacto-ovo 1.635beh 0.314 0.101 0.534c

Ovo 1.707chi 0.319 −0.459ab 0.201b

Vegan 2.795dghi −0.238 −0.196 0.517

Meals made from scratch

Every day 1.322 0.136 −0.060abc 0.001 0.339abc < 0.001 0.622 < 0.001

Most days 1.272 0.146ade 0.198ade 0.495

Occasionally 1.172 0.246bd −0.034bd 0.345

Rarely/never 1.240 0.350ce −0.200ce 0.088

Meals made from pre-prepared foods

Every day 1.302a 0.047 0.338a < 0.001 0.178ab 0.002 0.591abc 0.040

Most days 1.151bc 0.304bc 0.046acd 0.336a

Occasionally 1.231bd 0.143bd −0.069bce 0.265b

Rarely/never 1.321acd −0.102acd 0.148de 0.356c

Ready-meals/take-aways

Every day 1.511 0.257 0.584ab < 0.001 0.273 0.042 0.552a < 0.001

Most days 1.222 0.290cd 0.025a 0.570bc

Occasionally 1.130 −0.036bd −0.068b 0.302cd
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in adult and adolescent UK populations [22, 23]. The ‘con-
venience, red meat & alcohol’ pattern shares features (posi-
tive factor loadings for red meat, chips, alcohol) with a
major dietary pattern (labelled drinker/social) reported
among approximately 480 20–25 year olds in Northern
Ireland, derived from 7-day diet history data [24].
The ‘snacking’ and ‘convenience, red meat and alcohol’

patterns have common features with published data on
the food preferences of British university students [2, 4].
Existing studies allude to non-prudent consumption pat-
terns, reporting low consumption of fruit and vegetables
alongside high intakes of confectionery, alcohol, and
fried, ready-made and convenience foods [2–4].
We have shown that both the ‘snacking’ and ‘conveni-

ence, red meat and alcohol’ patterns were least nutrient-
dense. Indeed it is noteworthy that these two patterns were
additionally positively correlated with energy intake and did
not feature fruit and vegetables; dependence on such a pat-
tern may increase risk of positive energy balance and hence
weight gain. The ‘health-conscious’ pattern, which had a

favourable nutrient profile - being particularly dense in
micronutrients such as biotin, vitamin B12, vitamin D and
selenium - is at odds with the stereotype of student eating
patterns, but concurs with published research on dietary
patterns among UK adults [21, 22] and a small-scale study
of university students in Birmingham, UK [4].
It is of note that a vegetarian diet was the predominant

pattern identified in the current study, and indeed 10%
of students described themselves as vegetarian. The lat-
ter figure is less than that reported in a survey of over
3000 university students studying in Northern Ireland,
which reported that 22% of students did not eat meat
[3]. Although a vegetarian pattern has been described in
the wider UK diet pattern literature [21–23], it was a
minor component, in keeping with the low prevalence of
vegetarianism among British adults nationally (3%) [25].
Whilst high rates of binge drinking have previously

been documented among student populations [3, 26],
and there is a popular stereotype of students as heavy
drinkers, only one pattern (‘convenience, red meat &

Table 5 General Linear Model 2 – Demographic + Eating related variables (Continued)

Vegetarian Snacking Health-conscious Convenience, red meat &
alcohol

Lack of fit p = 0.001 p = 0.748 p = 0.426 p = 0.017

Demographic variable (n) Adjusted mean
pattern score

p value Adjusted mean
pattern score

p value Adjusted mean
pattern score

p value Adjusted mean
pattern score

p value

Rarely/never 1.143 −0.155acd 0.073ab 0.125abd

Meals in university cafeteria

Every day 1.156 0.062 0.153 0.547 0.141 0.922 0.375 0.336

Most days 1.253 0.245 0.047 0.485

Occasionally 1.311 0.170 0.069 0.372

Rarely/never 1.286 0.115 0.046 0.317

Skipped breakfast

Every day 1.358 0.062 0.221 0.101 −0.179ab < 0.001 0.514ab < 0.001

Most days 1.276 0.257 0.066c 0.609cd

Occasionally 1.193 0.114 0.126ad 0.307ace

Rarely/never 1.179 0.091 0.290bcd 0.119bde

Skipped lunch/dinner

Every day 1.245 0.991 0.089 0.131 0.284 0.404 0.001 0.012

Most days 1.252 0.236 0.066 0.443

Occasionally 1.261 0.116 −0.031 0.503

Rarely/never 1.248 0.241 −0.016 0.602

Amount spent on food

< £20 1.278 0.268 0.101 0.534 −0.171abcd < 0.001 0.162abcd < 0.001

£20–29 1.269 0.146 −0.005aef 0.344aef

£30–39 1.251 0.150 0.138beg 0.385b

£40–49 1.333 0.264 0.096eh 0.481ce

≥ £50 1.127 0.192 0.320dfgh 0.564df

Independent associations between dietary pattern scores and non-nutrient variables. p values < 0.05 are highlighted in bold. Common superscript letters indicate
significant post-hoc differences between categories within each variable
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alcohol’) was high in alcoholic beverages. Furthermore
students following this pattern were also more likely to
smoke, have frequent consumption of take-aways and
pre-prepared foods and engage in lower levels of phys-
ical activity. This clustering of behaviours is important,
since the negative health outcomes associated with
multiple lifestyle risk factors are greater than the sum
of individual health risk behaviours [27]. Conversely
students favouring more healthful dietary patterns re-
ported greater engagement in other health-promoting
lifestyle choices, including not smoking, greater partici-
pation in physical activity. Aggregation of lifestyle be-
haviours has previously been reported in both university
student and adult populations [26–28].
Gendered food preferences were also evident, espe-

cially in relation to meat consumption. Specifically, fe-
male students favoured a ‘vegetarian’ diet, whilst male
students scored highly on the ‘convenience, red meat &
alcohol’ pattern. Greater meat and fast food consump-
tion among male students has previously been reported,
and vegetarianism is more prevalent amongst female
students [3, 24]. Although a recent British student study
observed no gender differences between eating patterns
[4], this study lacked detailed dietary assessment.
Dietary preferences also varied between participating

universities. Generally, students at Ulster University
favoured less healthful patterns, whilst those at the Uni-
versities of Southampton, St Andrews and KCL tended
towards more healthful diets. Students attending the
University of Sheffield were least likely to adopt a
‘health-conscious’ dietary pattern. This gradient is con-
gruent with national data, which indicates that the popu-
lation of Northern Ireland consumes a diet of poorer
quality than the UK as a whole [29]. Dietary gradients
were also evident in relation to geography in a compara-
tive study of university students from seven universities
across the UK, although absence of information on spe-
cific university location limits comparison [2].
It is also possible that dietary differences observed be-

tween universities may arise because of socioeconomic
gradients across universities. Missing data on social class
for students at the University of Sheffield precluded ad-
justment for this possibility. However information from
the Higher Education Statistics Agency (HESA) indicates
an SES gradient between universities: a greater propor-
tion of students at Ulster University are from manual oc-
cupational backgrounds than from KCL, Sheffield and
Southampton (no data available for St Andrews) [30].
Maternal education data for Ulster, KCL, St Andrews &
Southampton corroborated these differences (data for
University of Sheffield not available). The wider litera-
ture consistently reports a positive association between
socioeconomic status and diet quality across UK popu-
lation groups [21, 23, 28]. However, the tendency for

students at the University of Sheffield to score lowest
on a ‘health-conscious’ diet is not in line with this
explanation.
The possibility of selection bias should be considered.

There were differences in recruitment method between
the University of Sheffield and Ulster University (recruit-
ment email distributed directly to all students via a glo-
bal mailing list), and the other three participating sites
(e.g. study advertisement on student volunteers web-
page). These recruitment differences may have biased
the sample towards health-motivated students at KCL,
St Andrews and Southampton.
The lack of association between university attended

and consumption of the ‘convenience, red meat & alco-
hol’ diet also deserves attention. This homogeneity sug-
gests that this pattern is pervasive across all universities
studied, substantiating popular beliefs that the diet of
UK university students is one of poor quality.
This study also revealed that older students favoured

more healthful dietary patterns and there was evidence
of a positive linear relationship between age and scores
on the ‘health-conscious’ pattern. It is possible that as
students mature they become increasingly aware of the
impact of dietary choices on health and well-being, and
health thus becomes an increasingly important deter-
minant of food choice. Studies among the general UK
adult population report similar age effects [21, 22]. A
student survey conducted in Northern Ireland reported
a positive gradient in diet quality by year of study [3]. In
contrast, other student-specific research has failed to de-
tect an association between eating habits and age (or
year of study), although most of these studies have not
collected detailed dietary data [2, 4, 10, 26].
Finally, 45% of the current sample reported limited (or

non-existent) cooking ability, being at best only able to
cook a limited range of meals from raw ingredients. Stu-
dents with poor cooking ability were less likely to adopt
healthier (vegetarian; health-conscious) diets than their
more skilled counterparts. This association has not been
documented among a university student population, but
corroborates associations found in several adult studies
[31, 32]. No association, however, was identified between
cooking ability and scores on the less healthful dietary
patterns (snacking; convenience, red meat & alcohol).
Whilst it is likely that students who lack culinary skills
may be forced to rely on convenience foods to ensure
meal provision, other factors such as time pressures and
(lack of ) cooking enjoyment may be more salient in de-
termining students’ decisions around consumption of
these foods [33, 34] .

Study strengths and limitations
The current study had a number of strengths and limita-
tions that should be acknowledged. FFQs are not optimal
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for the measurement of absolute dietary intake, but the
use of a dietary pattern approach permitted ranking ac-
cording to food group intake and so was considered ap-
propriate. Furthermore, use of an FFQ allowed dietary
intake to be captured over a 3-month semester and facili-
tated recruitment of a large, geographically diverse sample,
albeit a convenience one. Ideally, the sampling frame
would have included a greater number of universities and
involved stratification by year of study, subject group and
socioeconomic indices in order to give a nationally repre-
sentative profile of student eating patterns. Moreover, only
health-sciences students were recruited at Southampton,
which may represent a source of bias.
The small number of students recruited from St

Andrews may been seen as an under-representation of
students from a Scottish university, but it should be
noted that the total student population at St Andrews
(population of around 8000 students) is much smaller
than that of Sheffield, Ulster and KCL (between 25,000
and 30,000 students). It should also be noted that all
dietary studies suffer from selection bias, in which
more health- or diet-aware individuals choose to par-
ticipate. Consequently, the prominence of the vegetar-
ian and health-conscious dietary patterns may have
been over-estimated in this study. Indeed, the BMI dis-
tributions were also biased towards healthy, in keeping
with other student surveys [4, 26].
There was lack of fit in statistical models for ‘conveni-

ence, red meat and alcohol’, and ‘vegetarian’ dietary pat-
terns. It should be noted that these models are
developmental and clearly only cover some of the po-
tential antecedents of following such patterns. Conveni-
ence, red meat, alcohol and vegetarian dietary choices
are likely to be influenced by a raft of social, cultural
and political factors, which have not been included in
the model. For example, it is recognised that adoption
of a vegetarian diet is related to concern about the envir-
onment and animal welfare, as well as for health reasons
and weight management [35, 36]. Similarly, there is enor-
mous heterogeneity in motives for drinking alcohol in-
cluding coping, enhancement of social status, religious
practice, personality type and alcohol availability [37, 38].

Implications for policy and future research directions
Importantly, policy makers must recognise not all stu-
dents consume poor diets at university: a large group of
students consumed nutritionally favourable and health-
promoting diets and do not appear in need of dietary
intervention. However, students who consumed poor diets
and practised unfavourable lifestyle behaviours were also
identified, which may have long-term health effects. Tar-
geted interventions towards these students are necessary.
Furthermore, contemporary policy to limit red meat
and alcohol consumption has greatest relevance to male

students. University policy to improve students’ diets
should also incorporate efforts to promote student en-
gagement in cooking and food preparation, and in-
creased availability of low cost healthier food items.
This study also highlights a number of future research

needs. Replication of this research among a large repre-
sentative sample of UK university students would be
pertinent. Secondly, in light of the association between
cooking ability and dietary consumption patterns, inves-
tigation of the potential for a cooking skills intervention
to improve dietary intake is warranted. Finally, the pub-
lic health impact of dietary patterns and other lifestyle
risk factors established during university become most
important if these behaviours track forward into working
adult life and represent a blueprint for long-term dietary
preferences. Longitudinal research is now needed to in-
vestigate this possibility.

Conclusion
This study provides a unique insight into the dietary
patterns of UK university students along with associ-
ated nutritional content. It has identified a number of
antecedents of both healthful and unhealthful dietary
practices. Four patterns emerged, with evidence of
more healthful dietary practices amongst female and
older students, and those with greater self-reported
cooking ability. Students in Northern Ireland appeared
to favour less healthful dietary patterns than those in
Great Britain. Male students tended towards a diet
founded on convenience food, red meat and alcohol;
this pattern was germane to all participating univer-
sities. These findings are relevant to future health pro-
motion interventions and behaviour change in this
important population.
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Pessimism, diet, and the ability to improve dietary 
habits: a three-year follow-up study among middle-
aged and older Finnish men and women
Mikko Pänkäläinen1* , Mikael Fogelholm2, Raisa Valve2, Olli Kampman3,4, Markku Kauppi4,5, Erja Lappalainen1

and Jukka Hintikka1,4

Abstract

Background: Dietary habits have a great influence on physiological health. Even though this fact is generally recognized,
people do not eat as healthily as they know they should. The factors that support a healthy diet, on the other hand, are
not well known. It is supposed that there is a link between personal traits and dietary habits. Personal traits may also
partially explain why some people manage to make healthy dietary changes while some fail to do so or are not able to
try to make changes even when they desire to do so. There is some information suggesting that dispositional optimism
plays a role in succeeding in improving dietary habits. The aim of this study was to determine the role of optimism and
pessimism in the process of dietary changes.

Methods: Dispositional optimism and pessimism were determined using the revised Life Orientation Test in 2815
individuals (aged 52–76 years) participating in the GOAL study in the region of Lahti, Finland. The dietary habits of the
study subjects were analysed. After 3 years, the subjects’ dietary habits and their possible improvements were registered.
The associations between dispositional optimism and pessimism, dietary habits at baseline, and possible changes in
dietary habits during the follow-up were studied with logistic regression. We also studied if the dietary habits or certain
lifestyle factors (e.g. physical exercising and smoking) at baseline predicted success in improving the diet.

Results: Pessimism seemed to correlate clearly negatively with the healthiness of the dietary habits at baseline – i.e.
the higher the level of pessimism, the unhealthier the diet. Optimism also showed a correlation with dietary habits at
baseline, although to a lesser extent. Those who managed to improve their dietary habits during follow-up or regarded
their dietary habits as healthy enough even without a change were less pessimistic at baseline than those who failed
in their attempts to improve their diet or did not even try, even when they recognized the need for a change.

Conclusions: Pessimistic people are more likely to eat an unhealthy diet than others. Pessimism reduces independently
the possibilities to improve dietary patterns.

Keywords: Pessimism, Optimism, Life orientation test – revised, Dietary habits
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Background
Despite the well-known connection between dietary
habits and health, many people do not eat what is rec-
ommended as a healthy diet [1]. Dietary habits are re-
lated e.g. to the risk of coronary heart disease (CHD) [2]
and improving dietary habits has showed significant car-
dioprotective effects in a secondary prevention program
among women with CHD [3].
While the intention to prevent diseases is usually

thought to be an important reason for a healthier diet,
psychosocial and lifestyle related factors seem to be one
of the major causes for not eating healthily. The most
common factors mentioned in preventing a healthy diet
are a lack of time, a reluctance to give up favourite
foods, and a lack of motivation and willpower [4–6]. A
healthy diet is also thought to be more expensive than
unhealthy one, even if this belief seems to be false [7, 8].
The terms optimism and its antonym pessimism de-

rive from Latin words ‘optimus’ and ‘pessimus’, respect-
ively (the first meaning ‘the best’ and the latter meaning
‘the worst’ [9]) and they are used in describing people’s
outlook and expectations concerning their future. Per-
sons who have a feeling or belief that good things will
happen in the future are called optimists and they are
said to see “the glass as half-full rather than half-empty”.
Pessimists in turn generally feel that bad things are more
likely to happen than good things [10]. Optimism is
regarded in psychology as a cognitive, affective and mo-
tivational construct [11]. On other words, optimists not
only think, but also feel positively about the future. Like
other personal trait, also optimism and pessimism de-
velop during the childhood and early adulthood influ-
enced by both heritage and environment [12, 13], and
unlike e.g. mood, the construct of optimism (including
both optimistic and pessimistic properties) is thought to
be quite stable after it has evolved, regardless of negative
or positive incidents [14, 15].
People are often categorized as optimists or pessimists.

This can lead to the conclusion that optimism and pes-
simism are the two extremities of the same unidimen-
sional continuum (dispositional optimism). Nevertheless,
the concept of optimism itself has long been controver-
sial: there is debate over whether the optimism construct
should be seen as one bipolar dimension or if optimism
and pessimism should be seen as two separate dimen-
sions that exist simultaneously and may be unattached
to each other.
Optimism is sometimes confused with other concepts,

e.g. features like the sense of control [16], self-efficacy
[17] and hope [18]. There are still differences with these
terms. Unlike the concept of optimism, these properties
include also how the desired outcomes are expected to
happen. For example, a person with high self-efficacy be-
lieves that his/her personal efforts or skills are what will

determine the positive outcome while an optimist does
not rely on his/her own abilities.
Numerous psychosocial factors have been noted to in-

fluence dietary behaviour. A connection seems to exist
between psychosocial features and current diet, and also
between psychosocial features and the ability to improve
the diet. Psychosocial features of interest include e.g.
socio-economic status, willpower, self-efficacy, and satis-
faction with life. There are many studies on the associa-
tions between these psychosocial factors and healthy
eating [4, 19–24], but the number of studies concerning
the optimism construct and dietary habits is quite small.
The findings of these few studies suggest that there
might be a positive connection between optimism and
the willingness and capability to eat in a healthier way
[25–29]. In all of these studies on the connection be-
tween the optimism construct and dietary habits, opti-
mism has been associated with healthier diet and/or
pessimism vice versa. In a study on young Finnish
adults, unipolarly measured optimism had an influence
on dietary habits, and pessimism was linked to an un-
healthy diet [25]. In a study on elderly men, a low level
of optimism was associated with an unhealthy lifestyle,
including unhealthy dietary habits [29]. In the large
Women’s Health Initiative study, high optimism was
strongly related to healthier eating habits and greater
levels of success in improving dietary habits [26, 27]. In
a study on Polish menopausal women, optimism was
positively correlated with a healthier diet [28]. However,
we did not find any previous studies with general popu-
lation samples focusing on the dietary habits and the op-
timism construct that would handle optimism and
pessimism as independent factors. We conducted this
3-year follow-up study on middle-aged and older Finnish
men and women to determine whether optimism and
pessimism are factors that associate with dietary habits
and predict success in improving those habits.

Methods
The GOAL study (Good Ageing in Lahti Region) started
in 2002. Its aim was to determine and improve the
health and well-being of the ageing population of the re-
gion of Lahti, a city in southern Finland. The entire pro-
ject consisted of a cohort study and several community-
based interventions and it lasted for 10 years. In the
present study, data from baseline (year 2002) and 3-year
follow-up (year 2005) of the cohort study were used.
The cohort study group consisted of a stratified (age,

sex, municipality) random sample of men and women
born in 1926–30, 1936–40, and 1946–50. The study par-
ticipants were drawn from the population registry of all
14 municipalities in the Lahti region. A total of 4272
subjects were invited, and 2815 (66%) participated.
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At the beginning of the GOAL study, cross-sectional
data on the dietary habits, current health, and lifestyles
of the study subjects were gathered by using question-
naires. The study subjects were asked about their recent
dietary habits with a food frequency questionnaire (FFQ)
where different foods were divided into 24 categories.
The respondents were asked how often they had con-
sumed the foods in each category during the last 7 days.
The answers were scaled from 1 (not at all) to 4 (on 6 or
7 days). Study subjects were measured for height and
weight and their body mass indexes (BMI) were calcu-
lated. According to their smoking habits, the study sub-
jects were divided into two groups, ‘daily smokers’ (i.e.
those who smoked every day, regardless of the amount)
and ‘non-daily smokers’. Study subjects who used five or
more units of alcohol (one unit = 12 g EtOH) in one sit-
ting formed the ‘heavy drinkers’ group, while the rest
were ‘non-heavy drinkers’. The study subjects were
asked if they had been diagnosed with CHD by a doctor.
Finally, the subgroup ‘regular physical exercise’ was
formed to include those who exercised for 30 min at
least twice a week. In addition to the questionnaires,
several blood tests were taken. The samples were mea-
sured for the levels of blood glucose and cholesterol,
among other things.
Levels of dispositional optimism and pessimism were

measured by using the revised version of the Life Orienta-
tion Test (LOT-R). The test was initially developed in the
mid-1980s to assess the beneficial effects of optimism on
psychological and physiological health (Life Orientation
Test (LOT)) [30]. The scale was re-evaluated and revised
(LOT-R) later to focus its item content more closely on
the subject’s expectations of the future [31].
LOT-R includes six statements, three worded posi-

tively for optimism (e.g. ‘In uncertain times, I usually ex-
pect the best’) and three worded negatively to indicate
pessimism (e.g. ‘If something can go wrong for me, it
will’). The respondents are asked to indicate how much
they agree with the statements in general, as expressed
on a scale from 0 (‘I disagree a lot’) to 4 (‘I agree a lot’).
A higher score refers to greater optimism or greater pes-
simism depending on the statement. Originally, both
LOT and LOT-R were thought to be unidimensional
scales, but later studies have suggested that they may
have two separate independent dimensions, namely opti-
mism and pessimism [32–36]. In the one-dimensional
bipolar model with optimism and pessimism as oppo-
sites, the optimism scores and pessimism scores are cal-
culated together and they might cancel out and hide
each other’s results. Our previous study showed clearly
that in this study sample, LOT-R has two separate sub-
scales: optimism and pessimism [37]. Thus, in the final
analyses, we used the independent scores separately for
optimism and pessimism.

After 3 years, in 2005, the study subjects were exam-
ined again. A total of 2625 subjects (93% of the original
sample) had adequate responses in both 2002 and 2005,
and could therefore be included in the final analyses. In
2005, the study subjects were asked if they had tried to
improve or were about to improve their dietary habits,
and if they had tried to improve their diet, how had they
managed to achieve their goals. The possible improving
styles in the diet were divided into five subgroups: redu-
cing the consumption of fat, changing to low-fat prod-
ucts, reducing the consumption of sugar, increasing the
consumption of vegetables, and increasing the consump-
tion of berries and fruits.
We divided the study subjects in these five subgroups of

different improving styles into four categories according
to the possible changes in their diets: 1) those who had
not tried to change their eating habits to a healthier diet,
even when they thought it would have been beneficial, 2)
those who thought their dietary habits were healthy
enough even without an improvement, 3) those who had
succeeded in improving of their diet, and 4) those who
had tried to improve their diet but had failed to do so.
In the statistical analyses, we created dietary pattern

models for grouping of the sample by using principal
component analysis (PCA) with Varimax rotation and
Kaiser normalization. Factor loadings with > 0.35 were
considered as significant. Student’s t-test was used to
study the associations between optimism, pessimism,
and the different dietary patterns. When studying the
differences in levels of optimism and pessimism, accord-
ing to the success in the improvement of dietary habits
in four categories, we used the Kruskal–Wallis test due
to skewed distributions.
Finally, we calculated logistic regression models to dis-

cover the fully adjusted odds ratios for different variables
for the risk of not succeeding in improving dietary habits.

Results
Using the data from the food frequency questionnaire in
2002, we divided the study subjects into different dietary
pattern groups by using principal component analysis. The
analysis resulted in four nearly independent dietary pat-
terns, which we named as ‘healthy’, ‘sweet unhealthy’, ‘fatty
unhealthy’ and ‘traditional’ diets (Table 1). In further ana-
lyses, principal component analysis scores were used as in-
dependent variables to describe the amount of each
different dietary pattern in the study subjects. We used the
medians of the LOT-R optimism and pessimism subscale
scores to classify the study subjects into low and high opti-
mism and pessimism groups. Principal component analysis
scores were compared between these groups (Table 2).
At baseline, higher optimism and lower pessimism

were associated with a ‘healthy’ dietary pattern. Opti-
mism and pessimism did not seem to play any role in
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the ‘sweet unhealthy’ and ‘traditional’ dietary patterns,
but high pessimism and the ‘fatty unhealthy’ dietary pat-
tern associated significantly (Table 2).
The association between changes in dietary habits during

the 3-year follow-up and pessimism was quite clear (Table 3).
There was a strong trend that those who managed to change
to a healthier diet were less pessimistic compared to others.
The differences were statistically significant in four dietary

categories: reducing fat, changing to low-fat products, in-
creasing vegetables, and increasing berries and fruits. The
higher the level of pessimism, the less likely was the im-
provement of diet. Nevertheless, those who had tried but
failed reducing sugar were not more pessimistic than others.
Optimism was associated with only one dietary change;
those who had tried but failed to increase consumption of
berries and fruits were less optimistic than others.

Table 1 Rotated factor matrix for dietary patterns created by using principal component analysis. Factor loadings with absolute
values of > 0.35 have been presented in bold. Negative loadings indicate the lack of foodstuff in question belonging to certain
dietary patterns

Foodstuff Dietary pattern

Healthy Sweet unhealthy Fatty unhealthy Traditional

Porridge, cereals 0.382 −0.001 −0.152 0.249

Fish 0.397 −0.109 0.060 −0.097

Lunch meats, cold cuts 0.359 0.214 0.055 0.142

Fresh vegetables/root vegetables 0.664 −0.018 −0.131 0.005

Cooked vegetables 0.646 −0.049 −0.032 − 0.098

Berries and fruits 0.589 0.076 −0.171 0.181

Fruit or berry juice 0.378 0.081 0.189 0.037

Sweet pastries 0.109 0.597 −0.031 0.256

Ice cream 0.088 0.495 0.085 −0.131

Candies −0.043 0.701 0.033 0.078

Chocolate 0.035 0.677 0.098 −0.032

Salty snacks −0.024 0.352 0.195 −0.221

Fried potatoes, French fries −0.005 0.026 0.489 −0.059

Low-fat cheese 0.411 0.142 −0.368 −0.066

Other cheese −0.004 0.025 0.609 0.108

Sausages −0.147 0.240 0.493 0.065

Sliced sausages −0.111 0.139 0.558 0.053

Eggs 0.151 0.013 0.475 −0.057

Soft drinks −0.103 0.305 0.352 −0.125

Meat dishes 0.028 0.132 0.366 0.552

Chicken, turkey 0.443 0.003 −0.048 −0.415

Boiled or mashed potatoes 0.230 0.002 0.101 0.658

Rice, pasta 0.294 0.088 0.115 −0.409

Pizza, hamburgers −0.021 0.263 0.169 −0.302

Table 2 Comparisons of principal component analysis scores of dietary patterns between groups with low or high pessimism, and
low or high optimism

Principal component analysis scores (mean)

Healthy dietary
pattern

p 1 Sweet unhealthy
dietary pattern

p 1 Fatty unhealthy
dietary pattern

p 1 Traditional
dietary pattern

p 1

Low pessimism (N = 1274) 2 0.071 0.029 −0.048 −0.006

High pessimism (N = 1351) 3 −0.066 < 0.001 − 0.027 0.153 0.046 0.016 0.006 0.762

Low optimism (N = 1210) 2 −0.085 0.000 −0.019 0.026

High optimism (N = 1415) 3 0.073 < 0.001 −0.000 0.995 0.016 0.365 −0.022 0.213
1 Student’s t-test; 2 Below the median; 3 Median or higher
p1-scores indicating statistical significance are bolded
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Finally, we calculated multivariate logistic regression
models including several predicting variables for the risk
of failure in improving dietary habits (Table 4). Because
of the relatively small subgroups, we combined those
who had failed in their dietary changes with those who
had not even tried to improve their diet even when they
recognized the need to do so into one group. We also
combined those who saw no need to improve their diets
with those who had managed to make healthy changes
into another group.
The models included different dietary patterns, age,

sex smoking and alcohol consumption habits, physical
exercise, the levels of blood glucose and cholesterol,
body mass index, the possible existence of CHD, and

pessimism as explaining variables. A fatty unhealthy
dietary pattern associated with the risk of failure in
changing to low-fat products and in increasing vegeta-
bles. Sweet unhealthy dietary pattern associated with the
risk of failure in increasing vegetables, in reducing sugar
and in increasing berries and fruits. Finally, the effect of
pessimism seemed clear in three out of five subgroups.
Pessimism increased the probability of failure in redu-
cing fat, changing to low-fat products, and increasing
the consumption of berries and fruits.
To emphasize the association between pessimism and

failures in changing dietary habits, we compared the
highest and the lowest quarters of pessimism in logistic
regression models which were fully adjusted for age, sex,

Table 3 The association between optimism and pessimism, and the change in dietary habits

Has not changed No need to change Has changed Tried to change,
but failed

p1

Reducing fat N = 82 N = 1059 N = 1280 N = 204

Optimism (Mean (SD)) 8.60 (2.02) 8.26 (2.24) 8.39 (2.08) 8.18 (2.14) 0.385

Pessimism (SD) 4.59 (2.60) 4.19 (2.79) 3.62 (2.58) 4.44 (2.81) < 0.001

Changing to low-fat products N = 155 N = 1098 N = 1266 N = 106

Optimism (Mean (SD)) 8.37 (2.20) 8.28 (2.21) 8.39 (2.09) 8.18 (2.15) 0.674

Pessimism (Mean (SD)) 4.46 (2.74) 4.15 (2.77) 3.65 (2.60) 4.47 (2.76) < 0.001

Increasing vegetables N = 198 N = 1141 N = 1090 N = 196

Optimism (Mean (SD)) 8.46 (2.16) 8.25 (2.28) 8.43 (2.01) 8.10 (2.06) 0.058

Pessimism (Mean (SD)) 4.10 (2.69) 4.09 (2.77) 3.69 (2.59) 4.43 (2.79) < 0.001

Reducing sugar N = 110 N = 1287 N = 986 N = 242

Optimism (Mean (SD)) 8.23 (2.13) 8.29 (2.23) 8.42 (2.04) 8.17 (2.18) 0.520

Pessimism (Mean (SD)) 4.16 (2.54) 4.04 (2.75) 3.78 (2.69) 3.95 (2.54) 0.145

Increasing berries and fruits N = 128 N = 1520 N = 859 N = 118

Optimism (Mean (SD)) 8.38 (2.05) 8.39 (2.20) 8.32 (2.05) 7.81 (2.22) 0.041

Pessimism (Mean (SD)) 4.43 (2.77) 4.02 (2.78) 3.68 (2.51) 4.35 (2.72) 0.002
1 Kruskal–Wallis test
p1-scores indicating statistical significance are bolded

Table 4 Odds ratios of different dietary pattern groups, coronary heart disease and pessimism (rows) on the risk of failure in change
to more healthy dietary habits (columns) analysed by logistic regression modelsa

Dietary change

No change and fail
in reducing fat

No change and fail in
changing to low-fat
products

No change and fail in
increasing vegetables

No change and fail
in reducing sugar

No change and fail in
increasing berries and
fruits

OR 95% CI OR 95% CI OR 95% CI OR 95% CI OR 95% CI

Healthy dietary pattern 0.87 0.76–1.00 0.88 0.76–1.01 0.79 0.70–0.89 0.92 0.82–1.04 0.75 0.65–0.86

Sweet unhealthy dietary pattern 1.13 0.99–1.29 1.07 0.94–1.23 1.26 1.13–1.40 1.30 1.16–1.45 1.23 1.08–1.40

Fatty unhealthy dietary pattern 1.10 0.96–1.26 1.14 1.00–1.31 1.17 1.05–1.32 1.03 0.92–1.16 1.13 0.98–1.30

Traditional dietary pattern 1.12 0.98–1.27 1.02 0.90–1.17 0.97 0.87–1.08 1.01 0.90–1.14 0.89 0.78–1.02

Coronary heart disease 1.07 0.66–1.73 0.91 0.54–1.54 1.20 0.81–1.80 1.52 1.00–2.31 1.41 0.87–2.28

Pessimism 1.07 1.02–1.12 1.07 1.02–1.13 1.03 0.99–1.07 1.02 0.98–1.07 1.05 1.00–1.11

OR Odds ratio, CI Confidence interval
aModels are fully adjusted for age, sex, smoking and alcohol consumption habits, physical exercise, the levels of glucose, cholesterol and body mass index
p1-scores indicating statistical significance are bolded
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smoking and alcohol consumption habits, physical exer-
cise, the levels of glucose, cholesterol, body mass index
and the possible existence of CHD. Those who belonged
to the highest quarter of pessimism had a 1.4-fold risk of
not succeeding in reducing their consumption of fat (ad-
justed OR 1.44, 95% CI 1.00–2.08, p = 0.05), a 1.5-fold
risk of not succeeding in changing to low-fat products
(adjusted OR 1.51, 95% CI 1.03–2.21, p = 0.03), and a
1.5-fold risk of failing to increase the consumption of
berries and fruits in their diet (adjusted OR 1.46, 95% CI
1.01–2.12, p = 0.02) compared to the study subjects in
the lowest quarter of pessimism.

Discussion
Our main findings were that the dietary habits of study
subjects with a higher level of pessimism were unhealthier
compared to the dietary habits of others, and that the high
level of pessimism was associated with greater difficulties
in improving dietary habits. High levels of pessimism have
been linked independently with an elevated risk of CHD
[37–39]. While pessimism seems to be an independent
risk factor for CHD, our results suggest that it may also be
related to increased risk of CHD via an unhealthier diet.
There seemed to be no association between sweet un-

healthy dietary pattern as well as fail in reducing sugar
and optimism/pessimism. It has been speculated that the
physiological and psychological mechanisms concerning
sugar consumption might be different compared to the
mechanism of other dietary habits. For example, when try-
ing to eat healthily, the lack of sweet foods is often seen as
the most difficult task [40] and when treating binge eating
with baclofen, the medication seems to suppress binge
eating of pure fat but not a sugar-rich diet [41].
It can be discussed whether the test subjects had

proper information about good dietary habits, but it has
been stated that the factor preventing people from eating
healthy is not a lack of knowledge but rather the fact
that people do not eat as healthily they know they
should [1, 42, 43]. While there are many different rec-
ommendations about healthy diets which can make it
challenging to know how to eat healthily it also seems
that the correlation between nutrition knowledge and
healthy dietary intake is quite weak [44].
Our study also strengthens the idea of optimism and pes-

simism as two different and independent variables. The stat-
istical power of the optimism subscale was very small, while
pessimism had stronger associations with several outcomes.
Improving the diet has a role in both prevention and

treatment of several chronic diseases. The result of our
study – pessimism being associated with difficulties in
improving one’s diet – is parallel with earlier studies on
psychosocial factors and adherence to various treat-
ments. For example, adherence to treatment of asthma
patients, hypertensive patients, cardiac patients, and

rehabilitation patients after surgery seemed to relate to
psychosocial factors, including dispositional optimism
[45–48]. A higher level of optimism has also been asso-
ciated, for example, with greater success in achieving
good results in health changes among cardiac patients
[49, 50] and in dental health [51]. Optimism and good
compliance to treatment might also be connected in
HIV patients [52].
An earlier study suggested that optimistic people exert

greater efforts at goal attainment than pessimists do, for ex-
ample, in alcoholism treatment [53]. In cross-sectional ana-
lyses, optimists have been shown to choose healthier foods
when no preceding instructions are given [54, 55]. Accord-
ing to these studies, it seems that dispositional optimism
and pessimism relate to the motivation in the treatment
compliance, overall health behaviour, and the ability to
make changes in lifestyle in order to improve physical
well-being. The results of our study strengthen this claim.
As mentioned, there are some previous studies on as-

sociations between optimism/pessimism and dietary pat-
terns [25–29]. However, there are some shortcomings in
these studies. In these studies optimism and pessimism
were dealt as a bipolar, single variable, and except for
one study, the study participants were all of the same
gender. It has been recognized in many other studies
that optimism and pessimism are probably two inde-
pendent variables that are present at same the time – i.e.
one has both pessimistic and optimistic traits simultan-
eously [35]. The method of using optimism and pessim-
ism as two different dimensions rather than one bipolar
single variable may reveal much more information when
the opposite ends of the bipolar variable do not cancel
each other [32–36]. Separating optimism from pessim-
ism turned out to be beneficial also in our study; opti-
mism and pessimism seemed to be two different and
independent factors as optimism seemed to have a con-
nection with only one type of change in diet, while pes-
simism was associated much more strongly with many
dietary behaviour changes. This endorses the need to
separate optimism and pessimism to achieve more ac-
curate results. Analysing optimism and pessimism as a
unidimensional variable in this study would probably
have covered some of the current results.
It has also been suggested that dispositional optimism

might be a unidimensional continuum, but questions
oriented pessimistically are better in determining this
variable [54], thus diminishing the statistical power of
optimistically oriented questions.
Even if it seems that people with high levels of pessim-

ism have an unhealthier diet than others do and they are
less likely to be able to change their dietary habits, it has
been found that after proper education and monitoring,
the association between pessimism and the ability to im-
prove diet disappears. This conclusion was drawn
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following a trial derived from the GOAL study [56]. In
the study, the subjects with higher pessimism levels had
unhealthier lifestyles, including unhealthier dietary
habits. However, after the pessimists had received educa-
tion concerning healthier lifestyles and were subjected to
close monitoring, they managed to improve their life-
styles equally to other subjects. Keeping this in mind, it
would seem only natural that determining pessimism
could help in finding those who probably have unhealth-
ier diets and are in greater risk in failing to improve
them. Those subjects could then be targeted with proper
education about healthy diets, and the monitoring of
dietary changes could lower the risk of various diseases.
Naturally, the independent risk of pessimism in develop-
ing those illnesses – for example, CHD – is still unlikely
to diminish. Determining the level of dispositional pes-
simism is quick to assess and practically cost free, so it
can be expected to be very cost-effective.
There are some strengths and weaknesses in our study

and methods. The population was drawn as a random
sample and it is representative of Lahti Region with
200,000 inhabitants. However, it seems that poorly func-
tioning and institutionalized persons had a lower partici-
pation rate than community-dwelling subjects [57]. The
design is longitudinal and observational, but it can obvi-
ously not detect any causality between the assessed vari-
ables. We have measured a great number of variables,
hence the possibility to adjust for a number of con-
founders was good. However, and typical of cohort stud-
ies, the methods were mostly simple and we were unable
to describe the diet by, e.g., an extensive food-frequency
questionnaire. In the analyses, we classified reduction of
fat as an indication of a healthy change. This may of
course be debated, since more recent studies indicate that
fat quality (shift from saturated towards unsaturated fats)
is more important than the intake of total fat per se [58].
In early 2000’s, reductions in dietary fat and in fatty foods
were generally - at least among many lay individuals -
regarded as healthy. Hence, we chose to use fat reduction
as an indication of a choice to improve dietary quality.
Much of the data used in this study is based on self-rated

questionnaires, so there might be some inconsistency be-
tween the answers and the reality in the questions concern-
ing, for example, smoking habits and use of alcohol.

Conclusions
Dietary habits play an important role in the development
of many diseases, and improving the diet reduces the
risk for developing many severe illnesses. Pessimism and
to some extent optimism seem to play a role in current
dietary habits and in the ability to change these habits.
By determining optimism and particularly pessimism, it
is possible to detect individuals in greater need of guid-
ance and support in ameliorating their dietary habits.

Separating optimism and pessimism seems to make a
clearer connection between the optimism construct and
dietary habits as well as between the optimism construct
and the ability to make healthy dietary changes.
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nclusions: The western dietary pattern, obese-related anthropometric parameters, and most components of
tabolic syndrome are positively associated with CRP levels and NLR in men and women with metabolic syndrome.

ywords: Dietary patterns, Anthropometric measurements, Metabolic parameters, C-reactive protein,
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abolic syndrome is defined by central obesity,
eased systolic and diastolic blood pressure (BP),
eased high-density lipoprotein cholesterol (HDL-C),
eased serum triglycerides (TG), and elevated fasting
d glucose (FBG). The International Diabetes
ration (IDF) declared that central obesity was
gly associated with metabolic syndrome and its
ponents [1]. The prevalence of metabolic syn-
e has been increased obviously throughout the
d [2–4], and it has become a main public health
in recent years. Moreover, metabolic syndrome

ne of the risk factors of cardiovascular disease
D). The prevalence of metabolic syndrome and
ral obesity increased with age, with the highest
s seen among middle-aged and older adults [5].
itionally, metabolic syndrome was associated with
mmation which may exacerbate the development
VD [6]. The increased levels of inflammatory

kers have also been strongly correlated with both
ral obesity and metabolic syndrome. However, the
erlying factors of inflammation in metabolic
rome are not fully understood.
etary patterns are associated with inflammation. The
ious study revealed that high intake of trans fatty
s had a positive correlation with inflammation [7].
itionally, a diet high in meat and processed food was
tively correlated with inflammation [8, 9]. In
rast, higher intake of vegetables was inversely asso-
d with C-reactive protein (CRP) concentrations [10,
Anthropometric parameters were also correlated
inflammation. Obesity defined by body mass index
I) and waist circumference was associated with
mmation [12]. Body fat, skinfold thickness, and
r measures of abdominal adiposity were also
tively correlated with inflammation [13, 14].
hermore, metabolic disorders might interfere with
mmatory status. Components of metabolic syndrome

significantly increased with both CRP and
rophil-to-lymphocyte ratio (NLR) levels [15, 16]. Dys-
emia, which is characterized by high levels of total
esterol (TC), serum TG, low-density lipoprotein-
esterol (LDL-C) levels, or low HDL-C levels, has also
positively correlated with elevated plasma CRP
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85 m
HDL
veral studies have investigated the effect of dietary
rns, anthropometric measurements, or metabolic
meters on inflammatory markers [18, 19]. However,
study investigated all these factors in metabolic syn-
e population using CRP and NLR as the indicators
flammation was still rare. Both CRP and NLR serve
flammatory indicators that can be easily measured
serve as independent predictors for both the devel-
ent of metabolic syndrome and CVD [20]. Thus, the
ctive of the study was to determine the association
ietary patterns, anthropometric measurements, and
bolic parameters with inflammatory markers using
and NLR among middle-aged and older adults with
bolic syndrome in Taiwan.

hods
ects and study design
cross-sectional study was performed to examine
collected from a Mei Jau (MJ) Group, a private

th management screening institution in Taiwan,
2004 to 2013. The MJ Group’s four health screen-

centers in Taiwan in Taipei, Taoyuan, Taichung, and
hsiung (listed from north to south) were used to col-
pertinent information for the study. Data collected
ded demographic data, lifestyle, diet, anthropomet-
ata, biochemical parameters, and other health re-
data from the individuals who came to their health

ening centers for a regular health check-up [9].
tal of 60,769 individuals with age ≥ 35 y met cri-
of metabolic syndrome from the MJ database be-
n 2004 and 2013. After excluding the individuals
23,377) who had renal dysfunction, liver prob-
, or all types of cancer, and those who (n = 11,376)
missing data on food frequency questionnaire
), anthropometric measurements, or biochemical
meters, a total of 26,016 subjects were finally
uited for analysis in this study.

nition of metabolic syndrome and inflammation
components of metabolic syndrome were proposed
he IDF in 2005 and defined as individuals who had
ral obesity (waist circumference ≥ 90 cm for men
80 cm for women in Taiwan) with two of four
rs: (1) systolic BP ≥ 130 mmHg, diastolic BP ≥

mHg or history of the therapy of hypertension, (2)
-C < 1.03 mmol/L for men, < 1.29 mmol/L for
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en or specific therapy for lipid abnormality, (3)
m TG ≥ 1.70 mmol/L or specific therapy for lipid
rmality, and (4) FBG ≥ 5.60 mmol/L or previously
nosed type 2 diabetes mellitus [1]. The definition of
bolic syndrome with central obesity was selected
to the growing prevalence of central obesity in
an in recent years [9]. The definition of inflamma-
in this study was CRP ≥ 28.6 nmol/L [21] or NLR ≥
[22]. Ethical approval for this study was granted by
ei Medical University-Joint Institutional Review
d (N201706051). Written informed consents were
ined from all subjects prior to the health check-up
n they visited each MJ Group health screening
er. The data were de-identified and used for
emic study only.

ssment of dietary patterns
ary intake was analyzed using a validated FFQ
cted by the MJ Group. All subjects were requested
omplete the FFQ before they had health check-up.
FFQ included 22 food groups or food items referred
e characteristics of Taiwanese dietary patterns. The
collected intake frequency data with the informa-
of portion size and the corresponding pictures of
suring tools in each question. For instance, the
ription for milk consumption was “How much milk
ou drink? (1 cup is equivalent to 240 mL of fresh
, 240 mL of yogurt, or 4 tablespoons of powdered
)”, and the options for intake frequency were “none
1 cup a week, 1-3 cups a week, 4-6 cups a week, 1
a day, or ≥ 2 cups a day”. Each question had 5
ons for intake frequency from the lowest to the high-
Food intake scores of 1 to 5 were assigned from the
st to the highest frequency. Principal component
ysis was performed to derive dietary patterns. We
the eigenvalues ≥2 in the orthogonal rotation to
e dietary patterns, and factor loading ≥0.30 to
ify dietary patterns. The eigenvalues ≥2 have been
in the previous studies, and represented a strong

elation between each component and smaller vari-
compared with the eigenvalue < 2 [23, 24]. The fac-

scores of dietary patterns were calculated using the
of food intake scores divided by factor loadings [9],
were classified into tertiles for each dietary pattern.

ropometric measurements
assessments of anthropometric data were carried
by the medical staff in the MJ health screening
ers. Weight (kg), height (cm), and body fat (%) were
sured by using a bioelectrical impedance analysis
ument (InBody Co., Ltd., Seoul, South Korea). BMI
computed as weight (kg) divided by the square of
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ht, overweight, or obesity (BMI < 18.5 kg/m2,

Phys
mod
kg/m2 ≤ BMI < 24 kg/m2, 24 kg/m2 ≤ BMI < 27 kg/
and BMI ≥ 27 kg/m2, respectively) [25]. Body fat
defined as low (< 25% for men and < 30% for
en) and high (≥ 25% for men and ≥ 30% for
en) [26–28]. Waist circumference was assessed at
mid-point between the lowest rib and the iliac
t on standing position, while hip circumference
assessed at the point generating the maximum
mference in the buttocks using a measuring tape.
used the mean of waist or hip circumference as
cut-off point to dichotomize these two variables
low (waist circumference < 95.8 cm for men and
.2 cm for women, hip circumference < 100.5 cm
men and < 101.1 cm for women) and high (waist
mference ≥ 95.8 cm for men and ≥ 85.2 cm for
en, hip circumference ≥ 100.5 cm for men and ≥
1 cm for women). Waist-to-hip ratio was calcu-
and defined as low (< 0.90 for men and < 0.85 for
en) [29].

d pressure and biochemical measurements
d samples were collected after overnight fasting for
4 h. BP was measured in a sitting position using a
gmomanometer. Blood HDL-C, TC, TG, FBG, and
levels were analyzed using the commercial reagents
its, and LDL-C levels were calculated using Friede-
’s formula: LDL-C (mg/dL) = TC-(HDL-C + TG/5).
number of neutrophils and lymphocytes was deter-
ed, and NLR was calculated using the absolute
rophil count divided by the absolute lymphocyte
t. The IDF definition was used to define metabolic
rome to categorize systolic BP (low < 130 mmHg
high ≥130 mmHg), diastolic BP (low < 85 mmHg
high ≥85 mmHg), HDL-C (low < 1.03 mmol/L and
≥1.03 mmol/L for men, low < 1.29 mmol/L and
≥1.29 mmol/L for women), TG (low < 1.70 mmol/L
high ≥1.70 mmol/L), and FBG (low < 5.60 mmol/L
high ≥5.60 mmol/L) [1]. Whereas TC and LDL-C
s were defined as low (< 6.2 mmol/L for TC and <
riates
ographic and lifestyle characteristics such as sex,
marital status, education, occupation, current smok-
or drinking status, and physical activity were
cted using an administered questionnaire from the
Group. Education level was dichotomized as low
school and below) and high (above high school).
ical activity was categorized as low (< 1 h a week),
erate (1–2 h a week), and high (> 2 h a week).
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ble 1 Factor loadings and dietary patterns derived from
incipal component analysis of food frequency questionnaire
ta

od Groups Factor I
Western
dietary pattern

Factor II
Prudent
dietary pattern

lk −0.045 0.380

iry products 0.166 0.377

gs 0.502 0.112

at 0.531 0.131

gan meats 0.500 0.110

gumes/soy products 0.306 0.390

afood 0.316 0.363

ht-colored vegetables −0.039 0.799

rk-colored vegetables −0.057 0.831

it −0.014 0.521

getables with oil/dressing 0.261 0.524

e/flour products 0.381 0.143

ole grains 0.071 0.228

ot crops 0.201 0.369

fined dessert 0.319 0.131

/honey 0.382 0.108

gary drinks 0.542 −0.098

e/flour cooked in oil 0.436 0.066

ep-fried food 0.619 0.044

tant noodle 0.392 −0.083

cessed food 0.586 0.036

uce
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stical analysis
square test and general linear model test were used
etermine the differences of categorical and continu-
variables, respectively, in the characteristics of the
ects with low or high CRP and NLR levels. Odds
s (OR) with 95% confidence interval were derived
g multivariate logistic regression analysis to compare
association of dietary patterns, anthropometric
s, and metabolic parameters with CRP and NLR
s in men and women. Model 1 was unadjusted and
el 2 was adjusted for age, marital status, education,
pation, smoking, drinking status, and physical
ity. A significance level of P ≤ 0.05 was used for all
yses, and SPSS 24 (IBM Corp., Armonk, NY, USA)
are was used to analyze the data.

lts
ng 26,016 subjects with metabolic syndrome, 4639
%), 6650 (39.4%), 4089 (24.2%), 5687 (33.7%), 8933
%), and 11,903 (70.5%) subjects had high waist cir-
ference (≥ 95.8 cm), high systolic BP, high diastolic
ow HDL-C, high TG, and high FBG levels, respect-
, among men, and 5131 (56.2%), 4139 (46.4%), 1658
%), 2785 (30.5%), 4155 (45%), and 6333 (69.4%)
ects had high waist circumference (≥ 85.2 cm),
systolic BP, high diastolic BP, low HDL-C, high
and high FBG levels, respectively, among women
a not shown).

ary patterns
dietary patterns were derived from principal com-
nt analysis (Table 1) and defined as the western and
ent dietary patterns. The western and prudent diet-
patterns had 12 and 9 food groups or food items,
ectively. Legumes or soy products and seafood had
r loading ≥0.30 in both factors, and had higher
r loadings in the prudent dietary pattern. Therefore,
classified both food groups in the prudent dietary
rn. The western dietary pattern was reflected as
intake of deep-fried food, processed food (e.g. saus-
ham, and canned food), sugary drinks, meat (e.g.
, lamb, pork, veal, chicken and duck), sauce (e.g.
er salt, ketchup, vinegar, hot sauce and soy sauce),
(e.g. chicken, duck and quail eggs), organ meats
kidneys, intestines, liver and heart), rice or flour
ed in oil (e.g. fried noodle and rice noodle), instant
le, jam or honey, rice or flour products (e.g. rice,
bread, noodle and cruller), and refined desert;

e the prudent dietary pattern was reflected by high
e of dark-colored vegetables (e.g. spinach, squash,
ot and tomato), light-colored vegetables (e.g. cab-
, pechay, cucumber and radish), vegetables with oil
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ressing, fruit, legumes or soy products (e.g. soybean
, tofu and dried bean curd), milk (e.g. powdered and

(94.0
49.6
milk), dairy products (e.g. cheese and yoghurt),
crops (e.g. corn, potato and taro), and seafood (e.g.
shells, oysters and shrimps). The western and pru-
dietary patterns had a total variance of 26.3% (16.9
9.4%, respectively) and eigenvalues > 2. The two
ry patterns were similar to the unhealthy and
thy dietary patterns, respectively.

acteristics of subjects
characteristics of subjects with low or high CRP and
in both genders are summarized in Table 2. There
10,096 (38.8%) and 7857 (30.2%) subjects with high
and NLR, respectively. Among those who had high
or NLR, the proportion of men was 59.6 and

%, respectively. The majority of the subjects with
CRP or NLR were between the ages of 46 and

years (55.6 and 55.6%), were married (84.3 and
%), had education level of high school and below
and 52.9%), had professional jobs (43.6 and 45.2%),

not smoke (95.0 and 95.5%), did not drink alcohol

0.526 0.071
and 94.2%), and had low physical activity (51.2 and
%). The results also showed that subjects with high



Table 2 Characteristics of subjects across values of C-reactive protein and neutrophil-to-lymphocyte ratio (n = 26,016) a

Variables C-reactive protein Pb Neutrophil-to-lymphocyte ratio Pb

< 28.6 nmol/L ≥ 28.6 nmol/L < 3.0 ≥ 3.0

Sex, % 0.000 0.049

Men 68.2 59.6 64.6 65.6

Women 31.8 40.4 35.4 34.4

Age, % 0.205 0.973

35–45 y 15.8 15.0 15.4 15.5

46–60 y 55.4 55.6 55.4 55.6

> 60 y 28.9 29.4 29.2 28.9

Marital status, % 0.043 0.009

Not married 3.0 3.5 3.2 3.0

Married 84.6 84.3 84.0 85.5

Divorced 12.4 12.2 12.7 11.5

Education, % 0.000 0.247

Low 51.7 54.1 52.5 52.9

High 48.3 45.9 47.5 47.1

Occupation, % 0.000 0.004

Professional 48.3 43.6 47.0 45.2

Not professional 31.2 35.7 32.9 33.0

Unemployed/retired 20.5 20.7 20.1 21.8

Current smoking, % 0.000 0.000

No 96.9 95.0 96.4 95.5

Yes 3.1 5.0 3.6 4.5

Current drinking status, % 0.000 0.000

No 96.4 94.0 95.9 94.2

Yes 3.6 6.0 4.1 5.8

Physical activity, % 0.000 0.000

Low 48.8 51.2 41.3 49.6

Moderate 45.5 42.3 52.8 43.9

High 5.8 6.5 5.9 6.4

Western dietary pattern, % 0.000 0.000

T1, n 34.4 31.7 34.7 30.2

T2, n 33.5 33.1 32.9 34.2

T3, n 32.1 35.2 32.4 35.6

Prudent dietary patterns, % 0.000 0.000

T1, n 31.7 36.0 32.9 34.4

T2, n 31.4 36.2 32.8 34.5

T3, n 36.9 27.8 34.3 31.1

Body mass index, kg/m2 26.9 ± 2.3 27.6 ± 2.8 0.000 27.0 ± 2.4 27.4 ± 2.6 0.000

Body fat, % 26.7 ± 4.3 28.0 ± 4.7 0.000 27.0 ± 4.4 27.6 ± 4.6 0.000

Waist circumference, cm 92.0 ± 6.5 94.4 ± 8.6 0.000 92.1 ± 6.9 94.6 ± 8.1 0.000

Hip circumference, cm 100.0 ± 5.9 101.5 ± 6.7 0.000 100.2 ± 6.1 101.3 ± 6.3 0.000

Waist-to-hip ratio 0.92 ± 0.07 0.93 ± 0.07 0.000 0.92 ± 0.06 0.94 ± 8.13 0.000

Systolic blood pressure, mmHg 120 ± 30 124 ± 33 0.000 120 ± 31 125 ± 32 0.000
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Table 2 Characteristics of subjects across values of C-reactive protein and neutrophil-to-lymphocyte ratio (n = 26,016) a (Continued)

Variables C-reactive protein Pb Neutrophil-to-lymphocyte ratio Pb

< 28.6 nmol/L ≥ 28.6 nmol/L < 3.0 ≥ 3.0

Diastolic blood pressure, mmHg 74 ± 20 75 ± 19 0.000 74 ± 20 75 ± 19 0.000

High-density lipoprotein-cholesterol, mmol/L 1.19 ± 0.34 1.12 ± 0.31 0.000 1.17 ± 0.34 1.15 ± 0.07 0.026

Low-density lipoprotein-cholesterol, mmol/L 3.61 ± 0.83 3.75 ± 0.87 0.000 3.62 ± 0.83 3.73 ± 0.89 0.000

Total cholesterol, mmol/L 5.19 ± 0.87 5.29 ± 0.89 0.000 5.20 ± 0.86 5.30 ± 0.92 0.000

Triglycerides, mmol/L 1.96 ± .37 2.17 ± 1.34 0.000 2.01 ± 1.39 2.09 ± 1.30 0.000

Fasting blood glucose, mmol/L 6.11 ± 1.54 6.76 ± 2.43 0.000 6.20 ± 1.73 6.67 ± 2.29 0.000
aData ble
bP-val re
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or NLR were more likely to consume the highest
le in the western dietary pattern (35.2 and 35.6%)
the lowest tertile in the prudent dietary pattern
and 34.4%). Subjects with high CRP or NLR had

ificantly higher BMI (27.6 ± 2.8 and 27.4 ± 2.6 kg/
body fat (28.0 ± 4.7% and 27.6 ± 4.6%), waist cir-
ference (94.4 ± 8.6 and 94.6 ± 8.1 cm), hip circumfer-
(101.5 ± 6.7 and 101.3 ± 6.3 cm), and waist-to-hip
(0.93 ± 0.07 and 0.94 ± 8.13) than those who with
CRP or NLR. Additionally, subjects with high CRP
LR had significantly higher systolic BP (124 ± 33
125 ± 32 mmHg), diastolic BP (75 ± 19 and 75 ±
mHg), LDL-C (3.75 ± 0.87 and 3.73 ± 0.89 mmol/L),
5.29 ± 0.89 and 5.30 ± 0.92 mmol/L), TG (2.17 ± 1.34
2.09 ± 1.30 mmol/L), and FBG (6.76 ± 2.43 and 6.67
9 mmol/L) but lower HDL-C (1.12 ± 0.31 and 1.15
7 mmol/L) than those who with low CRP or NLR.

ary patterns, nutritional status and levels of CRP and
in men and women
results showed that regardless of gender, subjects
had higher tertiles (T2 and T3) of the western
ry pattern, overweight or obesity, high body fat,
waist or hip circumference, high waist-to-hip ratio,
systolic or diastolic BP, low HDL-C, high LDL-C,
TC, high TG, or high FBG had significantly

eased odds ratios of high CRP (≥ 28.6 nmol/L) in
models (Table 3). However, higher tertiles (T2 and
of the prudent dietary pattern were significantly
ciated with decreased odds ratios of high CRP in
and women in both models.
rthermore, subjects who had the highest tertile (T3)
he western dietary pattern, obesity, high body fat,
waist or hip circumference, high waist-to-hip ratio,
HDL-C, high LDL-C, high TG, or high FBG had sig-
antly increased odds ratios of high NLR (≥ 3.0) in
and women in both models (Table 4). However, the
est tertile (T3) of the prudent dietary pattern was
ificantly correlated with reduced odds ratios of high
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are presented as % for categorical variables and mean ± SD for continuous varia
ues were derived from chi-square test for categorical variables and general linear
(≥ 3.0) in men and women in both models.
y men with high systolic or diastolic BP or high

impr
chol
had increased odds ratios of high NLR (≥ 3.0) in
models.

ussion
main findings are that dietary patterns, anthropo-
ic measurements, and metabolic parameters were
ctly associated with CRP and NLR among Taiwanese
and women aged 35 and above with metabolic syn-
e. Subjects who consumed more western dietary
rn were positively correlated with inflammation,
e subjects who consumed more prudent dietary pat-
were inversely associated with inflammation in both
ers. Moreover, anthropometric measurements and
bolic parameters were strongly associated with CRP
NLR in both genders.
e present study revealed that subjects with the high
s of inflammatory markers were more frequent in
and less active physically compared with those with
levels of inflammatory markers. The findings were
istent with the results in the previous studies [16, 31].
western dietary pattern in this study was similar to
nhealthy dietary pattern that included a high relative
unt of red meat, processed food, high-fat food, sweets,
, and food additives [8]. This dietary pattern was sig-
antly correlated with increased CRP and NLR levels
e subjects with metabolic syndrome. The previous
y found that an unhealthy dietary pattern was
tively associated with the levels of inflammatory
kers such as CRP, interleukin-6 and sICAM-1 [32].
itionally, there was a positive association between
ern dietary pattern and CRP concentration [9, 33]. An
al study also revealed that neutrophil counts were
ased in mice fed a high-fat diet [34]. In contrast with
unhealthy dietary pattern, the prudent dietary pattern
his study was defined by foods high in complex
ohydrate, unsaturated fat, fiber, antioxidants, vitamins,
minerals. Moreover, a healthy dietary pattern had
ficial effects on inflammation [35]. The prudent
kfast high in dietary fiber and β-glucan for 12 weeks

s
gression for continuous variables
oved plasma CRP in overweight and mildly hyper-
esterolemic adults aged of 25–67 years compared with



Table 3 Odds ratios for high C-reactive protein by different dietary patterns, anthropometric measurements, and metabolic
parameters

Variables Odds ratio (95% Confidence interval)

Men (n = 6021) Women (n = 4075)

Model 11 Model 22 Model 11 Model 22

Western dietary pattern

T1 1 1 1 1

T2 0.892 (0.843–0.944) *** 0.903 (0.853–0.956) *** 0.843 (0.778–0.913) *** 0.855 (0.788–0.927) ***

T3 1.116 (1.053–1.184) *** 1.108 (1.044–1.176) ** 1.162 (1.070–1.263) *** 1.181 (1.086–1.284) ***

Prudent dietary pattern

T1 1 1 1 1

T2 0.810 (0.765–0.857) *** 0.815 (0.770–0.863) *** 0.886 (0.824–0.954) ** 0.891 (0.827–0.959) **

T3 0.693 (0.654–0.735) *** 0.696 (0.656–0.738) *** 0.814 (0.756–0.877) *** 0.806 (0.748–0.869) ***

Body mass index

Normal 1 1 1 1

Overweight 1.230 (1.147–1.320) *** 1.225 (1.141–1.315) *** 1.149 (1.036–1.275) ** 1.182 (1.065–1.313) **

Obese 1.315 (1.190–1.454) *** 1.328 (1.199–1.470) *** 1.961 (1.702–2.260) *** 1.971 (1.709–2.273) ***

Body fat

Low 1 1 1 1

High 1.734 (1.613–1.864) *** 1.749 (1.624–1.884) *** 1.454 (1.023–2.068) * 1.413 (0.981–2.028) *

Waist circumference

Low 1 1 1 1

High 1.963 (1.826–2.110) *** 1.916 (1.782–2.061) *** 1.986 (1.820–2.168) *** 2.003 (1.834–2.188) ***

Hip circumference

Low 1 1 1 1

High 1.422 (1.264–1.599) *** 1.406 (1.247–1.587) *** 1.637 (1.499–1.787) *** 1.651 (1.510–1.805) ***

Waist-to-hip ratio

Low 1 1 1 1

High 1.487 (1.384–1.598) *** 1.488 (1.383–1.601) *** 1.298 (1.184–1.423) *** 1.307 (1.190–1.436) ***

Systolic blood pressure

Low 1 1 1 1

High 1.258 (1.176–1.345) *** 1.280 (1.195–1.371) *** 1.294 (1.188–1.409) *** 1.306 (1.196–1.425) ***

Diastolic blood pressure

Low 1 1 1 1

High 1.303 (1.208–1.405) *** 1.303 (1.208–1.406) *** 1.306 (1.170–1.457) *** 1.313 (1.175–1.467) ***

High-density lipoprotein-cholesterol

High 1 1 1 1

Low 1.625 (1.517–1.740) *** 1.635 (1.525–1.753) *** 1.379 (1.257–1.512) *** 1.419 (1.292–1.558) ***

Low-density lipoprotein-cholesterol

Low 1 1 1 1

High 1.278 (1.191–1.373) *** 1.276 (1.188–1.371) *** 1.239 (1.132–1.356) *** 1.250 (1.141–1.369) ***
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Table 3 Odds ratios for high C-reactive protein by different dietary patterns, anthropometric measurements, and metabolic
parameters (Continued)

Variables Odds ratio (95% Confidence interval)

Men (n = 6021) Women (n = 4075)

Model 11 Model 22 Model 11 Model 22

Total cholesterol

Low 1 1 1 1

High 1.157 (1.083–1.237) *** 1.148 (1.074–1.227) *** 1.228 (1.123–1.342) *** 1.225 (1.118–1.342) ***

Triglycerides

Low 1 1 1 1

High 1.493 (1.397–1.595) *** 1.475 (1.379–1.578) *** 1.717 (1.576–1.871) *** 1.694 (1.553–1.847) ***

Fasting blood glucose

Low 1 1 1 1

High 1.366 (1.270–1.470) *** 1.398 (1.297–1.506) *** 1.257 (1.146–1.380) *** 1.245 (1.133–1.368) ***

1Unadjusted. 2Adjusted for age, marital status, education, occupation, smoking, drinking status, and physical activity. *P < 0.05, **P < 0.01, ***P < 0.001. The variables
were defined as the following: CRP: low < 28.6 nmol/L and high ≥28.6 nmol/L, normal BMI: 18.5 kg/m2 ≤ BMI < 24 kg/m2; overweight BMI: 24 kg/m2 ≤ BMI < 27 kg/
m2; obesity BMI: ≥ 27 kg/m2, body fat: low < 25% and high ≥25% for men; low < 30% and high ≥30% for women, waist circumference: low < 95.8 cm and high
≥95.8 cm for men; low < 85.2 cm and high ≥85.2 cm for women, hip circumference: low < 100.5 cm and high ≥100.5 cm for men; low < 101.1 cm and high
≥101.1 cm for women, waist-to-hip ratio: low < 0.90 and high ≥0.90 for men; low < 0.85 and high ≥0.85 for women, systolic BP: low < 130 mmHg and high
≥130 mmHg, diastolic BP: low < 85 mmHg and high ≥85 mmHg, HDL-C: low < 1.03 mmol/L and high ≥1.03 mmol/L for men; low < 1.29 mmol/L and high
≥1.29 mmol/L for women, LDL-C: low < 4.1 mmol/L and high ≥4.1 mmol/L, TC: low < 6.2 mmol/L and high ≥6.2 mmol/L, TG: low < 1.70 mmol/L and high
≥1.70
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usual breakfast [36]. Furthermore, the Mediterranean
characterized as high in fiber, antioxidants, and unsat-
ed and polyunsaturated fatty acids [37] was correlated
decreases in platelet count, white blood cells (WBC)
t and CRP [38, 39]. Our findings showed that there
no differences between men and women in the

ts of the western or prudent dietary pattern on CRP
NLR levels. Similar to our results, following the
iterranean diet for 4 weeks, had similar effects on
-sensitivity CRP levels in mildly hypercholesterolemic
and women aged of 24–53 years with CVD risk
rs [40], indicating there were no differences between
and women in the effects of the Mediterranean diet
ystemic inflammation.
r results reported that the anthropometric mea-
s such as BMI, body fat, waist or hip circumference,
waist-to-hip ratio were associated with inflammation
oth men and women with metabolic syndrome.
e evidences supported our findings. BMI was inde-
ently correlated with certain markers related to in-
matory responses, including CRP, amylin, C-peptide,
lin, leptin, WBC, and NLR [41, 42]. The indicators
ntral obesity such as waist or hip circumference and
t-to-hip ratio showed a strong positive correlation
CRP not only in healthy population, but also in the
lation with metabolic syndrome [43, 44]. Moreover,
t circumference was increased with elevated WBC
NLR, suggesting that waist circumference might be
as a parameter of evaluating WBC or NLR [45].
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mmol/L, FBG: low < 5.60 mmol/L and high ≥5.60 mmol/L
y fat and BMI were also significantly associated with
in obese males and females with metabolic

cons
of a
rome and heart failure [46]. Additionally, obese sub-
had higher NLR compared with healthy subjects,

elevated NLR considered as an inflammatory marker
an independent predictor of type 2 diabetes in obese
ects [47]. Furthermore, this study found that more
30% of subjects with metabolic syndrome had

er levels of CRP (38.8%) or NLR (30.2%). The previ-
studies also revealed that the components of meta-
syndrome influenced the levels of CRP and NLR

49]. Subjects with metabolic syndrome had signifi-
ly increased neutrophil counts, but reduced lympho-
counts [50]. Hypercholesterolemia was one of the
r risk factors of elevated pro-inflammatory cyto-
s. Hyperlipidemia had effects on homeostasis of im-
e cells and was associated with increased neutrophil
ts [51]. The levels of CRP were positively correlated
fasting and 2-h post-load glucose concentrations in
iduals with impaired glucose tolerance [52], and in-
uals with prediabetes also had higher CRP levels
. The potential interaction among obesity, metabolic
rder, and activated inflammation in subjects with
bolic syndrome has been reported. The association
een chronic inflammation and metabolic syndrome
linked to central adiposity, which was accompanied
decrease of adiponectin formed in adipose tissue
increased secretion of inflammatory markers such
RP [54].
r results found that both men and women with
consumption of the western dietary pattern, low

umption of the prudent dietary pattern, high values
nthropometric parameters or metabolic disorder



Table 4 Odds ratios for high neutrophil-to-lymphocyte ratio by different dietary patterns, anthropometric measurements, and
metabolic parameters

Variables Men (n = 5155) Women (n = 2702)

Model 11 Model 22 Model 11 Model 22

Western dietary pattern

T1 1 1 1 1

T2 0.955 (0.900–1.013) 0.963 (0.908–1.022) 0.941 (0.867–1.021) 0.945 (0.871–1.026)

T3 1.189 (1.118–1.264) *** 1.199 (1.126–1.275) *** 1.100 (1.012–1.195) * 1.108 (1.019–1.204) *

Prudent dietary pattern

T1 1 1 1 1

T2 0.916 (0.864–0.972) ** 0.921 (0.868–0.977) ** 1.134 (1.046–1.228) 1.111 (1.023–1.205)

T3 0.881 (0.830–0.935) *** 0.883 (0.832–0.938) *** 0.961 (0.873–1.056) * 0.963 (0.874–1.059) *

Body mass index

Normal 1 1 1 1

Overweight 1.154 (1.073–1.241) *** 1.141 (1.061–1.227) *** 1.081 (0.978–1.195) 1.096 (0.998–1.212)

Obese 1.162 (1.049–1.288) ** 1.188 (1.070–1.319) ** 1.575 (1.375–1.804) *** 1.576 (1.375–1.806) ***

Body fat

Low 1 1 1 1

High 1.276 (1.186–1.374) *** 1.286 (1.192–1.386) *** 1.301 (1.143–1.480) *** 1.158 (1.015–1.323) *

Waist circumference

Low 1 1 1 1

High 1.711 (1.588–1.843) *** 1.690 (1.568–1.822) *** 1.468 (1.335–1.614) *** 1.475 (1.341–1.623) ***

Hip circumference

Low 1 1 1 1

High 1.185 (1.052–1.334) ** 1.201 (1.063–1.358) ** 1.259 (1.145–1.386) *** 1.275 (1.157–1.404) ***

Waist-to-hip ratio

Low 1 1 1 1

High 1.626 (1.506–1.754) *** 1.630 (1.509–1.761) *** 1.336 (1.211–1.474) *** 1.331 (1.204–1.472) ***

Systolic blood pressure

Low 1 1 1 1

High 1.122 (1.047–1.203) ** 1.124 (1.047–1.206) ** 1.037 (0.946–1.138) 1.038 (0.944–1.142)

Diastolic blood pressure

Low 1 1 1 1

High 1.182 (1.092–1.278) *** 1.176 (1.087–1.273) *** 0.946 (0.839–1.067) 0.928 (0.821–1.049)

High-density lipoprotein-cholesterol

High 1 1 1 1

Low 1.197 (1.114–1.286) *** 1.203 (1.119–1.294) *** 1.138 (1.031–1.257) * 1.162 (1.051–1.286) **

Low-density lipoprotein-cholesterol

Low 1 1 1 1

High 1.197 (1.112–1.289) *** 1.200 (1.114–1.293) *** 1.105 (1.002–1.219) * 1.113 (1.008–1.229) *
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Table 4 Odds ratios for high neutrophil-to-lymphocyte ratio by different dietary patterns, anthropometric measurements, and
metabolic parameters (Continued)

Variables Men (n = 5155) Women (n = 2702)

Model 11 Model 22 Model 11 Model 22

Total cholesterol

Low 1 1 1 1

High 1.138 (1.063–1.219) *** 1.138 (1.062–1.220) *** 1.070 (0.971–1.179) 1.069 (0.968–1.180)

Triglycerides

Low 1 1 1 1

High 1.262 (1.179–1.352) *** 1.251 (1.167–1.342) *** 1.157 (1.055–1.269) ** 1.140 (1.039–1.252) **

Fasting blood glucose

Low 1 1 1 1

High 1.294 (1.199–1.396) *** 1.300 (1.203–1.405) *** 1.199 (1.083–1.328) *** 1.180 (1.064–1.308) **

1Unadjusted. 2 Adjusted for age, marital status, education, occupation, smoking, drinking status and physical activity. *P < 0.05, **P < 0.01, ***P < 0.001. The variables
were defined as the following: NLR: low < 3.0 and normal ≥3.0; normal BMI: 18.5 kg/m2 ≤ BMI < 24 kg/m2; overweight BMI: 24 kg/m2 ≤ BMI < 27 kg/m2; obesity BMI:
≥ 27 kg/m2, body fat: low < 25% and high ≥25% for men; low < 30% and high ≥30% for women, waist circumference: low < 95.8 cm and high ≥95.8 cm for men;
low < 85.2 cm and high ≥85.2 cm for women, hip circumference: low < 100.5 cm and high ≥100.5 cm for men; low < 101.1 cm and high ≥101.1 cm for women,
waist-to-hip ratio: low < 0.90 and high ≥0.90 for men; low < 0.85 and high ≥0.85 for women, systolic BP: low < 130 mmHg and high ≥130 mmHg, diastolic BP: low
< 85 mmHg and high ≥85 mmHg, HDL-C: low < 1.03 mmol/L and high ≥1.03 mmol/L for men; low < 1.29 mmol/L and high ≥1.29 mmol/L for women, LDL-C: low
< 4.1 mmol/L and high ≥4.1 mmol/L, TC: low < 6.2 mmol/L and high ≥6.2 mmol/L, TG: low < 1.70 mmol/L and high ≥1.70 mmol/L, FBG: low < 5.60 mmol/L and
high ≥
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eased the likelihood of being high CRP or NLR.
ever, there were gender differences in the effects of BP
C on NLR values. Higher systolic or diastolic BP or TC
significantly associated with increased odds ratios of
NLR in men, but not in women. There is still a con-
ng evidence regarding whether NLR is a good indicator
nflammation in a metabolic syndrome population.
trophil-to-lymphocyte ratio was not a better indicator
flammation compared with CRP in obese subjects with
bolic syndrome [55], although both CRP and NLR
simple and effective predictors of inflammation in
cts with metabolic syndrome. CRP as an acute phase
ein is a sensitive biomarker for systemic inflammation
correlated significantly with metabolic abnormality
Contrarily, high neutrophil counts play an important
in atherogenesis and atherothrombosis, and low
hocyte counts have been observed in patients with
e coronary syndrome and its complication [57]. Use of
eutrophil-to-lymphocyte ratio has recently emerged as
lternate potential biomarker for both metabolic syn-
e and CVD events [49, 58].

gths and limitations
study has some strengths. This is the first study to
ss the association of dietary patterns, anthropomet-
easures and metabolic parameters with inflamma-
markers in Taiwanese middle-aged and older adults
metabolic syndrome. In addition, the sample size
large from the population of interest. We defined
bolic syndrome by using the IDF definition, which
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5.60 mmol/L
central obesity as an essential component followed
other components of metabolic syndrome. This

or d
latio
meter was appropriate because the prevalence of
ral obesity or metabolic syndrome increases with
in both genders in Taiwan [5] and was expected
adequately represent the health issues most
alent among middle-aged and older adults in
an. Some limitations of the study included the
s-sectional study design that limits the applicabil-
of the findings in establishing causality between
variables. Furthermore, there may be some poten-
confounders in this study that could not be con-
ed for due to the inherent limitations of nutrition
arch; such as the intake of energy, protein, and
r specific nutrients. The conclusion may not be
ied to the whole Taiwanese population with meta-
syndrome, since we only analyzed the subjects
35 years and older, and the data from one

ate health management screening institution with
ti-centers in Taiwan.

clusions
and women have a similar association of dietary
rns and anthropometric measurements with inflam-
ry markers. The western dietary pattern is positively
elated with CRP and NLR. In contrast, the prudent
ry pattern is inversely associated with CRP and
. Furthermore, better BMI, body fat, waist or hip
mference, and waist-to-hip ratio improve CRP and
. Men and women have similar associations between
bolic parameters (systolic and diastolic BP, HDL-C,
-C, TC, TG, and FBG) and CRP. However, systolic

iastolic BP and TC show significantly positive corre-
ns with NLR only in men.
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Association between eating behaviour and diet 
quality: eating alone vs. eating with others
Wonjeong Chae1,2, Yeong Jun Ju1,2, Jaeyong Shin2,3, Sung-In Jang2,3 and Eun-Cheol Park2,3*

Abstract

Background: To discover the association between eating alone and diet quality among Korean adults who eat
alone measured by the mean adequacy ratio (MAR),

Methods: The cross-sectional study in diet quality which was measured by nutrient intakes, indicated as MAR and
nutrient adequacy ratio (NAR) with the Korean National Health and Nutrition Examination Survey (KNHANES) VI
2013–2015 data. Study population was 8523 Korean adults. Multiple linear regression was performed to identify the
association between eating behaviour and MAR and further study analysed how socioeconomic factors influence
the diet quality of those who eat alone.

Results: We found that the diet quality of people who eat alone was lower than that of people who eat together
in both male (β: − 0.110, p = 0.002) and female participants (β: − 0.069, p = 0.005). Among who eats alone, the
socioeconomic factors that negatively influenced MAR with the living arrangement, education level, income levels,
and various occupation classifications.

Conclusions: People who eat alone have nutrition intake below the recommended amount. This could lead to
serious health problems not only to those who are socially disadvantaged but also those who are in a higher social
stratum. Policy-makers should develop strategies to enhance diet quality to prevent potential risk factors.

Keywords: MAR, NAR, Eating alone, Diet quality, Socioeconomic status

Background
Food intake is an essential factor related to health status
[1–4]. Adequate nutrients must be consumed through
diet in order to survive. These days, people who care
about what they eat think about how it will affect their
well-being and lifestyle rather than how it can help to
survive day-to-day life [5, 6]. When we observe how
food is produced and consumed, there is no significant
difference compared to the past [7]. However, the range
of nutrients consumed has expanded widely and eating
behaviours have changed with economic growth. Diet
quality is described in nutritional epidemiology literature

in a variety of ways, including a healthy diet, balanced
diet, nutritious foods, functional foods, and nutrient-rich
diet [8]. Those terms point to the bottom-line idea of
achieving an optimal level of health via a balanced nutri-
ent intake.
Academic research to investigate the relationship be-

tween diet quality and diseases are increasing. There are
studies that show effects of healthy eating and a reduction
in risk for chronic diseases [1, 9, 10] and mortality [9, 11,
12]. Studies among elderly Japanese population demon-
strated that solitary eating negatively influenced meal
quality, which is consistent with our theory [10, 12, 13].
Eating alone discourages people from having a
well-balanced meal. Some even see eating alone as an
efficient way of having a meal, and as a new trend is being
adopted, we might have to face a socially isolated gener-
ation [13, 14]. Poor eating quality will become a new public
health issue. Eating alone can cause vulnerability in
nutrition among elderly population [15] yet commensality
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can influence positively to elder population [16]. In
contrast, eating together, such as in a family, promotes the
healthy eating habits to lead a healthy lifestyle [17]. Also
the study on middle and high school students on the
frequency of family meals, breakfast and dinner, shows the
students who had a higher frequency of family meals had
better dietary intake and quality than who did not have
family meals [18].
With an increase in the interest in diet quality, eating

behaviour has also evolved in modern society. The trad-
itional definition of a meal includes companions such as
family or friends [13]. The new form of living style
brought the concept of eating alone (solitary eating), and
it became a new trend in some generations. Selecting
foods for a day is easily influenced by the social environ-
ment and eating together or alone plays a big role in that
decision [2, 13, 19, 20]. When people plan to eat alone,
the meal will not take long; usually they pick a simple and
quick meal rather than a nutritionally balanced meal [13,
20, 21]. Regardless of this new trend, solitary eating causes
dietary problems such as modern malnutrition [2, 11]. For
people who eat alone, it is hard to consume adequate nu-
trients, especially for micronutrients due to the limited
consumption of fruits and vegetables [2]. In fact, it leads
not only to modern malnutrition, it could also cause clin-
ical malnutrition due to insufficient nutrient intake [11].
Eating alone puts people at risk of potential illness, as has
been reported in earlier studies [11, 12].
Previous studies were conducted to search for causa-

tive factors of illness due to nutrition. There are studies
that found health status resulted from imbalanced nutri-
tion [12, 22]. Also, some studies assessed the impact of
socioeconomic status on nutritional health and eating
patterns [20, 23]. Research on eating alone and quality
of meals is comparatively new yet expected to increase
in our society. By looking at the increasing prevalence of
the elderly population and one-person households [24]
and rapid changes in environmental factors [2, 25], we
expect to see an increase in the prevalence of people
who eat alone. Our study aims to evaluate the associ-
ation between diet quality of the modern Korean adult
population based on the eating behaviour and the socio-
economic factors that influence their diet quality.

Methods
Study subjects
This study was conducted with data from the sixth
Korea National Health and Nutrition Examination Sur-
vey (KNHANES VI-3) by the Korea Centers for Disease
Control and Prevention, which contains survey data for
the cross-sectional study from the health interview sur-
vey, the health examination survey, and the nutrition
survey from 2013 through 2015. The 2015 Dietary Refer-
ence Intakes for Koreans by the Korean Nutrition

Society and Ministry of Health and Welfare, Korea were
used to reference data for the recommended nutrient in-
takes [26]. The final population for this study is 3365
men and 5158 women who are age 19 to 64 years old.

Dependent variable
The dependent variable of mean adequacy ratio (MAR)
was used to measure the quality of the meal. In order to
compute MAR, the nutrient adequacy ratio (NAR) of each
nutrient was calculated by the formula below. In 1972,
Madden and Yoder [27] first used MAR and NAR to
evaluate food stamp efficiency and commodity distribu-
tion. NAR shows the ratio of each nutrient intake relative
to the recommended dietary intake or recommended diet-
ary allowance [27, 28]. For this study, we applied the Diet-
ary Reference Intakes for Korean 2015 as the reference
value of RDA and collected nutrients are protein, calcium,
phosphate, iron, vitamin A, vitamin B1, vitamin B2, Niacin,
and Vitamin C through the nutrition survey for assess-
ment. The formulae for MAR and NAR are below [22]:

MAR ¼ Sum of NAR of nutrients=the number of nutrients

NAR ¼ Nutrient intake=recommended nutrient intake

NAR, which is obtained from the recommended nutri-
ent intake, refers to sex and age-specific 0references for
daily intakes. A NAR close to 1 indicates the consumed
meal is near the recommended amount of that specific
nutrient for the day; when it is > 1, it means the con-
sumed meal exceeded the recommended amount of the
nutrient [22, 27]. This study included various foods and
beverages since both of them could be significant
sources of nutrients.

Independent variable of main interest
The variable of main interest was eating behaviour, which
represents whether they have company during the meal.
The variable was described using categorical data based
on participants responding in “yes” or “no” format. The
questions were asked by each meal, breakfast, lunch, and
dinner. The final grouping was designed after considering
the frequency of the meal and the existence of company
during the meal (Box 1). The population was separated by
gender, and then categorized them into three groups:
‘alone’ for those who ate all meals alone, ‘some together’
for those who ate some meals with others, and ‘together’
for those who ate with others for every meal.

Covariates
This study included demographic, socioeconomic, and
health behaviour factors as covariates. Demographic fac-
tors used to assess general characteristics of the study
population included living arrangement, age group, and
residential area. The socioeconomic factors reviewed
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were marital status, education level, income level, and
occupation status in four categories (white collar: ad-
ministrative and management role, blue collar: manual
labour industry and pick collar: service industry). For
the health behaviour factors, body mass index (BMI:
underweight: BMI < 18.5, normal: 18.5 ≤ BMI < 25.0, and
overweight: BMI > 25.0) weight changes in the past 1
year, alcohol consumption, smoking status, and stress
level were assessed. We also added nutrition
behaviour-related factors such as nutritional education,
nutrition supplement intake more than 2 weeks per year,
and nutritional fact usage to evaluate whether or not
there are associations with MAR.

Statistical analysis
To compare the proportion of variables by MAR, in-
dependent t-test and ANOVA were used and a univar-
iate analysis was performed. Multiple linear regression
analysis was used to determine an association between
MAR and eating behaviour using a generalized linear
model (GLM). We performed further analysis to dis-
cover an association between socioeconomic status
and eating behaviour with diet quality measured by
MAR.

Results
The characteristics of the study population (N = 8523)
are presented in Table 1. The participants were grouped
by sex; there were 3365 (39.48%) men and 5158 (60.52%)
women. The mean MAR for male and female popula-
tions was the same at 1.03 ± 0.48. Participants were also
grouped into three categories based on their eating be-
haviour. In the male group, 256 (7.61%) ate every meal
alone, 1199 (35.63%) ate some meals together, and 1910
(56.76%) ate every meal together. In the female group,
502 (9.73%) ate very meal alone, 2255 (43.72%) ate some
meals together, and 2401 (46.55%) ate every meal to-
gether. Male participants’ MAR was not influenced by
whether or not they were living together, while female
participants’ MAR was influenced by their living ar-
rangement (p < 0.001) (Table 1).
The results of regression analyses of the association be-

tween eating behaviour and MAR are presented in Table 2.
Demographic and socioeconomic information, health sta-
tus, and nutrition-related variables were adjusted for the
analysis. The comparison between ‘some together’ and
‘alone’ showed that the ‘alone’ group’s diet quality was
lower than the ‘together’ group as measured by MAR
(male: β: − 0.110, p = 0.002; female: β: − 0.069, p = 0.005).
The association between age groups and MAR results are
different by gender that male participants have higher
MAR than female participants. In male participants, age
group and MAR shows positive correlation with statisti-
cally significant values while in female participants the

negative correlation is detected (male age group 19–29: β:
0.305, p < 0.001; male age group 30–39: β: 0.259, p <
0.001; male age group 40–49: β: 0.137, p < 0.001; male age
group 50–59: β: − 0.052, p:0.086; female age group 19–29:
β: − 0.035, p = 0.346; female age group 30–39: β: − 0.010,
p = 0.725; male age group 40–49: β: − 0.074, p = 0.006;
male age group 50–59: β: 0.001 p: 0.981). The living ar-
rangement did not influence the MAR, neither before nor
after adjustment. As per stress level, MAR and stress level
shows positive correlation among male participants and
negative correlation among female participants (male
high: β: 0.023, p: 0.423; male medium: β: 0.003, p = 0.901;
female high: β: − 0.044, p = 0.053; female medium: β: −
0.040, p = 0.053). People who take nutritional supplement
more than 2 weeks per year show higher MAR then who
does not take supplements (male: β: − 0.021, p = 0.643;
female: β: − 0.019, p = 0.567) but the value is not statis-
tically significant. Participants who does not use nutri-
tional facts appear to have lower MAR in both gender
with significant value (male: β: − 0.087, p < 0.001;
female: β: − 0.056, p < 0.001). (Table 2). In addition to
Tables 1 and 2, the general characteristics of the study
population according to eating behabiour and the ana-
lysis of unadjusted model is presented in Additional
file 1: Appendix 1 and 2.
Table 3 shows the result of subgroup analysis based on

socioeconomic factors living arrangement, income level,
education level, and occupation by eating behaviour. For
male participants, when they live with others (β: − 0.134,
p = 0.001); completed with tertiary education (β: − 0.212,
p < 0.001); earns the lowest (β: − 0.216, p = 0.002) or high-
est income (β: − 0.167, p = 0.040); categorize as ‘others’ (β:
− 0.193, p = 0.006) for occupational status which means
not currently working with the eating alone behaviour
shows inadequate diet with lower MAR than those who
eat together within the same categories. The results of
female study are as followed. Similar to male’s results
when they live with others (β: − 0.081, p = 0.002); com-
pleted primary education (β: − 0.163, p = 0.003) or sec-
ondary education (β: − 0.146, p = 0.040); work in
pink-collar industry (β: − 0.125, p = 0.035) or blue-collar
industry (β: − 0.178, p = 0.004) have insufficient nutrient
intake with they eat alone (Table 3).
Nutrient intake was measured from the dietary survey

and was used to assess patterns of food consumption in
the previous year. Figure 1 shows the MAR and NAR of
individual nutrients by eating behaviour and sex. Regard-
less of sex, participants consumed inadequate nutrients
when they ate alone (Fig. 1). Detailed results on individual
9 nutrients are presented in Additional file 1: Appendix 3.
Also, additional analysis such as MAR with the cutoff value
of 0.5, different models related to socioeconomic factors,
and interactions are included in Additional file 2: Appendix
4, 5 and 6.

141Association between eating behaviour and diet quality: eating alone vs. eating with others



Table 1 General characteristics of the study population

Variables General characteristics

Male Female

Subject MAR Subject MAR

N % MEAN SD p-value N % MEAN SD p-value

Eating Type <.001 <.001

Alone 256 7.61 1.033 0.483 502 9.73 1.035 0.476

Some Together 1199 35.63 1.187 0.497 2255 43.72 1.143 0.473

Together 1910 56.76 1.200 0.505 2401 46.55 1.148 0.472

One person household 0.103 <.001

Yes 245 7.28 1.133 0.563 283 5.49 1.006 0.471

No 3120 92.72 1.187 0.497 4875 94.51 1.142 0.473

Age Group <.001 <.001

19–29 614 18.25 1.292 0.553 764 14.81 1.125 0.499

30–39 715 21.25 1.313 0.539 1120 21.71 1.186 0.491

40–49 796 23.66 1.187 0.491 1293 25.07 1.115 0.448

50–59 832 24.73 1.075 0.438 1370 26.56 1.139 0.466

60 above 408 12.12 1.002 0.385 611 11.85 1.085 0.474

Residential Area 0.064 0.370

Urban 2771 82.35 1.190 0.507 4364 84.61 1.137 0.474

Rural 594 17.65 1.148 0.476 794 15.39 1.121 0.474

BMI 0.013 0.901

Underweight 71 2.11 1.126 0.475 314 6.09 1.126 0.509

Overweight 1341 39.85 1.213 0.507 1335 25.88 1.132 0.494

Normal 1953 58.04 1.164 0.499 3509 68.03 1.137 0.463

Weight Changes <.001 <.001

Same 464 13.79 1.137 0.519 616 11.94 1.071 0.462

Decreased 726 21.58 1.259 0.522 1554 30.13 1.167 0.512

Increased 2175 64.64 1.167 0.489 2988 57.93 1.131 0.454

Marital Status <.001 <.001

Married 2365 70.28 1.170 0.481 3813 73.92 1.151 0.461

Separated 144 4.28 0.936 0.409 504 9.77 1.023 0.462

Single 856 25.44 1.260 0.556 841 16.30 1.127 0.529

Education Level <.001 <.001

Primary 247 7.34 0.950 0.431 654 12.68 0.991 0.431

Secondary 273 8.11 1.047 0.454 532 10.31 1.093 0.471

Upper Secondary 1355 40.27 1.213 0.521 2000 38.77 1.149 0.476

Tertiary 1490 44.28 1.219 0.489 1972 38.23 1.180 0.476

Income Level <.001 <.001

Lowest 776 23.06 1.123 0.527 1243 24.10 1.052 0.473

Lower-Middle 893 26.54 1.136 0.468 1283 24.87 1.094 0.451

Upper-Middle 823 24.46 1.222 0.505 1320 25.59 1.168 0.473

Highest 873 25.94 1.247 0.501 1312 25.44 1.220 0.481

Occupation <.001 <.001

White 1155 34.32 1.229 0.498 1254 24.31 1.160 0.460

Pink 431 12.81 1.251 0.478 848 16.44 1.155 0.491
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Discussion
The results from this study show that diet quality is influ-
enced by eating behaviour, as indicated by the association
between MAR and eating alone. We observed that when
Korean adults ate without a companion, their MAR was
significantly lower than those who consistently ate with
others. Poor quality meals in Korean adults could possibly
lead to “modern malnutrition” that not receiving adequate
nutrients yet reached the recommended total calories per
day. This could result in further health-related problems
[5, 10]. When MAR is equal to 1 or above it means that in
average the individual consumed the recommended
amount of nutrients. However, since it is the average
value, further observation of nutrient intake should be
performed to decide the quality of the diet. Especially,
modern days, there are people who exceed the recom-
mended food intake amount through high-calorie foods
and unbalanced diet which lead to poor diet quality.
For socioeconomic element covariates, we chose edu-

cation level, income level, and occupation variables to

identify the vulnerable class to provide social support.
Also, those factors could be related to the nutrient in-
take. After reviewing the interaction between education
level, income level, and occupation, we have performed
analyses to find the interaction between those variables.
As the results, the interactions existed therefore, we
used a stratified variable.
After the main analysis, we studied in more depth the

association between socioeconomic factors of Korean
adults and their diets. We performed subgroup analyses
for living arrangement, education level, income level,
and occupation status to investigate what other factors
could influence diet quality beyond demographic factors
[2]. The outcomes of the analyses conflicted with social
norms and common beliefs, [19, 23, 25] yet they repre-
sent a current social phenomenon in Korea [29]. These
results could be applicable as a version of modern soci-
ety in other countries as well. Our findings indicate that
Korean male adults who eat alone have a poor diet with
inadequate nutrient intake compared to when they live

Table 1 General characteristics of the study population (Continued)

Variables General characteristics

Male Female

Subject MAR Subject MAR

N % MEAN SD p-value N % MEAN SD p-value

Blue 1186 35.25 1.144 0.489 762 14.77 1.071 0.441

Others 593 17.62 1.121 0.539 2294 44.47 1.135 0.484

Alcohol Consumption 0.202 0.222

Yes 3261 96.91 1.185 0.502 4568 88.56 1.138 0.474

No 104 3.09 1.121 0.513 590 11.44 1.112 0.475

Cigarettes 0.055 0.557

Smoker 1382 41.07 1.180 0.524 273 5.29 1.123 0.538

Ex-Smoker 1158 34.41 1.163 0.486 288 5.58 1.109 0.478

Non-Smoker 825 24.52 1.217 0.486 4597 89.12 1.137 0.470

Stress Level 0.016 0.247

High 836 24.84 1.219 0.522 1360 26.37 1.120 0.501

Medium 2048 60.86 1.178 0.501 3170 61.46 1.137 0.460

Low 481 14.29 1.139 0.468 628 12.18 1.157 0.483

Nutritional Education 0.741 0.124

No 3247 96.49 1.182 0.501 4947 95.91 1.133 0.474

Yes 118 3.51 1.198 0.526 211 4.09 1.184 0.480

Nutrition Supplement Intake (more than2 weeks/year) <.001 <.001

No 2065 61.37 1.145 0.487 2540 49.24 1.091 0.461

Yes 1300 38.63 1.242 0.520 2618 50.76 1.178 0.482

Nutritional Fact Usage 0.00 <.001 <.001

No 2770 82.32 1.157 0.485 3225 62.52 1.102 0.472

Yes 595 17.68 1.305 0.558 1933 37.48 1.189 0.471

Total 3365 100.00 1.182 0.501 5158 100.00 1.133 0.471
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with others; this finding is consistent in subgroups who
have a tertiary education, have the lowest or highest in-
come level, and are part of the ‘others’ group in occupa-
tion classification, which includes those who are not
currently working. From our study, we also found the re-
sult showing gender difference. Men were showing posi-
tive correlation to MAR while women were showing
negative in age group and stress level. We interpreted
the results that it is possible that gender difference could
be related to the result. We reviewed previous studies
and found that that men and women have different pat-
terns and choices related to food consumption that men
choose more toward meat products while women are
more in vegetables [30–32]. Like their findings, our
study shows vitamins such as Vitamin A, Vitamin B1and
Vitamin C intakes were higher in women. Regarding the
stress level related to MAR, there are many discussions
that men and women have a different stress coping
mechanism [33–35]. Also, stress and diet quality has an
association that stress can influence eating patterns [36,
37]. Due to the stress, some people changes their eating

Table 2 Factors associated with MAR

Variables MAR

Male Female

β S.E p-value β S.E p-value

Eating Style

Alone −0.110 0.035 0.002 − 0.069 0.024 0.005

Some Together −0.001 0.018 0.936 −0.010 0.014 0.474

Together Ref. Ref.

One person household

Yes 0.042 0.037 0.262 −0.040 0.032 0.221

No Ref. Ref.

Age Group

19–29 0.305 0.045 <.001 −0.035 0.037 0.346

30–39 0.259 0.036 <.001 −0.010 0.029 0.725

40–49 0.137 0.033 <.001 −0.074 0.027 0.006

50–59 0.052 0.030 0.086 0.001 0.024 0.981

60 above Ref. Ref.

Residential Area

Urban 0.001 0.023 0.975 − 0.013 0.019 0.469

Rural Ref. Ref.

BMI

Underweight − 0.030 0.025 0.610 −0.011 0.028 0.707

Overweight 0.024 0.018 0.015 0.024 0.016 0.125

Normal Ref. Ref.

Weight Changes

Decreased −0.035 0.025 0.161 − 0.048 0.021 0.021

Increased −0.035 0.022 0.274 0.030 0.015 0.047

Same Ref. Ref.

Marital Status

Married 0.043 0.032 0.178 0.021 0.027 0.435

Once Married −0.063 0.051 0.219 −0.023 0.035 0.522

Single Ref. Ref.

Education Level

Primary −0.048 0.039 0.223 −0.162 0.028 <.001

Secondary −0.018 0.036 0.614 −0.077 0.027 0.005

Upper Secondary 0.032 0.021 0.124 −0.019 0.017 0.248

Tertiary Ref. Ref.

Income Level

Lowest −0.091 0.026 <.001 −0.113 0.020 <.001

Lower-Middle −0.103 0.024 <.001 −0.097 0.019 <.001

Upper-Middle −0.027 0.024 0.249 −0.038 0.018 0.040

Highest Ref. Ref.

Occupation

White Collar 0.049 0.029 0.095 −0.013 0.018 0.478

Pink Collar 0.091 0.032 0.005 0.032 0.019 0.098

Blue Collar 0.065 0.027 0.018 −0.013 0.021 0.528

Table 2 Factors associated with MAR (Continued)

Variables MAR

Male Female

β S.E p-value β S.E p-value

Others Ref. Ref.

Alcohol Consumption

Yes −0.001 0.049 0.977 0.009 0.021 0.679

No Ref. Ref.

Cigarettes

Smoker 0.002 0.022 0.931 0.034 0.030 0.258

Once Smoked 0.011 0.023 0.628 −0.019 0.029 0.501

Non-Smoker Ref. Ref.

Stress Level

High 0.023 0.028 0.423 −0.044 0.023 0.053

Medium 0.003 0.025 0.901 −0.040 0.020 0.053

Low Ref. Ref.

Nutritional Education

No −0.021 0.046 0.643 −0.019 0.033 0.567

Yes Ref. Ref.

Nutrition Supplement Intake (more than2 weeks/year)

No −0.089 0.018 <.001 −0.072 0.013 <.001

Yes Ref. Ref.

Nutritional Fact Usage

No −0.087 0.022 <.001 −0.056 0.014 <.001

Yes Ref. Ref.

Adjusted for living arrangement, residential area, BMI, weight changes, marital
status, educational level, income level, occupation, alcohol consumption,
smoking, stress level, nutritional education, nutrient supplement intake, and
nutrition facts usage
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Table 3 Eating style and MAR by socioeconomic status

Variables Eating Style

Together Alone Some Together

β β S.E p-value β S.E p-value

Male

One person household

Yes Ref. −0.072 0.105 0.495 0.030 0.090 0.742

No Ref. −0.134 0.039 0.001 −0.002 0.018 0.919

Education Level

Primary Ref. −0.141 0.091 0.124 0.022 0.062 0.725

Secondary Ref. 0.019 0.114 0.867 −0.039 0.499 0.499

Upper Secondary Ref. −0.036 0.056 0.520 0.000 0.030 0.999

Tertiary Ref. −0.212 0.059 <.001 −0.002 0.027 0.934

Income Level

Lowest Ref. −0.216 0.068 0.002 0.024 0.040 0.539

Lower-Middle Ref. −0.045 0.063 0.479 0.010 0.033 0.752

Upper-Middle Ref. −0.058 0.079 0.462 −0.008 0.037 0.827

Highest Ref. −0.167 0.081 0.040 −0.032 0.036 0.367

Occupation

White Collar Ref. −0.003 0.085 0.970 0.030 0.031 0.343

Pink Collar Ref. −0.067 0.085 0.435 −0.123 0.050 0.015

Blue Collar Ref. −0.112 0.059 0.057 0.015 0.029 0.595

Others Ref. −0.193 0.070 0.006 −0.007 0.046 0.887

Female

One person household

Yes Ref. 0.059 0.092 0.519 0.103 0.086 0.234

No Ref. −0.081 0.026 0.002 −0.010 0.014 0.475

Education Level

Primary Ref. −0.163 0.055 0.003 −0.040 0.039 0.309

Secondary Ref. −0.146 0.071 0.040 −0.068 0.045 0.128

Upper Secondary Ref. −0.048 0.042 0.252 0.009 0.022 0.695

Tertiary Ref. −0.024 0.043 0.578 −0.008 0.023 0.710

Income Level

Lowest Ref. −0.077 0.046 0.096 −0.020 0.030 0.501

Lower-Middle Ref. −0.083 0.048 0.086 −0.010 0.027 0.702

Upper-Middle Ref. −0.086 0.051 0.092 −0.041 0.028 0.135

Highest Ref. −0.044 0.052 0.400 0.031 0.028 0.271

Occupation

White Collar Ref. −0.026 0.052 0.622 −0.002 0.027 0.950

Pink Collar Ref. −0.125 0.059 0.035 −0.016 0.036 0.669

Blue Collar Ref. −0.178 0.062 0.004 −0.055 0.034 0.107

Others Ref. −0.038 0.037 0.306 −0.006 0.021 0.795

Adjusted for living arrangement, residential area, BMI, weight changes, marital status, educational level, income level, occupation, alcohol consumption, smoking,
stress level, nutritional education, nutrient supplement intake, and nutrition facts usage
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habits and eat more and some eat less and even develop
an eating disorder [38]. Therefore, our results could be
led by gender differences in stress coping strategies by
eating patterns.
With the result of the subgroup analysis, we discovered

that the living arrangement for male and female does not
influence the diet quality. As per socioeconomic factors,
occupation status shows an association between diet qual-
ities. Compared to men who have an office job, men in
the service industry, manual work, and others show a
gradual decline in diet quality when they eat alone. In the
female population, education level expressed a similar
trend. From the higher education level to lower education
level, the diet quality declined when they eat alone. In the
occupational status, women who are in manual work or
service industry showed a significant low diet quality.
MAR which is the mean adequacy ratio is one of the

indicators to evaluate the individual’s nutrient intake. To
obtain the value of MAR, the nutrient adequacy ratio,
NAR is needed. NAR is the measure of a nutrient intake
that is corresponding to the recommended dietary allow-
ance (RDA) for the specific gender and age group [27,
28]. Unlike other nutrition indicators, it does not include

total individual energy intake. However, it is allowed to
express the comprehensiveness of the dietary quality. In
measuring individual’s dietary quality, MAR has been
considered as a valid indicator as it references to the rec-
ommended dietary allowance [39, 40]. Therefore, we
used the Korean Recommended Allowance for Nutrients
as the reference to calculate NAR. When the NAR or
MAR is 1 or above 1, it indicates that the individual has
consumed the adequate amount of nutrient that reached
RDA. Compared to previous studies, some of our out-
comes were similar [20, 23] in men with low income
levels. Additionally, related to income, a previous study
concluded that people with higher education and income
levels will have a better diet because they can afford diet
costs [2, 20]. Our results provide another point of view
different from the conventional idea of most previous
studies; people who have higher socioeconomic status
have better meals [2, 20, 41, 42] yet, their diet quality at
the individual nutrient level shows insufficient in a cer-
tain nutrient.
Our study was conducted with a national survey and

the sample is representative of the general Korean popu-
lation. In addition, previous studies on nutrition were

a b

Fig. 1 a Energy, MAR, and NAR per day in men. b Energy, MAR, and NAR per day in women. Alone, Some together, Energy (1000 kcal), MAR
Protein, Protein, Calcium, Phosphate, Iron, Vitamin A, Vitamin B1, Vitamin B2, Niacin, Vitamin
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heavily focused on specific generation, while our study
population is adults [19, 21, 43]. The volume of research
on eating alone has increased as it has become a social
issue that is very relevant in today’s society. However,
there are hardly any studies evaluating an association be-
tween eating behaviour and diet quality through MAR,
so this is one of the advantages of this study. The out-
comes from our study provide another perspective on
the association between socioeconomic status and diet
quality. To determine overall diet quality we used MAR,
which was calculated by the NAR for each of nine nutri-
ents. This allowed us to view specific details about diet
quality as the NAR indicates the exact amount of each
nutrient in the diet. In addition, the simple calculation
of MAR is composed of micronutrients that provide
more detailed nutrient intake and quality information
than categorized food groups such as Healthy Eating
Index [44].
While there are advantages compared to other studies,

there are also several limitations that require investiga-
tion through further study. First, there are limitations in-
herent in a cross-sectional study design and use of
survey data. A causal relationship between variables can-
not be determined, unlike a study conducted through
cohort data [25] in health survey data and nutrition sur-
vey data. Therefore, the cause and effect could be vice
versa. Also, we might not include all the possible co-
founders for the study. In addition, from the nutrition
survey, we cannot ensure participants answered with an
exact awareness of their food consumption history. The
survey was designed to answer for the past 1 year of
dietary data rather than 24-h recall data. This would lead
to recall bias. Also, the question, by asking for the aver-
age of 1 week of the past 1 year to provide supportive
evidence to lower the potential bias. This allowed the
survey to get general information regarding dietary
habits. In this study, carbohydrate and fat did not calcu-
late for NAR and MAR. Based on the methods of
KNHANES data on nutrients intake, it was not able to
measure NAR for fat and carbohydrates. To calculate
NAR, the measurement of units of denominator and nu-
merator should be comparable. In this study, the unit of
denominator value is the Recommended Dietary Allow-
ance (RDA) which is reported by The Korean Nutrition
Society and The Ministry of Health and Welfare of
Korea announce the RDA for the Korean population. In
the report, the fat and carbohydrate are given in the Ac-
ceptable Macronutrient Distribution Range (AMDR)
while the survey, the numerator is collected in the unit
of a gram per day. Therefore, matching those two differ-
ent units of measure to calculate the NAR or MAR was
limited when NAR and MAR require to measure the
amount of consumed nutrient. Therefore, we reviewed
the adequate nutrient intake of nine nutrients and level

of energy [26, 29]. Many studies using MAR and NAR
as the outcome values, they do not have the exact same
nutrients or all macronutrients to evaluate the level of
MAR. Previous investigations [22, 45, 46] in the Korean
population, they also excluded carbohydrates and fats
measures. Those studies included protein, calcium,
phosphorus, iron vitamin A, vitamin B, vitamin B1, vita-
min B2, niacin, Vitamin C which was the same as our
nutrients. In addition, the recent study done by Donna
B. Johnson et al. [47] to assess the nutritional quality of
adolescents in US Washington State. In that study, they
included calcium, vitamin C, vitamin A, iron, fibre, and
protein to measure MAR. As the MAR is the mean value
of adequacy of nutrients, the choice of nutrients is
dependent on the researchers. Also, due to the data
source, we were able to collect nine nutrients and energy
to be studied. Therefore, we suggest conducting compre-
hensive studies with other nutrients such as carbohy-
drates, fats, fibre, sodium, and other minerals. We
measured diet quality with MAR, which is the average
nutrient intake. Since it represents the average amount
of adequate nutrient intake ratio, it might be misinter-
preted that when the MAR equal to 1. There is a possi-
bility that some of the nutrients are compensating for
each other in the MAR. Therefore, the investigation of
each nutrient would be helpful. To overcome this type
of error, we prepared supplementary tables (Additional
file 1: Appendix 3) to see the NAR for each nutrient and
noticed certain nutrients are below the recommenda-
tions such as calcium, vitamin A, and niacin.
In 2015, the one-person household was reported at

27.2% of the total population of Korea, compared to
15.2% in 2000. It is reasonable to expect that the preva-
lence of persons eating alone will also increase [24]. The
Korea Statistics projects that, in 2045, one-person
households will make up 36.6% of the total population.
It has also been forecasted that the elderly population
will expand as well [14, 24]. Based on these numbers, it
is not hard to expect that solitary eating will become a
common way of eating. Many studies warn that a poor
diet could lead to serious health problems [10–12] and
emphasize the importance of quality meals [9, 23].
People today experience “modern malnutrition”, which
is caused by modern diet habits such as high intakes of
sugar, fat, fast food, and soda [8, 11, 48–50]. This type of
diet is typically found in solitary eating. If people con-
tinue to eat alone, they will have potential risks of devel-
oping obesity and metabolic syndromes [11, 45].
The new social phenomena of an increase in

one-person households creates public isolation, which
can affect public health [14], but at the same time, we
need to acknowledge that we have been ignoring the po-
tential risk that another party could have. We were able
to infer that, along with changes in our daily lifestyle,
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products that supplement diet balance for people who
live alone may be beneficial. However, people who live
together, mostly with family [25] consider their meals
better than others even when they eat alone. Similar to
that idea, people who are in a higher social stratum are
considered more able to maintain their health by them-
selves. As we discovered from our analyses, poor meal
quality does not appear only among the socially disad-
vantaged or those who live alone. The results indicate
that we should promote nutritional health awareness to
the lower socioeconomic class yet we should discrimin-
ate to improve diet quality for the entire population as
the result of subgroup analysis shown.

Conclusions
This study provides evidence to promote interventions to
improve the quality of the diet of the public. Many Korean
adults are experiencing low diet quality when they eat
alone. The number of people who eat alone is increasing
along with the changes of lifestyle. Also, the people who
were considered as upper socio-economic status, such as
who have high income, education level and white collar
occupation status, are also experiencing issues in diet qual-
ity. Our study is highly recommended to policy-makers to
utilize it as evidence to develop and improve social welfare
services for the general population.
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Greenhouse gas emissions of self-selected diets 
in the UK and their association with diet quality: 
is energy under-reporting a problem?

Kentaro Murakami1* and M. Barbara E. Livingstone2

Abstract

Background: While the admittedly limited number of epidemiological findings on the association between diet-
related greenhouse gas emissions (GHGE) and diet quality are not always consistent, potential influence of bias in
the estimation of diet-related GHGE caused by misreporting of energy intake (EI) has not been investigated. This
cross-sectional study evaluated diet-related GHGE in the UK and their association with diet quality, taking account
of EI under-reporting.

Methods: Dietary data used were from the National Diet and Nutrition Survey rolling programme 2008/2009–2013/
2014, in which 4-day food diaries were collected from 3502 adults aged ≥19 years. Diet-related GHGE were
estimated based on 133 food groups, using GHGE values from various secondary sources. Diet quality was assessed
by the healthy diet indicator (HDI), Mediterranean diet score (MDS) and Dietary Approaches to Stop Hypertension
(DASH) score. EI misreporting was assessed as reported EI divided by estimated energy requirement (EI:EER).

Results: Mean value of daily GHGE was 5.7 kg carbon dioxide equivalents (CO2eq), which is consistent with those
reported from a number of national representative samples in other European countries. Mean EI:EER was 0.74.
Assuming that all the dietary variables were misreported in proportion to the misreporting of EI, the mean value of
the misreporting-adjusted diet-related GHGE was 8.2 kg CO2eq/d. In the entire population, after adjustment for
potential confounders (i.e., age, sex, ethnicity, socioeconomic classification, smoking status and physical activity),
diet-related GHGE were inversely associated with HDI and DASH score but not with MDS. However, with further
adjustment for EI:EER, diet-related GHGE showed inverse associations with all three measures of diet quality. Similar
associations were observed when only under-reporters (EI:EER < 0.70; n = 1578) were analysed. Conversely, in the
analysis including only plausible reporters (EI:EER 0.70–1.43; n = 1895), diet-related GHGE showed inverse
associations with all diet quality measures irrespective of adjustment.

Conclusions: With taking account of EI under-reporting, this study showed inverse associations between diet-
related GHGE and diet quality not only in the entire sample but also in the separate analyses of plausible reporters
and under-reporters, as well as potential underreporting of diet-related GHGE.
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Background
Rising concerns about climate change led the UK
Government to pass the 2008 Climate Change Act,
which mandates a reduction in greenhouse gas emis-
sions (GHGE) by 80% by 2050 against the 1990 level
[1]. The food supply chain is a major source of
GHGE, and the food sector has been estimated to
account for 15 to 30% of total GHGE in developed
countries [2–4]. Reducing this burden of contempor-
ary food consumption practices on the environment
while also improving human health concerns is thus
a major challenge of the twenty-first century [5].
While red meat is the top contributor to diet-related
GHGE in high-income countries [6–9], higher con-
sumption of red meat has been associated with an
increasing risk of total, CVD and cancer mortality
[10–12]. Conversely, higher intakes of plant-based
foods with lower GHGE such as vegetables, fruits,
whole grains and nuts have been associated with
lower mortality [11, 13].
Nevertheless, the admittedly limited number of epi-

demiological findings derived using self-selected diets
are not always consistent [14]. Some have reported in-
verse associations between diet-related GHGE and mea-
sures of diet quality [15, 16] while others report positive
associations [6]. These heterogeneous results might re-
flect differences in the types of data sources used, system
boundaries in the emission factors adopted, participant
characteristics and food and nutrient intake patterns as-
sociated with diet-related GHGE [7, 9, 17, 18], in
addition to different measures of diet quality. Alterna-
tively, because diet-related GHGE are directly correlated
with energy intake (EI) [8, 15, 19], these associations
might be confounded by misreporting of EI, particularly
under-reporting, which remains an ongoing problem
with all self-reported dietary surveys. Although several
researchers have raised concerns about the potential in-
fluence of this bias in this research field [7, 9, 20, 21], no
comprehensive evaluation of its putative impact has yet
been made.
A simple and easy way to account for EI under-

reporting is to exclude individuals with implausible EI
from the analysis, as conducted in several previous studies
[7, 9, 20, 21]. However, because EI under-reporting is as-
sociated with certain characteristics, particularly over-
weight and obesity [22–24], this procedure is likely to
introduce a selection bias (in addition to reducing sample
size) [22, 25]. Another way to account for EI under-
reporting is to incorporate the ratio of EI to estimated en-
ergy requirement (EER) as a covariate in statistical models
[26–29]. Here, we conducted a cross-sectional study to
evaluate the GHGE of self-selected diets in the UK and
their association with measures of diet quality, while tak-
ing account of EI under-reporting.

Methods
Data source and analytic sample
The study was conducted under a cross-sectional design
using data obtained between 2008/2009 and 2013/2014
as part of the National Diet and Nutrition Survey
(NDNS) rolling programme. Details of that study are
provided elsewhere [30, 31]. In brief, a nationally represen-
tative sample (approximately 500 adults aged ≥19 years
and 500 children aged 1.5–18 years) is selected each year
via a multi-stage random probability design using a selec-
tion of post codes throughout the UK. Further, additional
recruitment is carried out in Scotland, Wales and Northern
Ireland to obtain country-specific representative data (up
to 600 participants per year) [32, 33]. Households are then
selected, followed finally by individuals (up to one adult
and one child) in participating households. Data collection
is conducted throughout the year. The overall response
rate ranged from 53% to 56%, depending on survey year
[30, 31]. The number of participants aged ≥19 years in the
2008/2009–2013/2014 NDNS rolling programme was
4738. After excluding individuals with missing or invalid
information on the variables of interest (n = 330 for height
and weight; n = 1 for smoking status; n = 814 for physical
activity (PA)) and those without 4-day dietary data (n = 91),
the final analytic sample comprised 3502 adults. None of
the women included in the analysis were pregnant or
breastfeeding during the survey period. The NDNS rolling
programme is conducted according to the guidelines laid
down in the Declaration of Helsinki and all procedures in-
volving human subjects are approved by the Oxfordshire
Research Ethics Committee. Written informed consent is
obtained from all participants. Data for the present study
were obtained from the UK Data Archive.

Assessment of basic characteristics
Body height (to the nearest 0.1 cm) and weight (to the
nearest 0.1 kg) were measured while the participant was
wearing light clothes only, without shoes. Body mass
index (BMI; kg/m2) was calculated as weight (kg) divided
by height (m) squared. Self-reported information was
collected on the following variables. Socioeconomic sta-
tus was determined by the National Statistics socioeco-
nomic classification [34], and categorized as higher and
managerial occupation, intermediate occupation, routine
and manual occupation or other. Ethnicity was catego-
rized as white or nonwhite. Smoking status was catego-
rized as current, former or never smoker.
PA was assessed by a validated questionnaire (i.e., Re-

cent Physical Activity Questionnaire) [35]. In brief, this
questionnaire is designed to assess a wide range of PA in
the past month in four domains (home, work, commut-
ing and leisure activities). As described elsewhere [36],
the time per day spent in moderate-to-vigorous physical
activity (MVPA) was calculated. Descriptions on PA
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categories (i.e., sedentary, low active, active and very ac-
tive) and the amount of time spent in MVPA are avail-
able in the US Dietary Reference Intakes (DRI) [37].
Specifically, the guidelines state that participation in an
additional 30 min of moderate activity raises an individ-
ual from the sedentary to the low-active PA category,
and about 60 min of moderate activity raises an individ-
ual from the sedentary to the active PA category [38,
39]. Thus, the following four categories on PA were cre-
ated and used in the present analysis: sedentary (<
30 min of MVPA), low active (≥30 to < 60 min of
MPVA), active (≥60 to < 120 min of MVPA) and very ac-
tive (≥120 min of MVPA).

Dietary assessment
Dietary data were collected using a 4-consecutive-day
estimated food diary. A detailed description of the pro-
cedure has been published elsewhere [40]. In brief, the
participants were requested to maintain a record of all
items eaten or drunk for four consecutive days. The re-
cording schedule was designed so that all days of the
week were evenly represented. Each participant was sup-
plied with a recording diary and a set of photographs of
15 major foods in small, median and large portion sizes,
as well as written and verbal instructions by trained in-
terviewers on how the diary should be maintained. The
participants used the photographs to describe the por-
tion sizes of foods they consumed. For other foods, por-
tion sizes were described in household measures (e.g.,
one tablespoon of baked beans) or as the weight indi-
cated on the food package. Trained interviewers visited
the household once during the recording period and
once within three days after it to check on the complete-
ness of food recording, and whenever necessary sought
additional information or modification of the record.
The collected diaries were checked by trained coders
and editors for coding of food items and for portion
sizes. Estimates of daily intake for foods, energy and se-
lected nutrients were calculated based on the Depart-
ment of Health’s NDNS nutrient data bank, which itself
is based on McCance and Widdowson’s Composition of
Foods series [41]. For all dietary variables, mean values
over the 4 recording days were used in the analysis.

Assessment of diet quality
Overall diet quality was assessed using the healthy diet
indicator (HDI) [42, 43], Mediterranean diet score
(MDS) [43, 44] and Dietary Approaches to Stop Hyper-
tension (DASH) score [45, 46] (see Additional file 1:
Table S1). These diet quality measures have been pro-
spectively associated with certain desired health out-
comes, including lower mortality [16, 42, 44, 47, 48].
The HDI was chosen as a diet quality measure for its
primary focus on nutrient intake, while the MDS and

DASH score were selected for their primary focus on in-
take of food group/type.
The HDI incorporates six nutrients and one food

group (saturated fat; polyunsaturated fat; protein; diet-
ary fibre; cholesterol; and non-milk extrinsic sugar;
and fruits and vegetables) [42, 43]. If intake remained
within the recommended WHO guideline range, that
component was assigned a score of one; if not, it was
assigned a score of zero, giving a total score range of
zero to seven, with a higher score reflecting a health-
ier dietary pattern.
The MDS represents the Mediterranean diet type,

based on the consumption of nine components (vege-
tables; legumes; fruits, nuts and seeds; cereals; fish;
unsaturated to saturated fat ratio; dairy products;
meat; and alcohol) [43, 44]. Regarding alcohol, mod-
erate intake (i.e., 10–50 g/d for men and 5–25 g/d
for women) was assigned a score of one. For dairy
products and meat, a score of one was assigned to in-
take below or equal to the sex-specific median. For
other components, a score of one was assigned to in-
take above or equal to the sex-specific median. Scores
for the nine components were summed to give a total
possible range of zero to nine, with a higher score
reflecting better consistency with a Mediterranean-
type diet.
The Fung’s DASH score, originally developed for the US

Nurse’s Health Study [45], was used with the slight modifi-
cation of Penney et al., which considered UK dietary
habits [46]. Components considered in this measure are
vegetables, fruits, whole grain foods, nuts and legumes,
low fat dairy products, red and processed meats, non-milk
extrinsic sugar, and sodium. Participants were classified
for each component into sex-specific quintiles by intake.
Scores ranged from 1 to 5 for each quintile; for vegetables,
fruits, whole grain foods, nuts and legumes, and low fat
dairy products, higher intakes were given higher scores,
while for red and processed meats, non-milk extrinsic
sugar and sodium, higher intakes were given lower scores.
Scores for the eight components were summed, giving a
total possible score range of 8, indicating lowest adher-
ence, to 40, for maximum adherence.

Estimation of diet-related greenhouse gas emissions
Diet-related GHGE, expressed as kg of carbon dioxide
equivalent (CO2eq), were calculated as the sum of the
product of GHGE value of food group and intake of food
group. GHGE values of each food group were taken
from Green et al. [49], where values were calculated
using life cycle analysis data from the literature, mainly
from the UK and Europe, based on all stages from food
production, packing, distribution, storage/refrigeration,
transportation (farm-to-outlet and retailer-to-home),
food handling/preparation (including trimmings and
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cooking losses) to consumer waste (including spoilage
and plate waste). The GHGE value of each food group
(n = 133) used in this study is shown in Additional file 1:
Table S2. GHGE for the following four food groups
were not included in the analysis because of a lack of
information in Green et al. [49]: tap water only; bev-
erages dry weight; nutrition powders and drinks; and
savoury sauces pickles gravies and condiments.

Evaluation of the accuracy of energy intake misreporting
Misreporting of EI was evaluated based on the ratio
of EI to EER, namely, the procedure proposed by
Huang et al. [50]. Participants were identified as
plausible reporters, under-reporters or over-reporters
of EI according to whether the individual’s ratio was
within, below or above the 95% confidence limits of
the expected EI:EER of 1.0. We calculated each sub-
ject’s EER, based on the information on age, weight,
height and PA category (i.e., sedentary, low-active,
active or very active, as mentioned above), with the
use of equations published from the US DRI [37].
The sex- and age-specific equations for use in popu-
lations with a range of weight statuses [37] were
used. The 95% confidence limits of the expected
EI:EER ratio of 0 on the natural log scale were cal-
culated, taking into account CV in intakes and other
components of energy balance (i.e., the within-
subject variation in EI: 23%; the error in the EER
equations: 11%; and the day-to-day variation in total
energy expenditure: 8.2%) [37, 50, 51] as well as the
number of diet recording days (4 d). Consequently,
under-reporters, plausible reporters and over-
reporters were defined as having an EI:EER < 0.70,
0.70–1.43 and > 1.43, respectively.

Statistical analysis
Statistical analyses were performed using SAS statistical
software (version 9.4, SAS Institute). All reported P
values are two-tailed, and P < 0·05 was considered to be
statistically significant. Initially, analyses were conducted
separately for men and women, but the results were es-
sentially the same, albeit that mean value of diet-related
GHGE and the percentage of under-reporters were
higher in men than women, as shown in the Results sec-
tion. We therefore present the results for men and
women combined.
Descriptive data are presented as means and SD for

continuous variables and percentages of participants for
categorical variables. Differences in diet-related GHGE
across categories of each of the selected characteristics
were examined by the independent t test or ANOVA.
When the overall P value from ANOVA was < 0.05,
Bonferroni’s post hoc test was performed. Differences in
plausible reporters and under-reporters (but not over-

reporters, because of their small number) were tested by
the independent t test for continuous variables and the
chi-square test for categorical variables. Correlations of
diet-related GHGE and measures of diet quality (HDI,
MDS and DASH score) with EI and EI:EER were investi-
gated using Pearson correlation analyses.
Associations between diet-related GHGE and mea-

sures of diet quality were investigated by linear regres-
sion analyses using the PROC REG procedure. Potential
confounding factors considered were age, sex, ethnicity,
socioeconomic classification, smoking status and phys-
ical activity (model 1). Further adjustment was made for
EI:EER (model 2). All analyses were conducted for the
entire population, and also for plausible reporters only
and for under-reporters only. It should be noted that ad-
justment for EI:EER in the analysis of plausible reporters
was made because they are just those whose EI values
are not extreme enough to be labelled as under- or over-
reporters, and thus relatively small misreporting may
still occur in plausible reporters.
Data used in the present analysis were weighted to

account for the survey’s complex sampling structure
and non-response bias, using the published weights
for combining data from the NDNS rolling
programme 2008/2009 to 2013/2014, which has been
described elsewhere [33, 52].

Results
This analysis included 1429 men and 2073 women with
a mean age of 48 years (Table 1). The mean value of
crude diet-related GHGE was 5.7 kg CO2eq/d (1st, 5th,
95th and 99th percentiles: 2.1, 3.0, 9.5 and 11.6 kg
CO2eq/d, respectively). Compared with EER, EI was
under-reported by an average of 26%. Assuming that all
the dietary variables were misreported in proportion to
the misreporting of EI, the mean value of the
misreporting-adjusted diet-related GHGE was 8.2 kg
CO2eq/d (1st, 5th, 95th and 99th percentiles: 3.4, 4.2,
14.1 and 17.0 kg CO2eq/d, respectively). There were sig-
nificant associations between diet-related GHGE and all
of the potential confounding factors considered (Add-
itional file 1: Table S3).
The percentages of plausible reporters and under-

reporters of EI were 54 and 45%, respectively (only 29
participants (0.8%) were classified as over-reporters)
(Table 1). Compared with plausible reporters, under-
reporters were more likely to be younger, male,
employed in routine and manual occupations, current
smokers and physically active. They also had higher
means of BMI, EER, HDI and DASH score and lower
means of diet-related GHGE, EI and MDS.
In the entire population, red meat contributed about

one-quarter of diet-related GHGE (24.4%), followed by
dairy products, which contributed about one-eighth
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(13.6%) (Table 2). Other important contributors (≥5%)
were soft drinks (7.3%), cereals (6.9%), sugar and confec-
tioneries (6.0%), fish (6.0%), white meat (5.9%), fat and
oils (5.5%) and vegetables (5.3%). Similar results were
observed in the analysis of plausible reporters only and
of under-reporters only.
Diet-related GHGE were strongly positively correlated

with both EI and EI:EER in the entire population (Add-
itional file 1: Table S4). While HDI and DASH score
showed weak inverse correlations with EI and EI:EER,
MDS was weakly and positively correlated with these
measures. The correlations became somewhat weak (or
nonsignificant) when analysed for plausible reporters
and under-reporters separately, except for inverse corre-
lations for HDI and positive correlations for MDS in
under-reporters.

Table 3 shows associations between diet-related
GHGE and diet quality measures. In the entire popu-
lation, after adjustment for potential confounding fac-
tors (i.e., age, sex, ethnicity, socioeconomic
classification, smoking status and physical activity;
model 1), diet-related GHGE were inversely associated
with HDI and DASH score but not with MDS. How-
ever, with further adjustment for EI:EER (model 2),
diet-related GHGE showed inverse associations with
all three measures of diet quality. Similar associations
were observed when only under-reporters were ana-
lysed (albeit that the inverse association for MDS did
not reach statistical significance). Conversely, in the
analysis including only plausible reporters, diet-related
GHGE showed inverse associations with all diet qual-
ity measures irrespective of adjustment.

Table 1 Characteristics of participants a

All (n = 3502) b Plausible reporters (n = 1895) Under-reporters (n = 1578)

Mean SD Mean SD Mean SD P c

Age (years) 47.6 17.7 49.9 18.4 45.0 16.2 < 0.0001

Sex (% male) 49.2 44.3 55.3 < 0.0001

Ethnicity (% white) 89.4 90.0 88.4 0.13

Socioeconomic classification (%) < 0.0001

Higher and managerial occupation 44.3 46.9 41.4

Intermediate occupation 19.7 20.4 18.7

Routine and manual occupation 31.7 27.9 36.1

Other 4.4 4.8 3.9

Smoking status (%) < 0.0001

Current 21.5 17.9 24.9

Former 23.9 23.6 24.6

Never 54.7 58.5 50.5

Physical activity (%) < 0.0001

Sedentary 39.1 50.4 25.0

Low active 19.4 21.9 16.8

Active 19.6 16.9 23.1

Very active 21.8 10.7 35.1

BMI (kg/m2) 27.4 5.4 26.4 4.9 28.6 5.6 < 0.0001

EI (kJ/d) 7653 2375 8611 2119 6410 1847 < 0.0001

EER (kJ/d) 10,699 2673 9788 2340 11,821 2803 < 0.0001

EI:EER 0.74 0.23 0.89 0.14 0.55 0.11 < 0.0001

Diet-related GHGE (kg CO2eq/d) 5.7 2.1 6.3 2.1 5.0 1.8 < 0.0001

HDI 2.3 1.1 2.2 1.2 2.4 1.1 < 0.0001

MDS 4.5 1.7 4.6 1.7 4.3 1.7 < 0.0001

DASH score 24.3 5.2 23.9 5.2 24.7 5.2 < 0.0001

BMI body mass index, CO2eq carbon dioxide equivalents, DASH Dietary Approaches to Stop Hypertension, EER estimated energy requirement, EI energy intake,
GHGE greenhouse gas emissions, HDI healthy diet indicator, MDS Mediterranean diet score
aPlausible reporters were defined as participants with an EI:EER 0.70–1.43; under-reporters were defined as participants with an EI:EER < 0.70
b Including over-reporters (n = 29), defined as participants with an EI:EER > 1.43
c P values for differences between plausible reporters and under-reporters based on the independent t test for continuous variables and the chi-square test for
categorical variables

154 Dietary Patterns and Health: A Nutrition Science Approach



Discussion
To our knowledge, this is the first study to examine
diet-related GHGE in relation to measures of diet
quality, taking account of EI under-reporting. As-
suming that all the dietary variables were misre-
ported in proportion to the misreporting of EI, diet-
related GHGE were underestimated by 30% in this
cross-sectional study based on the UK NDNS rolling
programme. In the entire population, diet-related
GHGE were inversely associated with HDI and
DASH score but not with MDS after adjustment for
potential confounders. However, with further adjust-
ment for EI:EER, diet-related GHGE showed inverse
associations with all three diet quality measures.
Similar associations were observed when only under-
reporters were analysed, while in the analysis includ-
ing only plausible reporters, diet-related GHGE
showed inverse associations with all diet quality
measures irrespective of adjustment. These findings
highlight the importance of taking account of EI
misreporting in the entire sample, rather than just
excluding EI misreporters.
Our mean estimate of diet-related GHGE was 5.7 kg

CO2eq/d, which is consistent with those reported from a
number of national representative samples in other

European countries, such as France (4.1 kg CO2eq/d)
[6], Ireland (6.5 kg CO2eq/d) [9], Sweden (women:
4.1 kg CO2eq/d; men: 5.5 kg CO2eq/d) [18] and the
Netherlands (women: 3.7 kg CO2eq/d; men: 4.8 kg
CO2eq/d) [7]. These differences may be due to differ-
ences in the types of data sources used and in system
boundaries in the emission factors adopted, in addition
to differences in dietary assessment methods and partici-
pant characteristics (such as age range and dietary
habits). However, we observed that the mean value of
diet-related GHGE increased by 30% (8.2 kg CO2eq/d)
with an assumption that all the dietary variables were
misreported in proportion to the misreporting of EI.
Under-reporting of EI was on average 26% in this study,
which is quite similar to that in a subsample of the
NDNS rolling programme as assessed against total en-
ergy expenditure by the doubly labelled water method
(34% in individuals aged 16–64 years and 29% in those
aged ≥65 years) [30]. Indeed, this degree of under-
reporting is quite common in dietary surveys [53]. It is
therefore highly likely that diet-related GHGE will be
underestimated to a certain degree if EI misreporting is
not taken into account.
In this study, red meat was the top contributor to diet-

related GHGE, followed by dairy products. This is

Table 2 Food group intake and percentage contribution of each food group to diet-related GHGE a

All (n = 3502) b Plausible reporters (n = 1895) Under-reporters (n = 1578)

Intake (g/d) Contribution to GHGE (%) Intake (g/d) Contribution to GHGE (%) Intake (g/d) Contribution to GHGE (%)

Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD

Red meat 85.2 67.1 24.4 16.9 90.5 69.8 24.2 16.2 77.9 61.3 24.8 17.8

White meat 44.3 55.4 5.9 6.8 44.9 59.3 5.4 6.3 42.6 47.9 6.5 7.3

Fish 30.8 37.3 6.0 7.5 35.1 39.3 6.4 7.4 25.5 33.9 5.5 7.5

Dairy products 223.0 150.3 13.6 8.6 247.6 155.4 14.3 8.7 191.8 134.6 12.7 8.4

Eggs 20.5 33.9 1.8 2.5 22.9 40.5 1.8 2.5 17.4 23.3 1.8 2.5

Cereals 185.5 96.8 6.9 5.1 198.8 99.9 6.8 4.9 168.9 89.3 7.1 5.3

Potatoes 90.1 67.1 2.8 2.2 96.6 68.8 2.8 2.0 82.2 64.3 2.9 2.4

Vegetables 139.2 93.3 5.3 4.0 148.3 91.2 5.1 3.6 127.8 94.3 5.5 4.5

Beans and pulses 24.4 35.8 0.7 1.2 25.4 35.7 0.7 1.0 23.2 36.1 0.8 1.5

Nuts and seeds 3.6 11.6 0.2 0.6 4.4 11.6 0.2 0.4 2.8 11.6 0.1 0.7

Fruit 101.2 105.5 2.8 3.0 111.3 108.5 2.8 2.8 88.8 99.4 2.8 3.2

Fats and oils 13.8 11.1 5.5 4.9 16.0 11.6 5.8 5.0 11.0 9.1 5.0 4.6

Sugar and confectioneries 97.7 78.4 6.0 5.8 112.7 78.3 6.2 5.2 77.1 70.2 5.6 6.4

Soft drinks 222.6 347.1 7.3 10.0 223.6 354.4 6.6 8.9 216.4 322.0 8.1 10.9

Fruit juice 50.1 101.9 2.1 4.0 59.6 110.5 2.3 4.0 37.4 78.6 1.8 3.8

Alcoholic beverages 212.2 401.5 4.8 8.0 252.2 452.0 5.2 8.0 165.0 318.8 4.4 8.0

Tea, coffee and water 783.8 494.3 3.9 4.5 828.3 492.2 3.5 3.7 733.0 492.6 4.5 5.3

GHGE greenhouse gas emissions
a Plausible reporters were defined as participants with a ratio of reported energy intake (EI) to estimated energy requirement (EER) 0.70–1.43; under-reporters were
defined as participants with an EI:EER < 0.70
b Including over-reporters (n = 29), defined as participants with an EI:EER > 1.43
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consistent with previous studies in Ireland [9], the
Netherlands [7] and France [8]. Thus, this study pro-
vides further evidence based on self-selected diet that re-
ducing meat consumption is likely to contribute to
lower diet-related GHGE [2], as indicated in modeling
studies [49, 54, 55]. Nevertheless, avoidance or lower in-
take of animal foods such as red meat may also contrib-
ute to nutritional inadequacy of several micronutrients
such as iron, zinc and vitamin B-12 [56]. In any case,
further research is required to determine the amount of
meat consumption (particularly red meat) which is
optimum for not only human health but also for the
health of the planet.
Misreporting of dietary intake is a common

phenomenon. It appears to arise non-randomly [24, 53]
and be selective for different kinds of foods, and accord-
ingly nutrients [57–60]. Misreporting has the potential
to cause differential errors in dietary data, which in turn
hampers the interpretation of studies concerning diet
and health. In the worst case it can lead to spurious
diet-health relationships [22, 25, 58]. In our present
study, EI misreporter (i.e., under-reporters and over-
reporters) prevalence was 46%, which is similar to that
in previous studies based on similar dietary assessment
methods (37% [61] and 38% [62]). The present findings

are similarly consistent with many other studies [22–24,
53, 61] showing that under-reporters differ considerably
from plausible reporters, such as with regard to higher
body fatness, higher PA, lower socio-economic status
and rate of current tobacco use. These differences not-
withstanding, the associations of diet-related GHGE with
diet quality (in addition to the contribution of food
groups to GHGE) seen in under-reporters were rea-
sonably similar to those seen in plausible reporters,
after taking into account EI:EER. Nevertheless, misre-
porting (particularly under-reporting) of EI appeared
to confound the inverse associations with diet quality
(i.e., MDS), suggesting the importance of taking into
account of EI misreporting. The reason for this obser-
vation is not precisely known, but one speculation is
that even though foods are differentially misreported,
these reporting errors are correlated with EI misre-
porting, to some extent at least (Pearson correlations
between EI and food group intakes ranged from 0.08
to 0.46 in this study). This does not conflict with ob-
servations based on biomarkers of protein, potassium
and sodium (24-h urinary excretion) [57, 60, 63].
After taking account of EI misreporting, we identified

inverse associations between diet-related GHGE and all
three measures of diet quality (i.e., HDI, MDS and
DASH score). An inverse association with DASH score
was similarly observed in British [15] and Dutch [16]
populations. An inverse association with HDI was also
observed in the Dutch study [16]. Conversely, a study in
France showed a positive association between diet-
related GHGE and diet quality assessed as a composite
measure of three different indices, namely mean ad-
equacy ratio, mean excess ratio and energy density [6].
These heterogeneous findings may be at least partly ex-
plained by the use of different measures for diet quality,
given that different diet scores have conceptual differ-
ences. Given the improbability of identifying a diet qual-
ity index which is able to capture all aspects of healthy
diets, the use of different measures of diet quality, as
conducted in this study, may be an important approach
to ensuring the robustness of the findings.
The strengths of this study include its detailed dietary

information obtained from a 4-d food diary, measured
anthropometric data, and use of an individualized meas-
ure of EER to assess EI misreporting in a representative
sample in the UK. However, several limitations also war-
rant mention. First, because of the limited availability of
food-level GHGE data, we obtained the estimates of
diet-related GHGE from GHGE values for 133 food
groups, rather than those assigned to individual food
items (> 2000 in the NDNS). Accordingly, we have likely
underestimated variation in diet-related GHGE. Never-
theless, this strategy is currently the only feasible ap-
proach in many epidemiological studies given the

Table 3 Associations between diet-related GHGE and diet qual-
ity measures a

Model 1 b Model 2 c

β d SE d P β d SE d P

All (n = 3502) e

HDI −0.12 0.01 < 0.0001 −0.14 0.01 < 0.0001

MDS 0.002 0.01 0.86 −0.07 0.02 < 0.0001

DASH score −0.51 0.04 < 0.0001 −0.42 0.05 < 0.0001

Plausible reporters (n = 1895)

HDI −0.12 0.01 < 0.0001 −0.14 0.02 < 0.0001

MDS −0.08 0.02 0.0003 −0.10 0.02 < 0.0001

DASH score −0.51 0.06 < 0.0001 −0.47 0.06 < 0.0001

Under-reporters (n = 1578)

HDI −0.15 0.02 < 0.0001 −0.15 0.02 < 0.0001

MDS 0.01 0.03 0.70 −0.05 0.03 0.06

DASH score −0.42 0.07 < 0.0001 −0.35 0.08 < 0.0001

DASH Dietary Approaches to Stop Hypertension, EER estimated energy
requirement, EI energy intake, GHGE greenhouse gas emissions, HDI healthy
diet indicator, MDS Mediterranean diet score
a Plausible reporters were defined as participants with an EI:EER 0.70–1.43;
under-reporters were defined as participants with an EI:EER < 0.70
b Adjustment was made for age (years, continuous), sex (male or female),
ethnicity (white or nonwhite), socioeconomic classification (higher and
managerial occupation, intermediate occupation, routine and manual
occupation or other), smoking status (current, former or never), and physical
activity (sedentary, low active, active or very active)
c Adjustment was made for variables used in model 1 and EI:EER (continuous)
d Indicating the change of diet quality measures with a 1-kg of carbon dioxide
equivalents increase of diet-related GHGE (per day)
e Including over-reporters (n = 29), defined as participants with an EI:EER > 1.43
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challenges of building a standardised comprehensive
food database [64]. Further, our estimate of diet-
related GHGE is of a comparable magnitude to those
provided in studies in Europe [6, 7, 9, 18]. Second,
environmental impact was indicated using GHGE
only, rather than such criteria as land and water use
or biodiversity. As highlighted in a recent systematic
review [65], these should be simultaneously taken into
consideration in future studies.
At present, the use of doubly labelled water as a bio-

marker is the only way to secure unbiased information
on energy requirements in free-living settings [53].
Nevertheless, this technique is expensive and cannot be
practically applied to large-scale dietary surveys like the
NDNS. As a replacement, we determined EER with the
use of published equations [37]. In the absence of mea-
sured total energy expenditure, these equations with
high R2 values (0.82 for men and 0.79 for women) [37]
would serve as the best proxy, although the selection of
PA category was based on self-report (i.e. a validated
questionnaire), which may be susceptible to reporting
bias. This notion is evidenced, at the population level at
least, by the finding of under-reporting in this study, and
of under-reporting observed in comparison with total
energy expenditure using doubly labelled water in a sub-
sample of the NDNS rolling programme [30], as men-
tioned above.
Another limitation of this study is its relatively low

response rate (53 to 56% among survey years). How-
ever, an analysis based on the previous NDNS, which
had a response rate for dietary recording of 47%, con-
cluded that there was no evidence to suggest con-
founding by a serious non-response bias in the NDNS
[66]. Finally, although we adjusted for a variety of po-
tential confounding variables, residual confounding
could not be ruled out.

Conclusion
This cross-sectional study, based on self-selected diets
in the UK, revealed that consistent inverse associa-
tions between diet-related GHGE and measures of
diet quality were observed when misreporting of EI
was taken into account, as well as potential underesti-
mation of diet-related GHGE. Thus, misreporting
(particularly under-reporting) of EI appeared to con-
found the inverse associations with diet quality. How-
ever, because these associations were observed not
only in the entire population but also in both plaus-
ible reporters and under-reporters separately, simple
exclusion of individuals with implausible EI was not
justified. Given the widespread presence of misreport-
ing in dietary surveys [24, 53], and the fact that
reporting errors in the intake of individual foods and
nutrients appear to correlate with reporting errors in

EI to some extent at least [57, 60, 63], routine
utilization of procedures to take account of EI misre-
porting [26] would likely improve the accuracy of
studies of diet-related GHGE.
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Adherence to Mediterranean and low-fat diets 
among heart and lung transplant recipients: a 
randomized feasibility study
Timothy R. Entwistle1, Adèle C. Green2,3, James E. Fildes1,4 and Kyoko Miura2*

Abstract

Background: Heart and lung transplant recipients are at a substantially increased risk of cardiovascular disease
(CVD). Since both low-fat and Mediterranean diets can reduce CVD in immunocompetent people at high risk, we
assessed adherence among thoracic transplant recipients allocated to one or other of these diets for 12 months.

Methods: Forty-one transplant recipients (20 heart; 21 lung) randomized to a Mediterranean or a low-fat diet
for 12 months received diet-specific education at baseline. Adherence was primarily assessed by questionnaire:
14-point Mediterranean diet (score 0–14) and 9-point low-fat diet (score 0–16) respectively, high scores indicating greater
adherence. Median scores at baseline, 6 months, 12 months, and 6-weeks post-intervention were compared by dietary
group. We further assessed changes in weight, body mass index (BMI) and serum triglycerides from baseline to
12 months as an additional indicator of adherence.

Results: In those randomized to a Mediterranean diet, median scores increased from 4 (range 1–9) at baseline,
to 10 (range 6–14) at 6-months and were maintained at 12 months, and also at 6-weeks post-intervention (median 10,
range 6–14). Body weight, BMI and serum triglycerides decreased over the 12-month intervention period
(mean weight − 1.8 kg, BMI –0.5 kg/m2, triglycerides − 0.17 mmol/L). In the low-fat diet group, median scores were
11 (range 9–14) at baseline; slightly increased to 12 (range 9–16) at 6 months, and maintained at 12 months and
6 weeks post-intervention (median 12, range 8–15). Mean changes in weight, BMI and triglycerides were
− 0.2 kg, 0.0 kg/m2 and − 0.44 mmol/L, respectively.

Conclusions: Thoracic transplant recipients adhered to Mediterranean and low-fat dietary interventions. The change
from baseline eating habits was notable at 6 months; and this change was maintained at 12 months and 6 weeks
post-intervention in both Mediterranean diet and low-fat diet groups. Dietary interventions based on comprehensive,
well-supported education sessions targeted to both patients and their family members are crucial to success.
Such nutritional strategies can help in the management of their substantial CVD risk.

Keywords: Mediterranean diet, Low fat diet, Dietary compliance, Randomized study, Pilot projects, Organ
transplant recipients
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Background
Cardio-metabolic disturbance is common in heart and
lung transplant recipients and is associated with cardio-
vascular disease (CVD)-related morbidity and mortality
[1, 2]. Despite careful patient management, blood pres-
sure and blood lipids tend to rise after transplantation
such that 5 years after heart transplantation, the cumula-
tive incidence rates of hypertension and hyperlipidemia
are 92 and 88% respectively [1], and similar after lung
transplantation [2]. Overweight/obesity are known pre-
dictors for these conditions, and excessive weight gain
occurs frequently post-transplantation [3, 4]. Several
studies have shown dramatic upward weight trajectories
in organ transplant recipients in the post-transplant
period [5] with, for example, an average 10 kg weight
gain in the first year in heart transplant recipients [3].
Factors contributing to this weight gain include altered
energy metabolism [6] and side-effects of medications
[7]. To prevent obesity and reduce the risk of associated
chronic conditions in the general population, dietary
modification is fundamental. Two dietary regimens have
been shown to reduce CVD risk: the low-fat diet and the
Mediterranean diet [8].
In contrast, in immunosuppressed populations, current

CVD management focuses on tailoring immunosup-
pression and drug treatment [9]; only a limited number of
studies have shown dietary approaches to be effective in
organ transplant populations [10–12]. As a consequence,
little is known about adherence to dietary interventions
following transplantation [12], although it is recognized
that in general, non-adherence to interventions is
common and limits their overall effectiveness [13]. We
therefore performed this study to assess adherence in
thoracic transplant recipients randomly assigned to either
of the two dietary interventions known to reduce CVD
risk factors. We also assessed whether transplant
recipients maintained these dietary changes after
cessation of the intervention.

Methods
The Assessment of the MEditerraneaN Diet In heart
and lung Transplantation (AMEND-IT) study was a
single-center parallel-randomized study designed to
assess the feasibility and acceptability of two dietary
interventions, namely the Mediterranean diet and low-
fat diet among heart and lung transplant recipients.
The 12-month study was conducted at the University
Hospital of South Manchester. Eligible participants
were clinically stable, aged ≥16 years, and a minimum
6 months post-transplant. Exclusion criteria included
acute rejection, infection, prevalent cancer, diabetes, or
chronic kidney disease (estimated glomerular filtration
rate ≤ 30). Patients with any competing dietary issues

(i.e. food allergies and following medically prescribed
diets that conflicted with the interventions) were also
excluded.
Study participants were identified through hospital

records at the transplant outpatient clinic and recruitment
commenced in February 2014 and ended in October 2014.
A total of 116 heart or lung transplant recipients meeting
the criteria were contacted. Each received an information
package that included a participant information sheet,
contact details and a return form. Among those contacted,
75 patients were not included (64 declined participation,
11 did not meet inclusion criteria) and the remaining 41
(20 heart, 21 lung) gave written consent to participate
(Fig. 1). The study was approved by the NRES Committee
North West (REC reference number 13/NW/0310) and
was retrospectively registered on the IRAS trial registry
(ISRCTN63500150).
Participants were stratified according to organ type

and transplant date, and then randomly assigned to
either a Mediterranean diet or a low-fat diet intervention
using a computerized system with random block size
and an equal 1:1 allocation ratio. To blind the
investigator during recruitment, randomized codes

Fig. 1 CONSORT flow diagram for AMEND-IT study. EGFR: estimated
glomerular filtration rate
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were sent to a third person who then allocated the
randomized interventions to patients per protocol.

Dietary intervention
The study sought to change patients’ overall dietary
habits through behavioral modification. Several 5-h
group education sessions were conducted for each diet
group (with an accompanying family member if desired)
on specified dates outside routine outpatient visits. A
nutritionally-trained investigator administered the
education sessions and explained the scientific rationale in
a visual, interactive manner, and advice given about
preparation and storage of fresh, whole foods as relevant.
A trained chef demonstrated practical methods for
Mediterranean or low-fat meal preparation. Attendance at
each session was restricted to maximum of 10–12
participants (excluding family members). Energy intake
restriction was not explicit, but portion sizes were
discussed throughout the study. Each participant was
encouraged to attend this baseline education session with
an adult member of the same household [14]. All partici-
pants received a printed booklet containing advice about
shopping, food preparation, hygiene, storage, dining
out and recipes. Additional advice and support were
provided at 6- and 12-month outpatient visits, and
during six 15-min telephone consultations spaced
evenly through the intervention period, when participants
could raise any questions or concerns and when key
dietary recommendations (e.g. plant-based diet, consume
minimally processed food) were reinforced. SMS
messaging was also used to remind patients of clinic
study requirements.
Participants allocated to the Mediterranean diet received

information and encouragement to follow an eating
pattern representative of a traditional Mediterranean diet
[15]. The key dietary recommendations were: daily mixed
consumption of a range of vegetables, fruit, wholegrains,
fish/seafood, raw nuts and legumes; abundant use of
extra-virgin olive oil (a free 5-l container of extra-virgin
olive oil was provided to each participant); moderate
consumption of dairy products and red wine; low intake
of red and processed meats, of sweets, sweet-baked
pastries and sweetened beverages.
Participants assigned to the low-fat diet were advised

to follow modified British Heart Foundation low-fat
guidelines [8] with an emphasis on consuming mainly
plant-based wholefoods similar to the Mediterranean
diet,with advice to minimize high-fat foods such as
processed meats, commercially baked pastries and
desserts, and vegetable oils and spreads. Advice was
given on how to identify and avoid different types of fat.
Each participant received a low-fat recipe book. The
main difference between the two diets was the intake of
oil and fat which was encouraged to a moderate degree

in the Mediterranean diet but discouraged in the low-
fat diet.

Dietary assessment
Participants were asked to complete intervention-spe-
cific short dietary questionnaires at baseline, 6- and 12-
months and again 6-weeks after the intervention to
determine short-term post-study adherence. These
questionnaires were completed at the hospital during
routine visits, except for the post-intervention
questionnaire that was sent by mail and completed
at home.
Adherence to the Mediterranean diet was measured

using a 14-point Mediterranean diet-screening question-
naire, adapted from the previously developed and
validated version used in the Prevención con Dieta
Mediterránea (PREDIMED) study conducted in a high
CVD risk population [15]. The short Mediterranean diet
questionnaire contains 14 questions characterizing key
food groups commonly consumed in a traditional
Mediterranean diet (Additional file 1) [15]. Favorable
responses (‘yes’) were assigned a value of ‘1’; ‘no’ was
assigned ‘0’ and answers were summed to a total
Mediterranean diet score ranging from 0 to 14, with
higher scores indicating greater adherence. A validation
study among a separate sample of 16 heart and lung
transplant outpatients demonstrated good agreement
with the Mediterranean diet score derived from the
183-item previously validated self-administered semi-
quantitative food frequency questionnaire (FFQ) [16].
The mean agreement expressed as a ratio (short ques-
tionnaire: FFQ) was 0.99 (95% limits of agreement
0.60–1.38) (ratio of 1.00 indicating perfect agreement)
and the two one-sided t-test showed the scores
derived from the two methods were equivalent.
For participants assigned to the low-fat diet, the

9-point short questionnaire also adapted from the
PREDIMED study [15] was used to measure adherence.
The 9-point low-fat diet questionnaire assessed
consumption frequencies or serving size of seven
food items and two items assessed dietary habits
(Additional file 2). For questions that assessed food
intake, there were three possible answers scoring ‘0–2’;
with favorable responses receiving higher scores. For the
two questions that assessed dietary habits, favorable
responses (‘yes’) were assigned ‘1’and ‘no’ was assigned ‘0′.
Resultant low-fat diet scores ranged from 0 to 16 with a
higher score indicating greater adherence. The same
validation study that assessed validity of the Mediterranean
diet questionnaire also showed good agreement between
the low-fat short questionnaire with the FFQ: mean
agreement 1.04, 95% limits of agreement 0.12–0.79;
and the two one-sided t-test showed results from the
two methods were equivalent [16].
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Adherence index
A diet adherence index was created for each diet using
the scores from the short adherence questionnaire
rescaled to range from 0 to 100, to reflect percentage
of score achieved. For example, low-fat diet partici-
pants scoring 16 received an adherence index of 100
(16/16 × 100), whereas those who scored 9 in the
Mediterranean diet achieved an adherence index of 64
(9/14 × 100). This enabled comparisons of the patterns
of adherence between the two dietary regimens.

Anthropometric and laboratory measurements
We measured body weight and serum triglycerides at
baseline and at the end of the intervention to provide
objective measures of adherence to the allocated diets.
Weight was measured wearing light clothing with
calibrated scales. Body mass index (BMI) was calculated
(kg/m2). Fasting blood samples were collected and
processed immediately and stored at − 80 °C for later
analysis. Triglycerides were quantified on an Architect
c16000 immunoassay analyzer.
As a potential indicator of clinical effectiveness of the

interventions, a biomarker of inflammatory state, namely
high sensitive C-reactive protein (hs-CRP), was mea-
sured. However, hs-CRP values were highly skewed
because inflammation status was heavily influenced by
other factors, especially the background morbidity
(generally high inflammation) and routine medication
(Prednisolone, lowering inflammation) in these patients.
Consequently, these data did not provide useful infor-
mation by diet group.

Statistical analysis
As this was a feasibility study, no formal sample size
calculation was carried out. However, we aimed to enroll
40 to 50 participants, a number sufficient to indicate if
the interventions were acceptable and the clinical
evaluations feasible.
Statistical analyses were performed with SAS, version

9.4 (SAS Institute Inc. Cary, NC). Descriptive statistics
were carried out and median (interquartile range (IQR))
was used for the continuous variables, and number (%)
for ordinal or categorical variables. The Wilcoxon signed
rank sum test was used to compare differences in the
median baseline Mediterranean diet or low-fat diet
scores, and the scores at each follow-up time. Taking
into account the potential imbalanced baseline indices
within the groups, ANCOVA was also used to assess
adherence indices at each follow-up time compared with
baseline indices [17]. Since this is a feasibility study,
significance tests of differences between the two diet
groups were not performed [18].

Results
Among the 41 participants, one lung transplant recipient
assigned to the Mediterranean diet was lost to follow-up
due to dislike of unfamiliar food types and one lung
transplant recipient in the low-fat diet group died from
chronic rejection. As a result, n = 20 in the Mediterranean
diet group (10 heart, 10 lung) and n = 19 in the low-fat
diet group (10 heart, 9 lung) completed the study. In the
Mediterranean diet group, 13 (65%) had a family member
attend the education session and in the low-fat diet group
16 (84%) were accompanied by a family member. At
baseline, the mean age of those randomized to the
Mediterranean diet and low-fat diet groups was 56 and
54 years, respectively (Table 1). While body weight was
slightly higher in the Mediterranean diet group, BMI was
no different (29 kg/m2 for both groups). Similarly, the two
groups had comparable waist circumference, systolic
and diastolic blood pressure, and heart rates. All
participants were on immunosuppressive medication
and most were prescribed antihypertensive and/or
cholesterol-lowering medications.
At baseline, the median Mediterranean diet score was

4 (IQR 2) overall (Table 2). The score significantly
increased to 10 at 6 months (IQR 3; p < 0.001) and

Table 1 Baseline characteristics of Mediterranean and low-fat
diet groups (N = 41)

Mediterranean
(n = 21)

Low-fat
(n = 20)

Age (year)[median (range)] 58 (33–65) 59 (27–65)

Male [n (%)] 15 (71) 14 (70)

Weight (kg ± SD) 87 ± 15 82 ± 16

BMI (kg/m2 ± SD) 29 ± 4 29 ± 5

Waist circumference (cm ± SD) 102 ± 12 100 ± 13

Systolic BP (mm Hg ± SD) 138 ± 13 141 ± 14

Diastolic BP (mm Hg ± SD) 86 ± 11 88 ± 8

Heart rate (bpm ± SD) 80 ± 13 79 ± 11

Immunosuppressive medication [n (%)]

Cyclosporine 14 (67) 17 (85)

Tacrolimus 7 (33) 3 (15)

Everolimus 1 (5) 0 (0)

Mycophenolate 13 (62) 12 (60)

Azathioprine 5 (24) 5 (25)

Prednisolone 21 (100) 20 (100)

Other medication [n (%)]

Antihypertensive agents 17 (81) 15 (75)

Cholesterol lowering medication 17 (81) 16 (80)

Organ transplantation [n (%)]

Heart 10 (48) 10 (50)

Lung 11 (52) 10 (50)
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remained elevated at 12 months and at 6 weeks post-
intervention. For the low-fat diet group, the median
baseline score was 11 (IQR 5); and increased to 12 (IQR 2;
p < 0.001) at 6 months. The score remained high during
and after the intervention.
The median adherence index at baseline was lower for

the Mediterranean diet group (median 29) compared
with the low-fat diet group (median 66) (Fig. 2). How-
ever, the Mediterranean diet adherence index increased
to a level comparable to the low-fat diet group at each
follow-up time point; and was maintained 6-weeks after
the intervention ceased. A significant increase in indices
at each time point from baseline were observed for both
diet groups (all p < 0.001) and there were no statistically
significant differences in transplant organ types in either
intervention (all p > 0.05).
Adherence was objectively assessed by changes in body

weight, BMI and serum triglycerides in the 12 months
from baseline to the end of the intervention period.
Compared with baseline body weight, there was a mean
weight loss of 1.8 kg in the Mediterranean diet group
(− 1.8 kg; 95% CI –4.6, 1.1) at 12 months, and negligible
weight loss in the low-fat diet group (mean − 0.2 kg;
95% CI –2.4, 2.1). Similarly, BMI decreased in
Mediterranean diet group from 29.0 to 28.5 kg/m2

(mean change − 0.5 kg/m2, 95% CI –1.4, 0.4) whereas
no change was observed in the low-fat group over the
12 months (28.6 kg/m2 at both time point, mean
change 0.0 kg/m2, 95% CI –0.8, 0.7). Over the same
period, the serum triglycerides levels declined in both
groups: Mediterranean diet − 0.17 mmol/L (mean − 9%,
95% CI –20, 4); low-fat diet − 0.44 mmol/L (mean − 21%,
95% CI –33 to − 7).

Discussion
In this feasibility study comparing two dietary interven-
tions in a thoracic transplant outpatient setting, both
groups reported changes in their normal eating pattern
and adhered to their allocated dietary regimen. In both
Mediterranean diet and low-fat diet groups, the change
from baseline eating habits was evident at 6 and
12 months; and this change was maintained 6 weeks
after intervention.
The current evidence regarding dietary intervention

and adherence among solid organ transplant recipients
is limited [12]. Indeed this is the first known randomized
study reporting adherence to different dietary interven-
tions in heart or lung transplant recipients. One previous
non-randomized study was conducted in 42 heart
transplant recipients who were encouraged to follow the
American Heart Foundation Step 1 Diet and adherence
was assessed after 3 months, with only 50% adhering to
the diet in that short-term study [10].
Non-adherence to dietary regimens in intervention

studies is common and clearly hinders effectiveness [13].
Type of diet prescribed may influence adherence as a
low-fat diet appears more difficult to follow and
maintain compared with a moderate-fat diet [19]. However,

Table 2 Median scores (interquartile range) from short dietary
questionniare1 at each time point and the score differences
from the baseline to each time point2

Mediterranean diet
(n = 20)

Low fat diet
(n = 19)

Scores at
each point

Differences
from baseline

Scores at
each point

Differences
from baseline

Baseline

All 4 (2) – 11 (5) –

Heart 4 (1) – 11 (5) –

Lung 4 (4) – 10 (5) –

6 months

All 10 (3) 5 (3)*** 12 (2) 2 (3)***

Heart 10 (3) 5 (3)** 13 (2) 3 (6)*

Lung 10 (3) 5 (2)** 12 (2) 2 (2)*

12 months

All 9 (4) 4 (2)*** 13 (3) 2 (4)**

Heart 11 (4) 5 (3)** 13 (3) 3 (3)*

Lung 9 (2) 4 (4)** 13 (3) 2 (2)*

6 weeks post-intervention

All 10 (3) 5 (3)*** 12 (2) 2 (4)*

Heart 10 (3) 5 (4)** 13 (2) 3 (5)*

Lung 10 (3) 5 (2)** 11 (2) 1 (3)

* p < 0.05; ** p < 0.01; *** p < 0.001
1Mediterranean diet score ranged from 0 to 14; low-fat diet score ranged from
0 to 16; higher scores indicate greater adherence
2p-values from Wilcoxon signed rank sum test

Fig. 2 Median adherence indices by diet type over 58-weeks. MD:
Mediterranean diet; LF: low-fat diet. Mediterranean diet n= 20 (10 heart,
10 lung); low-fat diet n= 19 (10 heart, 9 lung). Adherence index ranged
from 0 to 100, reflecting % of score achieved. Mediterranean diet
adherence index = (actual score observed/14) × 100; low-fat diet
adherence index = (actual score observed/16) × 100. ANCOVA was used
to assess adherence indices at each follow-up time point compared
with baseline
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in our study adherence did not differ between the groups
and this may be partly due to the detailed advice given to
the low-fat diet group. Overall fat and oil intake reduction
was emphasized and practical advice was given about how
to achieve this (e.g. shopping and cooking). Thus, the
actual dietary advice, its delivery methods, and whether
close patient support is on hand, appears very important.
As highlighted by Zeltzer et al. [12], nutritional support
following transplantation is currently sub-optimal and
dietary advice is often too general and too-often provided
without visual or practical information. To increase
adherence, we used several methods: ensuring family
support, practical and visual cooking advice, and
educational sessions designed to emphasize the reasons
why specific foods are beneficial whilst others contribute
to disease progression. Our integrated and highly
supportive approach may also explain the very low
attrition observed during the 12-month intervention.
The PREDIMED study showed a 2-point increase in

the Mediterranean diet score in a non-transplant
population which was associated with a 14% reduction of
all-cause mortality [20]. Similarly, a one-point increase in
the Mediterranean diet adherence score was associated
with an 18% reduction of myocardial infarction amongst a
high risk CVD Mediterranean population [21]. Although
there are differences in how diet adherence was assessed
in these previous studies, our finding of a 5-point
improvement is potentially clinically important among
heart and lung transplant recipients.
The previous dietary intervention study of 42 heart

transplant recipients encouraged consumption of a low-
fat diet for 12 months [10]. This coincided with a
reported beneficial effects on lipid and glucose regulation,
weight loss and statin use in those who adhered,
compared with non-adherent patients at 12 months
and at 48-months follow-up [10]. These findings high-
light the importance of adherence to diet regimens to
help optimize health status. Further, in the present
study we found baseline adherence index was much
lower for the Mediterranean diet than the low-fat diet,
likely reflecting the unfamiliarity of the Mediterranean diet
in the UK as a non-Mediterranean European population
[22] and the standard low-fat dietary advice previously
given to study participants [23].
Adherence measured by body weight and serum

triglycerides was further evidence of participants’ dietary
changes. While the weight reduction observed appears
small, without any intervention, post-operative organ
transplant recipients weight changes are typically relent-
lessly upward [5]. Similarly, a rising trajectory of blood
lipids including triglycerides is well documented among
organ transplant recipients [1, 2]. Nonetheless, the level
of triglycerides decreased in both diet groups indicating
participants had followed their allocated diets. In particular,

the findings of lowered serum triglycerides suggest our
participants reduced energy intakes that were excessive.
Limitations included the assessment of adherence

using short diet questionnaires. Although short ques-
tionnaires have been widely used and reflect adherence
of specific diets in non-transplant population [24];
method has not yet been validated with biomarkers of
dietary intakes among transplant population. The repeat-
ability has also not been assessed. However, the relative
validity of the diet short questionnaires was assessed
against a FFQ and showed good agreement [16]. In
addition, adherence was assessed using body weight and
serum triglycerides as objectively measured clinical and
biomarker outcomes: these indicated adherence had
been maintained. Finally, although the results from this
feasibility study may not be widely generalizable because
of small sample size and thus likely not representative,
the methods and findings should assist in planning
similar intervention studies using short index-based
adherence questionnaires.

Conclusion
Based on our findings, implementation of Mediterranean
diet or low-fat diet interventions among clinically stable
heart or lung transplant recipients can be achieved,
adhered to, and maintained throughout a 12-month
period, and even in the short-term, post-intervention.
Dietary interventions based on education sessions target-
ing both patients and family members are crucial for the
interventions’ success. The educational approach with
visual aids and practical information, along with the
comprehensive support strategy, are likely to have
assisted in patients’ adoption and maintenance of their
allocated diets during and after the intervention. Findings
from this study provide new evidence to inform nutri-
tional support strategies in thoracic transplant recipients.
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Abstract

Background: Child school performance during puberty may be at increased risk through emotional disturbance. It
is hypothesized that this may be mitigated by dietary quality.

Methods: In a nationally representative sample (Nutrition and Health Survey in Taiwan, NAHSIT), 1371 Taiwanese aged
11–16 years, overall competence at school, (OCS) and emotional status have been assessed by teachers with the SAED
(Scale for Assessing Emotional Disturbance). Parents provided family socio-demographics and students completed a
behavioral and dietary questionnaire (Youth Healthy Eating Index - Taiwan, YHEI-TW). Associations between emotional
disturbance (ED), OCS and dietary quality (YHEI-TW) were assessed in multiple linear regression models with
adjustments for covariates including parental characteristics, personal behaviors, body fatness and puberty.

Results: Boys or girls with ED had a less favorable OCS (p< 0.001), minimally dependent on YHEI-TW. On multivariable
analysis there was a more positive association between OCS and YHEI-TW among boys (β = 0.05, p < 0.01) and girls (β = 0.
07, p < 0.001). Poor dietary quality was associated with ED, especially in girls (β = − 0.06, p < 0.001). Additionally, parental
characteristics, body fatness, and personal behaviors are associated with OCS. Puberty is associated with ED and may be
indirectly linked to OCS.

Conclusions: Unsatisfactory food intake is associated with the link between emotional disturbance and
impaired school performance, as assessed by OCS, especially among girls. For both genders, socio-economic
and behavioral factors including parenteral income, reading, screen viewing and smoking are modulators of
this association. Puberty was a modifying factor in girls. Dietary quality is a relevant factor for health (ED) as
well as education (OCS) during early adolescence.
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Background
Adolescence, nowadays considered the transitional
period between childhood and adulthood, is a critical
time in human development when pubertal change is
underway, personal identity is being formatted and when
future livelihood prospects are being established [1], es-
pecially through the education system. Minimizing emo-
tional disturbance (ED) [2, 3] and optimizing school
performance [4] at this time is a desirable research and
policy objective. However, associations between ED and
school performance are poorly documented [5, 6]. There
is a growing recognition that items in the SAED (scale
for assessing emotional disturbance) methodology [7]
may be linked to overall competence at school (OCS) as
a surrogate for school performance [8, 9] or learning dis-
ability [10]. A number of factors could affect any associ-
ation between ED and OCS. These include home
environment, school environment [11, 12], personal be-
haviors such as recreation and physical activity, cigarette
smoking & alcohol usage [11], dietary quality [8, 13] nu-
tritional status insofar as body fatness is concerned [14],
and pubertal development [11].
Diet may also be a key factor in the expression of

emotional disturbance [13, 14] and in cognitive and
school performance [8, 15–18]. It may operate through
energy regulation in conjunction with physical activity
and sedentariness given that cognitive function appears
amenable to measures which alter cellular energy regu-
lation [19, 20], particularly in relation to the increasing
burden of the metabolic syndrome and diabetes [21,
22]. Dietary quality has also been shown to play a role
in emotion, mood [23] and mental performance [13]
where limited food biodiversity, notably of plant foods,
and degree of processing, with more ready-to-eat low
nutrient density food items are the riskier consump-
tion patterns [18, 23, 24]. However, there are limited
observations about the connectedness of dietary pat-
terns and brain function in relation to the child-adult
transition. Partly, this is because of the biological het-
erogeneity and its secular trends at this time of repro-
ductive transition.
Parents have the potential to affect both ED and OCS

in many ways which reflect their continuing, if declining,
role as providers of care, support and resources during
their offspring’s adolescence [25]. This is likely to in-
clude pathways like diet [24, 26]. This is the case during
elementary school where, particularly in girls vulnerable
through low birth weight, nutritious diets have been as-
sociated with less likelihood of both emotional disturb-
ance and poor school performance [13]. Further
documentation and understanding of these phenomena
may prompt guardians and mentors of young people to
identify and act preventatively in regard to them, espe-
cially in regard to food choice and diet [2, 27].

Our principal hypothesis is that emotional disturbance
(ED) during the child-to-adult transition is adversely asso-
ciated with school performance as represented by overall
competence (OC) and that dietary quality may mitigate
such a linkage This association may, nevertheless, be mod-
ulated by various factors. The opportunity has been taken
to study emotional disturbance and school performance
among junior high school boys and girls in Taiwan in re-
gard to diet and puberty, taking into account parental and
various personal behavioral characteristics.

Methods
Study participants
Participants were adolescents aged 11–16 years (grade 7–
9) who participated in the Nutrition and Health Survey in
Taiwan (NAHSIT) 2010–2011. The original study is a na-
tional representative cross-sectional survey. All of Tai-
wan’s 358 townships/districts were classified into 5 strata
(northern 1, northern 2, central, southern and eastern
area) by geographical location and population density.
The survey used the PPS (probabilities proportional to
sizes) sampling method to select 1620 students from 30
junior high schools (6 schools from each stratum) ran-
domly. NAHSIT comprises questionnaires administered
by face-to-face interview of parents and students (includ-
ing a food frequency questionnaire, 24-h dietary recall, pu-
bertal development, personal behaviors from students;
and family socio-demographics from parents). Physical
examination (including body composition, blood pressure)
was conducted and plasma metabolic analytes obtained
though venipuncture by a health care professional. Thus,
the questionnaire covered both dietary and non-dietary
health factors [28].
The present study excluded participants who did not

complete the emotional disturbance questionnaire, leav-
ing 1371 (656 boys and 715 girls) junior high school stu-
dents eligible for analysis. The survey was approved by
the Institutional Review Board of the National Health
Research Institutes, Taiwan.

Measures
The scale for assessing emotional disturbance (SAED)
The modified Scale for Assessing Emotional Disturbance
(SAED) was used to assess the NAHSIT students’ school
and social performance, the original questionnaires be-
ing developed by Epstein and Cullinan [13, 29, 30]. The
SAED scales for students were assessed by their teachers
using the SAED questionnaire. The SAED is a rating
scale designed to help identify students with emotional
and/or behavioral difficulties at school. Its test-retest re-
liability coefficient is above > 0.80, and most of its sub-
scales have inter-rater reliability coefficients over 0.79
[7]. The Chinese modification of SAED as used in this
study has a high overall reliability of 0.92 and validity of
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0.76 [29]. The SAED consist of a total of seven subscales
including OC considered in this study as OCS and six
other subscales. These are: Inability to Learn (IL, 8
items), Relationship Problems (RP, 6 items), Inappropri-
ate Behavior (IB, 10 items), Unhappiness or Depression
(UD, 7 items), Physical Symptoms or Fears (PF, 8
items)), Social Maladjustment (SM, 6 items), and Overall
Competence at school (OCS, 7 items). OCS has been
treated separately from SAED in this study (see below).
Within the above subscales, items were scored by each
student’s Class Mentor teacher. As previously described,
the first six subscales (52 items) were scored on a four-
point scale (0 = not a problem, 1 = mild problem, 2 =
considerable problem, 3 = severe problem), and five-
point scale for OCS (0 = far below average, 1 = below
average, 2 = average, 3 = above average, and 4 = far above
average). The raw scores for the SAED subscales were
summed and converted into standardized scores (mean
= 10 and SD = 3). Compared with the Taiwanese Non-
Emotional Disturbance Norms, a substantially deviant
SAED score (except OCS) is indicated by a score that
above the 91 percentile (>90th percentile), which corre-
sponds to Z-scores ≥13 [29]. Therefore, a score of 13
was chosen as the cut point. Children with a Z-score ≥
13 were considered to have emotional disturbance (ED).
IL, RP, IB, UD, and PF scores could be combined to pro-
duce a total score of ED characteristics. These five sub-
scale scores plus SM score can be combined to yield an
“SAED total” score [30, 31].

Overall competence at school (OCS)
OCS was used to assess the students’ overall perform-
ance and adaptation at school. The questions for OCS
included (1) intellectual functioning, (2) family support
for school, (3) overall level of academic functioning, (4)
motivation for schoolwork, (5) level of peer support, (6)
personal hygiene (e.g. grooming, dressing), and (7) inter-
est in activities outside of school. Students with an OCS
Z-score less than or equal to 6 (fell below the 9th per-
centile) were considered to have an unfavorable overall
school performance [29, 30].

Dietary quality (YHEI-TW)
The Youth Healthy Eating Index-Taiwan (YHEI-TW) is
a diet quality scoring system modified from the U.S.
YHEI, which captures the adolescent’s diet quality by
assessing his or her adherence to dietary guidelines [32].
The YHEI–TW scores were obtained from daily con-
sumption of 11 components derived from food fre-
quency questionnaires and a 24–hour dietary recall
employed during NAHSIT: (1) whole grains (0 to ≥ 2
servings, 0–10 points), (2) vegetables (0 to ≥ 3 servings,
0–10 points), (3) fruits (0 to ≥ 3 servings, 0–10 points),
(4) dairy (0 to ≥ 3 servings, 0–10 points), (5) meat ratio

(0 to ≥ 20, 10–0 points), (6) snack foods (i.e., salty
snacks and snacks with added sugar, 0 to ≥ 3 servings,
10–0 points), (7) sweetened beverages (0 to ≥3 servings,
10–0 points), (8) multivitamins (never-daily, 5–0 points),
(9) fried foods outside of home (never-daily, 0–5 points),
(10) consumption of breakfast (never to > 5 times/week,
0–5 points) and (11) dinner with family (prepared by
family member, 5 points). It does not take into account
butter/margarine and visible animal fat, which were part
of the original YHEI (US), since consumption of these
items has been negligible in Taiwan. In all cases, except
component 11 (dinner patterns), scores were derived in
a proportionate manner. Thus, total scores range from 0
to 90, where higher scores indicate better dietary quality
[13, 33, 34].

Covariate measurements
Covariates were derived from questionnaires, by anthro-
pometry and from laboratory measurements of metabolic
analytes in the NAHSIT survey. Those considered in the
present study included mother’s education (lower than
university, university and above), household income (0–
30,000, 30,000–50,000, 50,000–80,000, > 80,000 NTD/
month where US$1 =NTD 30), ever smoking (no, yes),
read during weekdays (0–1, 1–3, ≥3 h/day), watch TV dur-
ing weekdays (0–1, 1–3, ≥3 h/day), play computer games
during weekdays (0–1, 1–3, ≥3 h/day), moderate or heavy
physical activity (0–30, ≥30 min/day; in accordance with
Taiwanese recommendations) [35], BMI (underweight,
normal, overweight, obesity; (the Childhood Obesity Ex-
pert Panel of the Taiwanese Department of Health defines
‘obesity’ and ‘overweight’ (≥95th and ≥85th percentile
value of body mass index (BMI), respectively) using age-
and gender-specificity percentiles for BMI (each gender
and year of age from 2 to 18 had its own cut-off point for
overweight and for obesity) [36], and puberty (boys: beard
growth (not yet, at first, in progress, completed); girls: me-
narche (yes, no)).

Statistical analysis
Chi-square tests were used to assess the significant dif-
ferences between categorical variables. We used t tests
to assess differences in continuous variables. Categorical
variables are presented as percentages (%), and continu-
ous variables are presented as means (standard errors,
SE). Multiple linear regression models (MLRs) were used
to test associations between the key determinants
(household, personal behaviors, puberty, dietary quality,
body fatness) and outcome measures (ED and OCS); and
in the adjustments for mother’s education, household in-
come, ever smoking, reading during weekdays, watching
TV during weekdays, playing computer games during
weekdays, moderate or heavy physical activity, pubertal
development and BMI. Full models were considered
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which included all relevant variables. The regression co-
efficients reported are from these models. Statistical sig-
nificance was set at p < 0.05. Data were analyzed using
SAS 9.3 for Windows, weighted by SUDAAN [37].
SUDAAN was also used to adjust for the study design
effect of cluster sampling to obtain unbiased estimates
of the standard errors.
An overview of the study design and models is pro-

vided in Fig. 1.

Results
Overall competence at school
Table 1 shows the junior high school students’ character-
istics by overall competence as an index of school per-
formance. The mean age of the 1371 participants (51.7%
are boys) was 13.6 years. There were 5.9% adolescents
with unfavorable overall competence at school (OCS)
(OCS Z-score ≤ 6). The percentage in boys was higher
than girls (61.3% vs. 38.7%, p = 0.042). Adolescents had a
better OCS when parents had a higher education. Ado-
lescents in households where income was less than
30,000 NTD/month (about 1000 US dollars) had the
most unfavorable OCS (34.5%), whereas this was only
11.2% in the > 80,000 NTD/month group (p < 0.001).

Personal Behaviors
Compared with favorable OCS, more smokers were
found among unfavorable OCS (24.5%, p = 0.019), those
who read only 0–1 h/day during weekdays (67.2%, p =
0.01), those who watched TV ≥3 h/day during weekdays

(12.9%, p = 0.006), and those who played computer
games ≥3 h/day during weekdays (13.6%, p = 0.064).

Dietary Quality
Participants with unfavorable OCS had lower dietary
scores than did those with favorable OCS (44.0 ± 1.1
vs. 48.4 ± 0.5, p < 0.001) and also a higher consump-
tion frequency (times/week) of fast foods (0.7 ± 0.1
vs. 0.4 ± 0.1, p = 0.029), sugary beverages (6.5 ± 0.6 vs.
5.3 ± 0.2, p = 0.053), and flavored milk (1.4 ± 0.3 vs.
0.7 ± 0.1, p = 0.015), but a lower cheese consumption
(0.6 ± 0.1 vs. 0.9 ± 0.1, p = 0.035) (Table 2).

Puberty
In regard to pubertal development, boys with ‘completed’
beard growth had the most unfavorable OCS (4.5%, p =
0.036) (Table 2). The means of YHEI-TW scores were
not significant difference among onset of puberty in the
present study (data not shown).

Body fatness and Metabolic analytes
Adolescents with an unfavorable OCS had a higher
BMI and a lower HDL cholesterol than did those
with a better OCS (BMI: 21.9 ± 0.5 vs. 20.8 ± 0.2, p =
0.046; HDL: 50.8 ± 1.9 vs. 55.6 ± 0.7, p = 0.022)
(Table 2).

Emotional disturbance
Figure 2 shows the SAED Z-scores of adolescents by
dietary quality (< or ≥ YHEI-TW median). The me-
dian YHEI-TW for boys was 48.2, and 48.5 for girls.

Fig. 1 Pathways to emotional disturbance and overall competence at school in Taiwanese adolescents.
Where an association is significant, the level of significance is indicated with the relevant p value and in accordance with gender. The findings
represented in this figure are those of the present report except for “obesity→emotional disturbance” which have been reported in Reference
[14] for Taiwanese schoolchildren
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Table 1 Basic characteristics of junior high school students by Overall Competence (OCS) (N = 1371)

Characteristicsa OCSb P value

Overall Z-score ≤ 6 Z-score > 6

Participants (%) 1371 (100) 98 (5.9) 1273 (94.1)

Mean age in years (SE) 13.6 (0.1) 13.3 (0.1) 13.6 (0.1) 0.130

Gender (%) 0.042

Boys 51.7 61.3 51.1

Girls 48.3 38.7 48.9

Father’s ethnicity (%) 0.777

Fukienese 76.6 71.9 76.9

Hakka 13.0 15.8 12.8

Mainlander 8.3 9.2 8.2

Indigenes 2.2 3.2 2.1

Father’s educational level (%) 0.008

Secondary education and below 40.5 61.9 39.1

University and above 59.5 38.1 60.9

Mother’s educational level (%) 0.018

Secondary education and below 33.4 47.5 32.5

University and above 66.6 52.5 67.5

Household income (%) <0.001

0–30,000 NTD/monthc 19.3 34.5 18.4

30,000–50,000 NTD/month 21.7 24.1 21.6

50,000–80,000 NTD/month 29.8 30.1 29.6

> 80,000 NTD/month 29.2 11.2 30.3

Ever smoking (%) 0.019

No 89.9 75.5 90.8

Yes 10.1 24.5 9.19

Drinking alcohol (%) 0.730

No 87.4 85.4 87.6

Yes 12.6 14.6 12.4

Read during weekdays (%) 0.010

0–1 (h/day) 45.6 67.2 44.3

1–3 42.0 30.0 42.8

≥ 3 12.4 2.9 13.0

Watch TV during weekdays (%) 0.006

0–1 (h/day) 58.1 33.9 59.7

1–3 33.7 53.2 32.5

≥ 3 8.13 12.9 7.8

Play computer games during weekdays (%) 0.064

0–1 (h/day) 62.3 48.8 63.2

1–3 29.2 37.6 28.7

≥ 3 8.45 13.6 8.1

Moderate or heavy physical activity (%) 0.734

0–30 (min/day) 26.0 24.7 26.1

≥ 30 74.0 75.3 73.9
aCategorical variables are presented as percentage (%), and continuous variables are presented as mean (SE)
bStudents with an OCS Z-score less than or equal to 6 were considered to have unfavorable overall school performance
c1 US dollars = 30 NTD
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Whether boys or girls, those with better diet quality
had higher overall competence at school (p < 0.001).
Boys with poorer diet quality had higher IL, IB, UD,
SM, ED and total SAED Z-scores compared to those

with better diet quality (p < 0.05). Among girls, those
with poorer diet quality demonstrated more emo-
tional disturbance (except SM) compared to those
with better diet quality (p < 0.01).

Table 2 Student food intakes, physical examination and metabolic analytes by Overall Competence (OCS)

OCSa p value

Overall Z-score≤ 6 Z-score > 6

Mean (SE) Dietary score (YHEI-TW) 48.1 (0.5) 44.0 (1.1) 48.4 (0.5) <0.001

Mean (SE) Food consumption (times/week)

Fast foods consumption 1.7 (0.1) 2.3 (0.3) 1.7 (0.1) 0.086

Fast foods from fast food chain store 0.5 (0.1) 0.7 (0.1) 0.4 (0.1) 0.029

Fast foods from non-fast food chain store 1.3 (0.1) 1.6 (0.3) 1.2 (0.1) 0.206

Sugary beverages consumption 5.4 (0.2) 6.5 (0.6) 5.3 (0.2) 0.053

Dairy products consumption

Milk 3.5 (0.2) 3.0 (0.7) 3.6 (0.2) 0.499

Flavored milk 0.7 (0.1) 1.4 (0.3) 0.7 (0.1) 0.015

Yoghurt 0.5 (0.1) 0.7 (0.2) 0.5 (0.1) 0.342

Cheese 0.9 (0.1) 0.6 (0.1) 0.9 (0.1) 0.035

Development of puberty

Menarche (girls only) (%) 0.929

Yes 94.0 93.5 94.0

No 6.0 6.5 6.0

Beard growth (boys only) (%) 0.036

Not yet 33.4 45.3 32.4

At first 31.4 36.9 30.9

In progress 33.8 13.2 35.4

Completed 1.5 4.5 1.2

Mean (SE) Body compositions

Height (cm) 161 (0.3) 160 (1.2) 161 (0.3) 0.716

Weight (kg) 54.2 (0.5) 56.7 (1.7) 54.0 (0.5) 0.146

Body mass index (BMI, kg/m2) 20.8 (0.2) 21.9 (0.5) 20.8 (0.2) 0.046

Triceps skin fold thickness (TSF, mm) 16.6 (0.4) 17.2 (0.9) 16.6 (0.4) 0.496

Mid Arm Muscle Circumference (MAMC, cm) 20.0 (0.2) 21.5 (1.2) 19.9 (0.2) 0.221

waist circumference (WC, cm) 74.2 (0.5) 76.2 (1.2) 74.1 (0.5) 0.114

Mean (SE) Blood pressure (mmHg)

Systolic blood pressure (SBP) 105 (0.5) 106 (1.5) 105 (0.5) 0.520

Diastolic blood pressure (DBP) 60.5 (0.7) 61.5 (1.2) 60.4 (0.7) 0.301

Mean (SE) Plasma metabolic analytes

Fasting glucose (mg/dL) 95.4 (0.4) 95.2 (0.9) 95.4 (0.4) 0.835

Total cholesterol (mg/dL) 158 (1.4) 155 (3.3) 159 (1.4) 0.191

Triglycerides (mg/dL) 71.4 (1.8) 78.3 (5.5) 71.0 (1.7) 0.150

HDL cholesterol (mg/dL) 55.3 (0.7) 50.8 (1.9) 55.6 (0.7) 0.022

LDL cholesterol (mg/dL) 88.8 (1.2) 87.9 (3.2) 88.8 (1.2) 0.761

Uric acid (mg/dL) 5.8 (0.1) 6.2 (0.2) 5.74 (0.1) 0.063
aStudents with an OCS Z-score less than or equal to 6 were considered to have unfavorable overall school performance
YHEI-TW, Youth Healthy Eating Index-Taiwan

172 Dietary Patterns and Health: A Nutrition Science Approach



Emotional disturbance and overall competence at school
Figure 3 shows the significant difference between total
SAED and its sub-types with OCS as Z-scores < or ≥13.
Whether boys or girls, students with emotional disturbance
(Z-score ≥ 13) had significantly lower OCS Z-scores. Stu-
dents without emotional disturbance had a better overall
competence at school than those with emotional disturb-
ance (p < 0.001). There were significant inverse associations
between OCS and SAED and its sub-items among boys
and girls (Additional file 1). When these relationships for
SAED itself and its sub-items were adjusted for dietary
quality, the β coefficients in the range of − 0.32 to − 0.85
were marginally reduced by the order of 0.01–0.05 in boys
and girls, but remained significant; this indicated that a
contribution from dietary quality to ED-linked OCS was
small (Additional file 1).

Predictive models for OCS
The multiple linear regression analysis for OCS Z-scores,
with reference to YHEI-TW and relevant co-variates, is
shown in Fig. 4. In conjunction with other co-variates,
there was a significant positive association between OCS
and YHEI-TW among boys (β = 0.05, p < 0.01) and girls
(β = 0.07, p < 0.001). Boys with a household income of 50–

80,000 NTD/month had an OCS Z-score which was 1.02
greater than for those with < 30,000 NTD/ month (p <
0.05). Compared with not smoking, not watching TV, and
not playing computer games 0–1 h/day during weekdays,
boys who did had lower OCS Z-scores (β = − 1.26 (p <
0.05), − 0.76 (p < 0.05), and − 0.93 (p < 0.001) respectively.
For girls, ever smoking and obesity were associated with
lower OCS Z-scores than their non-smoking and normal
weight counterparts (β was − 0.97 (p < 0.05) and − 1.34 (p
< 0.01) respectively). Girls who read ≥3 h/day during
weekdays had higher OCS Z-scores than did those who
read 0–1 h/day (β = 1.23, p < 0.05).
The R2 for the complete model to predict OCS was

0.21 for boys and 0.22 for girls, explaining 21% and 22%
of the variance respectively; without YHEI-TW in the
model, R2 was 0.18 and 0.16 (18% and 16% of the vari-
ance respectively) (Fig. 4).

Predictive models for SAED
Tables 3 and 4 show the multiple linear regressions for
SAED subscales with reference to YHEI-TW and relevant
co-variates. There was a significant inverse association be-
tween IL and YHEI-TW (β = − 0.05, p < 0.01) among boys.
In the multivariable models, boys who had ever smoked
had higher IL (β = 1.87, p < 0.05), IB (β = 1.88, p < 0.01),

Fig. 2 Gender-specific distribution of SAED Z-scores by YHEI-TW group.
The median YHEI-TW for boys was 48.2, and 48.5 for girls. SAED, the Scale
for Assessing Emotional Disturbance; OCS, Overall Competence at School;
IL, Inability to Learn; RP, Relationship Problems; IB, Inappropriate Behavior;
UD, Unhappiness or Depression; PF, Physical symptoms or Fears; SM,
Socially Maladjusted; ED, Emotional Disturbance. * p< 0.05; ** p< 0.01;
*** p< 0.001. a Boys SAED Z-score. b Girls SAED Z-score

Fig. 3 Z-scores of Overall Competence at school (OCS) by SAED
sub-items and gender.
Students with Z-scores ≥13 in any subscale were classified as having
emotional disturbance. The t-test was used to compared the difference
between two SAED sub-items groups; all of the results were significant
(p < 0.001). a Boys OCS Z-score. b Girls OCS Z-score
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SM (β = 2.15, p < 0.05), ED (β = 1.65, p < 0.05), and SAED
total (β = 1.73, p < 0.05) Z-scores. Compared with 0–1 h/
day, boys who watched TV ≥ 3 h/day during weekdays
were positively associated with PF (β = 2.03, p < 0.01) and
ED (β = 1.53, p < 0.05) Z-scores, but negatively associated
with the SM (β = − 0.99, p < 0.05) Z-score. Boys who en-
gaged in moderate or heavy physical activity (≥ 30 min/
day) had lower PF Z-scores than did those who reported
0–30 min/day (β = − 0.75, p < 0.05). Among girls, there
were significant inverse associations between SAED sub-
scale (except IB and SM) and YHEI-TW Z-scores. Girls’
households with 50,000–80,000 NTD/month income had
lower IB, ED, and SAED total Z-scores (β values were −
0.69 (p < 0.05), − 0.97 (p < 0.01), and − 0.95 (p < 0.01), re-
spectively) compared with those from the lowest

household income group (0–30,000 NTD/month). Girls
who had ever smoked had greater IL (β = 1.62, p < 0.01),
IB (β = 1.96, p < 0.01), ED (β = 1.78, p < 0.05), and SAED
total (β = 1.78, p < 0.05) Z-scores than those who never
smoked. Unlike boys, there were significant negative asso-
ciations between reading and IL, IB, SM, ED, and SAED
total Z-scores among girls. In addition, girls who had en-
tered menarche had higher PF (β = 1.2, p < 0.01) and SM
(β = 0.34, p < 0.05) Z-scores than those who had not.
The R2 for the complete model to predict SAED was 0.13

for boys and 0.21 for girls, explaining 13.4% and 20.6% of
the variance respectively; without YHEI-TW in the model,
R2 was 0.13 and 0.15 (12.9% and 15.0% of the variance).
Dietary quality (YHEI-TW) is associated with overall

competence at school (OCS) as shown in Figs. 1 and 4 (β =

Fig. 4 Socio-demographic, behavioral, nutritional and pubertal β-coefficients from MLRsa for the Overall Competence Z-score by gender.
a MLRs, Multiple Linear Regressions. The R2 for the complete model to predict OCS was 0.21 for boys and 0.22 for girls. * p < 0.05; ** p < 0.01;
*** p < 0.001. a Boys. b Girls
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0.05, p < 0.01 for boys; 0.07 with p < 0.001 for girls). It is
also associated with ED in boys and girls. In particular,
there is a significant inverse association between IL and
YHEI-TW (β = − 0.05, p < 0.01) among boys (Table 3).
Among girls, there are significant inverse associations be-
tween the SAED subscales (except IB and SM) and YHEI-
TW Z-scores (β for IL = − 0.05 (p < 0.001), for RP β = −
0.05 (p < 0.001), for UD β = − 0.07 (p < 0.001), for PF β = −
0.06 (p < 0.01), for ED β = − 0.06 (p < 0.001), and for SAED
β = − 0.06 (p < 0.001)) (Fig. 1 and Table 4).

Thus, dietary quality appears to be linked to OCS dir-
ectly and also indirectly via ED. The possibility that it
might have been linked indirectly through an association
with obesity was not evident in the present study (re-
gression Model for BMI on YHEI-TW, β = 0.004 for boys
and − 0.002 for girls, p > 0.05 (data not shown)).
In turn, dietary quality may have many determi-

nants of the food system and choice. In this study,
we only report household income as a surrogate for
socio-economic status. It was positively correlated

Table 3 Socio-demographic, behavioral, nutritional and pubertal β-coefficients from MLRsa with R-square for SAED sub-itemsb in
boys

Characteristics SAED Z-score

IL RP IB UD PF SM ED SAED total

YHEI-TW −0.05** − 0.02 − 0.01 − 0.01 0.0002 − 0.02 − 0.03 − 0.03

Mother’s education (Ref: Low)

High (University and above) − 0.36 0.45 0.25 0.01 −0.08 0.25 −0.002 0.01

Household income (Ref: 0–30,000 NTD/month)c

30,000–50,000 NTD/month − 0.56 − 0.40 − 0.26 0.56 0.35 0.51 − 0.21 − 0.16

50,000–80,000 NTD/month − 0.92 − 0.78 − 1.13 − 0.30 − 0.06 − 0.28 − 0.91 − 0.89

> 80,000 NTD/month − 0.67 − 0.37 − 0.55 − 0.15 0.36 − 0.53 − 0.47 − 0.48

Ever smoking (Ref: No)

Yes 1.87* 0.22 1.88** 1.23 0.38 2.15* 1.65* 1.73*

Read during weekdays (Ref: 0–1 h/day)

1–3 h/day − 0.26 −0.24 − 0.59 − 0.50 − 0.12 − 0.03 −0.44 − 0.42

≥ 3 h/day − 0.22 −0.45 − 0.49 −0.30 0.05 0.11 −0.36 −0.34

Watch TV during weekdays (Ref: 0–1 h/day)

1–3 h/day 0.31 0.21 −0.40 0.45 0.05 −0.38 0.14 0.11

≥ 3 h/day 1.19 0.50 1.02 1.61 2.03** −0.99* 1.53* 1.40

Play computer games during weekdays (Ref: 0–1 h/day)

1–3 h/day 0.46 0.26 0.72 0.66 0.49 0.55 0.65 0.66

≥ 3 h/day 0.002 0.41 0.78 0.08 −0.71 −0.35 0.20 0.17

Moderate or heavy physical activity (Ref: 0–30 min/day)

≥ 30 min/day 0.07 0.35 −0.40 0.08 −0.75* −0.37 − 0.14 −0.16

BMI (Ref: Normal weight)

Underweight 0.08 0.10 −0.19 −0.22 − 0.35 0.35 − 0.11 −0.08

Overweight −0.15 1.32 0.66 0.46 0.02 0.74 0.46 0.49

Obesity 0.88 0.50 −0.22 −0.06 −0.15 − 0.38 0.34 0.30

Beard growth (Boys only) (Ref: Not yet)

At first −0.39 0.004 −0.09 0.07 0.04 −0.03 −0.16 − 0.16

In progress −0.62 − 0.74 −0.63 − 0.31 −0.43 − 0.34 −0.70 − 0.70

Completed −0.02 − 0.50 0.55 − 0.70 −0.13 − 0.16 −0.09 − 0.10

R2 with YHEI-TW 0.175 0.049 0.124 0.097 0.083 0.123 0.133 0.134

R2 without YHEI-TW 0.159 0.047 0.124 0.096 0.083 0.119 0.128 0.129
aMLRs, Multiple Linear Regressions
bThe Scale for Assessing Emotional Disturbance (SAED) sub-items including Inability to learn (IL), Relationship problems (RP), Inappropriate behavior (IB), Unhappiness or
depression (UD), Physical symptoms or fears (PF), Socially maladjusted (SM), and Emotional Disturbance (ED)
c1 US dollars = 30 NTD
* p < 0.05; ** p < 0.01; *** p < 0.001
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with YHEI-TW for boys and girls respectively (Fig. 1).
Compared with those from lowest income group (0–
30,000 NTD/month), students’ household income over
80,000 NTD/month had higher YHEI-TW scores (β =
5.45 (p < 0.001) for boys, and 3.19 (p < 0.05) for girls)
(data not shown).

Discussion
Unsatisfactory food intake is associated with the link be-
tween emotional disturbance and impaired school per-
formance, as assessed by OCS, especially among girls.
For both genders, socio-economic and behavioral factors
including parenteral income, reading, screen viewing,

and smoking are modulators of this association. Puberty
was a modifying factor in girls. Dietary quality is a rele-
vant factor for health (ED) as well as educational (OCS)
during early adolescence.

Emotional disturbance and overall competence at school
(OCS)
For the various measures of emotional disturbance
reflected in SAED, there were consistently negative asso-
ciations with OCS. These findings confirm several pub-
lished studies [38–41]. Even so, a number of factors may
be contributory to this relationship. The focus of the
present investigation is how dietary quality might affect

Table 4 Socio-demographic, behavioral, nutritional and pubertal β-coefficients from MLRsa with R-square for SAED sub-itemsb in girls

Characteristics SAED Z-score

IL RP IB UD PF SM ED SAED total

YHEI-TW −0.05*** −0.05*** −0.03 − 0.07*** −0.06** − 0.004 −0.06*** − 0.06***

Mother’s education (Ref: Low)

High (University and above) −0.19 0.14 0.45 0.15 0.88 0.17 0.26 0.26

Household income (Ref: 0–30,000 NTD/month)c

30,000–50,000 NTD/month 0.12 −0.51 −0.41 −0.66 − 0.91 0.06 − 0.44 −0.42

50,000–80,000 NTD/month −0.59 − 0.92 −0.69* − 0.91 −1.09 −0.33 − 0.97** −0.95**

> 80,000 NTD/month 0.01 0.02 −0.27 −0.35 − 0.59 −0.17 − 0.24 −0.24

Ever smoking (Ref: No)

Yes 1.62** 0.45 1.96** 1.38 1.13 1.16 1.78* 1.78*

Read during weekdays (Ref: 0–1 h/day)

1–3 h/day −0.32 0.36 − 0.39 0.34 − 0.12 −0.07 − 0.13 −0.13

≥ 3 h/day −1.35** −0.44 − 0.73* −0.17 − 0.20 −0.38* − 0.91* −0.90*

Watch TV during weekdays (Ref: 0–1 h/day)

1–3 h/day 0.19 −0.38 0.25 −0.17 − 0.40 0.16 − 0.02 −0.01

≥ 3 h/day 0.33 −0.08 −0.20 0.01 −0.56 0.04 −0.03 − 0.03

Play computer games during weekdays (Ref: 0–1 h/day)

1–3 h/day 0.21 0.10 0.02 0.12 0.13 −0.16 0.15 0.14

≥ 3 h/day 0.96 1.19 1.66 0.92 0.81 0.10 1.40 1.35

Moderate or heavy physical activity (Ref: 0–30 min/day)

≥ 30 min/day −0.49 −0.54 −0.84 0.18 −0.49 − 0.46 −0.59 − 0.60

BMI (Ref: Normal weight)

Underweight 0.61 −0.31 0.24 0.61 0.32 0.33 0.43 0.44

Overweight 0.78 0.44 0.15 0.68 −0.14 0.27 0.54 0.54

Obesity 0.38 1.21 0.43 0.62 0.34 0.01 0.67 0.65

Menarche (Girls only) (Ref: No)

Yes −0.23 0.50 0.63 0.85 1.20** 0.34* 0.55 0.55

R2 with YHEI-TW 0.207 0.122 0.173 0.152 0.143 0.079 0.207 0.206

R2 without YHEI-TW 0.167 0.094 0.160 0.092 0.091 0.078 0.150 0.150
aMLRs, Multiple Linear Regressions
bThe Scale for Assessing Emotional Disturbance (SAED) sub-items including Inability to learn (IL), Relationship problems (RP), Inappropriate behavior (IB), Unhappiness or
depression (UD), Physical symptoms or fears (PF), Socially maladjusted (SM), and Emotional Disturbance (ED)
c1 US dollars = 30 NTD
* p < 0.05; ** p < 0.01; *** p < 0.001
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any such linkage. Linear regression for this association
for boys and girls explains 44% and 42% of the variance,
respectively (data not shown). There is a small contribu-
tion of dietary quality to OCS via ED evident in the β
coefficients of the MLRs which are uniformly less when
these models are adjusted for YHEI-TW However, diet-
ary quality in boys and girls is directly associated with
OCS in our analysis. This link remains independent of
other covariates on MLRs. Thus OCS is dependent on
ED, YHEI-TW and various independent covariates,
namely, in boys, household income (favorably, screen
viewing (unfavorably)) along with smoking (unfavorably)
and, in girls, weekday reading (favorably) and body fat-
ness (unfavorably along with smoking (unfavorably)).

Dietary quality and pattern
The present study has found that better dietary quality is
associated with better overall competence at school and
lower emotional disturbance. This supports reports, like
that among Australian adolescents, that ‘Western’ dietary
patterns characterized by energy-dense take-away ‘fast’
foods, plentiful red and processed meat, soft drinks, and
other deep-fried and refined foods scores are associated
with poorer academic performance (especially in mathem-
atics and reading) [42]. For 14-year olds, this dietary pat-
tern is associated with diminished cognitive performance
3 years later, at age 17 [43]. On the other hand, fruit and
vegetable intake has a positive association with school per-
formance among adolescents, as found in the Palestinian
Gaza Strip [44]. Insofar as dairy foods are concerned,
there may be differences within the category since OCS
was less with flavored milk and greater with cheese; since
all dairy products were treated together in the YHEI-TW,
this may have accounted for non-significant associations
on multiple linear regression for dairy. There is evidence
that vitamin K-2 as found in cheese may play a role in
brain function [45–47]. Of particular interest, regular
breakfast, in its own right, is associated with better school
performance, suggesting a role for diurnal dietary pattern
in brain function [8, 17].
Previous studies in Taiwan show a dose-response for

food diversity scores and health outcomes in adults, but
comparable data are not available for children [48]. There
is a gradient across the range, so that the upper quartile
probably constitutes a desirable goal for food diversity at
all ages. UN system data for dietary diversity and house-
hold food security support this position [49, 50].
The present study adds to a growing literature on

the utility of YHEI-TW in children of dominantly
Chinese ancestry and culture in the evaluation of diet
in child development. These include studies of birth
weight, food patterns and school performance [13]
and of intergenerational dietary interplay in commu-
nities [34].

Parental characteristics
In this study, adolescents who had a better OC in
school had parents with higher educational achieve-
ments. Children’s school performance has previously
been found to be strongly and positively associated
with parental education [51].
Where household incomes were less, OCS was corres-

pondingly less good. Similarly, in the US, youths with
serious emotional disturbance have been observed to
come from lower income families than for those youths
without disturbance [52].

Personal behaviors
Smoking, reading, watching TV, playing computer
games, and limited physical activity in the present study
were associated with less OCS and with emotional dis-
turbance. Likewise, smoking among adolescents has
been associated with poor school performance and less
study time [53]. Although causality is difficult to ascer-
tain, clustering of riskier behaviors among adolescents is
found with mood disturbance and includes smoking,
substance use and self-harm or suicidal attempts [54].

Who are the students at risk-puberty and gender?
Although it is a difficult life stage to evaluate, because of
its variable and changing time of onset, it is one of the
most socio-biologically critical developmental periods. It
is known that school environments in Taiwan, including
their food systems and recreational settings, are associated
with pubertal development, although differentially in girls
and boys [11]. In the present study, the peri-pubertal
period is evidently one of emotional and educational vul-
nerability, notably in girls, judged by both the indices of
learning and mood examined. After the menarche, PF and
SM were increased. However, dietary quality is a mitigat-
ing factor and food intake an addressable behavior.

What are the factors of greatest concern for adolescents
in development and schooling?
Of the potential independent risk factors for emotional dis-
turbance or school performance (OCS or sub-scales), diet
(YHEI-TW), socio-economic advantage (household in-
come) and reading were favorable, while screen viewing,
smoking, puberty and greater BMI were unfavorable. These
findings closely correspond to a Korean study of health be-
haviors and academic performance in adolescents, espe-
cially for diet and smoking, except that it found physical
activity to be significant [26]. In the present study, for girls,
we found BMI to be independently associated with OCS,
which may have captured physical activity information.
In an Australian study of children and adolescents 4–

17 years of age, internet usage and electronic gaming was
found to be a mental health risk [55]. There are likely to
be different internet usage patterns in a dominantly
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Chinese as opposed to multicultural, but mainly Euro-
pean, Australian society with different cultural restraints
and expectations of young adolescents. The gender differ-
ence in Taiwan of internet associations would also suggest
this in the present study. It is an area in which more de-
tailed analysis is required.

Strengths and weaknesses
The adolescent population studied was representative of
that in Taiwan, albeit dominantly Han Chinese with an-
cient and recent origins in mainland China. Indigenes
were also studied and no differences in findings were
apparent; this may represent a sampling limitation as
previously observed, even though over-sampling of
minorities, with SUDAAN adjustment for representa-
tiveness, has been undertaken in the present study [56].
Further cross-cultural extrapolation may be unwar-
ranted, especially to other food cultures and educational
systems. Other studies suggest limited generalizability to
North-East Asian settings in general, but not dominantly
European settings as in Australia, as discussed above.
The cross-sectionality of the study begs the question of
the medium to long-term health and performance out-
comes of diet, along with other significant associated
factors. As always with observational studies, residual
confounding may be a problem in interpretation.

Implications for health and nutrition policy and practice
Population-wide and representative evidence is provided
in this study for children of dominantly Chinese ancestry
and culture that dietary quality, along with parental in-
put and personal behaviors is associated with emotional
status and school performance. Intervention studies in
support of these findings would add confidence to policy
and practice which sought to enhance school perform-
ance by diet. In the meantime, household, school and
community encouragement for healthier dietary patterns
should be a low risk-high benefit option.

Conclusions
The most supportable link of dietary quality to OCS
is apparently direct rather than through ED to which
it is also related in the present study. While ED is as-
sociated with OCS, and the intake of foods of limited
nutritional value is seen with ED, the linkage of ED
to OCS is minimally dependent on dietary quality.
For both genders, socio-economic, parental education,
reading or screen viewing, and smoking were associ-
ated with ED and OCS These factors may modulate
the association between ED and OCS. Thus, the ways
by which diet may affect OCS as a basis of school
performance are likely to be complex.

Abbreviation
ED: Emotional disturbance; IB: Inappropriate behavior; IL: Inability to learn;
NAHSIT: Nutrition and health survey in Taiwan; OC: Overall competence;
OCS: Overall competence at school; PF: Physical symptoms or fears;
RP: Relationship problems; SAED: Scale for assessing emotional disturbance;
SM: Social maladjustment; UD: Unhappiness or depression; YHEI-TW: Youth
healthy eating index – Taiwan
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Vegetarian-style dietary pattern during 
adolescence has long-term positive impact on 
bone from adolescence to young adulthood
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Abstract

Background: The amount of bone accrued during adolescence is an important determinant of later osteoporosis risk.
Little is known about the influence of dietary patterns (DPs) on the bone during adolescence and their potential long-
term implications into adulthood. We examined the role of adolescent DPs on adolescent and young adult bone and
change in DPs from adolescence to young adulthood.

Methods: We recruited participants from the Saskatchewan Pediatric Bone Mineral Accrual Study (1991–2011). Data
from 125 participants (53 females) for adolescent analysis (age 12.7 ± 2 years) and 115 participants (51 females) for
adult analysis (age 28.2 ± 3 years) were included. Bone mineral content (BMC) and areal bone mineral density (aBMD)
of total body (TB), femoral neck (FN) and lumbar spine (LS) were measured using dual-energy X-ray absorptiometry.
Adolescent dietary intake data from multiple 24-h recalls were summarized into 25 food group intakes and were used
in the principal component analysis to derive DPs during adolescence. Associations between adolescent DPs and
adolescent or adult BMC/BMD were analyzed using multiple linear regression and multivariate analysis of covariance
while adjusting for sex, age, the age of peak height velocity, height, weight, physical activity and total energy intake.
Generalized estimating equations were used for tracking DPs.

Results: We derived five DPs including “Vegetarian-style”, “Western-like”, “High-fat, high-protein”, “Mixed” and “Snack”
DPs. The “Vegetarian-style” DP was a positive independent predictor of adolescent TBBMC, and adult TBBMC, TBaBMD
(P < 0.05). Mean adolescent TBaBMD and young adult TBBMC, TBaBMD, FNBMC and FNaBMD were 5%, 8.5%, 6%, 10.6%
and 9% higher, respectively, in third quartile of “Vegetarian-style” DP compared to first quartile (P < 0.05). We found a
moderate tracking (0.47–0.63, P < 0.001) in DP scores at individual levels from adolescence to adulthood. There were an
upward trend in adherence to “Vegetarian-style” DP and an downward trend in adherence to “High-fat, high-protein”
DP from adolescence to young adulthood (P < 0.01).

Conclusion: A “Vegetarian-style” DP rich in dark green vegetables, eggs, non-refined grains, 100% fruit juice, legumes/
nuts/seeds, added fats, fruits and low-fat milk during adolescence is positively associated with bone health.
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Background
Peak bone mass (PBM) attained by the end of adolescence
is an early determinant of osteoporosis risk in older popu-
lations [1]. During adolescence, bone linear growth, and
subsequent mineral deposition increase substantially [2].
The greatest rate of growth in height during this time is
termed as peak height velocity (PHV). The PHV is consid-
ered as one of the main indicators of somatic maturation,
the stage during which males and females are at a compar-
able sexual development milestone [3]. More than 39% of
total body PBM is acquired during a 5-year period around
PHV, and around 99% is attained by 6 years after attain-
ment of PBM [4]. This suggests that modification of the
factors that contribute to PBM attainment during adoles-
cence might impact the risk of osteoporosis later in life [1].
Nutrition is an important modifiable factor, which could

influence bone accrual, maintenance, and loss during one’s
lifetime [1, 5]. Diet is a complex combination of nutrients
and dietary components that correlate or interact with
each other. Even though the separate role of key nutrients,
or foods, on bone health has been reported previously,
these associations might be confounded by any change in
the other dietary components. Dietary pattern (DP) ap-
proaches describe and quantify the whole diet and con-
sider contributions from various dietary aspects [6].
Findings from DP studies could complement those from
studies of single nutrients and foods on bone accrual and
may be translated into public health recommendations,
which better suit real world dietary habits.
In adults and elderly, several studies have investigated

the association between DPs derived by an exploratory
method, mainly factor analysis, and bone health [7–20].
However, little is known about the DPs influencing bone
health during adolescence [21–24], and their potential
long-term implications. Therefore, longitudinal studies
that follow participants from adolescence to adulthood
are of immense importance because they could bridge
the current gap in knowledge.
The objectives of our study are: 1) to examine the asso-

ciation between adolescent DPs and adolescent and young
adult bone measurements including total body (TB), fem-
oral neck (FN) and lumbar spine (LS) bone mineral con-
tent (BMC) and areal bone mineral density (aBMD), and
2) to evaluate the stability of DPs from adolescence to
young adulthood. We hypothesized that a “healthy” DP,
with an emphasis on higher intake of fruits, vegetables
would be beneficial for adolescence and young adulthood
bone health; and DPs remain relatively stable over time
from adolescence to young adulthood.

Methods
Participants
We recruited participants from the Saskatchewan Pediatric
Bone Mineral Accrual Study (PBMAS) (1991–2011). The

mixed longitudinal design of the study has been described
in detail elsewhere [3, 4, 25]. In brief, the PBMAS cohort
consists of 251 individuals (133 girls and 118 boys; aged 8
to 15 years) recruited from two elementary schools in the
city of Saskatoon between 1991 and 1993 who were subse-
quently followed with annual follow-ups until 2011. There
were two four-year breaks in annual measurements: one
between 1997 and 2002 and one between 2005 and 2010.
The ages of the participants at the final follow-up were be-
tween 24 to 32 years. At each measurement occasion, par-
ticipants underwent dual-energy X-ray absorptiometry
(DXA) scans for bone and body composition. Anthropom-
etry, dietary intake, and physical activity were also assessed
at each measurement point.
For the present study, the first measurement within the

age of PHV± 2 years was considered as the adolescent
measurement. For most participants (n = 105), the data
collected during 1992 or 1993 were included in the ana-
lysis as adolescent data. The data collected during 2010 or
2011 were included in the analysis as young adult data.
We included data from 125 participants (age 12.7 ± 2 years,
53 females) for adolescent analysis (cross-sectional) and
115 participants (age 28.2 ± 3 years, 51 females) for ado-
lescence to young adult analysis (longitudinal). All partici-
pants or their parents provided informed written consent.
Ethics approval was obtained from the University of Sas-
katchewan and Royal Hospital advisory boards on ethics
in human experimentation [25].

Dietary intake
The dietary intakes of participants were assessed using 24-h
recalls. To determine accurate estimates of portion sizes,
participants had access to pictures of foods. Adolescent
dietary intakes were assessed by two to four (mostly three)
24-h recalls collected over a year and were analyzed using
the Canadian compatible nutrition assessment software:
NUTS Nutritional Assessment System, version 3.7 (Quil-
chena Consulting Ltd., Victoria, BC, 1988) to estimate the
daily total energy and nutrient intakes. The average dietary
intakes per day during the study year were stratified with
the other annual measurements during the same year. To
include in DP analysis, first, we converted quantities of all
consumed foods and beverages into grams per day; then, all
items were assigned into 25 pre-defined non-overlapping
food groups, manually, based on similar nutrient content or
culinary usage of them (Table 1). Young adult dietary in-
takes were assessed using one 24-h recall and estimates of
total energy and nutrient intakes were obtained using Food
Processor version 8.0 and its revisions (ESHA Research
Inc., Salem, Ore, 2003).

Bone mineral content and areal density
Adolescent and young adult BMC and aBMD of TB, FN
and LS (L1–L4) were measured using DXA (Hologic
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QDR 2000, Hologic, Inc., Waltham, MA, USA) in the
array mode; and analysis was conducted using enhanced
global software version 7.1 [26]. To minimize operator-
related variability in the scan analysis over the years, the
same trained person analyzed all scans. The TB scans
were analyzed using software version 5.67A and scans of
the FN and LS were analyzed using software version
4.66A. The in vivo coefficients of variations, which rep-
resent short-term precision, were comparable to the
values from other studies employing the QDR 2000 in
the array mode (0.60, 0.91 and 0.61 for TB, FN, and LS
BMC, respectively).

Physical activity
Physical activity was defined as sports, games, or dance
that makes you breathe hard, makes your legs feel tired,
or makes you sweat. The physical activity questionnaire
(PAQ) was used to assess adolescent physical activity
during spare time in the previous 7 days by rating nine
items in elementary schools or eight items in high
schools (excluding the item regarding activity at recess)
scored on a five-point scale [27]. Six of these questions
were related to scaling the level of different activities in
physical education classes, recess, lunch, right after
school, in the evenings and on the weekend. Other three
questions were asking about the frequency of physical
activity during each day, the number of hours spent for
watching TV, and describing the whole week activity
from low to very high activity levels [28]. The average
score derived from each PAQ ranged from one to five,
with higher scores indicating higher levels of physical ac-
tivity. To assess young adult physical activity, PAQ was
modified to a 7-item questionnaire including more age-
relevant activities. The school-day structure of questions
was replaced with a day section structure (i.e., morning,
after lunch, before supper, evening) in the PAQ for
adults [28]. The PAQ was administered three times a
year during first 3 years of study and two times a year
thereafter. The average PA scores derived from PAQs

Table 1 Food groupings used for principal component analysis
to identify dietary patterns during adolescence

Food groups Food items

Dark green vegetables Asparagus, green beans, broccoli, lettuce,
green pepper, seaweed, spinach, mixed
greens, snow peas

Eggs Eggs

Non-refined grains Whole grains and partially whole grains
(60%) mostly cereals, mixed granola/grain
bar, cracker, oat flakes, wheat germ, whole
wheat breads, puffed wheat, brown and
wild rice, popcorn, barley

Fruit juice 100% Apple cider, apple, lemon, lime, orange
juice canned or bottled, unsweetened
cranberry, etc.

Legumes, nuts and
seeds

Beans (black, kidney, lima, navy, small
white, soy), chickpeas, hummus, tofu,
brazil nuts, coconut, almond, hazelnuts,
walnuts, cashew, peanuts, mixed nuts,
pecans, peanut butter, sunflower seeds

Added fats Saturated fats such as butter, margarine,
meatless bacon bits and coconut oil, and
unsaturated fats such as vegetable oil,
cooking oil, mayonnaise, olive oil, pesto

Fruits All fresh and dried fruits, canned fruits (not
sweetened), avocado, olives

Low-fat milk 1%, skim, rice beverage, soy beverage

Fruit drinks Fruit juice (sweetened), fruit drinks, iced
tea

Refined grains Refined cereals, white bread, white rice,
refined pasta, noodles, pop corns, pie
crust, pizza pop

Cream Sour cream, cream (10%, whipped or low
fat)

Poultry Chicken and turkey

Processed meats Burger patties (beef, ham, chicken, etc.),
sausages, bacon, canned meat, dry ribs,
fried chicken, nugget

High-fat milk 2%, whole or almond milk

Tomato Tomato and its products

Red meat Beef, ham, pork, bison (ground, loin, rib,
steak, stew, fried, pot roast, balls, loaf, chop)

Cheese Cheddar, cream cheese, feta, gouda,
mozzarella, parmesan, Swiss, cottage,
ricotta, cheese sauce

Yogurt Yogurt (plain, vanilla or fruit)

Desserts and sweets Sweet baked products, milk desserts, jelly,
chocolate, sugar, jam, syrups, honey and
candies

Fish and seafood Fish, shrimp, lobster, mussels, pickerel,
prawns, scallops

Dressings, sauces,
gravy

Gravy, dressings, Caesar, French, ranch,
Italian, 1000 island, Alfredo, blue cheese,
chip dip, Greek, honey garlic, white sauce,
sandwich spread, tartar, teen, sundried
tomato

Table 1 Food groupings used for principal component analysis
to identify dietary patterns during adolescence (Continued)
Food groups Food items

Vegetables, others Carrots, snap beans, cabbage, cauliflower,
celery, cucumber, garlic, mushroom, pepper,
squash, bean sprouts, beets, onion, eggplant,
radish, zucchini, potato, green peas, corn,
sweet potato and soups

Chips & fries Potato chips, fries, corn chips, nacho, hash
brown

Soft drinks Soft drinks (sugar-sweetened or diet)

Others Salt, spices, seasonings, additives, pickles (dill,
beet), low fat sauces (mustard, hot, soy,
teriyaki), vinegar

182 Dietary Patterns and Health: A Nutrition Science Approach



collected during each year were aligned with the other
annual measurements [26].

Anthropometry and age of PHV
Weight and stature were measured following standard
protocols for each participant while wearing lightweight
clothing and no shoes [25]. To control for somatic ma-
turity, the age of PHV for each participant was esti-
mated. The process for determining PHV has been
described elsewhere [26]. In brief, whole-year height in-
crease velocity was computed using serial measurements
of height for each participant by age. Using a cubic
spline procedure, a growth curve was fitted to each indi-
vidual’s annual height velocities (GraphPad Prism Ver-
sion 3.00) and the age of PHV was determined from the
estimated growth curve [26].

Statistical analysis
The DPs were identified using factor analysis via princi-
pal component analysis (PCA). The PCA aggregates the
food groups into a smaller number of the distinct factors
based on inter-correlation between them [6, 29]. To
achieve a simpler structure with higher interpretability,
orthogonal rotation (Varimax option) was applied. Over-
all, 11 factors were extracted using PCA with an eigen-
value > 1 accounting for 66% of the total variance in all
food group intakes. Based on the breakpoint in scree
plot, we retained 5 major factors (accounting for almost
40% of the total variance) for further evaluation and re-
ran the analysis with a five-factor solution. Factor load-
ings represent the correlation between food groups and
the factors (Table 2). The absolute value represents the
strength of the correlation. A positive loading shows a
direct association and a negative loading shows an in-
verse association between the food group intake and DP
score. Food groups with a factor loading ≥0.35 or ≤ −
0.35 were considered informative for interpretation of
DPs in our study. Regression scores for each DP were
calculated using the regression scores option in SPSS.
Calculating regression scores enhances the validity of
DP scores and reduces the probability of biased esti-
mates of the true scores [30].
Descriptive statistics for all bone variables (TBBMC,

TBaBMD, FNBMC, FNaBMD, LSBMC, LSaBMD), and
covariate variables (age, the age of PHV, height,
weight, physical activity score and total energy intake)
were presented as mean ± SD in adolescence and
young adulthood. We used independent Student’s t-
test to compare variables of interest between females
and males. Multiple linear regression using stepwise
procedure were conducted to evaluate associations be-
tween adolescence DP and adolescence bone measure-
ments. To assess the long-term impact of DPs on the
bone, we also ran the same modeling with adolescent

DP scores as predictor variables, and young adulthood
bone measurements as outcome variables. All models
were adjusted for sex, the age of PHV, age, height,
weight, physical activity score and total energy intake.
Covariates measured during adolescence and young

Table 2 Factor loading of food groups in five dietary patterns
identified by principal component analysis during adolescence,
in participants of Pediatric Bone Mineral Accrual Study (PBMAS),
n = 1251

Factor Loadings for Dietary Patterns

Vegetarian-
Style

Western-
Like

High-Fat,
High-Protein

Mixed Snack

Dark green
vegetables

0.64 0.02 − 0.00 0.07 − 0.22

Eggs 0.63 − 0.18 0.23 − 0.05 − 0.15

Non-refined
grains

0.54 − 0.13 − 0.11 0.10 0.20

Added fats 0.41 0.39 − 0.03 − 0.04 − 0.00

Fruits 0.40 0.24 − 0.16 0.13 0.23

Others − 0.28 0.03 0.08 0.08 0.04

Fruit drinks 0.00 0.73 − 0.04 − 0.03 0.04

Refined grains 0.06 0.66 0.21 − 0.10 − 0.03

Cream − 0.06 0.55 − 0.01 0.13 − 0.02

Poultry − 0.27 0.41 − 0.04 − 0.10 0.40

Processed
meats

− 0.05 0.35 − 0.12 0.01 − 0.09

High-fat milk − 0.12 − 0.17 0.74 − 0.04 0.18

Tomato 0.22 0.30 0.59 − 0.14 − 0.34

Red meat − 0.07 − 0.05 0.52 0.14 − 0.07

Low-fat milk 0.35 0.03 − 0.48 − 0.01 − 0.16

Legumes,
nuts, and
seeds

0.45 0.11 0.47 − 0.09 0.06

Cheese 0.03 0.12 0.06 0.72 − 0.36

Yogurt − 0.11 0.04 − 0.12 0.61 0.19

Desserts and
sweets

− 0.18 − 0.05 0.23 0.59 0.08

Fish and
seafood

0.24 − 0.10 −0.08 0.52 − 0.13

Fruit juice
100%

0.46 0.02 − 0.04 0.49 0.18

Dressings,
sauces, gravy

0.09 − 0.30 0.24 0.08 0.64

Vegetables,
others

− 0.03 0.22 0.06 − 0.03 0.58

Chips & fries − 0.03 − 0.09 − 0.02 0.00 0.40

Soft drinks 0.00 − 0.02 − 0.16 − 0.20 0.20

% Of variance
explained

9.2 8.5 7.8 7.7 6.7

1Factor loadings ≥0.35 or ≤ − 0.35 have been presented
The bold numbers represent the foods with significant positive or negative
loading in each pattern
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adulthood were used in the adolescence and young
adulthood models, respectively.
Comparisons of the mean adolescence or young adult

bone variables across the quartile categories of adoles-
cent DP score were conducted via a multivariate analysis
of covariance (MANCOVA) (with a Bonferroni adjust-
ment for multiple comparisons) while adjusting for
scores of the other four DPs (as continuous variables),
sex, age of PHV, age, height, weight, physical activity
score and total energy intake.
To evaluate the stability of DPs from adolescence to

young adulthood, we calculated applied DP scores during
adolescence and young adulthood, based on the factor
loadings for 25 food groups in five DPs derived during
adolescence. To control for the overall increase in con-
sumption of food groups by age from adolescence to
young adulthood, we computed the consumed amount (g)
per 1000 kcal of total energy intake for each food group.
Then, these energy-adjusted intakes were multiplied by
their corresponding factor loading in each DP and were
summed up as the DP score. We standardized adolescence
and young adulthood DP scores for mean and standard
deviation of adolescence DP scores in our sample. Then
we calculated tracking coefficients using generalized esti-
mating equations (GEE). Tracking coefficient represents
how position of participants in a study population distri-
bution is maintained from baseline to the last follow-up
[31]. We regressed adolescence standardized DP scores
(independent variable) against young adulthood standard-
ized DP scores (dependent variable) while adjusting for
chronological age as the time-dependent variable, and sex
and age at adolescence as time-independent variables. The
ß coefficient of adolescence standardized DP scores takes
values between 0 to 1, representing no tracking and strong
tracking, respectively. The ß coefficient for chronological
age indicates the change in DP score as z-score or SD for
each year increase in age.
The DP analysis and all other statistical analyses were

performed using SPSS software, version 24.0 (SPSS,
Chicago, lL, USA). P < 0.05 was considered significant.

Results
The characteristics of the study population during ado-
lescence and young adulthood are shown in Table 3.
Our estimated mean ± SD follow-up period from adoles-
cence to young adulthood was 15.5 ± 3.4 years. The first
factor, labeled as “Vegetarian-style” DP, was rich in dark
green vegetables, eggs, non-refined grains, 100% fruit
juice, legumes, nuts and seeds, added fats, fruits and
low-fat milk (including non-dairy milk). The second fac-
tor, a “Western-like” DP was associated with higher in-
takes of fruit drinks, refined grains, cream, poultry and
processed meats. The most significant characteristic of
the third factor, “high fat, high protein” DP, was high

positive loadings for High-fat milk, tomato, red meat
and legumes, nuts and seeds and a negative loading for
low-fat milk. The fourth factor, a “Mixed” DP, was char-
acterized by a high intake of yogurt, cheese, desserts and
sweets, fish and seafood and 100% fruit juice. Dressings
and sauces, vegetables (excluding dark green vegetables),
chips and fries and poultry had high positive loadings
and cheese had a negative loading in the fifth factor, la-
beled a “Snack” DP (Table 2).
After controlling for covariates (sex, age of PHV and

adolescent age, height, weight, physical activity score
and total energy intake), multiple linear regression

Table 3 Descriptive characteristics during adolescence and
young adulthood by sex1

Females Males Total

Adolescence n = 53 n = 72 n = 125

Biologic age2 (year) 0.2 ± 1.7 −0.1 ± 1.8 0.0 ± 1.7

Age (year) 12.0 ± 1.8 13.2 ± 1.8* 12.7 ± 1.9

Age of PHV (year) 11.8 ± 0.8 13.2 ± 0.9 12.6 ± 1.2

Physical activity (score) 2.9 ± 0.7 3.0 ± 0.6 3.0 ± 0.7

Total energy intake
(kcal/d)

1714 ± 461 1978 ± 615* 1867 ± 569

Height (cm) 153 ± 11 162 ± 14** 158 ± 13

Weight (kg) 46.0 ± 14 52.4 ± 14* 49.8 ± 14

TBBMC (g) 1402 ± 452 1751 ± 612** 1604 ± 575

TBaBMD (g/cm2) 0.87 ± 0.10 0.94 ± 0.12* 0.91 ± 0.11

FNBMC (g) 3.3 ± 0.8 4.1 ± 1.0** 3.8 ± 1.0

FNaBMD (g/cm2) 0.73 ± 0.13 0.81 ± 0.13* 0.77 ± 0.13

LSBMC (g) 35.8 ± 13.4 40.8 ± 16.0 38.7 ± 15.1

LAaBMD (g/cm2) 0.76 ± 0.15 0.75 ± 0.14 0.76 ± 0.14

Young adulthood n = 51 n = 64 n = 115

Biologic age2 (year) 16.1 ± 3.5 15.0 ± 3.3 15.5 ± 3.4

Age (year) 27.9 ± 3.4 28.3 ± 3.4 28.2 ± 3.4

Physical activity (score) 2.3 ± 0.6 2.3 ± 0.7 2.3 ± 0.6

Total energy intake
(kcal/d)

1823 ± 698 2823 ± 1235** 2401 ± 1151

Height (cm) 166 ± 7 179 ± 7** 174 ± 9

Weight (kg) 70.7 ± 16 87.0 ± 14** 80.3 ± 16

TBBMC (g) 2286 ± 321 3020 ± 413** 2706 ± 523

TBaBMD (g/cm2) 1.12 ± 0.09 1.22 ± 0.10** 1.18 ± 0.11

FNBMC (g) 4.3 ± 0.7 5.6 ± 0.8** 5.0 ± 0.9

FNaBMD (g/cm2) 0.86 ± 0.10 0.95 ± 0.128** 0.91 ± 0.12

LSBMC (g) 62.0 ± 12.6 76.2 ± 12.8** 70.3 ± 14.5

LSaBMD (g/cm2) 1.04 ± 0.12 1.06 ± 0.12 1.05 ± 0.12

Abbreviations: aBMD areal bone mineral density, BMC bone mineral accrual, FN
femoral neck, LS lumber spine, PBMAS the pediatric bone mineral accrual
study, PHV the peak height velocity, TB total body
1Values are Mean ± SD. P values were obtained using independent samples
Student’s t test. *Different from females, P < 0.01. **Different from
females, P < 0.001
2Biologic age is calculated as chronologic age minus the age of PHV
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showed that the “Vegetarian-style” DP was a positive in-
dependent predictor of adolescent TBBMC (β =35.2, P =
0.025; R2 = 0.84) and young adult TBBMC (β = 55.8, P =
0.021; R2 = 0.78), TBaBMD (β = 0.016, P = 0.041; R2 =
0.67). No other adolescent DP was found to be an inde-
pendent predictor for any of the adolescent or young
adult bone variables.
Comparison of adolescent or young adult bone variables

across adolescent DP score quartiles showed that, those in
the third quartile of “Vegetarian-style” DP had 5.7%, 8.5%,
6%, 10.6% and 9% higher adolescent TBaBMD (Table 4),
and young adult TBBMC, TBaBMD, FNBMC and
FNaBMD (Table 5), respectively, compared to their peers
in the lowest quartile, after adjusting for covariates and
other four DP scores as continuous variables.
Tracking coefficients for standardized scores of five

DPs and change in the score by age from adolescence to
young adulthood are presented in Table 6. The greater
tracking coefficients show the higher stability of DPs at
the individual level. Since DP scores have been standard-
ized for the baseline DP scores, ß coefficient for age vari-
able represents the amount of change in z-score.
Overall, energy-adjusted scores increased for “Vegetar-
ian-style” and decreased for “High-fat, high-protein” DP,
from adolescence to young adulthood (Table 6).

Discussion
In our prospective study, we found that a “Vegetarian-
style” DP rich in dark green vegetables, eggs, non-
refined grains, 100% fruit juice, legumes, nuts and seeds,
added fats, fruits and low-fat milk during adolescence
was associated positively with adolescent TBBMC and
TBaBMD. We also found that participants who had
higher adherence to the “Vegetarian-style” DP during
adolescence had higher TBBMC, TBaBMD, FNBMC and
FNaBMD during young adulthood, average 15 years
later. Tracking DP scores showed that participants mod-
erately maintained their position in the study population
distribution from adolescence to young adulthood,
which means DPs were relatively stable over time. How-
ever, the overall adherence to “Vegetarian-style” DP in-
creased from adolescence to young adulthood.
In the present study, the favorable effects of the “Vege-

tarian-style” DP were only observed in TB and FN bone
measurements, but not in LS bone. This might be due to
the different proportions of cortical and trabecular bone
compartments in different skeletal sites. The trabecular
bone is the predominant bone compartment in LS, while
TB and FN mainly contain cortical bone [32, 33]. Tra-
becular bone is metabolically more active than cortical
bone and might be influenced by everyday changes in
hormone or environmental factors. Hence adaptations in
bone might last longer in cortical compared to trabecu-
lar bone [34].

Our study is unique as it evaluated the long-term im-
pact of adolescent DPs on young adult bone. To our
knowledge, there are only four studies that evaluated the
DPs during adolescence in association with bone health
[21–24]. Even though three of these studies were similar
to our study in their prospective design (follow-up
period ranged from 22 months to 6 years) [21, 23, 24],
identified DPs are not directly comparable, because of
the differences in DP approaches, food groupings and
dietary habits and other characteristics of the study
population [3, 6]. However, our findings of a positive as-
sociation between “Vegetarian-style” DP and bone mea-
surements are in accordance with the results from two
studies which used reduced-rank regression (RRR) to de-
rive DPs. The RRR has the advantage of deriving DPs as-
sociated with bone variables such as BMD and BMC
[21] or intermediate factors such as protein, calcium,
and potassium [2], as response variables. In Korean girls
(aged 9–11 years, n = 198), the RRR-derived “fruits, nuts,
milk beverages, eggs, and grains” DP was associated
positively and “egg and rice” DP was associated nega-
tively with BMC gain after 22 months [21]. Also, a
higher intake of low-fat dairy, whole grains, and vegeta-
bles, as components of a DP rich in protein, calcium and
potassium in Australian adolescents (aged 14 years, n =
1024) was associated with higher BMD and BMC at age
20 years [24]. Overall, higher intakes of fruit and vegeta-
bles, milk and alternatives, nuts and grains were the
common components in all DPs which determined to be
beneficial for bone [2, 21]).
Our results are also in line with the findings from previ-

ous DP studies in adults and elderly populations suggesting
that a high intake of fruit and vegetables, whole grains,
poultry and fish, nuts and legumes and low-fat dairy prod-
ucts labeled as “healthy” DP is beneficial for bone health
[7–10, 12–14, 16, 17]. Vegetables, fruits, and 100% fruit
juices are rich in potassium, magnesium, vitamins C, K and
folate and carotenoids [35]. Potassium and magnesium
may contribute to acid-base balance [35] and calcium me-
tabolism [36, 37] to prevent bone loss. Vitamin C, caroten-
oids, and other antioxidants may affect bone health
through their antioxidant properties, which suppress osteo-
clast activity [38, 39]. Vitamin C also acts as a cofactor for
osteoblast differentiation and collagen formation [38, 40].
Vitamin K also plays a role in bone matrix formation where
mineralization happens [41]. Low-fat milk and its alterna-
tives are the main contributors of calcium and magnesium
in diet [42], which have a structural role in bone health
[43]. Calcium from vegetable sources also has been shown
to be positively effective in bone maintenance in older ages
[44]. They are also a source of protein, vitamin D, vitamin
B12, zinc and riboflavin [42]. An adequate protein intake is
essential for bone matrix formation and maintenance. Eggs,
legumes, nuts and seeds, as meat alternatives, are good
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sources of protein [45]. Dietary fiber from non-refined
grains and other plant sources might also have a beneficial
impact on bone through decreasing glycemic load and
inhibiting hyperinsulinemia which in turn prevents urinary
calcium loss induced by insulin [46]. Added fats including,

mainly, butter, margarine, and mayonnaise as one of com-
ponents of the “Vegetarian-style” DP might play a role in
providing adequate dietary energy for adolescents during
their growth spurt, when they are consumed along with
other components of “Vegetarian-style” DP. Lower intake

Table 4 Adolescence bone variables across the quartile groups of each dietary patterns derived during adolescence1

Dietary pattern score quartiles2 P value

Quartile1 (n = 31) Quartile2 (n = 31) Quartile3 (n = 31) Quartile4 (n = 32)

Vegetarian-style

TBBMC 1555.34 ± 33.15 1579.43 ± 31.58 1649.63 ± 32.15 1634.61 ± 32.15 0.18

TBaBMD 0.88 ± 0.01a 0.90 ± 0.01a,b 0.93 ± 0.01b 0.91 ± 0.01a,b 0.025

FNBMC 3.64 ± 0.01 3.69 ± 0.01 3.86 ± 0.01 3.79 ± 0.01 0.31

FNaBMD 0.75 ± 0.01 0.78 ± 0.01 0.80 ± 0.01 0.76 ± 0.01 0.22

LSBMC 37.08 ± 1.18 39.68 ± 1.18 39.03 ± 1.19 38.9 ± 1.19 0.52

LSaBMD 0.73 ± 0.01 0.77 ± 0.01 0.77 ± 0.01 0.75 ± 0.01 0.20

Western-like

TBBMC 1612.62 ± 33.61 1623.64 ± 31.58 1594.61 ± 32.25 1588 ± 33.32 0.86

TBaBMD 0.91 ± 0.01 0.91 ± 0.01 0.91 ± 0.01 0.90 ± 0.01 0.74

FNBMC 3.78 ± 0.11 3.68 ± 0.11 3.8 ± 0.12 3.8 ± 0.12 0.92

FNaBMD 0.79 ± 0.01 0.76 ± 0.01 0.77 ± 0.01 0.78 ± 0.01 0.82

LSBMC 39.21 ± 1.22 39.52 ± 1.14 38.18 ± 1.21 37.79 ± 1.21 0.73

LSaBMD 0.76 ± 0.01 0.76 ± 0.01 0.76 ± 0.01 0.75 ± 0.01 0.93

High-fat, high-protein

TBBMC 1630.53 ± 32.15 1597.64 ± 32.14 1586.65 ± 32.15 1603.71 ± 34.28 0.82

TBaBMD 0.91 ± 0.01 0.90 ± 0.01 0.90 ± 0.01 0.91 ± 0.01 0.92

FNBMC 3.79 ± 0.01 3.88 ± 0.01 3.67 ± 0.01 3.68 ± 0.01 0.40

FNaBMD 0.77 ± 0.01 0.79 ± 0.01 0.77 ± 0.01 0.77 ± 0.01 0.74

LSBMC 38.91 ± 1.19 38.91 ± 1.19 39.08 ± 1.28 37.79 ± 1.28 0.91

LSaBMD 0.74 ± 0.01 0.76 ± 0.01 0.77 ± 0.01 0.76 ± 0.01 0.77

Mixed

TBBMC 1580.01 ± 32.38 1608 ± 30.28 1657 ± 30.73 1572 ± 32.75 0.22

TBaBMD 0.89 ± 0.01 0.91 ± 0.01 0.92 ± 0.01 0.90 ± 0.01 0.24

FNBMC 3.79 ± 0.01 3.68 ± 0.01 3.88 ± 0.01 3.69 ± 0.01 0.41

FNaBMD 0.77 ± 0.01 0.77 ± 0.01 0.80 ± 0.01 0.76 ± 0.01 0.50

LSBMC 38.68 ± 1.21 37.77 ± 1.10 40.86 ± 1.10 37.31 ± 1.21 0.16

LSaBMD 0.75 ± 0.01 0.75 ± 0.01 0.78 ± 0.01 0.75 ± 0.01 0.37

Snack

TBBMC 1587.11 ± 30.77 1639.27 ± 30.22 1590.44 ± 31.17 1601.11 ± 32.54 0.59

TBaBMD 0.90 ± 0.01 0.92 ± 0.01 0.90 ± 0.01 0.91 ± 0.01 0.37

FNBMC 3.81 ± 0.09 3.85 ± 0.09 3.68 ± 0.09 3.88 ± 0.09 0.43

FNaBMD 0.79 ± 0.01 0.78 ± 0.01 0.75 ± 0.01 0.78 ± 0.01 0.31

LSBMC 38.09 ± 1.12 41.05 ± 1.12 37.31 ± 1.12 38.44 ± 1.22 0.12

LSaBMD 0.76 ± 0.01 0.79 ± 0.01 0.73 ± 0.01 0.75 ± 0.01 0.055

Abbreviations: aBMD areal bone mineral density, BMC bone mineral accrual, FN femoral neck, LS lumber spine, TB total body
1Values are Mean ± SE. Mean adolescence bone variables were adjusted for sex and adolescent age of peak height velocity, age, height, weight, physical activity
score, total energy intake and other four dietary pattern scores as continuous variables and were compared across quartiles of adolescence dietary pattern scores
using MANCOVA with Bonferroni adjustment for multiple comparisons. Labeled means in a row without a common superscript letter differ, P < 0.05
2Participants in Quartile four have the highest adherence to the DPs in adolescence
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of meat seems to be beneficial, as this seems to be one of
the key differences between “Vegetarian-style” DP and
other four DPs. Taken together, the “Vegetarian-style” DP
represents a combination of beneficial nutrients and

dietary components with potential synergic or interacting
effects. Therefore no single nutrient or dietary components
could be pointed out as the one responsible for the benefi-
cial impact of the DP on bone.

Table 5 Young adulthood bone variables across the quartile groups of each dietary patterns derived during adolescence1

Dietary pattern score quartiles2 P value

Quartile1 (n = 29) Quartile2 (n = 29) Quartile3 (n = 29) Quartile4 (n = 28)

Vegetarian-style

TBBMC 2592.38 ± 46.12a 2693.36 ± 46.12a,b 2813.68 ± 47.22b 2709.64 ± 49.25a,b 0.016

TBaBMD 1.14 ± 0.01a 1.18 ± 0.01a,b 1.21 ± 0.01b 1.18 ± 0.01a,b 0.017

FNBMC 4.69 ± 0.12a 5.02 ± 0.12a,b 5.19 ± 0.12b 5.08 ± 0.12a,b 0.042

FNaBMD 0.87 ± 0.02a 0.92 ± 0.02a,b 0.95 ± 0.02b 0.89 ± 0.02a,b 0.020

LSBMC 66.27 ± 1.91 71.75 ± 1.91 72.17 ± 2.04 68.91 ± 2.04 0.14

LSaBMD 1.00 ± 0.02 1.06 ± 0.02 1.08 ± 0.02 1.04 ± 0.02 0.09

Western-like

TBBMC 2742.45 ± 47.45 2688.48 ± 47.62 2745.88 ± 48.22 2629.84 ± 48.24 0.28

TBaBMD 1.18 ± 0.01 1.17 ± 0.01 1.20 ± 0.01 1.15 ± 0.01 0.24

FNBMC 5.04 ± 0.11 4.91 ± 0.11 5.15 ± 0.12 4.90 ± 0.12 0.39

FNaBMD 0.91 ± 0.02 0.90 ± 0.02 0.93 ± 0.02 0.90 ± 0.02 0.71

LSBMC 70.10 ± 2.01 71.31 ± 1.90 71.34 ± 2.02 66.12 ± 2.02 0.25

LSaBMD 1.05 ± 0.02 1.05 ± 0.02 1.07 ± 0.02 1.01 ± 0.02 0.35

High-fat, high-protein

TBBMC 2715.42 ± 48.68 2692.14 ± 50.25 2684.42 ± 48.58 2712.85 ± 47.85 0.96

TBaBMD 1.18 ± 0.01 1.18 ± 0.01 1.17 ± 0.01 1.18 ± 0.01 0.98

FNBMC 5.02 ± 0.11 5.20 ± 0.11 4.74 ± 0.11 5.08 ± 0.12 0.07

FNaBMD 0.90 ± 0.02 0.93 ± 0.02 0.88 ± 0.02 0.92 ± 0.02 0.27

LSBMC 67.90 ± 2.01 72.40 ± 2.11 68.60 ± 2.04 70.0 ± 2.04 0.45

LSaBMD 1.02 ± 0.02 1.07 ± 0.02 1.04 ± 0.02 1.06 ± 0.02 0.41

Mixed

TBBMC 2713.25 ± 48.32 2700.38 ± 48.32 2721.25 ± 48.32 2668 ± 49.12 0.88

TBaBMD 1.17 ± 0.01 1.19 ± 0.01 1.18 ± 0.01 1.17 ± 0.01 0.78

FNBMC 5.11 ± 0.12 5.11 ± 0.12 4.90 ± 0.12 4.88 ± 0.12 0.28

FNaBMD 0.91 ± 0.02 0.93 ± 0.02 0.89 ± 0.02 0.89 ± 0.02 0.46

LSBMC 68.67 ± 2.02 70.18 ± 2.02 72.52 ± 2.02 67.52 ± 2.02 0.36

LSaBMD 1.04 ± 0.02 1.06 ± 0.02 1.07 ± 0.02 1.02 ± 0.02 0.50

Snack

TBBMC 2673.32 ± 45.45 2780.77 ± 47.32 2652 ± 46.87 2699 ± 47.35 0.24

TBaBMD 1.17 ± 0.01 1.20 ± 0.01 1.17 ± 0.01 1.17 ± 0.01 0.58

FNBMC 5.01 ± 0.12 5.01 ± 0.12 4.80 ± 0.13 5.07 ± 0.13 0.64

FNaBMD 0.92 ± 0.02 0.90 ± 0.02 0.88 ± 0.02 0.92 ± 0.02 0.41

LSBMC 68.22 ± 1.9 72.04 ± 2.02 68.11 ± 2.02 70.51 ± 2.02 0.45

LSaBMD 1.05 ± 0.02 1.07 ± 0.02 1.03 ± 0.02 1.04 ± 0.02 0.58

Abbreviations: aBMD areal bone mineral density, BMC bone mineral accrual, FN femoral neck, LS lumber spine, TB total body
1Values are Mean ± SE. Mean young adulthood bone variables were adjusted for sex and age of peak height velocity and young adult age, height, weight,
physical activity score, total energy intake and other four adolescence dietary pattern scores as continuous variables and were compared across quartiles of
adolescence dietary pattern scores using MANCOVA with Bonferroni adjustment for multiple comparisons. Labeled means in a row without a common superscript
letter differ, P < 0.05
2Participants in Quartile 4 have the highest adherence to the DPs in adolescence
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Our study has several strengths. This is the first study
that evaluated DPs during adolescence in association with
young adult bone health. In our sample, all participants
during young adulthood had their PBM confirmed by a
plateau in bone mineral accrual curve, representing a
steady status of bone [4]. We also controlled for somatic
maturity by including the age of PHV as a covariate in our
models. Adolescent dietary intake data were collected
using multiple, mostly three, 24-h recalls over a year for
each participant, which is preferred to food frequency
questionnaires [47], the method used by most previous
studies. In addition, we analyzed the impact of the whole
diet, instead of a single food or nutrient, on bone.
The main limitation of our study was the small sample

size (n = 125 for adolescent analysis, and n = 115 for
young adult analysis), which did not allow us to run the
separate analysis for females and males or run other DP
approaches such reduced-rank regression method. Small
sample size also limited us from adding more covariates
in the model such as young adult DPs, smoking status,
oral contraceptive use or reproductive history (in fe-
males). Even though we did not control the models for
young adult DPs, we assessed change in DPs from ado-
lescence to young adulthood to overcome this limitation.
Two further limitations of our study are reliance on only
one 24-h recall in young adulthood and using two differ-
ent nutrient assessment systems from adolescence to
young adulthood. However, our focus was food group
intake and these two systems were only used to measure
total energy intake.

Conclusions
Our results suggest that a diverse and well-balanced DP,
rich in dark green vegetables, eggs, non-refined grains,
100% fruit juice, legumes, nuts and seeds, added fats,
fruits and low-fat milk during adolescence has a benefi-
cial impact on bone health during adolescence and this
positive impact on bone accrual can be carried into
young adulthood. Further population-based studies are

needed to confirm our findings and generalize these re-
sults to other populations.
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Table 6 Tracking coefficients and change in score by age for dietary patterns derived during adolescence1

Tracking dietary patterns Change in dietary pattern score

ß (adolescence score) 95% CI P value ß (age) 95% CI P value

Vegetarian-style 0.59 0.48, 0.71 < 0.001 0.026 0.00, 0.04 0.008

Western-like 0.47 0.40, 0.53 < 0.001 − 0.008 − 0.029, 0.012 0.42

High-fat, high-protein 0.51 0.41, 0.60 < 0.001 − 0.019 −0.034, − 0.005 0.009

Mixed 0.54 0.39, 0.69 < 0.001 −0.003 −0.033, 0.028 0.85

Snack 0.63 0.55, 0.70 < 0.001 −0.003 −0.023, 0.018 0.80

Abbreviations: CI confidence intervals
1Generalized estimating equations was used for modeling association between adolescence and adulthood standardized and energy-adjusted dietary pattern
scores while controlling for sex, age, and age at adolescence; n = 115. Tracking coefficient (ß coefficient for adolescent dietary pattern) shows how participants
maintained their position in the study population distribution, between adolescence and young adulthood. Tracking coefficient for age represents z score change
in dietary pattern score from adolescence to young adulthood
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Abstract

Background: While some dietary patterns are associated with the incidence of type 2 diabetes mellitus (T2DM) and
cardiovascular disease (CVD), the relationship between dietary pattern and risk factors for CVD in patients with
T2DM remains to be clarified. The aim of this study was to identify dietary patterns and investigate the relationship
between dietary patterns and potential risk factors for CVD in patients with T2DM.

Methods: The study participants comprised 726 Japanese T2DM outpatients free of history of CVD. Life styles were
analyzed using self-reported questionnaires. The relationship between dietary patterns, identified by factor analysis,
and potential risk factors for CVD was investigated by linear and logistic regression analyses.

Results: Six dietary patterns were identified by factor analysis. Especially, three dietary patterns were associated
with risk factors for CVD. The “Seaweeds, Vegetables, Soy products and Mushrooms” pattern, characterized by high
consumption of seaweeds, soy products and mushrooms, was associated with lower use of diabetes medication
and healthier lifestyles. The “Noodle and Soup” pattern, characterized by high consumption of noodle and soup
was associated with higher body mass index, alanine aminotransferase, aspartate aminotransferase, γ-glutamyl
transpeptidase and triglyceride levels. The “Fruit, Dairy products and Sweets” pattern was associated with lower
γ-glutamyl transpeptidase levels, blood pressure, albuminuria and brachial-ankle pulse wave velocity.

Conclusions: The findings suggested that dietary patterns correlated with risk factors for CVD in T2DM patients.

Keywords: Dietary pattern, Type 2 diabetes mellitus, Risk factors for cardiovascular disease, Self-reported questionnaires

Background
The onset of type 2 diabetes mellitus (T2DM) is associ-
ated with numerous lifestyle problems. Indeed, multiple
lifestyle modifications, in addition to pharmacological
intervention for classical risk factors, can reduce both
the incidence of T2DM [1] in non-T2DM population
and the development of cardiovascular disease (CVD) in
patients with T2DM [2, 3]. However, a recent clinical
trial showed that life style intervention, with a special

focus on reduced calorie intake and increased physical
activity, did not affect the rate of CVD in obese patients
with T2DM [4]. In this regard, it is possible that not only
caloric intake, but rather dietary composition, may need
to be modified to achieve appropriate metabolism and
prevent or delay CVD in patients with T2DM.
Recent studies showed that specific foods such as fruit

and vegetables [5], nutritional supplements, such as
magnesium and calcium [6–8], and quality of carbohy-
drate intake, such as high fibers, low glycemic index and
whole grain intake [8–10], were associated with lower
risk of T2DM. However, in real life, people do not con-
sume certain foods or single nutrients, but rather mixed
food that contains various nutrients. In this regard, the
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dietary pattern should be taken into consideration, be-
cause it reflects the complexity of dietary intake, where
the food contents usually have interactive and synergistic
effects and occasionally even antagonistic effects [11]. In
fact, it was suggested that dietary patterns may be more
predictive of disease risks compared to specific food-
and nutrient-based approaches [11].
Recent studies demonstrated that healthy Asian dietary

patterns characterized by high consumption of vegetables,
fruits, seaweeds, bonefishes, potatoes and/or soy foods were
inversely associated with incidence of T2DM [12–14],
metabolic syndrome [15], atherosclerosis [16] and related
CVD [17] in non-T2DM general population, while western
dietary pattern was associated with high incidence of
T2DM [10, 18, 19] and metabolic syndrome [20]. Although
it was demonstrated that the consumption of fruits, vege-
table foods and meat was higher in patients with T2DM
than non-T2DM subjects [21], only a few studies demon-
strated that Korean Healthy diet pattern characterized by
whole grains, legumes, vegetables and fruits was inversely
associated with lipid metabolism [22], and vegetable and
fish pattern was associated with better renal function in
patients with T2DM [23]. Thus, there seems to be some
gaps in our understanding of the relationship between diet-
ary patterns and risk factors for CVD, especially arterial
stiffness, in patients with T2DM. The aim of this cross-
sectional study was to assess the above relationship in
Japanese patients with T2DM free of history of CVD

Research design and methods
Subjects
The subjects of this cohort study were recruited from
the Diabetes Outpatient Clinic of Juntendo University
(Tokyo, Japan), Naka Memorial Clinic (Naka, Japan),
and Secomedic Hospital (Funabashi, Japan) as reported
previously [24]. Briefly, the inclusion criteria were as fol-
lows: 1) T2DM patients, 2) ≥25 years of age and <70 years
of age (regardless of gender), and 3) signing consent form
for participation in the study. The following exclusion cri-
teria were also applied: 1) type 1 or secondary diabetes, 2)
presence of severe infectious disease, before or after sur-
gery, or severe trauma, 3) history of myocardial infarction,
angina pectoris, cerebral stroke, or cerebral infarction, 4)
chronic renal failure requiring hemodialysis, 5) liver
cirrhosis, 6) moderate or severe heart failure (NYHA/New
York Heart Association stage III or higher), 7) active malig-
nancy, 8) pregnant, lactating, or possibly pregnant women,
or those planning to become pregnant during the study
period, 9) patients judged as ineligible by the clinical
investigators.
A total of 1,032 consecutive subjects were screened

between June 2013 and January 2014. Among them, 906
patients who met the above eligibility criteria were in-
vited to participate in the present study. After providing

information on the purpose and procedures of the study,
736 patients with T2DM accepted the invitation and
were enrolled in this study. The study was approved by
the Institutional Review Board of Juntendo University
Hospital and conducted in accordance with the princi-
ples described in the Declaration of Helsinki. All patients
provided written informed consent prior to participation.
The study was registered on the University Hospital
Medical Information Network Clinical Trials Registry
(UMIN000010932).

Questionnaire survey
Questionnaire survey was conducted using valid and re-
liable self-administered questionnaires described previ-
ously [24]. Briefly, dietary habits during the preceding
month were assessed with the validated, Brief, self-
administered Diet History Questionnaire (BDHQ). The
BDHQ is a 4-page structured questionnaire that asks
about consumption and frequency of selected foods to
estimate the dietary intake of 56 food and beverage
items with specified serving size described in terms of
consumption in general Japanese populations [25].
We also used the Morning Evening Questionnaire

(MEQ) [26], which is a self-assessment questionnaire devel-
oped primarily for screening candidates for sleep-related
experiments to evaluate morningness and eveningness in
individuals. A high MEQ score represents morning type.
The Pittsburg Sleep Quality Index (PSQI) [27] is a self-

administered questionnaire designed to evaluate sleep
quality and consists of 18 items that in turn are comprised
of 7 components, which include subjective sleep quality,
sleep duration, sleep onset, habitual sleep efficiency, sleep
disturbances, use of sleeping medications, and daytime
dysfunction, with each weighted equally on a 0–3 scale, to
be summed to yield the global PSQI score ranging from 0
to 21, where the higher the scores, the worse the sleep
quality. The PSQI has a high test-retest reliability and a
good validity [28].
The participating patients also completed the BDI

(Beck Depression inventory)-II, which is a 21-item ques-
tionnaire that assesses hopelessness, irritability, cognition,
guilt, fatigue, weight loss, and sexual interest, representing
depression-related symptoms in adults and adolescents
[29]. A high BDI-II score represents depressive state.
Physical activity level was assessed with the Inter-

national Physical Activity Questionnaire (IPAQ) that com-
prises four simple questions on physical activity [30]. The
IPAQ results are expressed as metabolic equivalent scores
(METs-hour-week−1).
Workers were defined as full-time employees or shift

workers by a question in the questionnaire, as described
previously [24]. The subjects were also divided into non-
smokers, former smokers or current smokers, as de-
scribed previously [24].
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Blood and urine tests
Blood samples were obtained at visits to the Outpatients
Clinic after overnight fast. Liver and renal function tests,
lipids, HbA1c (National Glycohemoglobin Standardization
Program), and glucose were measured with standard tech-
niques. UAE was measured by the latex agglutination assay
using a spot urine sample. The estimated glomerular filtra-
tion rate (eGFR) was calculated by the formula: eGFR (ml/
min per 1.73 m2) =194× Age-0.287× serum creatinine-0.1094

(×0.739 for females), as described previously [24] .

Measurement of baPWV
baPWV was measured using an automatic waveform
analyzer (BP-203RPE; Colin Medical Technology, Komaki,
Japan), as described previously [24, 31]. Briefly, recording
was performed with the patients in the supine position after
resting for five minutes. Occlusion and monitoring cuffs
were placed snugly around both areas in the upper and
lower extremities. The pressure waveforms were then re-
corded simultaneously from the brachial arteries by the oscil-
lometric method. All scans were automatically conducted by
well-trained investigators who were blinded to the clinical in-
formation. The validity and reproducibility of baPWV mea-
surements have been confirmed to be considerably high [32].

Statistical analysis
Results are presented as mean ± SD or median (interquar-
tile range: 25 % to 75 %) for continuous variables or num-
ber (proportion) of patients for categorical variables. Some
parameters were logarithmically transformed to approxi-
mate normal distribution. We used factor analysis with
varimax rotation to reduce the complexity of dietary pat-
terns of patients with T2DM based on the results of BDHQ.
Factors with an eigenvalue >1.25 were retained [33]. Indi-
vidual food items with a factor loading of > |0.4| are
highlighted as composing that factor for simplicity. The fac-
tor scores for each dietary pattern and for each subject were
calculated by summing each dietary pattern score weighted
by their factor loadings. The estimated factor scores were
categorized into quintiles. Trend association across the
quintile was evaluated by linear regression analysis for con-
tinuous variables or logistic regression analysis for categor-
ical variables. We developed three models to evaluate the
trend adjusted for age and gender or adjusted for age, gen-
der, and body mass index (BMI), MEQ, PSQI, BDI-II,
current smoking and physical activity. The model for eGFR
was adjusted for BMI, MEQ, PSQI, BDI-II, current smoking
and physical activity. Statistical tests were two-sided with
5 % significant level. All analyses were performed using the
SAS software version 9.3 (SAS Institute, Cary, NC).

Results
Among 736 patients, 10 patients did not complete the
questionnaires, and were thus excluded from analysis.

The study participants comprised 726 Japanese patients
with T2DM who were being treated on an outpatient
basis. Table 1 lists the characteristics of the study sub-
jects. The mean age was 57.8 ± 8.6 years, 62.9 % male
and HbA1c was 7.0 ± 1.0 %.
Factor analysis with varimax rotation identified six life

style patterns (Table 2). Factor 1, with high loading for
seaweeds, vegetables, soy products and mushroom, was
labeled the “Seaweeds, Vegetables, Soy products and
Mushrooms” pattern. Factor 2, which was characterized by
fish, potatoes, meat and fats and oils, was labeled “Fish and
Meat” pattern. Factor 3 seemed to load consumption of
noodle and soup and thus it was named “Noodle and Soup”
pattern. Factor 4 seemed to be characterized by meat, fats

Table 1 Patients characteristics (n = 726)

Demographic data

Age (years) 57.8 ± 8.6

Gender (male) 456 (62.9)

Estimated duration of diabetes (years) 9.9 ± 7.2

Body mass index (kg/m2) 24.6 ± 4.1

HbA1c (%) 7.0 ± 1.0

Fasting blood glucose (mg/dl) 134 ± 31

Systolic blood pressure (mmHg) 127 ± 14

Diastolic blood pressure (mmHg) 77 ± 11

Total cholesterol (mg/dL) 185 ± 28

High-density lipoprotein-cholesterol (mg/dL) 59 ± 14

Triglyceride (mg/dL) 100 [70, 152]

Aspartate aminotransferase (U/L) 21 [18, 27]

Alanine aminotransferase (U/L) 22 [16, 33]

γ-glutamyl transpeptidase (U/L) 25 [17, 39]

Uric Acid (mg/dl) 5.5 ± 1.2

Estimated glomerular filtration rate (ml/min/ 1.73 m2) 78 ± 18

Urinary albumin excretion (mg/g creatinine) 10 [6, 23]

brachial-ankle pulse wave velocity (cm/s) 1543 ± 279

Morningness-Eveningness Questionnaire 57.4 ± 7.3

Pittsburg Sleep Quality Index 5.1 ± 3.0

Beck Depression inventory -II 9.9 ± 7.6

Energy intake (kcal/day) 1713 ± 582

Physical activity (Mets/h/week) 42.8 ± 70.5

Sleep duration (hours) 6.4 ± 1.2

Current smoker (yes) 174 (24.0)

Alcohol (g/day) 12.3 ± 21.5

Treatment modality (n/%)

Diabetes medication (yes) 620 (85.5)

Hypertension medication (yes) 346 (47.7)

Hyperlipidemia medication (yes) 442 (61.0)

Data are mean ± SD or number (percentage) of patients
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and oils, seasonings and eggs, and was named “Meat, Fats
and Oils, Seasonings and Eggs” pattern. Factor 5 seemed to
be characterized by sweet, fruit and dairy products and was
labeled “Fruit, Dairy products and Sweets” pattern. Factor 6
seemed to be characterized by rice and miso soups, and
was named “Rice and Miso soups” pattern. Overall, these
six diet patterns could account for 48 % of the variance in
food intake.
The characteristics across quintile of dietary pattern

are shown in Tables 3, 4, 5 and 6. Table 3 shows the
characteristics of the study subjects according to the
quintiles of “Seaweeds, Vegetables, Soy products and
Mushrooms” pattern scores in age and gender adjusted
model. Subjects with a higher score for this pattern were
older, more morning type, higher consumption of food,
higher physical activity and less depressive status. While

HbA1c levels were comparable between the lowest quin-
tile and the highest quintile, the lower prevalence of dia-
betes medication was found in the highest quintile in
age- and gender-adjusted model. Subjects with a higher
score for this pattern had lower aspartate aminotransfer-
ase (AST), γ-glutamyl transpeptidase (γ-GTP) and UAE
values although these findings disappeared in multivari-
able adjusted model. Subjects with a higher score for
“Fish and Meat” pattern were likely to be more female
and higher consumption of food intake (Table 3). On the
other hand, there were no significant trend in risk fac-
tors for CVD among quintiles in both age and gender,
and multivariable adjusted model (Table 5). Table 3 also
shows the characteristics of the study subjects according
to the quintiles of “Noodle and Soup” pattern scores.
Subjects with a higher score for this pattern were likely

Table 2 Food items and factor analysis with varimax rotation

Components and item labels Factor 1 Factor 2 Factor 3 Factor 4 Factor 5 Factor 6

Rice −0.07 0.07 0.00 0.06 −0.15 0.80

Noodle 0.07 0.14 0.96 0.04 0.02 0.05

Breads 0.07 −0.07 0.24 0.36 0.42 −0.15

Miso soup 0.18 0.02 0.08 −0.06 0.09 0.81

Dairy products 0.27 −0.07 −0.01 0.17 0.45 0.06

Meats 0.03 0.52 0.06 0.52 −0.09 0.02

Processed meats 0.12 0.02 0.01 0.66 0.16 −0.03

Fish and shellfish 0.32 0.63 0.17 0.16 −0.03 0.05

Processed fish 0.23 0.60 0.10 0.16 0.07 0.14

Eggs 0.20 0.32 0.01 0.41 0.03 −0.01

Soy products 0.63 0.10 0.13 0.13 0.13 0.08

Green & dark yellow vegetables 0.74 0.07 −0.11 0.29 0.06 −0.07

White vegetables 0.73 0.25 0.11 0.13 0.00 −0.07

Pickled vegetables 0.51 0.18 −0.03 −0.07 0.04 0.10

Fruit and vegetable Juices 0.04 0.16 −0.01 −0.01 0.02 −0.09

Fruit 0.21 0.35 −0.01 −0.03 0.56 −0.05

Sugary foods 0.15 0.51 0.00 −0.05 0.20 0.21

Mushrooms 0.55 0.41 0.01 0.01 0.13 −0.14

Seaweeds 0.70 0.06 0.07 0.05 −0.02 0.10

Potatoes 0.18 0.62 0.01 0.03 0.21 −0.07

Sweets −0.03 0.21 0.13 0.17 0.62 0.06

Fats and oils −0.07 0.49 0.22 0.64 −0.08 0.02

Alcohol 0.01 0.02 0.20 0.17 −0.53 0.15

Tea 0.04 0.06 0.03 0.13 0.34 0.11

Coffee 0.09 0.02 0.04 0.14 0.14 0.01

Soft drinks −0.05 −0.09 0.21 0.19 0.07 0.03

Seasonings 0.32 0.05 −0.09 0.60 0.03 0.06

Soup 0.08 0.11 0.96 0.02 0.01 0.04

Contribution 19 % 8 % 6 % 6 % 5 % 4 %

Individual food items with a factor loading of >|0.4| are shown in bold
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Table 3 Characteristics according to quintile categories based on dietary patterns

Variable Seaweeds, vegetables, soy products
and mushrooms

Fish and meat Noodle and soups

Quintile 1 Quintile 5 Model 1 Quintile 1 Quintile 5 Model 1 Quintile 1 Quintile 5 Model 1

Age (years) 53.9 ± 8.9 59.5 ± 8.2 - 58.3 ± 8.6 57.9 ± 8.9 - 59.1 ± 7.9 57.6 ± 8.7 -

Gender (male) 92 (63.4) 83 (57.2) - 108 (74.5) 86 (59.3) - 83 (44.4) 133 (85.3) -

Body mass index (kg/m2) 25.8 ± 4.0 24.1 ± 4.2 −1.64 24.7 ± 3.8 24.8 ± 4.3 0.40 23.9 ± 3.9 25.1 ± 4.1 3.04**

Estimated duration of diabetes (years) 9.5 ± 6.8 9.4 ± 6.4 −1.44 9.9 ± 6.8 10.4 ± 6.9 1.00 9.7 ± 7.3 9.5 ± 7.0 0.00

MEQ 55.3 ± 8.0 58.7 ± 6.8 2.55*** 57.6 ± 7.5 57.6 ± 7.4 −0.11 57.9 ± 7.4 57.5 ± 7.1 −1.21

PSQI 5.8 ± 3.8 4.8 ± 2.6 −1.53 5.0 ± 3.1 5.5 ± 3.4 1.35 5.1 ± 3.4 5.1 ± 2.8 1.03

BDI-II 11.4 ± 7.5 9.1 ± 7.4 −2.18* 10.0 ± 7.5 10.8 ± 8.0 0.71 9.8 ± 8.1 9.6 ± 7.9 0.47

Energy intake (kcal/day) 1614 ± 655 2000 ± 546 6.43*** 1621 ± 506 2154 ± 658 10.90*** 1542 ± 502 2055 ± 665 7.55

Current smoker (%) 34 (23.4) 27 (18.6) −0.28 41 (28.3) 27 (18.6) −0.64 42 (22.5) 46(29.5) 0.14

Physical activity (kcal/day) 37.2 ± 65.0 51.7 ± 84.1 2.17* 44.5 ± 65.1 46.2 ± 85.6 1.14 40.3 ± 67.9 51.8 ± 95.2 1.73

Worker (yes) 114 (78.6) 92 (63.4) −1.22 105 (72.4) 105 (72.4) 1.31 132(70.6) 118 (75.6) −0.84

Sleep duration (hours) 6.4 ± 1.4 6.5 ± 1.2 −1.15 6.5 ± 1.3 6.4 ± 1.3 −0.14 6.4 ± 1.3 6.4 ± 1.1 −0.27

Diabetes medication (yes) 130 (89.7) 114 (78.6) −2.50* 122 (84.1) 120 (82.8) −033 155 (82.9) 132 (84.6) −0.21

Hypertension medication (yes) 74 (51.0) 62 (42.8) −1.84 71 (49.0) 78 (53.8) 1.60 85 (45.5) 74 (47.4) −0.03

Hyperlipidemia medication (yes) 90 (62.1) 87 (60.0) −0.93 89 (61.4) 86 (59.3) −1.10 106 (56.7) 86 (55.1) 1.37

Data are mean ± SD, median [range: 25 % to 75 %] or number of subjects (percentage) before adjustment. *P < 0.05, **P < 0.01, ***P < 0.001
Model 1: Trend estimation for linear trends across quintiles is based on linear regression analysis for continuous variables or logistic regression analysis for
categorical variables adjusted for age and gender. Standardized regression coefficients are shown. BDI beck depression inventory, MEQ morningness-eveningness
questionnaire, PSQI: Pittsburg sleep quality index

Table 4 Characteristics according to quintile categories in each dietary pattern

Variable Meat, fats and oils, seasonings and eggs Fruit, dairy products and sweets Rice and miso soups

Quintile 1 Quintile 5 Model 1 Quintile 1 Quintile 5 Model 1 Quintile 1 Quintile 5 Model 1

Age (years) 60.6 ± 6.7 54.9 ± 8.9 - 56.6 ± 9.1 58.7 ± 8.2 - 57.5 ± 8.8 58.3 ± 8.6 -

Gender (male) 104 (55.3) 132 (72.9) - 134 (82.7) 109(55.9) - 106 (55.5) 137 (76.5) -

Body mass index (kg/m2) 24.3 ± 3.9 25.3 ± 4.5 −0.11 24.4 ± 3.8 24.6 ± 4.2 1.20 25.2 ± 4.3 24.4 ± 3.8 −1.80

Estimated duration of diabetes (years) 10.0 ± 7.4 9.5 ± 6.5 0.47 9.4 ± 7.0 10.2 ± 7.8 0.76 9.5 ± 6.7 10.2 ± 7.0 0.83

MEQ 58.9 ± 7.4 56.5 ± 7.4 −2.14* 58.6 ± 7.8 56.3 ± 7.2 −3.36*** 57.1 ± 7.9 56.9 ± 7.5 −0.91

PSQI 4.5 ± 2.6 5.3 ± 3.1 2.00* 5.1 ± 3.0 5.2 ± 3.1 0.02 5.2 ± 2.9 5.0 ± 2.4 −0.06

BDI-II 9.6 ± 8.1 10.0 ± 6.8 0.65 9.7 ± 7.1 10.6 ± 8.6 1.24 10.3 ± 7.9 10.4 ± 8.5 0.98

Energy intake (kcal/day) 1440 ± 479 2118 ± 651 12.94*** 1781 ± 618 1909 ± 626 4.14*** 1418 ± 456 2047 ± 568 11.01***

Current smoker (%) 39 (20.7) 50 (27.6) −0.03 55 (34.0) 32 (16.4) −2.54* 46 (24.1) 42 (23.5) −1.00

Physical activity (kcal/day) 39.3 ± 65.3 39.1 ± 73.5 0.13 46.4 ± 78.9 45.5 ± 80.7 −0.45 41.3 ± 62.8 47.8 ± 84.4 1.08

Worker (yes) 128 (68.1) 150(82.9) 0.11 134 (82.7) 128 (65.6) −2.51* 131 (68.6) 138 (77.1) 1.91

Sleep duration (hours) 6.7 ± 1.2 6.3 ± 1.2 −1.88 6.5 ± 1.3 6.5 ± 1.1 −0.02 6.5 ± 1.1 6.4 ± 1.2 −0.55

Diabetes medication (yes) 164(87.2) 151 (83.4) −0.58 140 (86.4) 164 (84.1) −1.12 167 (87.4) 153 (85.5) −0.80

Hypertension medication (yes) 92 (48.9) 82 (45.3) −0.75 95 (58.6) 82 (42.1) −2.86** 94 (49.2) 95 (53.1) 0.01

Hyperlipidemia medication (yes) 122(64.9) 99 (54.7) −0.35 78 (48.1) 131 (67.2) 2.86** 118 (61.8) 95 (53.1) −1.14

Data are mean ± SD, median [range: 25 % to 75 %] or number of subjects (percentages) before adjustment. *P < 0.05, **P < 0.01, ***P < 0.001
Model 1: Trend estimation for linear trends across quintiles is based on linear regression analysis for continuous variables or logistic regression analysis for
categorical variables adjusted for age and gender. Standardized regression coefficients are shown. See Table 3 for abbreviations
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to be males with higher BMI and consumption of food
intake. Furthermore, patients with a higher score of this
pattern had significantly higher AST, alanine amino-
transferase (ALT) levels and γ-GTP compared to those
with a lower score in both age- and gender-adjusted
model, and multivariate adjusted model (Table 5). Further-
more, patients with a higher score of this pattern had sig-
nificantly higher triglyceride levels compared to those
with a lower score in the age- and gender-adjusted model.
Table 4 shows the characteristics of the study subjects

according to the quintiles of “Meat, Fats and oils,
Seasonings and Eggs” pattern scores in age- and gender-
adjusted model. Subjects with a higher score for this pat-
tern were younger males with lower score of MEQ,
higher score of PSQI and higher consumption of food
intake. On the other hand, there were no significant
trend in risk factors for CVD except uric acid in both
age- and gender-adjusted model and multivariable ad-
justed model (Table 6). Table 4 also displays the charac-
teristics of the study subjects according to the quintiles
of “Fruit, Dairy products and Sweets” pattern scores.
This pattern was also characterized by lower consump-
tion of alcohol. Subjects with a higher score for this pat-
tern were more likely non-worker, non-smoker females
with higher consumption of food intake, with lower
score of MEQ. Lower use of hypertension medication
and higher use of hyperlipidemia mediation were found
in the highest quintile. Regarding risk factors for CVD,
patients with higher a score of this pattern had lower γ-
GTP level, HDL level, systolic BP, UAE and baPWV but
slightly higher ALT level compared to those with a lower
score in age- and gender-adjusted model, and multivari-
ate adjusted model (Table 6). Table 4 shows the charac-
teristics of the study subjects according to the quintiles
of “Rice and Miso soups” pattern scores. Subjects with a
higher score for this pattern were higher consumption of
food while there was no significant trend in risk factors
for CVD.

Discussion
Among the six dietary patterns classified in this study,
the “Seaweeds, Vegetables, Soy products and Mush-
rooms” pattern was associated with lower use of diabetes
medications and healthier lifestyles. “Noodle and soup”
pattern was associated with higher BMI, higher AST,
ALT, γ-GTP and triglyceride levels. “Fruit, Dairy prod-
ucts and Sweets” pattern was associated with lower γ-
GTP levels, BP, UAE and baPWV. On the other hand,
the remaining three dietary patterns did not negatively
affect risk factors for CVD.
Subjects with a higher score of “Seaweeds, Vegetables,

Soy products and Mushrooms” pattern had healthier life-
styles, such as more morning type, less depressive symp-
toms and higher physical activity. Even after adjustment

for those factors, the “Seaweeds, Vegetables, Soy products
and Mushroom” pattern was associated with lower use of
diabetes medication (data not shown), while there was no
significant trend of HbA1c among their quintile categor-
ies. It is possible that the “Seaweeds, Vegetables, Soy prod-
ucts and Mushrooms” pattern positively affect glucose
metabolism even in patients with T2DM, since a dietary
pattern characterized by high consumption of vegetables,
soy products and seaweed was reported to be inversely as-
sociated with lower incidence of T2DM [12–14] in the
general population. Fiber [8], antioxidant vitamins [34],
magnesium [6, 8] and phytoestrogens [35], which were
abundant in those foods, have been reported to improve
glucose metabolism and reduce insulin resistance. In
addition, one previous study demonstrated that a healthy
Japanese dietary pattern characterized by high consump-
tion of vegetables, fruit, mushrooms and soy products was
associated with fewer depressive symptoms in municipal
employees [36]. Consistent with this finding, the almost
similar type of “Seaweeds, Vegetables, Soy products and
Mushrooms” pattern defined in this study was also associ-
ated with lower prevalence of depressive symptoms in pa-
tients with T2DM. Generally, vegetables and mushrooms
contain vitamins and folate, which may reduce the preva-
lence of depression. In fact, it was demonstrated that anti-
oxidant vitamins may protect neuropsychiatric disorders
[37]. Similarly, folate intake was reported to be reduce de-
pressive symptoms through metabolism of monoamines
like serotonin and homocysteine in the brain [38]. Taken
together, it seems that “Seaweeds, Vegetables, Soy prod-
ucts and Mushroom” dietary pattern is beneficial for pa-
tients with T2DM.
The “Fish and Meat” pattern was not associated with

risk factors for CVD in this study. It was demonstrated
that similar dietary pattern was also associated with the
prevalence of the metabolic syndrome in Western popu-
lations [39] but not in Japanese workers [40]. These dis-
tinct results may be associated with relatively lower
intake of meat and higher consumption of fish, vegetable
and fruit in Japanese people compared to those in Western
populations.
A higher score of “Noodle and Soup” pattern was asso-

ciated with obesity characterized by high BMI, high AST,
ALT, γ-GTP and triglyceride levels. Noodles including Jap-
anese noodles, Chinese style noodles and pasta are one of
the most favorite dishes in Japan. Higher intake of noo-
dles, which contains high carbohydrate, may lead to obes-
ity and fatty liver. Higher intake of oil included in the
soup may be also associated with obesity and fatty liver.
We found that “Meat, Fats and Oils, Seasonings and

Eggs” pattern represented by high intake of meat, fats
and oils, seasonings and eggs was not related with risk
factors for CVD, except high uric acid levels. On the
other hand, a recent study reported that a similar dietary

197Relationship between dietary patterns and risk factors for cardiovascular disease in patients with type 2...



pattern, named high-fat pattern, was inversely associated
with HbA1c levels in Japanese non-T2DM population
[41]. The difference between our study and the above
could be related to a number of differences among sub-
jects, such as T2DM or non-T2DM, obesity, fat-derived
energy intake and other dietary components. While fre-
quent intake of meat, processed meat and eggs nega-
tively affect lipid metabolism, “Meat, Fats and Oils,
Seasonings and Eggs” pattern was not associated with
lipid metabolism in this study. This may be related to
the relatively higher intake of vegetables in addition to
frequent intake of meat, processed meat and eggs. In-
deed, it was reported that vegetable-rich diet seems to
reduce cholesterol concentrations and other cardiovas-
cular risk factors in patients with T2DM as effectively as
in patients with non-T2DM [42].
The “Fruit, Dairy products and Sweets” pattern with less

frequent consumption of alcohol and cigarette seemed to
be preferred by females. Especially, this pattern was asso-
ciated with lower BP, UAE and baPWV, even after ad-
justment for multivariate factors. These data may be
reasonable because frequent dietary fruit intake was shown
to be associated with lower BP and reduced atherosclerotic
changes [43]. Also, previous studies demonstrated favorable
preventive effects of dairy product on the incidence of
hypertension, atherosclerosis and T2DM [44]. Antioxidant
nutrients, such as vitamin C and E, carotene and dietary
fiber are abundant in fruit. Similarly, dairy products contain
calcium, magnesium, potassium, and vitamin D. These nu-
trients may have beneficial roles on risk factors for CVD in
this pattern despite the co-presence of unhealthy diet pat-
tern such as higher sweet consumption.
Recent studies showed that high consumption of rice

contributed to the onset of T2DM in Chinese [9] and
Japanese women, but not Japanese men [45]. While the
mechanism by which frequent intake of rice increases
the risk of T2DM remains largely unknown, the high
glycemic index of white rice may affect glucose metabol-
ism [46]. However, the “Rice and Soups” pattern was not
associated with glycemic control in our patients with
T2DM. Considering that subjects with high scores of
this pattern showed higher consumption of fiber (data
not shown), they may consume brown rice, which con-
tains more dietary fiber, vitamin and minerals compared
with white rice or fiber-rich foods with rice.
The present study has certain limitations. First, the

cross-sectional design does not allow inference of a
causal relationships between dietary patterns and risk
factors for CVD. In addition, we could not confirm that
the participating subjects adhered to the same dietary
pattern throughout life. Especially, dietary patterns prob-
ably change depending on many factors such as status of
glycemic control (good glycemic control vs. poor gly-
cemic control) and estimated duration of T2DM (shorter

duration vs. longer duration). This may cause reverse
causality. Thus, it is not reasonable to conclude that our
data could be generalized to a wider range of population,
even in Japanese patients with T2DM. Second, we evalu-
ated dietary pattern by self-reported questionnaires,
though this method has been widely used in many stud-
ies. The results may be influenced by social desirability
and recall bias. In addition, we evaluated only 56 food
and beverage items. This could be associated with in-
complete list of dietary patterns and an underestimation
of energy intake. Finally, our results may be affected by
several limiting features of factor analysis. It is not pos-
sible for investigators to avoid making judgmental deci-
sion at their discretion [47]. The results are dependent
on the criterion to determine the number of factors to
be retained and, the methods for rotation of factor axes
and for labeling the dietary pattern. Therefore, our data
should be interpreted with caution. For example, other
remaining dietary patters or other remaining food items
in each dietary pattern may be associated with risk fac-
tors for CVD.

Conclusion
Our study showed the relationship between dietary pat-
terns and risk factors for CVD in T2DM patients with-
out history of CVD. Thus, dietary pattern could be a
potentially important therapeutic target to achieve ap-
propriate metabolic control and prevent the onset of fu-
ture CVD in patients with T2DM.
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Abstract

Background: Cluster analysis is a data-driven method used to create clusters of individuals sharing similar dietary
habits. However, this method requires specific choices from the user which have an influence on the results.
Therefore, there is a need of an objective methodology helping researchers in their decisions during cluster
analysis. The objective of this study was to use such a methodology based on stability of clustering solutions
to select the most appropriate clustering method and number of clusters for describing dietary patterns in the
NESCAV study (Nutrition, Environment and Cardiovascular Health), a large population-based cross-sectional study
in the Greater Region (N = 2298).

Methods: Clustering solutions were obtained with K-means, K-medians and Ward’s method and a number of
clusters varying from 2 to 6. Their stability was assessed with three indices: adjusted Rand index, Cramer’s V and
misclassification rate.

Results: The most stable solution was obtained with K-means method and a number of clusters equal to 3. The
“Convenient” cluster characterized by the consumption of convenient foods was the most prevalent with 46%
of the population having this dietary behaviour. In addition, a “Prudent” and a “Non-Prudent” patterns associated
respectively with healthy and non-healthy dietary habits were adopted by 25% and 29% of the population. The
“Convenient” and “Non-Prudent” clusters were associated with higher cardiovascular risk whereas the “Prudent”
pattern was associated with a decreased cardiovascular risk. Associations with others factors showed that the
choice of a specific dietary pattern is part of a wider lifestyle profile.

Conclusion: This study is of interest for both researchers and public health professionals. From a methodological
standpoint, we showed that using stability of clustering solutions could help researchers in their choices. From a
public health perspective, this study showed the need of targeted health promotion campaigns describing the
benefits of healthy dietary patterns.

Keywords: Dietary patterns, Cluster analysis, Stability

Background
In recent years, the dietary patterns (DP) approach has
been used extensively to describe overall eating patterns
in populations. In the literature, the most famous
methods for computing dietary patterns are cluster ana-
lysis (CA) and principal component analysis (PCA).
However, both methods describe diet in quite different
ways. In PCA, continuous factors are defined based on

correlations between dietary intakes and each individual
has a score for all derived factors [1]. However, an individ-
ual’s DP is difficult to interpret as it is described by a score
on several factors [2]. On the other hand, cluster analysis
separates individuals into mutually exclusive groups (clus-
ters) based on similarities between their diets. Compared
to factors, individual DP are easier to interpret since indi-
viduals are assigned to one cluster only.
One major challenge in using cluster analysis is that the

obtained solution strongly depends upon the choices
made by the investigator. Among them, the choice of the
clustering method and the optimal number of clusters are
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particularly important [3]. Indeed, since different clus-
tering methods make different assumptions about the
structure of the data, the choice of the method should
be done according to the group structure expected.
However, researchers do not have any prior knowledge
about the structure of the clusters and their number.
As a result, it appears that researchers run different clus-
tering methods with different number of clusters and tend
to present the best interpretable solution [1, 2, 4]. Obvi-
ously, this solution may not be the best representative of
dietary patterns in a population. As an alternative, some
studies used indices measuring distances between clusters
[3, 5–7]. However, since those indices assume a group
structure, their use should be avoided when group struc-
ture is unknown [8].
Consequently, researchers need a method allowing

objective selection of the most appropriate clustering
method and number of clusters for describing their data.
Lange et al. introduced an objective criterion to compare
different clustering solutions and to choose the most
appropriate [8]. This criterion measures the goodness of
clustering solutions by assessing their stability. A stable
clustering solution should be similar to solutions com-
puted on other data sets drawn from the same source.
The idea is that clustering solutions exhibiting higher
stability are likely to be more appropriate for describing
the data.
Therefore, the primary objective of this study was to test

such objective procedure to select the optimal clustering
method and the number of clusters describing dietary
patterns, based on data from the interregional, cross-
sectional population-based NESCaV study (Nutrition,
Environment and Cardiovascular Health). For simpli-
city, we decided to limit its application to traditional
clustering methods used in the field of dietary pattern
analysis, namely K-means, K-medians and Ward’s mini-
mum variance. Secondly, description of the selected
clustering solution and relationships with nutrients
intakes, socio-demographic, lifestyle and cardiovascular
risk factors (CVRF) were presented. Finally, a compari-
son was also made with PCA factors.

Methods
Details concerning the NESCAV study have been pre-
sented previously [9–11]. Briefly, it is the first cross-
border cardiovascular health population-based study,
based on a stratified random sample of 3133 subjects,
aged 18–69 years, recruited from three neighboring
regions, namely Grand-Duchy of Luxembourg, Wallo-
nia in Belgium, and Lorraine in France, constituting an
important segment of the Greater Region population.
Periods of recruitment were 2007 to 2008 for Grand-
Duchy of Luxembourg and 2010 to 2011 for Wallonia and
Lorraine. Pregnant women, people living in institutions,

subjects outside the age range 18–69 years and those
deceased before recruitment were excluded [10]. Sample
sizes were computed in order to be able to estimate preva-
lence of cardiovascular risk factor with a level of confi-
dence of 95% and a precision of 1%.
A 134-food frequency questionnaire (FFQ) was used

to assess dietary intakes. Description and validation of
this questionnaire have been detailed elsewhere [12, 13].
To facilitate the analysis, the 134 food items were merged
into 45 broader food groups according to their similarities
(unpublished observations). Daily food intakes were com-
puted as the product of daily frequency of consumption
and the amount consumed. Considered cardiovascular
risk factors (CVRF) were body mass index (BMI, kg/m2),
waist to hip ratio (WHR), systolic blood pressure (SBP,
mmHg), diastolic blood pressure (DBP, mmHg), fasting
plasma glucose (FPG, mg/dl), glycated haemoglobin
(HbA1c, %), low-density lipoprotein cholesterol (LDL,
mg/dl), high-density lipoprotein cholesterol (HDL, mg/dl)
and triglycerides (TG, mg/dl). Information on treatment
for hypertension, diabetes and dyslipidaemia was also
gathered. Collected lifestyle behaviours were smoking sta-
tus and level of physical activity expressed as weekly en-
ergy expenditure in metabolic equivalent task minutes per
week (METs min/week), based on self-reported data from
the International Physical Activity Questionnaire (IPAQ)
[14, 15]. Specific inclusion criteria for this particular study
were also defined. Flowchart of participants who met
inclusion criteria were described (see Additional file 1:
Figure S1). First, 138 participants with non-reliable report-
ing in the FFQ and outlying values on nutrient intakes
were excluded. Then, since relationships between dietary
habits and CVRF may be biased by participants who had a
serious cardiovascular event (n = 327) and/or who are
under diet (n = 312), those individuals were excluded. In
addition, participants who were not fasting at time of
blood collection (n = 58) were also discarded. Thus, the
final sample entailed 2298 individuals.
The protocol of the study was approved by the following

institutional review boards: Comité National d’Ethique de
Recherche (Grand-Duchy of Luxembourg), Comité de
Protection des Personnes Est-III (Lorraine), Comité
d’Ethique Hospitalo-Facultaire Universitaire de Liège
(Wallonia) and Ethik-Kommission Ärztekammer des
Saarlandes (Saarland). All participants provided writ-
ten informed consent.

Statistical analysis
Transformation of the data
Firstly, food groups and nutrient intake were adjusted
for energy intake using the residuals methods of Willet
and Stampfer [16]. Secondly, since extreme values may
have a significant effect on clustering solutions, extreme
intakes above six standard deviations were truncated
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[17]. Of the 103,410 available intakes, only 294 (0.28%)
were truncated. Thirdly, since food intakes with large
scales tend to have a larger effect on clustering solutions,
food intakes were standardized by subtracting the mini-
mum intake and then dividing by the range [3, 18].

Formalization of cluster analysis
Let X = (X1, …, Xn) be the dataset of n = 2298 individuals
to be clustered where Xi is a 45-dimensional vector con-
taining the 45 standardized food group intakes of the i-th
individual. A clustering algorithm A with a predefined
number of cluster k constructs a solution Y of the data set
X into k clusters (Y := Ak(X)). This solution Y is repre-
sented by an n-dimensional vector of labels Y = (Y1, …, Yn)
where Yi = v if the i-th individual is assigned to cluster
v (v ∈ {1, …, k}).

The measure of stability
Cluster stability exploits the fact that when multiple
datasets are sampled from the same distribution, the
clustering algorithm is expected to behave in the same
way and produce similar results. Based on this idea,
Lange et al. introduced a stability measure computed
on the comparison of solutions obtained on different
datasets drawn from the same source [8]. This stability
measure was then compared across clustering methods
and numbers of clusters to select the model associated
with the most stable solution. Since this concept and its
use in practice were previously described in detail [8],
the method is only summarized below.
Briefly, considering a solution Y := Ak(X), the method

consists in assessing its stability by randomly splitting
the data X into two independent half sets Xtr (training
dataset) and Xte (test dataset), and comparing the solu-
tions obtained for these halves (Ytr := Ak(Xtr) and Yte :=
Ak(Xte)). However, since dataset Xtr and Xte are disjoint,
clustering solutions are not directly comparable. To
make these solutions comparable, a solution transfer
mechanism allows extension of the clustering solution
Ytr of the dataset Xtr to the dataset Xte. Technically, the
training dataset (Xtr,Ytr) is used to construct a classifier
ɸ which is then used to predict label of individuals from
the test sample Xte. Consequently, the two clustering
solutions Ak(Xtr) and Ak(Xte) are made comparable by
comparing ɸ (Xte) and Ak(Xte). The stability measure
between the two solutions is then computed as the em-
pirical misclassification rate [8]. Lower misclassification
rates indicate higher stability.
In order to reduce the effect of random splitting, the

algorithm was repeated 20 times and the estimates of
stability for a given solution were computed as the aver-
age of the 20 corresponding estimates. The highest esti-
mate of stability indicates the optimal clustering method
and number of clusters. Clustering methods considered

were the Ward’s minimum variance, K-means and K-
medians and number of clusters k varying from 2 to 6.
Since K-means and K-medians may return a local
optimum, algorithms were always run 1000 times with
different random starting seeds, and the solution that
had the minimum total within-cluster sum of squares
distances was selected. Concerning the choice of the
classifier ɸ , since we want to measure the stability of
clustering solutions, the influence of the classifier should
be minimized. For this purpose, Lange suggested choos-
ing a classifier using the same clustering method’s
grouping principle [8]. Therefore, K-nearest-means
classifier was used when K-means and Ward’s methods
were assessed whereas the K-nearest-medians classifier
was used for the K-medians algorithm. Moreover, as a
sensitivity analysis for assessing the impact of the stabil-
ity indices used, others measures, namely Cramer’s V
and Adjusted Rand index (ARI) were also computed.
Contrary to the misclassification rate, higher values on
Cramer’s V and ARI indicate higher stability.

Description of dietary patterns
According to the stability indices values, the optimal
clustering method for describing dietary patterns in our
dataset was K-means with a number of clusters equal to
3. Clusters were described with mean of daily food in-
takes relative to corresponding overall mean intake.
Cluster names were assigned based on food groups with
high consumption. Clusters were also presented accord-
ing to nutrient intake, socio-demographic and lifestyle
factors. Continuous variables were presented as mean ±
standard deviation (SD). Since most of the variables
describing food and nutrient intake were not normally
distributed, differences across clusters were evaluated
using Kruskal-Wallis test. Categorical variables were pre-
sented as percentages (%) and differences were tested by
the Chi-square test. A multinomial logistic regression
was run to assess the relationships between clusters
(dependent variables) and all socio-demographics and
lifestyle characteristics as independent variables. Finally,
separate multivariable-adjusted regression models for
each CVRF (dependent variables) were also used to as-
sess relationships with clusters (independent variables).
Models were adjusted for gender, age, educational level,
smoking status and the level of physical activity and
medication use for the corresponding CVRF. Inter-
action between DP and gender were tested and if sig-
nificant, results were stratified by gender. In order to
take into account the sampling design of the study, in-
dividuals were weighted by the reciprocal of the prob-
ability of selection. All analyses were conducted with
SAS version 9.4 (SAS Institute Inc., Cary, NC, USA).
Ward’s method was performed with the procedure
PROC CLUSTER and K-means and K-medians with the
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procedure PROC FASTCLUS. P-values < 0.05 were con-
sidered as significant.

Comparison with PCA-DP
Continuous dietary patterns were also computed with
PCA method. PCA-DP scores were calculated as a sum
of the food intake variables weighted by the loadings
generated by the method. Food groups with absolute
loadings values superior to 0.2 were considered as
contributing highly to the pattern [2]. According to the
elbow method, three dietary patterns were selected. Both
methods PCA and cluster analysis were compared by
comparing means of PCA-DP across clusters with the
Kruskal-Wallis test.

Results
Choice of clustering method and number of clusters
Figure 1 presents the distribution of the three stability in-
dices across clustering methods and number of clusters.
Distributions were described with box-plots and average
values computed on 20 repetitions of the algorithm. Re-
gardless of stability indices and number of clusters, more
stable solutions were obtained with K-means. In addition,
the most stable solution was obtained with 3 clusters.
Therefore, dietary patterns were computed with K-means
algorithm and a predefined number of clusters equal to
three.

Dietary patterns
The description of each cluster is given in Table 1.
Clusters were described with mean of daily food intakes
relative to corresponding overall mean intake. The clus-
ter labelled “Prudent” was characterized by high in-
takes of brown bread, fruits, oleaginous fruits, dried
fruits, soups, vegetables, pulses, preserved vegetables,
offal, fish, smoked and canned fish, shellfish and mussels,
dairy products, soya products, olive oil, oil-rich in omega
3 or 6, water and tea. In contrast, individuals in this clus-
ter had low intakes of white bread, pastries, rice and pasta,
fried foods, lean and fatty meat, processed smoked meat,
processed meat, ready meals, minarine and margarine,
fresh cream and dressing, sugar and sweets, salty biscuits,
soft drinks, diet soft drinks, beer and aperitifs and spirits.
Concerning the “Non-Prudent” cluster, individuals in this
cluster consumed less cereals, rice/pasta, fruits, oleaginous
fruits, dried fruits, vegetables, pulses, preserved vegeta-
bles, fish, smoked and canned fish, dairy products, soya
products, olive oil and oil-rich in omega 3 or 6, light
fresh cream and dressings, sugar and sweets, water,
fruit or vegetable juice and tea. In contrast, the “Non-
Prudent” cluster had high intakes of white bread, pota-
toes, fried foods, lean and fatty meat, offal, processed
meat, shellfish and mussels, minarine and margarine,
fresh cream and dressings, coffee, diet soft drinks, beer

and wine. Finally, the “Convenient” cluster was charac-
terized by consumption of convenient fast foods that
require little preparation like cereals, pastries, rice and
pasta, preserved vegetables, smoked and canned fish,
ready meals, high-fat dairy products, soya products,
fresh cream and dressings, sugar and sweets, salty bis-
cuits, fruit or vegetable juice, soft drinks and aperitifs
and spirits. In contrast, individuals in this cluster had
low consumption of brown bread, potatoes, oleaginous

Fig. 1 Distribution of stability indices across clustering methods and
number of clusters
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Table 1 Description of clusters according to daily food intakes relative to corresponding overall mean intake (Mean (SD))

Food groups Clusters p-value

Convenient
(n = 1005;46%)

Prudent
(n = 718;29%)

Non-Prudent
(n = 575;25%)

White bread −2.9 (27.6)ab 1.4 (41.6)a 3.4 (36.4)b 0.003

Brown bread −9.6 (50.4)a 6.4 (69.4)b 8.7 (76.1)ab 0.003

Cereals 19.5 (104.6)a −0.2 (95.9)b −33.9 (43)c <0.0001

Pastries 5.6 (29.8)a −6.1 (27.2)b −2.2 (27.8)c <0.0001

Potatoes −12.2 (39.3)a 0.6 (54.2)b 20.6 (55.8)c <0.0001

Rice pasta 7.6 (47.5)a −5.1 (45.8)b −6.9 (38.4)b <0.0001

Fried foods 2.2 (27.7)a −10.3 (21.2)b 9.1 (38.7)c <0.0001

Fruits −10.6 (30.2)a 26.2 (63.4)b −14.2 (29.5)c <0.0001

Oleaginous fruits −6.2 (40.6)a 13.9 (71.3)b −6.3 (45)a <0.0001

Dried fruits −27.7 (69.6)a 63.4 (235.2)b −30.7 (73.8)c <0.0001

Soups −16.1 (40.2)a 23.2 (71.4)b −0.8 (53.9)c <0.0001

Vegetables −15.1 (30.3)a 30.9 (59.8)b −12.1 (36.3)a <0.0001

Pulses −7.6 (37.7)a 13.2 (56.3)b −3.3 (56.5)a <0.0001

Preserved vegetables −3.4 (67)a 12.1 (99.6)a −9.2 (56.8)b 0.017

Lean meat −0.9 (28.7)a −6 (30.6)b 8.9 (31.6)c <0.0001

Fatty meat 4.4 (34.5)a −16.1 (30.9)b 12.3 (44.9)c <0.0001

Offals −14.7 (50.4)a 16.3 (99.9)b 5.4 (96.6)a 0.006

Processed smoked meat −3.6 (37.7)a −7.1 (43.3)b 15.2 (57.6)c <0.0001

Processed meat 2.5 (37.1)a −12.7 (30.6)b 11.4 (49.3)c <0.0001

Fish −11.1 (35.3)a 21.4 (56.1)b −7.4 (40.7)a <0.0001

Smoked and canned fish −2.9 (56.1)a 11.4 (83.4)a −9.1 (51.9)b <0.0001

Shellfish and mussels −8.4 (56)a 6.4 (71.4)b 6.8 (64.6)b <0.0001

Eggs −0.7 (42.5)a −0.4 (45.6)a 1.7 (45.2)a 0.559

Ready meal 9.6 (31.9)a −10.2 (24.2)b −4.1 (25.5)c <0.0001

High-fat dairy products 2.3 (34.4)a 2.1 (38.4)a −6.7 (32.7)b <0.0001

Low-fat dairy products −4.92 (62.8)a 18.2 (84.9)b −14.2 (57.3)c <0.0001

Soya products −24.7 (233.9)a 83.1 (519)a −60.6 (45)b <0.0001

Butter and low fat butter −8.1 (40.3)a 2.2 (55.7)a 11.5 (70.3)a 0.080

Minarine and margarine −11.8 (53.1)a −21.1 (54.4)b 47.1 (117.8)c <0.0001

Olive oil −5.4 (49)a 22.7 (76.4)b −18.8 (40.7)c <0.0001

Oil rich in omega6 −12.2 (53.3)a 27.7 (101)b −13.3 (54.7)c <0.0001

Oil rich in omega3 −6 (47.3)a 8.3 (69.6)b 0.1 (56.5)ab 0.013

fresh creamand dressing 7.2 (43.5)a −13 (32.9)b 3.6 (37.4)a <0.0001

Light fresh cream and dressing 4.2 (77.1)a −4.4 (75.8)b −1.9 (69)b <0.0001

Sugar and sweets 5.7 (27.1)a −4.6 (24.5)b −4.1 (25.1)b <0.0001

Salty biscuits 9.4 (65.5)a −13.5 (38.3)b 0.4 (60.6)c <0.0001

Water −2.1 (58.5)a 14.8 (65.2)b −14.8 (58.6)c <0.0001

Coffee −23.1 (44.4)a −10.5 (52.8)b 53.6 (85.8)c <0.0001

Fruit or vegetable juice 13.9 (67.8)a −4.7 (50.3)b −18.4 (38.5)c <0.0001

Soft drinks 15.6 (63.9)a −18.9 (23)b −3.9 (48.5)c <0.0001

Diet soft drinks 7.6 (192.1)a −35.5 (108.2)b 31 (249.9)a <0.0001

205Stability-based validation of dietary patterns obtained by cluster analysis



fruits, soups, vegetables, pulses, offal, fish, shellfish and
mussels, oil-rich in omega 3, coffee and wine.
The distribution of dietary patterns is also described in

Table 1. The “Convenient” pattern was the most preva-
lent with 46% of the population assigned to this cluster.
The remaining two clusters were smaller with 25% and
29% of the population belonging respectively to the
“Non-Prudent” and “Prudent” cluster.
The description of dietary patterns according to nutri-

ent intake is presented in Table 2. “Prudent” cluster was
characterized by high intakes of all micronutrients,
carbohydrates, total fiber and plant protein. In contrast,
this cluster was associated with low intakes of alcohol,
animal protein, added sugar and dietary cholesterol.
Concerning fat profile, individuals in this cluster have
higher MUFA: SFA (Ratio of monounsaturated fat to

saturated fat) and PUFA: SFA (Ratio of polyunsaturated
fat to saturated fat). On the opposite, “Non-Prudent”
cluster had the highest intakes of alcohol, animal pro-
tein, and dietary cholesterol. It was also characterized by
low intakes of carbohydrates, total fibre, added sugar, fat
and all micronutrients and low MUFA: SFA and PUFA:
SFA ratios. The “Convenient” pattern was associated
with high intakes of carbohydrates, added sugar and fat
and low intakes of alcohol, total fiber, plant and animal
protein, β-carotene, vitamin E and iron.

Association of DP with sociodemographic and lifestyle
characteristics
The associations of DP with sociodemographic and lifestyle
characteristics are shown in Table 3. “Non-Prudent” and
“Convenient” clusters were compared to the “Prudent”

Table 1 Description of clusters according to daily food intakes relative to corresponding overall mean intake (Mean (SD))
(Continued)

Beer −4.6 (35.8)a −12.6 (28.5)b 23.8 (82.7)c <0.0001

Wine −19.7 (54.6)a −2.9 (80.6)b 38.1 (134.9)c <0.0001

Aperitifs and spirits −2.6 (41.5)a −3.5 (52.5)b 8.9 (63.2)a <0.0001

Tea −53.6 (93.3)a 135.2 (259.2)b −75.2 (68)c <0.0001

Legend: abcMeans with same letters are not significantly different from each other; means that are in bold face are highest; means that are underlined and bold
are lowest

Table 2 Description of clusters according to nutrient intakes relative to corresponding overall mean intake (Mean (SD))

Nutrient Clusters p-value

Convenient Prudent Non-Prudent

Macro-nutrients Alcohol −25.3 (89.0)a −19.6 (111.2)a 69.4 (188.1)b <0.0001

Carbohydrates 2.2 (16.6)a 1.1 (20.5)a −5.2 (18.3)b <0.0001

Total fiber −9.3 (21.5)a 19.3 (32.5)b −7.9 (26.4)a <0.0001

Plant protein −5.5 (22.0)a 8.3 (28.9)b −0.6 (26.1)c <0.0001

Animal protein −1.9 (29.7)a −1.4 (35.1)a 5.1 (31.3)b <0.0001

Added sugar 27.6 (73.1)a −24.9 (52.1)b −17.0 (60.9)b <0.0001

Fat 0.9 (17.0)a −0.2 (21.7)ab −1.3 (19.7)b 0.03

Cholesterol 0.9 (26.2)a −4.8 (34.1)b 4.4 (26.2)c <0.0001

Monounsaturated fat −0.4 (21.5)a 3.4 (27.4)a −3.6 (20.5)b 0.0001

Polyunsaturated fat −6.1 (31.7)a 13.2 (51.3)b −5.9 (29.4)a <0.0001

Saturated fat 0.9 (13.0)a −2.91 (15.9)b 2.1 (12.8)a <0.0001

Ratio of monounsaturated fat to saturated fat −2.1 (36.0)a 8.2 (49.5)b −6.5 (34.1)c <0.0001

Ratio of polyunsaturated fat to saturated fat −8.3 (44.7)a 19.4 (79.4)b −9.7 (39.9)a <0.0001

Micro-nutrients β-caroten −17.5 (56.1)a 39.9 (106.5)b −19.2 (58.5)a <0.0001

Vitamin C −8.3 (47.6)a 31.4 (94.6)b −24.6 (43.8)c <0.0001

Vitamin E −4.7 (34.3)a 8.6 (43.2)b −2.4 (38.3)a <0.0001

Iron −3.2 (16.5)a 4.6 (19.3)b −0.3 (18.2)c <0.0001

Vitamin D −8.7 (93.8)a 25.0 (101.4)b −15.9 (64.8)c <0.0001

Calcium −2.5 (26.5)a 13.3 (37.3)b −12.4 (28.0)c <0.0001
abcMeans with same letters are not significantly different from each other; means that are in bold face are highest; means that are underlined and bold
are lowest
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cluster which was considered as the reference. Older sub-
jects were less likely to adopt a “Convenient” pattern (OR
= 0.92 [0.91; 0.93]). Indeed, individuals in the “Convenient”
cluster were much younger (36.9 years) than those in the
“Prudent” (49.3 years) and “Non-Prudent” (48.9 years)
cluster. Men were also more likely to adopt a “Convenient”
(OR = 2.2 [1.6; 3.1]) or “Non-Prudent” (OR = 4.2 [2.9; 5.9])
patterns rather than a “Prudent” one. Likewise, individuals
with less education were also more likely to adopt a “Non-
Prudent” pattern. Concerning the region, compared to
Lorraine, individuals living in Luxembourg were more
likely to adopt a “Convenient” (OR = 1.7 [1.2; 2.4]) or a
“Non-Prudent” (OR = 2.1 [1.3; 3.4]) pattern. The difference
was even larger when comparing with individuals living
Wallonia with a net preference for the “Non-Prudent”
(OR = 7.1 [4.5; 11.4]) and “Convenient” (OR = 2.7 [1.8; 3.9])
pattern. In details, 41% of individuals living in Lorraine
adopted a “Prudent” pattern whereas they were only
28.7% in Luxembourg and 19.1% in Wallonia. On the
opposite, only 14% of individuals in Lorraine adopted a
“Non-Prudent” pattern whereas they were 19.9% in
Luxembourg and 36.7% in Wallonia. Concerning life-
style factors, smokers were more likely to adopt a
“Non-Prudent” (OR = 3 [1.9; 4.7]) pattern. Regarding
physical activity, individual in the “Convenient” cluster

were engaged in significantly less physical activity (OR
= 0.993 [0.988; 0.998]).

Association of DP with CVRF
Multivariate-adjusted β-coefficients for CVRF according
to DP are displayed in Table 4. Compared to the “Prudent”
pattern, higher BMI was noticed in individuals who
adopted the “Convenient” and the “Non-Prudent” pattern
whereas higher WHR was only observed in men having
adopted the “Non-Prudent” pattern. “Non-Prudent” and
“Convenient” patterns also showed higher SBP and DBP
values. Concerning diabetes, “Convenient” and especially
“Non-Prudent” patterns were significantly associated with
higher FPG but not HbA1c. Regarding cholesterol levels,
“Non-Prudent” cluster was associated with higher LDL
and HDL in men only. Further adjustment of treatment
did not change the results.

Comparison of dietary patterns obtained with PCA and K-
means
Continuous dietary patterns were computed using the
PCA method. According to the scree-plot, three dietary
patterns were selected. The percentage of variance ex-
plained and loadings of food groups on DP are presented
in Table 5. The three PCA-patterns accounted for 7.1%

Table 3 Associations of clusters with sociodemographic and lifestyle characteristics (Mean(SD); Percentage) and odds-ratios)

Sociodemographic and lifestyle
characteristics

Cluster p-value Odds ratio

Convenient Prudent Non-Prudent Convenient vs
Prudent

Non-Prudent vs
Prudent

Age (years) (n = 2298) 36.9 (0.3)a 49.3 (0.5)b 48.9 (0.6)c <0.0001 0.92 [0.91;0.93] 1.00 [0.98;1.01]

Energy expenditure
per week (MET/100)

(n = 2298) 29.2 (1.21)ac 33.6 (1.8)b 32.4(1.6)c 0.0075 0.993 [0.988;0.998] 0.996 [0.99;1.002]

Gender (%) Men
(n = 1158)

52.2% 35.9% 66.0% <0.0001 2.2 [1.6;3.1] 4.2 [2.9;5.9]

Women
(n = 1140)

47.9% 64.1% 34.0% Reference

Educational level (%) Primary
(n = 331)

7.2% 10.1% 10.5% <0.0001 1.3 [0.9;2.1] 2.9 [1.4;3.8]

Secondary
(n = 1127)

46.4% 42.8% 57.6% 1.9 [1.4;2.7] 2.5 [1.7;3.7]

Tertiary
(n = 818)

46.4% 41.1% 32.0% Reference

Smokers (%) Smokers
(n = 484)

21.6% 15.3% 36.9% <0.0001 1 [0.6;1.6] 3 [1.9;4.7]

Non smokers
(n = 1814)

78.4% 84.7% 63.1% Reference

Region (%) Luxembourg
(n = 1071)

26.3% 23.0% 19.1% <0.0001 1.7 [1.2;2.4] 2.1 [1.3;3.4]

Wallonia
(n = 750)

38.3% 26.0% 60.0% 2.7 [1.8;3.9] 7.1 [4.5;11.4]

Lorraine
(n = 477)

35.5% 50.9% 20.9% Reference

Legend: abc Means with same letters are not significantly different from each other; figures that are in bold face are highest; figures that are underlined and
bold are lowest
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(3.1%, 2.1% and 1.9% respectively) of the total variance
in food intakes. The first pattern was labelled “Prudent”
as it was characterized by high intakes of fruits, oleagin-
ous and dried fruits, soups, vegetables, pulses, fish, low-
fat dairy products, soya products, olive oil, oil-rich in
omega 6, water and tea and low intakes of fried foods,
lean and fatty meat, processed meat, ready meals, minar-
ine and margarine, fresh cream and dressing, salty bis-
cuits, soft drinks, diet soft drinks and beer. The second
PCA-pattern was named “Animal protein and alcohol”
since it was positively associated with vegetables, pulses,
all kinds of meat and fish and alcohol beverages and
negatively associated with sugar and sweets, high-fat
dairy products, pastries and cereals. The third pattern
was labelled “Convenient” since this pattern was positively
correlated with convenient foods that require little prepar-
ation like brown bread, cereals, rice, pasta, smoked and
canned fish, shellfish and mussels, ready meals, low-fat
dairy products, soya products, fresh cream and dressings,

salty biscuits, fruit or vegetable juice. Moreover, it was also
negatively correlated with white bread, potatoes and but-
ter. Comparison of dietary patterns obtained through
PCA and K-means are shown in Fig. 2. The three
clusters were similar to the three continuous dietary
patterns obtained through PCA. Indeed, the PCA-
Prudent DP was highest in the “Prudent” cluster, the
PCA-animal protein and alcohol DP was highest in the
“Non-Prudent” cluster and the PCA-convenient DP
was highest in the “Convenient” cluster.

Discussion
The main objective of this study was to test a method
allowing the objective selection of the most appropriate
model among different clustering methods and numbers
of clusters in the field of “dietary pattern analysis.” The
idea was to assess stability of different clustering solutions
and choose the most stable solution as the most appropri-
ate for describing the data. According to this method,
three dietary patterns obtained with K-means algorithm
were obtained. The “Non-Prudent” and “Convenient”
patterns associated respectively with non-healthy food
choices and convenient foods were both associated with a
higher cardiovascular risk compared to the “Prudent”
cluster characterized by healthier dietary habits and lower
cardiovascular risk.
Among the clustering method considered in this art-

icle, K-means clearly showed more stable solutions re-
gardless of the number of clusters. However, it is highly
likely that other more sophisticated methods would have
been more appropriate [3]. Indeed, clustering methods
considered in this study were really simple and others
methods with higher flexibility regarding cluster’s char-
acteristics are more likely to identify real complex struc-
ture. In addition, although K-means was found as the
most appropriate method for describing dietary patterns
in adults living in the Greater region, it may not be the
case with other datasets. Indeed, group structures from
other populations are likely to be different. Therefore,
this should be explored in additional datasets across dif-
ferent populations.
In the field of dietary pattern analysis, we are aware of

only two studies comparing different clustering methods.
Like us, Lo Siou et al. assessed stability of solutions
obtained with different clustering methods and number
of clusters and also showed that K-means was the most
appropriate method [3]. Contrary to our results, stability
decreased with the number of clusters and therefore
they were not able to identify an optimal number of
clusters with this method. In addition, as proposed by
Lange [8], the authors also used a classifier to transfer
the solution obtained on one sample to another.
However, the classifier should use the same clustering
method’s grouping principle. In accordance with Lange,

Table 4 Association of clusters with cardiovascular risk factors
(β-coefficients (Standard error) of cluster on CVRF)

Cluster

Convenient Non-Prudent

CVRF Model β (standard error)

BMI M1 0.49 (0.24)* 1.20 (0.26)**

WHR M1 men 0.01 (0.01) 0.02 (0.01)*

M1 women 0.01 (0.005) −0.002 (0.01)

SBP M1 2.58 (0.79)* 4.41 (0.87)**

M2 2.10 (0.77)* 4.04 (0.85)**

DBP M1 1.54 (0.55)* 3.15 (0.61)**

M2 1.29 (0.55)* 2.95 (0.60)**

FPG M1 1.77 (0.88)* 3.10 (0.97)*

M2 1.46 (0.78) 2.30 (0.86)*

Hba1c M1 0.01 (0.02) 0.03 (0.03)

M2 0.01 (0.02) 0.01 (0.02)

HDL M1 men −0.78 (1.09) 3.57 (1.10)*

M1 women 0.07 (1.17) −1.59 (1.44)

M2 men −0.82 (1.09) 3.62 (1.10)*

M2 women −0.11 (1.17) −1.75 (1.44)

LDL M1 men 1.18 (2.70) 6.63 (2.72)*

M1 women −2.77 (2.22) −4.59 (2.73)

M2 men 1.02 (2.69) 6.81 (2.71)*

M2 women −2.64 (2.22) −4.47 (2.73)

TG M1 −1.77 (4.34) 2.91 (4.78)

M2 −1.25 (4.34) 2.94 (4.77)

Prudent cluster is the reference category
M1 : adjusted on gender, age, educational level, smoking status,
physical activity
M2 : M1 + treatment for the studied CVRF
*p < 0.05
**p < 0.0001

208 Dietary Patterns and Health: A Nutrition Science Approach



we used the nearest-means classifier for K-means and
Ward’s method and the nearest-medians classifier for K-
medians. However, Lo Siou et al. used the nearest-
neighbour classifier for K-means and Ward’s method. In
order to assess the effect of using a not optimal classifier,
we compared stability indices computed on our data
with optimal classifiers and the not optimal nearest-
neighbour classifier. All stability indices were lower
when the not optimal nearest-neighbour classifier was
used (see Additional file 2: Figure S2). Therefore,
stability values computed in the paper of Lo Siou et al.
may have been underestimated.
In another study, Greve et al. use an inappropriate

manner for choosing the optimal number of clusters
[19]. Indeed, they selected as the optimal number of
cluster the number maximizing the agreement between
different clustering methods. However, agreement be-
tween methods is conditioned by the capability of
methods to identify cluster’s structure. Indeed, if a
method is not able to distinguish clusters, it will never
agree with another method even for the correct number
of clusters. Therefore, although it is reassuring to have
good agreement between solutions obtained with differ-
ent algorithms, agreement should not be used for
choosing the optimal number of clusters.

Comparison with others studies
In accordance with the literature [2, 20], we also derived a
“Prudent” dietary pattern characterized by plenty of plant
foods and fish and a preference for vegetable oils and low-
fat dairy products. In contrast, similar to Western DP de-
scribed in others studies [2, 20], we also derived a “Non-
Prudent” pattern characterized by intakes of red and
processed meats, high fat content foods, refined grains,
soft drinks and alcoholic beverages [21, 22]. However,
contrary to most Western-DP described in the literature
[2, 20], our “Non-Prudent” pattern was not associated
with intakes of sweets and sugar.
Similar to some studies [4, 23, 24], we also found a

cluster characterized by consumption of convenient fast
foods. It showed high intakes of convenient unhealthy
foods like pastries, ready meals, high-fat dairy products,
fresh cream and dressings, sugar and sweets, salty bis-
cuits, soft drinks and aperitifs and spirits. However, it
was also characterized by high intakes of convenient

Table 5 Factor loadings and explained variation of dietary
patterns obtained with PCA

Food groups Dietary patterns

Prudent Animal protein
and alcohol

Convenient

White bread 0.02 0.01 −0.70

Brown bread 0.16 0.00 0.20

Cereals 0.13 −0.27 0.40

Pastries −0.16 −0.29 0.05

Potatoes 0.00 0.12 −0.28

Rice pasta −0.08 0.08 0.21

Fried foods −0.39 0.13 −0.09

Fruits 0.51 −0.09 0.02

Oleaginous fruits 0.23 0.09 0.14

Dried fruits 0.35 −0.02 0.06

Soups 0.25 0.09 −0.11

Vegetables 0.56 0.25 0.19

Pulses 0.27 0.21 −0.06

Preserved vegetables 0.05 0.14 −0.12

Lean meat −0.23 0.38 −0.08

Fatty meat −0.45 0.26 0.09

Offal’s 0.15 0.29 −0.11

Processed smoked meat −0.11 0.26 0.06

Processed meat −0.36 0.27 0.08

Fish 0.43 0.39 0.16

Smoked and canned fish 0.17 0.37 0.24

Shellfish and mussels 0.06 0.47 0.22

Eggs −0.05 0.12 −0.02

Ready meal −0.38 0.08 0.41

High-fat dairy products 0.15 −0.23 −0.11

Low-fat dairy products 0.26 −0.04 0.20

Soya products 0.20 −0.11 0.26

Butter and low fat butter 0.01 −0.02 −0.30

Minarine and margarine −0.26 0.04 −0.07

Olive oil 0.35 0.05 0.16

Oil rich in omega6 0.30 0.03 −0.13

Oil rich in omega3 0.15 −0.01 −0.15

Fresh cream and dressing −0.38 −0.03 0.24

Light fresh cream and dressing −0.03 0.05 0.31

Sugar and sweets −0.11 −0.49 0.08

Salty biscuits −0.34 0.06 0.20

Water 0.24 0.08 0.15

Coffee −0.07 0.06 −0.17

Fruit or vegetable juice −0.01 −0.15 0.29

Soft drinks −0.43 −0.18 0.08

Diet soft drinks −0.20 0.05 0.13

Beer −0.26 0.34 −0.03

Table 5 Factor loadings and explained variation of dietary
patterns obtained with PCA (Continued)

Wine 0.03 0.38 −0.07

Aperitifs and spirits −0.15 0.34 −0.09

Tea 0.36 −0.10 −0.02

Explained variation in
food groups, %

3.1% 2.1% 1.9%

Loading values superior to 0.2 or inferior to -0.2 were in bold
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healthy foods like cereals, preserved vegetables, smoked
and canned fish, soya products, fruit or vegetable juice.
Regarding nutrients, this pattern was associated with
high intakes of carbohydrates, added sugar and fat.
The size of DP showed that the “Convenient” pattern

was the most prevalent with 46% of the population
assigned to this cluster. The “Prudent” and “Non-Prudent”
patterns were adopted by 29% and 25% of the population
respectively. However, striking differences were noticed
across regions. Although, the “Convenient” pattern was
the most adopted in all regions, the “Prudent” pattern was
more frequent in Lorraine (41%) than in Luxembourg
(28.7%) and Wallonia (19.1%). In sum, only a small part of
the population has healthy dietary habits and this part is
even smaller in Luxembourg and Wallonia. The adoption
of a “Convenient” pattern may be due to the fact that
people have less and less time for preparing and cooking
foods and thus choose to consume prepared foods.
In line with others studies, we also found significant as-

sociations between dietary patterns and sociodemographic
and lifestyle characteristics. We found that the “Conveni-
ent” pattern was more likely to be adopted by men and
younger people [23]. Since the Luxembourg population is
made up of more young active working people, this might
explain the larger size of the “Convenient” cluster in

Luxembourg compared to Wallonia and Lorraine [25]. In
addition, as also shown by other studies [4], women and
individuals with higher education were more likely to
adopt a “Prudent” pattern. Moreover, in accordance with
others studies [2, 4], we also found that people who
choose unhealthy dietary habits are less likely to be
engaged in healthy behaviours like doing physical activities
and not smoking. It shows that the choice of a dietary
pattern is in fact part of a larger pattern of lifestyle.
Concerning association with CVRF, we found that

“Convenient” and “Non-Prudent” patterns were associ-
ated with higher BMI, WHR, SBP, DBP and FPG [4, 23,
26]. Moreover, the “Non-Prudent” pattern was also as-
sociated with higher HDL and LDL levels in men only.
It is in accordance with others studies which also found
that a cluster dominated by alcohol was directly associ-
ated with HDL [27–29]. The fact that the association
was significant in men only might be explained by
different level of alcohol consumption between men
and women. Indeed, when clusters were described by
gender, we observed that the “Non-Prudent” cluster was
characterized by high intakes of alcohol in men but not in
women (data not shown). Another explanation could be a
different effect of diet on plasma lipids between men and
women, possibly due to hormonal and sex differences in

Fig. 2 Mean PCA-DP across clusters. Legend: abctest if differences in mean for a PCA-DP were significantly different across clusters. Means with
same letters are not significantly different from each other
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cholesterol metabolism [2, 30, 31]. Moreover, the genetic
variation in lipoprotein metabolism may also have an
effect [32].

Comparison between PCA and cluster analysis
Despite clear differences in approaches and interpretation,
PCA and cluster analysis gave similar results. A “Prudent”
DP was identified with both methods. Indeed, a “Prudent”
and “Non-Prudent” cluster with respectively high and low
values on PCA-Prudent DP were found. Likewise, a con-
venient cluster was made of individuals with high values
on PCA-convenient DP. Concerning PCA-Animal protein
and alcohol pattern, we did not observe a cluster of indi-
viduals with only high intakes of meat, fish and alcohol.
However, since this DP is characterized by high intakes of
foods (meat and alcohol) usually consumed in a “Non-
Prudent” pattern, it was significantly higher in the “Non-
Prudent” cluster. Those results are in line with others
studies, which also found differences in mean PCA-DP
across clusters [33–35].
Although results between both methods were similar,

they describe diet in different ways. Indeed, PCA aims
to determine DP explaining variation in a set of food
groups whereas cluster analysis aims to identify groups
of people with different food intakes. Moreover, the
format of DP is also different. An individual’s dietary
pattern is described through his/her membership to a
group in cluster analysis whereas in PCA-DP the sub-
ject is described with his/her scores on all computed
DP. Therefore, the choice of a method depends on both
the desired format of the outcome but also hypothesis
and aims of the study. Advantages of PCA are that it
may be easier to perform as it requires less subjective
researchers’ decisions. However, findings from cluster
analysis are easier to interpret because an individual is
assigned to one cluster only whereas PCA-DP do not
refer to identifiable groups within the population, and
hence do not give an indication of the prevalence of a
particular type of diet [35]. On the other hand, continu-
ous factors determined by PCA may be advantageous
when relationships between DP and others variables are
assessed since a gradient is formed between individuals
with low, medium or high values on factors. Moreover,
they do not require the use of a reference category [26].
As other authors have suggested, unless the choice of
one method is justified, it is advisable to use both factor
and cluster analysis in order have complementary in-
sights [36].

Strength and limitations
The main strength of this study was the use of an ob-
jective procedure to select the most appropriate cluster-
ing method and number of clusters. Compared to other
internal validity indices, the stability measure has the

advantage to be model free and not being optimized by
any clustering method. Moreover, comparison of cluster
solution and PCA-derived factors were also made.
Further, this study used a recent and homogeneous
design of data collection including three large randomly
selected samples from three neighbour regions. Short-
comings of this study were that considered clustering
methods were all heuristic-based and make basic as-
sumptions on group structure. The reason is that since
the main objective of this study was to test the object-
ive procedure, we decided to limit its application to
traditional clustering methods used in the field of diet-
ary pattern analysis [2]. Therefore, we will also consider
more sophisticated methods in the future. In addition,
although the method allows distinguishing between
stable and spurious clustering solutions, stability is not
the only aspect of a good solution. Indeed, a stable
clustering solution may still be meaningless if it does
not discriminate useful subset of the overall data [37].
However, unstable solutions should not be interpreted
and thus stability is an indispensable requirement [37].
For this reason, the interpretation and criticism of the
clustering solution by the researcher and comparison
with results obtained with PCA are still important. In
addition, many others subjective decisions have still
been made that are likely to influence the final solution,
namely the pooling of different food items into specific
food groups, the quantification of the input variables,
the adjustment for total energy intake and the method
of standardization. However, the robustness of the
chosen solution and the consistency of the results with
PCA-DP gave confidence in our results. Other limita-
tions are the cross-sectional design of the study and the
probable measurement error linked with the FFQ.
Finally, although we identified dietary pattern associ-
ated with disease risk, we still do not know if this
effect comes from certain component only or is the
product of the addition or interaction of several food
groups.

Conclusion
In summary, we used an objective methodology based on
the stability of clustering solutions allowing selection of the
most appropriate clustering method and number of cluster
for describing dietary patterns in a population. Three main
dietary patterns were identified in the Greater region. A
“Convenient” and a “Non-Prudent” pattern associated with
a higher cardiovascular risk and a “Prudent” pattern associ-
ated with a decreased cardiovascular risk. Those results
flag the need for targeted public health initiatives promot-
ing the benefit of a prudent dietary pattern and other
healthy behaviours to relevant subgroups like men, young
and less educated people, at interregional level.
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Several grain dietary patterns are associated with 
better diet quality and improved shortfall 
nutrient intakes in US children and adolescents: a 
study focusing on the 2015–2020 Dietary 
Guidelines for Americans

Yanni Papanikolaou1* , Julie Miller Jones2 and Victor L. Fulgoni III3

Abstract

Background: The present study identified the most commonly consumed grain food patterns in US children and
adolescents (2–18 years-old; N = 8,367) relative to those not consuming grains and compared diet quality and
nutrient intakes, with focus on 2015–2020 Dietary Guidelines for Americans (2015–2020 DGA) shortfall nutrients.

Methods: Cluster analysis using data from the National Health and Nutrition Examination Survey 2005–2010,
identified 8 unique grain food patterns: a) no consumption of main grain groups, b) cakes, cookies and pies, c)
yeast bread and rolls, d) cereals, e) pasta, cooked cereals and rice, f) crackers and salty snacks, g) pancakes, waffles
and French toast and other grains, and h) quick breads.

Results: Energy intake was higher for all grain cluster patterns examined, except ‘cereals’, compared to no grains.
Children and adolescents in the ‘yeast bread and rolls’, ‘cereals’, ‘pasta, cooked cereals and rice’, and ‘crackers and
salty snacks’ patterns had a higher diet quality relative to no grains (all p < 0.01). Energy adjusted (EA) dietary fiber
intake was greater in five of the seven grain patterns, ranging from 1.8 – 2.8 g more per day (all p < 0.01), as
compared to those consuming no grains. All grain patterns, except cakes, cookies and pies had higher EA daily
folate relative to children in the no grains pattern (all p < 0.0001). EA total fat was lower in ‘cereals’, ‘pasta, cooked
cereals and rice’, and ‘pancakes, waffles, French toast and other grains’ in comparison to the no grains food pattern
(all p < 0.01). EA magnesium intakes were greater in children and adolescents consuming ‘yeast bread and rolls’, ‘pasta,
cooked cereals and rice’, and ‘quick breads’, while EA iron was higher in all grain patterns relative to no grains (all p < 0.
01). EA vitamin D intake was higher only in children consuming ‘cereals’ vs. no grain group (p < 0.0001). There were no
significant differences in total or added sugar intake across all grain clusters as compared to no grains.

Conclusions: Consumption of several, but not all, grain food patterns in children and adolescents were associated
with improved 2015–2020 DGA shortfall nutrient intakes and diet quality as compared to those consuming no grains.

Keywords: NHANES, Grains, Children, Adolescents, Nutrient intakes, Diet quality
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Background
The 2015–2020 Dietary Guidelines for Americans
(2015–2020 DGA) policy report states that several nutri-
ents are under-consumed relative to requirement levels
set by the Institute of Medicine (IOM). These have been
characterized as shortfall nutrients and include vitamin A,
vitamin D, vitamin E, vitamin C, folate, calcium, magne-
sium, fiber, and potassium. For adolescent, premenopausal
females and women who are pregnant, iron is also deemed
an under-consumed nutrient of public health concern
largely due to increased risk of iron-deficiency in these
populations. Of the shortfall nutrients, calcium, vitamin
D, fiber, and potassium also are classified as nutrients of
public health concern because their under-consumption
has been linked in the scientific literature to adverse
health outcomes [1]. The report further identified that a
healthy dietary pattern is higher in fruits, vegetables,
whole grains, low- and non-fat dairy, seafood, legumes,
and nuts; and lower in red and processed meat, sugar-
sweetened foods and beverages and refined grains.
However, a variety of grain-based food products, of which
include refined/enriched grains, are sources for several
shortfall nutrients identified by the DGA, including diet-
ary fiber, folate, iron, and magnesium [1]. With mandatory
folic acid fortification commencing in 1998 by the Food
and Drug Administration [2], specific grain foods became
leading sources for folate; breads, rolls, and crackers are
the largest contributor of total folate to the US diet, con-
tributing nearly 16% of total intake, which exceeds contri-
bution of folate from vegetables [3]. Similarly, using data
from the National Health and Nutrition Examination Sur-
vey (NHANES) 2003–2006, researchers have reported that
fortification of grain foods substantially contributes
nutrient adequacy for U.S. children and adolescents aged
2–18 years-old, without excessive intakes for most
vitamins and minerals [4].
While certain grain food products are contributors of nu-

trients to limit in the diet, including added sugar, total and
saturated fat [5, 6], grain foods also contribute positive
nutrients to the diet, including dietary fiber, iron, magne-
sium, and B vitamins (thiamin, riboflavin, niacin and folate).
Food sources of energy and nutrients data in children
showed that while three of the top ten ranking foods for cal-
orie contribution to the diet were grain-based foods, the top
ten ranking food sources of dietary fiber included six grain-
based products, collectively contributing 40% of total daily
dietary fiber intake [4]. Others have argued that while three
of the top ten sources of energy provided no nutritional
value, the remaining sources of energy, including milk, beef,
poultry, cheese and baked goods are significant contributors
of nutrients of concern and other essential nutrients, postu-
lating the premise that elimination of these foods from food
patterns could potential have inadvertent effects on diet
quality in the US population [6].

Recent NHANES data in adults showed that some, but
not all, grain food patterns were associated with better
nutrient intakes, improved diet quality and beneficial
obesity-related parameters [7]. While 2015–2020 DGA
identify several healthy dietary food patterns, and
encourage increased whole grain consumption and
reduced refined grain intake, at present, there are no
data that evaluate the association of different grain food
patterns on nutrient intakes and diet quality outcomes
in children and adolescents. Further, some popular diet
plans encourage diet patterns that omit gluten- contain-
ing or grain-based foods (e.g. Paleolithic diet) as health-
ier patterns [8, 9]. As such, the objective of the current
analyses was to isolate the most commonly consumed grain
food patterns in U.S. children and adolescents and compare
nutrient intakes and diet quality of those consuming various
grain food patterns to those not consuming grain foods
using data from the National Health and Nutrition Examin-
ation Survey (NHANES) 2005–2010. The hypothesis for the
present analysis was that certain grain food patterns are as-
sociated with improved diet quality and can significantly
contribute nutrients, including shortfall nutrients, while
concurrently lowering nutrients to limit in the diet.

Methods
Data were obtained from What We Eat in America, the
dietary intake component of NHANES. NHANES is a
government-directed program led by the Center for Dis-
ease Control and Prevention in collaboration with US
Department of Agriculture. Written informed consent
was obtained for all participants or proxies, and the survey
protocol was approved by the Research Ethics Review
Board at the National Center for Health Statistics. The
distribution of the civilian non-institutionalized US
population, as well as response rate percentages and
population totals in NHANES 2005–2010 data by age
and gender, can be viewed at www.cdc.gov/nchs/
nhanes/response_rates_cps.htm. Data from the current
NHANES are released every two years and for the current
analyses, we used three data releases, namely 2005–2006,
2007–2008, and 2009–2010 [10, 11].
The dietary intake data were obtained from an in-

person 24-hour dietary recall (Day 1) by trained
specialists using the Automated Multiple-Pass Method
[12] as a means to reduce bias in reporting energy and
nutrient intakes in the Mobile Examination Center.
The Multiple-Pass Method consisted of five steps: (1)
the quick list, which included an uninterrupted list of
foods and beverages consumed by the subject; (2) the
forgotten foods list, which queried the subject on
categories of foods that have been documented as fre-
quently forgotten; (3) a time and occasion where foods
were consumed; (4) the detail cycle, which elicited
descriptions of foods and amounts consumed with the
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aid of an interactive Food Model Booklet and measur-
ing guides; and (5) final probe review. USDA’s Food and
Nutrient Database for Dietary Studies, 3.0, 4.1, and 5.0
was used to code dietary intake data and calculate nutrient
intakes [13–15].
Cluster analysis was used to develop patterns of grain

consumption—a statistical procedure that analyses large
data sets to identify various patterns while trying to
maximize differences among the patterns. Cluster
analysis allows for the focus on a specifically defined
aspect (i.e., grain food consumption) and then forces
maximal differences in clusters for assessments.
Cluster analysis also allows for group comparisons
rather than factor analysis which are generally associ-
ations. The USDA food coding system was used to de-
fine categories of grain foods [15]. Grain foods intake
patterns were identified using SAS 9.2 (SAS Institute,
Cary, NC, 2013) PROC CLUSTER using a single 24-
hour dietary recall in NHANES 2005–2010. SUDAAN
v.11.0 (Research Triangle Institute; Raleigh, NC) was
used to adjust analyses for sampling weights and the
sampling units and strata information as provided by
NHANES. Clusters were developed based on the per-
centage of calories consumed from the grain products as
the centroid for each cluster. Grains from flour and dry
mixes, mixed dishes, and meat substitutes were not in-
cluded in development of grain clusters. Cluster analyses
provides the ability to focus on a particular defined as-
pect (e.g. calories from grains) and then forces maximal
differences in clusters for assessment. For these analyses,
the USDA grains products main categories were used to
identify the grain cluster patterns of intake (see Table 1).
All main grain food codes fit into one and only one of

the grain foods groupings. The patterns identified by the
cluster analysis were then identified by percent calories
within each grain food grouping (only groups that con-
tributed 5% or more of calories were used to define the
clusters) at the centroid of each cluster. Using this
method resulted in seven readily identifiable grain food
patterns and a no consumption of main grain groups
(i.e., no grains group); creating eight unique patterns of
grain food consumption. With grain food cluster pat-
terns identified, and using the output from the cluster
procedure, each subject was then placed in the cluster
that matched most closely to the pattern of calories
across the food categories.
Adjusted least-square means ± SE values for subjects

were determined in each cluster using PROC REGRESS
and LOGREGRESS in SUDAAN 11.0 for dietary intakes
and diet quality [Healthy Eating Index (HEI)-2010]
with various sets of covariates. Covariates for analyses of
energy intake, HEI-2010 and HEI sub-components [16]
were age, gender, and ethnicity. The poverty income
ratio (PIR) grouped into three categories (<1.25, 1.25‒

3.49, and >3.49) and physical activity (sedentary, mod-
erate or vigorous based on questionnaire responses),
current smoking status, alcohol intake (g/d), and
energy intake for nutrient-related variables (with the
exception of energy intake itself or HEI-2010) also
served as covariates. The PIR values reflected the
federally established poverty criteria, thus a PIR of
<1.25 equated to below 125% of poverty, while higher
values represented the subject was from a higher in-
come status. The HEI-2010 provides a measure of diet
quality and measures conformance to federal dietary guid-
ance and has been predominantly used to monitor dietary
practices of the US population and the low-income sub-
population. Nutrient intakes were also adjusted for energy
intakes. The main comparison of interest was to compare
results between the no consumption of main grain groups
(cluster 0) and all other clusters. A conservative P-value of
p < 0.01 was set for significance.

Results
Eight grain clusters were identified, one of which in-
cluded isolating a group of children and adolescents that
did not consume any of the identified grains (4.0% of the
population). The eight clusters are defined as outlined in
Table 1, namely: 1) no consumption of main grain
groups, 2) cakes, cookies and pies 3) yeast breads and

Table 1 Grain cluster pattern based on percentage of calories
from grains in children and adolescents 2–18 years-old of age
using data from NHANES 2005–2010

Cluster Number Grain Foods
Pattern

Description

0 No Grains 4.0% of the population

1 Cakes, Cookies
and Pies

(5.1% of the population) with
approximately 92% of grains
coming from this grain group)

2 Yeast Breads
and Rolls

(33.8% of the population) with
over 68% of grains coming from
this grain group;

3 Cereals (4.0% of the population) with
over 95% of grains coming from
this grain group;

4 Pasta, Cooked
Cereals and Rice

(4.9% of the population) with
over 67% of grains coming
from this grain group;

5 Crackers and Salty
Snacks

(26.1% of the population) with
over 53% of grains coming
from this grain group;

6 Pancakes, Waffles,
French Toast and
Other Grains

(9.4% of the population) with
over 51% of grains coming from
this grain group and approximately
23% of grains coming from yeast
bread and rolls.

7 Quick Breads (12.8% of the population) with
approximately 57% of grains
coming from this group.
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rolls, 4) cereals, 5) pasta, cooked cereal and rice, 6)
crackers and salty snacks, 7) pancakes, waffles, French
toast, and 8) quick breads.

Energy and nutrient intakes
Energy intake was significantly higher for children and
adolescents in all grain pattern clusters, with the excep-
tion of ‘cereals’ (p = 0.089), when compared to the no
grains group. The higher energy intake ranged from 416
‒ 524 kcal/d with ‘pancakes, waffles, French toast and
other grains’ and ‘quick breads’ clusters representing the
greatest increase in kcal/day (Table 2).
Energy adjusted nutrient intakes in the eight grain food

patterns are presented in Table 2. When examining nutri-
ents of concern, as outlined by the 2015–2010 DGA [1],
no differences in calcium intake was observed in children
all of the grain clusters compared to those not consuming
grain foods, while dietary fiber was higher in children
consuming ‘yeast breads and rolls’, ‘cereals’, ‘pasta, cooked
cereals and rice’, ‘crackers and salty snacks’, and ‘quick
breads’, ranging from 1.8 ‒ 2.8 g/day greater daily fiber
than children and adolescents in the no grains group.
In terms of nutrients (i.e., vitamins and minerals)

present naturally or added to grain foods, via either en-
richment or fortification practices, nutrient intakes were
higher for those in certain grain clusters. Iron intake was
greater across all seven grain clusters examined, thus
demonstrating the relevance of both the naturally occur-
ring and added iron in contributing to this 2015–2020
DGA shortfall nutrient. Daily vitamin D (D2 + D3) was
significantly greater only in children and adolescents
consuming a ‘cereals’ grain pattern, while no significant
differences were observed with potassium intakes in any
of the grain clusters as compared to those not consum-
ing grain food products. Intakes of thiamin were signifi-
cantly higher for children and adolescents consuming all
grain clusters, except for ‘cakes, cookies and pies’, while
daily intakes of riboflavin were significantly greater all
grain patterns, with the exception of ‘cakes, cookies and
pies’, ‘pasta, cooked cereals and rice’ and ‘crackers and
salty snacks’ when compared to those not consuming
grain foods. Similarly, folate was higher (76 ‒ 411 μg/d;
all p < 0.0001) in those in all grain food clusters, except
‘cakes, cookies and pies’, relative to the no grains cluster.
Zinc intake was higher only in children and adolescents
consuming ‘yeast breads and rolls’, ‘cereals’ and ‘pasta,
cooked cereals and rice’ and significantly lower in those
consuming ‘cakes, cookies and pies’ compared to those
in the no grains cluster. Magnesium intakes were greater
in children and adolescents consuming ‘yeast bread and
rolls’, ‘pasta, cooked cereals and rice’, and ‘quick breads’
relative to the no grains group (Table 2).
Regarding nutrients to limit, daily saturated fat intake

was significantly lower in all grain patterns examined,

with the exception of ‘yeast breads and rolls’ and ‘quick
breads’, compared to those not consuming grain foods,
with a range of difference in saturated fat ranging from
1.5 ‒ 4.8 g less per day. Daily sodium intake was only
lower (approximately 350 mg/day) in children and ado-
lescents consuming ‘cakes, cookies and pies’ compared
to the no grains cluster pattern. There were no signifi-
cant differences in total and added sugar intake across
all grain clusters as compared to the no grain cluster
(Table 2).

Diet quality assessment
Diet quality, as measured by USDA’s HEI-2010 is
depicted in Table 3. Four of the grain clusters had
significantly greater scores when compared to the no
grains cluster. Specifically, those in the ‘pasta, cooked
cereals and rice’ had the greatest score at 50.6 ± 1.0, while
children and adolescents consuming ‘yeast breads and
rolls’, ‘cereals’ and ‘crackers and salty snacks’ had scores of
46.1 ± 0.5, 48.5 ± 1.2, and 46.0 ± 0.4, respectively (all p <
0.001) compared to the no grains cluster (42.7 ± 0.9).
When examining the subcomponents of HEI-2010

(Table 3), children and adolescents in the ‘crackers, salty
snacks’, ‘pancakes, waffles, French toast and other grains’
and ‘quick breads’ had significantly lower total vegetable
scores than subjects in the no grains pattern. Children and
adolescents in all grain clusters examined had significantly
greater scores for whole grains as compared to those not
consuming grain foods, which indicated higher consump-
tion of whole grains (see Table 3). Children and adoles-
cents in the ‘cakes, cookies and pies’ grain cluster were the
only cluster to show significantly higher scores for sodium
intake relative to individuals not consuming grains. The
lower HEI-2010 sub-component scores were more than
offset with increased scores for those in the ‘yeast breads
and rolls’, ‘cereal’, ‘pasta, cooked cereals and rice’ and ‘crack-
ers and salty snacks’ clusters for total fruit, whole fruit and
whole grains as compared to those not consuming grain
foods. Additionally, children and adolescents consuming
‘yeast breads and rolls’, ‘pasta, cooked cereals, and rice’,
‘crackers and salty snacks’ and ‘quick breads’ had signifi-
cantly higher scores for greens and beans, while the ‘ce-
reals’ cluster showed higher dairy scores in comparison to
children and adolescents in the no grains pattern. The sig-
nificantly greater score for empty calories in the ‘pasta,
cooked cereals, and rice’ cluster translates as fewer calories
from solid fats, alcohol and added sugars), while those
consuming ‘cakes, cookies and pies’ ingested more calories
from solid fats, alcohol and added sugars relative to the no
grains dietary pattern.

Discussion
This is the first study that has identified various grain
food patterns in US children and adolescents with
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reported associations between grain pattern consump-
tion, energy and nutrient intakes and diet quality. The
current data support that a variety of grain food pat-
terns, including those recommended by dietary guidance
and those that focus on enriched and fortified grain
staples, are associated with greater nutrient intakes, in-
cluding higher consumption of shortfall nutrients and
nutrients of public health concern as identified by the
2015–2020 DGA [1], in comparison to an alternative
dietary pattern that does not emphasize grain-based
foods in children and adolescents. The findings from the
present study are aligned with recently published data in
American adults, where consumption of specific grain
foods were associated with greater nutrient intakes, in-
cluding greater consumption of shortfall nutrients and
nutrients of public health concern. Several, but not all
grain food patterns, were associated with improved diet
quality compared to adults not consuming main grain
groups. Adults consuming pasta, cooked cereals and rice
also had lower body weights and smaller waist circum-
ferences when compared to individuals not consuming
grain foods [7].
Several nutrients contributed by grain foods natur-

ally or via fortification/enrichment, including folate,
calcium, magnesium, fiber and iron are under
consumed relative to IOM nutrition standards [17].
Dietary patterns that encourage nutrient-dense grain
foods, with the concept of limiting sodium, total fat
and sugar, may help shift population consumption in
children and adolescents toward recommended
intake levels for several shortfall nutrients identified
by 2015 DGAC [17]. Additionally, creating positive
habits including nutrient-dense dietary patterns that
include whole and enriched grain consumption in
earlier years may benefit health outcomes into adult-
hood [18, 19]. Indeed, the current research in children
and adolescents provides a sound rationale to support
more specific dietary guidance for American children
and adolescents about grain consumption rather than
simply having two broad categories of recommended in-
takes that revolve around refined/enriched and whole
grains. The current data illustrates how various enriched
grain products contribute to daily nutrient intakes and
overall diet quality. For example, we observed that chil-
dren and adolescents consuming ‘yeast breads and rolls’,
‘cereals’, ‘pasta, cooked cereals and rice’, and ‘crackers and
salty snacks’ grain patterns had a significantly higher diet
quality, as measured by USDA’s HEI-2010 and dietary
fiber intake was significantly greater in five of the eight
patterns, ranging from 1.8 ‒ 2.8 g more daily fiber, as com-
pared to those consuming no grain foods. It is rationale to
suggest that these daily increases in dietary fiber can have
a meaningful impact on public health initiatives by helping
to minimize gaps in fiber consumption in children and

adolescents. In fact, a recent study evaluating ten-year
trends in fiber intakes using NHANES data from 2001–
2010 in children and adolescents reported mean fiber in-
take to be 13.2 ± 0.1 g/day [20]. Thus, dietary fiber intake
levels in children and adolescents continue to fall short of
meeting dietary guidance based on recommendations set
forth by the Institute of Medicine where fiber Adequate
Intake in children 1 ‒ 8 years and children and adolescents
9–18 years is set at 19 ‒ 25 g/day and 26 ‒ 38 g/day, re-
spectively [21].
Collaborative efforts from the American Heart Associ-

ation, American College of Cardiology and The Obesity
Society state that nearly one-third of children and youth
are overweight or obese, further exacerbating poor
health profiles and increasing risks for chronic diseases
and their co-morbidities [22, 23]. In the current analyses,
total fat intake was lower in, ‘cereals’ and ‘pasta, cooked
cereals and rice’, and daily saturated fat intake was lower
in many of the grain patterns examined, in comparison
to the no grains food pattern. The range of saturated fat
lowering per day translates to meaningful reductions when
considering the U.S. Food and Drug Administration’s Daily
Value (DV) for saturated fat; the mean lowering of saturated
fat ranged from 1.5 ‒ 4.8 g per day which represents 7.5 ‒
24% of the DV for adults and children ≥4 years of age con-
suming 2000 kcal/day. Taken collectively, some grain food
patterns, comprised of both whole and enriched grains, can
be beneficial in children and adolescents when considering
dietary guidance and health outcomes.
Our results are aligned with previous observational

findings that considered sources of nutrients in the US
diet. When identifying the top food sources of nutrients,
including both intrinsic and added to foods via fortifica-
tion, results showed that grain foods represented the top
five ranking food sources for folate, such that ready-to-
eat cereals, yeast breads and rolls, pizza, pasta and
crackers, popcorn, pretzels, and chips contributed 56.7
and 54.4% of folate to the diet of children and adoles-
cents, respectively. Results were similar another shortfall
nutrient, such that grain foods represented the top five food
sources for iron in the diet of US children and adolescents,
with ready-to eat cereals, yeast breads, pizza, cakes, cookies,
and pies, and crackers, popcorn, pretzels, and chips cumula-
tively contributing 52.1 and 48.7% of iron [24].
The 2015–2020 DGA and 2015 Dietary Guidelines Advis-

ory Committee (2015 DGAC) report further states ‘of the
shortfall nutrients, calcium, vitamin D, fiber, and potassium
also are classified as nutrients of public health concern be-
cause their under consumption has been linked in the scien-
tific literature to adverse health outcomes” [21], a principle
carried forward from the DGA 2010 policy document [25].
The 2015 DGAC [17] also reports that “if whole grains were
consumed in the amounts recommended in the recom-
mended food patterns, whole grains would provide
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substantial percentages of several key nutrients, such as
about 32% of dietary fiber, 42% of iron, 35% of folate, 29% of
magnesium and 16% of vitamin A”. While these nutrients
levels represent significant contributions from whole grains,
whole grain consumption alone can still leave a gap between
consumption and recommendation levels. The 2005 DGAC
reported that refined grains contribute substantial levels of
key nutrients to food patterns, naming folate, iron, calcium,
dietary fiber, thiamin, riboflavin and niacin [26], thus dem-
onstrating the importance of consuming both enriched and
whole grains. The committee further acknowledged that in-
cluding only three ounce equivalents of whole grains daily
with no refined grains in recommended food patterns would
lower intake of many of key nutrients and potentially place
specific populations at risk for nutrient inadequacy [26]; an
argument which led the 2015 DGAC to conclude that con-
sumption of whole grains with no substitutions would result
in nutrient shortfalls [17]. The current analysis provides data
linking different grain food patterns with nutrient intakes
and concurrently we observe the adverse nutrient- and
health-related outcomes when grain foods as a whole are
eliminated from the diet. In many of the grain patterns ex-
amined, we see a better overall nutrient intake profile, which
demonstrates the important dietary contributions made by
different grain foods and emphasizes the importance of con-
suming a balance of whole grains, enriched and fortified
grain products. Indeed, while some of the grain food clusters
contributed nutrients to limit in the diet as identified by the
2015–2020 DGA [1], including saturated fat, added sugars,
and sodium, several of the grain food patterns were associ-
ated with lower intakes of these nutrients and improved
shortfall nutrients and diet quality. Such findings provide a
rationale for more specific, evidence-based dietary guidance
around grain consumption.
There are several limitations to the present analysis

that deserve recognition. Data for energy and nutrient
intakes, including values reported for diet quality, were
obtained using 24-hour dietary recalls, which rely on
study participant memory. While validated procedures
are used to collect the data, recalled information may be
inaccurate and biased from misreporting or memory
challenges [27]. In addition, the current evidence, being
observational, cannot establish a causal link between the
different grain foods patterns examined and improve-
ments in nutrient intakes and diet quality. However, a
large strength of the current work stems from the use of
NHANES, which is a large continuous survey that exam-
ines a nationally representative sample of about 5,000 in-
dividuals yearly by highly-trained medical personnel.
Additionally, numerous covariates were used to adjust
the data in an attempt to remove potential confounding
scenarios. However, residual confounding may still exist
and may explain some of the results reported. Lastly, we
identified a small percentage of the population with no

consumption of the main grain groups investigated,
which served as the comparison group. While the com-
parison group was relevant for research purposes, it only
represented 4% of the population, suggesting that further
research is required.

Conclusions
Several grain food dietary patterns in U.S. children and
adolescents are associated with greater nutrient intakes, in-
cluding greater consumption of shortfall nutrients and nutri-
ents of public health concern as identified by the 2015–2020
DGA. Improved diet quality, as measured by USDA’s HEI-
2010 was also linked to consumption of specific grain food
patterns, including ‘pasta, cooked cereals and rice, ‘cereals’,
‘yeast breads and rolls’ and ‘crackers and salty snacks’, when
compared to those children and adolescents not consuming
grain food dietary pattern. Improved diet quality was due
not only to the contribution of nutrients inherent in the
grain, but also to those added through enrichment and forti-
fication practices and those provided by natural food pair-
ings such as cereal and dairy foods (i.e., milk). Overall, while
some grain food patterns were associated with elevated so-
dium and added sugar, the present data also support that
several grain food patterns can serve as part of a healthy
dietary food pattern in children and adolescents, that
accounts for 2015–2020 DGA dietary recommendations to
reduce total fat, saturated fat and added sugar consumption,
while concurrently increasing intake of shortfall nutrients
and/or nutrients of concern, including iron, magnesium,
dietary fiber, vitamin D, potassium and folate.
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Food choice motives including sustainability 
during purchasing are associated with a healthy 
dietary pattern in French adults
B. Allès1,4* , S. Péneau1, E. Kesse-Guyot1, J. Baudry1, S. Hercberg1,2 and C. Méjean1,3

Abstract

Background: Sustainability has become a greater concern among consumers that may influence their dietary
intake. Only a few studies investigated the relationship between sustainable food choice motives and diet and they
focused on specific food groups.

Objective: This cross-sectional study aimed to assess the associations between food choice motives during
purchasing, with a focus on sustainability, and dietary patterns in a large sample of French adults.

Design: Food choice motives were collected in 31,842 adults from the NutriNet-Santé study, using a validated 63
items questionnaire gathered into 9 dimension scores: ethics and environment, traditional and local production,
taste, price, environmental limitation (i.e. not buying a food for environmental concerns), health, convenience,
innovation and absence of contaminants. Dietary intake was assessed using at least three web-based 24-h food
records. Three dietary patterns were obtained through factor analysis using principal component analysis. The
associations between food choice motive dimension scores and dietary patterns were assessed using linear
regression models, stratifying by sex.

Results: Individuals were more likely to have a “healthy diet” when they were more concerned by not buying a
food for environmental concerns (only for 3rd tertile versus 1st tertile βwomen=0.18, 95% CI=0.15–0.20, βmen=0.20
95% CI=(0.15–0.25)), ethics and environment (women only, β=0.05, 95% CI=0.02–0.08), absence of contaminants
(women only, β=0.05, 95% CI=0.01–0.07), local production (women only, β=0.08, 95% CI=0.04–0.11), health (women
only) and innovation (men only), and when they were less concerned by price. Individuals were also less likely to
have traditional or western diets when they gave importance to food choice motive dimensions related to
sustainability.

Conclusion: Individuals, especially women, having higher concerns about food sustainability dimensions such as
ethics and environment and local production, appear to have a healthier diet. Further longitudinal studies are
required to better understand how sustainable concerns may influence long-term nutritional quality of the diet.
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Background
Food sustainability has become a critical political issue in
societies as well as a matter of public health. Sustainable
diets were defined by the Food and Agriculture
Organization (FAO) as “diets protective and respectful of
biodiversity and ecosystems, culturally acceptable, access-
ible, economically fair and affordable; nutritionally ad-
equate, safe and healthy; while optimizing natural and
human resources” [1]. Considering that sustainable diets
could be health promoting, scientific communities in USA
[2], Brazil [3], UK [4] and some Northern countries from
Europe [5], have recently proposed dietary guidelines tak-
ing sustainability into account. In fact, it has been previ-
ously reported that some current diets, such as a western
diet rich in high fat, high sugar processed foods and poor
in fruit and vegetables, has negative effects on both health
and environment [6]. Consumers can be considered as the
main stakeholders in nutritional public health policies [7].
Public health strategies aiming at encouraging healthy and
environmentally friendly food choices need to better
understand consumer motives when purchasing. However,
little is known about the relationship between their food
choice motives including those related to sustainability
and dietary intake. Previous studies suggest that the mo-
tivation to behave sustainably is frequently found among
consumers, while its translation into actual sustainable
food choices and consumptions seems more difficult [8–
13]. Previous researches about dietary behaviors have indi-
cated that food choice motives may play a mediating role
between personal norms and values and dietary behaviors
[14, 15]. Indeed some types of concerns (e.g.: health, envir-
onment, etc.) may be explained by a combination of
values that could influence dietary behaviors such as pur-
chases and food choices and thus diet quality [15].
Previous studies about food choice motives conducted

in industrialized countries identified price [16–19],
health [17, 19, 20], sensory appeal [19, 21], mood during
purchasing [19], attitude toward foods [22] convenience
[16, 17, 19, 23–25] and ethical concerns [16, 17, 19, 23–
25] as main motives influencing consumers choice. Al-
though sustainability is a rising concern in consumers,
to date, only a few studies [23, 25–29] have investigated
food choice motives covering all the dimensions of sus-
tainability as defined by the FAO [1]. Those studies in-
vestigated motives such as environmental, animal
welfare, local production and they mainly focused on or-
ganic products [26–29] or specific food groups [23, 25].
For example, a study conducted in Finland reported that
health and ethical concerns were associated with a
higher consumption of fruit and vegetables and a lower
consumption of energy dense foods [23]. Another study,
conducted among young adults in the USA, reported
that a positive attitude toward organically grown and
local food was associated with a higher consumption of

fruit and vegetables, and a lower consumption of sugar-
sweetened beverages [29]. Finally, another study con-
ducted in six European countries did not report any as-
sociation between food choice motives related to
sustainability and consumption of traditional foods, ex-
cept for France [25].
To the best of our knowledge, the relationship be-

tween sustainable food choice motives and the overall
diet such as dietary patterns has not been reported yet.
Dietary patterns have the two advantages of reflecting
the complexity of the dietary habits and overall food in-
take [30] and to enhance the promotion of healthy food
habits [31]. In addition, specific dimensions of sustain-
able food choice motives such as health in the context of
sustainability were rarely reported in previous studies
[19, 25].
This cross-sectional study aimed to investigate the re-

lationships between food choice motives including sus-
tainability during purchasing, and dietary patterns in a
large sample of French adults from the NutriNet-Santé
Study.

Material and methods
Subjects were participants in the NutriNet-Santé Study,
a large web-based prospective observational cohort
launched in France in May 2009 with a scheduled
follow-up of 10 years. Participants were Internet-using
adult volunteers from the general population aged
18 years or more. The study was designed to investigate
determinants of dietary behaviours and nutritional sta-
tus, as well as the relationships between nutrition and
health. The design, methods and rationale of this study
have been previously described [32]. Briefly, participants
had to fill in an initial set of questionnaires assessing
dietary intake, physical activity, anthropometry, lifestyle
and socio-economic conditions along with health status
to be included in the cohort. Each month, they are in-
vited to fill out other questionnaires related to determi-
nants of food behaviour and various nutritional and
health status issues.
This study was conducted according to guidelines laid

down in the Declaration of Helsinki, and all procedures
were approved by the Institutional Review Board of the
French Institute for Health and Medical Research (IRB
Inserm n° 0000388FWA00005831) and the Commission
Nationale Informatique et Libertés (CNIL n° 908,450
and n° 909,216). Written electronic informed consent to
participate in the study was obtained from all subjects.

Data collection
Assessment of food choice motives including sustainability
As no study has simultaneously and thoroughly explored
all dimensions of sustainability as defined by FAO [1], in
consumer food-buying motives, in particular social
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dimension, a new questionnaire including all aspects of
sustainability has been developed [33].
In September 2013, 122,091 subjects living in the French

metropolitan area were invited to complete this optional
validated questionnaire on food choice motives on the
“Nutrinet-Santé” website (https://www.etude-nutrinet-san-
te.fr/). The development and validation of the question-
naire have been previously described [33]. Briefly, the final
questionnaire included the 63 most relevant items, and
was divided into 9 dimensions scores obtained by first-
order analysis: ethics and environment (17 items, e.g.: pro-
duction waste, impact on earth’s resources, respect for
working conditions), traditional and local production (12
items, e.g.: proximity of production, support for small-s-
cale producers), taste (4 items), price (6 items), environ-
mental limitations (4 items, e.g.: not buying meat for
environmental reasons), health (6 items, e.g.: health im-
pact, nutritional composition), convenience (4 items, e.g.:
cooking convenience), innovation (4 items, e.g.: original of
innovative product, innovative fabrication/conservation
process) and absence of contaminants (5 items, e.g.: addi-
tives, exposure to chemicals). Four intercorrelated dimen-
sions (ethics and environment, local and traditional
production, health and absence of contaminants) formed
a second-order factor interpreted as healthy and environ-
mentally friendly consumption, corresponding to a
sustainability dimension in food choices for consumers
[33]. The other five uncorrelated dimensions do not dir-
ectly relate to sustainable food choice motives.
Participants were first asked whether they were in

charge of food supply in their household or not. Then,
the questionnaire was divided into two main sections:
one for general aspects of food purchasing and another
one for purchasing of specific food groups (meat, fish,
fruit and vegetable and dairy products). Participants
were asked whether they were buying these products or
not. If they were buying them, they answered all ques-
tions concerning their motives during purchasing. For
each item, subjects were asked to rate on a 4-point
Likert scale from “I strongly disagree” to “I strongly
agree” (e.g.: “When I purchase [meat/fish/fruits and veg-
etables/dairy products], I take into account its impact on
the environment: Strongly disagree / Disagree / Agree /
Strongly agree / Undecided”). If they were not buying
products from a food group, they had to answer specific
questions on reasons for not buying them (e.g., “I avoid
purchasing [meat/fish/fruits and vegetables/dairy prod-
ucts] for environmental issues: Strongly disagree / Dis-
agree / Agree / Strongly agree / Undecided”).
To control the quality of the data collected through

such a questionnaire, feasibility, internal validity and re-
liability were assessed in 637 randomly selected subjects
participating in the Nutrinet-Santé cohort study [33].
Feasibility was measured by assessing specific questions

on the perceived complexity and difficulty of filling in
the questionnaire, and whether the questionnaire was
too long and redundant, using the same 4-point Likert
scale from « I strongly disagree » to « I strongly agree »
[33]. The feasibility assessment revealed that only one
third of the sample found the questionnaire redundant
before it was shortened. The shorter version used for
this study may be even more feasible.
The underlying structure of the questionnaire was deter-

mined by exploratory factor analysis and then internally
validated by confirmatory factor analysis. Reliability was
also assessed by internal consistency of selected dimensions
and test–retest repeatability. The model demonstrated ex-
cellent internal validity (adjusted goodness of fit index = 0.97;
standardized root mean square residuals = 0.07) and satis-
factory reliability (internal consistency = 0.96, test–retest re-
peatability coefficient ranged between 0.31 and 0.68 over a
mean 4-week period).
Also, to improve quality of data collected, controls

were implemented in the web-based questionnaire to
avoid missing values implying that individuals had to fill
in every question. In addition, at the end of the ques-
tionnaire, participants had access to all questions and
given answers to check if their answers were right and
had the possibility to modify them eventually.

Dietary intake assessment
Dietary data were collected using web-based 24 h dietary
records. At enrolment and yearly thereafter, participants
were invited to provide three 24 h records (1 weekend
day and 2 weekdays) [32]. These records were randomly
assigned over a two-week period. The dietary record is
completed via an interactive interface and designed for
self-administration on the Internet [34]. The web-based
dietary assessment method relies on a meal-based ap-
proach, recording all foods and beverages (type and
quantity) consumed at breakfast, lunch, dinner and all
other eating occasions. First, participants fills in the
names of all food items eaten. Then, they estimate por-
tion sizes for each reported food and beverage item ac-
cording to standard measurements (e.g. home
containers, grams displayed on the package) or using
photographs available via the interactive interface. These
photographs, taken from a validated picture booklet
[35], represent more than 250 foods (corresponding to
1000 generic foods) served in seven different portion
sizes. The values for energy were estimated using a pub-
lished nutrient database [36] and completed for recent
market foods and recipes. The accuracy of web-based
24 h dietary records has been assessed by comparing to
interviews by trained dietitians [34] and against 24 h
urinary biomarkers [37, 38].
Participants in our sample were included if they had

completed at least three 24 h dietary records during the
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two years before the questionnaire on food choice mo-
tives (September 2011–September 2013). For each par-
ticipant, daily mean quantities of the food group (in
grams for solid food or cL for beverages) were calculated
from 24 h records, weighted according to the day (week
or weekend). Diet-underreporting participants were
identified by the method proposed by Black [39]. Briefly,
basal metabolic rate (BMR) was estimated by Schofield
eqs. [40] according to sex, age, weight and height col-
lected at enrolment in the study. BMR was compared to
energy intake taking into account the physical activity
level [39]. Foods were classified according to the infor-
mation provided in the French Nutrition and Health
Program (Programme National Nutrition Santé) guides
[41]. Twenty-five food groups were created: fruit, vegeta-
bles, legumes, potatoes and other tubers, refined starchy
foods, whole starchy foods, cereals (non fatty), fish and
seafood, meat, eggs, processed meat, cheese, dairy prod-
ucts low in sugar, cream based deserts, butter and other
added animal fats, vegetable oils, margarine, salad dress-
ing and other dressings, salty snacks, cereals (sweet and
fatty) sweet and fatty foods (pastries, biscuits, cookies,
chocolate), sweet products (honey, jam, candy), sugary
drinks, non-alcoholic beverages and alcoholic beverages.

Statistical analysis
The present analyses focused on participants included in
the NutriNet-Santé cohort study, included between May
2009 and October 2013, who completed the food choice
motive questionnaires, who completed at least three
24 h dietary records, who are not diet-underreporting
participants and with no missing socioeconomic data.

Dietary patterns analysis
To create dietary patterns, factor analysis using principal
component analysis was performed on the correlation
matrix of the 25 food groups. Three principal compo-
nents representing three independent dietary patterns
were identified according to their eigenvalues, interpret-
ability and percentage of variance explained. Varimax ro-
tation was performed to improve the interpretability of
the factor loadings [42]. Component scores of dietary
patterns were then adjusted for energy using the residual
method described by Willett and Stampfer [43]. Mean
intakes of 25 food groups and products were described
according to the quartiles of dietary pattern factor scores
to allow better interpretation of the food intake associ-
ated with each one the dietary pattern obtained.

Statistical analyses
Sociodemographic characteristics of the included and
excluded samples were compared using chi2 tests and t-
tests. Since each factor consisted of different number of
items (from 17 to 4 items), all factors were linearly

transformed into values ranging from 0 (no concern) to
10 (strong concern) to standardize ratings. Those quan-
titative score variables were later converted into qualita-
tive variable to ease interpretation of the results. Cut-
offs, were either tertiles or median, depending on the
distribution of the score. The association between the
nine food choice motives dimension scores and the three
dietary pattern factor scores were assesssed using
ANCOVA models. Each factor of dietary pattern identi-
fied was used as a dependent variable. Because of a sta-
tistcally significant interaction between sex and the food
choices motives, the analyses were stratified by sex. First,
an univariable analysis was performed for each dietary
pattern, to select food choice motive dimensions that
were significantly associated with dietary pattern
(p < 0.05, data not shown). Then, a multivariable analysis
assessed the associaton between dimensions of food mo-
tives and each dietary pattern. This analysis included the
retained food choice motives dimensions in univariable
models, adjusted for energy intake, age and education.
Mean scores of the nine dimension scores of food choice
motives were also computed by sex to describe their
ranking in stratified analyses. Mean dimension scores
were compared between men and women using t-tests.
All tests of significance were two-sided, and a P value

<0.05 was considered significant. All statistical analyses
were performed using SAS software (version 9.3, SAS
Institute Inc.).

Results
Characteristics of the sample
From the initial 122,091 subjects who received the ques-
tionnaire measuring food choice motives regarding sus-
tainable foods, a total of 46,958 answered the
questionnaire. Then, 15,113 subjects were excluded be-
cause of missing data on food intake (including 6650
underreporting) and 3 had missing data for age and edu-
cation. The final sample was composed by 31,842 sub-
jects (25,217 women and 6625 men).
As shown in Table 1, in both sexes, the sample of in-

cluded subjects had a higher proportion of individuals
with higher education, compared with excluded subjects.
The proportion of women living with a partner was
higher in the included sample as well as those living in
an urban area of 20,000 to 200,000 inhabitants. The
mean age was also lower in included subjects than in ex-
cluded subjects.

Description of food choice motive dimensions
Food choice motive dimensions ranked the same in men
and women (Table 2). The highest mean scores were
found for taste dimension, motives regarding health and
absence of contaminants, followed by local and trad-
itional production, price, ethics and environment and
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convenience. The lowest scores observed were for
innovation and environmental limitations. Women had
higher scores for every dimension except for innovation
and environmental limitations.

Description of dietary patterns
Three dietary patterns explaining 24.9% of the total vari-
ance were derived (Table 3). The first dietary pattern
was labelled healthy, it had the highest factor loadings
for fruit, vegetables, legumes, whole starchy foods, fish

and seafood, eggs, vegetable oils, non-alcoholic bever-
ages and lowest factor loadings for cream based desserts,
sweet and fatty food (pastries, biscuits, cookies and
chocolate) and sugary drinks. The second dietary pattern
was labelled traditional, it had the highest factor loadings
for potatoes and other tubers, non-fatty cereals, meat,
cheese, butter and other added animal fats, margarine
and sweet products (honey, jam, candy) and the lowest
factor loadings for fatty and sweet cereals. The third
dietary pattern was labelled Western, it had the highest
factor loadings for processed meat, cheese, salad dress-
ings, salty snacks, sweet and fatty food, sugary drinks
and alcoholic beverages and the lowest factor loadings
for dairy products low in sugar and margarine. Mean
daily intakes for food groups, according to quartiles of
component scores obtained by FA-PCA, are presented
in Additional file 1: Table S1.

Associations between food choice motive dimension and
dietary patterns
After univariable analyses, convenience dimension for the
three dietary patterns and price dimension for the Western
dietary pattern were excluded for multivariable analyses.
In both sexes, individuals with higher concern for en-

vironmental limitations (not buying specific food for en-
vironmental reasons), and those with lower concerns for
price, were more likely to have a healthy dietary pattern

Table 1 Characteristics of the included and excluded subjects (n = 45,155, Nutrinet-Santé study, 2013)

Men (n = 9499) Women (n = 35,656)

Excluded
(n = 2874)

Included
(n = 6625)

pa Excluded
(n = 10,439)

Included
(n = 25,217)

pa

Age (mean SD) 54.4 13.3 51.4 13.9 <0.001 47.1 14.1 44.8 14.1 <0.001

Educational level (n %) <0.001 <0.001

Primary 110 3.8 183 2.8 361 3.5 529 2.1

Secondary 1070 37.2 2065 31.2 3756 36.0 7266 28.8

Higher education 1685 58.6 4361 65.8 6263 60.0 17,302 68.6

Missing data 9 0.3 16 0.2 59 0.6 120 0.5

Marital status (n %) 0.78 0.001

Single, divorced, separated or widowed 578 20.1 1311 19.8 3002 28.8 6717 26.6

Living with a partner 2289 79.6 5300 80.0 7420 71.1 18,456 73.2

Missing data 7 0.2 14 0.2 17 0.2 44 0.2

Size of the residential city (n %) 0.63 0.015

Rural 584 20.3 1395 21.1 2299 22.0 5519 21.9

Paris area 542 18.9 1227 18.5 1952 18.7 4396 17.4

Urban, 20,000–200,000 inhabitants 518 18.0 1253 18.9 1902 18.2 4660 18.5

Urban, < 20,000 inhabitants 461 16.0 988 14.9 1551 14.9 3737 14.8

Urban, > 200,000 inhabitants 762 26.5 1748 26.4 2694 25.8 6833 27.1

Missing data 7 0.2 14 0.2 41 0.4 72 0.3
a: p-value for t-test for age and for chi2 for every other categorical variables
SD Standard-deviation

Table 2 Mean food choice dimension scores in the sample,
sorted from high to low (n = 31,842, Nutrinet-Santé study, 2013)

Women Men p1

Mean SD Mean SD

Taste 9.0 0.9 8.8 0.9 <0.001

Health 7.6 1.2 7.4 1.1 <0.001

Absence of contaminants 7.5 1.5 7.4 1.3 <0.001

Local and traditional production 7.4 1,0 7.2 0.8 <0.001

Price 7.4 1.1 7.1 1.1 <0.001

Ethics and environment 5.7 1,0 5.5 0.8 <0.001

Convenience 5.5 1.6 5.2 1.5 <0.001

Innovation 3.5 1.4 3.6 1.3 <0.001

Environmental limitations 2.8 2.2 2.7 2.2 0.22

1:p-value for t-test
s-d: standard-deviation
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(tertile 3 vs 1 only) (Tables 4 and 5). Women with higher
concern for ethics and environment, those with higher
interest in traditional and local production, health, and
those with higher concern for absence of contaminants
were more likely to have a healthy dietary pattern as well
(Tables 4 and 5). Men with higher concern for
innovation were also more likely to have a healthy diet-
ary pattern. In both sexes, individuals with lower con-
cerns for environmental limitations were more likely to
have a traditional dietary pattern. In addition, women
with moderate concern for health (tertile 2 vs 1 only),
men with moderate concern for the absence of contami-
nants (tertile 2 vs 1 only), and men with lower concern
for innovation, were more likely to have a traditional
dietary pattern. Finally, in both sexes, individuals with
lower concerns for health (in men, tertile 2 vs 1 only)
were more likely to have a western dietary pattern. In
addition, women with higher concern for taste (tertile 3
vs 1 only) and those with lower concern for health, and

men with lower concern for environmental limitations,
were more likely to have a western dietary pattern.

Discussion
To the best of our knowledge, this is the first study to
investigate associations between sustainable food choice
motives and dietary patterns. Individuals, and in particu-
lar women, having higher concerns about food sustain-
ability motives such as ethics and environment, local
and traditional production and health appear to have a
healthier diet. Higher concern for taste was also associ-
ated with the traditional dietary pattern (in women)
reflecting less healthy dietary habits.
Findings from previous studies support our results

even if they focused on specific food groups instead of
dietary patterns. They showed an association between
sustainable food choice motives and fruit and vegetables
[23, 29], lower consumption of high-fat high sugar food
[29] and higher consumption of traditional food [25].

Table 3 Dietary patterns obtained by factor analysis using principal component analysis of daily food intakes in the Nutrinet-Santé
sample (n = 31,842, Nutrinet-Santé study, 2013)

Healthy dietary pattern Traditional dietary pattern Western dietary pattern

Fruit 0.44 0.07 −0.21

Vegetables 0.58 0.20 −0.28

Legumes 0.27 −0.09 0.05

Potatoes and other tubers 0.04 0.42 0.00

Refined starchy food −0.08 −0.06 0.18

Whole starchy food 0.60 −0.27 −0.01

Cereals, non fatty −0.22 0.71 0.01

Fish and seafood 0.31 −0.07 0.02

Meat −0.20 0.29 0.02

Eggs 0.14 0.05 −0.06

Processed meat −0.11 0.24 0.40

Cheese 0.09 0.36 0.34

Dairy products, low in sugar −0.13 0.05 −0.49

Cream based deserts −0.20 −0.04 0.03

Butter and other added animal fats 0.08 0.43 −0.05

Vegetable oils 0.38 0.11 0.11

Margarine 0.04 0.24 −0.20

Salad dressings and other dressings −0.02 0.10 0.28

Salty snacks 0.00 −0.04 0.48

Cereals, sweet and fatty −0.01 −0.28 −0.07

Sweet and fatty foods (pastries, biscuits, cookies, chocolate) −0.23 −0.07 0.37

Sweet products (honey, jam, candy) 0.13 0.38 0.02

Sugary drinks −0.29 −0.10 0.30

Non-alcoholic beverages 0.44 0.01 0.04

Alcoholic beverages 0.12 0.22 0.53

variance explained (%) 8.8 8.2 7.9
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The positive association between sustainable food
choice motives and a healthy diet may be explained by a
combination of both egoistic and altruistic values that
could influence food behaviour and diet [26, 44]. Indeed,
egoistic motives, such as health, have been reported as
better predictors of the purchase of foods [26] compared
with altruistic motives.
In general, self-perception regarding health or ethics

concerns can influence food motives that in turn will
have an effect on dietary intake. A review on determi-
nants of healthy eating reported that individuals defining
themselves as health and environmental conscious, or
animal friendly, for example, may have healthier dietary
habits [45]. Another study showed that food choice mo-
tives play a mediating role in the relationship between
health concerns of developing diseases, and healthy eat-
ing attitudes [14]. In particular, the latter study
highlighted that food choice motives regarding natural
content and ethical concerns may have a mediating role
between health concern and healthy eating attitude.

In our study, food choice motives regarding ethics and
environment and environmental limitations specifically,
were positively associated with a healthy dietary pattern
and negatively associated with a western dietary pattern.
In addition, the environmental limitation dimension was
negatively associated with the traditional dietary pattern.
Our results are suggesting that individuals that have a
healthy diet may be more concerned by the environmental
impact of their diet, independently from health concerns.
Individuals having concerns for environment may not
have conflicting concerns with health. Indeed, in another
sample from the Nutrinet-Santé study, we reported that
having environmental concerns is not contradictory with
adherence to nutritional guidelines (data not shown).
Personal norms, especially those regarding ethics in

food production and protection of the environment may
induce healthy eating [45], explaining the association
with healthy dietary habits. Previous work from de Boer
et al. [15] showed that ethical and environmental con-
cerns may relate to personal values and value-related

Table 4 Associations between dietary patterns and food choice motives dimension scores (n = 31,842, Nutrinet-Santé study, 2013)

Healthya Traditionala

Women Men Women Men

β 95% CI β 95% CI β 95% CI β 95% CI

ethics and environment

2nd tertile of score vs. 1st tertile 0.047 [0.018; 0.076] −0.002 [−0.061; 0.058] 0.009 [−0.015: 0.034] −0.007 [−0.065;0.050]

3rd tertile of score vs. 1st tertile 0.033 [0.001; 0.065] −0.007 [−0.077; 0.064] 0.025 [−0.002: 0.052] −0.037 [−0.106;0.030]

traditional and local production

2nd tertile of score vs. 1st tertile 0.080 [0.051; 0.109] 0.013 [−0.046; 0.073] 0.008 [−0.016; 0.033] 0.007 [−0.050; 0.066]

3rd tertile of score vs. 1st tertile 0.081 [0.049; 0.112] −0.019 [−0.089; 0.052] −0.008 [−0.035; 0.018] −0.009 [−0.078; 0.059]

taste

2nd tertile of score vs. 1st tertile 0.016 [−0.010; 0.043] 0.041 [−0.018; 0.100] −0.001 [−0.024; 0.020] 0.038 [−0.018; 0.096]

3rd tertile of score vs. 1st tertile 0.022 [−0.006; 0.050] 0.011 [−0.060; 0.083] −0.011 [−0.035; 0.012] −0.002 [−0.072; 0.067]

price

2nd tertile of score vs. 1st tertile −0.015 [−0.043; 0.013] −0.025 [−0.086; 0.036] −0.001 [−0.025; 0.020] 0.010 [−0.048; 0.069]

3rd tertile of score vs. 1st tertile −0.040 [−0.067; −0.013] −0.074 [−0.141; −0.007] 0.004 [−0.019; 0.027] −0.014 [−0.079; 0.051]

health

2nd tertile of score vs. 1st tertile 0.042 [0.014; 0.071] 0.003 [−0.059; 0.065] 0.027 [0.002; 0.052] 0.011 [−0.049; 0.072]

3rd tertile of score vs. 1st tertile 0.069 [0.040; 0.099] 0.067 [0.001; 0.135] 0.003 [−0.022; 0.029] −0.059 [−0.125; 0.006]

absence of contaminants

2nd tertile of score vs. 1st tertile 0.046 [0.017; 0.074] 0.017 [−0.044; 0.079] −0.001 [−0.026; 0.023] 0.084 [0.024; 0.144]

3rd tertile of score vs. 1st tertile 0.038 [0.008; 0.069] 0.028 [−0.040; 0.095] −0.019 [−0.045; 0.007] −0.013 [−0.079; 0.052]

environmental limitations (above
median vs. under median)

0.175 [0.153; 0.198] 0.202 [0.149; 0.255] −0.087 [−0.107; −0.068] −0.130 [−0.181; −0.078]

innovation (above median vs.
under median)

−0.010 [−0.033;0.013] 0.063 [0.010; 0.116] −0.011 [−0.031; 0.008] −0.061 [−0.113; −0.009]

a: parameters estimated with multivariable linear regression models, 8 food choice dimension scores adjusted for age, education and total energy intake; in bold:
statiscally significant
β: linear regression coefficient estimate; 95% CI = Confidence interval
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attitudes in a prevention motivational system, influen-
cing food choice motives, and then, food intakes. Ac-
cording to the Higgin’s regulatory focus theory [46, 47],
this motivational system is implying a higher level of
concerns with safety and fulfilment of responsibilities, as
well as concerns for security and avoidance of negative
outcome. Following those theories, personal values such
as ethics and environment protection may act as pre-
ventive psychological determinants of a healthier food
behavior.
The traditional and local production dimension was

also associated with a healthy dietary pattern. This di-
mension of food choice motives contains various con-
cerns including proximity of production especially (for
fruit and vegetables), artisanal or traditional production,
support for small-scale producers (and cooperatives) or
seasonality. Previous studies about food choice motives
never assessed a dimension gathering those concerns.
Previous studies focusing on consumers' motives for

buying local food highlighted that both organic and
freshly locally grown characteristics of the products were
important concerns [48, 49]. Indeed, individuals buying
local food may have a particular interest in the seasonal-
ity and the origin of the products they buy, two personal
values that may be on the motivational pathway to
healthy eating attitudes [15]. This food choice motives

dimension was not associated with the traditional dietary
pattern. A possible explanation is that in our question-
naire, the traditional and local dimension was also repre-
senting altruistic values (e.g.: promoting local
producers). These altruistic values may be associated
with healthier diet [15] instead of traditional and less
healthy dietary patterns.
Health dimension was positively associated with both

healthy and traditional dietary patterns whereas it was
inversely associated with a western dietary pattern. It
has been shown that health as a food choice motive was
positively correlated with better adherence to healthy
nutritional guidelines [20]. The health concern, mediated
by attitudes and personal values regarding the
prevention of diseases or other health conditions, may
be associated with healthier food choices as previously
described [14].
The association between the absence of contaminants

motive and a healthy dietary pattern observed in our
study has not been previously assessed in the literature.
This motive was also associated with a traditional dietary
pattern in our study. A comparative study conducted
across six European countries including France, investi-
gated the relationship between food choice motives and
consumption of traditional food [25]. In this study, nat-
ural content was a concern for consumers of traditional

Table 5 Associations between dietary patterns and food choice motives dimension scores (n = 31,842, Nutrinet-Santé study, 2013)

Westernb

Women Men

β 95% CI β 95% CI

ethics and environment

2nd tertile of score vs. 1st tertile 0.014 [−0.013;0.041] 0.052 [−0.009; 0.114]

3rd tertile of score vs. 1st tertile −0.014 [−0.043; 0.017] 0.001 [−0.071; 0.073]

traditional and local production

2nd tertile of score vs. 1st tertile −0.009 [−0.036; 0.017] 0.040 [−0.021; 0.103]

3rd tertile of score vs. 1st tertile 0.012 [−0.017; 0.042] 0.064 [−0.009; 0.014]

taste

2nd tertile of score vs. 1st tertile 0.007 [−0.017; 0.033] 0.002 [−0.059; 0.063]

3rd tertile of score vs. 1st tertile 0.037 [0.011; 0.064] 0.046 [−0.028; 0.119]

health

2nd tertile of score −0.051 [−0.078; −0.023] −0.114 [−0.178; −0.049]

3rd tertile of score −0.142 [−0.170; −0.114] −0.145 [−0.214; 0.075]

absence of contaminants

2nd tertile of score 0.005 [−0.021; 0.033] 0.019 [−0.045; 0.083]

3rd tertile of score −0.006 [−0.034; 0.023] −0.001 [−0.070; 0.069]

environmental limitations (above median vs under median) 0.011 [−0.010; 0.032] −0.081 [−0.136; −0.026]

innovation (above median vs under median) −0.001 [−0.021; 0.033] 0.045 [−0.010; 0.099]
b: parameters estimated with multivariables linear regression models, 7 food choice dimensions scores + age, education and total energy intake; in bold:
statiscally significant
β: linear regression coefficient estimate; 95% CI = Confidence interval; 95% CI = Confidence interval
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products [25]. Higher concerns for natural content
[50] and natural products [14] were also previously
related to higher consumptions of healthy food such
as fruit and vegetables.
An association between the taste dimension and the

western pattern in women was observed. Previous work
that investigated food choice motives also reported that
taste highly ranked among other dimensions of motives
[19, 25, 27, 51]. Taste and food preferences (e.g.: fat, salt,
sweet) have been reported as strong predictors of food
intake [52–55]. The small variation of the taste dimen-
sion score within this sample may partially explain the
absence of any other statistically significant association.
This may be also be explained by the conceptual model
proposed by De Boer et al. [15] implying that food
choice motives influence taste-related attitudes and not
directly food choices.
Lower concern for price, independently from other di-

mensions, is associated with healthy food intake. Previ-
ous study reported that food price is an obvious
determinant of food choices [19] and a food choice
motive positively associated with healthy eating [14].
However, to the best of our knowledge, lower concerns
for price were never reported associated with healthy
dietary patterns in previous studies. Individuals with
healthier diet have higher incomes in the Nutrinet-
Santé study (data not shown) and, they may therefore
feel less concerned by price. This may explain the in-
verse relationships between price motive and healthy
dietary pattern.
The innovation dimension was poorly associated with

any of the dietary patterns, except with a healthy dietary
pattern in men. The fact that individuals having those
concerns have higher incomes, higher educational level
and thus, healthier diets (data not shown), may explain
this significant association with a healthy dietary pattern
in men, similarly to price concerns.
Our results may not be generalizable to the general

population. First, our study sample includes a greater
proportion of women and participants with higher edu-
cation. Those characteristics that have been previously
reported as demographic predictors of greater concerns
for health and sustainability [29, 56, 57]. Indeed, a previ-
ous study among older adults reported that individuals
with higher income and higher level of educations were
more likely to report health related motives [56]. An-
other studies highlighted that women were more likely
to exhibit higher concerns for the environment, whereas
individuals with lower levels of educations are less envir-
onmentally sensitive [57]. Women seemed to also report
higher importance for local production and sustainable
foods in a previous study among young adults [29].
Thus, individuals with greater concerns for health and
sustainability may be over-represented in this sample.

However, it may be difficult to estimate how it could
have biased our study sample, as no data from studies
using random samples in the general population are
available. To prevent this bias, statistical models were
stratified by sex and adjusted for education.
Secondly, a previous study assessed the representativ-

ity of the Nutrinet-Santé cohort study comparing the
distribution of sociodemographic and economic charac-
teristics to statistics from the French census data (58).
Notable differences were reported concerning gender
and educational level. Thus, women and individuals with
higher level of education are over-represented in our
sample from the Nutrinet-Santé study, as they are more
likely to participate in voluntary-based health and epi-
demiological studies in many epidemiological fields [58].
A high interest in nutrition could also lead to this over-
representation [58, 59].
Finally, a comparison study about dietary intake was

conducted comparing the Nutrinet-Santé study cohort
to a representative sample of the French population
[60]. The authors reported a low magnitude of differ-
ences in food intakes between those studies, except
for fruit and vegetables.
Food consumptions were self-reported using a self-

administrated web-based tool, implying methodological
constraints. However, a validation study [61] concluded
that compared to interview with dietitian, web-based
self-reported food intake seem to be valid and feasible
method. A strength of this study is to provide an accur-
ate estimation of overall dietary intakes. Indeed, dietary
data used to derive dietary patterns were collected
through a validated [37] interactive web-based self-
reported dietary record tool. Moreover, the three non-
consecutive-day dietary records are recommended
methods in large epidemiological studies [62], especially
because it allows a good estimation of usual diet [63].
Additionally, we used a data-driven method that enables
the description of global dietary patterns instead of fo-
cusing on specific food items. This method enhanced a
broader description of food habits within the sample
that were later associated with food choice motives.
Within our study sample, we were able to cover a
good variety of food habits, and related dietary pat-
terns, similar to previous studies using these methods
(for example: opposite nutritional qualities of healthy
and western diets [64, 65]).
Food choice motives were assessed using a validated

questionnaire specifically designed for the French popu-
lation [33]. As food choice motives were self-reported
some difficulties may have appeared when participants
completed it by themselves [33]. As the answers from
the questionnaire were based on self-reporting, the reli-
ability and validity of the questionnaire could be ques-
tioned. However, reliability tests were performed [33]
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and showed that both internal consistency for each fac-
tor and repeatability for most of the items were satisfy-
ing. In addition, the model demonstrated excellent
internal validity. However, external validity may be lim-
ited because this questionnaire was developed in a
French cultural setting and cross-cultural adaptations
may be required before submitting it to other cultures
[24]. To our knowledge, this is the first study using such
a validated food choice motives questionnaire with a
specific focus on sustainability. Indeed, additionally to
an increasing number of items investigated compared to
previous studies, this questionnaire also covered new
themes such as local production and environmental lim-
itations for example.

Conclusion
In some countries, public health experts are already pro-
moting sustainable diets that could allow reaching a bet-
ter nutritional quality of the diet, but little is known
about determinants of consumers’ choices concerning
sustainability. Our results support the idea that sustain-
able food motives during puchases are related to health-
ier dietary patterns. We also highlighted that sustainable
concerns may influence dietary intake of individuals, and
thus should not be neglected in the promotion of
healthy dietary habits. Further longitudinal observational
studies are also required to better understand how sus-
tainable concerns may influence long term nutritional
quality of diets.
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Serum phospholipid fatty acids, dietary patterns 
and type 2 diabetes among urban Ghanaians
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Abstract

Background: Previously, a “purchase” pattern (rich in vegetable oil, manufactured foods, red meat and poultry,
fruits, and vegetables) was identified among adults in urban Ghana and was inversely associated with T2D, while a
“traditional” pattern (rich in fish, palm oil, plantain, green-leafy vegetables, beans, garden egg, fermented maize
products,) increased the odds of T2D. To investigate, if specific fatty acids (FAs), partly reflecting the intakes of certain
food groups and cooking methods, might explain the observed diet-disease relationships, serum phospholipid fatty
acid profiles were characterized and their relationships with blood lipids that are common risk factors for T2D were
analyzed.

Methods: The relative proportions of 28 FAs (%) in 653 Ghanaians without T2D were measured by gas chromatography.
In a cross-sectional analysis, the associations of FAs with dietary patterns and with serum lipids that are likely involved in
T2D development were investigated. The FAs distributions across dietary pattern scores were examined. Standardized
beta coefficients (β) were calculated for the associations of dietary pattern scores (per 1 standard deviation (SD) increase)
with FAs. Across the tertiles of selected diet-related FAs, adjusted means of serum triglycerides, cholesterol, HDL-
cholesterol and LDL-cholesterol were calculated.

Results: In this mainly female (76%), middle-aged (mean age: 46.4, SD: 15.3 years) and predominately overweight study
population (mean body mass index: 25.8, SD: 5.4 kg/m2), saturated FAs (SFAs) contributed 52% to total serum FAs, n-6
polyunsaturated FAs (PUFAs) 27%, monounsaturated FAs 12%, n-3 PUFAs 9% and trans FAs (TFAs) <1%. The “purchase”
pattern was related to lower proportions of n-3 PUFAs (β per 1 score SD: −0.25, p < 0.0001), but higher proportions of
linoleic acid (LA) (β per 1 score SD: 0.24, p < 0.0001). The “traditional” pattern was characterized by lower proportions of
arachidic acid (β per 1 score SD: −0.10, p = 0.001). LA was inversely associated with triglycerides, but positively with
HDL-cholesterol and LDL-cholesterol.

Conclusions: In this Ghanaian population, serum FA profiles reflected the intake of key components of dietary patterns,
such as fish and vegetable oil. FAs from manufactured foods (SFAs) and deep-fried meals (TFAs) did not contribute to the
observed associations between dietary patterns and T2D. Still, LA might partly explain the health-beneficial effect of the
“purchase” pattern.
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Background
Diabetes mellitus is a global health challenge, affecting
415 million people worldwide [1], the majority being
patients with type 2 diabetes (T2D). Next to the Middle-
East, sub-Saharan Africa is facing the second-highest
growth rates of T2D globally [1]. Already, the prevalence
of T2D in urban Ghana (10%) equals the figure seen
among the adult European population [2]. Population
aging and rapid urbanization that contributes to dietary
changes and reduced physical activity are among the
causes for this development in sub-Saharan Africa [3].
Therefore, we previously evaluated the importance of

dietary patterns for T2D among adults living in urban
Ghana [4]. By means of Principal Component Analysis
(PCA), two dietary patterns were identified that showed
distinct T2D-associations. The “purchase” pattern was
characterized by high factor loadings of sweets, rice,
meat, fruits and vegetables and reduced the odds of T2D
by 59% per 1 standard deviation (SD) increase of the
pattern score. The “traditional” pattern was character-
ized by plantain, cassava, green leafy vegetables, fish,
fermented maize products and palm oil and increased
the odds of T2D by 56% [4]. The role of food groups
was evaluated to understand these unexpected associa-
tions. Sweets and soft drinks were rarely consumed;
types of meat comprised mainly goat, sheep and bush
meat; and fruits and vegetable consumptions were fre-
quent, probably contributing to the inverse effect of the
“purchase” pattern. The preference of carbohydrate-
dense, satiating staples may partly explain the direct
association of the “traditional” pattern with T2D [4].
Additionally, specific nutrients and metabolites, in-

cluding serum phospholipid fatty acids (FAs) might con-
tribute to the observed relationships. They constitute an
objective measurement of the intake of specific dietary
fats and thus, are valuable instruments to examine diet-
disease relationships [5]. For fish-derived FAs, moderate
correlations (r = 0.13–0.71) with blood lipid fractions
were seen [6], while some specific odd-chained saturated
FAs (SFAs) partly represent the intake of dairy fat
(r = 0.23–0.62). Trans FAs (TFAs) correlate with the
consumption of refined oils (r = 0.29–0.63), but can also
stem from dairy [6]. However, some FAs, including
palmitic acid, stearic acid and n-6 polyunsaturated FAs
(PUFAs) are rather unsuitable markers of dietary fat,
because their concentrations can be influenced by en-
dogenous metabolism [7].
On the background of economic transition and rapid

urbanization in Ghana, we suspect that a change in trad-
itional food preparation from steaming towards deep-
frying occurred. Consequently, TFAs should be increased
in serum phospholipids. The abundant use of palm oil
will lead to higher serum SFAs with possible detrimental
effects on intermediate biomarkers of T2D [8].

Therefore, the aim of this study was to investigate the
contribution of serum phospholipid FAs to the observed
associations between dietary patterns and T2D. Specific-
ally, the objectives were to i) characterize the serum
phospholipid FA profiles, ii) to analyze the associations
between dietary patterns and selected FAs serving as
markers for dietary fat intake, and iii) to investigate the
relationships of these FAs with blood lipids that are
common risk factors for T2D.

Methods
Study design and study population
The Kumasi Diabetes and Hypertension (KDH) study
was conducted as a non-matched hospital-based case-
control study in urban Ghana between August 2007 and
June 2008 [9]. In brief, patients from the diabetes center
and the hypertension clinic were recruited, and prelim-
inary controls came from friends, neighbors and parish-
ioners, outpatients and hospital staff.
The study protocol conformed to the principles em-

bodied in the Declaration of Helsinki and was reviewed
and approved by the Ethics Committee of the School of
Medical Sciences, University of Science and Technology,
Kumasi. All participants gave informed written consent
before they participated in the study. On the examin-
ation day, after 10-h over-night fast, venous blood sam-
ples were collected. Following breakfast, a personal
interview was conducted on dietary intake, demograph-
ics, socio-economic status, medical history and lifestyle;
and anthropometric measurements were taken. T2D was
defined as fasting plasma glucose >7.0 mmol/L or as
documented intake of anti-diabetic medication. Accord-
ingly, there were 688 T2D cases and 778 controls
without T2D. The latter were used for the present
analysis, because diabetes status and anti-diabetic drugs
can impact on FA metabolism [10]. Further 125 partici-
pants were excluded, because of missing data on dietary
intake, demographics, socio-economics or anthropomet-
rics. The final sample size was 653 (Fig. 1).

Serum fatty acids and biochemical analyses
The proportions of the most commonly measured FAs
in epidemiological studies [11] were analyzed in serum
phospholipids. Fasting serum phospholipids reflect the
dietary intake of FAs during the past weeks and are not
influenced by recent FA intake [6]. The details of FA
analysis are presented in Additional file 1. In brief, FAs
were extracted from serum samples with tert-butyl
methyl ether/methanol, followed by a solid phase separ-
ation, hydrolysis and methylation with trimethyl sulfo-
nium hydroxide. The FA methyl esters were separated
by their retention time in the gas chromatograph with a
100 m capillary column (HP-88) and detected by flame
ionization. The 28 FAs were identified by standard
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substances and quantified as area percentage of each FA
relative to the total area of all detected FAs.
Fasting glucose was measured in full venous blood in

mmol/L by on-site photometry (Glucose 201+ Analyzer,
HemoCue, Germany); inter-assay coefficients of vari-
ation ranged between 1.7% and 6.1%. Serum triglycerides
and high-density lipoprotein (HDL)-cholesterol were
measured by colorimetric assays (ABX Pentra400,
Horiba Medical, Germany). The inter-assay coefficients
of variation were 4.5% and 1.8%, respectively. Low-
density lipoprotein (LDL)-cholesterol was calculated
according to the Friedewald equation [12].

Dietary assessment
In face-to-face interviews, trained study personnel ap-
plied a Ghana-specific food frequency questionnaire
(FFQ) to capture the usual food intake of all participants
over the last 12 months and to ensure, that the influence
of daily and seasonal variation was minimized. The FFQ
comprised 51 food items. According to their culinary
use and similarities in their nutrient profile, these items
were collapsed in the following 10 categories: starchy
roots and tubers; cereals and cereal products; animal
products; legumes, nuts and seeds; fruits; vegetables;
fats and oils; salt and spices; sweets; and beverages
(Additional file 2). The weekly intake frequencies
were captured by six categories: never, seldom (<time
per week), 1–2 times per week, 3–4 times per week,
5–6 times per week, and daily.

Assessments of covariates
In personal interviews, we obtained demographic and
socio-economic data: age, sex, education (none, primary,

secondary, tertiary, other), literacy (not able, able with diffi-
culties, able), occupation (subsistence farmer, commercial
farmer, casual laborer, artisan, trader, business men, public
servant, unemployed, other), presence of 11 household as-
sets, and number of people living in the household. A
socio-economic status (SES) sum score was constructed
comprising the three major domains education, occupation
and income. Details are explained in Additional file 3. Med-
ical history included own and family history of diabetes and
the use of lipid-lowering drugs. Smoking status and self-
reported physical activity (work-related, transportation-
related, leisure-time physical activity) were documented.
Daily energy expenditure (kcal/day) was calculated as the
sum of metabolic equivalents corresponding to activity in-
tensity as metabolic equivalents (MET-hours) × body
weight (kg) × duration (min).
Anthropometric data were obtained by trained

personnel (all devices SECA, Germany). Weight (kg) was
measured with a person scale, height (cm) with a stadi-
ometer and waist circumference (cm) and hip circumfer-
ence (cm) with a measuring tape. Body Mass Index
(BMI) was calculated as weight/(height)2 (kg/m2) and
waist-to-hip ratio (WHR) as waist circumference/hip
circumference.
The common proxy markers education, occupation

and income were used to construct a SES sum score
ranging from 0 to 10 points. First, a new variable was
constructed by combining the information on education
and literacy. This new variable with four characteristics
covered information about having formal education and
being able to write and read; points from 0 to 3 were
given. Occupation, originally a variable with nine charac-
teristics, was condensed to a new variable with five

Fig. 1 Flow diagram of excluded participants because of missing or implausible data
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characteristics, given the points 0 to 4. Due to differ-
ences in household structures and inflation rates of the
local currency, income was assessed using a list of 11
household assets. An income score ranging from 0 to 12
points was constructed based on these assets and the
number of people living in the household. The income
score was divided into quartiles, given the points 0 to 3.
To create the overall SES sum score, the points of edu-
cation, occupation and the income score were summed
up to a score ranging from 0 to 10 points.

Statistical analysis
General characteristics of the study population and the
proportions of single serum phospholipid FAs are pre-
sented for normally distributed metric variables as
mean ± standard deviation, for non-normally distributed
variables as median with interquartile range, and for cat-
egorical variables as percentage. Summarized propor-
tions for the following major FA groups were calculated:
SFAs, mono-unsaturated FAs (MUFAs), n-3 PUFAs, n-6
PUFAs, and TFAs. For comparisons between groups,
Mann-Whitney-U test was applied for continuous vari-
ables and χ2-test was used for categorical variables.
Dietary patterns were constructed applying PCA for

participants who had no T2D but FA measurements
(n = 653), to evaluate the internal validity of previously
identified dietary patterns. Details of the PCA analysis in
the KDH study have previously been reported [4]. In
brief, the 51 food items were collapsed into 33 food
groups (Additional file 2) and were subjected to PCA
using the PROC FACTOR procedure in SAS with an or-
thogonal rotation. The following criteria were applied to
extract the optimal number of factors: eigenvalue >1,

scree plot, and plausibility of the components. Standard-
ized food intake weighted by factor loadings was
summed to be able to rank the participants according to
their adherence to each dietary pattern.
The distribution of general characteristics and the FA

profile were examined across tertiles of the dietary pat-
tern scores using χ2-test and trend test. For the associa-
tions of dietary patterns with FAs, Box-Cox-transformed
FAs were calculated as median with interquartile range
across pattern score tertiles. For those FAs that showed
a significant trend across tertiles, linear regression
models were fitted and adjusted for age, sex, family his-
tory of diabetes, SES sum score, energy intake, energy
expenditure and WHR. For the associations of FAs with
diabetes-related biomarkers, adjusted means and 95%
confidence intervals (CI) of serum triglycerides, HDL-
cholesterol and LDL-cholesterol were calculated across
FA tertiles using the same set of adjustment variables.
As a sensitivity analysis, multivariate linear regression
models were calculated to analyze the associations of
serum phospholipid FAs with fat-containing foods, char-
acteristic of the respective dietary patterns.

Results
Study population
General characteristics of the study population are
shown in Table 1. The majority was female, middle-aged
and of low socio-economic status. One-fourth reported
a family history of diabetes and less than 2% took lipid-
lowering drugs. Smoking was prevalent in only 4% of all
participants and largely restricted to men. Daily energy
expenditure was 10% higher in men than in women.
Mean BMI in women was higher than in men, while the

Table 1 General characteristics of the 653 Ghanaian participants

Characteristics Total Men Women

n (%) 653 156 (23.9) 497 (76.1)

Age (years) 46.4 ± 15.3 46.0 ± 15.5 46.6 ± 15.3

FPG (mmol/l) 4.56 ± 0.71 4.58 ± 0.81 4.55 ± 0.67

Triglycerides (mmol/l) 1.18 (0.74) 1.12 (0.72) 1.19 (0.77)

LDL-cholesterol (mmol/l) 4.02 (1.69) 3.73 (1.99) 4.11 (1.62)a

HDL-cholesterol (mmol/l) 1.40 ± 0.39 1.30 ± 0.39 1.42 ± 0.39a

SES sum score 6.86 ± 2.38 7.02 ± 1.80 6.81 ± 2.54a

Daily energy intake (kcal/day) 1911 ± 657 2215 ± 678 1816 ± 621a

Daily energy expenditure (kcal/day) 1270 (776) 1372 (876) 1243 (779)a

BMI (kg/m2) 25.8 ± 5.36 23.3 ± 3.81 26.6 ± 5.52a

Waist:hip ratio 0.86 (0.10) 0.88 (0.10) 0.86 (0.10)a

Family history of diabetes (% yes) 25.3 19.9 27.0

Lipid-lowering drugs (% yes) 1.84 3.21 1.41

Smoking (% current or quit) 4.4 17.3 0.4a

Data were shown as means ± standard deviation for normally distributed metric variables, median (interquartile range) for metric variables without normal
distribution and percentage of participants for categorical variables; a p-value ≤ 0.05 for significant differences between male and female participants
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WHR was lower. The concentrations of triglycerides
were similar across gender, whereas LDL-cholesterol and
HDL-cholesterol were significantly higher in women.

Fatty acids profile
As presented in Fig. 2, SFAs contributed the highest pro-
portion to total serum FA concentration with 52%,
followed by PUFAs (36%), MUFAs (12%) and TFAs
(<1%). In the group of SFAs, palmitic acid (16:0) and
stearic acid (18:0) showed the highest proportions. In
the group of MUFAs, oleic acid (18:1n-9) yielded the
highest proportion, followed by vaccenic acid (18:1n-7).
Eicosapentaenoic acid (20:5n-3) (EPA) and docosahexae-
noic acid (22:6n-3) (DHA) made up almost 8%, and
therefore highly contributed to n-3 PUFAs. The highest
proportion in the group of n-6 PUFAs was observed for
linoleic acid (18:2n-6) (LA), followed by arachidonic
(20:4n-6) and dihomo-γ-linolenic acid (20:3n-6). Within
the group of TFAs, the highest contribution was seen for
linolelaidic acid (18:2n-6 t).

Exploratory dietary patterns
By PCA, we identified virtually identical principal com-
ponents as previously published (Table 2) [4]. The first
component explained 14.5% and the second 8.0% of the
total variance in food intake. Thus, sweets, soft drinks,
hot chocolate, rice, margarine, vegetable oil, fruits and
vegetables, meat, poultry, milk, eggs and plantain
showed high factor loadings (≥ |0.30|) on the first

pattern score. This component was labeled “purchase”
pattern. For the second pattern score, palm oil, fish, cas-
sava, fermented maize products, plantain, green-leafy
vegetables, garden egg and beans yielded high factor
loadings (AF 4). This component was labeled “trad-
itional” pattern.
Regarding the characteristics across the dietary pat-

terns (Table 3), participants in the highest tertile com-
pared to lower tertiles of the “purchase” pattern were
significantly younger, had a higher SES, lower daily en-
ergy expenditure, lower WHR and nominally decreased
fasting glucose. In the highest tertile of the “purchase”
pattern, triglycerides were significantly lower than in the
first two tertiles; the same trend was observed for LDL-
cholesterol. For the “traditional” pattern, participants in
the highest tertile compared to lower tertiles were sig-
nificantly older, of lower SES, had higher daily energy in-
take, higher WHR, and nominally higher triglycerides
and LDL-cholesterol (Table 3). For HDL-cholesterol and
fasting glucose, no significant trends were observed.

Dietary patterns and fatty acids profile
The distributions of serum phospholipid FAs across the
tertiles of the “purchase” and the “traditional” pattern
scores are shown in Table 4.
For the “purchase” pattern, there was no significant as-

sociation with SFAs, except for lower proportions of
heptadecanoic acid in higher tertiles, but this was not
statistically significant after multiple adjustment for

Fig. 2 Proportions of 28 fatty acids in serum phospholipids of 653 urban Ghanaians
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potential confounders (β per 1 score-SD increase: -0.06;
SE: 0.05; p = 0.16). For MUFAs, lower proportions were
observed for palmitoleic (16:1n-7), oleic and vaccenic
acid across the “purchase” pattern tertiles. The n-3
PUFAs EPA and DHA, were significantly lower; this was
still discernible after multiple adjustment (EPA [β: -0.24;
SE: 0.05; p < 0.0001]; DHA [β: -0.25; SE: 0.04;
p < 0.0001]). Within n-6 PUFAs, significantly higher
proportions were observed for LA, which remained after

adjustments (β: 0.24; SE: 0.04; p < 0.0001). While
dihomo-γ-linolenic and arachidonic acid were lower
across tertiles of the “purchase” pattern, no further n-6
PUFAs were significantly associated. In a sensitivity ana-
lysis, the positive association of the “purchase” pattern
with LA was confirmed for the characteristic fat-
containing foods margarine (β: 0.81; SE: 0.22;
p < 0.0003), vegetable oil (β: 0.60; SE: 0.23; p < 0.01) and
groundnut (β: 1.21; SE: 0.21; p < 0.0001).
Across tertiles of the “traditional” pattern, significant

lower proportions of arachidic acid were discernible and
remained after adjustment (β: -0.10; SE: 0.03; p = 0.001).
EPA, docosapentaenoic acid (DPA), and DHA propor-
tions were nominally higher across the tertiles of the
“traditional” pattern. In the group of n-6 PUFAs, signifi-
cantly higher proportions were observed for eicosadie-
noic acid, whereas proportions tended to be higher for
arachidonic acid and lower for LA (Table 4). Also, in a
sensitivity analysis, we verified the inverse association of
the “traditional pattern” with LA for the characteristic
fat-containing food items cassava (β:-0.95; SE: 0.22;
p < 0.0001) and plantain (β: -1.09; SE: 0.22; p < 0.0001).
After adjustment for respective confounders, no signifi-
cant association remained for n-3 and n-6 PUFAs with
the “traditional” pattern. Proportions of TFAs neither
differed across tertiles of the “purchase” nor of the
“traditional” pattern (Table 4).

Fatty acids profile and blood lipids
For the associations of selected diet-related FAs with
blood lipids, adjusted means of triglycerides, HDL-
cholesterol and LDL-cholesterol across FA tertiles are
presented in Table 5. For triglycerides, significantly lower
concentrations across tertiles of eicosanoic acid, EPA
and LA and higher concentrations across tertiles of
DHA were observed. For HDL-cholesterol, positive
associations were seen for EPA, DPA and LA. For
LDL-cholesterol, lower concentrations across tertiles
of the arachidic acid were observed, although not
significant. Across the tertiles of the n-3 PUFAs and
LA, the association with LDL-cholesterol was positive,
however, not significant for EPA. These results were
virtually identical after exclusion of participants on
lipid-lowering drugs (2%).

Discussion
Previously reported associations of exploratory dietary
patterns with T2D were partly unexpected and largely
unexplained by key foods of the dietary patterns [4]. We
hypothesized that food preparation and specific dietary
fats might be responsible. Thus, we characterized the
serum phospholipid FAs profile and investigated the
relationships of FAs with dietary patterns and with se-
lected intermediate biomarkers of T2D. In this urban

Table 2 Rotated factor loadings for the two dietary patterns in
the Kumasi Diabetes and Hypertension Study

Food items “purchase” pattern “traditional” pattern

Sweets 0.61 −0.14

Juice 0.60 −0.16

Rice 0.55 0.06

Soft drinks 0.52 0.03

Lettuce 0.52 0.14

Carrot 0.51 0.13

Margarine 0.50 0.15

Milk 0.50 −0.06

Vegetable oil 0.49 −0.12

Fruits 0.49 0.39

Milo (chocolate drink) 0.49 0.03

Red meat 0.48 −0.07

Cucumber 0.46 0.09

Eggs 0.45 −0.06

Poultry 0.39 0.08

Groundnut 0.33 0.27

Porridge 0.31 0.06

Bread 0.27 0.26

Agushie (pumpkin seeds) 0.25 0.23

Coffee 0.22 0.10

Palm oil 0.17 0.50

Fish −0.14 0.49

Green leafy vegetables 0.23 0.48

Cassava −0.24 0.48

Banku (fermented
maize product)

0.13 0.47

Plantain −0.33 0.46

Garden egg (aubergine) −0.01 0.46

Beans 0.22 0.45

Cocoyam −0.12 0.36

Crab 0.03 0.32

Okra 0.24 0.31

Millet −0.06 0.30

Yam 0.06 0.21

Food groups with factor loadings > 0.30, which are mainly characterizing the
dietary pattern are captured in bold
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Ghanaian study population, the FAs profile reflected key
foods of the “purchase” pattern: lower n-3 PUFA propor-
tions indicated lower fish intake, and higher LA possibly
reflected vegetable oil intake. Overall, the proportions of
SFAs and TFAs argue against a major role of food pro-
cessing and adversely increased SFAs intake for the
dietary pattern-diabetes relationships. Still, LA was asso-
ciated with a favorable profile of serum lipids. This
might explain some of the inverse association of the
“purchase” pattern with T2D.

Fatty acids profile
Lately, the recent epidemiologic literature covering
the importance of circulating blood fatty acids has
been reviewed [13]. Taken together, 13 observational
studies with at least 100 healthy adults were pub-
lished. The number of FAs under investigation
differed greatly and focused largely on n-3 and n-6
PUFAs. None of them were from sub-Saharan Africa,
but two studies described FAs among African-
American individuals [14, 15]. More recently, Forouhi
and colleagues added substantial findings from the
European Prospective Investigation into Cancer and
Nutrition (EPIC)-InterAct cohort and nine longitu-
dinal studies among Caucasians for the relationships
between PUFAs and T2D risk [16]. In comparison to
Caucasians, the proportions were higher for SFAs, similar
for MUFAs, higher for n-3 PUFAs, and lower for LA in the
present study [13–16]. Still, comparability is constrained

because FAs composition was measured in differential
compartments, including adipose tissue [6], erythrocyte
membranes [17] or serum free FAs [18].
Compared to African-American individuals, n-6

PUFAs appeared to be lower in the present study
population [14, 15]. The differences between Caucasians
and black US citizens are attributed to genetically deter-
mined activities of converting enzymes [15]. For n-3
PUFAs, the proportions were similar to those reported
among blacks in a multi-ethnic cohort [14].
As to the few data from sub-Saharan Africa, propor-

tions of serum phospholipid SFAs and MUFAs in the
present analysis were similar to those in a small cross-
sectional study among middle-aged Nigerians [19].
Compared to our study population, n-3 PUFAs (EPA
0.4% and DHA 3.1%) were remarkably lower in this indi-
genous population adhering to a dairy-based diet. TFA
proportions were similar to those in our study [19].
Similar results for phospholipid FAs were seen in a study
conducted among adolescent girls in Mozambique who
rely on a maize- and rice-based diet [20]. Among
Kenyan Massai [21], proportions of SFAs and n-3 PUFAs
in lipids of red blood cells were lower than in the
present study; MUFAs and n-6 PUFAs were higher.

Dietary patterns, fatty acids profile and blood lipids
The “traditional” pattern, which was related to higher
risk of T2D, was inversely associated with arachidic acid.
In a European-wide study, arachidic acid was positively

Table 5 Distributions of serum lipid concentrations across tertiles of selected diet-related serum phospholipid fatty acids

Fatty acids (% of
total fatty acids)

Serum lipids
(mmol/L)

Fatty acid tertile 1 Fatty acid tertile 2 Fatty acid tertile 3

adjusted mean of serum
lipids (95% CI)

adjusted mean of serum
lipids (95% CI)

adjusted mean of serum
lipids (95% CI)

p for trend

20:0 (median) 0.13 0.18 0.28

Triglycerides 1.32 (1.25; 1.40) 1.16 (1.11; 1.22) 1.12 (1.05; 1.17) 0.0003

HDL-cholesterol 1.41 (1.36; 1.46) 1.41 (1.36; 1.46) 1.36 (1.31; 1.42) 0.20

LDL-cholesterol 4.14 (3.97; 4.32) 3.94 (3.78; 4.14) 3.71 (3.56; 3.90) 0.0003

20:5n-3 (median) 1.04 1.79 3.15

Triglycerides 1.23 (1.17; 1.30) 1.23 (1.17; 1.30) 1.13 (1.06; 1.19) 0.01

HDL-cholesterol 1.35 (1.30; 1.40) 1.40 (1.35; 1.46) 1.44 (1.38; 1.49) 0.02

LDL-cholesterol 3.86 (3.67; 4.01) 3.90 (3.74; 4.10) 4.06 (3.86; 4.22) 0.12

22:6n-3 (median) 4.43 5.87 7.69

Triglycerides 1.08 (1.03; 1.15) 1.20 (1.14; 1.26) 1.31 (1.25; 1.39) <.0001

HDL-cholesterol 1.39 (1.33; 1.44) 1.40 (1.35; 1.45) 1.40 (1.34; 1.45) 0.79

LDL-cholesterol 3.78 (3.63; 3.97) 3.90 (3.74; 4.06) 4.10 (3.90; 4.26) 0.02

18:2n-6 (median) 13.1 16.5 19.9

Triglycerides 1.31 (1.23; 1.38) 1.20 (1.13; 1.26) 1.09 (1.04;1.16) <.0001

HDL-cholesterol 1.35 (1.30; 1.40) 1.38 (1.33; 1.43) 1.46 (1.40; 1.51) 0.01

LDL-cholesterol 3.74 (3.56; 3.90) 3.90 (3.74; 4.10) 4.14 (3.97; 4.35) 0.01

Means and 95% confidence intervals (CI) of serum lipid concentrations were adjusted for age, sex, diabetes family history, SES sum score, smoking, daily energy
intake, daily energy expenditure and WHR
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correlated with the intake of nuts and seeds, margarine,
dairy products and poultry and inversely associated with
T2D [22]. In fact, we and others observed an inverse
association of arachidic acid with serum triglycerides
[23]. Possibly, higher circulating concentrations of very
long-chain FAs, including arachidic, behenic and ligno-
ceric acid, compete with palmitic acid for the integration
in respective ceramides and therefore might decelerate
insulin resistance and β-cell dysfunction that are linked
to ceramides with a high content of palmitic acid [24].
While the lack of association between arachidic acid and
HDL-cholesterol in our study accords with recent find-
ings [23], we could not confirm the positive association
of arachidic acid with LDL-cholesterol [23]. The signifi-
cant direct association of the “purchase” pattern and its
fat-containing components with LA could possibly
explain the inverse association of this pattern with T2D.
We observed a more favorable lipid profile of lower
triglycerides and higher HDL-cholesterol in the highest
LA tertile. Indeed, in EPIC-InterAct, an inverse associ-
ation of LA with T2D was discernible [16], possibly
conveyed by cholesterol-lowering effects of LA-rich
vegetable oils [25]. Yet, in our study population, LDL-
cholesterol increased also across the tertiles of LA,
arguing against a general cholesterol-lowering effect of
LA. Moreover, controversy remains about the health
impact of LA, which can also act as a precursor of pro-
inflammatory metabolites and oxidized lipoproteins [26].
The “purchase” pattern was furthermore inversely

associated with EPA and DHA proportions. Evidence for
a risk reduction of T2D by dietary n-3 PUFAs are so far
inconclusive [27]. Heterogeneous results may possibly
stem from contaminated fish oil (supplements) [28]. In
our study, EPA was positively associated with HDL-
cholesterol and inversely with triglycerides, while results
for LDL-cholesterol were not significant. DHA was posi-
tively associated with triglycerides and LDL-cholesterol,
which is partly in line with observations from RCTs,
suggesting a triglyceride-lowering effect [29, 30].
Only few studies investigated the role of FAs profiles

for T2D among populations in sub-Saharan Africa.
Thus, our findings contribute essentially to the know-
ledge in this field. Owing to the cross-sectional observa-
tional design of the present analysis, reverse causation
might partly explain the deviation of our results from
the findings in intervention studies. Nevertheless, the
likelihood of reverse causation was minimized, because
we have excluded participants with T2D and those who
took lipid-lowering medication to account for diabetes-
related changes of and interferences with lipid metabolism.
We acknowledge that the metabolic profile of this specific
study population might not be representative and hence,
not generalizable to the Ghanaian population. Residual and
unmeasured confounding may have distorted our findings,

but regression models were adjusted for a large variety of
relevant confounders. While the Ghana-specific FFQ has
not been validated yet, it provides culture-specific dietary
information.
FAs were expressed as percentages of total measured

FAs from gas chromatography. Thus, we cannot inter-
pret individual FAs independently of other FAs and
imprecise estimates of FAs in very small proportions
(e.g. TFAs) are likely [13]. Still, flame ionization detec-
tion enables to directly measure FA proportions and is a
well-established measurement method. Other biological
compartments with a slow turnover might better reflect
the habitual fat intake, such as adipose tissue. However,
the time frame of fat intake covered by the FFQ overlaps
with the period reflected in fasting serum phospholipid
fatty acids [6, 7]. Therefore, we consider the choice of
the latter as a good compromise to investigate the
associations between dietary intake and fatty acid
composition.

Conclusions
In conclusion, in this urban Ghanaian population, nei-
ther serum SFAs nor TFAs seemed to be responsible for
the direct association of the “traditional” pattern with
T2D. Alternative explanations for this relationship need
to be explored. With regard to the “purchase” pattern,
the association of LA with blood lipids was health-
beneficial, possibly contributing to the inverse associ-
ation of this pattern with T2D.
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