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Preface

The purpose of the book is to provide a glimpse into the dynamics and to present opinions and studies 
of some of the scientists engaged in the development of new ideas in the field from very different 
standpoints. This book will prove useful to students and researchers owing to its high content quality. 

Nutrition is the study of nutrients in food and their influence in maintenance, growth and reproduction 
of an organism. It also studies the role of nutrients in disease prevention. A balanced diet replete 
with all essential nutrients is necessary for avoiding various deficiency syndromes and prevention of 
health-threatening conditions like obesity, cardiovascular diseases, diabetes, etc. This book is compiled to 
provide an in-depth knowledge of the different perspectives and standards of effective nutrition plans, 
physical activity and their effects on health. This book presents researches and studies performed by 
experts across the globe. Nutritionists, doctors, physical instructors and interested students will find this 
book to be a valuable source of information for furthering their knowledge of this field.

At the end, I would like to appreciate all the efforts made by the authors in completing their chapters 
professionally. I express my deepest gratitude to all of them for contributing to this book by sharing their 
valuable works. A special thanks to my family and friends for their constant support in this journey.

Editor
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Prevalence, trajectories, and determinants
of television viewing time in an ethnically
diverse sample of young children from the
UK
Sally E. Barber1* , Brian Kelly1, Paul J. Collings1, Liana Nagy1,2, Tracey Bywater3 and John Wright1

Abstract

Background: Excessive screen viewing in early childhood is associated with poor physical and psycho-social health
and poor cognitive development. This study aimed to understand the prevalence, trajectory and determinants of
television viewing time in early childhood to inform intervention development.

Methods: In this prospective longitudinal study, mothers of 1558 children (589 white British, 757 Pakistani
heritage, 212 other ethnicities) completed questionnaires when their children were approximately 6, 12, 18, 24
and 36 months old. Mothers answered questions about their own and their child’s TV-time. TV-time trajectories
were estimated by linear longitudinal multilevel modeling, potential determinants were considered in models.

Results: The modelled trajectory estimated that 75% of children aged 12 months exceeded guidelines of zero
screen-time. At 12 months of age an accelerated increase in TV-time was observed (<1 h/day at 14 months, >2
h/day by 30 months old). For every hour of mothers’ TV-time and every hour the TV was on in the home,
children’s TV-time was 8 min and 1 min higher respectively at 6 months old (P < 0.05), and 15 min and 3 min
higher respectively at 36 months old (P < 0.05). Children whose mothers did not agree that it was important their
child did not watch too much TV, had 17 min more TV-time than their counterparts (P < 0.05). Children of first
time mothers had 6 min more TV-time (P < 0.05). At 12 months of age, children of mothers experiencing stress
watched 8 min more TV (P < 0.05). By 36 months, children of Pakistani heritage mothers had 22 min more TV-
time than those of white British mothers (P < 0.05), and an additional 35 min of TV-time if their mother was not
born in the UK (P < 0.05).

Conclusions: High levels of TV-time were prevalent. Intervention developers should consider targeting interventions
before 12 months of age. Modifiable determinants included mothers’ own TV-time, the time the television is on in the
home and mothers’ attitude towards child TV-time. These behaviours may be key components to address in
interventions for parents. Mothers experiencing stress, first time mothers, and Pakistani heritage mothers
(particularly those born outside of the UK), may be priority groups for intervention.

Keywords: Sedentary behaviour, Screen-time, Television, Early childhood, Ethnic minority, Deprivation,
Prospective longitudinal

* Correspondence: sally.barber@bthft.nhs.uk
1Bradford Institute for Health Research, Bradford Royal Infirmary, Duckworth
Lane, Bradford BD9 6RJ, UK
Full list of author information is available at the end of the article
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Background
The amount of screen time (i.e. using a device such as a
TV, computer, games console, mobile phone or tablet)
that children engage in is associated with a number of
adverse health and educational outcomes including;
higher risk of obesity [1–4], poor metabolic profile [5],
poor fitness later in life [6], poor cognitive development
(e.g. poor short term memory skills, poor reading, lan-
guage and mathematics development) [7] and adverse
psychosocial health [8]. Currently Canada and Australia
recommend no screen time exposure in children under
2 years old and less than an hour a day for 2–5 year olds
[9, 10]. In the US it is recommended that digital media
use (except video-chatting) is avoided in children youn-
ger than 18 to 24 months, screen time of children aged
2–5 year old should be limited to 1 h/day which is high
quality, co-viewed with, and re-taught by parents [11].
A recent systematic review [12] reported that the pro-

portion of children aged under two years old meeting
zero screen time recommendations ranged from 2.3% in
a study from Thailand to 83% in a study from the US.
The review concluded that by two years of age the ma-
jority of children were already engaging in high levels of
screen time and were exceeding recommendations [12].
Children from ethnic minority groups (including

South Asian children) and children with low socioeco-
nomic status (SES) have a greater risk of obesity than
their Caucasian or high SES counterparts [13]. Young
children from ethnic minority groups (specifically Black
and Hispanic children in the US) are consistently re-
ported to have greater screen exposure (i.e. the amount
of time the child was in the room with a screen on) than
Caucasian children [14]. Outside the US, differences in
screen time between young ethnic minority and ethnic
majority children have not been investigated. In the US
and the UK, older children and adolescents with a lower
SES are consistently reported to engage in higher levels
of screen time [15–17]. However, the association be-
tween indicators of SES and screen time in early child-
hood is inconsistent between studies [14]. Given that
TV-time is associated with a small but significant in-
crease in BMI in early childhood [4], reducing TV-time
for ethnic minority children, and children from low SES
families, could be targeted by interventions to address
the inequalities seen in obesity levels.
Screen viewing behaviour is relatively stable over time,

and tracks moderately through childhood and adoles-
cence [18]. However, in early childhood the behaviour
may be less stable and more malleable, thus early inter-
vention may be most beneficial [19]. For young children,
watching TV is the screen behaviour that contributes
the most to daily screen time [20, 21]. Ascertaining
determinants of TV-time in young children will help to
identify at risk groups for intervention and inform the

design of behaviour change interventions to reduce TV-
time during early childhood. A recent systematic review
found associations between screen time (mostly TV-
time) and the following modifiable variables in children
aged up to 3 years old: Child’s BMI (4/4 studies),
mother’s screen time (3/3 studies) and mother’s distress/
depression (5/8 studies) [14]. Cognitive stimulation in
the home environment was negatively associated with
screen time (2/3 studies). However, none of these studies
were conducted in the UK, or included children of
South Asian ethnicity. The current study aimed to de-
scribe the prevalence, trajectories, and determinants of
TV-time in an ethnically diverse (predominantly white
British and Pakistani ethnicity) sample of children from
6 months through to 36 months old, living in the City of
Bradford, West Yorkshire, UK.

Methods
Participants and setting
Born in Bradford (BiB) is a longitudinal multi-ethnic
birth cohort study [22]. The study recruited pregnant
women between 2007 and 2010 in Bradford, a city with
high levels of socio-economic deprivation and ethnic
diversity. Pregnant women were approached to take part
whilst attending a routine hospital appointment at 26–
28 weeks gestation. The full BiB cohort recruited 12,453
women during 13,776 pregnancies, at which time a base-
line questionnaire was completed by interview with a
trained study administrator. Women who were pregnant
between August 2008 and March 2009 and who agreed
to take part in the full cohort were also invited to take
part in a sub-study named BiB1000 (n = 1735) at the
same time. This study involved detailed follow-up
appointments conducted in the home or clinic when
children were aged approximately 6, 12, 18, 24, and
36 months [23]. A full description of the methods and
data collected in BiB1000 is presented in the published
protocol [23]. Informed consent was acquired prior to
data collection and ethical approval for all aspects of the
research was granted by Bradford Research Ethics
Committee (Ref 07/H1302/112).
Of all children recruited to BiB1000, 1558 (90%) had

at least one follow-up questionnaire completed; these
children were included in the current study. Over half of
the included children (n = 812) had questionnaires com-
pleted at all five follow-up time points, whereas 7%
(n = 112) completed only one follow-up questionnaire.
Four children died and 54 withdrew from the study, be-
fore the 36-month-old visit. Data for these children were
excluded from the analysis. Eighty-two per cent of the
sample completed the 6 and 12 and 18 month old visits;
the children’s mean age (standard deviation) at these
time points were 6.7 (0.74) months, 12.7 (0.99) and 18.7
(0.98) respectively. At the 24 months and 36 month old

2 Physical Activity, Nutrition and Health
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visits 79% completed questionnaires; the children’s mean
age at these visits were 25.3 (0.95) months and 37.0
(0.85) months respectively. Data were collected between
2008 and 2013.

TV-time, behaviours and attitudes
Information about child and mothers’ daily TV-time
(time spent watching TV or DVDs) was collected at each
follow-up visit (when children were 6, 12, 18, and 24,
and 36 months old) using questions from the EPIC
Norfolk questionnaire [24] which has been validated for
use in adults [24]. At the 24-month visit, mothers were
additionally asked to report how long (in hours and mi-
nutes) the television was on in the home, on an average
week and weekend day; it was stressed that this included
time when the TV was on but not being watched. They
were asked whether they think it is important their child
does not watch too much TV (response options were
agree/not agree), and how often they limited their child’s
TV/DVD viewing (questions were from the validated
Southampton Women’s Survey Questionnaire [25],
(response options collapsed to: never or rarely/some-
times or often).

Socio-demographic variables
Mother’s self-defined ethnicity at baseline was used to
define the ethnicity of her offspring according to the
ethnic group classification system used in the 2001 UK
Census [26]; children were categorised as white British,
Pakistani or Other (a group that comprised all other eth-
nic groups that were too small to analyse separately).
Mothers’ country of birth was collected from the base-
line questionnaire (UK, Pakistan, Other) and mothers’
age at delivery, child sex, and parity, were obtained from
the hospital maternity system. Mothers’ height and
weight were recorded during pregnancy at registration
in the maternity unit (around 10 weeks gestation) and
extracted from hospital maternity systems; body mass
index (BMI) was calculated. Child’s length and weight at
the 24-month-old visit was measured and BMI z-scores
were calculated.
Mothers’ SES was measured using a number of vari-

ables: self-reported financial situation, education level,
housing tenure and neighbourhood material deprivation
(using Index of Multiple Deprivation 2010; [27]). While
it is the case that the participants were far more likely to
be in a materially deprived neighbourhood (as shown in
Table 1, only 1.5% were in the least deprived quintile
score) the models used this deprivation score as a di-
chotomous variable. In the models the effect of being in
the most deprived quintile (68%) was contrasted with
not being in the most deprived quintile (32%), in order
to maximise the variation – the most materially deprived
neighbourhoods compared to the rest. Mothers’ non-

specific psychological stress was measured using a
validated 6-item questionnaire [28] administered at the
12- and 24-month-old visits. Mothers who scored four
or more (out of a possible score of 24) were considered
to be experiencing non-specific psychological stress [28].
This score has been found to discriminate between
Diagnostic and Statistical Manual of Mental Disorders
edition 4 (DSM-IV) cases and non-cases [28].

Statistical analysis
Individual TV-time trajectories from 6 to 36 months of
age were estimated using linear longitudinal multilevel
models; with measurement visits at level one nested
within children at level two. These models allow for the
simultaneous measurement of within and between per-
son differences, in conjunction with a number of time
constant or time varying potential determinants. Time
invariant (child level) and time variant (occasion level)
measures can be incorporated into the model to assess
their contribution to trajectories of child TV viewing.
Multilevel models are able to accommodate data missing
at random and unbalanced longitudinal designs, leading
to more efficient estimates compared to methods that
exclude cases to obtain balanced data [29]. The analysis
strategy was to begin with a simple model, including
only the age of the child to determine the average trajec-
tory of TV-time. This model (model 1) contains polyno-
mial terms for child age (age squared and age cubed) to
allow for non-linear trajectories of child TV viewing.
The second stage in the analysis then considers a range
of covariates in isolation and then together in a multi-
variable model in order to determine whether socio-
demographic, behavioural or attitudinal factors were
associated with differences in the trajectories of child
TV viewing. Time variant outcome and the determinants
child age and mother TV-time are introduced into the
model at the occasion level; all other determinants were
time invariant or measured once and so were introduced
into the model at the individual level. Results from these
models are reported as model 2 and model 3 respect-
ively. Covariates that are significant, and improve the
model fit, are retained in the final model (model 4), and a
number of interactions between significant covariates and
child age were included. These interaction terms are used
to determine whether the effect of socio-demographic,
behavioural or attitudinal factors on child TV viewing
change as the child becomes older. Analysis was carried
out using Stata13. The predicted trajectories of child TV-
time are given for particular groups of children, presented
graphically in order to aid the interpretation of the model
results. Trajectories of child TV-time are presented based
on mother’s ethnicity and country of birth, and also for
different scenarios based on mother’s attitude to TV view-
ing and the hours a TV is on in the house.

3Prevalence, trajectories, and determinants of television viewing time in an ethnically diverse sample...
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Results
Sample characteristics
Forty-nine per cent of mothers in the sample were of
Pakistani ethnicity, of these 58% were born in Pakistan
and 41% in the UK. Thirty-eight per cent of mothers
were white British and nearly all were born in the UK.
Table 1 describes the characteristics of the sample.
Sixty-eight per cent of participants lived in the most

materially deprived neighbourhoods of the UK (1st quin-
tile in IMD 2010) and one third reported their financial
situation to be difficult; only 1.5% lived in the least ma-
terially deprived neighbourhoods. On average, mothers
were 27.5 ± 5.7 years old when their baby was born, and
for 39% of mothers this was their first child. Just over a
third of mothers were classified as experiencing psycho-
logical stress when their child was 12 months old. On

Table 1 Participant characteristics

All White British Pakistani Other

n = 1558 n = 589 n = 757 n = 212

Mother

Age at delivery: mean (Std. Dev.) (missing data, n = 15) 27.5 (5.74) 26.9 (6.11) 27.7 (5.15) 28.3 (5.78)

Country of Birth: n (%) (missing data, n = 0)

UK 970 (62.3) 581 (98.6) 311 (41.1) 78 (36.8)

Pakistan 441 (28.3) 0 438 (57.9) 3 (1.4)

Other 147 (9.4) 8 (1.4) 8 (1.1) 131 (61.8)

BMI at registration (~10 weeks gestation): mean (Std. Dev.) (missing data, n = 60) 25.9 (5.74) 26.9 (6.18) 25.2 (5.41) 25.5 (5.22)

Neighbourhood material deprivation (IMD 2010): n (%) (missing data, n = 0)

Quintile 1: Most deprived 1060 (68.0) 311 (52.8) 604 (79.8) 145 (68.4)

Quintile 2 286 (18.4) 133 (22.6) 111 (14.7) 42 (19.8)

Quintile 3 154 (9.9) 95 (16.1) 37 (4.9) 22 (10.4)

Quintile 4 34 (2.2) 30 (5.1) 2 (0.3) 2 (0.9)

Quintile 5: Least deprived 24 (1.5) 20 (3.4) 3 (0.4) 1 (0.5)

IMD Score: Mean (Std. Dev.) 42.9 (17.5) 37.2 (19.1) 46.7 (14.8) 45.2 (17.8)

Self-reported financial situation: n (%) (missing data, n = 8)

Comfortable 409 (26.4) 137 (23.3) 209 (27.8) 63 (29.9)

All-right 648 (41.8) 254 (43.3) 304 (40.4) 90 (42.6)

Difficult 493 (31.8) 195 (33.3) 240 (31.9) 58 (27.5)

Mother non-specific psychological stress score when child was
12 months old (higher = greater stress; range 0–24) (missing data n = 285)

3.28 (3.89) 3.38 (3.90) 3.20 (3.89) 3.26 (3.82)

Percentage score 4 or more 35.6% 36.2% 35.1% 35.3%

Mother TV attitude when child was 24 months old: mother does not agree that
it is important their child does not watch too much TV (missing data, n = 10)

23.3% 21.3% 25.2% 21.5%

Hours TV is on in house: Mean (Std. Dev.) (missing data, n = 364) 7.8 (4.0) 7.3 (3.9) 8.5 (4.0) 7.1 (4.1)

Whether mother restricts child TV viewing: n (%) (missing data, n = 377)

Never 506 (42.8%) 147 (33.6%) 306 (51.8%) 53 (34.6%)

Occasionally 370 (31.3%) 145 (33.2%) 172 (29.1%) 53 (34.6%)

Everyday 305 (25.8%) 145 (33.2%) 113 (19.1%) 47 (30.7%)

No previous children (missing data, n = 35) 39.0% 47.3% 31.3% 43.5%

Child

BMI 24 month: mean (Std. Dev.) (missing data, n = 10) 16.6 (1.22) 16.8 (1.05) 16.4 (1.28) 16.6 (1.34)

BMI 24 months Z-score: mean (Std. Dev.) 0.00 (1.00) 0.04 (0.55) −0.05 (1.07) 0.07 (1.64)

Sex: n(%) (missing data, n = 0)

Male 758 (48.6) 283 (48.0) 367 (48.5) 108 (50.9)

Female 800 (51.4) 306 (52.0) 390 (51.5) 104 (49.1)

BMI Body Mass Index, IMD Index of Multiple Deprivation

4 Physical Activity, Nutrition and Health
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average mothers were overweight (BMI = 25.9) and chil-
dren (at 24 months old) had an average BMI of 16.6
(BMI z-score: 0.0 ± 1.0). Attrition in the study was min-
imal; however drop out was higher in mothers with
lower than A-level education (72% of the sample at the
beginning of the study and 59% by 36 months) and in
mothers who reported having a difficult financial situ-
ation (41% of the sample at the beginning of the study
and to 33% by 36 months).

TV-time prevalence and trajectory
Model 1 (Table 2) represents the average trajectory of
child TV-time, which is found to increase with age in a
non-linear way. The estimated average trajectory is illus-
trated in Fig. 1.
On average, children’s estimated TV-time was less

than one hour a day up to the age of 14 months 0.92 h
(95% CI: 0.89, 0.95) (55 min) per day at 6 months old
and 0.94 h (95%CI: 0.91, 0.97) (56 min per day at
12 months old). This was followed by a period of
accelerated increase 1.28 h (95%CI: 1.25, 1.31) (77 min)
per day at 18 months old, 1.71 h (95%CI: 1.67, 1.75)
(103 min) per day at 24 months old), where TV-time
rose to above two hours per day by 30 months (Fig. 1).
Between 30 and 36 months, the rate of increase in TV-
time was slower, increasing by approximately 15 min
during this six-month period to 2.08 h (95%CI: 2.04,
2.12) (125 min) per day at 36 months old).
By 18 months old, it was estimated that only 16% of

children met guidelines of zero screen viewing and by
36 months of age it was estimated that 33% met the
guideline of <1 h screen viewing/day [11–13] (Fig. 2).

Determinants of child TV-time
Mothers’ TV-time, the time the TV was on in the home,
and mothers’ attitude towards child TV-time, all signifi-
cantly predicted child’s TV-time when considered in
univariate models (Table 2, model 2).
The effect sizes reduced when considered alongside

other variables in multivariable models (Table 2, models
3), but they remain statistically significant. There was no
association between how much mothers limited their
child’s TV-time and the time the child spent in TV-time,
this is therefore not reported in the models.
Model 4, which includes significant variables and in-

teractions with age, predicted that there were already
differences in child’s TV-time, associated with mothers’
TV-time, at the age of 6 months; and this association be-
came stronger as the child grew older. For every extra
hour that the mother watched TV, child TV-time was
higher by 0.14 h (95%CI: 0.10–0.17) hours (8 min) at age
6 months and 0.26 h (95%CI: 0.30–0.37), (15 min) by
age 36 months. For every hour the TV was on in the
house children’s TV-time was 0.02 h (95%CI: 0.01–0.03)

(1.2 min) higher at 6 months old, and 0.05 h (95%CI:
0.03–0.06) (3 min) higher at 36 months old.
Mothers’ attitudes to their child watching TV was as-

sociated with child TV-time. On average, children of
mothers who did not agree that it was important that
their child does not watch too much TV (23%), watched
0.28 h (95%CI: 0.17–0.39) hours (17 min) more TV-time
daily compared to children of mothers who thought it
was important that their child does not watch too much
TV. There was no interaction between mothers’
attitudes and child age, and the effect was constant over
the trajectory.
At 12 months old, children whose mothers’ had psy-

chological stress had 0.13 h (95%CI:0.03–0.23), (8 min)
more TV-time than children of mothers’ who did not
have psychological stress (Table 2, model 4). There was
no statistically significant association between mothers’
psychological stress and TV-time when children were
24 months old.
The modifiable factors that had a significant effect on

the trajectories of child screen time were mother’s
behaviour, attitude and stress. Figure 3 illustrates the
combined effect of these variables by comparing two
situations where mothers’ responses on all these vari-
ables are either not supportive (Scenario A, ‘worst
case’ scenario) or supportive (Scenario B ‘best case
scenario) of child’s TV-time. For comparative pur-
poses the overall average trajectory of child TV-time
is also shown in Fig. 3.
When ethnicity was considered in isolation in model

2, and with other covariates in model 3, it was found
that the children of Pakistani ethnicity mothers had
around 0.22 h (95%CI: 0.07–0.37) (13 min) more TV-
time a day than children of white British mothers. The
effect size remained similar in both models, such that
ethnicity had an independent, separate effect after con-
trolling for mothers’ behaviour and attitudes (and all
other covariates).
There was a similar relationship between country of

birth and child TV-time, although the effect size de-
creased more when considered in a multivariable model.
Model 3 suggested that at 6 months of age, children of
mothers born in Pakistan had around 0.15 (95%CI:
0.01–0.29) (9 min) more TV-time a day than children of
mothers born in the UK.
In Model 4 there was an interaction between both eth-

nicity and country of birth and the age of the child. This
is illustrated in Fig. 3. Once child TV-time began to
increase, at around 12 months, the rate of increase was
greater for children of Pakistani mothers born in
Pakistan, than for children of white British and Pakistani
mothers born in the UK. By the age of 36 months, chil-
dren of Pakistani heritage mothers who were born in the
UK had 0.4 h (22 min) extra TV-time compared to
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Table 2 Summary model results

Model 1 Model 2 Model 3 Model 4

Estimate (95% C.I.) Estimate (95% C.I.) Estimate (95% C.I.) Estimate (95% C.I.)

Constant 0.921 (0.848, 0.995) −0.578 (−0.862, −0.294) 0.099 (−0.085, 0.283)

Fixed Effects

Age −0.026 (−0.048, −0.004) −0.015 (−0.042, 0.012) −0.054 (−0.081, −-0.027)

Age2 0.006 (0.004, 0.008) 0.006 (0.004, 0.008) 0.006 (0.004, −0.008)

Age3 −0.00012 (−0.00016,
−0.00008)

−0.00011 (−0.00015,
−0.00008)

−0.00011 (−0.00015,
−0.00008)

Hours TV on in the home 0.067 (0.055, 0.079) 0.041 (0.027, 0.055) 0.020 (0.004, 0.036)

Mother TV-time 0.205 (0.187, 0.223) 0.192 (0.168, 0.216) 0.135 (0.104, 0.167)

Mother TV attitude a 0.426 (0.314, 0.538) 0.249 (0.131, 0.367) 0.277 (0.167, 0.387)

Ethnicity (ref: White British)

Pakistani 0.224 (0.129, 0.319) 0.219 (0.072, 0.366) 0.103 (−0.060, 0.266)

Other 0.155 (0.015, −0.295) 0.069 (−0.154, 0.292) −0.007 (−0.262, 0.248)

Country Birth (ref: UK)

Pakistan 0.247 (0.147, 0.346) 0.149 (0.008, 0.290) −0.025 (−0.194, 0.144)

Other 0.148 (−0.006, 0.302) 0.170 (−0.083, 0.423) 0.137 (−0.153, 0.427)

In most deprived IMD quintile 0.166 (0.071, 0.260) 0.053 (−0.065, 0.171)

No previous children 0.148 (0.056, 0.240) 0.072 (−0.042, 0.186) 0.098 (0.002, 0.194)

Child BMI at 24 months
(z score)

−0.062 (−0.107, −0.018) 0.008 (−0.043, 0.059)

Mother psychological stress
(12 months) scored 4 or more.

0.06 (0.011, 0.109) 0.148 (0.042, 0.254) 0.133 (0.035, 0.231)

Interactions

Age*Mother TV-time 0.004 (0.002, 0.006)

Age*TV on in the home 0.001 (0.001, 0.001)

Age*Pakistani ethnicity 0.012 (0.004, 0.020)

Age* Other ethnicity 0.005 (−0.009, 0.019)

Age*Pakistan born 0.014 (0.004, 0.024)

Age* Other non UK born 0.009 (−0.007, 0.026)

Random effects

Uj(1) Random slope 0.385 0.254 0.254 0.228

Uj(2) Random intercept 0.001 0.0004 0.0004 0.0005

eij Between occasion 1.11 1.047 1.047 1.041

Total variance 1.496 1.3014 1.3014 1.269

Variance between children 26% 20% 20% 18%

Variance within children 74% 80% 80% 82%

Model 1: average trajectories of child TV viewing by age with a random effect for age along with age squared and age cubed to allow the modelling of
non-linear trends
Model 2: reporting the coefficients from a series of univariate models considering each covariate independently
Model 3: as model 1 but with the inclusion of all covariates together in a multivariate model
Model 4: final model derived, as model 1 with all significant covariates and interaction terms in a multivariate model. This is the model used to estimate predicted
child TV viewing
Variance between children is the percentage of variance in the outcome attributable to differences between children; variance within children is the percentage
of variance attributable to change over time within children
All covariates are time invariant apart from mother TV time which was measured at each survey wave
BMI Body Mass Index, IMD Index of Multiple Deprivation
aMother TV attitude: not agree that it is important that child not watch too much TV
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children of white British mothers; and children of Paki-
stani heritage mothers who were born in Pakistan, had
1.0 h (57 min) extra TV-time compared to children of
white British mothers.
First-born children had more TV-time per day com-

pared to those who were not (model 4, 0.1 ± 0.05 h;
6 min). A number of other variables were considered;
these were not significant and so are not reported. These
were mothers’ education, household tenure, mother’s
BMI, child BMI, mother’s general health and child’s
general health. Mother’s age at delivery was significant
when considered alone in a univariate model; younger
age being associated with increased child TV-time.
However, once considered alongside other variables in
Model 3, mother’s age was no longer significant (data
not included in Table 2). Measures of self-reported
financial situation and neighbourhood deprivation
were significant when considered in isolation but not
when considered in multivariable models (data not
included in Table 2).

Discussion
This prospective longitudinal study aimed to describe
the prevalence, trajectory and determinants of TV-time
in an ethnically diverse (predominantly white British and
Pakistani) sample of children from the UK as they aged
from 6- to 36-months-old. The study found that high
levels of TV-time were common with an average esti-
mated daily TV-time of 55 min at 6 months increasing
to 124 min at 36 months. Modifiable determinants of
young children’s screen time included mothers’ own TV-
time, the time the television is on in the home and
mothers’ attitude towards child TV-time. Mothers
experiencing stress, first time mothers, and Pakistani
heritage mothers, particularly those born outside of the
UK, had children who had greater TV-time than their
counterparts.
The high levels of TV-time reported in this study fall

within the range reported in a systematic review of stud-
ies with children <2 years old from different countries
(range: 36 to 197 min per day) [12]. In the same system-
atic review, [12] the proportion of children (aged <2 years
old) meeting international recommendations (from
Canada, Australia and the US [9–11]) of zero screen
time was reported; results from the current study (27%
at 6 months old, 16% at 18 months old) were similar to
results from 9 out of 15 studies included in the review.
By the age of 36 months, average TV-time of children in
the current study was >2 h per day, which is higher than
international guidelines (<1 h a day) [9–11]. Currently in
the UK there are no specific guidelines for screen time,
with guidance only stating that children under the age of
five should minimise the amount of time spent being
sedentary. Regardless, the amount of TV children in the
study were watching is alarming given that the early
years are critical for the development of health lifestyle
behaviours [30]. The TV-time trajectory model showed
that TV-time increased with age and a period of acceler-
ated increase was observed between 12 and 30 months.

Fig. 1 Estimated child TV-time by age, mother ethnicity, and
mother’s country of birth

Fig. 2 Percentage of children meeting international screen time recommendations
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This finding suggests that to maximise the effectiveness
of early interventions, they should begin before the ob-
served acceleration in TV-time at 12 months old.
In the current study the combined effect of modifiable

parental influences (attitude, mother’s time spent watch-
ing TV, time TV on in the home) on child TV-time was
predicted according to a ‘worst case’ scenario (scenario
A) and a ‘best case’ scenario (scenario B). In the ‘worst
case’ scenario children had almost 2 h of TV-time up to
the age of 12 months old compared to less than half an
hour a day in the ‘best case’ scenario. The rate of accel-
eration in TV-time after 12 months old was much
greater in the ‘worst case’ compared to ‘best case’ and by
age 36 months children in the ‘worst case’ had 4 h of
TV-time a day (four times higher than international
recommendations) compared to just over 1 h a day in
the ‘best case’. Although children in the ‘best case’
scenario were still exceeding international recommenda-
tions the behaviour and attitudes that make up the ‘best
case’ scenario could be viewed as useful and realistic
targets to aim for in interventions to reduce TV-time.
As reported in the findings, the only parental influence
found not to be associated with the outcome of child
TV-time was whether the mother reported restricting
TV viewing of the child. There may be a number of
reasons why this was not associated with the outcome,
perhaps this measure is not accurately capturing mater-
nal behaviour in this area.
Previous literature has reported inconsistent associa-

tions between young children’s screen viewing time and
mother’s depressive symptoms [14]. In the present study
we found that mothers psychological stress when the
child was 12 months old significantly and independently
predicted child TV-time, with around 8 min more view-
ing a day for those children of mothers with higher

levels of psychological stress, but this was not the case
when children were older (24 months). These findings
may go some way towards explaining the variability in
the findings of previous studies and underline the im-
portant finding that up to 12 months old is a key period
for intervention. The findings suggest that mothers who
are suffering from psychological stress postnatally should
be a focus for intervention.
Previous studies have been inconsistent in their find-

ings regarding the association between indicators of SES
and screen viewing in early childhood [14]. This study
found that, after controlling for other factors, there was
no significant effect of neighbourhood deprivation or
mothers’ self-reported financial situation upon TV-
time when children are very young. However, older
children and adolescents with a lower SES have con-
sistently been reported to engage in higher levels of
screen time [15–17] thus it is unclear when this
socio-economic disparity begins; this requires further
investigation.
Children from ethnic minority groups (Black and

Hispanic) in the US have consistently been reported to
have greater screen exposure in early childhood com-
pared to their Caucasian counterparts [14]. The current
study was the first to examine ethnic difference in young
children’s TV-time outside of the US focusing on differ-
ences between white British and Pakistani heritage chil-
dren in the UK. In the current study 49% of mother
were of Pakistani heritage and 38% white British. This is
broadly representative of the childhood population in
Bradford where 47% of babies born are of South Asian
heritage [22] and similar to other large UK cities where
over one third of the population are of non-white ethni-
city; therefore findings are relevant to these multi-ethnic
populations. We found that children of mothers with
Pakistani ethnicity overall had on average 13 min more
daily screen time than their white British counterparts.
The effect was independent of mothers’ behaviours and
attitudes, and thus we cannot elucidate why these differ-
ences existed. Furthermore, we found an acculturation
effect; children of mothers who were born in Pakistan
had, on average, nine minutes greater TV-time at
6 months of age than children of mothers born in the
UK. There was also an interaction between ethnicity,
country of birth and the age of the child, such that the
rate of increase in TV-time after 12 months of age was
greater for children of Pakistani mothers born in
Pakistan, than for children of mothers born in the UK.
Our findings confirm those from the US and suggest
that ethnic minority groups are particularly important
targets for intervention. Qualitative explorations of TV-
time behaviours in the different groups are required to
begin to identify why differences exist between ethnic and
cultural groups, and how behaviours can be modified.

Fig. 3 Average TV-time trajectory and combined effect of mother’s
behaviour, attitude and stress on the trajectory
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Implications for the development of effective
interventions
To date few interventions to reduce screen time have
targeted young children and those that have, have all fo-
cused on children aged 2 and above [31–34]. A system-
atic review of interventions reporting the results of 13
studies targeting children aged 2–5 years old found that
those that were effective had greater parental involve-
ment (usually in the form of parent education and train-
ing), however none explicitly targeted parents TV
behaviours [35]. The current study found that mothers’
TV-time significantly and independently predicted their
child’s TV-time, which replicates findings from a system-
atic review [14]. Further, this study found that the
strength of this association increased as the children
aged; by the age of 36 months every hour of mothers TV
viewing was associated with an increase of around
25 min in child TV viewing. This suggests that mothers’
TV-time may be a key target for intervention. Further-
more, the strength of the association between mother
and child TV-time increased as the children aged, thus
supporting the idea that early intervention would reap
greater effectiveness. The current study also found the
time the TV was on in the house and mothers’ attitude
towards their child’s TV-time were significant determi-
nants of child TV-time. Figure 3 illustrates the size of
the effect, and indicates how the size of this effect in-
creases as the children get older; by the age of 36 months
the differences in child TV-time can vary by over two
hours a day. The strength of the association between
time the TV was on and child TV-time also strength-
ened with age but this was not the case for mothers’
attitude towards their child’s TV viewing. A recent sys-
tematic review of interventions to reduce sedentary time
in children and adolescents reported that encouraging a
TV turn off week may be a promising strategy [36].
Since this would influence mother and child behaviours,
testing the effectiveness of this for very young children
would be worthwhile.
In a meta-analysis of interventions to reduce sedentary

time in children and adolescents significant decreases in
the amount of sedentary behaviour (post-intervention
mean difference of −18 min/day) and BMI (post-inter-
vention mean difference of −0.25 kg/m2) were found
[35]. Thus, a reduction in sedentary time of 18 min/day
could serve as a useful minimum threshold for interven-
tions to aim for until sufficient evidence exist in younger
children. In the current study, the effect size for each
modifiable determinant alone was relatively small and
unlikely to be clinically important in isolation. However,
given their independence, changing these determinants
in combination could lead to important changes in chil-
dren’s TV-time. Therefore, evidence from the current
study suggests that interventions to prevent excessive

TV-time in children should include components that
support mothers to: reduce their own TV-time, reduce
the time the TV is on in the household and understand
the importance of preventing excessive TV viewing dur-
ing early childhood. One third of mothers in the current
study reported experiencing stress, and this was associated
with greater child TV-time. Parent programmes have been
shown to reduce parental stress and depression [37],
therefore interventions to reduce TV-time could include
strategies from such programmes. Mothers experiencing
stress, first time mothers, Pakistani ethnicity mothers, and
mothers born outside the UK all had children with higher
TV-time and thus should be particular targets for inter-
vention; interventions should be appropriate and tailored
for these groups.

Strengths and limitations
The strengths of this study include its relatively large
sample of children from a multiethnic, materially de-
prived population whose TV-time was measured at five
time points over the first three years of life. The pro-
spective longitudinal design enabled trajectories to be
plotted and the identification of a potential key time
point for intervention, 12 months of age, after which
TV-time seemingly accelerates. It is the first study to re-
port TV-time of young children from a South Asian eth-
nic minority group. Furthermore, the study examines
acculturation in this ethnic minority group. The study is
not without limitations, the questionnaire used to quan-
tify child screen time has not been validated. It is a
persisting problem that no valid or reliable tools are
available for this age group [38]. The lack of variation in
the neighbourhood material deprivation scores may have
limited the ability to determine an association with the
outcome. There was a systematic bias in missingness of
data, mothers with lower educational attainment and
those who reported having a difficult financial situation
had higher rates of drop out. This may have affected the
results; however, the number of participants in these
groups who remained in the study was still high. The
study only investigated the relationship between mother
and child TV-time; the father/child relationship was not
examined. Some literature suggests stronger relation-
ships between sex matched parent/child dyads (mothers
and daughters, fathers and sons), such that mothers have
more influence on daughters and fathers on sons [39].
Whether this relationship exists when children are so
young has not yet been investigated. The study did not
explore whether mothers and children were watching
TV together. Given the new American Academy of
Pediatrics [11] recommendations that parents should co-
view and re-teach screen content with their children,
this would be interesting to investigate in future studies.
We acknowledge that this study only measured TV-time
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and did not encompass other screen behaviours (e.g.
tablet/computer use). However, in early childhood the
main contributor to screen time is TV-time. [14] A fur-
ther limitation is that screen viewing data was self/proxy
reported and this brings with it recall limitations and
possible social desirability bias, which may occur in the
reporting of determinants (e.g. attitude) as well as TV-
time. Moreover, we assumed no differential reporting
error of TV-time between ethnic groups.

Conclusion
High levels of TV-time were common amongst the chil-
dren. A period of accelerated increase in TV-time was
observed between 12 and 30 months, suggesting inter-
ventions should be targeted before this time. Modifiable
determinants were identified and included mothers’ own
TV-time, the time the television is on in the home and
mothers’ attitude towards child TV-time. These behav-
iours may be key components to address in interven-
tions for parents. Children of mothers experiencing
stress, first time mothers, and mothers of Pakistani
origin, particularly those born outside of the UK, had
significantly greater TV-time than their counterparts
and thus should be particular target groups for interven-
tions to reduce TV-time during early childhood.

Abbreviations
SES: Socioeconomic status; TV-time: Television viewing time

Acknowledgements
We are grateful to all the mothers who took part in the study and to the
Born in Bradford community team for assisting with recruitment and data
collection.

Funding
The study was financially supported by the National Institute for Health
Research (NIHR) programme grant for applied research (RP-PG-0407-10,044),
the NIHR CLAHRC Yorkshire and the Humber and the Big Lottery Fund as
part of the A Better Start programme. The views expressed are those of the
author(s) and not necessarily those of the NHS, the NIHR, the Department of
Health or Big Lottery Fund.

Authors’ contributions
The authors’ responsibilities were as follows - SEB: designed the research, wrote
the paper, and had primary responsibility for the final content of the
manuscript; BK assisted with the design of the statistical analysis,
conducted the data analysis, prepared the tables and figures and
critiqued the manuscript; PJC assisted with design of the statistical
analysis and critiqued the manuscript. LN and TB provided input and
insight into the study rationale, interpretation of results and discussion,
and they both critiqued the manuscript. JW assisted with the design of
the study, organized and managed the data collection and critiqued the
manuscript; all authors approved the final manuscript as submitted.

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

Author details
1Bradford Institute for Health Research, Bradford Royal Infirmary, Duckworth
Lane, Bradford BD9 6RJ, UK. 2Faculty of Health Studies, University of Bradford,
Richmond Rd, Bradford BD7 1DP, UK. 3Department of Health Sciences,
Faculty of Sciences, University of York, Area 2, Seebohm Rowntree Building,
York YO10 5DD, UK.

References
1. Caroli M, Argentieri L, Cardone M, Masi A. Role of television in childhood

obesity prevention. Int J Obes Relat Metab Disord. 2004;28(Suppl 3):104–8.
2. Marshall SJ, Biddle SJ, Gorley T, Cameron N, Murdy I. Relationship between

media use, body fatness and physical activity in children and youth: a meta-
analysis. Int J Obes Relat Metab Disord. 2004;28:1238–46.

3. Rey-Lopez JP, Vicente-Rodriguez G, Biosca M, Moreno LA. Sedentary
behaviour and obesity development in children adolescents. Nurt Metab
Cardiovas Dis. 2008;18:242–51.

4. Jackson DM, Djafarian K, Stewart J, Speakman JR. Increased television
viewing is associated with elevated body fatness but not with lower total
energy expenditure in children. Am J Clin Nutr. 2009;89:1031–6.

5. Ekelund U, Brarge S, Froberg K, Harro M, Aderssen SA, Sardinha LB, Riddoch
C, Andersen LB. TV viewing and physical activity are independently
associated with metabolic risk in children: the European Youth Heart Study.
PLoS Med. 2006;3:e488.

6. Hancox RJ, Milne BJ, Poulton R. Associations between child and adolescent
television viewing and adult health: a longitudinal birth cohort study.
Lancet. 2004;364:257–62.

7. Le Blanc AG, Spence JC, Carson V, Connor Gorber S, Dillman C, Janssen I,
Kho ME, Stearns JA, Timmons BW, Tremblay MS. Systematic review of
sedentary behaviour and health indicators in the early years (aged 0–4
years). Appl Physiol Nutr Metab. 2012;37(4):753–72.

8. Hinkley T, Verbestel V, Aherns W, Lissner L, Molnár D, Moreno LA, et al. Early
childhood electronic media use as a predictor of poorer well-being: a
prospective cohort study. JAMA Pediatr. 2014;168(5):485–92.

9. Canadian Society for Exercise Physiology. Canadian sedentary behavior
guidelines. OHowa: CSEP; 2011.

10. Australian Government Department of Health. Move and play every day:
national physical activity recommendations for children 0–5 years. Canberra:
Commonwealth of Australia; 2014.

11. AAP Council on Communications and Media. Media and young minds.
Pediatrics. 2016;138(5):e20162591.

12. Downing KL, Hnatiuk J, Hesketh KD. Prevalence of sedentary behavior in
children under 2 years: a systematic review. Prev Med. 2015;78:105–14.

13. The NHS Information Centre for Health and Social Care: National child
measurement Programme 2010/2011; http://content.digital.nhs.uk/
catalogue/PUB03034/nati-chi-meas-prog-eng-2010-2011-rep1.pdf. Accessed
1 Aug 2016.

14. Duch H, Fisher EM, Ensari I, Harrington A. Screen time use in children under
3 years old: a systematic review of correlates. IJBNPA. 2013;10:102.

15. Drenowatz C, Eisenmann JC, Pfeiffer KA, Welk G, Heelan K, Gentile D, Walsh D.
Influence of socio-economic status on habitual physical activity and sedentary
behavior in 8-to 11-year old children. BMC Public Health. 2010;10:214–24.

16. Brodersen NH, Steptoe A, Williamson S, Wardle J. Sociodemographic,
developmental, environmental, and psychological correlates of physical activity
and sedentary behavior at age 11 to 12. Ann Behav Med. 2005;29(1):2–11.

17. Fairclough SJ, Boddy LM, Hackett AF, Stratton G. Associations between
children’s socioeconomic status, weight status, and sex, with screen-based
sedentary behaviours and sport participation. Int J Pediatr Obes. 2009;4(4):
299–305.

18. Biddle SJH, Pearson N, Ross GM, Braithwaite R. Tracking of sedentary behaviour
of young people: a systematic review. Prev Med. 2010;51(5):345–51.

19. Jones RA, Hinkley T, Okelty AD, Salmon J. Tracking physical activity and
sedentary behaviour in childhood: a systematic review. Am J Prev Med.
2013;44(6):651–8.

20. Tomopoulos S, Dreyer BP, Valdez P, Flynn V, Foley G, Berkule SB, et al. Media
content and externalizing behaviors in Latino toddlers. Ambul Pediatr. 2007;
7(3):232–8.

21. Vandewater EA, Rideout VJ, Wartella EA, Huang X, Lee JH, Shim MS. Digital
childhood: electronic media and technology use among infants, toddlers
and preschoolers. Pediatrics. 2007;119(5):e1006–15.

22. Wright J, Small N, Raynor P, Tuffnell D, Bhopal R, Cameron N, et al. Cohort

10 Physical Activity, Nutrition and Health

_________________________ WORLD TECHNOLOGIES _________________________

http://content.digital.nhs.uk/catalogue/PUB03034/nati-chi-meas-prog-eng-2010-2011-rep1.pdf
http://content.digital.nhs.uk/catalogue/PUB03034/nati-chi-meas-prog-eng-2010-2011-rep1.pdf


WT

profile: the born in Bradford multi-ethnic family cohort study. Int J
Epidemiol. 2012;42(40):987–91.

23. Bryant M, Santorelli G, Fairley L, West J, Lawlor D, Bhopal R, et al. Design
and characteristics of a new birth cohort to study the early origins and
ethnic variation of child obesity: the BiB1000 study. Longitudinal Life Course
Stud. 2013;4:119–35.

24. Wareham NJ, Jakes RW, Rennie KL, Mitchell J, Hennings S, Day NE. Validity
and repeatability of the EPIC-Norfolk physical activity questionnaire. Int J
Epidemiol. 2002;31:168–74.

25. McMinn AM, van Sluijs EMF, Cooper C, Inskip HM, Godfry KM, Griffin SJ.
Validation of a maternal questionnaire on correlates of physical activity in
pre-school children. IJBNPA. 2009;6:81.

26. Office for National Statistics. Ethnic group statistics: a guide for the
collection and classification of ethnicity data. London: The Stationary Office;
2003.

27. English Indices’ of Deprivation 2010: Overall. https://www.gov.uk/
government/statistics/english-indices-of-deprivation-2010.

28. Kessler RC, Andrews G, Colpe LJ. Short screening scales to monitor
population prevalence and trends in non-specific psychological distress.
Psychol Med. 2002;32:959–76.

29. Plewis I. Longitudinal multilevel models. In: Davis A, Davies RB, editors.
Analyzing social and political change: a casebook of methods. London:
Sage; 1994. p. 118–35.

30. Reilly JJ. Physical activity, sedentary behaviour and energy balance in the
preschool child: opportunities for early obesity prevention. Proc Nutr Soc.
2008;67:317–25.

31. Schmidt ME, Haines J, O’Brian A, McDonald J, Price S, Sherry B, et al.
Systematic review of effective strategies for reducing screen time among
young children. Obesity (Silver Spring). 2012;20:1338–54.

32. Hinkley T, Cliff DP, Okely AD. Reducing electronic media use in 2–3 year old
children: feasibility and efficacy of the Family@play pilot randomised
controlled trial. BMC Pub Heal. 2015;15:779.

33. Birken CS, Maguire J, Mekky M, Manlhiot C, Beck CE, Degroot J, et al. Office-
based randomized controlled trial to reduce screen time in preschool
children. Pediatrics. 2012;130:1110–5. doi:10.1542/peds.2011-3088.

34. Dennison BA, Russo TJ, Burdick PA, Jenkins PL. An intervention to reduce television
viewing by preschool children. Arch Pediatr Adolesc Med. 2004;158:170–6.

35. van Grieken A, Ezendam NP, Paulis WD, van der Wouden JC, Raat H. Primary
prevention of overweight in children and adolescents: a meta-analysis of
the effectiveness of interventions aiming to decrease sedentary behaviour.
Int J Behav Nutr Phys Act. 2012;9:61.

36. Altenburg TM, Kist-van Holthe J, Chinapaw MJ. Effectiveness of intervention
strategies exclusively targeting reductions in children’s sedentary time: a
systematic review of the literature. Int J Behav Nutr Phys Act. 2016;13:65.

37. Furlong M, McGilloway S, Bywater T, Hutchings J, Smith SM, Donnelly M.
Behavioral and cognitive-behavioural group-based parenting interventions
for early-onset conduct problems in children age 3–12 years. Cochrane
Database Syst Rev. 2012; Issue 2. Art. No.: CD008225.

38. Hidding LM, Altenburg TM, Mokkink LB, Terwee CB, Chinapaw MJ.
Systematic review of childhood sedentary behavior questionnaires: what do
we know and what is next? Sports Med. 2016.

39. Abbott G, Hnatiuk J, Timperio A, Salmon J, Best K, Hesketh KD. Cross
sectional and longitudinal associations between parents and preschoolers
physical activity and TV viewing: The HAPPY study. J Phys Act Health. 2016;
13(3):269–7.

11Prevalence, trajectories, and determinants of television viewing time in an ethnically diverse sample...

_________________________ WORLD TECHNOLOGIES _________________________

https://www.gov.uk/government/statistics/english-indices-of-deprivation-2010
https://www.gov.uk/government/statistics/english-indices-of-deprivation-2010
http://dx.doi.org/10.1542/peds.2011-3088


WT
Predictors of screen viewing time in young
Singaporean children: the GUSTO cohort
Jonathan Y. Bernard1,15*, Natarajan Padmapriya2, Bozhi Chen3, Shirong Cai2, Kok Hian Tan4,5, Fabian Yap6,
Lynette Shek1,7,8, Yap-Seng Chong1,2, Peter D. Gluckman1,9, Keith M. Godfrey10,11, Michael S. Kramer12,
Seang Mei Saw3,5,13 and Falk Müller-Riemenschneider3,14

Abstract

Background: Higher screen viewing time (SVT) in childhood has been associated with adverse health outcomes,
but the predictors of SVT in early childhood are poorly understood. We examined the sociodemographic and
behavioral predictors of total and device-specific SVT in a Singaporean cohort.

Methods: At ages 2 and 3 years, SVT of 910 children was reported by their parents. Interviewer-administered
questionnaires assessed SVT on weekdays and weekends for television, computer, and hand-held devices.
Multivariable linear mixed-effect models were used to examine the associations of total and device-specific SVT
at ages 2 and 3 with predictors, including children’s sex, ethnicity, birth order, family income, and parental age,
education, BMI, and television viewing time.

Results: At age 2, children’s total SVT averaged 2.4 ± 2.2 (mean ± SD) hours/day, including 1.6 ± 1.6 and 0.7 ± 1.0 h/day
for television and hand-held devices, respectively. At age 3, hand-held device SVT was 0.3 (95% CI: 0.2, 0.4) hours/day
higher, while no increases were observed for other devices. SVT tracked moderately from 2 to 3 years (r = 0.49, p < 0.
0001). Compared to Chinese children, Malay and Indian children spent 1.04 (0.66, 1.41) and 0.54 (0.15, 0.94) more
hours/day watching screens, respectively. Other predictors of longer SVT were younger maternal age, lower
maternal education, and longer parental television time.

Conclusions: In our cohort, the main predictors of longer children’s SVT were Malay and Indian ethnicity, younger
maternal age, lower education and longer parental television viewing time. Our study may help target populations
for future interventions in Asia, but also in other technology-centered societies.

Trial registration: This ongoing study was first registered on July 1, 2010 on NCT01174875 as. Retrospectively
registered.

Keywords: Television, Computer, Hand-held device, Sedentary lifestyle, Childhood, Cohort studies

Background
In the 1960’s, television became widely introduced into
homes of high-income countries and rapidly occupied a
substantial fraction of individuals’ leisure time. In 2013,
watching television reached an average of 3.5 h daily in
US adults, i.e., about 10 years total accumulated over
the life course [1]. Since the 1980’s, office-based

workers have spent increasing part of their work day fa-
cing computer monitors, and more recently, playing
video games has become a popular home activity for
many Western adults and children [2–4]. Screens have
now evolved to pocket, mobile, and personal devices,
such as tablets and smartphones, which broaden the
opportunities to use such devices in different locations
and times. Importantly, hand-held devices have become
increasingly accessible to young children and to indi-
viduals from lower socioeconomic strata and those
from low- and middle-income countries.
Lack of physical activity is now recognized as a leading

cause of preventable morbidity and mortality globally
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[5–7]. Less evidence is available, however, regarding high
levels of sedentary behavior, which differs from inactivity
[5, 8]. In adults, a sedentary lifestyle is an independent
risk factor for cardiovascular and metabolic diseases [9].
In childhood, sedentary lifestyle has been independently
associated with obesity, higher blood pressure and
poorer mental health [9]. This level of evidence remains
fragile, however, owing to cross-sectional designs, the
complexity of accurately measuring sedentary behavior
in young children, and the potential for residual con-
founding. Screen use is a waking activity involving low
energy expenditure and is therefore considered a form
of sedentary behavior [8, 10]. Screen viewing time (SVT)
in preschool children is associated with eating disorders,
reduced sleep duration, development delays, attention
deficit and myopia [11–13]. As early as age 2, SVT has
been associated with childhood obesity [14]. Based on
this evidence, the American Academy of Pediatrics
(AAP) now recommends that children below 18 months
avoid any digital media use but suggests the gradual
introduction of family-shared, high-quality content
between 18 months and 2 years, while limiting screen
time to a maximum of 1 h/day between 2 and 5 years of
age [15].
Populations living in high-income Asian countries

have become among the top users of all kinds of screen
devices. According to the Google Consumer Barometer
survey, in 2015 only 6% of persons ≥16 years living in
South Korea or Singapore owned no devices (vs 13% in
the U.S.) [16]. This survey also reported that 91% of
Singaporeans owned a smartphone, 41% a tablet, and
60% at least 3 screen devices. The above statistics on
prevalence of SVT have remained fairly stable in
Singapore over recent years but are rising rapidly in
Western countries [16]. In some ways, observations
from “high-tech” Asian countries may presage a similar
situation in Western populations. A multiscreen envir-
onment may encourage screen use in early childhood.
To date, predictors of screen viewing behavior in Asian
children are not well known; they may differ from those
reported in other populations [17, 18]. As an illustration,
a recent Singaporean cross-sectional study focusing on
device-specific screen use in children less than 2 years of
age reported a median number of 2 televisions, 2 com-
puters, and 4 hand-held devices in their homes, while
half of their parents had a total SVT ≥8 h daily [19].
Parents of less than half the sample of children aged
<2 years reported no screen viewing, while 16% reported
≥2 h daily. Ethnicity, parental screen viewing and rule
setting practices were identified as independent predic-
tors of total SVT [19]. Longitudinal data are needed to
establish the temporal precedence of potential predictors
of SVT and changes in SVT over time. We thus aimed
to describe total and device-specific SVT and assess its

predictors, both cross-sectionally and longitudinally,
among children aged 2 and 3 years enrolled in a tri-
ethnic Singaporean cohort.

Methods
Study design and population
Between June 2009 and September 2010, the Growing
Up in Singapore Towards healthy Outcomes (GUSTO)
study recruited pregnant women of Chinese, Malay and
Indian ethnicities who visited two public maternity units
(KK Hospital and National University Hospital) in
Singapore for their first ultrasound scan before the 15th
week of pregnancy. The main exclusion criteria were
non-homogeneous ethnic background (up to the four
grandparents of the offspring), intention not to deliver
in the study centers or not to remain in Singapore for
the following 5 years. From the 1247 pregnant women
recruited, 1171 singleton newborns were included and
followed regularly. The recruitment and follow-up
protocol has been detailed previously [20]. All partici-
pants signed written informed consent at enrolment.
The study received ethical approval from the National
Healthcare Group Domain Specific Review Board and
the SingHealth Centralised Institutional Review Board.

Data collection
Sociodemographic and health information was obtained
at enrolment as part of an interviewer-administered
questionnaire: ethnicity (Chinese/Malay/Indian), mater-
nal and paternal age, maternal highest education level
(secondary or less/post-secondary/university), marital
status (single/married), maternal place of birth
(Singapore/other), accommodation type (public/private
housing), monthly household income (<2000/2000-3999/
4000-5999/≥6000 Singapore dollars), and maternal pre-
pregnancy weight (kg). During the clinic visit at 26-
28 weeks’ gestation, maternal height (cm) was measured,
and pre-pregnancy and pregnancy behavioral informa-
tion was obtained through an interviewer-administered
questionnaire: tobacco (yes/no) and alcohol consump-
tion (yes/no), television viewing time (6 categories from
<1 h to >5 h daily) and physical activity (frequency and
duration of light-moderate, moderate and vigorous in-
tensity activities). Information on the offspring’s date of
birth, sex and birth order was extracted from medical re-
cords. Paternal data were obtained from the fathers
when they attended (80% of them did) postnatal visits
with their child at 24 or 36 months: highest education
level and television viewing time (same categories as for
mothers) via interviewer-administered questionnaires,
while weight (kg) and height (cm) were both measured.
Time point and measurement method of the collected
data are summarized in Additional file 1: Table S1.
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Maternal and paternal age were categorized into 4
groups: <25, 25-29, 30-34 and ≥35 years for mothers and
<30, 30-34, 35-39, and ≥40 years for fathers. Maternal pre-
pregnancy and paternal BMI was derived from weight di-
vided by height squared (m2), then categorized according
to WHO criteria (<18.5, 18.5-24.9, 25.0-29.9, and
≥30.0 kg/m2). Maternal and paternal television viewing
times were categorized as <1 h, 1-2 h, 2-3 h or ≥3 h/day.
Maternal physical activity before pregnancy was catego-
rized as insufficiently, sufficiently or highly active, as
detailed previously [21].

Screen viewing time (SVT)
Screen use data were assessed at the 2- and 3-year
clinic visits as part of a questionnaire on quantitating
children’s time spent in indoor and outdoor activities.
Trained interviewers asked the parents how much time,
in 5-min increments, their child spent on average using
screens on weekdays and weekend days. Three types of
devices (with examples enunciated to the participants)
were considered: 1) television and television games
(e.g., PlayStation®, Wii™, Xbox™), further referred to as
‘television,’ 2) computers, and 3) hand-held video games
and hand phones (e.g., Game Boy®, hand-phone games),
including tablets, hereinafter referred to as hand-held
devices. Although the item ‘computer’ was enunciated
without example, the interviewers were trained to
clarify, if necessary, that it includes both desktop and
laptop computers. For each type, weekday and weekend
day times were averaged to obtain device-specific SVT
in hours/day ([weekday × 5 + weekend day × 2]/7). Total
SVT was calculated as the sum of the times for the
three types of device.

Statistical analyses
Total and device-specific SVT at 2 and 3 years, and
the changes between those ages, are described as
mean ± standard deviation (SD) and median and inter-
quartile range (IQR), while categorical variables are
summarized using frequencies and percentages.
Spearman’s correlation was used to assess the degree
of SVT tracking between 2 and 3 years.
Potential predictors of SVT at 2 and 3 years were ex-

amined in several steps. First, parental and child predic-
tors were screened by linear regression to identify those
associated with SVT in unadjusted models. Second,
multivariable linear regression models were built using
a forward selection approach and p ≤ 0.25 as an
entering criterion. To maximize statistical power,
multivariable analyses were restricted to the sample
with complete data for both the offspring and the
mother (n = 910), but not necessarily with complete
paternal data (since they were missing for n = 270).
Multivariable models with the paternal variables were

built afterwards on the sample with complete data for
the three family members (n = 640). We also carried
out a sensitivity analysis using multiple imputation for
missing paternal data. Third, repeated measures linear
regression model with an unstructured variance-
covariance matrix was used to account for non-
independence among the repeated outcomes for each
individual assessed at both time points. This also per-
mitted us to use a single model for children whose SVT
was estimated at one time point only (see Fig. 1). Inter-
actions between the predictors and time points were
tested to evaluate whether predictors were associated
differentially with SVT at 2 and 3 years. Significant
interaction denotes an association between the pre-
dictor and the change in SVT from 2 to 3 years [22],
but has the additional advantage of including all chil-
dren assessed at either age; p-interaction was consid-
ered significant when <0.10, since tests of interaction
tend to be statistically under-powered. Interactions be-
tween child sex and ethnicity, and child sex and paren-
tal television time were also examined. Finally, we used
multivariable logistic regression to examine whether
the predictors of total SVT also predicted the odds of
≥2 and ≥4 h/day. All statistical analyses were carried
out with SAS 9.4 (SAS Institute Inc., Cary, NC, USA)
during the second half of 2016.

Results
Overall, 910 parents reported their child’s SVT, including
812 reporting SVT at both ages (n = 812) and those who
reported at 2 years only (n = 49) or 3 years only (n = 49)
(Fig. 1). At age 2 years, the children spent an average of
2.4 ± 2.2 h of total SVT, mainly contributed by 1.6 ± 1.7 h
of television and 0.7 ± 1.0 of hand-held devices (Table 1).
Fewer children engaged in any computer use: 21 and 18%
at 2 and 3 years, respectively. Thus, computer use was not
examined further separately. At age 3 years, total SVT in-
creased on average by 0.33 ± 2.42 h/day, mainly owing to
an increase in hand-held device viewing time. SVTs at 2
and 3 years were moderately correlated (r = 0.45 for televi-
sion, r = 0.42 hand-held devices, r = 0.49 for total SVT, all
p < 0.0001, not shown).
The study sample at 2 and 3 years of age is described

in Table 2. Predictors of child SVT that passed the mul-
tivariable model selection criteria were ethnicity, house-
hold income, parental age and education, and higher
maternal television viewing time (all p < 0.001). Marital
status, maternal place of birth, accommodation type,
maternal tobacco and alcohol consumption, and parental
BMI did not reach the model selection criteria (p > 0.25,
not shown) and were therefore excluded from the subse-
quent multivariable models. Although not associated
with SVT, child sex and exact age were forced into the
models.
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WTResults of linear mixed-effect regression models
adjusted for maternal data (model 1) and both parents’
data (model 2) are shown in Table 3. Compared to
Chinese children, Malay and Indian children spent 0.94
(0.64, 1.25) and 0.60 (0.28, 0.92) more hours/day,
respectively, in total SVT. Other sociodemographic
variables independently associated with total or device-
specific SVT were birth order, low household income,
maternal education less than university level and
paternal age < 35 years. Longer maternal and paternal
television viewing times were associated with longer
total SVT.
Interactions were observed between maternal age and

child age (time point) and both television (p = 0.07) and
hand-held device (p = 0.05) viewing time as outcomes
(Additional file 2: Figure S1). Television viewing time at
2 years was longer in children of mothers aged <30 years
than those of mothers ≥30 years, whereas no differences
were observed at 3 years. The interaction pattern was
opposite for hand-held device viewing time; no differ-
ences by maternal age were observed at age 2 years,
whereas viewing time at age 3 years was longest in
children of mothers <25 years. No other factors were
significantly associated with the change in SVT between
ages 2 and 3 years.

No interaction was found between child sex and
ethnicity, nor between child sex and parental television
viewing time. In logistic regression models, the predic-
tors of total SVT ≥2 and ≥4 h/day were similar to those
observed in the linear mixed-effect regressions (not
shown). Finally, sensitivity analyses using multiple
imputation for missing paternal viewing time showed
comparable results (not shown).

Discussion
In our tri-ethnic Singaporean mother-offspring cohort,
we found a substantial amount of reported total SVT in
early childhood, mainly attributable to television and
hand-held devices, whereas computers were used by few
children. An increase in total SVT was seen from age 2
to 3 years, largely owing to an increase in hand-held
device viewing time. SVT tracked moderately from age 2
to 3 years for all types of screen devices. We identified
several predictors of SVT; Malay and Indian ethnicity,
maternal education less than university level, and higher
parental television viewing time were significantly and
independently associated with longer total SVT. Predic-
tors of device-specific viewing time differed somewhat.
Low household income and high maternal daily televi-
sion viewing time were associated with longer television

Fig. 1 Flow diagram of the GUSTO study participants followed up to 2 and 3 years
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WTviewing time, whereas being a first-born was associated
with longer hand-held device viewing time. Finally,
younger maternal age was a significant predictor of an
increase in SVT between 2 and 3 years.
To the best of our knowledge, this is the first study to

use a longitudinal design to assess SVT and its predic-
tors in Asians children. The GUSTO cohort is based in
Singapore, a high-income country where screen use is
among the highest globally [16]. At 2 years of age,
about 75% of our study children exceeded the recent
AAP recommendations for 2 and 3 year old children
[15]. Similarly to previous reports in older children, we
found that SVT tracks moderately between 2 and
3 years [23]. An increase in SVT between 2 and 3 years
was mostly due to an increase in hand-held device SVT,
consistent with findings from a cross-sectional study
among Singaporean children aged 2 years and below. In
that study, Goh et al. also reported that greater SVT at
older ages was mainly attributable to use of hand-held
devices [19]. Our study also corroborates their finding
that young Malay and Indian children engage in longer
SVT than Chinese children, even after controlling for
other sociodemographic variables. Although the rela-
tionship between ethnicity and childhood SVT may be
country- and context-specific, the available literature

suggests that children from ethnic majorities spend less
time on screen devices [18, 24–26].
Consistent with other studies on children of the same

age, we did not observe a sex difference in SVT [14, 19,
24, 27–29]. However, it has been reported that boys
spend more time on screen devices after age 4-5 years,
suggesting that a difference by sex may emerge with age
[30–32]. Among the studies that have examined birth
order or number of siblings, most were conducted
before 2010, when tablets and smartphones were not
widely available [24, 28, 33–36]. Other sociodemo-
graphic factors associated with longer total or device-
specific SVT in our study were low household income,
maternal education less than university level, and
paternal age less than 35 years. Paternal education was,
however, not associated with SVT. Other studies have
found similar associations, although the findings remain
mixed and likely population-specific [18, 37]. Interest-
ingly, we found that maternal age was associated with
change in total and device-specific SVT between 2 and
3 years. Children of mothers younger than 25 years en-
gaged in longer television watching at 2 years than did
their counterparts, but from 2 to 3 years, they had a lar-
ger increase in hand-held device use. This finding may
reflect changing parenting patterns of the so-called

Table 1 Daily total and device-specific SVT in 2- and 3-year-old children from the GUSTO cohort study

n (%) Mean ± SD Median (IQR)

Screen viewing time at 2 years 861a

Television and video game, hour/day 1.6 ± 1.7 1.0 (0.5 – 2.3)

Computer, hour/day 0.1 ± 0.4 0.0 (0.0 – 0.0)

Hand-held devices, hour/day 0.7 ± 1.0 0.3 (0.1 – 0.9)

Total, hour/day 2.4 ± 2.2 1.9 (0.9 – 3.3)

<2 h/day 439 (51.0)

2-4 h/day 257 (29.9)

≥4 h/day 165 (19.2)

Screen viewing time at 3 years 861a

Television and video game, hour/day 1.6 ± 1.5 1.0 (0.5 – 2.3)

Computer, hour/day 0.1 ± 0.4 0.0 (0.0 – 0.0)

Hand-held devices, hour/day 0.9 ± 1.2 0.5 (0.2 – 1.0)

Total, hour/day 2.7 ± 2.2 2.1 (1.1 – 3.6)

<2 h/day 387 (45.0)

2-4 h/day 274 (31.8)

≥4 h/day 200 (23.2)

Change between 2 and 3 years 812

Television and video game, hour/day 0.03 ± 1.82 0.0 (−1.0 – 1.0)

Computer, hour/day 0.01 ± 0.56 0.0 (0.0 – 0.0)

Hand-held devices, hour/day 0.29 ± 1.45 0.0 (0.0 – 1.0)

Total, hour/day 0.33 ± 2.42 0.0 (−1.0 – 1.0)
aMaximum sample size with data at each age (sample overlapping both ages = 812)
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Table 2 Sample description in 2- and 3-year-old children

Subsample assessed at 2 years (n = 861) Subsample assessed at 3 years (n = 861)

Child age, months 24.4 ± 0.9 36.5 ± 1.1

Study centre

KKH 654 (76.0) 651 (75.6)

NUH 207 (24.0) 210 (24.4)

Ethnicity

Chinese 490 (56.9) 492 (57.1)

Malay 220 (25.6) 219 (25.4)

Indian 151 (17.5) 150 (17.4)

Child sex

Male 457 (53.1) 461 (43.5)

Female 404 (46.9) 400 (46.5)

Birth order

First-born 383 (44.5) 387 (45.0)

Second- or later-born 478 (55.5) 474 (55.1)

Monthly household incomes

< 2000 SGD 123 (14.3) 126 (14.6)

2000-3999 SGD 262 (30.4) 253 (29.4)

4000-5999 SGD 218 (25.3) 212 (24.6)

≥ 6000 SGD 258 (30.0) 270 (31.4)

Accommodation type

Public housing 786 (91.3) 787 (91.4)

Private 75 (8.7) 74 (8.6)

Maternal place of birth

Singapore 539 (62.6) 542 (63.0)

Abroad 322 (37.4) 319 (37.1)

Maternal age

< 25 years 83 (9.6) 82 (9.5)

25-29 years 263 (30.6) 259 (30.1)

30-34 years 279 (32.4) 283 (32.9)

≥ 35 years 236 (27.4) 237 (27.5)

Maternal education

University 300 (34.8) 309 (35.9)

Post-secondary 302 (35.1) 294 (34.2)

Primary or Secondary 259 (30.1) 258 (30.0)

Maternal BMI before pregnancy, kg/m2 22.8 ± 4.4 22.8 ± 4.4

Maternal tobacco consumption before pregnancy

Yes 92 (10.7) 89 (10.3)

No 769 (89.3) 772 (89.7)

Maternal alcohol consumption before pregnancy

Yes 295 (34.3) 297 (34.5)

No 566 (65.7) 564 (65.5)
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Generation Y, who grew up with television and now have
switched to more recent digital technologies like tablets
and smartphones.
Several parental behavioral predictors were also

observed. Maternal television viewing time ≥ 3 h/day was
among the strongest predictors of children’s total SVT
and television viewing time, but not of hand-held device
viewing time. Paternal television viewing time ≥ 2 h/day
was associated, although less strongly, with total and
device-specific SVT. Previous studies have reported that
the presence of frequent screen users in the household
is associated with children’s screen behavior [18, 36, 37].
Altogether, the evidence suggests that children’s screen

use behavior is strongly influenced by parental behavior.
Targeting parental behavior in early childhood may be a
potentially effective avenue for interventions aimed at
reducing children’s SVT.
Strengths of our study include its longitudinal design,

wide range of sociodemographic and behavioral predic-
tors measured a priori and assessment of SVT at two
ages, a clear advantage over cross-sectional studies. We
also assessed exposure to different types of screen de-
vices, including hand-held devices, which has been un-
common in previous studies. We treated SVT as a
continuous variable, thus providing greater statistical
power vis-à-vis categorized variables. Study limitations

Table 2 Sample description in 2- and 3-year-old children (Continued)

Maternal physical activity level before pregnancy

Insufficiently active 281 (32.9) 286 (33.5)

Sufficiently active 419 (49.1) 418 (48.9)

Highly active 153 (17.9) 151 (17.7)

Missing, n 8 6

Maternal daily television-viewing time

< 1 h 152 (17.7) 154 (17.9)

1-2 h 237 (27.5) 235 (27.3)

2-3 h 187 (21.7) 195 (22.7)

≥ 3 h 285 (33.1) 277 (32.2)

Maternal marital status

Married 829 (97.1) 828 (97.1)

Single/divorced 25 (2.9) 25 (2.9)

Missing, n 7 8

Paternal age

< 30 years 164 (22.0) 156 (21.5)

30-34 years 243 (32.6) 235 (32.3)

35-39 years 209 (28.0) 207 (28.5)

≥ 40 years 130 (17.4) 129 (17.7)

Missing, n 115 134

Paternal education

University 279 (39.0) 277 (39.6)

Post-secondary 157 (22.0) 151 (21.6)

Primary or Secondary 279 (39.0) 272 (38.9)

Missing, n 146 161

Paternal BMIa, kg/m2 25.7 ± 4.5 25.9 ± 4.8

Paternal daily television-viewing time

< 1 h 235 (32.9) 236 (33.7)

1-2 h 268 (37.5) 256 (36.6)

2-3 h 102 (14.3) 103 (14.7)

≥ 3 h 110 (15.4) 105 (15.0)

Missing, n 146 161

Values are Mean ± SD or % (n) for continuous and categorical variables, respectively
aMissing data: 63 and 61 at in 2-year and 3-year samples, respectively
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include reliance on SVT reported by parents, who may
overlook the child’s screen use when the parents are not
at home or during daycare. Whilst the questionnaire we

administered has been used in other studies [38], its val-
idity and reliability are unknown. Moreover, it includes
no information about the context of screen use (number

Table 3 Adjusted associations between predictors and total and device-specific SVT (h/day) in 2- and 3-year-old children

Total screen viewing time TV viewing time Hand-held device viewing time

Model 1 Model 2 Model 1 Model 2 Model 1 Model 2

B (95% CI) B (95% CI) B (95% CI) B (95% CI) B (95% CI) B (95% CI)

Intercept 1.22 (0.80, 1.64) 0.95 (0.39, 1.51) 0.75 (0.44, 1.05) 0.61 (0.19, 1.03) 0.37 (0.16, 0.58) 0.24 (−0.04, 0.51)

Age (ref: 2-year)

3-year 0.29 (0.13, 0.46) 0.29 (0.10, 0.48) 0.03 (−0.09, 0.15) 0.00 (−0.13, 0.14) 0.27 (0.18, 0.36) 0.30 (0.20, 0.41)

Centre (ref: KKH)

NUH 0.22 (−0.05, 0.50) 0.06 (−0.28, 0.39) 0.27 (0.07, 0.47) 0.18 (−0.07, 0.43) −0.06 (−0.20, 0.08) −0.12 (−0.29, 0.04)

Ethnicity (ref: Chinese)

Malay 0.94 (0.64, 1.25) 1.04 (0.66, 1.41) 0.42 (0.20, 0.64) 0.42 (0.14, 0.70) 0.44 (0.29, 0.60) 0.51 (0.33, 0.70)

Indian 0.60 (0.28, 0.92) 0.54 (0.15, 0.94) 0.39 (0.16, 0.62) 0.39 (0.10, 0.69) 0.14 (−0.03, 0.30) 0.09 (−0.11, 0.28)

Child sex (ref: Female)

Male −0.05 (−0.27, 0.18) 0.00 (−0.27, 0.27) −0.06 (−0.22, 0.11) 0.01 (−0.19, 0.21) −0.05 (−0.16, 0.06) −0.08 (−0.21, 0.05)

Birth order (ref: Second born)

First born 0.16 (−0.08, 0.41) 0.17 (−0.12, 0.47) −0.01 (−0.19, 0.17) −0.03 (−0.24, 0.19) 0.14 (0.02, 0.27) 0.18 (0.04, 0.32)

Monthly household incomes (ref: ≥6000 SGD)

< 2000 SGD 0.28 (−0.17, 0.73) 0.15 (−0.43, 0.72) 0.41 (0.08, 0.74) 0.38 (−0.04, 0.81) −0.17 (−0.40, 0.06) −0.26 (−0.54, 0.01)

2000-3999 SGD 0.20 (−0.16, 0.57) −0.04 (−0.48, 0.41) 0.22 (−0.05, 0.49) 0.04 (−0.29, 0.37) −0.05 (−0.24, 0.13) −0.11 (−0.33, 0.10)

4000-5999 SGD 0.11 (−0.22, 0.44) 0.01 (−0.38, 0.40) 0.10 (−0.14, 0.35) 0.00 (−0.29, 0.29) 0.00 (−0.16, 0.17) −0.01 (−0.20, 0.18)

Maternal age (ref: ≥35 years)

< 25 years 0.43 (−0.02, 0.89) 0.28 (−0.37, 0.93) 0.19 (−0.14, 0.53) 0.05 (−0.43, 0.53) 0.23 (0.00, 0.46) 0.19 (−0.12, 0.51)

25-29 years 0.14 (−0.17, 0.45) −0.12 (−0.58, 0.34) 0.10 (−0.13, 0.33) −0.03 (−0.37, 0.31) 0.06 (−0.10, 0.22) −0.05 (−0.28, 0.17)

30-34 years −0.04 (−0.33, 0.26) −0.28 (−0.68, 0.12) −0.04 (−0.26, 0.17) −0.2 (−0.49, 0.10) 0.03 (−0.12, 0.18) −0.06 (−0.25, 0.14)

Maternal education (ref: University)

Post-secondary 0.41 (0.10, 0.73) 0.42 (0.03, 0.81) 0.30 (0.07, 0.53) 0.22 (−0.07, 0.51) 0.15 (−0.01, 0.31) 0.24 (0.05, 0.43)

Primary or Secondary 0.34 (−0.03, 0.72) 0.59 (0.12, 1.05) 0.21 (−0.07, 0.48) 0.30 (−0.05, 0.64) 0.14 (−0.05, 0.33) 0.29 (0.06, 0.52)

Maternal daily television viewing time (ref: <1 h)

1-2 h 0.04 (−0.31, 0.39) −0.04 (−0.46, 0.38) 0.17 (−0.08, 0.43) 0.09 (−0.22, 0.40) −0.09 (−0.27, 0.08) −0.14 (−0.34, 0.06)

2-3 h 0.19 (−0.18, 0.56) 0.04 (−0.41, 0.50) 0.24 (−0.02, 0.51) 0.16 (−0.17, 0.50) 0.01 (−0.18, 0.20) −0.10 (−0.32, 0.12)

≥ 3 h 0.77 (0.42, 1.12) 0.70 (0.28, 1.13) 0.65 (0.39, 0.90) 0.63 (0.32, 0.95) 0.16 (−0.02, 0.34) 0.06 (−0.15, 0.26)

Paternal age (ref: ≥40 years)

< 30 years - 0.52 (−0.05, 1.08) - 0.42 (0.01, 0.84) - 0.06 (−0.22, 0.33)

30-34 years - >0.62 (0.14, 1.11) - 0.40 (0.04, 0.76) - 0.27 (0.03, 0.50)

35-39 years - 0.32 (−0.12, 0.75) - 0.27 (−0.05, 0.6) - 0.03 (−0.18, 0.24)

Paternal education (ref: University)

Primary or Secondary - 0.10 (−0.35, 0.55) - 0.11 (−0.23, 0.44) - 0.02 (−0.19, 0.24)

Post-secondary - −0.01 (−0.41, 0.4) - −0.01 (−0.31, 0.29) - 0.05 (−0.15, 0.25)

Paternal daily television viewing time (ref: <1 h)

1-2 h - 0.04 (−0.29, 0.36) - −0.08 (−0.32, 0.16) - 0.12 (−0.04, 0.28)

2-3 h - 0.46 (0.03, 0.89) - 0.29 (−0.03, 0.61) - 0.25 (0.04, 0.46)

≥ 3 h - 0.40 (−0.03, 0.83) - 0.29 (−0.03, 0.60) - 0.14 (−0.06, 0.35)

Values are regression coefficients (95% CI) of multivariable linear mixed-effect models. Models were adjusted for all the variables displayed in the table
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of screens, parental knowledge on the recommendations,
and rule-setting practices), nor on the viewing content.
Contextual information is of importance when develop-
ing and testing interventions, as highlighted by the re-
cent AAP guidelines that now included media content as
an additional target. However, assessing both objective
and qualitative SVT measures is challenging and costly
in large epidemiological studies. We assessed maternal
television viewing time during pregnancy, but it may
have changed after birth. Finally, the GUSTO cohort is
not representative of the entire Singaporean population.
Malay and Indian families were overrepresented pur-
posely at inclusion. GUSTO mothers were also less likely
to hold a university degree than the women from the
general population of the same age range [39]. The SVT
figures observed in our study may therefore differ some-
what from those at the national level.

Conclusions
In conclusion, we observed a substantial total SVT in
Singaporean children at ages 2 and 3 years. Significant
predictors of total SVT included ethnicity, maternal edu-
cation and parental television viewing, suggesting poten-
tial targets for health promotion activities. We observed
stable television viewing time between 2 and 3 years,
whereas hand-held device viewing time increased over
time, particularly in children of young mothers. Inter-
vention studies targeting parental screen behavior in
early childhood may be warranted: for example, by test-
ing the impact of recommending that parents who watch
screens frequently limit their own SVT while their tod-
dler is present. Future interventions should also take
into account the evolution of screen usage, which tends
to move from television to smartphones and tablets [40].

Additional files

Additional file 1: Table S1. Summary of the measurement method and
time point of assessment of the variables examined as predictors of screen
viewing time in 2- and 3-year-old children from the GUSTO cohort study.

Additional file 2: Figure S1. Television and hand-held devices viewing
time (h/day) at ages 2 and 3 years according to maternal age in children
from the GUSTO cohort study. Values are means ± SE, and p-values are for
the interaction term between maternal age and child age, with viewing
time as outcome.
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Frequency of eating home cooked meals
and potential benefits for diet and health:
cross-sectional analysis of a population-
based cohort study
Susanna Mills1*, Heather Brown1, Wendy Wrieden2, Martin White1,3 and Jean Adams3

Abstract

Background: Reported associations between preparing and eating home cooked food, and both diet and health,
are inconsistent. Most previous research has focused on preparing, rather than eating, home cooked food; used
small, non-population based samples; and studied markers of nutrient intake, rather than overall diet quality or
health. We aimed to assess whether frequency of consuming home cooked meals was cross-sectionally associated
with diet quality and cardio-metabolic health.

Methods: We used baseline data from a United Kingdom population-based cohort study of adults aged 29 to
64 years (n = 11,396). Participants self-reported frequency of consuming home cooked main meals. Diet quality was
assessed using the Mediterranean Diet Score, Dietary Approaches to Stop Hypertension (DASH) score, fruit and
vegetable intake calculated from a 130-item food frequency questionnaire, and plasma vitamin C. Markers of cardio-
metabolic health were researcher-measured body mass index (BMI), percentage body fat, haemoglobin A1c (HbA1c),
cholesterol and hypertension. Differences across the three exposure categories were assessed using linear
regression (diet variables) and logistic regression (health variables).

Results: Eating home cooked meals more frequently was associated with greater adherence to DASH and
Mediterranean diets, greater fruit and vegetable intakes and higher plasma vitamin C, in adjusted models. Those eating
home cooked meals more than five times, compared with less than three times per week, consumed 62.3 g more fruit
(99% CI 43.2 to 81.5) and 97.8 g more vegetables (99% CI 84.4 to 111.2) daily. More frequent consumption of home
cooked meals was associated with greater likelihood of having normal range BMI and normal percentage body fat.
Associations with HbA1c, cholesterol and hypertension were not significant in adjusted models. Those consuming
home cooked meals more than five times, compared with less than three times per week, were 28% less likely to have
overweight BMI (99% CI 8 to 43%), and 24% less likely to have excess percentage body fat (99% CI 5 to 40%).

Conclusions: In a large population-based cohort study, eating home cooked meals more frequently was associated
with better dietary quality and lower adiposity. Further prospective research is required to identify whether
consumption of home cooked meals has causal effects on diet and health.

Keywords: Home cooking, Diet, Cardio-metabolic health
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Background
The prevalence of obesity and diet-related non-
communicable diseases (NCDs), such as type II diabetes,
hypertension, and certain cancers, have been increasing
steadily worldwide [1]. These changes have been accompan-
ied by a decrease in the time spent cooking at home in the
majority of developed countries [2, 3]. Concern has been
expressed by policy makers, practitioners and researchers in
the field of food and nutrition regarding a perceived decline
in cooking skills, which has been hypothesised to be linked
to the increase in diet-related NCDs [4–6].
Certain studies, primarily cross-sectional in design, have

indicated that a higher frequency of cooking and prepar-
ing food at home may be associated with consuming a
healthier diet [7–9] and benefits to health and longevity
[10–12]. In contrast, other cross-sectional research has
suggested that home food preparation and cooking may
be associated with diets lower in fibre and higher in fat,
saturated fat, sugar, and salt [13, 14] and could potentially
be detrimental to health [15, 16]. Adding to this confu-
sion, the majority of research to date has used cooking
and food preparation practices as an exposure, rather than
the consumption of home cooked food itself. Since eating
food is more proximal to potential diet and health out-
comes, focusing on behaviour upstream may be more
likely to introduce confounding, for example regarding
gender – given that more women than men engage in
food preparation [3], and women tend to have healthier
diets [17]. Of key primary interest therefore is establishing
whether consuming home cooked meals is associated with
benefits to diet and health, and subsequently investigating
who eats home cooked meals, and then who prepares
these meals and why.
To date, research investigating the potential advan-

tages and disadvantages for diet and health of cooking
and preparing food at home has generally focused on
specific dietary indicators, rather than overall diet quality
or health, and assessed measures cross-sectionally or
after a brief follow-up period [18]. Most studies have
been small in size, with associated limited scope to iden-
tify significant associations [8]; limited to a specific geo-
graphical area [19]; and/or restricted to population
subgroups by for example age [10, 20] or ethnicity [11].
Despite the fact that the evidence base for relationships

between cooking and both diet and NCDs is mixed and
inconclusive, the promotion of home cooking forms part
of public health strategies to improve diets and reduce
obesity and diet-related NCDs internationally [21]. Fur-
ther research is therefore crucial, to investigate on a large
scale the potential associations between consumption of
home cooked meals and diet and health outcomes.
In this study we aimed to assess whether the consump-

tion frequency of home cooked meals was cross-sectionally
associated with indicators of diet and cardio-metabolic

status. In view of the current evidence base, we hypothe-
sised that eating home cooked meals more frequently
would be associated with markers of a healthier diet and
improved cardio-metabolic health.

Methods
Data source
The Fenland Study is a population-based cohort study in-
vestigating interactions between genetic and lifestyle factors
in determining obesity and diabetes. The study recruited
adults born between 1950 and 1975 from general practice
lists in Cambridgeshire, United Kingdom (UK), between
2005 and 2015 [22]. Participants were invited to attend one
of three clinical sites in Cambridgeshire to take part in a
detailed assessment. A total of 12,434 participants under-
took baseline assessment (approximate response rate 27%),
which involved a range of clinical, biological and anthropo-
metric measurements, and completion of questionnaires.
The data collection tools are available online [23].
Study exclusion criteria included previously diagnosed

diabetes, psychosis, terminal illness, pregnancy, and
inability to walk unaided. The Fenland study was
approved by the Health Research Authority National
Research Ethics Service Committee – East of England
Cambridge Central – and performed in accordance with
the Declaration of Helsinki. All participants provided
written informed consent to participate in the study.

Frequency of consumption of home cooked meals
Exposure was derived from an item in the participant ques-
tionnaire: ‘When eating your main meal at home, how
often do you usually eat home cooked meals?’ Response
categories were: never or rarely; one to two times per week;
three to five times per week; or more than five times per
week. The first two response categories were collapsed to
yield appropriate numbers for statistical analysis, as previ-
ously [24], giving a three category variable: less than three
times per week, three to five times per week, and more
than five times per week.

Indicators of diet quality
We assessed a range of dietary outcome variables, namely
Mediterranean Diet Score (MDS) [25], Dietary Approaches
to Stop Hypertension (DASH) score [26], plasma vitamin
C, and fruit and vegetable intakes. Participants completed a
130-item, semi-quantitative food frequency questionnaire
(FFQ) for their food intake over the previous year [27],
which has been shown to yield valid and reproducible food
intake assessments, and has been validated previously in
dietary data collection in the European Prospective Investi-
gation into Cancer and Nutrition (EPIC) studies [28]. The
FFQ EPIC Tool for Analysis was used to convert food in-
take frequency to energy, nutrient and food intakes [29].
Total daily intake was provided in grams for carbohydrate,
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fibre, fat, saturated fat, sugar, protein, fruit, vegetables and
alcohol. Total daily sodium intake was measured in milli-
grams, and total daily energy intake in kilojoules. Dietary
intake values were winsorized at 1st and 99th percentiles,
by replacing the smallest and largest percentage values in
the distribution with the observations closest to them [30].
This was undertaken to account for their positively skewed
distribution, and the limitations of the FFQ as a tool to col-
lect precise data on dietary intake [31, 32]. Data on dietary
supplements were not collected.
The consumption of a more DASH accordant diet is

associated with positive health indicators and lowered
cardio-metabolic risk [33–35]. The DASH diet assumes
that beneficial impact is derived from the overall diet, ra-
ther than individual foods or nutrients playing important
roles [36]. A DASH score was computed from each par-
ticipant’s dietary intake using the method developed by
Fung et al. [26]. This index includes eight components
(one nutrient and seven food groups) based on eating
guidance from the United States (US) National Heart,
Lung and Blood Institute [37]. Scoring is established
through quintile rankings, on the basis of relative com-
parisons to the rest of the sample, with men and women
classified separately. Participants are allocated a score
from one (lowest quintile) to five (highest quintile) for
energy-adjusted intake of: low-fat dairy products; whole
grains; nuts, seeds and legumes; fruit (includes fruit
juice); and vegetables (excludes potatoes). In contrast,
for intakes of red and processed meat; sodium; and
sugar-sweetened beverages, participants are allocated a
score from one (highest quintile) to five (lowest quintile).
Scores are then combined to give a total DASH score,
ranging from a minimum of eight to a maximum of 40
points. In this study, DASH scores were standardised
using the z-score, to yield a semi-continuous measure of
participants’ relative standing.
The Mediterranean diet is generally considered to be

low in consumption of red meats, moderate in con-
sumption of fish, poultry, fermented dairy products and
wine, and high in consumption of fruits, legumes, cereals
and olive oil [38, 39]. Concordance with the Mediterra-
nean diet has been linked with positive health outcomes,
in particular the primary prevention of cardiovascular
disease [40]. A Mediterranean diet score (MDS) was cal-
culated from each participant’s dietary intake using sex-
specific tertiles, according to relative comparisons with
the rest of the sample. Scores of zero, one or two were
allocated for each of nine dietary components, including
legumes; fruit and nuts; vegetables; ratio of monounsatu-
rated and polyunsaturated fatty acids to saturated fatty
acids; fish; meat products; dairy products; cereals; and
alcohol [25]. In order to appraise quality of diet inde-
pendent of quantity, dietary intakes were adjusted to a
2000 kcal/day diet using the residual method. This also

aimed to help reduce measurement errors, since energy
intake is partially associated with over-reporting and
under-reporting of dietary intake [41]. MDS scores were
then standardised using the z-score.
Plasma vitamin C (μmol/l) provides an objective biomarker

of fruit and vegetable consumption [42] and fruit and vege-
table intake is promoted in dietary guidelines [43, 44]. Fasting
venous blood samples drawn into heparin-containing tubes
and stabilised using metaphosphoric acid (10%) were mea-
sured for plasma vitamin C levels by fluorometric assay within
two months, as undertaken previously [45].

Markers of cardio-metabolic health
We used body mass index (BMI), percentage body fat,
haemoglobin A1c (HbA1c), cholesterol and hypertension
as indicators of cardio-metabolic health. Elevated total
cholesterol and low levels of high density lipoprotein
cholesterol (HDL) are associated with increased risk of
cardiovascular disease [46], and the derived ratio of total
cholesterol to HDL is used in the QRISK2 model to esti-
mate risk of cardiovascular disease over the next ten
years [47]. HDL and total cholesterol were measured in
mmol/l in fasting venous blood samples, and the ratio of
total cholesterol to HDL calculated for analysis. In line
with UK guidance, a ratio of 4.0 or greater was used to
indicate higher risks to cardio-metabolic health [48].
Excess body fat and raised BMI have been associated with

increased risk of various NCDs [49]. Height and weight
were measured at the clinical sites by trained observers,
with participants wearing light clothing and barefoot.
Height was measured to the nearest 0.1 cm using a wall-
mounted calibrated stadiometer (SECA 240, Birmingham,
UK). Weight was measured to the nearest 0.1 kg with a
calibrated electronic scale (TANITA, BC-418MA, Tokyo,
Japan). BMI was derived as weight (kg) divided by height
(m2). Dual-energy X-ray absorptiometry (DEXA; Lunar
prodigy advanced fan beam scanner (GE Healthcare)) was
used to assess body composition, and has been described in
detail elsewhere [22]. A three-compartment model (fat
mass, fat-free mass and bone mineral mass) was used to
estimate percentage total body fat. In line with international
guidance, overweight was defined as BMI 25 kg/m2 and
above [50] and excess percentage body fat as 25% and over
for males and 38% and over for females [51].
Haemoglobin A1c (HbA1c) has previously been used to

assess risk of developing type II diabetes [52]. Participants’
HbA1c was measured on entry to the study from fasting
venous blood samples, in either mmol/mol or as a percent-
age. A conversion algorithm was used to convert all mea-
surements to mmol/mol, and in accordance with
international guidance [52], a level of 42.00 mmol/mol
(6.0%) or higher was used to indicate increased risk of type
II diabetes.
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Hypertension is associated with an elevated risk of devel-
oping cardiovascular disease [53]. Using an upper arm cuff
and automated oscillometric device, three sets of diastolic
and systolic blood pressure measurements were performed
on each participant. The first readings were discarded and
the lowest systolic and lowest diastolic readings from the
last two readings were used for assessment. In adherence to
UK guidance [54], readings of at least 90 mmHg diastolic
and 140 mmHg systolic were considered indicative of
hypertension. Participants currently taking hypotensive
medication, or self-reporting a diagnosis of hypertension
from a clinician, were also classified as hypertensive.

Covariates
In view of the current evidence base regarding factors influ-
encing dietary intake [55], a self-administered questionnaire
was used to collect demographic and behavioural variables
including sex, age, smoking status (current/ex-smoker or
never smoker), and first degree family history of relevant
diseases such as type II diabetes. Participants were asked
whether or not they had been employed in the past four
weeks, and those answering yes were identified as currently
working. Participants reporting more than 48 h working in
any one week were identified as working overtime. Socio-
economic status was assessed using age at leaving full time
education, which was divided into three categories: educa-
tion up to age 16 years (compulsory education); over 16
and up to 18 years (post-compulsory school education);
and over 18 years (higher education).
Physical activity was measured objectively using an inte-

grated movement and heart rate sensor (Actiheart; CamN-
tech, Cambridge, UK) attached to the chest via two
standard ECG electrodes and worn during free-living over
six days [56]. A ramped treadmill protocol test was used to
individually calibrate heart rate, as undertaken previously
[57]. Monitoring data were cleaned for measurement issues
and sensor wear time was specified as at least 48 h, al-
though data were not necessarily spread over a full 24
period. Periods of non-wear were inferred from the combin-
ation of non-physiological heart rate and prolonged periods
of inactivity, which were taken into account to minimise di-
urnal information bias when summarising the intensity
time-series. Data were processed [58] and a branched equa-
tion framework [59] used for modelling to estimate intensity
time series. These were collated over time to yield daily
physical activity energy expenditure (kJ/kg per day).

Statistical analysis
All analyses were on a complete case basis. Thus, partici-
pants with missing data on any of the variables described
were excluded (n = 1038), leaving 11,396 participants (91.7%
total cohort) in the analysis. The outcome variable with the
greatest missingness was vitamin C (missing for 350 partici-
pants) and the covariate with the greatest missingness was

physical activity (missing for 227 participants). Differences
in the characteristics of Fenland study participants included
and excluded from the analytic sample were tested using the
Mann–Whitney test for continuous variables and Pearson
Chi squared test for categorical variables.
Differences in covariates and markers of diet and cardio-

metabolic health across the three frequency categories of
consuming home cooked meals were assessed using de-
scriptive statistics (Kruskal-Wallis test and Pearson Chi
squared test). Separate analyses were then run for each out-
come variable, using linear regression for continuous diet
variables and logistic regression for binary health variables.
Analyses were adjusted for covariates: sex, age, alcohol in-
take, smoking status, age at leaving full-time education,
physical activity, working status, and overtime working,
with supplementary adjustment for family history of dia-
betes for the outcome of HbA1c. The analyses for markers
of cardio-metabolic status were additionally adjusted for
dietary variables (MDS, DASH score, plasma vitamin C,
fruit and vegetable intakes) to assess the potential health
benefits of consuming home cooked meals independent of
dietary improvements.
All analyses were conducted using Stata (version 14;

Stata Corp.) and in view of the large number of compari-
sons, 99% confidence intervals were used to determine if
variables were statistically significant (see Additional file
1 for details of the participant sample).

Results
Participant distribution is summarised in Additional file 2.
A slight majority of the included sample was female
(53.3%), with median age 48.9 years. Most participants were
non-smoking (88.2%), with no family history of diabetes
(76.1%), median alcohol intake of 5.47 g/day and physical
activity expenditure of 51.0 kJ/kg/day. Most participants
had left full time education by 18 years of age (62.2%), were
currently in work (82.8%), and did not work overtime
(88.8%). There were significant differences between the
included and excluded participants in terms of sex, age,
smoking status, physical activity expenditure, working
status, and frequency of consuming home cooked meals.
Table 1 shows that 6.2% of included participants con-

sumed home cooked meals as their main meal less than
three times per week, 32.4% consumed these three to five
times per week, and 61.5% consumed these more than five
times per week. Participants who ate home cooked meals
more frequently tended to be female, older, non-smokers,
not currently in work, working fewer hours and not work-
ing overtime, older at leaving full time education, with
greater daily alcohol intake. These associations were all sta-
tistically significant at p < 0.01. Participants who consumed
home cooked meals more frequently generally had higher
plasma vitamin C, higher fruit and vegetable intakes, and
higher MDS and DASH score. They were also less likely to
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Table 1 Characteristics of participants overall and by frequency of consuming home cooked meals

Covariatea Consumption of home cooked main meals

Total <3×/week 3-5×/week >5×/week

n = 11,396 (100.00%) n = 704 (6.18%) n = 3688 (32.36%) n = 7004 (61.46%)

Sex Male 5321 389 (7.31) 1914 (35.97) 3018 (56.72)

Female 6075 315 (5.19) 1774 (29.20) 3986 (65.61)

Age (years) Median (IQR) 48.9 (42.7, 54.8) 47.1 (41.7, 53.3) 48.3 (42.2, 53.9) 49.5 (43.1, 55.3)

Alcohol (grams/day) Median (IQR) 5.47 (1.27, 10.72) 3.90 (0.76, 9.56) 5.47 (1.30, 10.56) 5.47 (1.27, 10.88)

Age at leaving full-time education (years) ≤16 4570 351 (7.68) 1709 (37.40) 2510 (54.92)

>16 to ≤18 2521 148 (5.87) 839 (33.28) 1534 (60.85)

>18 4305 205 (4.76) 1140 (26.48) 2960 (68.76)

Smoker No 10,045 569 (5.66) 3133 (31.19) 6343 (63.15)

Yes 1351 135 (9.99) 555 (41.08) 661 (48.93)

Family History of diabetesb No 8677 535 (6.17) 2796 (32.22) 5346 (61.61)

Yes 2719 169 (6.22) 892 (32.81) 1658 (60.98)

Physical activity (kJc/kgd/day) Median (IQR) 51.00 (37.84, 66.75) 49.64 (35.82, 65.82) 51.57 (38.22, 67.64) 50.89 (37.88, 66.27)

Working in past 4 weeks No 1959 118 (6.02) 563 (28.74) 1278 (65.24)

Yes 9437 586 (6.21) 3125 (33.11) 5726 (60.68)

Working hours Median (IQR) 33.0 (14.0, 40.0) 37.0 (20.0, 43.7) 35.0 (17.5, 41.0) 30.0 (12.0, 40.0)

Overtime work (>48 h/week) No 10,116 592 (5.85) 3243 (32.06) 6281 (62.09)

Yes 1280 112 (8.75) 445 (34.77) 723 (56.48)

Outcomei

Vitamin C (umol/le) Median (IQR) 69.40
(56.00, 82.00)

63.15
(44.73, 77.38)

66.80
(52.70, 80.10)

71.1
(58.5, 83.4)

Fruit intake (grams/day) Median (IQR) 207.10
(111.61, 329.50)

142.53
(60.08, 264.19)

180.53
(93.10, 293.10)

226.83
(131.16, 353.04)

Vegetable intake (grams/day) Median (IQR) 258.95
(188.89, 348.56)

174.41
(111.92, 257.26)

234.59
(172.55, 310.33)

280.56
(209.53, 375.83)

DASH scoref Median (IQR) 24 (21, 27) 22 (19, 25) 23 (20, 26) 25 (22, 28)

MDSg Median (IQR) 9 (7,11) 7 (6, 10) 8 (6, 10) 10 (7, 11)

Excess body fat
(≥25% men; ≥38% women)

No 4831 246 (5.09) 1399 (28.96) 3186 (65.95)

Yes 6565 458 (6.98) 2289 (34.87) 3818 (58.16)

Overweight BMIh (≥25.0) No 4384 211 (4.81) 1290 (29.43) 2883 (65.76)

Yes 7012 493 (7.03) 2398 (34.20) 4121 (58.77)

High cholesterol ratio (≥4.0) No 7234 400 (5.53) 2209 (30.54) 4625 (63.93)

Yes 4162 304 (7.30) 1479 (35.54) 2379 (57.16)

High HbA1c
i (≥42.00) No 10,207 608 (5.96) 3265 (31.99) 6334 (62.06)

Yes 1189 96 (8.07) 423 (35.58) 670 (56.35)

Hypertension No 8561 516 (6.03) 2761 (32.25) 5283 (61.72)

Yes 2836 188 (6.63) 927 (32.69) 1721 (60.68)
aResults shown as number (row percentage). Median (inter-quartile range) shown for: age, alcohol, physical activity, average working hours, vitamin C, fruit intake,
vegetable intake, DASH score, MDS
bHistory of diabetes in first degree relative
ckj = kilojoules
dkg = kilograms
eumol/l = micromole/l
fDASH = Dietary Approaches to Stop Hypertension
gMDS = Mediterranean Diet Score
hBMI = body mass index
iHbA1c = Haemoglobin A1c
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have an overweight BMI, excess percentage body fat, high
risk cholesterol ratio, or to be at risk of developing diabetes
according to HbA1c level.
Multivariate associations between the frequency of con-

suming home cooked meals and indicators of diet quality
and cardio-metabolic status are shown in Table 2. In all
cases, consuming home cooked meals more frequently was
significantly associated with indicators of a healthier diet, as
measured by higher MDS, DASH score, plasma vitamin C,
and fruit and vegetable intakes. These associations were
present for both consuming home cooked meals three to
five times per week, and more than five times per week,
compared with the reference of less than three times per
week, and remained robust to adjustment for sociodemo-
graphic and behavioural covariates. In particular, those who
consumed home cooked meals more than five times per

week consumed 62.3 g more fruit (99% CI 43.2 to 81.5) and
97.8 g more vegetables (99% CI 84.4 to 111.2) daily than
those who consumed home cooked meals less than three
times per week. This equates to more than three-quarters
of a portion of fruit, and almost one and a quarter portions
of vegetables, or approximately two extra portions of fruit
and vegetables per day.
In terms of cardio-metabolic status, consuming home

cooked meals more than five times per week compared
with the reference of less than three times per week was
significantly associated with all markers except hyperten-
sion in the unadjusted models. After adjustment for socio-
demographic and behavioural covariates (model 1), the
association between consuming home cooked meals more
than five times per week and high risk cholesterol ratio was
extinguished. After further adjustment for dietary variables

Table 2 Associations between frequency of consuming home cooked meals and markers of diet and cardio-metabolic status

Outcomes Home cooked
mealsa

Unadjusted
value (99% CIb)

Adjusted value,
model 1c (99% CIb)

Adjusted value,
model 2d (99% CIb)

Regression coefficients for dietary indicators

DASH scoree 3-5×/week 0.23 (0.13, 0.34) 0.18 (0.08, 0.28) NA

>5×/week 0.61 (0.51, 0.71) 0.44 (0.35, 0.54) NA

MDSf 3-5×/week 0.27 (0.17, 0.38) 0.23 (0.13, 0.33) NA

>5×/week 0.64 (0.54, 0.74) 0.52 (0.42, 0.61) NA

Vitamin C (μmol/lg) 3-5×/week 4.50 (2.28, 6.73) 3.29 (1.18, 5.39) NA

>5×/week 8.95 (6.81, 11.09) 5.35 (3.31, 7.39) NA

Fruit intake (grams/day) 3-5×/week 32.29 (12.14, 52.44) 27.17 (7.43, 46.92) NA

>5×/week 79.06 (59.69, 98.43) 62.33 (43.19, 81.46) NA

Vegetable intake (grams/day) 3-5×/week 54.22 (40.06, 68.39) 50.54 (36.61, 64.29) NA

>5×/week 107.43 (93.81, 121.05) 97.83 (84.42, 111.24) NA

Odds ratios for markers of cardio-metabolic status

Cholesterol binary (high vs low risk) 3-5×/week 0.88 (0.71, 1.09) 0.96 (0.76, 1.21) 0.99 (0.78, 1.25)

>5×/week 0.68 (0.55, 0.83) 0.87 (0.70, 1.09) 0.93 (0.74, 1.17)

BMIh binary (over- vs normal weight) 3-5×/week 0.80 (0.63, 1.00) 0.81 (0.64, 1.02) 0.82 (0.65, 1.05)

>5×/week 0.61 (0.49, 0.76) 0.70 (0.55, 0.88) 0.72 (0.57, 0.92)

Body fat binary (excess vs normal) 3-5×/week 0.88 (0.70, 1.10) 0.89 (0.71, 1.13) 0.92 (0.73, 1.17)

>5×/week 0.64 (0.52, 0.80) 0.71 (0.57, 0.89) 0.76 (0.60, 0.95)

HbA1c
i binary (high vs low risk) 3-5×/week 0.82 (0.60, 1.12) 0.83 (0.60, 1.15) 0.86 (0.62, 1.19)

>5×/week 0.67 (0.50, 0.91) 0.68 (0.49, 0.93) 0.73 (0.53, 1.01)

Hypertension binary (yes vs no) 3-5×/week 0.92 (0.72, 1.17) 0.88 (0.69, 1.13) 0.89 (0.69, 1.14)

>5×/week 0.89 (0.71, 1.13) 0.84 (0.67, 1.07) 0.86 (0.67, 1.09)
aConsumption of home cooked meals as main meal at home: comparisons with low consumption (<3×/week, reference), for medium consumption (3-5×/week),
and high consumption (>5×/week)
bCI = 99% confidence interval
cAdjusted for age, sex, alcohol intake, smoking, physical activity, working status, working overtime, years of full time education (+ family history diabetes for
HbA1c outcome)
dAdjusted for age, sex, alcohol intake, smoking, physical activity, working status, working overtime, years of full time education, DASH score, MDS, vitamin C, fruit
intake, vegetable intake (+ family history diabetes for HbA1c outcome)
eDASH = Dietary Approaches to Stop Hypertension
fMDS = Mediterranean Diet Score
gumol/l = micromole/l
hBMI = Body Mass Index
iHbA1c = Haemoglobin A1c
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(model 2), only the associations with having a normal range
BMI and lower percentage body fat remained significant.
Such associations indicated that consuming home cooked
meals more than five times per week compared with the
reference was associated with improved adiposity, inde-
pendent of the effects due to diet. Those consuming home
cooked meals more than five times per week were 28% less
likely to have a BMI in the overweight range (99% CI 8 to
43%), and 24% less likely to have excess percentage body fat
(99% CI 5 to 40%), compared with those who consumed
home cooked meals less than three times per week. Overall,
a higher frequency of consuming home cooked meals was
associated with markers of improved cardio-metabolic
health, including lower risk cholesterol ratio, normal range
BMI, lower percentage body fat, and lower risk of diabetes
according to HbA1c level.

Discussion
Statement of principal findings
In accordance with our hypothesis, a higher frequency of
consuming home cooked main meals was significantly as-
sociated with indicators of a healthier diet, namely DASH
score, MDS, plasma vitamin C, fruit intake and vegetable
intake. Similarly, eating home cooked meals more fre-
quently was significantly associated with several markers of
cardio-metabolic health, including lower likelihood of hav-
ing an overweight BMI, and lower likelihood of excess per-
centage body fat. Associations between frequency of home
cooked meal consumption and markers of cardio-
metabolic health were strongest at the highest consumption
frequency of eating meals more than five times per week.
To our knowledge, this is the first large scale, population-

based study to address associations between the frequency
of consuming home cooked meals and indicators of both
diet quality and cardio-metabolic status. The study has
been reported according to the STROBE-nut guidelines
[60] (see Additional file 3).

Strengths and weaknesses of the study
The Fenland study is a large cohort, with detailed sociode-
mographic data, objective physical measurements and sam-
ples, and comprehensive dietary measures. Participants in
this study were from the county of Cambridgeshire, which
is representative of the wider population in England in
terms of adult obesity and several lifestyle variables, such as
smoking and levels of physical activity [61].
Overall diet quality was assessed using two composite

diet scores, DASH and MDS. Using two composite scores
provided robust evidence in support of potential associa-
tions between consuming home cooked meals more fre-
quently and higher diet quality. These results were
supported by similar associations with higher fruit and
vegetable intakes, measured by both FFQ, and plasma vita-
min C as a biomarker. We used consumption, rather than

preparation, of home cooked meals as our exposure, which
is likely to be closer on the potential causal pathway to diet
and health outcomes. The use of objective measurements
for determining cholesterol ratio, BMI, percentage body fat,
HbA1c level and hypertension is likely to increase the valid-
ity of these markers of cardio-metabolic status, and the
confidence in conclusions drawn from resultant analyses.
This research is also subject to some limitations. The

cross-sectional nature of the data means that direction of
cause and effect cannot be established, although follow-up
data collection in the Fenland study is currently underway,
which will enable future longitudinal analysis. Participants
were recruited between the ages of 29 and 64 years, and are
therefore not representative of the full UK population age
range. Given that food preparation practices vary with age
[62], our results may not be generalizable to younger popula-
tions. We excluded participants with missing data on any of
the analytic variables, and excluded participants were sys-
tematically different from the rest of the cohort in terms of
certain characteristics (see Additional file 2). Furthermore,
differences in cooking and food culture internationally may
mean that the relationships between consuming home
cooked meals, diet quality, and cardio-metabolic health, vary
between countries. Therefore, our findings may not necessar-
ily be generalizable to other populations.
The fruit and vegetable intakes and DASH and MDS

dietary scores were derived from FFQ data, which although
validated, may be subject to error and biases [31, 32]. The
composite scores assessed diet quality relative to other
participants, rather than establishing absolute values, and
ranking groups may constitute a broad range. The exposure
variable for consumption of home cooked meals was
derived from a questionnaire item, and given the absence of
consensus on home cooking terminology [63, 64], partici-
pants may have interpreted this question differently. We
collected data specifically on home cooked meals eaten at
home and not those eaten elsewhere, such as packed
lunches taken to work or place of study. The self-reported
nature of several sociodemographic and behavioural
variables, such as smoking, may have led to variables being
correlated with each other, with associated risk of type II
analytical errors.
Although we adjusted for a number of relevant potential

confounders in our analyses, residual confounding remains
possible. If people who consume home cooked meals more
frequently are also more likely to engage in other health
promoting behaviours, this could artificially strengthen as-
sociations between increased consumption of home cooked
meals and markers of cardio-metabolic health.

Interpretation of findings in the context of existing
research
Our findings reflect those of others that found associa-
tions between home food preparation and cooking and
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higher quality diets. A recent systematic review [18]
identified that potential benefits included intake from
healthier food groups [19, 65, 66]; greater fruit and vege-
table preference and healthy eating self-efficacy [67]; en-
hanced nutrient intake [7, 68]; higher Diet Quality
Index-International score and intake from healthier food
groups [20]; trend towards higher Healthy Eating Index
score [69]; consumption of a healthful dietary pattern
[70]; and improved adherence to: Healthy People 2010
dietary intake objectives [8], Balance of Good Health
(now Eatwell Guide) criteria [71], and a Mediterranean
diet using the KIDMED index [72]. A greater frequency
of home cooked meals has also been associated with
higher Healthy Eating Index scores [24]. However, the
majority of this research has been cross-sectional and
therefore unable to conclusively indicate direction of
causation. Most studies have also employed self-reported
measures, which are vulnerable to bias [73], and have
used food preparation practices as an exposure, rather
than the consumption of home cooked food itself.
Our results also support previous studies that identified

associations between home food preparation and cooking
and potential advantages to health. Greater home cooking
frequency has been linked with longer lifespan [10] and more
frequent consumption of meals prepared at home has been
associated with reduced risk of developing type II diabetes
[12]. Amongst adolescents, healthier home cooking by a
caregiver was linked with lowered risk of having an over-
weight or obese BMI [11]. However, our findings conflict
with a US study that reported more time spent on home food
preparation and associated clean-up at baseline, or increased
involvement over time, was linked with an adverse cardio-
metabolic profile [16]. Possible reasons for this discrepancy
include that the US study used time spent preparing meals,
rather than meal consumption, as the exposure, and the ex-
posure included clean-up time, which may have a differential
impact on cardio-metabolic health. Since food preparation
activities are strongly patterned by gender [18, 74], this may
also confound observed associations with health.

Meaning of the study: possible mechanisms and
implications for clinicians and policymakers
Our findings indicate that an increased frequency of con-
suming home cooked meals is associated cross-sectionally
with markers of a healthier diet, and indicators of improved
cardio-metabolic health, particularly in terms of adiposity,
cholesterol and diabetes risk. Links between more frequent
consumption of home cooked meals and dietary benefits
could be attributable to healthier food preparation methods,
increased dietary variety and/or consumption of healthier
food groups. Such links may also be due to decreased intake
of convenience foods, which tend to prioritise ingredients
such as fat, sugar and salt to increase palatability and preser-
vation, over those for optimising health [75].

The association between a higher frequency of consum-
ing home cooked meals and potential benefits for health in
terms of hypertension was not significant in the unadjusted
model, and in terms of cholesterol was no longer significant
after adjustment for sociodemographic and behavioural
variables. This may be because the hypertension variable
was poorly ascertained, since in addition to blood pressure
measurement, participants were required to report on any
previous diagnoses of hypertension, and receipt of
hypotensive medication. However, we conducted a sensitiv-
ity analysis for the relationship between frequency of con-
suming home cooked meals and hypertension, with the
inclusion and the exclusion of participants diagnosed with
hypertension by a doctor and/or receiving hypotensive
medication. Regardless of whether or not these participants
were excluded, the relationship was not significant. Choles-
terol is strongly genetically determined [76], and the impact
of home cooked meal consumption may not have been suf-
ficient to result in statistically significant changes.
The cross-sectional association between higher frequency

of consuming home cooked meals and lower adiposity was
robust to adjustment for sociodemographic, lifestyle, and
dietary covariates, whilst the association with lower likelihood
of being classified as at risk of diabetes according to HbA1c

level was borderline significant. Although the direction of
causation cannot be established, this indicates that home
cooking potentially confers benefits to health, beyond those
mediated through dietary changes. Such benefits from eating
home cooked meals might be attributable to consumption of
smaller portion sizes [77]; moderated snacking behaviour
[78]; more structured mealtimes and the time of day at which
meals are consumed [79]. Increased social cohesion has been
linked with potential health benefits [80], and it is plausible
that higher social capital may be associated with more soci-
able eating patterns. Given the potential time and effort in-
volved in home cooking, home cooked meals may be more
likely to be shared together than meals from other sources,
and a range of benefits to diet, health and wellbeing derived
from shared mealtimes have been identified [81, 82].
Our results support previous research indicating putative

benefits from home cooked meals, suggesting that public
health promotional messages should advocate for cooking at
home as a positive approach for improving diet and health.
Strategies could also be considered for supporting people to
learn to cook healthy meals, and to use their skills often, for
example using digital technology and social media to
provide shopping list generators, food preparation teaching
videos, and nutritional information. Regularity is particularly
important, given that our findings indicated the greatest
potential advantages from consuming home cooked meals
were experienced at the highest frequencies of consumption.
Infrequent home cooking, such as a weekly Sunday lunch, is
unlikely to be of benefit to population health, and cooking
habits should be adopted as part of the daily routine. This is
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in accordance with research suggesting that routinized
home cooking behaviour is more likely to be maintained
and prioritised over time [83].

Unanswered questions and future research
The evidence base for associations between home cooking,
dietary indicators and cardio-metabolic status requires
further longitudinal studies to establish causal relationships.
This could be facilitated by incorporating questions on home
cooking into current large scale national longitudinal sur-
veys, particularly those with more detailed existing dietary
components. Additional analyses, for example using struc-
tural equation modelling, could be employed to explore
causal pathways more fully in future. It will also be insightful
to identify who eats home cooked meals and why, and then
who prepares these meals and why. Other questions include
exploring further the potential benefits of home cooking be-
yond those mediated through diet, and determining the most
effective approaches to encourage home cooking, which may
require a combination of tailored interventions.

Conclusion
In a cross-sectional population-based study, consuming
home cooked main meals more frequently was associated
with a range of indicators of a healthier diet, and several
markers of cardio-metabolic health including adiposity,
cholesterol and diabetes risk. Strongest associations were ob-
served for the highest frequency of consuming home cooked
meals, more than five times per week. These findings suggest
that regularly eating home cooked meals may confer benefits
to diet and health, and that home cooking promotion and
skill development should form part of future public health
initiatives. Further research regarding causal relationships
between home cooking, diet and health; the wider social as-
pects of home food preparation; and evaluation of interven-
tions to promote home cooking, is required.

Additional files

Additional file 1: This file provides requested information regarding
how the sample was recruited, how representative the sample was of the
target group, how the analysed sample differed from the recruited
sample, and how missing data were handled.

Additional file 2: Characteristics of Fenland study participants included and
excluded from the analytic sample. This table compares the characteristics of
participants in the Fenland study who were included in the current study
analytic sample, and those who were excluded.

Additional file 3: STROBE-nut: An extension of the STROBE statement for
nutritional epidemiology. This table provides a checklist, reporting
adherence of the current study to the STROBE-nut guidelines.

Abbreviations
BMI: Body mass index; DASH: Dietary Approaches to Stop Hypertension;
EPIC: European Prospective Investigation into Cancer and Nutrition;
FFQ: Food Frequency Questionnaire; HbA1c: Haemoglobin A1c; HDL: High
density lipoprotein; MDS: Mediterranean Diet Score; NCDs: Non-
communicable diseases; UK: United Kingdom; US: United States

Acknowledgements
The authors would like to thank all the volunteers who participated in the
Fenland study, as well as the Fenland Study Coordination, Field
Epidemiology, and Data Cleaning teams.

Funding
The Fenland Study is funded by the Wellcome Trust and the Medical
Research Council. Support from Medical Research Council programmes
MC_UU_12015/1 and MC_UU_12015/5 is acknowledged. This report is
independent research arising from a Doctoral Research Fellowship Grant
DRF-2014-07-020 for the lead author (SM), supported by the National Insti-
tute for Health Research. JA and MW received funding from the Centre for
Diet and Activity Research (CEDAR), a UK Clinical Research Collaboration
(UKCRC) Public Health Research Centre of Excellence. HB and SM are mem-
bers of Fuse, also a UKCRC Public Health Research Centre of Excellence.
Grant reference number is MR/K02325X/1. Funding for CEDAR and for Fuse
from the British Heart Foundation, Cancer Research UK, Economic and Social
Research Council, Medical Research Council, the National Institute for Health
Research and the Wellcome Trust, under the auspices of the UKCRC, is grate-
fully acknowledged. The views expressed in this publication are those of the
authors and not necessarily those of the National Health Service, the Depart-
ment of Health, the funders or UKCRC. The funders had no role in the study
design; in the collection, analysis and interpretation of data; nor in the writ-
ing of the report and the decision to submit for publication.

Authors’ contributions
SM, HB, WW, MW and JA designed the study. SM led the data analyses, supported
by JA and HB. SM drafted the manuscript. All authors contributed to the
interpretation of results and critically reviewed the manuscript. All authors read
and approved the final manuscript.

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

Author details
1Institute of Health & Society, Newcastle University, Baddiley-Clark Building,
Richardson Road, Newcastle upon Tyne NE2 4AX, UK. 2Human Nutrition
Research Centre, Institute of Health & Society, Newcastle University, M1.151
William Leech Building, Medical School, Framlington Place, Newcastle upon
Tyne NE2 4HH, UK. 3Centre for Diet and Activity Research (CEDAR), MRC
Epidemiology Unit, School of Clinical Medicine, University of Cambridge, Box
285 Biomedical Campus, Cambridge CB2 0QQ, UK.

References
1. Lim SS, Vos T, Flaxman AD, Danaei G, Shibuya K, Adair-Rohani H, et al. A

comparative risk assessment of burden of disease and injury attributable to 67
risk factors and risk factor clusters in 21 regions, 1990–2010: a systematic analysis
for the Global Burden of Disease Study 2010. Lancet. 2012;380:2224–60.

2. Möser A. Food preparation patterns in German family households. An
econometric approach with time budget data. Appetite. 2010;55:99–107.

3. Smith L, Ng S, Popkin B. Trends in US home food preparation and
consumption: analysis of national nutrition surveys and time use studies
from 1965–1966 to 2007–2008. Nutr J. 2013;12:45.

4. Michaud P, Condrasky M, Griffin S. Review and application of current
literature related to culinary programmes for nutrition educators. Top Clin
Nutr. 2007;22:336–48.

5. Short F. Domestic cooking skills: what are they? J Home Econ Inst Aust.
2003;10:13–22.

6. Condrasky MD, Hegler M. How culinary nutrition can save the health of a
nation. J Ext. 2010;48:1–6.

7. Wolfson JA, Bleich SN. Is cooking at home associated with better diet
quality or weight-loss intention? Public Health Nutr. 2015;18:1397–406.

8. Larson N, Perry C, Story M, Neumark-Sztainer D. Food preparation by young
adults is associated with better diet quality. J Am Diet Assoc. 2006;106:2001–7.

30 Physical Activity, Nutrition and Health

_________________________ WORLD TECHNOLOGIES _________________________

dx.doi.org/10.1186/s12966-017-0567-y
dx.doi.org/10.1186/s12966-017-0567-y
dx.doi.org/10.1186/s12966-017-0567-y


WT

9. Smith K, McNaughton S, Gall S, Blizzard L, Dwyer T, Venn A. Involvement of
young Australian adults in meal preparation: cross-sectional associations with
sociodemographic factors and diet quality. J Am Diet Assoc. 2010;110:1363–7.

10. Chen R, Lee M, Chang Y, Wahlqvist M. Cooking frequency may enhance
survival in Taiwanese elderly. Public Health Nutr. 2012;15:1142–9.

11. Kramer RF, Coutinho AJ, Vaeth E, Christiansen K, Suratkar S, Gittelsohn J.
Healthier home food preparation methods and youth and caregiver
psychosocial factors are associated with lower BMI in African American
youth. J Nutr. 2012;142:948–54.

12. Zong G, Eisenberg DM, Hu FB, Sun Q. Consumption of Meals Prepared at
Home and Risk of Type 2 Diabetes: An Analysis of Two Prospective Cohort
Studies. PLoS Med. 2016;13.

13. Jones M, Freeth EC, Hennessy-Priest K, Costa RJ. A systematic cross-sectional
analysis of British based celebrity chefs’ recipes: is there cause for public
health concern? Food Public Health. 2013;3:100–10.

14. Howard S, Adams J, White M. Nutritional content of supermarket ready
meals and recipes by television chefs in the United Kingdom: cross-
sectional study. BMJ. 2012;345:e7607.

15. Pope L, Latimer L, Wansink B. Viewers vs. Doers. The relationship between
watching food television and BMI. Appetite. 2015;90:131–5.

16. Appelhans BM, Segawa E, Janssen I, Nackers LM, Kazlauskaite R, Baylin A, et
al. Meal preparation and cleanup time and cardiometabolic risk over 14
years in the Study of Women’s Health Across the Nation (SWAN). Prev Med.
2015;71:1–6.

17. Imamura F, Micha R, Khatibzadeh S, Fahimi S, Shi P, Powles J, et al. Dietary
quality among men and women in 187 countries in 1990 and 2010: a
systematic assessment. Lancet Glob Health. 2015;3:e132–42.

18. Mills S, White M, Brown H, Wrieden W, Kwasnicka D, Halligan J, et al. Health
and social determinants and outcomes of home cooking: A systematic
review of observational studies. Appetite. 2017;111:116–34.

19. Monsivais P, Aggarwal A, Drewnowski A. Time spent on home food preparation
and indicators of healthy eating. Am J Prev Med. 2014;47:796–802.

20. Chu YL, Storey KE, Veugelers PJ. Involvement in meal preparation at home
is associated with better diet quality among Canadian children. J Nutr Educ
Behav. 2014;46:304–8.

21. World Health Organization. Report of the commission on ending childhood
obesity. Geneva: World Health Organization; 2016. http://www.who.int/end-
childhood-obesity/en/. Accessed 13 Aug 2017.

22. de Lucia RE, Loos RJF, Druet C, Stolk RP, Ekelund U, Griffin SJ, et al.
Association between birth weight and visceral fat in adults. Am J Clin Nutr.
2010;92:347–52.

23. MRC Epidemiology Unit. Fenland Study. 2014. http://epi-meta.medschl.cam.
ac.uk/includes/fenland/fenland.html. Accessed 13 Aug 2017.

24. Tiwari A, Aggarwal A, Tang W, Drewnowski A. Cooking at Home: A Strategy
to Comply With U.S. Dietary Guidelines at No Extra Cost. Am J Prev Med.
2017;52:616–24.

25. InterAct Consortium. Mediterranean Diet and Type 2 Diabetes Risk in the
European Prospective Investigation Into Cancer and Nutrition (EPIC) Study.
Diabetes Care. 2011;34:1913–8.

26. Fung TT, Chiuve SE, McCullough ML, Rexrode KM, Logroscino G, Hu FB.
Adherence to a dash-style diet and risk of coronary heart disease and stroke
in women. Arch Intern Med. 2008;168:713–20.

27. Bingham S, Welch A, McTaggart A, Mulligan A, Runswick S, Luben R, et al.
Nutritional methods in the European Prospective Investigation of Cancer in
Norfolk. Public Health Nutr. 2001;4:847–58.

28. Bingham SA, Gill C, Welch A, Cassidy A, Runswick SA, Oakes S, et al.
Validation of dietary assessment methods in the UK arm of EPIC using
weighed records, and 24-hour urinary nitrogen and potassium and serum
vitamin C and carotenoids as biomarkers. Int J Epidemiol. 1997;26:S137.

29. Mulligan AA, Luben RN, Bhaniani A, Parry-Smith DJ, O'Connor L, Khawaja
AP, et al. A new tool for converting food frequency questionnaire data into
nutrient and food group values: FETA research methods and availability.
BMJ Open. 2014;4.

30. Hastings C, Mosteller F, Tukey JW, Winsor CP. Low Moments for Small
Samples: A Comparative Study of Order Statistics. Ann Math Statist. 1947;
8(3): 413–26. doi:10.1214/aoms/1177730388.

31. Drewnowski A. Diet image: A new perspective on the food-frequency
questionnaire. Nutr Rev. 2001;59:370–2.

32. Willett W. Nutritional Epidemiology. 3rd ed. New York: Oxford University
Press; 1998.

33. de Koning L, Chiuve SE, Fung TT, Willett WC, Rimm EB, Hu FB. Diet-Quality

Scores and the Risk of Type 2 Diabetes in Men. Diabetes Care. 2011;34:1150–6.
34. Berz JB, Singer MR, Guo X, Daniels SR, Moore LL. Use of a dash food group

score to predict excess weight gain in adolescent girls in the national
growth and health study. Arch Pediatr Adolesc Med. 2011;165:540–6.

35. Folsom AR, Parker ED, Harnack LJ. Degree of Concordance With DASH Diet
Guidelines and Incidence of Hypertension and Fatal Cardiovascular Disease.
Am J Hypertens. 2007;20:225–32.

36. Karanja N, Erlinger T, Pao-Hwa L, Miller E, Bray G. The DASH diet for high blood
pressure: from clinical trial to dinner table. Cleve Clin J Med. 2004;71:745–53.

37. United States Department of Health and Human Services, National Heart
Lung and Blood Institute. Healthy Eating Plan. https://www.nhlbi.nih.gov/
health/educational/lose_wt/eat/calories.htm. Accessed 13 Aug 2017.

38. Willett WC, Sacks F, Trichopoulou A, Drescher G, Ferro-Luzzi A, Helsing E, et
al. Mediterranean diet pyramid: a cultural model for healthy eating. Am J
Clin Nutr. 1995;61:1402S–6S.

39. 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;14:2274–84.

40. Estruch R, Ros E, Salas-Salvadó J, Covas M-I, Corella D, Arós F, et al. Primary
Prevention of Cardiovascular Disease with a Mediterranean Diet. N Engl J
Med. 2013;368:1279–90.

41. Hu FB, Stampfer MJ, Rimm E, Ascherio A, Rosner BA, Spiegelman D, et al.
Dietary Fat and Coronary Heart Disease: A Comparison of Approaches for
Adjusting for Total Energy Intake and Modeling Repeated Dietary
Measurements. Am J Epidemiol. 1999;149:531–40.

42. Dehghan M, Akhtar-Danesh N, McMillan CR, Thabane L. Is plasma vitamin C
an appropriate biomarker of vitamin C intake? A systematic review and
meta-analysis. Nutr J. 2007;6:41–1.

43. World Health Organization, Food and Agriculture Organization. Diet,
nutrition and the prevention of chronic diseases: Report of the joint WHO/
FAO expert consultation. Geneva: World Health Organization; 2003.

44. Public Health England. The Eatwell Guide. 2016. https://www.gov.uk/
government/publications/the-eatwell-guide. Accessed 13 Aug 2017.

45. O’Connor L, Brage S, Griffin SJ, Wareham NJ, Forouhi NG. The cross-sectional
association between snacking behaviour and measures of adiposity: the
Fenland Study, UK. Br J Nutr. 2015;114:1286–93.

46. Pencina MJ, D'Agostino RB, Larson MG, Massaro JM, Vasan RS. Predicting
the Thirty-year Risk of Cardiovascular Disease: The Framingham Heart Study.
Circulation. 2009;119:3078–84.

47. Collins GS, Altman DG. Predicting the 10 year risk of cardiovascular disease
in the United Kingdom: independent and external validation of an updated
version of QRISK2. Br Med J. 2012;344.

48. NHS Choices. High cholesterol. 2015. http://www.nhs.uk/conditions/
cholesterol/Pages/Introduction.aspx. Accessed 13 Aug 2017.

49. Baumgartner RN, Heymsfield SB, Roche AF. Human Body Composition and
the Epidemiology of Chronic Disease. Obes Res. 1995;3:73–95.

50. World Health Organization. Body mass index - BMI. 2017. http://www.euro.
who.int/en/health-topics/disease-prevention/nutrition/a-healthy-lifestyle/
body-mass-index-bmi. Accessed 13 Aug 2017.

51. Gallagher D, Heymsfield SB, Heo M, Jebb SA, Murgatroyd PR, Sakamoto Y.
Healthy percentage body fat ranges: an approach for developing guidelines
based on body mass index. Am J Clin Nutr. 2000;72:694–701.

52. John WG, on behalf of the UKDoHACoD. Use of HbA1c in the diagnosis of
diabetes mellitus in the UK. The implementation of World Health
Organization guidance 2011. Diabet Med. 2012;29:1350–7.

53. Franklin SS, Wong ND. Hypertension and Cardiovascular Disease:
Contributions of the Framingham Heart Study. Glob Heart. 2013;8;49–57.

54. National Institute for Health and Care Excellence. Hypertension in adults:
diagnosis and management. 2016. https://www.nice.org.uk/guidance/CG127/
chapter/1-Guidance#diagnosing-hypertension-2. Accessed 13 Aug 2017.

55. McGowan L, Pot GK, Stephen AM, Lavelle F, Spence M, Raats M, et al. The
influence of socio-demographic, psychological and knowledge-related
variables alongside perceived cooking and food skills abilities in the
prediction of diet quality in adults: a nationally representative cross-
sectional study. Int J Behav Nutr Phys Act. 2016;13:111.

56. Brage S, Brage N, Franks PW, Ekelund U, Wareham NJ. Reliability and validity
of the combined heart rate and movement sensor Actiheart. Eur J Clin Nutr.
2005;59:561–70.

57. Brage S, Ekelund U, Brage N, Hennings MA, Froberg K, Franks PW, et al.
Hierarchy of individual calibration levels for heart rate and accelerometry to
measure physical activity. J Appl Physiol. 2007;103:682–92.

31Frequency of eating home cooked meals and potential benefits for diet and health: cross-sectional...

_________________________ WORLD TECHNOLOGIES _________________________

http://www.who.int/end-childhood-obesity/en/
http://www.who.int/end-childhood-obesity/en/
http://epi-meta.medschl.cam.ac.uk/includes/fenland/fenland.html
http://epi-meta.medschl.cam.ac.uk/includes/fenland/fenland.html
http://dx.doi.org/10.1214/aoms/1177730388
https://www.nhlbi.nih.gov/health/educational/lose_wt/eat/calories.htm
https://www.nhlbi.nih.gov/health/educational/lose_wt/eat/calories.htm
https://www.gov.uk/government/publications/the-eatwell-guide
https://www.gov.uk/government/publications/the-eatwell-guide
http://www.nhs.uk/conditions/cholesterol/Pages/Introduction.aspx
http://www.nhs.uk/conditions/cholesterol/Pages/Introduction.aspx
http://www.euro.who.int/en/health-topics/disease-prevention/nutrition/a-healthy-lifestyle/body-mass-index-bmi
http://www.euro.who.int/en/health-topics/disease-prevention/nutrition/a-healthy-lifestyle/body-mass-index-bmi
http://www.euro.who.int/en/health-topics/disease-prevention/nutrition/a-healthy-lifestyle/body-mass-index-bmi


WT

58. Stegle O, Fallert S, MacKay D, Brage S. Gaussian Process Robust Regression
for Noisy Heart Rate Data. IEEE Trans Biomed Eng. 2008;55:2143–51.

59. Brage S, Brage N, Franks PW, Ekelund U, Wong M-Y, Andersen LB, et al.
Branched equation modeling of simultaneous accelerometry and heart rate
monitoring improves estimate of directly measured physical activity energy
expenditure. J Appl Physiol. 2004;96:343–51.

60. Lachat C, Hawwash D, Ocké MC, Berg C, Forsum E, Hörnell A, et al.
Strengthening the Reporting of Observational Studies in
Epidemiology—Nutritional Epidemiology (STROBE-nut): An Extension of the
STROBE Statement. PLoS Med. 2016;13:e1002036.

61. Public Health England. Health Profile Cambridgeshire. 2016. http://
fingertipsreports.phe.org.uk/health-profiles/2016/e10000003.pdf&time_
period=2016. Accessed 13 Aug 2017.

62. Lavelle F, Spence M, Hollywood L, McGowan L, Surgenor D, McCloat A, et
al. Learning cooking skills at different ages: a cross-sectional study. Int J
Behav Nutr Phys Act. 2016;13:119.

63. Short F. Kitchen secrets: the meaning of cookery in everyday life. Oxford:
Berg; 2006.

64. Wolfson JA, Bleich SN, Smith KC, Frattaroli S. What does cooking mean to
you?: Perceptions of cooking and factors related to cooking behavior.
Appetite. 2016;97:146–54.

65. Laska MN, Larson NI, Neumark-Sztainer D, Story M. Does involvement in
food preparation track from adolescence to young adulthood and is it
associated with better dietary quality? Findings from a 10-year longitudinal
study. Public Health Nutr. 2012;15:1150–8.

66. Smith KJ, McNaughton SA, Gall SL, Blizzard L, Dwyer T, Venn AJ. Involvement of
young Australian adults in meal preparation: cross-sectional associations with
sociodemographic factors and diet quality. J Am Diet Assoc. 2010;110:1363–7.

67. Chu YL, Farmer A, Fung C, Kuhle S, Storey KE, Veugelers PJ. Involvement in
home meal preparation is associated with food preference and self-efficacy
among Canadian children. Public Health Nutr. 2012;16:108–12.

68. Larson NI, Story M, Eisenberg ME, Neumark-Sztainer D. Food preparation and
purchasing roles among adolescents: associations with sociodemographic
characteristics and diet quality. J Am Diet Assoc. 2006;106:211–8.

69. Blake CE, Wethington E, Farrell TJ, Bisogni CA, Devine CM. Behavioral
contexts, food-choice coping strategies, and dietary quality of a multiethnic
sample of employed parents. J Am Diet Assoc. 2011;111:401–7.

70. Leech RM, McNaughton SA, Crawford DA, Campbell KJ, Pearson N, Timperio
A. Family food involvement and frequency of family dinner meals among
Australian children aged 10-12years. Cross-sectional and longitudinal
associations with dietary patterns. Appetite. 2014;75:64–70.

71. Swanson V, Power KG, Crombie IK, Irvine L, Kiezebrink K, Wrieden W, et al.
Maternal feeding behaviour and young children’s dietary quality: A cross-
sectional study of socially disadvantaged mothers of two-year old children
using the Theory of Planned Behaviour. Int J Behav Nutr Phys Act. 2011;8.

72. Da Rocha Leal FM, De Oliveira BMPM, Pereira SSR. Relationship between
cooking habits and skills and Mediterranean diet in a sample of Portuguese
adolescents. Perspect Public Health. 2011;131:283–7.

73. Black AE, Cole TJ. Biased Over- Or Under-Reporting is Characteristic of
Individuals Whether Over Time or by Different Assessment Methods. J Am
Diet Assoc. 2001;101:70–80.

74. Adams J, Goffe L, Adamson AJ, Halligan J, O’Brien N, Purves R, et al.
Prevalence and socio-demographic correlates of cooking skills in UK adults:
cross-sectional analysis of data from the UK National Diet and Nutrition
Survey. Int J Behav Nutr Phys Act. 2015;12:1–13.

75. Jaworowska A, Blackham T, Stevenson L, Davies IG. Determination of salt content
in hot takeaway meals in the United Kingdom. Appetite. 2012;59:517–22.

76. Humphries SE, Peacock RE, Talmud PJ. The genetic determinants of plasma
cholesterol and response to diet. Bailliere Clin Endocrinol Metab. 1995;9:
797–823.

77. Benton D. Portion Size: What We Know and What We Need to Know. Crit
Rev Food Sci Nutr. 2015;55:988–1004.

78. Miller R, Benelam B, Stanner SA, Buttriss JL. Is snacking good or bad for
health: An overview. Nutr Bull. 2013;38:302–22.

79. St-Onge MP, Ard J, Baskin ML, Chiuve SE, Johnson HM, Kris-Etherton P, et al.
Meal Timing and Frequency: Implications for Cardiovascular Disease
Prevention: A Scientific Statement From the American Heart Association.
Circulation. 2017. doi:10.1161/cir.0000000000000476.

80. Walsh D, McCartney G, McCullough S, van der Pol M, Buchanan D, Jones R.
Comparing levels of social capital in three northern post-industrial UK cities.
Public Health. 2015;129:629–38.

81. Hammons AJ, Fiese BH. Is Frequency of Shared Family Meals Related to the
Nutritional Health of Children and Adolescents? Pediatrics. 2011;127:e1565–74.

82. Fiese BH, Schwartz M. Reclaiming the family table: mealtimes and child
health and wellbeing. Soc Policy Rep. 2008;22.

83. Gatley A, Caraher M, Lang T. A qualitative, cross cultural examination of
attitudes and behaviour in relation to cooking habits in France and Britain.
Appetite. 2014;75:71–81.

32 Physical Activity, Nutrition and Health

_________________________ WORLD TECHNOLOGIES _________________________

https://www.nice.org.uk/guidance/CG127/chapter/1-Guidance#diagnosing-hypertension-2
https://www.nice.org.uk/guidance/CG127/chapter/1-Guidance#diagnosing-hypertension-2
http://fingertipsreports.phe.org.uk/health-profiles/2016/e10000003.pdf&time_period=2016
http://fingertipsreports.phe.org.uk/health-profiles/2016/e10000003.pdf&time_period=2016
http://fingertipsreports.phe.org.uk/health-profiles/2016/e10000003.pdf&time_period=2016
http://dx.doi.org/10.1161/cir.0000000000000476


WT
Children’s everyday exposure to food
marketing: an objective analysis using
wearable cameras
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Abstract

Background: Over the past three decades the global prevalence of childhood overweight and obesity has increased
by 47%. Marketing of energy-dense nutrient-poor foods and beverages contributes to this worldwide increase.
Previous research on food marketing to children largely uses self-report, reporting by parents, or third-party observation
of children’s environments, with the focus mostly on single settings and/or media. This paper reports on innovative
research, Kids’Cam, in which children wore cameras to examine the frequency and nature of everyday exposure to
food marketing across multiple media and settings.

Methods: Kids’Cam was a cross-sectional study of 168 children (mean age 12.6 years, SD = 0.5) in Wellington, New
Zealand. Each child wore a wearable camera on four consecutive days, capturing images automatically every seven
seconds. Images were manually coded as either recommended (core) or not recommended (non-core) to be marketed
to children by setting, marketing medium, and product category. Images in convenience stores and supermarkets were
excluded as marketing examples were considered too numerous to count.

Results: On average, children were exposed to non-core food marketing 27.3 times a day (95% CI 24.8, 30.1) across all
settings. This was more than twice their average exposure to core food marketing (12.3 per day, 95% CI 8.7, 17.4). Most
non-core exposures occurred at home (33%), in public spaces (30%) and at school (19%). Food packaging was the
predominant marketing medium (74% and 64% for core and non-core foods) followed by signs (21% and 28% for core
and non-core). Sugary drinks, fast food, confectionary and snack foods were the most commonly encountered non-
core foods marketed. Rates were calculated using Poisson regression.

Conclusions: Children in this study were frequently exposed, across multiple settings, to marketing of non-core foods
not recommended to be marketed to children. The study provides further evidence of the need for urgent action to
reduce children’s exposure to marketing of unhealthy foods, and suggests the settings and media in which to act.
Such action is necessary if the Commission on Ending Childhood Obesity’s vision is to be achieved.

Keywords: Food marketing, Childhood obesity, Obesogenic environments, Wearable cameras
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Background
Over the past three decades the global prevalence of
childhood overweight and obesity has increased by 47%
[1]. Excess adiposity during childhood and adolescence
is associated with an increased risk of many serious
health conditions and has lifetime consequences for chil-
dren’s health, well-being, and productivity [2–4].
Marketing of energy-dense nutrient-poor (EDNP)

foods and beverages contributes to the worldwide in-
crease in childhood obesity [5] by encouraging the re-
peat purchase and consumption of foods that do not
meet nutritional guidelines [6–8]. Internationally, it is
estimated that 60% to 90% of food marketing to children
is for pre-sugared breakfast cereals, soft drinks, savoury
snacks, confectionery and fast foods [8]. The World
Health Organization (WHO) Commission on Ending
Childhood Obesity (ECHO) recommends reducing chil-
dren’s exposure to, and the power of, marketing of un-
healthy foods [5]. ECHO states that “settings where
children and adolescents gather (such as schools and
sports facilities or events) and the screen-based offerings
they watch or participate in, should be free of marketing
of unhealthy food and sugar-sweetened beverages” [5,
p.18]. According to the WHO Regional Office for Eur-
ope Nutrient Profiling Model [9], foods not recom-
mended to be marketed to children include
confectionery, sweet snack food, ice-cream, iced confec-
tionery and sugar-sweetened and artificially-sweetened
beverages. In New Zealand, the industry self-regulating
Children’s Code for Advertising Food states that “food
advertisements should not undermine the food and nu-
trition policies of Government, the Ministry of Health
Food and Nutrition Guidelines nor the health and well-
being of children” ([10], p.21.)
Previous studies quantifying children’s exposure to

food and beverage marketing have concluded that pro-
motions encouraging the consumption of EDNP prod-
ucts are ubiquitous in children’s environments [6, 11–
15]. Yet, despite this important work, little is known
about children’s actual daily exposure to food marketing.
This knowledge gap exists because previous research has
largely used self-report, reporting by parents, or third-
party observation of children’s environments. Further, it
often focuses on single settings [16–18] (outdoors) and/
or media (television) [11, 14, 19, 20]. This paper reports
on innovative research, Kids’Cam, which used wearable
cameras to examine the frequency and nature of New
Zealand (NZ) children’s everyday exposure to food and
non-alcoholic beverage marketing (hereafter food mar-
keting) across multiple media and settings [21]. Market-
ing exposure was examined by socioeconomic status and
ethnicity (including whether the magnitude of any ethnic
differences varied with socioeconomic status), as child-
hood obesity is strongly patterned by these factors [21].

Methods
Study design
Kids’Cam was a cross-sectional study of 168 Year 8 chil-
dren (typical age range 11 to 13 years) in the Wellington
region of NZ. Children were asked to wear a camera
around their neck from when they got up in the morning
until going to bed for four consecutive days (Thursday to
Sunday, to capture both weekday and weekend expo-
sures). They were advised to remove the camera in situa-
tions where privacy could be expected (e.g. toilet or
shower facilities), if they felt uncomfortable, when swim-
ming or playing vigorous sport, or if requested. The cam-
era automatically captured a 136° image of the front-
facing scene approximately every seven seconds. Data
were collected over a 12-month period from July 2014 to
June 2015 to allow for seasonal variations. Full details of
the study methods (including sample size calculations) are
published elsewhere [22]. The study protocol is available
at https://diet.auckland.ac.nz/content/kidscam

Sampling and recruitment
Sampling and recruitment were conducted in two stages,
first at school level and then child level. The number of
Year 8 children enrolled across all schools in the
Wellington region was collated using aggregate school
enrolment data from the Ministry of Education, and
schools were sampled with probability-proportional-to-
size stratified random sampling by school decile1 (low
decile = 1–3, medium decile = 4–7, high decile = 8–10)
and student ethnicity Māori (indigenous population), Pa-
cific (mostly second generation migrants from Pacific
Islands), and NZ European (NZE). This sampling strat-
egy facilitated comparisons of marketing exposure by so-
cioeconomic status and ethnicity, and gave a total of
nine sampling strata. Randomly selected schools were
invited to participate.
In consenting schools, a maximum of 20 Year 8 chil-

dren were randomly selected from the class list, strati-
fied by ethnicity, using R 3.2.4 (R Institute, Vienna). The
school principal or lead teacher reviewed the list of stu-
dents to identify children who did not meet the study
criteria (n = 5 over the study period). The first 15 eli-
gible children were invited to participate, and the first
six children on the list who returned signed consent
forms (including parental consent) were selected to par-
ticipate. The number of children invited exceeded the
number of participants required in order to achieve re-
cruitment of four to six children per school (as per the
sampling strategy), and reduce the burden on the
schools from multiple rounds of invitation.

Data collection and management
Written consent was gained from children and their par-
ents and basic demographic data were collected via
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parental questionnaire. A briefing session was held with
participating children the day before the cameras were
first worn to explain the project. Following data collec-
tion, cameras were collected and images downloaded,
with children given the opportunity to review and delete
any photos before the researchers viewed them. At this
review, height and weight were measured to determine
age- and gender-specific BMI, using the extended inter-
national body mass index cut-offs [22]. Approved images
were downloaded to a password-protected server, saved
in secure cloud storage, and backed up to a password-
protected external hard drive. Approximately 1.3 million
images were recorded that could be coded for the pres-
ence of food marketing.

Coding of image data
Image coding was performed using a coding protocol to
guide content analysis [23]. Customised software en-
abled manual coding of each image. Marketing was de-
fined as “any form of commercial communication or
message that is designed to, or has the effect of, increas-
ing recognition, appeal and/or consumption of particular
products and services” ([24], p.9). A three-tiered frame-
work was used to code each relevant image for setting,
marketing medium and food product category, based on
the WHO food marketing framework [9]. Key settings
codes were home, school, food venues, recreation venues
and other public spaces. Key marketing media codes
were product packaging, signs, in-store marketing, print
media, screen and merchandise.
MB, TC and four other health science students under-

took the coding. A half day training workshop was held
with all coders and coders were then given access to the
dataset for a number of days to become familiar with it.
Once coders felt comfortable, reliability testing was con-
ducted, with each coder achieving 90% concurrence with
model answers on a test dataset of 115 images before
coding commenced. Coders were supervised by MS, MB
and TC to ensure consistency. Uncertain codes were
noted as such and checked by MB or TC.
All foods were classified as either recommended (core)

or not recommended (non-core) to be marketed to chil-
dren based on the WHO Regional Office for Europe Nu-
trient Profiling Model [9], with some modifications (e.g.
a ‘fast food’ category was added which included all com-
mercially prepared food products sold at quick service
restaurants). All fast food was classified as not recom-
mended to be marketed to children as it is typically high
in saturated fat and sodium and low in fiber [25]. Mar-
keting in convenience stores and supermarkets was too
extensive to code individually and was therefore ex-
cluded from this analysis. Codes were only assigned to
an image where 50% or more of a brand name or logo
could be clearly seen by the coder. Individual images

could be coded for multiple marketing media and prod-
uct categories.
Further processing of the coded data included deter-

mining the number of marketing exposures for each
unique exposure code (defined as the combination of
setting, medium and product type for that code). A mar-
keting exposure was defined as starting on the first in-
stance of an image with a particular setting/medium/
product code; subsequent images were counted as part
of the same exposure. An exposure was considered to
have ended when 30 s had elapsed since the last re-
corded code of that setting/medium/product code (de-
fined using the image timestamps). Any subsequent
code for that same combination after this 30 s limit was
counted as the start of a new exposure sequence.
The number of exposures was summed for each unique

exposure code by child; aggregate counts were determined
for each child to estimate total exposures to core and
non-core foods, and exposure by setting, medium, and
product type. Cleaning and aggregation of coded data was
completed in R version 3.2.3 (R Institute, Vienna).

Data analysis
All statistical analysis was conducted in Stata 12 (Stata-
Corp, College Station, TX, USA). Data analysis for study
outcomes accounted for the complex sampling by using
inverse sampling weights to account for over- and
under-sampling of groups by ethnicity and school decile
relative to their share of the Year 8 population in the
Wellington region, and inferential statistics incorporated
elements to handle sample stratification and clustering
of children within schools (95% confidence intervals, p-
values) [26] using Stata’s svy prefix commands and asso-
ciated weighting options.
Descriptive analysis of the overall cohort was under-

taken to describe children by ethnicity, school decile
group, age, gender, individual deprivation (NZiDep) [27]
and BMI status. Schools participating in the study were
described by sub-region within the greater Wellington
area and school decile group.
Descriptive analysis of rates of core and non-core food

marketing exposures for each child was undertaken by
taking the total number of exposures (by core and non-
core foods) and dividing by the total number of photos for
that child, with this number subsequently re-scaled as an
exposure rate for a ten hour day. These were summarised
within the major sampling groups (ethnicity and school
decile stratum) as median and interquartile ranges of the
daily rates, weighted for the sampling design.
Subsequent analysis of rates of marketing exposures

used Poisson regression methods, as appropriate for
count-based numerator data, analysed separately for
core and non-core food marketing exposures. Rates and
rate ratios were presented with 95% confidence intervals
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(95% CI). Results were reported as rates per day of pho-
tos (i.e. per 10 h of photographs). Each photo was speci-
fied as contributing seven seconds of exposure time
(seven seconds being the median interval between im-
ages) for the Poisson regression.
Rates of core and non-core exposures per day were

analysed using Poisson regression models. Separate
models were constructed for core and non-core food ex-
posures. For each, an initial model looked at differences
by ethnicity, adjusted for child gender and age (treated
as a linear covariate); a second model added school de-
cile group (area level socioeconomic position) to this
first model. A third model examined our primary re-
search question of whether ethnic group differences in
overall rates of marketing exposures differed across
school decile group, by including interaction terms be-
tween these two variables. P-values are reported for hy-
pothesis tests of these interaction terms and fully
stratified results are presented when these hypothesis
tests were significant. These results are presented in the
additional files as rates within each ethnicity/school de-
cile stratum, and as rate ratios comparing exposure rates

between ethnic groups, as calculated separately within
each school decile stratum.

Results
Participating schools and children
Sampling and recruitment of schools and children are
summarised in Fig. 1. All 93 schools with Year 8 stu-
dents in the Wellington region were eligible to be sam-
pled. Twenty-eight schools were approached across the
nine sampling strata and 16 consented to participate
(57%). Of the 443 children invited to participate, 192
gave consent (43%) and 168 participated (38%). Sociode-
mographic information for participating children is pre-
sented in Table 1. Most children were 12 years old (75%:
mean = 12.6 years, SD = 0.5) with approximately equal
numbers of girls and boys (52.7% female). Just over half
the children were of normal weight or underweight
(57.5%); with the remainder overweight or obese
(42.5%). The lower part of Table 1 shows location and
school decile for participating schools. The number of
children in each sampling stratum is reported in

Fig. 1 Sampling and recruitment flow diagrams for schools and children, by ethnicity and school decile stratum
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Additional file 1, along with a summary of the number
of photos available for analysis within each stratum.

Rates of marketing exposures
Rates of marketing exposures per day for core and non-
core foods are presented in Table 2. The mean rate for
core food was 12.3 marketing exposures per day; for
non-core foods, the mean rate was 27.3 marketing expo-
sures per day, more than twice that for core foods. Add-
itional file 2 reports the median and interquartile range
of daily exposure to core and non-core food marketing:

the interquartile range spread from 15 to 34 non-core
exposures per day.
Most core food marketing exposures occurred at home

or school (5.5 and 5.3 exposures per day, making up
45% and 43% of all core exposures respectively) (see
Table 2 and Fig. 2, top panel); for non-core food market-
ing exposures, the majority happened either at home
(33% of all non-core exposures) or in public spaces other
than food or recreation venues (30% of all non-core ex-
posures). One-fifth of non-core food marketing expo-
sures occurred at school (19%). Additional file 3 gives
further detail regarding the settings in which marketing
exposures occurred: for example, most exposures in
other public spaces were on the street or on shop fronts.
The majority of marketing exposures were in the form

of food packaging (see Table 2 and Fig. 2, bottom panel),
at a mean rate of 9.1 exposures per day for core foods
(74% of core exposures) and 17.4 exposures for non-core
foods (64% of non-core exposures). The remaining mar-
keting exposures were mostly signs (21% and 28% of
core and non-core food marketing exposures, respect-
ively) (see Fig. 3 for images of marketing).

Types of non-core food product marketing exposures
Marketing exposure rates for specific non-core food
product categories are presented in Table 2. The largest
share was for sugary drinks (mean rate of 9.1 exposures
per day, 33% of non-core exposures) followed by fast
food (22% of non-core exposures), confectionery (11%
of non-core exposures) and snack foods (10% of non-
core exposures). Foods making up the remainder of
non-core marketing exposures (24% of exposures) are
listed in Table 2.

Rates of marketing exposures by child ethnicity and
school decile stratum
The mean exposure rates for core and non-core foods
are presented in Additional file 4, stratified by ethnicity
and school decile stratum. The rate of exposure for non-
core foods was higher than for core foods in all strata.
Initial analysis for core foods compared exposure by

ethnicity, adjusted for gender and age (Table 3, model
1). Māori children had non-significantly higher rates of
exposure compared to NZE (RR = 1.55, 95% CI 0.68,
3.56); and Pacific children had similar rates of exposure
to NZE (RR = 0.98, 95% CI 0.59, 1.61). Adding school
decile group into the model did not appreciably change
ethnic differences (Table 3, model 2). Compared to
middle-decile children, children at higher decile schools
had higher exposure to core foods (RR = 1.60, 95% CI
1.03, 2.48); while children at lower decile schools had
non-significantly higher rates of such exposure
(RR = 1.18; 95% CI 0.80, 1.73; reference is middle decile
group). The third model incorporated a formal

Table 1 Sociodemographic and other characteristics of Kids’Cam
participants and schools

Sociodemographic variable Group N (%)

Child participants (total n = 168)

Ethnicity NZ European 66 (39.3)

Māori 60 (35.7)

Pacific 42 (25.0)

School decile Low (1–3) 62 (36.9)

Medium (4–7) 55 (32.7)

High (8–10) 51 (30.2)

Age (years)* 11 13 (8.0)

12 122 (75.3)

13 26 (16.1)

14 1 (0.6)

Gender Female 88 (52.7)

Male 80 (47.3)

NZiDep * 1 52 (32.1)

2 33 (20.4)

3 25 (15.4)

4 26 (16.1)

5 26 (16.1)

BMI** Underweight 9 (5.4)

Healthy 87 (52.1)

Overweight 46 (27.5)

Obese 25 (15.0)

School details (n = 16)

Location

Wellington 6 (37.5)

Porirua 6 (37.5)

Hutt Valley 4 (25.0)

School decile***

Low (1–3) 7 (43.8)

Medium (4–7) 3 (18.8)

High (8–10) 6 (37.5)

* Age and NZiDep missing for 6 participants (questionnaire not completed)
** BMI missing for 1 participant as child declined to be measured
*** Some schools were sampled multiple times for a particular ethnicity/school
decile stratum in accordance with sampling probability-proportional-to-size
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interaction test between ethnicity and school decile
group, which was non-significant, suggesting that ethnic
patterns were similar across school decile groups (F 4,
15 = 1.99; p = 0.1481).
Analysis of ethnic differences in non-core exposures

(adjusted for child gender and age; Table 3, right hand
column, model 1) showed non-significantly higher rates
of exposure to non-core foods for Māori children rela-
tive to NZE (RR = 1.18, 95% CI 0.90, 1.55) but not for
Pacific children (RR = 0.99, 95% CI 0.84, 1.16). Differ-
ences in exposure by school decile group appeared
minimal (Table 3) and adjustment of ethnic differences
for school decile group did not appreciably change
estimates from those in the initial model. A third model,

incorporating interaction terms, suggested that ethnic
differences in non-core exposures differed across the
three school decile groups (F 4, 15 = 4.58, p = 0.013).
These results are presented in Additional files 4 and 5.
In brief, there was reasonably strong evidence for ethnic
differences in the lowest school decile group (Māori
RR = 1.20, 95% CI 0.97, 1.47; Pacific RR = 1.50, 95% CI
1.19, 1.89; both relative to NZE).

Discussion
Children in this study were exposed to non-core food
marketing, food not recommended to be marketed to
children, 27.3 times a day on average across all settings,
excluding convenience stores and supermarkets.

Table 2 Mean rate of core and non-core food marketing exposures (per day, with 95% CI, from Poisson regression) for total exposures
(across all settings/media) and by setting, medium, and product category (with percentage share of all exposures by setting/medium/
product category)

Core Foods Non-core Foods

Total/Setting/Medium/Product category Rate per day* (95% CI) % of total Rate per day* (95% CI) % of total

Total (any setting/ marketing medium) 12.3 (8.7, 17.4) 100 27.3 (24.8, 30.1) 100

Setting**

Home 5.5 (4.6, 6.6) 44.9 8.9 (7.9, 10.1) 32.8

School 5.3 (2.9, 9.5) 42.9 5.3 (4.2, 6.8) 19.5

Food venues*** 0.2 (0.1, 0.4) 1.7 2.7 (1.5, 4.7) 9.7

Recreation venues**** 0.4 (0.3, 0.7) 3.5 2.1 (1.1, 3.8) 7.6

Other public spaces***** 0.9 (0.5, 1.5) 7.0 8.3 (6.0, 11.4) 30.4

Marketing medium

Product packaging 9.1 (7.2, 11.4) 73.5 17.4 (15.7, 19.4) 63.9

Sign 2.6 (1.0, 6.8) 21.2 7.6 (5.3, 10.9) 27.9

Instore marketing 0.1 (0.0, 0.2) 0.6 1.0 (0.7, 1.4) 3.6

Print media 0.0 (0.0, 0.1) 0.2 0.6 (0.2, 1.8) 2.2

Screen 0.1 (0.0, 0.2) 0.5 0.2 (0.1, 0.4) 0.6

Merchandise 0.5 (0.2, 1.2) 3.9 0.5 (0.2, 1.2) 1.9

Product category

Core 12.3 (8.7, 17.4) 100

Sugary drinks 9.1 (8.3, 10.0) 33.4

Fast food 6.0 (4.7, 7.6) 22.1

Confectionery 3.0 (2.3, 4.0) 11.1

Snack foods 2.9 (2.4, 3.5) 10.5

Ice cream 1.9 (1.3, 2.7) 7.0

Diet soft drinks 1.4 (0.9, 1.9) 4.9

Cookies/cakes/pastries 1.3 (0.9, 2.0) 4.8

Milk product (unhealthy) 0.8 (0.4, 1.3) 2.8

Cereal (unhealthy) 0.7 (0.4, 1.1) 2.5

Other 0.2 (0.1, 0.4) 0.9

* Rate of marketing exposures per day (calculated as rate per 10 h of photographs)
** Details for aggregated settings are presented in Additional file 2
*** Includes fast food indoor, full service restaurant, and fresh food market
**** Includes sport, outdoor recreation, and community venue
***** Includes street, shop front, shopping mall, private transport, public transport facility, onboard public transport, and other retail
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Exposure to non-core food marketing was more than
twice that of exposure to core food marketing (12.3
times a day). Most non-core exposures occurred at
home, in public spaces and at school. Food packaging
was the predominant marketing medium, followed by
signs. Product packaging is commonly used to attract
attention, provide information about product attri-
butes and encourage purchase at point-of-sale [16].
Product packaging is particularly salient as children
are the population group most vulnerable to such
food marketing [20].
Children were most exposed to non-core marketing

for sugary drinks, fast food, confectionary and snack
foods, a finding consistent with previous research [11,
14, 28–31]. A notable exception is exposure to

marketing for high-sugar, low-fibre breakfast cereals
which comprised only 2.5% of all non-core marketing.
Research in the UK and Australia found high rates of
such marketing on television [11, 30].
Although televisions, smart phones, tablets and com-

puters often appeared in the images, screen-based mar-
keting is likely under-reported in the current study as
content on screens was often not clear enough to meet
coding criteria in the images. Research across 11 coun-
tries in 2010 reported five food advertisements per hour
of television. A 2014 national survey of NZ children
aged 6–14 found 88% watch television each day, 44% of
whom watch more than an hour a day [32] thus poten-
tially seeing five food advertisements daily on television
alone, considerably more than the 0.2 exposures per day

Fig. 2 Mean rate (and 95% CI) of core and non-core food marketing exposures per day (10 h of photographs) by setting (top panel) and medium
(bottom panel)

39Children’s everyday exposure to food marketing: an objective analysis using wearable cameras

_________________________ WORLD TECHNOLOGIES _________________________



WTidentified across all screen types in the current study.
Food marketing on new media is also of concern (e.g.
websites, social media and apps) and may have even
greater impact than traditional media e.g. television [33].
NZ children engage with the internet frequently, with
66% accessing it daily [32].
Exposure to non-core food marketing was higher than

for core foods in all school decile strata. Core exposures
were more common in the high school decile groups;
while for non-core exposures, there were no significant
differences in exposure by these school decile groups.
Similarly, while Māori children had higher exposure to
both core and non-core marketing than NZE children,
these results were not statistically significant in the ad-
justed models. The more complex model incorporating
interaction terms suggested that ethnic group differences
were somewhat varied across school decile group, with
stronger evidence in the lowest school decile group for
Pacific and Māori children.
To our knowledge, this is the first study to objectively

measure children’s exposure to food marketing in their
everyday environments across multiple settings and in
multiple media. The use of automated wearable cameras
enabled unprecedented access to children’s worlds, re-
cording their exposures with food marketing as they
occurred. This methodology overcomes many of the
limitations inherent in using self-report or proxy report
data [34]. Further, it comprehensively documented
children’s actual exposure to marketing, with the
important exceptions of marketing on screens, and in
convenience stores and supermarkets. This is a major
advantage of the Kids’Cam methodology: documenting
actual exposure is challenging in third-party

Fig. 3 Sign for sugary drink in public space, sign for sugary drink in public place, product packaging for snack food at school, product packaging
for sugary drink at home

Table 3 Rate ratios (with 95% confidence intervals) from Poisson
regression models for core and non-core food exposures, from
models accounting for ethnicity, gender, and age (model 1) and
extended model including school decile group (model 2)

Core Foods Non-core Foods

Variable Rate ratio (95% CI) Rate ratio (95% CI)

MODEL 1. Ethnicity, Gender, Age

Ethnicity

NZE 1 (reference) 1 (reference)

Māori 1.55 (0.68, 3.56) 1.18 (0.90, 1.55)

Pacific 0.98 (0.59, 1.61) 0.99 (0.84, 1.16)

Gender

Female 1 (reference) 1 (reference)

Male 0.84 (0.62, 1.15) 1.03 (0.83, 1.27)

Age (per year*) 1.28 (0.98, 1.69) 0.97 (0.78, 1.21)

MODEL 2. Model 1 + School decile group

Ethnicity

NZE 1 (reference) 1 (reference)

Māori 1.70 (0.78, 3.69) 1.23 (0.94, 1.62)

Pacific 1.15 (0.70, 1.88) 1.06 (0.91, 1.23)

Gender

Female 1 (reference) 1 (reference)

Male 0.88 (0.61, 1.28) 1.03 (0.81, 1.30)

Age (per year*) 1.19 (0.90, 1.58) 0.97 (0.79, 1.21)

School decile group

Low (1–3) 1.18 (0.80, 1.73) 0.90 (0.77, 1.06)

Middle (4–7) 1 (reference) 1 (reference)

High (8–10) 1.60 (1.03, 2.48) 1.05 (0.87, 1.27)

* Rate ratio for a one year difference in age
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environmental observation studies, particularly in private
contexts such as the home.
While this research provides some of the most robust

data yet analysed on children’s exposure to food market-
ing, it does have limitations. First, the images do not de-
termine if a child actually sees the marketing in the
image. For example, the child could be looking away, al-
though given the extent of food marketing in children’s
environments they may still see marketing. Secondly, the
decision to only code an image if 50% or more of a
brand name or logo could be clearly seen is likely to
underestimate the exposure to marketing, as does the
exclusion of marketing in convenience stores and super-
markets, where marketing is likely to be extensive [35].
Further, the use of still photography may have missed
some exposures. However, excluding screens, conveni-
ence stores and supermarkets, the ratio of more than
two non-core food marketing exposures for every one
core exposure is likely to be consistent, despite these
limitations. The participation rate (n = 192 or 43% of in-
vited children consenting to participate; with space for
168 participants, or 38% of the full invitation list partici-
pating) was reasonable for a study that required ongoing
engagement by the children over several days. It remains
possible that those children and families consenting to
participate were systematically different from children
who did not participate. Finally, while the sample size
was determined prior to the study commencing, the
number of participants was limited by the study budget
and timeframe. This meant that some analyses (e.g.
comparisons of exposure rates by ethnic group) might
have had sub-optimal power to detect differences be-
tween groups, which is reflected in the relatively wide
confidence intervals for these estimates. These specific
estimates should be interpreted with caution.
Further real time research is needed on children’s ex-

posure to marketing in convenience stores and super-
markets and on screens to complement this research.
Further exploration of potential ethnic differences ap-
pears warranted, but will require a substantially larger
sample size to improve statistical precision and power.
Use of photo elicitation [36] with children who wore
cameras would likely elicit valuable data on the meaning
of food marketing and enable exploration of effective
means for intervention from children’s perspective.
Manual data coding was resource intensive, taking a
total of 1440 person-hours. While this was an extensive
undertaking, the richness of the resulting dataset made
it worthwhile: the children collected 2553 h of image
data from their perspective, giving insight into settings
that would have been difficult to study as a participant
observer. Ancillary studies also benefitted from this ini-
tial coding, as settings and other image characteristics
were already available to researchers, which reduces

processing times in these subsequent studies [37, 38].
Further, automated image recognition has the potential
to aid analysis and reduce manual coding time require-
ments [39, 40]. The Kids’Cam method has the potential
to validate other methods, e.g. surveys of school food
policies, with in-depth analysis of the actual food envir-
onment [41]. Comparative research of children’s expos-
ure to food marketing in other jurisdictions would
further strengthen the global body of evidence.
This research suggests that children live in an obeso-

genic food marketing environment that promotes obesity
as a normal response to their everyday environment
[42]. Children are more than twice as likely to be ex-
posed to non-core food marketing, not recommended to
be marketed to children [9], than core food marketing,
and to be exposed multiple times a day across various
settings and via multiple media. All children, regardless
of socio-economic position, were exposed to more non-
core than core food marketing, and there appears to be
some ethnic patterning.
Particularly concerning is the amount of exposure in

school, an environment where children’s health is re-
quired to be protected under NZ law [43], and which
the ECHO Commission states should be free of such
marketing [5]. Exposure in public places is an arena for
central and local governments globally. Given that over
two-thirds of marketing is in the form of food packaging,
consideration should be given to plain packaging in
some specific cases (e.g. sugar sweetened beverages) as a
highly effective intervention in this arena [44].

Conclusions
The ECHO Commission is right to call for the reduction
of children’s exposure to marketing of unhealthy foods [5].
This research provides further evidence of the need for ac-
tion and suggests both settings and media in which to act.
Urgent action is required if the vision of the Commission
on Ending Childhood Obesity is to be achieved.

Endnotes
1Publically-funded schools in NZ are ranked by decile

for funding purposes. Schools in decile 1 have the largest
proportion of students from low socio-economic back-
grounds. Schools in decile 10 have the smallest proportion
of these students. Each decile contains approximately 10%
of schools. http://www.education.govt.nz/school/running-
a-school/resourcing/operational-funding/school-decile-
ratings/

Additional files

Additional file 1: Number of children and photos by ethnicity/school
decile sampling stratum, and mean number of photos per child in each
stratum.
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Additional file 2: Median and interquartile range of per-child rates of
exposure per day to core and non-core items, by school. (DOCX 15 kb)

Additional file 3: Mean rate of core and non-core food marketing exposures
(per day, with 95% CI, from Poisson regression) by setting with aggregated and
detailed setting information (with percentage share of all exposures by setting).

Additional file 4: Mean rate (and 95% CI) of core and non-core marketing
exposures per day (10 h of photographs), by school decile stratum and
ethnicity of child.

Additional file 5: Rate ratios for differences in non-core food marketing
exposures (from Poisson regression, with 95% CI) by interaction school
decile group and ethnicity, adjusted for gender and age.
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The development and validation of
measures to assess cooking skills and
food skills
Fiona Lavelle1, Laura McGowan2, Lynsey Hollywood3, Dawn Surgenor3, Amanda McCloat4, Elaine Mooney4,
Martin Caraher5, Monique Raats6 and Moira Dean1*

Abstract

Background: With the increase use of convenience food and eating outside the home environment being linked
to the obesity epidemic, the need to assess and monitor individuals cooking and food skills is key to help intervene
where necessary to promote the usage of these skills. Therefore, this research aimed to develop and validate a
measure for cooking skills and one for food skills, that are clearly described, relatable, user-friendly, suitable for
different types of studies, and applicable across all sociodemographic levels.

Methods: Two measures were developed in light of the literature and expert opinion and piloted for clarity and
ease of use. Following this, four studies were undertaken across different cohorts (including a sample of students,
both ‘Food preparation novices’ and ‘Experienced food preparers’, and a nationally representative sample) to assess
temporal stability, psychometrics, internal consistency reliability and construct validity of both measures. Analysis
included T-tests, Pearson’s correlations, factor analysis, and Cronbach’s alphas, with a significance level of 0.05.

Results: Both measures were found to have a significant level of temporal stability (P < 0.001). Factor analysis
revealed three factors with eigenvalues over 1, with two items in a third factor outside the two suggested
measures. The internal consistency reliability for the cooking skills confidence measure ranged from 0.78 to 0.93
across all cohorts. The food skills confidence measure’s Cronbach’s alpha’s ranged from 0.85 to 0.94. The two
measures also showed a high discriminate validity as there were significant differences (P < 0.05 for cooking skills
confidence and P < 0.01 for food skills confidence) between Food preparation novices’ and ‘Experienced food
preparers.’

Conclusions: The cooking skills confidence measure and the food skills confidence measure have been shown to
have a very satisfactory reliability, validity and are consistent over time. Their user-friendly applicability make both
measures highly suitable for large scale cross-sectional, longitudinal and intervention studies to assess or monitor
cooking and food skills levels and confidence.

Keywords: Cooking skills, Food skills, Development, Validation, Cross-sectional, Intervention, Measure, Obesity

* Correspondence: moira.dean@qub.ac.uk
1Institute for Global Food Security, School of Biological Sciences, Queen’s
University Belfast, Belfast BT9 5AG, UK
Full list of author information is available at the end of the article

5

_________________________ WORLD TECHNOLOGIES _________________________

http://crossmark.crossref.org/dialog/?doi=10.1186/s12966-017-0575-y&domain=pdf
mailto:moira.dean@qub.ac.uk
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/


WT

Background
The consumption of food prepared in the home environ-
ment has been associated with an improved diet quality
and better weight control [1, 2]. As obesity is increas-
ingly becoming a worldwide epidemic, any methods that
can contribute to its reduction must be considered and
all measures should be taken to help their implementa-
tion. The promotion and increase of home meal prepar-
ation is one strategy in a multidisciplinary approach to
tackling this issue [3], however, a culinary transition has
been reported within the literature [4]. This transition
explores the possibility that individuals may not have the
necessary skill level to prepare a meal [5, 6]. In addition,
numerous other barriers have been proposed for home
meal preparation and cooking from scratch including;
lack of time (real and perceived), perceived affordability
of healthy foods versus convenience products, longer
working hours, a dislike for cooking or the effect of
negative previous experiences, enjoying eating out and
take-away foods, accessibility and considering it too
much effort [7–10]. In a possible attempt to overcome
this lack of skills or as a means to facilitate the con-
sumption of food without cooking, the use of conveni-
ence and processed food has increased, thereby
reducing the need for cooking skills. The increase in
the use of these products may in fact contribute to the
obesity epidemic as these products are typically high in
fats and sugars [11–14]. In light of this, there is a need
to assess the level of cooking skills within the popula-
tion, and intervene where necessary.
Cooking skills have been defined as a set of physical

or mechanical skills used in the production of a meal
encompassing cooking methods (e.g. boiling) and food
preparation techniques (e.g. peeling a vegetable), in
addition to this they are also said to include conceptual
and perceptual skills such as understanding the trans-
formation food undergoes when heat is applied, i.e.
knowing that chicken is fully cooked from its colour
[15, 16]. Aside from the cooking skills needed to pre-
pare a meal, there is a wider set of skills involved in the
entirety of the meal preparation process known as Food
skills [17, 18]. Food skills include the knowledge and
skills to be able to select and prepare food with the
available resources, to produce a nutritionally balanced,
age appropriate and satisfying meals for those that are
consuming it, this includes meal planning, shopping,
budgeting, resourcefulness, and label reading [17, 19].
These skills are essential to prepare a meal in the home
environment [17].
While some measures for cooking and food skills

currently exist, they have some limitations. A key issue
is that food skills tend to be encompassed in existing
measures and not considered as a stand-alone set of
skills and therefore all necessary elements may not be

included [20]. Other limitations of previous measures
include: the specific mention of certain foods which
may not be transferable to all cultures, developed for
specific intervention groups, and not having succinct
definitions of the skills being measured [20, 21]. Some
of the measures also had issues with their validations
including using mainly female samples, small sample
sizes, test-retest biased sample, self-selection bias and
highly educated samples [21, 22].
In recognition of these limitations, the current research

aimed to develop and validate two separate measures
(one for cooking skills and one for food skills) that
are clearly described, relatable, user-friendly, suitable
for different types of studies, and applicable across all
sociodemographic levels.

Methods
Tool construction
A review of cooking related literature was undertaken
prior to tool development. This focused on the relation-
ships between cooking and food skills and their impact
on the healthiness of diets (for more details see [23]).
The results of the critical appraisal of these articles in
combination with the results from Safefood’s publication
regarding food skills [24] underpinned the development
of the measures. In addition, four semi-structured
qualitative interviews with experts working in the area
of health promotion including cooking and food skills
interventions and education were conducted to validate
the literature findings and to investigate whether
anything missing from the literature that needed to be
included. All experts had an undergraduate degree in
Home Economics with either a masters or PhD in Home
Economics, Nutrition, Food Science or related discipline.
The interviews questioned areas such as diet quality influ-
encers, the role of cooking and food skills on diet and
their perceptions on what encompasses cooking and food
skills. A template analysis (a form of thematic analysis
used in qualitative research, emphasising the use of hier-
archical coding and the development of a coding template
that is continuously refined [25]) was used to assess the
relevant information for the measures and the overall sur-
vey, including the need for clear terminology.
Two measures were developed - the cooking skills

confidence measure, consisting of 14 items; and the food
skills confidence measure, consisting of 19 items (see
Table 1 for items and corresponding sources). The two
measures were tested using two different presentation
methods: Computer Assisted Personal Interviewing
(CAPI) and the traditional paper and pen (P/P) styled
format. For the CAPI method, the question: “Please tell
us which of the following you do (or use):” is asked. The
skills that are used are recorded. Following this, the
question “On a scale from 1 to 7 where 1 means very
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poor and 7 means very good, please say how good you
are at… [substitute each one they stated they used in
previous question],” and only the skills that were previ-
ously stated as in use are rated and this creates the con-
fidence measure. The confidence score is the sum of the
1 to 7 ratings for the skills that were stated as used. This
process is repeated for both the cooking skills and food
skills measures. If a skill is not used, it is scored a zero
for that skill. There is also no classification of the confi-
dence measures. For the paper and pen presentation, the
participant is asked to “say how good you are at each
task on a scale of 1-7, where 1 is very poor and 7 very
good,” with a ‘Never/rarely do it’ option also given. The
scoring of the measure is the same as the CAPI, where
the confidence measure is a sum of the ratings of the
items and a zero if a participant ticked that they ‘Never/
rarely did it.’
The data for the present research was collected as

part of the ‘Impact of cooking and related food skills on
the healthiness of diets’ project, a research project car-
ried out on the island of Ireland (IOI) and funded by
Safefood Ireland, The Food Safety Promotion Board.
Ethical approval for this research was received from
Queen’s University Belfast Research Ethics Committee
and each study was conducted in line with the guidance
given in the Declaration of Helsinki. Participants con-
sented to partake in the research and were aware they
could remove themselves at any point. The measures
were included in a larger survey assessing diet quality,
psychological components, and demographic details
(further information on other elements assessed in the
overall survey can be seen in Lavelle et al. [26] and
McGowan et al. [27]). Approximately 40 internal pilot
surveys (convenience sampling of contacts of the research
team across the collaborating universities on the IOI) took
place; and 14 pilot survey field based interviews took place
with SMR (data collection sub-contractors) during the

Table 1 Cooking skills and food skills items

Cooking skillsa

Cooking Method

1. ‘Chop, mix and stir foods, for example chopping vegetables, dicing
an onion, cubing meat, mixing and stirring food together in a pot/
bowl’

2. ‘Blend foods to make them smooth, like soups or sauces’ (using a
whisk/blender/food processor etc.)

3. Steam food (where the food doesn’t touch the water but gets
cooked by the steam)

4. Boil or simmer food (cooking it in a pan of hot, boiling/bubbling
water)

5. Stew food (cooking it for a long time (usually more than an hour)
in a liquid or sauce at a medium heat, not boiling) e.g. beef stew

6. Roast food in the oven, for example raw meat/chicken, fish,
vegetables etc.

7. Fry/stir-fry food in a frying pan/wok with oil or fat using the hob/
gas rings/hot plates

8. Microwave food (not drinks/liquid) including heating ready-meals

Food Preparation Techniques

9. Bake goods such as cakes, buns, cupcakes, scones, bread etc., using
basic/raw ingredients or mixes

10. Peel and chop vegetables (including potatoes, carrots, onions,
broccoli)

11. Prepare and cook raw meat/poultry

12. Prepare and cook raw fish

13. Make sauces and gravy from scratch (no ready-made jars, pastes
or granules)

14. Use herbs and spices to flavour dishes

Food skillsb

Meal Planning and Preparing

1…plan meals ahead? (e.g. for the day/week ahead)

2…prepare meals in advance? e.g. packed lunch, partly preparing a
meal in advance

3…follow recipes when cooking?

Shopping

4…shop with a grocery list?

5…shop with specific meals in mind?

6…plan how much food to buy?

Budgeting

7…compare prices before you buy food?

8…know what budget you have to spend on food?

9…buy food in season to save money?

10…buy cheaper cuts of meat to save money?

Resourcefulness

11…cook more or double recipes which can be used for another meal?

12…prepare or cook a healthy meal with only few ingredients on hand?

13…prepare or cook a meal with limited time?

14…use leftovers to create another meal?

15… keep basic items in your cupboard for putting meals together?
e.g. herbs/spices, dried/tinned goods?

Table 1 Cooking skills and food skills items (Continued)

Label reading/consumer awareness

16…read the best-before date on food?

17…read the storage and use-by information on food packets?

18…read the nutrition information on food labels?

19…balance meals based on nutrition advice on what is healthy?

Source:
aDevised from National Diet and Nutrition Survey (NDNS) Year 1 [35], Barton et
al. [20], Condrasky et al. [21], Chun & Worsley [36] and by the research team.
Participants asked to rate how good they are at each skill, on a scale of 1–7,
where 1 is very poor and 7 is very good. If a skill is not used, an option of
‘never/rarely do it’ is available for participants to tick.
bDevised from National Diet and Nutrition Survey (NDNS) Year 1 cooking items
[35], Barton et al. [20], Condrasky et al. [21], and by the research team
Participants asked to rate how good they are at each skill, on a scale of 1–7,
where 1 is very poor and 7 is very good. If a skill is not used, an option of
‘never/rarely do it’ is available for participants to tick
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refinement of the survey tool. These pilots assessed the
clarity of the questions and how easy participants found
the measures to complete and resulted in minor
amendments to the wording of questions in the survey.
The pilot data collected was not used in the statistical
validation of the measures, however, readability and us-
ability was assessed in these pilots. At this piloting
phase, after minor amendments to language, partici-
pants at the various stages of piloting, verbally reported
that they found the measures clear in meaning and not
time consuming. After piloting, there were four studies
which together assed the reliability and validity of the
two measures. As missing data was scattered randomly
through the datasets (assessed by creating dummy vari-
ables and running independent t-tests), missing data
was handled using listwise deletion [28]. All data were
analysed using SPSS version 22 (IBM Corporation,
2013) and a significance level was set at 0.05 for all
analysis.

Study 1
Study 1 was conducted to assess whether the skills
were appropriately classified into ‘cooking skills’ and
‘food skills,’ as the skills included in the measures
were derived both from previous literature and expert
opinion. In addition, this study investigated the con-
vergent validity of the measures, to assess whether
the two measures of cooking skills and food skills are
related but not a single factor, as they theoretically
should be related yet distinct.
A nationally representative sample of 1049 adults be-

tween the ages of 20–60 years, responsible for preparing a
main meal at least once per week was collected. All sam-
pling was completed by SMR, a market research company
(in line with their sampling procedures). An overview of
demographic characteristics can be seen in Table 2. Fur-
ther details on sampling and procedure can be found in
previous publications [26, 27]. Briefly, the measures were
completed in this sample as part of the larger survey by
Computer Assisted Personal Interviewing and were con-
ducted by fully trained interviewers in participants’ homes
between October and December 2014. In total, 1172 po-
tential participants were approached to partake in the sur-
vey. One hundred and twenty-three participants did not
participate in the survey (this represents 10.50% of po-
tential participants approached) due to ineligibility or
for other reported reasons including no interest, no
time, did not feel comfortable having the interviewer in
their home, etc.
Results from this sample were used to conduct fac-

tor analysis using oblique rotation (direct oblimin) to
assess the item classification into the two measures,
interpreting both the Pattern Matrix and the Structure
Matrix. Correlations were used for the investigation of

the convergent validity. In addition, the internal consistency
reliability of the measures was tested using Cronbach’s
alpha.

Study 2
This study measured the test-retest reliability of the
measures to assess their temporal stability. This sample
was also used to examine the internal consistency
reliability of the measures in the P/P format. Study 2
consisted of a sample of 23 ‘Food preparation novices’
students from Ulster University, recruited by the re-
search team. Students were classified as ‘Food prepar-
ation novices’ if they were enrolled on a course that
consisted of no nutrition, hospitality, food marketing or
food product and innovation orientated modules. The
participants were made aware that they could withdraw
at any time and that their details would remain confi-
dential. The students were aged 18–27. Their demo-
graphic characteristics can be seen in Table 3. These
participants completed a pen and paper version of the
two measures and two weeks later completed the mea-
sures again. Of the students recruited; 56.5% (13 students)
completed both measures at both time points, 30.4%
(7 students) had partial completion of both measures

Table 2 Sociodemographic characteristics of nationally
representative sample in Study 1

Characteristic M SD

Age 39.72 11.84

N %

Jurisdiction of Residence

Northern Ireland 312 29.7

Republic of Ireland 737 70.3

Gender

Female 590 56.2

Male 459 43.8

Level of Education

None 3 0.3

Primary School 11 1.0

Secondary School (Junior Cert/GCSE – age 15/16) 121 11.5

Secondary School (Leaving Cert/A Level – age 17/18) 351 33.5

Additional Training (e.g. NVQ, BTEC, FETAC, FAS) 305 29.1

University Undergraduate 153 14.6

University Postgraduate 105 10.0

Perceived Weight Status

Very underweight 5 0.5

Slightly underweight 58 5.5

About the right weight 601 57.3

Slightly overweight 334 31.8

Very overweight 51 4.9
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example a section of one of the measures) and 13%
(3 students) completed both measures at only one time
point. Mean differences and Pearson correlations were
used to verify the consistency of the results over time.
Again, Cronbach’s Alpha’s were used to assess the internal
consistency reliability of the P/P measures.

Study 3
Study 3 was used to test the discriminate validity of the
measures between those with high levels of cooking and
food skills, and those with low levels. In addition, this
sample was used to further assess the internal consistency
reliability of the P/P measures. This study consisted of a
sample of 57 students. This sample completed a modified
version of the larger survey (some questions regarding
dietary intake, sources of learning etc. were removed to re-
duce the time needed for completion) as the overall aim
was to test the discriminant validity of the two measures.
The student sample consisted of students from the

Ulster University, Northern Ireland and St. Angela’s
College Sligo, Ireland, recruited by the researchers. All
students were made aware that they could withdraw at
any time and that their confidentiality would be kept in-
tact. The students were either studying a Business-related
degree or were studying Home Economics in their second
year and were classified as ‘Food preparation novices’
(same classification as Study 2) and ‘Experienced food pre-
parers’ (each year required to complete a minimum of
80 h of practical cooking externally to any completed
within class time, in addition to studying food science and

nutrition). The ‘Experienced food preparers’ sample were
aged 18–26 and the ‘Food preparation novices’ were aged
19–24. Their characteristics can be seen in Table 4. This
sample also completed a pen and paper version of the
survey.
The discriminate validity was tested between the

‘Experienced food preparers’ and the ‘Food preparation
novices’ students using T-tests. Internal consistency re-
liability was investigated using Cronbach’s Alpha.

Table 3 Sociodemographic characteristics of student sample in
Study 2

Characteristic M SD

Age 19.22 1.91

N %

Jurisdiction of Residence

Northern Ireland 23 100

Gender

Female 17 73.90

Male 6 26.10

Level of Education

Secondary School (Leaving Cert/A Level – age 17/18) 19 82.6

Additional Training (e.g. NVQ, BTEC, FETAC, FAS) 2 8.7

University Undergraduate 2 8.7

Perceived Weight Status

Slightly underweight 1 4.3

About the right weight 15 65.2

Slightly overweight 5 21.7

Very overweight 1 4.3

Table 4 Sociodemographic Characteristics of Student sample in
Study 3

Characteristic M SD

Experienced Food Preparers

Age 19.70 1.27

N %

Jurisdiction of Residence

Republic of Ireland 40 100

Gender

Female 39 97.5

Male 1 2.5

Level of Education

Secondary School (Leaving Cert/A Level – age 17/18) 34 85.0

Additional Training (e.g. NVQ, BTEC, FETAC, FAS) 1 2.5

University Undergraduate 4 10.0

University Postgraduate 1 2.5

Perceived Weight Status

About the right weight 19 47.5

Slightly overweight 16 40.0

Very overweight 2 5.0

Characteristic M SD

Food preparation novices

Age 21.35 1.41

N %

Jurisdiction of Residence

Northern Ireland 17 100

Gender

Female 11 64.7

Male 6 35.3

Level of Education

Secondary School (Leaving Cert/A Level – age 17/18) 4 23.0

Additional Training (e.g. NVQ, BTEC, FETAC, FAS) 1 6.0

University Undergraduate 11 65.0

Perceived Weight Status

Slightly underweight 1 5.9

About the right weight 6 35.3

Slightly overweight 10 58.8
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Study 4
Study 4 was conducted to assess differences between the
CAPI and the P/P method in relation to the confidence
scores of the measures. This study sample consisted of a
combination of the samples in study 2 and study 3
(keeping the Home Economics students as a separate
group as they have greater skills and this could inflate
the scores and introduce bias), representing the P/P
method, and due to sample size differences, a randomly
selected 38 participants from the IOI sample in Study 1,
representing the CAPI method. Here three groups were
compared two P/P method groups (Home Economic
students and a combination of the non-Home Econom-
ics students from studies 2 and 3) and one CAPI method
group (random selection from the IOI cohort). As the
scoring is the same for both methods, one-way ANOVAs
were conducted with Bonferroni post hoc analysis, to in-
vestigate differences in the cooking skills confidence
measure and the food skills confidence measure between
the two methods of presentation.

Results
Psychometrics and internal consistency reliability
Participants’ cooking and food skills confidence were
measured using the following 14 items and 19 items re-
spectively in Table 5 and their mean scores on each
item can be seen. For the psychometric testing, three
factors with eigenvalues over 1 were found - one main
component accounts for 65.26% variance, then the sec-
ond one 8.2% of the variance and component 3 just
3.2% of the variance. All factor loadings were above the
minimum criterion. The pattern matrix indicated the
original cooking skills and food skills measures with
some minor exceptions (see Table 6). The items falling
into this third component consisted of the items: ‘Bake
goods such as cakes, buns, cupcakes, scones, bread etc.,
using basic/raw ingredients or mixes’ and ‘Microwave
food (not drinks/liquid) including heating ready-meals.’
In the Structure Matrix both the microwaving (Factor
1 = 0.656, Factor 2 = 0.557, Factor 3 = −0.537) and Bak-
ing (Factor 1 = 0.677, Factor 2 = 0.477) had highest
loading in Factor 1 (Cooking skills). Four ‘food skill’
items had higher loadings in Factor 1 (Cooking Skills);
Buying in Season, using leftovers to create another
meal, Keeping Basics in the cupboard and Reading the
best before date. In the Structure Matrix, Buying in
Season had higher loading onto Factor 2 (Factor
1 = 0.758, Factor 2 = 0.764) and using leftovers to cre-
ate another meal had the same loading on both Factors
(Factor 1 and 2 = 0.798). Keeping basics in a cupboard
and reading the best before date had higher loadings on
Factor 1 in the Structure Matrix (Factor 1 = 0.789,
Factor 2 = 0.731 and Factor 1 = 0.793 and Factor
2 = 0.758, respectively). The internal consistency

reliability measured by Cronbach’s Alpha for the cook-
ing skills confidence measure ranged from 0.78 (Study
3 Food preparation novices/Experienced food preparer
students) to 0.93 (Study 1 IOI cohort), please see Table
7 for each cohorts Cronbach alpha. The food skills
confidence measure’s Cronbach’s alpha’s ranged from
0.89 (Study 2 student cohort) to 0.94 (Study 1 IOI
cohort) (see Table 7).

Temporal stability
The temporal stability of the measures was assessed
using the test re-test approach in study 2. As there was a
large number of missing cases in the food skills confi-
dence measure test re-test scores, a dummy variable was
created and showed there was no significant differences
(P = .902) between those that reported on both time
points and those that were missing data on food skills
confidence on the initial time. The results show (see
Table 8) that both measures have acceptable temporal
stability as there were no significant differences between
the two mean confidence scores from the first time (T1)
and the two weeks repeated measure (T2). In addition, a
further assessment of temporal stability was conducted
using correlations between the cooking skills confidence
measure and the food skills confidence measure scores
at T1 and T2. A significant correlation was found be-
tween cooking skills measures at T1 and T2 (r = .815,
P < 0.001) and food skills measures (r = .872, P < 0.001)
again illustrating the consistency of the measures over
time.

Construct validity
A strong positive correlation was found between cooking
skills confidence and food skills confidence (r = 0.76,
p < 0.001) which indicates that the measures are measur-
ing highly related components. In addition, there was a
significant difference between the mean scores on both
the cooking and food skills confidence measures between
‘Food preparation novices’ and ‘Experienced food pre-
parers’ from study 3. Table 5 shows that the ‘Experienced
food preparers’ home economics students scored had con-
sistently higher mean confidence scores on the individual
items than the ‘Food preparation novices’ students, with
the exception of 3 items (stewing, making sauces, and
comparing prices before buying). ‘Experienced food pre-
parers’ had significantly better cooking skills confidence
(F = 4.63, P < 0.05) and food skills confidence (F = 7.95,
P < 0.01) scores than ‘Food preparation novices’ (see Table
9). Therefore, the measures were found to have a high
convergent validity as they were highly related. In
addition, as the measures were found to discriminate be-
tween those with high and low skills they also had notable
discriminant validity.
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Table 5 Cooking skills and food skills measures use, mean and standard deviations

Cohort Study 1: Nationally
Representative (CAPI)

Study 2: Students
(P/P)

Study 3: Food
Preparation Novices
(P/P)

Study 3: Experienced
Food Preparers (P/P)

N 1049 23 17 40

Cooking Skills Usage Confidence
(rated 1–7)

Usage Confidence
(rated 1–7)

Usage Confidence
(rated 1–7)

Usage Confidence
(rated 1–7)

N % Mean SD N % Mean SD N % Mean SD N % Mean SD

1. Chop, mix and stir foods 401 38.2 5.88 1.112 22 95.7 5.65 1.70 17 100 5.88 1.22 40 100 6.65 0.70

2. Blend foods to make them smooth,
like soups or sauces

140 13.3 6.01 1.158 17 73.9 3.70 2.67 14 82.4 4.50 2.25 40 100 6.45 1.04

3. Steam food 186 17.7 5.90 1.153 17 73.9 2.61 2.27 16 94.1 3.88 2.06 34 85.0 4.62 2.26

4. Boil or simmer food 427 40.7 5.75 1.141 22 95.7 5.91 1.54 17 100 5.47 1.28 40 100 6.47 0.75

5. Stew food 369 35.2 5.91 1.074 15 65.2 2.65 2.48 16 94.1 4.76 1.86 33 82.5 4.05 2.33

6. Roast food in the oven 404 38.5 5.86 1.089 20 87.0 4.57 2.39 17 100 5.18 1.51 40 100 6.35 0.83

7. Fry/stir-fry food in a frying pan/wok
with oil or fat

407 38.8 5.71 1.169 21 91.3 5.26 2.12 17 100 6.35 1.00 40 100 6.48 0.91

8. Microwave food 189 18.0 5.98 1.266 22 95.7 5.87 1.79 14 82.4 4.82 2.72 34 85.0 4.95 2.53

9. Bake goods 110 10.5 5.55 1.310 19 82.6 3.96 2.40 14 82.4 3.88 2.06 39 97.5 6.40 1.41

10. Peel and chop vegetables 479 45.7 5.81 1.085 21 91.3 5.43 2.23 16 94.1 6.00 1.00 40 100 6.80 0.46

11. Prepare and cook raw meat/poultry 517 49.3 5.69 1.136 19 82.6 4.61 2.59 15 88.2 5.56 1.71 39 97.5 6.48 1.20

12. Prepare and cook raw fish 231 22.0 5.69 1.231 10 43.5 2.00 2.65 13 76.5 4.13 2.63 34 85.0 4.79 2.26

13. Make sauces and gravy from scratch 153 14.6 5.75 1.256 11 47.8 2.17 2.67 14 82.4 3.94 2.29 33 82.5 3.45 2.04

14. Use herbs and spices 273 26.0 5.71 1.173 21 91.3 4.48 2.21 15 88.2 5.50 2.16 39 97.5 5.83 1.62

Overall Cooking skills scores 47.78 29.32 58.83 16.45 71.07 15.32 79.67 10.42

Cohort Study 1: Nationally
Representative (CAPI)

Study 2: Students
(P/P)

Study 3: Food
Preparation Novices
(P/P)

Study 3: Experienced
Food Preparers (P/P)

N 1049 21 17 40

Usage Confidence Usage Confidence Usage Confidence Usage Confidence

Food Skills N % Mean SD N % Mean SD N % Mean SD N % Mean SD

1.Plan meals ahead? 283 27.0 5.83 1.138 20 95.2 4.29 1.93 12 70.6 3.47 2.72 39 97.5 5.44 1.48

2…prepare meals in advance? 183 17.4 5.82 1.242 18 85.7 3.52 2.18 12 70.6 3.35 2.55 36 90.0 4.95 1.93

3…follow recipes when cooking? 237 22.6 5.77 1.233 21 100 4.71 1.90 12 70.6 3.88 2.76 36 90.0 6.05 1.53

4…shop with a grocery list? 299 28.5 5.94 1.221 19 90.5 4.48 2.29 13 76.5 3.76 2.59 37 92.5 5.46 1.85

5…shop with specific meals in mind? 481 45.9 5.80 1.103 19 90.5 4.14 2.27 15 88.2 4.35 2.37 39 97.5 6.05 1.15

6…plan how much food to buy? 326 31.1 5.78 1.159 19 90.5 4.38 2.42 14 82.4 3.76 2.51 39 97.5 5.95 1.19

7…compare prices before you buy food? 238 22.7 5.82 1.230 17 81.0 4.14 2.69 15 88.2 5.24 2.56 38 95.0 5.21 1.87

8…know what budget you have to
spend on food?

248 23.6 6.03 1.112 18 85.7 4.43 2.80 15 88.2 5.12 2.45 37 92.5 5.47 1.64

9…buy food in season to save money? 150 14.3 5.89 1.191 13 61.9 2.29 2.24 13 76.5 2.65 1.97 38 95.0 4.62 1.79

10…buy cheaper cuts of meat to save
money?

101 9.6 5.82 1.328 12 57.1 2.38 2.31 10 58.8 2.59 2.55 37 92.5 4.73 1.96

11…cook more or double recipes which
can be used for another meal?

139 13.3 5.94 1.205 15 71.4 2.81 2.44 15 88.2 3.53 2.15 38 95.0 5.54 1.60

12…prepare or cook a healthy meal
with only few ingredients on hand?

313 29.8 5.80 1.100 18 85.7 3.57 2.38 16 94.1 4.47 1.77 39 97.5 5.20 1.51

13…prepare or cook a meal with limited
time?

300 28.6 5.83 1.087 19 90.5 4.24 2.05 15 88.2 5.00 2.00 40 100 5.95 1.26

14…use leftovers to create another meal? 303 28.9 5.79 1.205 18 85.7 3.76 2.49 16 94.1 3.88 2.06 39 97.5 5.25 1.79

50 Physical Activity, Nutrition and Health

_________________________ WORLD TECHNOLOGIES _________________________



WT
Differences between CAPI and P/P methods of
presentation of measures
Results show that on both the cooking skills confidence
and the food skills confidence measures there is a sig-
nificant difference in scores between the two different
methods (P < 0.005) (see Table 10). As seen in usage and
confidence rating in Table 5 and discriminate validity in
Table 9, Experienced Food preparers are consistently
higher for their scoring, this difference is also seen in
the comparison of the three groups in Table 10.

Frequency of usage of skills
Table 5 shows an overview of the reported frequency of
usage and mean confidence score of all items for each
group and following is the top reported used skills in
each group. For the study 1 cohort, Preparing and cook-
ing raw meat/poultry was the top reported skill (49.3%),
followed by Peel and chopping vegetables (45.7%), Boiling
or simmering food (40.7%), Frying/Stir-frying (38.8%), and
Roasting/Baking food in the oven (38.5%). The Study 2
sample reported using Microwaving, Chopping, and Boil-
ing (95.7%) and Frying/stir-frying, Peeling and chopping
vegetables/using herbs and spices (91.3%). In Study 3, the
‘Food preparation Novices’ reported using Chopping, Boil-
ing, Roasting, and frying/stir-frying (100%). In comparison
to the ‘Experienced Food Preparers’ who reported using
Peeling, Frying/stir-frying, Roasting, Boiling, Blending and
chopping (100%) and Baking, preparing and cooking raw
meat/poultry, and using herbs and spices (97.5%). In
addition, for this groups reported usages for any cooking
skill was not below 82.5%.
For the food skills Study 1 reported usage of keeping

basics in the cupboard (47.0%), shopping with specific
meals in mind (45.9%), and reading the best before
(41.1%) as the top three. Study 2’s sample stated their
usage of following a recipe (100%), keeping basics in
the cupboard, reading the best before, and planning
ahead (all 95.2%). In Study 3, the ‘Food Preparation
Novices’ reported keeping basics in the cupboard and
reading the use-by (100%) and reading the nutrition in-
formation, reading the best before, using leftovers to

create another meal, and creating a meal from few
ingredients (94.1%). Comparatively, the ‘Experienced
Food Preparers’ had no reported usage below 90%, all
of the sample reported reading the best before and be-
ing able to create a meal with limited time. 97.5% of
this sample reported the usage of Planning ahead, shop-
ping with specific meals in mind, planning how much
to buy, preparing a meal with few ingredients, creating
a meal using leftovers, keeping basic ingredients in the
cupboard, reading the use-by date, reading the nutrition
information and balancing meals based on nutrition
advice.

Discussion
This paper describes the development and validation of
two measurements to assess cooking skills confidence
and food skills confidence. The measures were devel-
oped to include a full range of skills for both cooking
(cooking method and food preparation techniques) and
wider food skills (meal planning, shopping, budgeting,
resourcefulness and label reading) through a literature re-
view, expert interviews and piloting. The results indicate
that both measures have substantial internal consistency
reliability, construct and convergent validity and temporal
stability, as well as being easy to complete and user-
friendly measures.
Both measures were highly correlated with each other

which showed that they are related but also psychomet-
ric testing indicated that they were two distinct mea-
sures. The psychometric testing showed that two items
did not only fit into the two factors (cooking skills and
food skills) but also into a third factor, however they
were left in the cooking skills measure as the third
factor consisted of only these two items and explained
a small variance. In addition, in the Structure Matrix
both these items had higher loadings in the Cooking
skills Factor (Factor 1). Furthermore, as Nunnally and
Bernstein [29] argue the intention of factor analysis is
to reduce variables to ‘more substantive’ underlying fac-
tors and the use of a cut-off point of an eigenvalue of 1
for factor extraction (as recommended by Kaiser [30])

Table 5 Cooking skills and food skills measures use, mean and standard deviations (Continued)

15… keep basic items in your cupboard for
putting meals together?

493 47.0 5.74 1.243 20 95.2 4.52 1.89 17 100 5.35 1.50 39 97.5 6.26 1.29

16…read the best-before date on food? 431 41.1 5.95 1.109 20 95.2 5.62 2.01 16 94.1 5.44 2.00 40 100 6.58 0.75

17…read the storage and use-by information
on food packets?

280 26.7 5.90 1.158 16 76.2 4.10 2.86 17 100 5.24 2.17 39 97.5 5.95 1.52

18…read the nutrition information on food
labels?

135 12.9 5.89 1.196 19 90.5 3.29 1.93 16 94.1 3.88 2.57 39 97.5 5.75 1.61

19…balance meals based on nutrition advice
on what is healthy?

119 11.3 6.06 1.033 18 85.7 2.62 1.91 15 88.2 3.53 2.43 39 97.5 5.37 1.66

Overall food skills scores 45.82 38.64 74.76 27.64 81.31 29.15 105.64 17.78
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is over simplified and fundamentally flawed. Therefore,
as recommended in Field [31], a scree plot was used to
assess factors for extraction and only the initial two fac-
tors were to the left of the point of inflection. The two
items that fell into the third factor were microwaving
food and baking goods such as cakes. It is suggested

that although microwaving may be used in meal prepar-
ation, for example microwaving a ready meal, it is not seen
as a cooking skill and therefore participants did not rate
this as they did not use it in cooking a meal. However, as a
wide range of cooking abilities were recruited for, includ-
ing those with very limited skill, participants had to be

Table 6 Study 1: Summary of Exploratory Factor Analysis for cooking and food skills measures using direct oblimin oblique rotation
and the pattern matrix (N = 1049)

Factor Loadings

Item Factor 1: Cooking Skills Factor 2: Food Skills Factor 3: Other

1) Chopping, mixing, stirring 0.82

2) Blending 0.80

3) Steaming 0.90

4) Boiling 0.95

5) Stewing 0.89

6) Roasting 0.84

7) Frying/Stir-frying 0.86

8) Microwaving 0.55 −0.48

9) Baking 0.61 0.46

10) Peeling 0.92

11) Preparing/cooking raw meat/poultry 0.83

12) Preparing/cooking raw fish 0.83

13) Making sauces 0.88

14) Using herbs/spices 0.82

1) Planning ahead 0.74

2) Preparing in advance 0.61

3) Following recipes 0.76

4) Grocery List 1.01

5) Specific meals 0.76

6) Planning how much to buy 0.78

7) Comparing prices 1.07

8) Knowing food budget 0.88

9) Buying in season 0.46 0.43

10) Buying cheaper cuts 0.89

11) Doubling recipes 0.75

12) Cooking healthy with a few ingredients 0.57

13) Cooking with limited time 0.47 0.49

14) Using leftovers 0.50 0.43

15) Keeping basics in cupboard 0.56

16) Reading best before 0.53

17) Reading storage/use-by 0.42 0.45

18) Reading nutrition information on labels 0.70

19) Balancing meals based on nutrition advice 0.67

Eigenvalues 21.54 2.72 1.07

% of Variance 65.26 8.23 3.24

*All factor loadings were greater than 0.162, the criterion for the sample size [37], the factor loadings are regression coefficients as they are from the pattern
matrix [38]
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responsible for preparing a main meal at least once a
week which could include heating a ready meal. By re-
moving microwaving as a skill it may have excluded
some participants that potentially use microwaving as
their only skill or in combination with one or two
others and therefore it was decided to keep microwav-
ing as part of the scale. The other item that was ques-
tionable but that was kept was baking. Baking may be
seen as different to cooking in itself, with its own separ-
ate skills, however, there is a certain amount of overlap
and there are elements of baking that may be used in
meal preparation including making fresh bread or mak-
ing pastry for pies. Therefore, the item was included in
the cooking skills confidence measure, however, future
studies may consider developing and validating a bak-
ing skills confidence measure in itself. Additionally, the
two items ‘Keeping basic ingredients in the cupboards,’
and ‘Reading the best before date’ had higher loadings
on the Cooking Skills Factor. As the two measures are
correlated, it is understandable that some items would
load on both measures, however, as conceptually these
items are not considered ‘cooking skills’ and have been
identified as food skills in previous literature [17], they
were left in the food skills measure and further testing
of these items is needed.
The temporal stability of the measures, assessed using

a test-retest approach, was found to be highly correlated
with both measures having no differences in their mean
scores between both time points and with the correla-
tions between the time points for both measures being
significant. This highlights that scores remain consistent

over time in a non-biased sample as the sample con-
sisted of ‘Food preparation novices’ that had no previous
experience of the measures or cooking/food education.
Previous research has had problems with test re-test
samples being biased due to their involvement in the de-
velopment and testing of the measures [21].
The internal consistency reliability of both measures

was >0.70 in all cohorts. Cronbach’s alpha’s > 0.70 have
been established as satisfactory for non-clinical measures
[32, 33]. Therefore, both the cooking skills confidence
measure and the food skills confidence measure can be
seen as highly reliable and they are measuring coherent
concepts.
The two measures also showed a high discriminate

validity as there were significant differences (P < 0.05
for cooking skills confidence and P < 0.01 for food skills
confidence) between ‘Experienced food preparers’ (Home
Economics students), proposed as high skilled students,
and ‘Food preparation novices’, proposed as lower skilled
students. Therefore, these measures would be able to dis-
tinguish between higher and lower skilled individuals and
could potentially be used for pre-screening for cooking in-
terventions aimed at low skilled individuals. This supports
the overall high construct validity of both measures [33].
A difference in both the cooking skills confidence meas-

ure and food skills confidence measure scores were seen
between the different methods of presenting the questions
to the participants. This is an important factor to consider
when choosing the method of presenting the measures to
participants in future studies, as those that complete a P/P
version of the scale may report inflated scores. If possible
it is recommended using a tablet/computer to replicate
the system used in CAPI where participants are presented
with all the skills and choose which they use and then
after completing this, they are then asked to rate their
confidence on only the skills they stated they used. When
presented with the question of usage and rating confi-
dence at the same time, participants were more likely to
give a rating for a skill even if they did not use it. There-
fore, if using the P/P version of the measures this inflation

Table 7 Internal Consistency reliability of the cooking skills and food skills confidence measures

Cohort No. of items Range Mean Scorea SD n α

Cooking Skills

Study 1: Island of Ireland (N = 1049, CAPI) 14 0–98 47.78 29.32 1049 .93

Study 2: Test/Re-test Students (N = 23, P/P) 14 27–89 58.83 16.45 23 .79

Study 3: Experienced/Novice food preparers (N = 57, P/P) 14 46–98 71.1 15.3 15 .78

Food Skills

Study 1: Island of Ireland (N = 1049, CAPI) 19 0–133 45.82 38.64 1049 .94

Study 2: Test/Re-test Students (N = 23, P/P) 19 18–134 74.76 27.64 21 .89

Study 3: Experienced/Novice Food Preparers (N = 57, P/P) 19 32–127 81.3 29.2 16 .93
aNB the paper and pencil version meant that participants rated their ability on almost all CS and FS items. The national survey means are lower as participants
were first asked to highlight the CS and FS they used and only rated their confidence of those items

Table 8 Study 2 (P/P): Temporal Stability of both cooking and
food skills confidence measures

Measure N Time point Mean SD T df Sig

Cooking Skills
Confidence

20 T1 58.25 17.26

T2 59.00 19.75 −0.292 19 0.774

Food Skills
Confidence

13 T1 74.15 28.34

T2 71.77 27.06 0.610 12 0.553
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of scores must be taken into account. Further when study-
ing change in cooking skills the method used must be the
same. In addition, the representativeness of the measures
may be considered to be accurate considering the reported
usage. For the cooking skills items, the top reported
cooking skills may be considered reflective of the eating
patterns of that group, the Study 1 group top skills could
be considered to correspond with a traditional diet on the
IOI, meat and vegetables, roasts, casseroles (that are still
reported as the most common main meals on the IOI –
data not reported here). The student samples report chop-
ping, frying/stir-fry, boiling, peeling, microwaving, roast-
ing in the oven, these skills could be considered
fundamental to the quick, easy meals associated with a
student diet. In addition, the top reported food skills
across the different cohorts show a number of consisten-
cies, such as keeping basic ingredients in cupboards and
reading best before dates. This shows learned behaviours
across the different groups or perhaps adherence to con-
sistent health messages (checking the best before date).
Additionally, some interesting differences between the

‘Food preparation novices’ and the ‘Experienced food pre-
parers’ can be seen. Experienced food preparers tended to
use a higher number of skills more frequently than the food
preparation novices. The high frequency use of skills such
as peeling, blending and preparing or cooking raw meat/
poultry may indicate a greater use of basic ingredients in
this group. Future interventions should focus on increasing
the number of skills used by lower skilled individuals to en-
able the use of more basic ingredients. Additionally, future
research could investigate correlations between the use of
different skills and the type of ingredients used in meal
preparation. Furthermore, differences can be seen between
usage of food skills among these groups. Experienced food
preparers had a greater use of preparing a meal with limited
time, as time has been identified as key barrier to home

meal preparation [8], future research should investigate
whether their use of more skills more frequently or that
they have a greater confidence in a range of skills enables
meal preparation in a limited time.

Strengths and limitations
The new measures were developed in light of the litera-
ture and expert opinion and were found to be highly
reliable and valid. In addition, the items do not revolve
around specific foods, which increases the generalisability
of the measures outside UK and Irish populations,
although further studies to assess the validity of these
measures in other populations are needed. In addition, al-
though there were a large number of male respondents
completing the measures, the majority were female. This
may be reflective that women remain responsible for the
meal preparation of most households [34]. However, this
must be taken into consideration when generalising the
results to men. A limitation of the test re-test study was
the format in which the measures were presented, the
question was split over two pages and some participants
did not turn the page to complete the second half of the
measure and therefore those measures could not be in-
cluded in the analysis resulting in the lower response rate
for the food skills confidence measure. Due to different
answering formats, P/P versions of the measures were
found to inflate the scores on both measures. Thus, inter-
viewer led or computer based applications (where partici-
pants are only provided the opportunity to rate the skills
they said they use) may provide the most accurate scores
for these measures. However, to use as part of a paper
based large scale cross-sectional survey, longitudinal
research or as screeners/measures for interventions,
rearranging the question to put “if you don’t do a skill” tick
‘Never/rarely do it’ first followed by confidence rating may
help to make this version similar to the CAPI version.

Table 9 Study 3 (P/P): Discriminant validity of both cooking and food skills confidence measures

Measure Student Type N Mean SD F Sig

Cooking Skills Confidence Food Preparation Novices 15 71.07 15.32

Experienced Food Preparers 39 79.67 10.42 4.63 .036

Food Skills Confidence Food Preparation Novices 16 81.31 29.15

Experienced Food Preparers 34 105.64 17.78 7.95 .007

Table 10 Study 4: Differences between the different methods of presentation of the measures

Range F (df) Significance Non-Home Ec Students
(P/P, N = 38)

Home Ec Students
(P/P, N = 39)

Random Selection from IOI
(CAPI, N = 38)

P M (SD) M (SD) M (SD)

Cooking skills Confidence 0–98 28.63 (2112) .000 63.66 (16.93)a 79.67 (10.42)b 45.29 (28.38)c

N = 37 N = 37 N = 38

Food skills Confidence 0–134 52.50 (2109) .000 77.60 (28.10)a 106.16 (17.82)b 39.74 (35.52)c

Superscript letters depict where significant differences (P < 0.05) are found
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Conclusions
The developed cooking skills confidence measure and
the food skills confidence measure have been shown to
have a very satisfactory internal consistency reliability
and validity. In addition, they have been shown to re-
main consistent over time. They are able to accurately
distinguish between high and low skilled individuals and
are user-friendly. While the choice of presentation of the
measures must be considered, both measures are highly
suitable for large scale cross-sectional research, longitu-
dinal studies and interventions alike to assess or monitor
cooking and food skills levels and confidence.
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Perceived fussy eating in Australian
children at 14 months of age and
subsequent use of maternal feeding
practices at 2 years
Rebecca Byrne1* , Elena Jansen1 and Lynne Daniels2

Abstract

Background: Concerns about fussy eating are common amongst parents of young children. However, studies of
the long-term impact of fussy eating show mixed results with regard to adequacy of dietary intake and child
growth. This may be in part because there is no accepted definition of fussy eating and studies measure the
construct in different ways, commonly relying on parent perception. This longitudinal analysis explores maternal
and child characteristics associated with maternal perception of her toddler as a fussy eater in early toddlerhood
and subsequent use of feeding practices at 2 years.

Methods: Mothers completed a self-administered questionnaire at child age 14 months, describing perception of
their child as fussy/not fussy and child behaviour. Intake was assessed using a single 24-h recall and weight was
measured by research staff. At child age 2 years mothers completed the validated 28-item Feeding Practices and
Structure Questionnaire (FPSQ-28).
Weight-for-age z-score (WAZ) was derived from WHO standards. Gram daily intake of fruit, vegetables and meat/
alternative and a dietary diversity score were determined. Maternal/child characteristics independently associated
(p ≤ 0.05) with perception of child as a fussy eater were determined using logistic regression. Variables were
combined in a structural equation model assessing the longitudinal relationship between child/maternal
characteristics, perception of child as a fussy eater and eight FPSQ factors.

Results: Mothers’ (n = 330) perception of her child as a fussy eater at age 14 months, was associated with higher
frequency of food refusal and lower WAZ (R2 = 0.41) but not dietary intake. Maternal perception as fussy (age
14 months) was associated with four FPSQ factors at 2 years (n = 279) - Reward for Eating, Reward for Behaviour,
Persuasive Feeding and Overt Restriction, x2/df = 1.42, TLI = 0.95, CFI = 0.95, RMSEA = 0.04(0.03–0.05), PCLOSE = 0.99.

Conclusions: Lower relative child weight and food refusal prompted mothers to perceive their child as fussy. These
behaviours in healthy weight children most likely reflect self-regulation of energy intake and neophobia. This
perception was prospectively associated with use of non-responsive feeding practices, which may increase obesity risk.
Future interventions could directly address perceptions of growth and fussiness, supporting parents to understand
food refusal as developmentally appropriate behaviour in healthy young children.

Trial registration: ACTRN12608000056392. Registered 29 January 2008.

Keywords: Dietary intake, Food refusal, Fussy eating, Maternal feeding practices, Maternal perception, Obesity,
Overweight, Picky eating, Structural equation modelling, Toddlers
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Background
Anecdotally, parents have a strong desire to raise a child
who is a ‘good eater’ and children are routinely praised for
‘eating all the food on their plate’ [1]. Concerns about
fussy eating and underweight are common amongst
parents in developed countries [2, 3] with fussy (or picky)
eating reported to occur in 25–40% of toddlers [3]. This is
in stark contrast to public health priorities which over-
whelmingly relate to consumption of too much food and
prevalence of childhood obesity [4]. The relationship be-
tween fussy eating and child outcomes, such as adequacy
of dietary intake and growth trajectory is unclear [5–10].
This is perhaps because the construct of fussy eating is
measured in a myriad of different ways [11].
From a theoretical perspective, fussy eating is defined

as the rejection of a substantial amount of familiar and
unfamiliar foods, potentially resulting in limited dietary
variety and food intake [12, 13] However, studies rarely
use objective measure of dietary intake (most likely be-
cause of the complexity and labour-intensive nature of
this type of data collection) and instead rely on parent
report/perception of fussiness [3, 10, 14, 15]. However, it
is important to explicitly examine the criteria that par-
ents use to label their child as a fussy eater. Parents,
health professionals and researchers may not necessarily
define fussy eating in the same way [16] and hence inter-
pret study-specific questions such as ‘is your child a
fussy/picky eater’ [5, 7] quite differently. Perception may
also differ between mothers, fathers and non-parental
carers. Children could be labelled as fussy because they
do not consume the type and/or amount of food per-
ceived as appropriate [17] and parents may differ in the
type, frequency and extent of behaviours they consider
to be problematic. The Food Fussiness (FF) scale of the
Child Eating Behaviour Questionnaire (CEBQ) [18] is
frequently used to characterise fussiness according to
child behaviour, with five items related to food refusal,
tasting new foods and enjoying variety. In a cross-
sectional analysis of 3-year-old twin children (n = 1330
pairs) from the Gemini cohort in the United Kingdom,
FF was inversely correlated with liking of both fruit and
vegetables [19] but we are unaware of any examination
of the relationship with food intake amongst toddlers.
Our underlying premise is that a mother pieces together

information (consciously or not) about her child’s behav-
iour, physical appearance and amount/type of dietary in-
take, which inform her perception and her subsequent
feeding practices. Non-responsive feeding practices are ac-
tions which a parent employs during feeding which may
interfere with a child’s ability to recognise and attend to in-
ternal hunger and satiety cues and increase obesity risk [20,
21]. Examples of these practices include pressuring a child
to eat more than they want to, and using food as a reward
to encourage eating or to encourage desired behaviour. In

another analysis of the Gemini cohort, this time of when
the twins were 16-month-old (n = 2026) [22], between-
family analyses indicated that ‘pressure to eat’ and ‘instru-
mental feeding’ i.e. using food to encourage healthy food
consumption/good behaviour were positively associated
with Food Fussiness on CEBQ [23]. An analysis of a subset
of 274 Gemini twin pairs that were most discordant on
food fussiness, found that mothers used more ‘pressure to
eat’ and ‘instrumental feeding’ with the twin perceived as
fussier. Similarly a cross-sectional survey of 413 parents of
Australian children aged 1–10 years found that ‘persuasive
feeding’ and ‘reward for eating’ (constructs which corres-
pond to ‘pressure to eat’ and ‘instrumental feeding’ respect-
ively) were both positively associated with Food Fussiness
on CEBQ [23]. Overall, there is evidence that parent per-
ception of fussiness is, at least cross-sectionally, associated
with non-responsive feeding practices which may in turn
be counterproductive in our obesogenic environment and
contribute to obesity risk.
The aims of this analysis were to 1. Identify what mater-

nal and child characteristics – demographics, behaviour,
measured dietary intake - were associated with maternal
perception of her child as a fussy eater in early toddlerhood
(12–16 months), and 2. Explore the prospective relation-
ship between child/maternal characteristics and maternal
perception of child as a fussy eater at 12–16 months, with
maternal feeding practices at age 2 years.

Methods
Design and participants
This is a secondary analysis of data from mother-child
dyads who participated in the control group of NOURISH,
a randomised controlled trial that evaluated an interven-
tion promoting positive feeding practices in very young
children [24], and an additional sample of mothers re-
cruited for the South Australian Infants Dietary Intake
(SAIDI) Study [25]. SAIDI participants were recruited
simultaneously and using the same protocol as NOUR-
ISH. Recruitment has been described in detail [24, 26].
Briefly, a consecutive sample of mothers (aged ≥18 years)
delivering healthy term infants (≥ 37 weeks gestation and
birthweight ≥2500 g) at maternity hospitals in Brisbane,
Queensland (n = 3) and metropolitan (n = 5) and regional
(n = 7) South Australia were approached within 72 h post-
delivery. Eligible mothers were asked to provide consent
to be contacted when infants were 4- to 7-months-of-age,
for full enrolment in the study. Approval was gained from
a total of 11 human research ethics committees including
Queensland University of Technology and Flinders
University (QUT HREC 00171 Protocol 0700000752).

Measurements
Maternal and child demographic data were collected
during initial recruitment in hospital including gender,
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maternal age at birth of child (years), and maternal
university education.
Participants attended study-specific outcome assess-

ment clinics when children were 12–16 months of age
(June 2009 to June 2010). Child weight was measured by
trained staff using a standard protocol. Weight was mea-
sured twice, lying or sitting on electronic infant scales with
no nappy or clothes (except a singlet), to the nearest 10 g.
A third measurement was taken if the first two differed by
more than 50 g. In regional areas, participants were mea-
sured at their local child health or general practitioner
clinic. Mothers completed a self-administered question-
naire containing five questions regarding fussy eating and
child behaviour (Table 1).
Within two weeks of this assessment, child dietary intake

was assessed via telephone by a dietitian using a single
three-pass 24-h recall [27]. Recalls were collected on week
days and weekends. The mother was asked to recall every-
thing her child ate or drank in the previous 24 h, starting
from midnight on the previous day, with quantities esti-
mated using household measures (metric cup, tablespoon
and teaspoon). A visual aide designed to improve estima-
tion, which showed actual size illustrations of these mea-
sures, was provided at assessment. Items from the recall
were entered into FoodWorks Professional version 9 using
the AUSNUT 2007 database from the 2007 Australian Na-
tional Children’s Nutrition and Physical Activity Survey
[28]. An additional database containing commercial infant
products was created by study staff. Mixed dishes prepared
at home were added to FoodWorks as a recipe or if there
were ≤three ingredients, entered into FoodWorks as separ-
ate items. A study-wide data checking protocol meant that
any children with very high or very low estimates of energy
intake - <3000kj or >6000kj had their FoodWorks file
checked against the original recall, to correct any possible
errors. Food recall data were exported from FoodWorks
into an Access database and merged with an eight digit
food group code which allows identification of each unique

food [29]. Study staff allocated additional eight digit codes
to infant foods and mixed dishes/recipes with codes
allocated based on the predominant ingredient. A compre-
hensive analysis of dietary intake data for this cohort has
been published elsewhere [27].
When the child was aged 2 years, mother-child dyads

attended a second assessment at which time mothers com-
pleted another questionnaire containing 28 items of the Feed-
ing Practices and Structure Questionnaire (FPSQ-28) [30]
and an item regarding Family Meal Setting (Additional file 1).

Derived variables
Weight-for-age z-scores were derived from measured
weight using WHO standards [30] and all data was
exported into SPSS 22.0 for analysis.

Maternal perception of child as a fussy eater at 12–16 months
and child behaviour
Responses to the question ‘Do you think your child is a
picky or fussy eater?’ were dichotomised to form the variable
‘perception of child as a fussy eater’: fussy / not fussy as per
the methodology of Carruth et al. [5] (Table 1). Table 1 also
shows the four questionnaire items chosen to characterise
child behaviour regarding refusal of familiar and unfamiliar
food.

Dietary intake
Intake (grams/day) of three food groups were derived based
on their unique eight digit food group code – i. fruit
(excluding 100% fruit juice), ii. vegetables (including beans
and lentils) and iii. Meat/alternatives (including fish,
poultry, and eggs). Australian and international studies in-
dicate that dairy and cereal groups contribute the highest
proportion of daily energy intake amongst young children
with these food groups tending to be consumed in excess
of dietary recommendations [27, 31, 32]. The most recent
representative study of Australian children aged 2–3 years
indicated 95% consumed dairy and 97% cereals, with each

Table 1 Items on self-administered questionnaire at child age 12–16 months used to characterise maternal perception of fussy
eating and child behaviour

Question Response Dichotomised variable used in regression model

Maternal perception of her child as a fussy eater:

Do you think your child
is a picky or fussy eater?

Very picky, Somewhat picky, Not picky, Not sure Fussy (very picky, somewhat picky combined),
Not fussy (not picky, not sure combined)

Child behaviour:

How often does your child
refuse food?

Very often, Often, Sometimes, Hardly ever Often (Very often, Often), Not often
(Sometimes, Hardly ever)

Does your child ever refuse
food they usually eat?

Hardly ever, Yes

How willing is your child to
eat unfamiliar foods?

Very willing, Willing, Neutral, Unwilling, Very unwilling Willing (Very willing, Willing), Not willing
(Neutral, Unwilling, Very unwilling)

Who decides how much food
your child eats – you or your child?

You only, Mostly you, You and your child equally,
Mostly your child, Your child only

Mother (You only, Mostly you, You and your child equally),
Child (Mostly your child, Your child only)
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food group contributing 21% and 27% of daily estimated
energy intake, respectively [31]. Therefore they were not
considered an ‘at risk’ food groups requiring further investi-
gation in this analysis.
A dietary diversity score was calculated for each child i.e.

number food groups consumed on 24-h recall with a poten-
tial score of 0–9 [33] (vitamin A-rich fruits and vegetables
[34], other fruit; other vegetables; legumes and nuts; meat,
poultry and fish; breads, cereals, roots and tubers; eggs;
dairy/alternatives; fats and oils). Australia’s second dietary
guideline states that by 12 months of age children should
“enjoy a wide variety of nutritious foods… each day” [35].

Analyses
Bivariate analyses were conducted using independent t-
test or Mann-Whitney test for continuous variables and
Pearson’s chi-squared test for categorical variables to de-
termine differences between children perceived as fussy
or not fussy for thirteen independent variables that de-
scribed maternal and child demographics; child food re-
fusal and dietary intake. Variables with a significant
bivariate association (p ≤ 0.05) with perceived fussiness
were entered into a logistic regression model to deter-
mine characteristics independently associated with per-
ception of child as a fussy eater (dependant variable),
with results expressed as odds ratios and 95% CI. Using
Mplus (v7.4), these variables were combined in a struc-
tural equation model with maternal perception of child
as a fussy eater and 28 items of the FPSQ-28 [30] and
the additional single item measuring family meal setting
(Additional file 1). The weighted least squares estimator
(WLSMV) was used to determine standardised regres-
sion weights for the pathways in the model since items
were treated as ordinal categorical variables [36]. Model
fit was determined using normed chi-square (x2/df),
Tucker-Lewis index (TLI), comparative fit index (CFI)
and root mean square error of approximation (RMSEA)
with 90% CI and probability (PCLOSE).

Results
Characteristics of mother-child dyads completing an as-
sessment at age 12–16 months (n = 330) are shown in
Table 2. Notably, no children were underweight [30].
Thirty-one percent of mothers defined their child as a

fussy eater - not fussy, n = 232; fussy, n = 98 (‘very picky’
n = 10 and ‘somewhat picky’ n = 88 combined). Bivariate
analyses comparing children perceived as ‘fussy’ versus ‘not
fussy’ revealed group differences for nine (highlighted by
italics) of the 13 variables considered: maternal age, mater-
nal education, child age, gender,WAZ, fruit intake, vegetable
intake, meat/alt intake; diversity; child decides amount of
food eaten; how willing is your child to eat unfamiliar foods?;
how often does your child refuse food?; and does your child
ever refuse food they usually eat? (additional file 2). However,

only five variables remained significantly associated with ma-
ternal perception in the adjusted cross sectional analysis
(Table 3): weight-for-age z-score and the four measures of
child behaviour. Mothers’ perception of her child as a fussy
eater was associated with higher frequency of refusal of
familiar and unfamiliar food, the child choosing amount
eaten and lower WAZ; but not intake of fruit, vegetables,
meat or dietary diversity; x2(9) = 109.36, p < 0.001, −2 Log
likelihood = 287.56, R2 = 0.41(Nagelkerke).
Longitudinal data was available for 279 mother-child

dyads. The model showing the relationship between child
variables, maternal perception and the FPSQ-28 is shown in
Fig. 1 and was a good fit, x2/df = 1.42, TLI = 0.95, CFI = 0.95,
RMSEA = 0.04 (0.03–0.05), PLCOSE = 0.99. Maternal per-
ception of her child as a fussy eater at age 12–16 months
was directly associated with four factors of the FPSQ-28 at
2 years - Reward for Eating (β = 0.34, p < 0.001), Reward for
Behaviour (β = 0.27, p < 0.01), Persuasive Feeding (β = 0.37,
p < 0.001), and Overt Restriction (β = 0.31, p < 0.001). The
relationships between WAZ, child decides amount of food
eaten, or does your child ever refuse food they usually eat
and maternal perception were no longer significant.

Discussion
In everyday lexicon young children tend to be categorised
as either a ‘good’ eater or a ‘fussy’ eater. Amongst this
sample of healthy children, a third were perceived as fussy
and this perception was associated with maternal feeding
practices that may be counterproductive in our obeso-
genic environment.
The finding that approximately 30% of mothers perceived

their child as a fussy eater is consistent with published
prevalence data [5, 37], and the analysis identified factors
that explain 40% of the variance in maternal perception.
However, instead of aligning with the theoretical definition
of fussy eating which is largely focussed on limited intake -
there was no difference in the amount of fruit, vegetables
or meat/alternatives eaten, or dietary diversity, between
those children perceived as fussy and those that were not -
perception was related to child behaviour not food intake.
This supports previous qualitative analysis indicating “par-
ents believe that picky eating is not only defined by the food
the child eats, but also by the child's overall behaviours and
attitudes toward mealtimes” [38].
The relevant behaviours - child refused food often or un-

willing to eat unfamiliar foods – do support the definition
of fussy eating as the rejection of both novel and familiar
foods [12]. However, these behaviours could also be indica-
tive of normal toddler development i.e. self-regulation of
energy intake (refusal of familiar foods), neophobia (refusal
of unfamiliar foods) and emerging autonomy [39]. Rate of
growth in toddlers slows in comparison to infancy [40] with
a relative decline in energy requirements, which may result
in refusal of familiar foods in response to intrinsic cues of
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WTsatiety. Food neophobia, the rejection of foods that are
novel or unfamiliar, also increases markedly at this age [12].
This heritable trait [41, 42] is thought to play a protective
function, discouraging children from ingesting toxic
substances as they become more mobile [43]. The age
group 12–16 months coincides with the development of
autonomy and independence [39] and meal times are
perhaps one of the few areas that toddlers can exert their
growing autonomy – by refusing to eat when they are not
hungry. It is unknown whether mothers distinguish be-
tween (and respond differently to) refusal of familiar versus
unfamiliar foods.
Kerzner et al. [44], in their ‘Pyramidal Representation of

Young Children’s Feeding Behaviors’ identify four child

behaviour categories – normal, misperceived feeding prob-
lems, milder feeding difficulties and feeding disorders. Their
paper urges clinicians to take parent concerns seriously,
even if misperceived, given the potential for parents in re-
sponse to these concerns to “adopt inappropriate feeding
practices”. This is consistent with our findings. We postu-
lated that a mother pieces together information about her
toddler which informs (consciously or unconsciously) her
perception and subsequent feeding responses/practices. In
our study, the child who refused familiar and unfamiliar
food more frequently was perceived as a fussy eater at age
12–16 months, which was associated with use of non-
responsive maternal feeding practices at 2 years. These in-
cluded specific practices such as using favourite foods in

Table 2 Characteristics of mothers and toddlers (N = 330)

Characteristic Mean (SD) n (%)

Child age (months) 13.8 (1.3)

Birthweight (kg) 3.5 (0.4)

Weight-for-age z-scorea at 12–16 months of age 0.58 (0.86) Range: −1.6 to 2.9

Male gender 165 (49)

Maternal age at birth of child (years) 30.3 (5.0)

Maternal university education 193 (58)

Family incomeb ≥ 70,001 $AUD 199 (60)

Child Dietary intake Median (IQR)

Fruit intake (g) on 24-h recallc 118 (60–192)

Vegetable intake (g) on 24-h recallc 80 (21–152)

Meat/alternatives intake (g) on 24-h recallc 49 (15–108)

Dietary diversity scored 6 (5–7)
aWeight-for-age z-score calculated using WHO Anthro (2008); 92% weight measured vs 8% self-reported based on measure with GP/nurse in rural areas
bn = 321; Median Australian gross income, 2008 - all household types = 67,000 $AUD [56]
c Intake on single 24-h recall of whole sample; Fruit: fresh, canned, dried, cooked, infant food or mixed dish where fruit is the predominant ingredient; Vegetables:
fresh, canned, cooked, beans and lentils, infant food or mixed dish where vegetable is the predominant ingredient; Meat/alternatives: fish, poultry, beef, lamb,
pork, game meats, egg, nuts and seeds, infant food or mixed dish where meat/alternative is the predominant ingredient
d Diversity score from 0 to 9 representing number of different food groups (vitamin A-rich fruits and vegetables; other fruit; other vegetables; legumes and nuts;
meat, poultry and fish; breads, cereals, roots and tubers; eggs; dairy/alternatives; fats and oils) consumed on 24-h recall

Table 3 Variables independently associated with maternal perception of child as a fussy eater (N = 330)

Independent variables Dependant variable: perception of child as a fussy eater
(not fussya, n = 232; fussy, n = 98); OR (95% CI)

Child weight-for-age z-score 0.69 (0.48–0.99)*

Child age (months) 1.17 (0.92–1.48)

Maternal university education; yes, n = 191 1.58 (0.85–2.96)

Fruit intake (g) on 24-h recallb 0.99 (0.99–1.00)

Vegetable intake (g) on 24-h recallb 0.99 (0.99–1.00)

Who decides amount of food eaten; child, n = 144 1.94 (1.07–3.51)*

How willing is your child to eat unfamiliar foods?; unwilling, n = 76 4.52 (2.33–8.75)***

How often does your child refuse food?; often, n = 47 6.12 (2.62–14.30)***

Does your child ever refuse food they usually eat?; yes, n = 158 2.31 (1.23–4.34)*

*p ≤ 0.05; ***p ≤ 0.001, x2(9) = 109.36, p < 0.001, −2 Log likelihood = 287.56, 0.41 (Nagelkerke)
Mean(sd) child age 13.8 (1.3) months; 49% male; WAZ using WHO standards [55]
aReferent group
bIntake on single 24-h recall of whole sample; Fruit: fresh, canned, dried, cooked, infant food or mixed dish where fruit is the predominant ingredient; Vegetables:
fresh, canned, cooked, beans and lentils, infant food or mixed dish where vegetable is the predominant ingredient

61Perceived fussy eating in Australian children at 14 months of age and subsequent use of maternal...

_________________________ WORLD TECHNOLOGIES _________________________



WTexchange for good behaviour or offering children food
when they are upset (Reward for behaviour), and insisting
children eat food despite not being hungry or showing dis-
approval when a child does not eat (Persuasive feeding). All
of these practices may prompt a child to eat for reasons
other than hunger and may interfere with self-regulatory
ability [43, 45, 46]. In a longitudinal study of 222 Australian
children, food fussiness at age two years (measured within a
‘food approach’ construct using items from the CEBQ) was
correlated with use of instrumental feeding practices i.e. use
of food as a reward, a year later [47]. Our findings also sup-
port the suggestion of Walton et al. that labelling a child as
fussy may contribute to sub-optimal feeding interactions
and endorse their call to reconceptualise fussy/picky eating
i.e. resistance during eating can be considered children’s
agency in communicating eating preferences instead of
deviant behaviour [48].
The finding that maternal perception of fussy eating was

not associated with objectively assessed dietary intake in
the NOURISH/SAIDI sample highlights the importance
of accurately assessing the child variables informing ma-
ternal perception. Perception of fussiness defined accord-
ing to actual inadequate dietary intake, might prompt use
of different feeding practices than those identified in this
analysis. This research could also be extended by consider-
ing whether particular feeding practices have differential

outcomes. For example is persuasive feeding associated
with adverse growth trajectory? Does offering preferred
foods effectively reduce exposure to a wide range of foods,
resulting in a narrow range of food preferences in later life
[49, 50]? Understanding different ‘types’ of fussy eating,
differential feeding practices employed in response to
these, and subsequent effects on a range of child eating
behaviour, dietary intake and growth outcomes may facili-
tate the development of targeted interventions to address
the unique needs of parent-child dyads at each stage in
this continuum. Use of non-responsive practices could be
reduced by explicitly designing interventions to assist
mothers (and other carers) to understand developmentally
appropriate eating behaviour.
Limitations of the current analysis include not measur-

ing and adjusting for feeding practices used at 12–
16 months. When NOURISH and SAIDI were designed,
there were no tools validated to measure feeding practices
at both 12–16 months and 2 years. The FPSQ-28 is vali-
dated for use at 2 years, but not yet at younger ages. The
relationship between dietary variety and maternal percep-
tion was not assessed. While use of a single 24-h recall is
valid for group level estimates of food intake [51] and a
simple measure of diversity [33, 52], it is not suitable to
assess micronutrient intake. It is also not appropriate to
assess dietary variety, which may also inform a mother’s
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Fig. 1 Relationships between child characteristics and maternal perception of child as a fussy eater at 14 months, and use of feeding practices at
2 years (n = 279). For ease of reading figure, error terms associated with variables or measurement component of FPSQ-28 are not shown. WAZ:
Weight-for-age z-score using WHO Standards [55]. How often does your child refuse food? Very often, often, sometimes, hardly ever. Does your
child ever refuse food they usually eat? Hardly ever, yes. How willing is your child to eat unfamiliar foods? Very willing, willing, neutral, unwilling,
very unwilling. Child decides amount of food eaten. Mother only, mostly mother, mother and child equally, mostly child, child only
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perception of her child as fussy. Also, the premise that
child behaviour informs maternal perception is limited by
using maternal report of child behaviour. If a mother is
concerned or frustrated about a child refusing food, then
it is possible she could systematically overestimate the fre-
quency of this behaviour [53]. This bias would strengthen
the positive statistical relationship between frequency of
food refusal and perception of fussiness, but highlights
that a mother’s perception of her child may be more influ-
ential in determining what she does, than the child’s actual
intake or behaviour. The analysis may have been strength-
ened by comparing variables of interest across children
perceived as ‘very picky’ versus ‘somewhat picky’ versus
‘not picky’ however given only 3% (n = 10) of the total
sample were characterised as ‘very picky’ there is inad-
equate power to investigate differences between these
groups. The analyses reported here do not enable consid-
eration of important questions related to potential pro-
spective impact of maternal feeding practices on child
weight outcomes and hence the hypothesised role of feed-
ing practices as a mediator of reported associations be-
tween fussy eating and child weight. During an additional
analysis that added child WAZ at 2 years to the model, fit
became unacceptable (data not shown) and hence no con-
clusions could be drawn.
The sample comprised first-time mothers who were

slightly older with a higher level of education compared to
the Australian average [54] and hence generalisability is un-
clear. It is unknown whether the prevalence of perceived
fussy eating differs according to socioeconomic status (SES)
and it is feasible that the characteristics which mothers use
to inform their perception vary according to SES. The
contribution of fathers to feeding and family life generally is
acknowledged, but was outside the scope of this study.
Strength of this study lies in the use of SEM to simul-

taneously assess the relationship between child character-
istics, maternal perception and maternal feeding practices.
Many studies rely on parent report only, to investigate the
relationship between the ‘fussy child’ and maternal prac-
tice. However, this analysis was able to take into account
multiple factors mothers used to inform their perception,
delineating between refusal of familiar and unfamiliar
foods and objective measures of dietary intake and weight.

Conclusion
Overall, there was no difference in food intake between
children perceived as fussy versus not. Mothers appear
to be interpreting developmentally appropriate feeding
behaviour as fussiness in the leaner but healthy weight
child. Importantly, this perception of typical child eating
behaviour as fussiness was prospectively associated with
use of non-responsive feeding practices, which may
teach children to eat in response to cues other than hun-
ger or satiety, disrupting self-regulation of energy intake

and increasing obesity risk. Interventions to modify feed-
ing practices should support parents and clinicians to in-
terpret food refusal as normal behaviour in healthy young
children and directly address perceptions of healthy child
growth and developmentally appropriate behaviour.
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Additional file 1: Factors and corresponding items of the Feeding
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The international food unit: a new
measurement aid that can improve portion
size estimation
T. Bucher1,2*, M. Weltert1,2, M.E. Rollo2, S.P. Smith3, W. Jia4, C.E. Collins2 and M. Sun4

Abstract

Background: Portion size education tools, aids and interventions can be effective in helping prevent weight gain.
However consumers have difficulties in estimating food portion sizes and are confused by inconsistencies in
measurement units and terminologies currently used. Visual cues are an important mediator of portion size
estimation, but standardized measurement units are required.
In the current study, we present a new food volume estimation tool and test the ability of young adults to
accurately quantify food volumes. The International Food Unit™ (IFU™) is a 4x4x4 cm cube (64cm3), subdivided into
eight 2 cm sub-cubes for estimating smaller food volumes. Compared with currently used measures such as cups
and spoons, the IFU™ standardizes estimation of food volumes with metric measures. The IFU™ design is based on
binary dimensional increments and the cubic shape facilitates portion size education and training, memory and
recall, and computer processing which is binary in nature.

Methods: The performance of the IFU™ was tested in a randomized between-subject experiment (n = 128 adults,
66 men) that estimated volumes of 17 foods using four methods; the IFU™ cube, a deformable modelling clay
cube, a household measuring cup or no aid (weight estimation). Estimation errors were compared between groups
using Kruskall-Wallis tests and post-hoc comparisons.

Results: Estimation errors differed significantly between groups (H(3) = 28.48, p < .001). The volume estimations were
most accurate in the group using the IFU™ cube (Mdn = 18.9%, IQR = 50.2) and least accurate using the measuring
cup (Mdn = 87.7%, IQR = 56.1). The modelling clay cube led to a median error of 44.8% (IQR = 41.9). Compared with
the measuring cup, the estimation errors using the IFU™ were significantly smaller for 12 food portions and similar for 5
food portions. Weight estimation was associated with a median error of 23.5% (IQR = 79.8).

Conclusions: The IFU™ improves volume estimation accuracy compared to other methods. The cubic shape was
perceived as favourable, with subdivision and multiplication facilitating volume estimation. Further studies should
investigate whether the IFU™ can facilitate portion size training and whether portion size education using the IFU™ is
effective and sustainable without the aid. A 3-dimensional IFU™ could serve as a reference object for estimating food
volume.

Keywords: Portion size measurement aid, PSMA, PSEM, Volume and capacity training, Standardisation, Dietary
assessment, Food shape, Automated food volume recognition, Food intake reporting
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Background
Larger portion sizes increase energy intake in children
and adults [1–3], a phenomenon termed the portion size
effect [4]. Choosing appropriate portion sizes and being
aware of amounts consumed is a critical skill to assist
with weight control, improve health and lower chronic
disease risk [5]. Not being able to accurately estimate
food portions makes it problematic for implementing
dietary recommendations. In addition, health care pro-
fessionals cannot generate an accurate assessment of a
patient’s food and nutrient intake [5].
People generally have difficulties assessing food portion

sizes [6–8] and consumers are confused as measurement
units and terminologies are used inconsistently and differ
internationally [9].
Dietary recommendations are often communicated in

cup measures. For example, in Australia a standard serve
of cooked vegetable is half a cup, with five standard
servings recommended daily [10]. However, cup mea-
sures differ internationally. One cup in Japan is 200 ml,
a traditional Japanese cup is 180 ml (the gō), a Canadian
cup is 227.3 ml (8 imperial oz), a U.S. Customary cup is
236.6 ml (8 oz), a US legal cup is 240 ml, the Imperial
cup (UK) is 285 ml and the metric cup (Commonwealth
countries) is 250 ml. Conversely, many European coun-
tries such as Switzerland, Germany or the Netherlands
do not use cups, but refer to grams and milliliters (for
liquids) in recipes, on food labels and within dietary
recommendations.
Spence et al. found consumers mentioned that house-

hold measurements were open to interpretation, with
poor recognition of actual serving quantities specified in
metric (e.g. grams) or imperial (e.g. ounces) measure-
ments [9]. In their study, participants recalled inconsist-
ent serving size information for specific foods and food
groups provided by the public, private and voluntary
sectors (e.g. dietitians, weight loss communities, food
labels) [9]. Variation in terminologies, measurement

units and recommendations cause confusion and lack of
clarity on recommended serving sizes was the major barrier
to appropriate food portion size selection in adults [9, 11].
To assist with countering the obesity epidemic, por-

tion size interventions and education are acknowledged
strategies to improve dietary habits and reduce overall
energy intake at the population level [12]. A systematic
review of the impact of portion education and training
interventions on dietary intake concluded that interven-
tions can improve adults’ ability to estimate portion sizes
[13]. Visual cues are an important mediator of portion
size estimation and education [4, 14]. However, stan-
dardized international terminologies, food measures and
aids are needed to avoid confusion and facilitate education
strategies related to dietary recommendations [11]. Rather
than ‘cup’ measures, new consumer-focussed methods that
standardize food volume estimation using SI units (e.g.
cubic metres = m3) or the Centimetre-Gramm-Second
(CGS) system (e.g. cubic centimetres = cm3) should be
considered [11]. Standardised aids for food volume meas-
urement based on SI units may facilitate international food
portion measurement and surveillance and portion control
strategies [11]. There is an urgent need to develop a
standardised food volume unit, which is accepted across
cultures with unique intakes [11]. Here we propose a
4x4x4 cm cube with a volume of 64 cm3 (64 ml) that can
be subdivided into eight 2 cm sub-cubes for estimating
smaller portions, as a potential International Food Unit
IFU™ and food volume measurement aid (Fig. 1).
The IFU™ was developed by an international team of

dietitians, nutrition scientists, bioengineers and com-
puter scientists. The dyadic division scheme of the cube
size follows the use of the binary system in computer
systems since binary dimensional increments facilitate
portion size education and training, memory and recall,
and computer processing, which is binary in nature. The
cubic shape is important for understanding of the math-
ematical volume concept by allowing people to visually

Fig. 1 a The International Food Unit™ (IFU™): A 4x4x4 cm cube with a volume of 64cm3 (64 ml), which can be subdivided into 8 smaller cubes
(2x2x2cm = 8 cm3 (8 ml)) to estimate smaller volumes b. The present study tested the performance of the IFU™ as a measurement aid
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correlate a cube of defined volume with an irregularly
shaped object (here a food object). Another important
feature of the IFU™ as a reference object is that it is
smaller than a standard measuring cup and more similar
to actual consumption units, such as a portion of meat
recommended for usual consumption. The IFU™ can
easily be converted into volumes of existing household
measurement cups by multiplication (e.g. 4 IFUs™ are
similar to the US and the metric cup, and 3 IFUs™ are
similar to the Japanese cup). In addition, subdivision and
multiplication of the cube have a straightforward visual
correspondence hence the IFU™ facilitates both volume
estimation and observation from the screen of a computer
or a mobile device. A cube, which can be subdivided into
smaller cubes, further allows easier measurement of foods
with different shapes and volumes since it is already in
volumetric units. This could be useful for food volume and
portion size education and training. Moreover, the cubic
shape is strategic, as it can serve as a 3D reference object
on food photographs or within smartphone applications.
The aim of the current study was to test the perform-

ance of the IFU™ for food volume estimation.

Methods
Study sample
Written informed consent was obtained from all subjects
prior to participation. Participants were recruited be-
tween June and September 2016 via flyers, handouts and
social media in Newcastle, NSW, Australia. People were
included if they were aged ≥18 years, did not have a
university degree major in nutrition or dietetics and did
not have food allergies or intolerances.

Experimental procedure
Participants were invited to estimate 23 specific food
portions, 17 different foods, three with three differing
portions sizes (Additional file 1: Figure S1 and Additional
file 1: Table S1). A team of nutritionists and dietitians se-
lected foods commonly consumed in Australia. A range of
food shapes and sizes were included as these were consid-
ered to potentially influence estimation errors. To minim-
ise food preparation and food waste, authentic and
validated food replicas [15] previously used for portion
size and serving studies [16–19] were used (Döring
GmbH, Germany). The exception was for nuts and dried
fruit mix, which was purchased at a local retailer (Wool-
worths Limited, Australia), as no good quality replicas
existed. Foods were classified into Australian Guide to
Healthy Eating (AGHE) food groups (National Health and
Medical Research Council (NHMRC), 2016). For rice,
chicken and French fries, three different portion sizes to
test the impact on estimation accuracy [20–22] were
included. These three foods were selected as they do not
come in predefined portions but have different shapes.

Portion sizes for continuous (uncountable) foods were in-
formed by a previous study on adult perceptions of small,
medium and large portion sizes [23], one piece or slice
was used for fruit and bread. For French fries, the small,
medium and large portions served in McDonald’s were
used [24].
Subjects were manually randomised to one of four ex-

perimental conditions, which differed in the portion size
estimation aid provided (Additional file 1: Table S2).
Therefore, a number was drawn from a box containing
cards with numbers for the four conditions. Two differ-
ent boxes were used for males and females to balance
gender between conditions. Group 1 used one IFU™
(64 mL) to estimate food volumes. Group 2 used a mod-
elling clay cube of the same volume. Group 3 used an
Australian cup (250 mL), while group 4 estimated food
weights with no aid. Weight instead of volume estima-
tion was chosen in group 4 as estimation aids generally
improve portion size estimation and we would have
expected large errors in volume estimation without a
reference object. However, consumers might be more
familiar with food weight given this is usually presented
in the information on food labels and from grocery
shopping for foods sold by weight.
Food portions were presented on the same size plates

(IKEA Australia, Australia). Milk was presented in a
glass on the plate. Participants received one plate at a
time to assess, with no direct comparison between items
allowed. Foods were presented in random order to con-
trol for fatigue and learning effects [21, 25]. Subjects
were not allowed to touch the foods, but were allowed
to handle the estimation aids, e.g. they could subdivide
the IFU™ into smaller cubes or reshape the modelling
clay cube.
Volume estimates had to be reported relative to the

estimation aid and participants were free to report
estimates in decimals, fractions or percentages. For data
analysis, all values were converted into decimals. In the
condition with no aid, estimates were reported in grams
or ounces based on individual choice.

Survey
After participants estimated all food portions, they were
asked to complete a questionnaire (Qualtrics, LLC, Utah,
USA) assessing potential confounding variables (numer-
acy, cooking frequency, use of measuring aids at home,
knowledge of dietary guidelines (AGHE), consumption
frequency of experimental foods and hunger), which
could influence the accuracy of portion size estimates.
Participants’ subjective numeracy was assessed using the
Subjective Numeracy Scale (SNS) [26]. They were asked
how often they cook from scratch, bake, or consume
ready-made meals. Further, they were asked how often
they use measuring cups, scales or other estimation aids.
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These questions were answered using a five-point scale
(1 = Daily; 2 = Several times per week; 3 = Several times
per month; 4 = Once a month or less; 5 = Never).
Knowledge of dietary guidelines was assessed with one

question ‘Are you familiar with the Australian Guide to
Healthy Eating (AGHE) standard serve sizes? (No; I have
heard about them; Yes, I know them). Consumption fre-
quency of each experimental food (n = 17) was mea-
sured on a six-point scale (1 = ≥5 per week; 2 = 2-4 per
week; 3 = Once per week; 4 = 1-3 per month; 5 = < 1
per month; 6 = Never). Hunger level was measured on a
six-point scale (1 = Not hungry at all; 6 = Very hungry).
Data on sex, age, self-reported weight and height, educa-
tion and country of birth was collected. Usability of the
estimation aids was evaluated by asking whether the aid
helped them to estimate portion sizes and if it was easy
to use (1 = strongly disagree; 5 = strongly agree), which
food they found the easiest to estimate and which the
most difficult. The reasons for their choice were assessed
with an open question.

Statistical analysis and measures
Estimation errors
Estimates with the IFU™, the modelling clay and the
measuring cup were compared to the actual food vol-
ume relative to the aid and weight estimates made with-
out an aid to the weight of the corresponding real food
in grams. The relative estimation error was calculated as
follows: ([estimated amount or volume– actual amount
or volume]/actual amount or volume) * 100. Relative
estimation errors were calculated for each food as well
as a group mean across all 17 foods in order to assess
estimation accuracy across the four experimental condi-
tions. For the foods presented in three different portion
sizes, the relative estimation error of the medium por-
tion was used to calculate the mean relative error. Here,
the term estimation error refers to the relative estimation
error, unless stated otherwise. For the purpose of compari-
son with specific studies in literature, absolute errors were
calculated (| (estimated amount or volume– actual amount
or volume) |/actual amount or volume) * 100) and classi-
fied into within 25% and within 75% range.
Statistical analysis was performed using IBM SPSS Sta-

tistics Version 23 (SPSS Inc., Chicago, IL, USA). The
Kolmogorov-Smirnov test was used to test whether data
was normally distributed; the Levene’s test to test for
homogeneity of variance. Normally distributed data was
summarised as mean (M) and standard deviation (SD);
non-normal data as median (Mdn) and interquartile range
(IQR). The significance level was set at P < .05. Distribu-
tion of continuous variables was compared between the
four experimental conditions using the Kruskal-Wallis test
(H) and categorical variable distribution using Pearson’s
chi-square (χ2) test. Differences between portion sizes

were investigated using Friedman’s ANOVA, as each indi-
vidual estimated all portions and the data is dependent.
Post-hoc comparisons were performed for independent
conditions using the Mann-Whitney test and for related
groups using the Wilcoxon signed-rank test. The Bonfer-
roni correction was applied to adjust for multiple compar-
isons and distribution of estimation errors across the
experimental conditions visually explored using boxplots.

Body mass index (BMI)
Participants’ BMI was calculated by dividing weight in
kilograms by height squared in metres (kg/m2) using
self-reported weight and height.

Results
Characteristics of the 128 participants (51.6% male) are
summarised in Table 1. Subjects were predominantly
students (71.1%) and born in Australia (60.9%), with a
mean age of 29.2 ± 9.3 years and a BMI of 24.0 ± 4.0 kg/
m2. Foods that were on average consumed at least 2-4
times a week were vegetables M = 1.6, SD =0.8), milk
(M = 1.7, SD = 1.3), bread (M = 1.9, SD = 1.1) and
cheese (M = 2, SD = 1.1). Cake (M = 4.0, SD = 1.1) and
nectarines (M = 4.4, SD = 1.1) were consumed less fre-
quently. Participant characteristics and potential con-
founders (numeracy, cooking frequency, use of measuring
aids at home, knowledge of dietary guidelines (AGHE),
consumption frequency of experimental foods and hun-
ger) did not significantly differ between the four experi-
mental conditions.

Comparison of errors depending on aid
Relative estimation errors significantly differed between
study groups (H(3) = 28.48, P < .01) (Table 2). The smal-
lest estimation error was in the group using the IFU™
(Mdn = 18.9%, IQR = 50.2%) and largest for the measur-
ing cup (Mdn = 87.7%, IQR = 56.1%). The median error
for the group without a portion size estimation aid
(PSEA) was 23.5% (IQR = 79.8%) and 44.8% (IQR = 41.9%)
for the modelling clay. Estimation errors were signifi-
cantly larger with the measuring cup compared to the
IFU™ (U = 183.00, P < .01), the modelling clay
(U = 278.00, P < .01) and the group with no estimation
aid (U = 258.00, P < .01). The later three experimental
conditions did not have significantly different estimation
errors (P > .05).

Comparison of errors depending on food
All foods were on average overestimated with the measur-
ing cup, whereas there was both over- and underestima-
tion for the IFU™, the modelling clay and the group with
no PSEA. Overestimation in all four study groups was
found for six foods (pasta, mixed vegetables, chicken,
French fries, strawberry and steak). The remaining 11
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WTfoods (bread, rice, potatoes, lettuce, nectarine, apple, nuts
& dried fruit, milk, cheese, cake and chocolate) were both
over- and underestimated depending on the aid used.
Relative errors were compared between the four experi-
mental conditions for each food (Table 2). For four foods
there was no significance between conditions (bread, rice,
mixed nuts & dried fruit and grated cheese), with a me-
dian error across all four conditions ranging from −7.9%
(grated cheese) to +17.6% (rice). The estimation errors for
the remaining 13 foods differed significantly between the
study groups. Post hoc comparisons revealed that
estimation errors for the IFU™ and the measuring cup
significantly differed for all 13 foods. Compared to the
measuring cup, twelve foods were estimated more ac-
curately using the IFU™, with only one food assessed
less accurately (apple). The modelling clay performed
better than the IFU™ for the nectarine and milk. The
group with no PSEA accurately estimated the apple,
pasta and grated cheese and poorly estimated mixed
vegetables, lettuce, chicken and French fries. Individual
estimation errors varied greatly for all estimation aids
and foods.
Estimates made with the IFU™ generally had lower

variation compared to the other three study groups, with
solid and liquid foods (Fig. 2a) being more accurately

estimated than amorphous foods (Fig. 2b). Lettuce was
poorly estimated in all four experimental conditions,
with large overestimation for the measuring cup, the
IFU™ as well as the modelling clay (median estimation
error of 294.7%, 168.8% and 168.8% respectively) and
considerable underestimation for the group with no
PSEA (−55.6%). When estimates for lettuce are excluded,
median estimation errors for the group using the IFU™
ranged from −37.1% (apple) to +61.0% (French fries). In
contrast, errors for the measuring cup ranged from
+11.5% (mixed nuts & dried fruit) to +132.3% (pasta),
for the modelling clay from −26.3% (grated cheese) to
+106.7% (pasta) and for the group with no estimation
aid from −28.8% (nectarine) to +107.5% (chicken).
Estimation accuracy was also assessed by classifying

the absolute errors into estimates within 25% and 75% of
the objective food amount. The proportion of total esti-
mations within this range was greatest for the group
using the IFU™ (38.8%; 81.1%) in comparison to groups
using the modelling clay (31.6%; 70.5%), the measuring
cup (19.6%; 51.1%) and no PSEA (24.3%; 65.5%).

Comparison of errors for different portion sizes
The influence of portion size on estimation accuracy
was investigated for rice, chicken and French fries

Table 1 Participant characteristics

Total
(N = 128)

Measuring cup
(N = 36)

IFU
(N = 31)

Modelling clay
(N = 31)

No aid
(N = 30)

Mean SD Mean SD Mean SD Mean SD Mean SD

Age [years] 29.2 9.3 28.2 7.4 29.7 11.5 29.1 8.2 29.8 10.4

BMI [kg/m2]a 24.0 4.0 23.4 3.4 23.4 3.5 23.9 3.9 25.4 3.1

Subjective numeracy scoreb 4.8 0.8 5.0 0.7 4.8 0.8 4.6 0.9 4.7 0.7

Hunger levelc 3.2 1.3 3.2 1.3 3.3 1.4 2.9 1.2 3.2 1.4

Cooking skillsd Cooking from scratch 1.8 1.0 1.9 1.1 1.8 0.8 1.8 1.0 1.8 1.0

Baking 3.6 0.8 3.8 0.7 3.5 0.9 3.5 1.0 3.7 0.7

Cooking ready meals 3.4 1.1 3.3 1.1 3.4 1.2 3.4 1.2 3.5 1.0

Use of measure-ment aidsd Measuring cup 2.7 1.1 2.8 1.2 2.6 1.1 2.6 1.1 2.6 1.2

Scale 3.8 1.3 3.7 1.4 4.0 1.4 3.7 1.3 3.7 1.3

Other aids 3.6 1.6 3.8 1.6 3.6 1.6 3.0 1.7 4.0 1.5

N % N % N % N % N %

Gender Female 62 48.4 17 47.2 15 48.4 15 48.4 15 50.0

Male 66 51.6 19 52.8 16 51.6 16 51.6 15 50.0

Country of birth Australia 78 60.9 22 61.1 16 51.6 18 58.1 22 73.3

Other countries 50 39.1 14 38.9 15 48.4 13 41.9 8 26.7

Student Yese 91 71.1 25 69.4 25 80.6 23 74.2 18 60.0

No 37 28.9 11 30.6 6 19.4 8 25.8 12 40.0
aBody Mass Index (BMI) = Weight / Height2 [kg/m2]. Weight and height were self-reported by participants
bThe subjective numeracy score is the average score of the eight questions of the Subjective Numeracy Scale (Fagerlin et al., [26])
cHunger level was measured on a six-point scale (1 = Not hungry at all; 6 = Very hungry)
dCooking skills and use of measurement aids were measured on a five-point scale (1 = Daily; 2 = Several times per week; 3 = Several times per month; 4 = Once a
month or less; 5 = Never)
eIncludes full-time and part-time students
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WT(Fig. 2c and Table 3). For each of these foods, partici-
pants estimated three different portion sizes (small,
medium, large). The estimation errors tended to increase
with increasing portion size. However, significant differ-
ences between portion sizes were only observed for
chicken and French fries in the group using the measuring
cup (P < .05). The large portion of chicken had a
significantly larger estimation error compared to the
small portion (T = 128, P < .01). The medium and
large portions of French fries had significantly larger
estimation errors than the small portion of French
fries (T = 158, < .05; T = 137, P < .01).

Usability of estimation aids
Participants evaluated helpfulness and ease-of-use for
the three estimation aids (Additional file 1: Table S3).
The reported helpfulness of the PSEAs was comparable
(H(2) = 5.25, P > .05) between groups. Significant differ-
ences were found for ease-of-use. The modelling clay
was reported to be significantly easier to use compared
to the IFU™ (U = 214.00, P < .01) and the measuring cup
(U = 202.00, P < .01). In the questionnaire, participants
could also comment on usability of the aid in an open-
ended question. In general, participants found it difficult
to estimate foods of shapes and sizes, which differed
from the provided aid, for example non-cube shaped

foods using the IFU™. They also had difficulties estimat-
ing the volume of irregular shaped foods such as French
fries or mixed vegetables. Measuring cups were consid-
ered to be useful for liquids such as milk and compact
foods such as rice. Participants using the IFU™ appreci-
ated that the cube could be subdivided into smaller
units. However, some people stated that they would need
training to become more familiar with using it. The
modelling clay was seen as helpful and easy because it
could be manipulated to replicate food shape and size.
Additional file 1: Table S4 summarizes the foods,

which participants considered the easiest to estimate.
Foods they found difficult to estimate were similar
across the four study groups. They were mostly amorph-
ous, for example French fries, mixed vegetables and rice.
The strawberry was perceived to be difficult to estimate
using the measuring cup. Foods perceived the easiest to
estimate differed between the four experimental condi-
tions. Participants found rice and milk the easiest to
estimate using a measuring cup; chocolate using the
IFU™ or the modelling clay; and steak, milk and chicken
breast by estimating the weight with no PSEA.

Discussion
The IFU™ had the lowest mean estimation error and error
variation compared to the measuring cup, the modelling

Table 2 Relative estimation error by food (N = 17) and experimental condition

Food (portion size) Total
(N = 128)

Measuring cup
(N = 36)

IFU™
(N = 31)

Modelling clay
(N = 31)

No aid
(N = 30)

F-Test

Mdn IQR Mdn IQR Mdn IQR Mdn IQR Mdn IQR H(3)

Bread −2.6 71.8 12.2 92.1 −17.8 61.6 −1.4 41.1 −24.9 87.1 3.25

Pasta 80.4 142.9 132.3a 101.0 55.0b,c 103.4 106.7a,b 118.9 4.9c 100.1 33.22**

Rice (medium) 17.6 81.9 38.4 57.7 −11.5 59.0 6.3 73.8 25.5 120.8 11.47

Mixed vegetables 74.2 93.6 119.3a 109.6 49.8b 74.9 68.5b 112.3 72.9b 152.3 24.01**

Potatoes 32.9 88.1 81.3a 93.3 32.5b,c 66.3 45.8a,b 66.3 −11.1c 67.8 32.30**

Lettuce 152.5 297.4 294.7a 302.6 168.8b 201.6 168.8b 201.6 −55.6c 44.4 68.96**

Strawberry 39.9 104.9 95.9a 135.1 32.9b,c 87.4 74.8a,b 69.9 27.3c 97.7 16.82*

Nectarine −10.7 58.7 38.1a 52.9 −29.3b 21.2 −5.7c 47.1 −28.8b,c 57.4 34.84**

Apple −12.5 48.6 11.6a 33.5 −37.1b 28.6 −24.0b,c 35.7 2.0a,c 71.4 33.39**

Steak 53.5 90.3 113.2a 146.6 25.6b 54.6 50.2a,b 65.5 23.4b 84.7 17.09*

Chicken (medium) 73.3 122.9 116.6a 86.7 33.2b 72.1 33.2b 44.4 107.5a 176.6 29.43**

Nuts & dried fruit 4.9 69.8 11.5 74.3 −4.7 71.5 −4.7 42.9 50.0 103.8 8.85

Milk 5.5 32.2 17.2a 23.4 −9.9b 18.8 2.1a 36.0 13.8a 45.5 24.50**

Grated cheese −7.9 58.8 20.2 31.3 −26.3 46.1 −26.3 43.0 0.7 73.8 10.75

Cake 29.8 69.7 35.1a 42.2 −13.5b 47.6 29.8a 62.7 21.2a,b 148.5 21.56**

Chocolate 33.8 108.7 101.3a 129.9 3.7b,c 66.9 67.2a,b 133.8 −8.5c 76.2 22.17**

French fries (medium) 79.9 109.1 129.3a 89.9 61.0b 92.0 84.0a,b 115.0 48.8b 120.0 20.08**

All foods 44.1 69.7 87.7a 56.1 18.9b 50.2 44.8b 41.9 23.5b 79.8 28.48**

Note: Differences between study groups were investigated using the Kruskal-Wallis test with the Bonferroni correction for 17 comparisons (* P < .05, ** P < .01).
Post hoc comparisons were performed using the Mann-Whitney test with the Bonferroni correction for six comparisons. Different superscript letters indicate
significant differences between groups
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Fig. 2 Variation of the relative estimation error by experimental condition a) for solid and liquid foods, b) for amorphous foods and c) for
different portion sizes
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WTclay and the group that estimated weight with no PSEA.
However, none of the study subjects actual disassembled
the IFU cube. Future studies should investigate whether
training with the IFU could further enhance estimation ac-
curacy. In the future, a standardised food volume unit such
as the IFU™ may serve as a 3D reference object on food
photographs or potentially within smartphone applications.
Modelling clay has been previously used for portion

size estimation [27]. It provided the most accurate esti-
mates in two studies included in that paper (absolute
error of 33.2% and 40.6%) compared to measuring cups
and spoons, as well as household objects such as tennis
balls or decks of cards. The absolute error for modelling
clay in the present study was slightly higher (Mdn abso-
lute error 54%). The measuring cup performed worst in
the current study. All foods were on average overesti-
mated using the measuring cup, with the median rela-
tive error ranging from 11.5% (mixed nuts & dried
fruit) to 274.7% (lettuce). This is in agreement with
other studies that had concluded that measuring cups
performed worst compared to several other PSEAs
tested [27, 28]. Bernal-Orozco et al. also found an
overestimation of portion size using measuring cups
[28]. In their study, all food groups were on average
overestimated, with errors also being lowest for nuts/
oilseeds and highest for meats. This indicates that
measuring cups are a useful tool to estimate nut por-
tion size. Meat products might be poorly estimated
with cups due to their irregular shape [29]. Lettuce
might be difficult to estimate, as the volume of salad
leaves is very small. Foods with small volumes, such as
spreads were found to be overestimated in other studies
as well [22, 30–32].

A source of estimation errors in the measuring cup
condition could be subjects’ estimation strategy. Some of
them reported imagining how much food they could fill
in the cup with estimates including air or space in foods
that cannot be compressed easily, unless mashed or
chopped up (e.g. mixed vegetables or chicken). In
contrast, subjects using the IFU™ or the modelling clay
predominantly reported accounting for air in between
single food items and only compared the actual food
volume with the volume of the estimation aid. This
might explain the overestimation with measuring cups,
indicating that people need specific instructions on how
to estimate food portion sizes (i.e. loose vs. compressed/
without air). Furthermore, we provided only one meas-
uring cup, rather than a set of measuring cups, which
may have been helpful in estimating different volumes.
However, the cup provided had measurement incre-
ments on it and the IFU cube had visible subunits. Also,
we note that none of the participants disassembled the
cube in the current study. Future studies need to test,
whether training participants on how to use the cube for
measuring and estimating volume can further enhance
volume estimation accuracy.

Food weight estimation (no aid)
The group without an estimation aid had comparable
estimation errors to people using the IFU™. The small
estimation error might be due to the fact that partici-
pants did not estimate food volume, but weight. Weight
estimation might be easier for consumers as most prod-
ucts in supermarkets contain food labels with informa-
tion on product weight, whereas volume information is
usually restricted to liquids. In line with this, subjects

Table 3 Relative estimation error by experimental condition, food (N = 3) and portion size (small, medium, large)

Condition Food Small portion Medium portion Large portion F-test

Mdn IQR Mdn IQR Mdn IQR χ2 (2)

Measuring cup (N = 36) Rice 33.7 49.5 38.4 57.7 42.8 71.4 3.72

Chicken 80.5a 90.3 116.6a,b 86.7 153.1b 81.4 14.39*

French fries 94.3a 103.6 129.3b 89.9 157.6b 87.1 11.17*

IFU™ (N = 31) Rice −23.9 38.0 −11.5 59.0 −17.8 36.5 0.84

Chicken 38.8 55.5 33.2 72.1 32.2 76.7 3.94

French fries 32.7 46.4 61.0 92.0 48.6 74.3 3.94

Modelling clay (N = 31) Rice 1.4 81.1 6.3 73.8 18.7 80.4 5.10

Chicken 38.8 120.3 33.2 44.4 85.1 60.8 3.68

French fries 99.1 112.8 84.0 115.0 78.3 104.0 3.16

No aid (N = 30) Rice 14.6 138.1 25.5 120.8 61.4 121.4 0.47

Chicken 95.9 170.1 107.5 176.6 135.4 117.7 0.47

French fries 38.3 145.2 48.8 120.0 55.0 145.2 1.67

Note: Differences between several related groups were investigated using Friedman’s ANOVA with the Bonferroni correction for 12 comparisons (* P < .05). Post
hoc comparisons were performed using the Wilcoxon signed-rank test with the Bonferroni correction for three comparisons. Different superscript letters indicate
significant differences between groups
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mentioned that their experience in cooking or grocery
shopping helped them estimate food weight.

Portion size and food characteristics
In the present study estimation errors tended to increase
with increasing portion size. However, significant differ-
ences of errors between portion sizes were only found
for chicken and French fries, in the group using the
measuring cup. Previous studies have reported an influ-
ence of portion size on estimation accuracy. Small por-
tions tended to be overestimated and large portions
underestimated, a phenomenon called ‘flat-slope’, or the
tendency to avoid extreme response categories [20–22, 33].
Another common finding is that large portions are less ac-
curately estimated than small portions [34, 35], potentially
because it is easier to estimate food portions similar in size
to the PSEA. However, the two studies that identified this
effect were conducted using food photographs [34, 35].
Photographs usually depict a whole range of portion sizes
consumed so potentially there may not have been a large
deviation from the actual food portion to assess. Further,
amorphous foods were reported to be associated with
higher estimation errors compared with solid and liquid
foods [22, 36]. This is in agreement with the findings of the
present study.

Usability of estimation aids
The foods participants perceived the easiest and most
difficult to estimate were those foods with the lowest
and highest estimation errors respectively. This indicates
that people’s perception generally corresponds to actual
estimation errors. Participants mentioned that they
found measuring cups the most useful for compact
foods and liquids, while those in the IFU™ and modelling
clay conditions reported that chocolate was the easiest
to estimate, indicating that cubic or rectangular-shaped
objects were easier to estimate with cubic PSEAs than
other forms. People estimating food weight (the condi-
tion with no PSEA) found steak, milk and chicken breast
the easiest to assess. Those foods are usually bought by
weight (e.g. meat) or in defined amounts (e.g. 1 L of
milk), which probably enhances weight estimation.
Amorphous foods such as French fries or mixed vegeta-
bles were considered the most difficult to estimate
across all four experimental conditions. This is in agree-
ment with previous studies reporting that amorphous
foods often have higher estimation errors compared to
solid and liquid foods [22, 36].
The use of internationally standardised measure-

ment units, consistent dietary recommendations and
unambiguous terminologies could help to avoid con-
sumer confusion, enhance people’s ability to accurately
estimate portion sizes and improve dietary intakes
[11]. Practical tools, clear indications about the aim of

PSEAs (optimising health vs. aiding weight loss) as well as
detailed instructions on how to use them are recom-
mended [37]. Despite the use of PSEAs, estimation errors
with the IFU were still large for some foods. Participants
in the current study received minimal instructions only on
how to use the aids, with no specific training. Previous re-
search indicates that portion size education/training using
PSEAs [36] improves estimation accuracy.

Study limitations
The current study has several limitations. Firstly, only
single foods were included, except for the mixed vege-
tables consisting of broccoli, cauliflower, carrots and
beans. However, most dishes such as curries or stir-
fries have various components. Estimation errors are
expected to be higher for composite dishes than single
foods. So far, there are no validated alternative PSEAs
for mixed dishes [37]. Further, future studies should
also include foods served in bowls such as porridge or
soup. Secondly, the sample was relatively young (mean
age of 29.2 ± 9.3 years), well educated (71.1% university
students) and from one geographical location (Newcastle,
Australia). The influence of age and education level has
been assessed in several studies with most concluding
that there is no effect of age [20, 22, 25, 32, 34, 38]
or education level [20, 22, 34]. The influence of eth-
nicity on estimation accuracy has only been evaluated
in one study in children [25] with no significant effect
found. Thirdly, there was no group who estimated
volume without the use of a PSEA in the current
study, as food weight was estimated. However, previ-
ous research indicates that people’s ability to estimate
volume without a reference object is limited and
visual tools generally enhance accuracy in estimating
food portion sizes [5].

Conclusion
The current study provides evidence that the IFU™, a new
measurement cube with standardised dimensions of
64 cm3, can be a useful tool for food volume estimation.
The IFU™ performed best of the PSEAs tested, with the
lowest variation in estimation errors. However, consumers
may require instructions and/or training to become famil-
iar with the IFU™. Overall, the IFU™ was perceived as a
helpful tool to estimate food volumes. Further studies
should investigate whether training including the IFU™
enhances estimation accuracy and can assist with food
volume estimation in everyday situations. It would also be
relevant to investigate the performance of the IFU™ with
composite dishes, including curries or stir-fries and with
people from other cultural backgrounds and differing
eating habits.
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Additional file

Additional file 1: Figure S1. Food portions (s; solid, a; amorphous; l;
liquid). Table S1. Details of food portions. Table S2. Portion size
estimation aids used in the experiment. Table S3. Helpfulness and ease
of use of the three PSEAs used in this study. Table S4. Foods subjects
found the easiest/most difficult to estimate by experimental condition.
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Item response modeling: a psychometric
assessment of the children’s fruit,
vegetable, water, and physical activity self-
efficacy scales among Chinese children
Jing-Jing Wang1†, Tzu-An Chen2†, Tom Baranowski3 and Patrick W.C. Lau4*

Abstract

Background: This study aimed to evaluate the psychometric properties of four self-efficacy scales (i.e., self-efficacy
for fruit (FSE), vegetable (VSE), and water (WSE) intakes, and physical activity (PASE)) and to investigate their
differences in item functioning across sex, age, and body weight status groups using item response modeling (IRM)
and differential item functioning (DIF).

Methods: Four self-efficacy scales were administrated to 763 Hong Kong Chinese children (55.2% boys) aged
8-13 years. Classical test theory (CTT) was used to examine the reliability and factorial validity of scales. IRM
was conducted and DIF analyses were performed to assess the characteristics of item parameter estimates on
the basis of children’s sex, age and body weight status.

Results: All self-efficacy scales demonstrated adequate to excellent internal consistency reliability (Cronbach’s
α: 0.79-0.91). One FSE misfit item and one PASE misfit item were detected. Small DIF were found for all the
scale items across children’s age groups. Items with medium to large DIF were detected in different sex and
body weight status groups, which will require modification. A Wright map revealed that items covered the
range of the distribution of participants’ self-efficacy for each scale except VSE.

Conclusions: Several self-efficacy scales’ items functioned differently by children’s sex and body weight status.
Additional research is required to modify the four self-efficacy scales to minimize these moderating influences
for application.

Keywords: Self-efficacy, Eating behaviors, Physical activity, Item response modeling, Differential item
functioning

Background
The alarming rates of chronic diseases have been
attributed to dietary habits and physical activity (PA)
patterns [1, 2]. Increasing fruit and vegetable con-
sumption, replacing sweetened beverages with water,
and engaging in sufficient PA facilitate chronic disease
prevention [3]. Furthermore, the dietary and PA

practices tend to initiate and develop during child-
hood at which time it is desired to foster healthier
habits [4].
Self-efficacy, a central component of Bandura’s so-

cial cognitive theory, is concerned with people’s
beliefs and capabilities to perform or maintain actions
at designated levels and has been advanced as an im-
portant individual determinant of human behavior [5].
Perceived self-efficacy for fruit, vegetable, and water
intakes and PA were strong predictors of correspond-
ing behaviors [6, 7] and key variables mediating
change from interventions [8, 9]. Increasing self-
efficacy has been adopted as an effective intervention
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strategy [10–12]. Questionnaires on self-efficacy for fruit
(FSE), vegetable (VSE), and water intakes (WSE), and PA
(PASE) in existing studies have varied in numbers and types
of items, subscales and psychometric characteristics. For
example, PASE was measured by a 8-item PASE [13–15]
developed by Motl and colleagues [16] or a modified
version [17], while other studies [18, 19] used the scale
developed by Saunders et al. [20], or self-constructed
questionnaires [12, 21]. While, some of these self-efficacy
scales showed acceptable/adequate internal consistency
(Cronbach’s alpha coefficient (α) higher than 0.70) and test-
retest reliability (TRT larger than 0.60) [13–20], others did
not [22].
Valid and reliable measures are needed to test the

associations between self-efficacy and behavior and to
examine the possible mediating effect of self-efficacy
in behavior change programs. Levels of self-efficacy
have been reported to be significantly different by
children’s sex, age, and body weight status [23–25].
True differences in the validity of the measurement
scale may make it difficult to compare parameter esti-
mates across these different groups when comparing
the results across studies. Furthermore, understanding the
group-related differences in item validity across demo-
graphic or body weight status groups could help design in-
terventions tailored to specific items in different groups
and thereby enhance program effectiveness.
Classical test theory (CTT), the traditional method

for evaluating scales, is sample-dependent, and
thereby cannot assess the functioning of item
responses across different groups. Item response mod-
eling (IRM) is a psychometric analysis method that
provides model-based measurements. IRM links the
individuals’ difficulty of response to each item,
provides the distribution of respondents across the
scale, and enables differential item functioning (DIF)
analysis [26]. While, item functioning of children’s
FSE and VSE has been evaluated by sex and ethnic
groups in American children [27], no one has
analyzed item functioning across age and body weight
status groups for FSE and VSE, nor conducted this
kind of analysis for WSE and PASE, nor among
Chinese children.
This study evaluated the psychometric properties of

FSE, VSE, WSE, and PASE and investigated item differ-
ences in their psychometric properties across sex, age, and
body weight status groups using IRM and DIF.

Methods
Participants
The sample was from the validation study of the Physical
Activity Questionnaire for Older Children among
Chinese children [28]. Children (n = 798, 55.8% males)
aged 8-13 years old were recruited from six Hong Kong

primary schools that agreed to participate in the study.
The schools were located in different administrative dis-
tricts with varied socio-economic status (SES) (two from
high SES, one from medium SES, and three from low
SES districts) according to local statistics [29]. Students
were excluded if they had any contraindication to par-
ticipating in PA or eating a normal diet. A subsample of
94 children (54.3% males) was randomly selected to
complete the questionnaires twice within 7-10 days to
assess the scale test-retest reliability. The ethic commit-
tee of Hong Kong Baptist University approved this
study.

Measures
A standard translation and back translation procedure was
used with three bilingual language speakers (i.e., English
and Cantonese). Minor wording revisions were made
according to cognitive interviewing feedback from five
primary students to ensure that target children could
understand the instructions and items. All participants
completed the questionnaire set in schools under the ad-
ministration of research assistants.

Body weight status
Children’s height and weight, measured by physical
education teachers, were retrieved from the latest school re-
cords. Height was measured to the nearest 0.1 cm and
weight was measured to the nearest 0.1 kg. Body mass
index (BMI, kg/m2) was calculated as weight in kilograms
divided by height in meters squared. According to inter-
national age- and sex- specific cutoff points, body weight
status of participating children were classified into under-
weight [30], healthy, overweight and obese [31] groups
based on their BMI values.

Self-efficacy for fruit (FSE), vegetable (VSE) and water (WSE)
Validated self-efficacy scales for fruit, vegetable and water
intakes were used to assess children’s FSE, VSE and WSE
[32]. The scales consisted of 12, 8, and 5 items with di-
chotomous “sure” and “not sure” response categories and
demonstrated acceptable internal consistency for FSE
(α = 0.75) and VSE (α = 0.70) and marginal level of in-
ternal consistency for WSE (α = 0.55) in an American
sample [32]. Construct validity was assessed through
correlation among the self-efficacy scores and fruit and
vegetable consumption, preferences and outcome expect-
ancies (r = 0.10-0.21) [32]. Each item of the self-efficacy
scales asked about the participant’s confidence in consum-
ing fruit, vegetables or water under diverse circumstances.
A FSE sample item included “How sure are you that you
can eat 1 portion of fruit for a snack at home at least four
days a week?” AVSE sample item included: “How sure are
you that you can eat 3 portions of vegetables at least 4
days a week?” A WSE sample item included “How sure
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are you that you can drink 4 glasses or bottles of water for
at least one day?” Considering item response difficulty, all
items featured three response options in this study (1 = I
am not sure; 2 = I am a little bit sure; 3 = I am very sure).
The internal consistency in this sample was 0.86, 0.85,
0.79 for FSE, VSE, and WSE, respectively.

Self-efficacy for physical activity (PASE)
Children’s PASE was assessed by a validated Physical Ac-
tivity Self-efficacy scale [33]. The scale had 12 items and
demonstrated adequate internal consistency (α = 0.81) in
the original validation study [33]. Weak but comparable
correlations (r = 0.09-0.11) were found between PASE
and minutes of moderate- to vigorous- activity. Similar
to the FSE, VSE and WSE, children responded how sure
they were that they could engage in PA in various condi-
tions with a 3-response category (1 = I am not sure;
2 = I am sure a little; 3 = I am sure a lot). Sample items
included “How sure are you that you can be physically
active more than 30 minutes for at least 4 days a week,
even when the weather outside is bad?” “How sure are
you that you can ask your friends to be physically active
with you more than 30 minutes for at least 4 days a
week?” The scale in this sample presented excellent in-
ternal consistency (α = 0.91).

Statistical analyses
Classical test theory (CTT)
First, CTT was used to evaluate the scales and item
characteristics using SPSS 20.0 (IBM, Chicago, IL, USA).
Item means were calculated to assess item difficulty.
Cronbach’s alpha coefficient (α) was computed to assess
scale internal consistency; values greater than 0.70 are
deemed acceptable for general research purposes [34].
Item discrimination was evaluated using corrected item
total correlations (CITC) that were calculated by the
correlation coefficients between the scores on the item
and the sum of scores of all the other items in a scale.
Poorly discriminating items were identified with CITC
lower than 0.30 [35]. The intraclass correlation coeffi-
cient with a two-way random model was computed to
determine test-retest reliability; a minimum threshold of
0.70 was considered adequate [36].

Item response modeling (IRM)
Exploratory factor analysis was used to examine the pri-
mary assumption of IRM, unidimensionaltiy, for each
subscale. The assumption of unidimensionalty was met
if the scree plots showed one dominant factor, the first
factor explained at least 20% of scale variance, and the
factor loadings were >0.30 [37].
IRM models illustrate respondents’ latent trait based on

their patterns of item responses. Both respondents’ trait
levels and items’ psychometric properties are specified in

IRM models. The degree of difficulty in agreeing with an
item or endorsing a category is modeled as a function of
person trait and item parameters. There are different
mathematical forms of item characteristic functions and
the number of parameters estimated for IRM models, but
all IRM models include one or more item parameters to
describe the probability of a certain score on an item,
given a person’s latent traits [38, 39].
Polytomous IRM models, are used when items

present multiple response choices, such as in attitude
surveys and personality assessment tests [40, 41].
Only polytomous models are discussed here because
the self-efficacy scale items present three response
categories. Polytomous models model the probability
for any item of endorsing one response category over
another. Polytomous models include additional pa-
rameters, referred to as category boundary, threshold
parameter or step difficulty which indicate the prob-
abilities of responding at or above a given category.
For an item with k response options, there are k–1
thresholds between the response options. For
example, an item with three response options (I am
not sure, I am a little bit sure, and I am very sure)
will require two threshold estimates: (1) the step from
“I am not sure” to “I am a little bit sure”, and (2)
from “I am a little bit sure” to “I am very sure”, One
goal of fitting a polytomous model is to determine
the location of such thresholds along the latent trait
continuum.
Due to the number of the subscales and responses,

multidimensional polytomous models, was selected to
assess respondents’ latent traits. Two polytomous
models were considered: the partial credit (PCM) [42]
and the rating scale models (RSM) [43, 44]. RSM is a
special case of the PCM where the response scale is
fixed for all items. That is, the response threshold
parameters are assumed to be identical across items. For
the present study, the final choice of a model was
determined by comparing the deviance of the two
competing multidimensional polytomous models using a
Chi-square test.
Item fit was evaluated using infit and outfit mean

square item fit indices (MNSQ) which have non-
negative values. Infit is an information-weighted form of
outfit. Infit MNSQ (information-weighted fit statistic)
and outfit MNSQ (outlier-sensitive fit statistic) are based
on information-weighted sum of squared standardized
residuals and non-weighted sum of squared standardized
residuals, respectively [45]. An infit or outfit MNSQ
value of around one suggests the observed variance is
similar to the expected variance. Mean square values
greater than one or smaller than one indicate the
observed variance is greater or smaller than expected,
respectively. Infit or outfit MNSQ values greater than
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1.3 indicate poor item fit when sample size is smaller
than 500 [46]. With respect to thresholds, outfit MNSQ
values greater than 2.0 indicate misfits, identifying candi-
dates for collapsing with a neighboring category [45, 47].
Item-person maps, often called Wright maps (with

units referred to as log odds), present both the distribu-
tions of scale items with that of the respondents on the
same scale. Person, item and threshold estimates were
placed in the same map where “x” on the left side repre-
sented the distribution of person trait estimates along
the self-efficacy continuum with the student scoring the
highest self-efficacy placed at the top of the figure. Item
and threshold difficulties were presented on the right
side, with the more difficult response items and categor-
ies placed at the top. Ik denotes threshold k for item I.

Differential item functioning (DIF)
Participants with the same underlying trait level may
have different probabilities of endorsing an item. DIF
is an indicator when an item performed differently
between groups of individuals. For example, a finding
of DIF by sex means that a male and a female with
the same latent trait level responded differently to an
item, indicating that the respondents’ interpretation of
the item differed for men and women.
DIF was assessed by adding a group main effect

and an item-by-group interaction term to the model
[27, 48–50]. Whether an overall scale demonstrated
DIF was indicated by a significant chi-square for the
item-by-group interaction term. The ratio of the
item-by-group parameter estimates to the correspond-
ing standard error identified which items displayed
DIF. DIF was indicated when the estimate to standard
error ratio exceeded 1.96. The magnitude of DIF was
determined by examining the differences of the item-
by-group interaction parameter estimates. Because the
sum of the parameters was constrained to be zero, if
only two groups were considered, the magnitude of
DIF difference was twice the estimates of the first
reference group. For example, the estimate of the sex
by item effect for Item 1 for males was −0.2, and
then the estimate of the group by item effect for Item
1 for females was 0.2. The difference in item difficulty
between older and younger children was −0.4. If
comparison was made among three or more groups,
the magnitude of DIF was the differences in estimates
of the corresponding groups. Items that displayed
statistically significant DIF were placed into one of
three categories depending on the effect size: small
DIF (difference < 0.426), intermediate DIF (0.426 < dif-
ference < 0.638), and large DIF (difference > 0.638)
[51, 52]. ACER ConQuest [53] was used for all IRM
analyses.

Results
Descriptive statistics
Participants’ characteristics are shown in Table 1. Thirty-
five children (4.4%) did not complete any of the items
and were excluded from analyses, resulting in a sample
of 763 children with 55.2% boys. Participants were clas-
sified into younger children aged 8-10 years (43.5%) and
older children aged 11-13 years (56.5%). Body weight
status was categorized into three groups with 96 (13.1%)
underweight children, 417 (56.8%) children with healthy
weight, and 221 (30.1%) overweight/obese children.

Classical test theory (CTT)
The percentages of variance explained by the one-factor
solution were 39.7%, 49.0%, 54.5% and 49.7% for FSE,
VSE, WSE and PASE, respectively. Each scree plot re-
vealed one dominant factor and factor loadings were
higher than 0.30 for all the scales.
As presented in Table 2, CTT revealed that item diffi-

culty (item means) ranged from 1.51 (0.76) to 2.59 (0.65)
based on the scale ranging from 1 to 3, indicating that
on average the responses were moderately difficult to
agree with. Internal consistencies were excellent for
PASE (α = 0.91), good for FSE (α = 0.86) and VSE
(α = 0.85), and adequate for WSE (α = 0.79). CITCs were
acceptable to high (0.40 to 0.74). The test-retest reliabil-
ities were acceptable: 0.80 for FSE, 0.78 for VSE, 0.71 for
WSE, and 0.79 for PASE.

IRM model fit
The relative fit of multidimensional RSM and multidi-
mensional PCM was evaluated by considering the
deviance difference, where df was equal to the differ-
ence in the number of estimated parameters between
the two models. The chi-square (χ2) deviance statistic
was calculated by considering differences in model
deviances (RSM: 46,107.92; PCM: 45,903.92) and dif-
ferences in numbers of parameters (RSM: 48; PCM:
84) for the nested models. The chi-square test of the

Table 1 Participants’ characteristics (N = 763)

Demographic characteristics n %

Sex

Boys 421 55.2

Girls 342 44.8

Age (yrs)

8-10 332 43.5

11-13 431 56.5

Body status

Underweight 96 13.1

Healthy weight 417 56.8

Overweigh/obesity 221 30.1
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WT

deviance differences showed that RSM significantly
reduced model fit (Δ deviance = 204.01, df = 36,
p < 0.0001). Thus, the analyses indicated that the
multidimensional RSM did not perform as well as the
multidimensional PCM. As a result, further analyses
reflect those from PCM.

Item fit
A summary of misfit indicators (MNSQ) and item diffi-
culties are shown in Table 3. The MNSQ values greater
than 1.3 indicate poor item fit. One VSE item (item 1,
infit mean square = 1.60) and one PASE item (infit mean
square for item 1 = 1.33) did not meet the recom-
mended criterion value of 1.3. Both items were also mis-
fits in the differential item functioning analyses when
the subgroups were students’ sex (VSE Item 1 infit mean
square = 1.35; PASE Item 1 infit mean square = 1.32),
age (VSE Item 1 infit mean square = 1.63; PASE Item 1
infit mean square = 1.68), and weight status (VSE Item 1
infit mean square = 1.39; PASE Item 1 infit mean
square = 1.46).

Item-person fit Wright map
Table 4 presents the PCM item-person maps. The
participants’ self-efficacy estimates (confidence for
fruit, vegetable, water intakes, and PA engagement),
and the item and item threshold difficulty distribu-
tions are on the same logit scale. The difficulty distri-
bution is ideally presented with a normal distribution
from −3.0 to +3.0. As shown in the figure, FSE and
VSE approached a normal distribution. There were
small portions of participants with higher and lower
levels of WSE and PASE (logits >3.0/ < −3.0).
The items were distributed in the centre of the

Wright diagram. Item difficulties showed that the
logits ranged from – 0.719 to 1.171 for FSE, from
−0.841 to 0.556 for VSE, from −0.413 to 0.345 for
WSE, and from −1.515 to 0.748 for PASE, respect-
ively. The distributions nearly overlapped between
item threshold and person measures (indicating the
full distribution of individuals was measured by items
across the whole distribution, as desired) for three of
the self-efficacy scales, except VSE. Participants at the
lower and higher ends of VSE did not coincide with
the item’s first and second threshold.

Differential item functioning (DIF)
Children’s sex groups
Item difficulty differences across sex, age, and body
weight status groups are presented in Table 2. Small DIF
was detected for items 1, 5, 7, 8, 10 as well as moderate
DIF for item11 in FSE across sex groups. Among these
items, boys found it easier to endorse items 10 and 11,
but more difficult to endorse the others. Only item 6 in

VSE had significant DIF by sex at −0.20, a small DIF ef-
fect: it was easier for boys to endorse item 6. Item 1 of
WSE was detected with a small DIF effect, easier for
girls. Five items had significant DIF (small: item 10;
moderate: item 2; large: items 1, 3, and 4) in PASE. It
was easier for boys to endorse items 3, 4, and 10.

Children’s age groups
Older children aged 11-13 years were more likely to en-
dorse item 5 (small DIF at 0.18) and item 7 in FSE (small
DIF at 0.25), but less likely to endorse item 11 with small
DIF at −0.30. Two items had small DIF in VSE (items 5
and 6) and WSE (items 2 and 3) among different age
groups, respectively. Older children found that some-
what easier to endorse item 5 of VSE and item 2 of
WSE. Small DIF was indicated for six items (items 1, 2,
3, 5, 9, 10) of PASE between younger and older children.
It was easier for older children to endorse items 1, 3,
and 5.

Children’s body weight status
Between underweight and healthy weight children, small
DIF was detected for items 2 (easier for healthy weight
children) and 9 of FSE, item 2 (easier for healthy weight
children) and 4 of VSE, items 1 and 4 (easier for healthy
weight children) of WSE, and items 3 (easier for healthy
weight children) and 6 of PASE as well as medium DIF
detected for items 1 and 6 (easier for healthy weight
children) of VSE, item 5 (easier for healthy weight
children) of WSE. In comparison of underweight and
overweight/obese children, items 7 (easier for under-
weight children) and 11 of FSE, items 2, 4 (easier for
underweight children) and 5 of VSE, item 1 (easier for
underweight children) of WSE, and items1, 2, 4, 5 and 8
of PASE (easier for underweight children for item 1, 2,
and 8) were examined with small DIF; items 1 (easier for
underweight children) and 6 of VSE, item 5 of WSE, and
item 3 of PASE showed medium DIF. Between healthy
and overweight and obese children, small DIF was indi-
cated for items 2, 7, 10, and 11 of FSE (easier for healthy
children for item 2 and 7), items 5 of VSE, and items 3,
4, 5 of PASE; and medium DIF were indicated for items
1 and 2 (both easier for healthy children) of PASE. No
large DIF was found across different body weight status
groups.

Discussion
The present study investigated the psychometric proper-
ties of FSE, VSE, WSE and PASE scales using CTT and
IRM, and their stability across sex, age and body weight
status groups based on IRM using the partial credit
model. CTT results showed that the examined scales
had adequate to excellent internal consistency and ad-
equate test-retest reliability. The item difficulties were
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moderately easy to difficult. Items in the scales were
considered discriminating. The symmetric distribution
of items and item thresholds for individuals from the
Wright map indicated the utilization of three-point re-
sponses nearly covered the participants from low to high
levels of each self-efficacy scale except VSE, suggesting
the items in VSE should be revised or new ones devel-
oped to cover the more difficult and easy levels.
One item (item1) in VSE and one items (item1) in

PASE were identified as misfit items. These items also
exhibited DIF across different groups. Item 1 of VSE
(i.e., “How sure are you that you can eat 1 portion of a
vegetable at lunch at least one time on a school day?”)
and item 1 of PASE (i.e., “How sure are you that you
have the ability to do physical activities like running,
dancing, bicycling, or jumping rope?”) showed moderate
DIF on the basis of children’s body weight status.
Compared with overweight/obese children, underweight
children tended to have 1 portion of a vegetable at least
once on a school day. Children with healthy weight were
more likely to engage in various kinds of PA than
overweight and obese children. These findings suggest
children’s perceived confidence to comply with the
healthy lifestyle differed across different body weight
status, consistent with the previous studies [25, 54, 55].
Since these two items did not behave the same way across
these groups, they should be substantially revised or de-
leted from the scales.
DIF presented distinct difficulties by children’s sex

groups. Given items with small DIF are generally not of
major concern [56], we only discuss items with medium/
large DIF because they require more attention in the future
studies. Ignoring small DIF effects, there was moderate DIF
for item 11 of FSE, and item 2 of PASE, and large DIF for
items 3 and 5 of PASE. Boys showed higher confidence that
they could participate in team sports (e.g., basketball,
softball) than girls, but not in flexibility/rhythm-related
activities (e.g., dancing, jumping rope). These DIF suggest
sex-specific tailoring of an intervention to boys and girls
based on their differences of food and activity preferences,
as suggested by existing research [57, 58].
DIF across demographic variables could be due to differ-

ences in ability to comprehend the meaning of the specific
items or actual differences in the efficacy level to adopt
healthy eating behaviors or engage in PA. Moderate DIF
across body weight status groups and moderate to large
DIF across sex groups indicate the need to re-check and
revise items to produce non-significant DIF or reduce DIF
to a considerably lower level [59]. Developing the sex and
body weight status specific self-efficacy scales should be
considered.
VSE items and thresholds did not cover the higher and

lower difficult to endorse ends of confidence. This may re-
quire rewriting existing items or adding new items to

extend the end of the distribution of items and thresholds.
For example, a VSE item at average difficulty, “I can eat 1
portion of a vegetable at lunch at least one time on a
school day”, might be revised into “I can eat 1 portion of a
vegetable at lunch at least three times on school days” ,
which would appear to have greater difficulty. An item
with large difficulty, e.g., “I can eat 3 portions of vegetables
at least 4 days a week”, could be transformed to possibly
low difficulty, e.g., “I can eat 3 portions of vegetables at
least one day a week”.
In the study, WSE contained 5 items and the logits of

item difficulties ranged from −0.413 to 0.345. WSE
showed narrower item distribution compared with the
other three ones. To cover a wider range of latent trait,
more diverse WSE items should be developed in future
studies. For example, items addressing confidence in
overcoming different types of barriers to have more
water [32] (e.g., social impediments [60] referred to as
coping SE [61], or emotional state). Additionally, types
of item which could enhance the distributional proper-
ties could also be examined in the future.
Several limitations of the study should be men-

tioned. Even though existing and previously validated
instruments were used and demonstrated good in-
ternal consistency in this study, validity of the scales
are not available among the target children. Further
validation studies should be implemented to evaluate
the application of scales in different cultural settings
among Chinse children (e.g., children from urban and
rural areas in mainland China). Furthermore, IRM’s
complexity requires a large sample size. Recommendations
have been ranged from 200 per group [62] to 500 per group
[63]. Possible limitations of small sample size should be ac-
knowledged in the current study. Further investigation
should retest the findings by recruiting more participants.
Moreover, further investigation could be undertaken with
other DIF-detection procedures (e.g., non-uniform differen-
tial item functioning).

Conclusion
FSE, VSE, WSE and PASE demonstrated acceptable fac-
torial validity, test-retest reliability, and adequate to ex-
cellent internal consistency by CTT. IRM provides
useful insights on item difficulty estimates that were not
dependent on the sample. The latent variables indicated
adequate fit to the data, however, the items and thresh-
olds did not adequately cover the easier and more
difficult to endorse ends of VSE. A revised VSE ques-
tionnaire is needed to provide full range of self-efficacy
difficulty estimates. Several items of the four examined
self-efficacy scales exhibited moderate or large differen-
tial item functioning on the basis of children’s sex and
body weight status. Additional psychometric work re-
mains to be done while scales can be used in diverse
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groups with due caution. Further formative work for
questionnaire is necessary.
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Appetitive traits associated with higher and
lower body mass index: evaluating the
validity of the adult eating behaviour
questionnaire in an Australian sample
Kimberley M. Mallan1,2* , Alison Fildes3,4, Xochitl de la Piedad Garcia1, Jayne Drzezdzon1, Matthew Sampson1

and Clare Llewellyn4

Abstract

Background: The aims of this study were to evaluate the factor structure of the newly developed Adult Eating
Behaviour Questionnaire (AEBQ) (Hunot et al., Appetite 105:356-63, 2016) in an Australian sample, and examine
associations between the four food approach and four food avoidance appetitive traits with body mass index (BMI).

Methods: Participants (N = 998) recruited between May and October 2016 via a university research participation
scheme and online social network sites completed an online version of the AEBQ and self-reported demographic and
anthropometric data. Of the sample, 84.8% were females, 29.6% had completed a university degree and the overall
mean age was 24.32 years (SD = 8.32). Confirmatory factor analysis (CFA) was used to test three alternative factor
structures (derived from issues raised in the original development study): the original 8 factor model, a 7 factor model
with Food Responsiveness and Hunger scales combined, and a 7 factor model with the Hunger scale removed.

Results: The CFA revealed that the original 8 factor model was a better fit to the data than the 7 factor model in which
Food Responsiveness and Hunger scales were combined. However, while reliability estimates for 7 of the 8 scales were
good (Cronbach’s α between 0.70-0.86), the reliability of the Hunger scale was modest (0.67) and dropping this factor
resulted in a good fitting model. All food avoidance scales (except Food Fussiness) were negatively associated with body
mass index (BMI) whereas Emotional Overeating was the only food approach scale positively associated with BMI.

Conclusions: The study supports the use of the AEBQ as a reliable and valid measure of food approach and avoidance
appetitive traits in adults. Longitudinal studies that examine continuity and stability of appetitive traits across the lifespan
will be facilitated by the addition of this measurement tool to the literature.

Keywords: Appetitive traits, Eating behaviour, Appetite, Obesity, Adults, Confirmatory factor analysis

Background
At a time when obesity has become a public health crisis
affecting children and adults across the globe, there has
never been more focus on our eating habits. The current
food environment and sedentary lifestyles, dubbed ‘obe-
sogenic’, may to some extent explain the global rise in
the prevalence of obesity [1]. However a potential

explanation as to why some individuals maintain a
healthy weight whilst others become obese has been
provided by the behavioural susceptibility model in
which inherited traits may interact with these
environmental factors to increase or attenuate obesity
risk [2]. In particular, inherited differences in eating be-
haviours – or ‘appetitive traits’ – that make some indi-
viduals more susceptible to overeating, may account for
differences in energy intake and ultimately weight status
from early in life [3–5].
Individual differences in appetitive traits such as

heightened responsiveness to food cues (e.g., eating in
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response to the sight, smell, or taste of palatable foods)
and emotional overeating (e.g., eating more in response
to negative emotions) have consistently been associated
with excess energy intake and higher weight [4, 6]. From
birth, differences in ‘appetite’ have been prospectively as-
sociated with rate of weight gain [7–9]. In children, the
study of the relationship between both ‘food approach’
(e.g., Food Responsiveness, Enjoyment of Food) and
‘food avoidance’ (e.g., Satiety Responsiveness, Food
Fussiness) appetitive traits and body mass index (BMI)
[10–13], observed eating behaviour/intake [5, 14], food
preferences [15], and parental feeding practices [16–19]
has been facilitated by the widely used Children’s Eating
Behaviour Questionnaire (CEBQ) [20].
The CEBQ is a parent-report instrument that mea-

sures 8 appetitive traits. In multiple samples across the
world the CEBQ has shown good reliability and a robust
factor structure [11, 20–22]. In 2011 an infant version of
the CEBQ – the Baby Eating Behaviour Questionnaire
(BEBQ) [23] was developed to assess equivalent food ap-
proach and food avoidance appetitive traits during the
period of exclusive milk feeding. The BEBQ has shown
good reliability, robust factor structure and associations
with weight status in multiple samples [23, 24].
To date the measurement of eating behaviours in adults

has tended to focus heavily on eating behaviours specific-
ally related to disordered eating and/or obesity risk. The
two most prominent and extensively validated question-
naires in the field are the Three-factor Eating Question-
naire [25] which measures constructs of dietary restraint,
disinhibition and hunger, and the Dutch Eating Behaviour
Questionnaire [6, 26] which also measures three con-
structs: restraint, emotional eating and external eating.
However, these measurement tools for use in adult sam-
ples have not included items that reflect appetitive traits
such as satiety responsiveness and slowness in eating
which may protect against excess energy intake and over-
weight. Similarly, there has been little research in adults
on picky or fussy eating, and when fussy eating has been
assessed it tends to have been treated as a categorical vari-
able (i.e., picky vs not picky) [27]. The recently developed
Adult Eating Behaviour Questionnaire (AEBQ) [28] was
specifically designed to address these gaps in the literature.
The AEBQ includes 8 scales encompassing both food ap-
proach (Hunger, Food Responsiveness, Emotional Over-
eating and Enjoyment of Food) and avoidance appetitive
traits (Satiety Responsiveness, Food Fussiness, Emotional
Under-eating and Slowness in Eating).
The AEBQ was developed based on the CEBQ/BEBQ

with the intention that it would allow for future studies to
examine the continuity and stability of appetitive traits
from infancy into adulthood using similar measurement
tools. In a community sample of 954 UK adults the factor
structure of the AEBQ was evaluated using confirmatory

factor analysis and the mean scale scores were correlated
with self-reported BMI. An 8 factor model showed a good
fit to the data and, as expected, the food approach scales
(except Hunger) and the food avoidance scales (except
Food Fussiness) were significantly associated with lower
and higher BMI respectively [28].
To our knowledge the factor structure of the AEBQ

has not yet been replicated and has not been validated in
a sample outside the UK. As with all new measurement
tools it is important to replicate the factor structure in a
new sample and to examine aspects of validity, such as
associations between subscales and BMI. Furthermore,
the authors of the AEBQ indicated some reservation
over the novel ‘Hunger’ scale (unlike the other scales,
this was an entirely novel scale and is not included in
the CEBQ); specifically whether the items on this scale
should be combined with or remain separate from the
Food Responsiveness items, or whether the scale should
be retained at all [28]. The present study aimed to
examine the reliability and validity of the AEBQ in an
Australian sample by evaluating: 1) the psychometric
properties of the scales and the overall factor structure
using the gold-standard method of confirmatory factor
analysis; and 2) associations between the scales and BMI
to establish construct validity. It was hypothesised that
the food approach scales would be associated with
higher BMI whereas the food avoidance scales would be
associated with lower BMI.

Method
Study design and participants
In this cross-sectional study participants were invited to
complete an anonymous online survey via an online re-
search participation site whereby students studying
psychology at Australian Catholic University could vol-
untarily participate in research studies and through a so-
cial networking site (i.e., Facebook). Of the total sample
(N = 998), 313 were recruited via the university psych-
ology research participation site and 590 were recruited
via Facebook. Due to the nature of the sampling ap-
proach used a response rate could not be estimated.
Eligibility criteria for participation were: English speak-
ing, no current diagnosed psychological disorder and no
current or history of diagnosed eating disorder(s). Partic-
ipants recruited through the university research site
gained credit towards a psychology unit. All other partic-
ipants were eligible to enter a draw to win a set of head-
phones (valued at approximately AUD250) or one of 10
shopping vouchers (valued at AUD20 each).

Measures
Demographics
Participants self-reported age, gender, highest level of educa-
tion completed (primary, secondary, post-secondary school
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certificate/diploma, undergraduate university degree, post-
graduate university degree), and ethnic background.

Appetitive traits
Appetitive traits were assessed via the AEBQ [28]. The
35 item questionnaire comprises 4 ‘food approach’ sub-
scales: Hunger (5 items; e.g. I often feel hungry); Food
Responsiveness (4 items; e.g. I am always thinking about
food); Emotional Over-eating (5 items; e.g. I eat more
when I’m upset); Enjoyment of Food (3 items; e.g. I enjoy
eating), and four ‘food avoidance’ subscales: Satiety Re-
sponsiveness (3 items; e.g. I get full up easily); Emotional
Under-eating (5 items; e.g. I eat less when I’m worried);
Food Fussiness (5 items including 3 reverse coded items;
e.g. I refuse new foods at first), and Slowness in Eating (4
items including 1 reference coded items; e.g. I eat
slowly). Item responses were recorded on a 5-point
Likert scale ranging from ‘Strongly Disagree’ to ‘Strongly
Agree’. Mean scores were calculated for each subscale.

Anthropometrics
Body mass index (kg/m2) was calculated based on self-
reported height and weight data.

Statistical analysis
Descriptive statistics and reliability estimates for the
AEBQ scales were conducted in IBM SPSS Version 22.
Similarly, relationships between AEBQ scales (un-
weighted means) and BMI were examined via Pearson’s
correlations and multivariable linear regression analyses
were used to control for gender, age and sample (univer-
sity vs online).
The sample had 0.33% missing data on the AEBQ

items overall and ≤1.00% missing data on each of the 35
items. Thus, in order to avoid deletion of cases, missing
data were imputed using Expectation Maximisation
(EM) imputation in SPSS Version 22 prior to further
analysis. Confirmatory factor analysis using structural
equation modelling (IBM AMOS V.22) tested the fit to
the data of three alternate models based on the findings
of Hunot et al. [28]. Model 1 included all 35 items load-
ing onto the 8 original factors of the AEBQ. Model 2 in-
cluded all 35 items loading onto 7 factors, with the
Hunger and Food Responsiveness items loading onto a
single factor. Finally, Model 3 excluded the Hunger fac-
tor (i.e. only 30 items loading onto 7 factors were in-
cluded). In all cases specifications for the models
included: correlated factors, uncorrelated error variances
and fixing the variance of the first item on each factor to
1. The hypothesised models were un-identified. Based
on recommendations [29, 30], the acceptability of model
fit was evaluated against achievement of the following
criteria: Tucker Lewis Index (TLI) approaching 0.90;
Comparative Fit Index (CFI) ideally >0.90, and Root

Mean Square Error of Approximation (RMSEA) ideally
≤0.06. Item-factor loadings, factor variance and item
variance were also considered when evaluating model fit.
Parsimony of alternate models (1 and 2 only) was
assessed using Akaike’s Information Criteria (AIC)
whereby small values indicated a more parsimonious
model. Given that the primary aim of the study was to
compare these three alternate factor structures of the
AEBQ, modifications (e.g. adding error covariances) to
improve model fit were not considered.

Results
The characteristics of the sample are presented in
Table 1. The sample was over-represented by young,
Caucasian females.
Reliability estimates and mean scale scores for the

AEBQ are presented in Table 2 alongside the correspond-
ing values from the Hunot et al. study [28] (includes un-
published data obtained directly from the author). In the
present sample Cronbach’s alpha values for all scales ex-
cept for Hunger were ≥.70, and were generally comparable
to those values from the original UK sample. Examination
of mean scale scores indicated relatively higher means for
food approach scales compared to food avoidance scales
(Table 2) within the present sample. Numerically higher
mean scores were observed for the food approach scales
in the present sample compared to the original UK sample
(Food Responsiveness +.51, Enjoyment of Food + .37 and

Table 1 Characteristics of N = 998 participants recruited via a
university research scheme (n = 408) and via social media (n = 590)

Characteristics Mean ± standard deviation
or % (n)

Age (years) (n = 893) 24.32 ± 8.32

Gender (female) (n = 996) 84.8% (845)

BMI (kg/m2)a (n = 983) 24.90 ± 5.60

Highest level of education (n = 995)

Primary school 1.2 (12)

Secondary school 44.0 (438)

Certificate/diploma 25.1 (250)

Undergraduate university degree 24.2 (241)

Postgraduate university degree 5.4 (54)

Ethnicity (n = 996)

Caucasian 80.9 (806)

Asian 6.3 (63)

Hispanic 1.6 (16)

African 1.1 (11)

Aboriginal or Torres Strait Islander 1.6 (16)

Pacific Islander 1.8 (18)

Other 6.6 (66)
abased on self-reported height and weight data
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Hunger + .30, Emotional overeating +.22). Differences in
mean scores were negligible between the samples for the
food avoidance scales.
Fit indices for the three alternate models of the AEBQ

are presented in Table 3. For all models all factor variances
were significant (p < .001), all factor-item loadings were
above .300 and significant (p < .001), and all item squared
multiple correlations were above .1. The original 35-item,
8 factor model Model 1) showed good fit to the data and
was clearly superior to the 35-item, 7 factor model (Model
2) according to all fit indices considered and was a more
parsimonious model according to the AIC values (Table
3). The 30 item, 7 factor Model (Model 3), although not
directly comparable to Models 1 and 2 due to a different
number of items, also showed good fit overall (see Table
3). These results provide support for the original 8 factor
model (Model 1) or a 7 factor model that excludes the
Hunger factor/items entirely (Model 3).
As expected the food approach scales were positively

inter-correlated and were generally negatively correlated
with the food avoidance scales (Table 4). Unexpectedly
there was a positive correlation between Hunger and
Emotional Under-eating. The food avoidance scales were
also positively inter-correlated however Food Fussiness
was not significantly related to Emotional Undereating
(Table 4). Associations with self-reported BMI are also

presented in Table 4 (unadjusted and adjusted for age,
gender and sample). As expected Emotional Over-eating
was associated with a higher BMI but contrary to predic-
tions the other food approach scales were not: Food Re-
sponsiveness and Enjoyment of Food were not
associated with BMI and Hunger was significantly asso-
ciated with a lower BMI. In line with expectations, all
food avoidance scales, except for Food Fussiness, were
associated with a lower BMI.

Discussion
The purpose of this study was to evaluate the reliability
and validity of the AEBQ using CFA, and examine asso-
ciations with BMI in an Australian sample. The AEBQ
was designed to measure 4 food approach and 4 food
avoidance appetitive traits in human adults. The results
of the CFA provided support for the 8 factor structure
of the AEBQ proposed by Hunot et al. [28] over a 7
factor version in which the Hunger and Food Respon-
siveness items were combined. Correlations between
subscales and internal reliability estimates added further
support to the utility of the questionnaire. Consistent
with the hypothesised pattern of associations and the
findings of Hunot et al. [28], all food avoidance scales,
except for Food Fussiness, were associated with a lower
BMI and Emotional Over-eating was associated with

Table 2 Descriptive statistics (mean ± standard deviation) and internal consistency estimates (Cronbach’s α) for the 8 factor Adult
Eating Behaviour Questionnaire (AEBQ) in the present Australian sample (N = 998; mean age = 24 ± 8; 84.8% female) and in the
original validation sample of British adults (N = 954; mean age = 44 ± 13; 57.3% female)

Australian sample (present study) UK sample (Hunot et al. study [28]a)

AEBQ subscale Cronbach’s α Mean ± SD Cronbach’s α Mean ± SD

Food approach subscales

Hunger .67 3.22 ± 0.74 0.75 2.92 ± 0.78

Food responsiveness .70 3.49 ± 0.74 0.75 2.98 ± 0.78

Emotional over-eating .85 2.96 ± 0.91 0.90 2.74 ± 0.98

Enjoyment of food .85 4.37 ± 0.69 0.86 4.00 ± 0.74

Food avoidance subscales

Satiety responsiveness .75 2.76 ± 0.83 0.75 2.61 ± 0.81

Emotional under-eating .87 2.96 ± 0.89 0.90 2.83 ± 0.92

Food fussiness .87 2.26 ± 0.83 0.88 2.29 ± 0.84

Slowness in eating .86 2.74 ± 1.00 0.88 2.62 ± 0.97
aincludes unpublished data

Table 3 Fit indices of three models of the Adult Eating Behaviour Questionnaire evaluated via confirmatory factor analysis in a
sample of 998 Australian adults

Model Items Factors χ2(df) χ2/df TLI CFI RMSEA AIC

Model 1 35 8 (H and FR items load on separate factors) 2059.853 (532) 3.872 .894 .905 .057 2325.853

Model 2 35 7 (H and FR items load on combined factor) 2232.461 (539) 4.142 .884 .895 .056 2484.461

Model 3 30 7 (H items/factor deleted) 1652.769 (384) 4.304 .914 .914 .058 n/a

H Hunger scale, FR Food Responsiveness scale, χ2/df normed chi-square, TLI Tucker Lewis Index, CFI Comparative Fit Index, RMSEA Root Mean Square Error of Ap-
proximation, AIC Akaike’s Information Criteria
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higher BMI. However, inconsistent with predictions, the
Hunger scale was negatively associated with BMI and
the Food Responsiveness and Enjoyment of Food scales
showed no association with BMI in this sample.
Three alternative factor structures of the AEBQ were

evaluated in this study and the results favoured the ori-
ginal 8 factor model over a 7 factor model combining
Hunger and Food Responsiveness. However, it was sug-
gested by Hunot et al. [28] that the Hunger scale may be
removed altogether in future iterations of the question-
naire as it failed to show the expected positive associ-
ation with BMI in the original study. The utility of the
scale was also questioned by the authors because indi-
viduals differ in how they perceive and interpret physical
hunger [6] and because it may be affected by other as-
pects of eating regulation such as dietary restraint [31].
The present results provide some support for the sug-
gestion that the Hunger scale may require further inves-
tigation to determine its value to the AEBQ. Firstly, the
reliability of the Hunger scale fell below .70, substantially
lower than in the original sample (0.67 vs 0.75) [28] and
deletion of items (with the lowest loading in the CFA)
did not improve reliability. Secondly, combining the
Hunger and Food Responsiveness items did not improve
the structure of the AEBQ and resulted in a less parsi-
monious and worse-fitting model. Thirdly, removal of
the Hunger scale entirely resulted in a model that
showed a good fit to the data. Finally, as will be dis-
cussed further below, the Hunger scale showed a num-
ber of unexpected correlations with another scale of the
AEBQ and with BMI.
Generally, the patterns of associations between the

scales of the AEBQ were similar to those reported in the
original validation paper [28]. The food approach scales
were positively related to one another and tended to be

negatively correlated with the food avoidance scales. Of
note, however, was the positive association between
Hunger and the food avoidance trait Emotional Under-
eating, a finding which was also observed in the original
study [28] and further clouds the interpretation of the
Hunger scale. As expected the food avoidance scales
were positively related to one another; although Food
Fussiness was not significantly related to Emotional
Under-eating and was only weakly associated with Slow-
ness in Eating. These patterns of association seem to in-
dicate that Food Fussiness is qualitatively distinct from
the other food avoidance traits. At face value, it seems
logical that Food Fussiness reflects selectivity in food
choice whereas the other food avoidance scales reflect
smaller appetite and heightened sensitivity to satiety
cues. Nevertheless, longitudinal studies of the relation-
ship between all of the appetitive traits and BMI are
needed to assess direction of effects. While Food Fussi-
ness was not associated with BMI in this sample, it may
be maladaptive in terms of achieving adequate dietary
variety and diversity [32]. Examining associations be-
tween the AEBQ scales and measures of food prefer-
ences, intake or diet quality will help to test these
predictions.
As hypothesised, the food avoidance traits Satiety Re-

sponsiveness, Emotional Under-eating and Slowness in
Eating, were all associated with lower BMI; indicating
that these scales capture dimensions of appetite. Food
Fussiness was unrelated to BMI further supporting the
suggestion that this scale reflects a qualitatively different
food avoidance trait and is not protective against excess
weight gain in an obesogenic environment. Whilst there
is some evidence that Food Fussiness may be negatively
associated with BMI in children [21, 33, 34], fussiness in
children has been associated with higher intake of

Table 4 Pearson’s correlations between the 8 Adult Eating Behaviour Questionnaire subscales (N = 998) and with self-reported BMI
(n = 983) in an Australian sample

Correlations

H FR EOE EF SR EUE FF SE BMI

Unadjusted (r) Adjusted a (β)

Food approach subscales

Hunger 1 .52** .27** .33** −.093** .099* >.001 −.023 −.16** −.13**

Food responsiveness 1 .38** .51** −.26** −.075* −.054 −.17** −.081* −.024

Emotional over-eating 1 .18** −.091* −.52** .069* −.13** .14** .15**

Enjoyment of food 1 −.25** −.056 −.21** −.42** −.022 .011

Food avoidance subscales

Satiety responsiveness 1 .25** .27** .48** −.17** −.15**

Emotional under-eating 1 −.026 .19** .007 .030

Food fussiness 1 .087* −.15** −.11**

Slowness in eating 1 −.16** −.13**
aAnalyses adjusted for gender, age and sample (university or online); n = 883 due to missing data; *p < .05, **p < .001
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sweetened foods [35] and has been suggested as a risk
factor for excessive weight gain in the longer term if in-
take of foods such as fruits and vegetables are replaced
with intake of energy-dense, highly palatable foods (high
in sugar, fat and/or salt) [36]. In adults, the relationship
between fussy eating and BMI is also unclear. In a study
of young adults no differences in BMI between ‘selective
eaters’ and ‘non-selective eaters’ was found [37]. In con-
trast, findings from both human and animal studies of
obesity have suggested that fussiness may be higher in
obese individuals and be associated with excess energy
intake depending on the availability of highly palatable
foods [38, 39].
The relationships between the food approach traits

and BMI were less straightforward. While Emotional
Over-eating was associated with significantly higher BMI
in this sample, the other food approach scales were not
significantly associated with BMI. In fact, both Hunger
and Food Responsiveness showed small but significant
correlations with lower BMI in the unadjusted analyses.
After adjusting for gender, age and sample the associ-
ation between BMI and Food Responsiveness became
non-significant whereas the association with Hunger
remained. These results are not consistent with those of
Hunot et al. [28]. However, it is worth considering that
the positive and significant (p < .05) correlations be-
tween self-reported BMI and Food Responsiveness and
Enjoyment of Food scales in their study were very small
(r = 0.071 and 0.067, respectively) and there was actually
a very small and nonsignificant negative correlation be-
tween BMI and the Hunger scale (r = −.028, p > .05). In-
terpretation of these somewhat discrepant findings is
complicated by the fact that BMI was self-reported in
both the present and earlier study, and therefore less re-
liable than researcher-measured anthropometrics.
Higher scores on the Hunger items (meant to measure

physical hunger [28]) and/or Food Responsiveness items
of the AEBQ may reflect restrained eating or dieting be-
haviour in some individuals. This could be particularly
relevant for this predominantly young Caucasian female
sample. It seems plausible that actively restricting food
intake may result in more frequent feelings of hunger
and greater responsiveness to the sight and smell of pal-
atable foods. Thus, the Hunger scale in particular may
capture the state of physical hunger rather than an
established appetitive trait. There is no Hunger scale in-
cluded in the CEBQ [20] which means it is not possible
to make comparisons with child samples, but the CEBQ
Food Responsiveness scale has consistently been associ-
ated with both higher weight [20] and increased energy
intake measured objectively [14] in children. Thus the
absence of a positive association with BMI in the present
study is surprising. However, children are unlikely to ac-
tively restrict their energy intake, whereas conscious

attempts at controlling food intake in order to regulate
weight might be responsible for supressing the expected
relationship between Food Responsiveness and BMI in
the present sample. Interestingly, mean scores on the
Hunger and Food Responsiveness scales appeared to be
higher in the present sample compared to the older UK
sample [28] (mean age = 44, SD = 13) which consisted
of a more balanced number of males and females (42.7%
male). Basic demographic differences could be respon-
sible for the different findings across the two studies. In
our young female sample, many of whom were univer-
sity students, newly-obtained independence from the
family home setting, and associated changes in eating
patterns and alcohol consumption, along with peer influ-
ences, may impact on appetitive traits – or the percep-
tion of one’s own appetitive traits. Further testing of
these hypotheses by investigating associations between
Hunger and Food Responsiveness and measures of diet-
ary restraint is needed to better understand how these
scales should be interpreted.
Despite the novelty of the data presented here and the

large sample size there are a number of limitations to con-
sider. The most salient being the over-representation of
young Caucasian women in the sample. Whilst gender
was adjusted for in the analyses, due to the relatively small
number of men, gender differences on scale scores nor
potential moderation effects of gender with association
between eating behaviours and BMI could not be confi-
dently explored. Future validation of the AEBQ in diverse
populations will allow for the broader use of the tool. As
indicated, measures of restrained eating [25] or dieting be-
haviour would be useful to include in future studies to
understand better the interaction between the appetitive
traits assessed via the AEBQ and other dietary control be-
haviours that may contribute to energy intake and BMI in
adults. Finally, the use of self-reported height and weight
to calculate BMI is a limitation and reporting of these an-
thropometrics may be subject to bias.

Conclusions
In sum, the current study supports the reliability of the
AEBQ as a measure of appetitive traits in adults. The ro-
bust factor structure and pattern of associations between
the AEBQ scales and BMI lend support to the construct
validity of the tool. Future investigation of systematic
variation in appetitive traits by factors such as gender
and age may give insight into the specific eating behav-
iours that may make individuals more or less susceptible
to excess weight gain throughout adulthood. Further-
more, investigation of the relationship between food ap-
proach scales and dieting or restrained eating as well as
between Food Fussiness and measures of poor dietary
variety is warranted. It is anticipated that the present
findings will encourage use of the AEBQ as a convenient
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and cost-effective self-report tool that will be useful in
characterising obesity risk behaviours in adults and will
allow researchers to track the development of appetitive
traits throughout infancy, childhood and across adult-
hood by using the BEBQ [23], CEBQ [20] and AEBQ
[28], respectively.
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Relationship between mean daily energy
intake and frequency of consumption of
out-of-home meals in the UK National Diet
and Nutrition Survey
Louis Goffe1,2,3* , Stephen Rushton4, Martin White1,5, Ashley Adamson1,2,3 and Jean Adams5

Abstract

Background: Out-of-home meals have been characterised as delivering excessively large portions that can lead to
high energy intake. Regular consumption is linked to weight gain and diet related diseases. Consumption of out-of-
home meals is associated with socio-demographic and anthropometric factors, but the relationship between habitual
consumption of such meals and mean daily energy intake has not been studied in both adults and children in the UK.

Methods: We analysed adult and child data from waves 1–4 of the UK National Diet and Nutrition Survey using
generalized linear modelling. We investigated whether individuals who report a higher habitual consumption of meals
out in a restaurant or café, or takeaway meals at home had a higher mean daily energy intake, as estimated by a four-
day food diary, whilst adjusting for key socio-demographic and anthropometric variables.

Results: Adults who ate meals out at least weekly had a higher mean daily energy intake consuming 75–104 kcal more
per day than those who ate these meals rarely. The equivalent figures for takeaway meals at home were 63–87 kcal.
There was no association between energy intake and frequency of consumption of meals out in children. Children who
ate takeaway meals at home at least weekly consumed 55–168 kcal more per day than those who ate these meals
rarely. Additionally, in children, there was an interaction with socio-economic position, where greater frequency
of consumption of takeaway meals was associated with higher mean daily energy intake in those from less affluent
households than those from more affluent households.

Conclusions: Higher habitual consumption of out-of-home meals is associated with greater mean daily energy intake
in the UK. More frequent takeaway meal consumption in adults and children is associated with greater daily energy
intake and this effect is greater in children from less affluent households. Interventions seeking to reduce energy content
through reformulation or reduction of portion sizes in restaurants, cafés and takeaways could potentially lead to
reductions in mean daily energy intake, and may reduce inequalities in health in children.

Keywords: Food intake, Eating out, Out-of-home meals, Energy intake, Restaurant, Takeaway, NDNS,
Food environment
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Background
Meals purchased out-of-home are considered to be less
healthy than homemade meals [1]. Out-of-home fast-
food meals tend to be higher in energy, fat, salt and
sugar and lower in vitamins and minerals than meals
prepared at home [2–9]. In particular, meals from inde-
pendent takeaway outlets are inconsistent with dietary
recommendations, delivering portions that are high in
energy, all macronutrients and salt [5, 8]. Whilst the
mechanisms that lead to overconsumption are not fully
understood [10], experiments in both laboratory and
natural settings have shown that large portion sizes, par-
ticularly of energy-dense foods, contribute to the over-
consumption of energy [11]. Furthermore, consumption
of meals from out-of-home sources has been linked to
weight gain [12, 13] and an increased risk of insulin re-
sistance [14] and type 2 diabetes [15].
Consumption of ready-to-eat food from out-of-home

outlets such as cafés, takeaways, restaurants, and con-
venience stores is common [16, 17]. Our previous work
identified that during 2008 to 2012 in the UK almost
one-quarter of adults and one-fifth of children ate a
meal out weekly and one-fifth of both adults and chil-
dren ate a takeaway meal at home at least weekly [18]. A
comparable study in the United States, during 2007 to
2010, found that adults consumed on average 11.3% of
their energy intake from fast-food [19]. The proportion
of household budgets spent on out-of-home meals has
increased. In the United States in the 1970s approxi-
mately 20% of food expenditure was spent on out-of-
home food, [20] rising to 38% by 1992 [17] and 50.1% in
2014 [21]. In the UK, excluding alcohol, the proportion
of household food and drink budgets spent out-of-home
has risen from 21% in 1995 to 26% in 2014 [22]. This in-
crease in expenditure corresponds to an increase in
availability [23], particularly with regards to multi-
national chain restaurants, which have pursued rapid
global expansion since the 1980s [24].
Increased intake of takeaway food is associated with in-

creased exposure to takeaway outlets [25]. A number of
epidemiological studies have detailed the association be-
tween increased exposure and weight gain, obesity, insulin
resistance and type 2 diabetes [12, 14, 15]. The consump-
tion of out-of-home meals is socio-demographically pat-
terned; our analysis of UK data found that boys eat
takeaway meals more frequently than girls and peak con-
sumption is found in young adults between the ages of 19
to 29 [18]. We also found that more affluent adults were
more likely to eat meals out at least once per week, but
children from less affluent households were more likely to
eat takeaway meals at least weekly [18]. Additionally, ex-
posure to out-of-home food outlets is strongly socio-
demographically patterned, since there is greater takeaway
outlet density in more deprived communities [23, 26–28].

As a result of these emerging associations, there have
been a number of studies in the US that have attempted
to quantify the effect of food from fast-food and full-
service restaurants on dietary intake whilst adjusting for
socio-demographic variables [29–32]. In adults, con-
sumption of any food from a fast-food outlets or full-
service restaurants was respectively associated with a
190 and 187 kcal greater daily energy intake [30]. The
equivalent figures for children (aged 2 to 11 years) were
an additional 126 and 160 daily kilocalories [29] and ado-
lescents (aged 12 to 19 years) were 310 and 267 kcal [29].
However, to our knowledge, no work has been carried out
on UK populations exploring how habitual patterns of
out-of-home meal consumption impact on mean daily en-
ergy intake across all ages.
We hypothesised that mean daily energy intake is

dependent on frequency of consumption of out-of-home
meals in both adults and children (hypothesis 1). We also
hypothesised that this relationship is dependent on age, gen-
der, socio-economic position and body size (hypothesis 2).

Methods
We undertook secondary analysis of individual-level data
from a large, annual UK cross-sectional survey of adults
and children to estimate the impact on mean daily en-
ergy intake of frequency out-of-home meal consump-
tion, including both meals eaten out and takeaway meals
eaten at home, whilst adjusting for a range of socio-
demographic and anthropometric factors.

Data source
We combined data from the first four annual waves of
the UK National Diet and Nutrition Survey (NDNS)
from 2008 to 9 to 2012–13. The NDNS is a rolling
programme of cross-sectional surveys carried out across
the United Kingdom. NDNS aims to recruit 1000 indi-
viduals per year, 500 adults aged 19 years and over, and
500 children aged 1.5 to 18 years, broadly representing
the UK population, and collects data on food consump-
tion, nutrient intake and nutritional status of people liv-
ing in private households. As far as possible sampling,
recruitment and data collection methods are constant
across years to enable data to be combined across survey
years [33]. Individuals in the study completed an esti-
mated four-day food diary and participated in an inter-
view to collect background data that included data on
dietary habits, socio-demographic status and lifestyle
[33]. Overall, 91% of households eligible for inclusion
agreed to take part in the first four waves of NDNS. Us-
able food diaries (three or four completed days) were
collected from at least one household member in 58% of
eligible households. At an individual level, 56% of those
selected to take part completed usable food diaries: 2083
adults and 2073 children [33].
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Variables
Mean daily energy intake
For each individual, mean daily energy intake (kilocalo-
ries) was derived from food diary data. The NDNS does
not collect data on the source of the food consumed.

Socio-demographic variables
We included three socio-demographic variables to test
the second hypothesis: age (years), gender (male/female)
and socio-economic position (SEP). SEP was measured
using the National Statistics Socio-economic Classifica-
tion (NS-SeC) [34], where individuals are assigned a
class based on the employment of the person in their
household with the highest income. Data were collapsed
into two levels for analysis – Class 1 (managerial, profes-
sional and intermediate occupations) and Class 2 (routine
and manual occupations) – as this maximised model fit,
as measured by Akaike Information Criterion (AIC). Indi-
viduals were excluded where either a response was not
provided or the householder had never worked. We antic-
ipated that SEP will impact on behaviour but not neces-
sarily in a monotonic way (e.g. increasing or decreasing
with SEP). Therefore, we used SEP as a grouping variable
to analyse the differences between classes.

Anthropometric variables
There are many ways of quantifying body size. We con-
sidered both body mass index (BMI) and the cubic
transformation of height. The cubic transformation of
height provides a body mass measure that does not in-
clude an estimate of specific tissue mass (e.g. muscle, fat
or bone). In full model analysis the cubic transformation
of height variable resulted in better model fit than BMI,
as measured by AIC.

Frequency of eating meals out and takeaway meals at
home
The NDNS does not contain details about where food
reported in food diaries was obtained but the interview
contained two questions to estimate habitual out-of-
home food consumption. These were: “On average, how
often do you/does [child’s name] eat meals out in a res-
taurant or café?”; and “On average, how often do you/
does [child’s name] eat takeaway meals at home?”. Indi-
viduals were informed by the researcher leading the
interview that “‘meals means more than a beverage or
bag of chips”. The responses available to individuals fell
on a five point ordinal scale: “Rarely or never?”; “1–2
times per month”; “1–2 times per week”; “3–4 times per
week”; or “5 or more times per week”. Due to the low
number of individuals reporting frequency of consump-
tion in the highest three categories, these were merged
to form one category “1 or more times per week”.

Data analysis
We used generalized linear modelling (GLM) to investi-
gate the relationships between frequency of consump-
tion of out-of-home meals and individual’s mean daily
energy intake, with separate models for adults (aged
19 years and over), and children (aged 1.5 to 18 years)
(Hypothesis 1). To explore the influence of socio-
demographic variables, we included gender, age, height
cubed, NS-SeC, frequency of meals out and frequency of
takeaway meals as independent predictors (Hypothesis 2).
In the adult model, we included potential interactions be-
tween: age and both frequency of meals out and takeaways
(as consumption peaks in young adults [18]); and NS-SeC
and meals out (as adults living in more affluent household
are more likely to eat meals out at least once per week
[18]). In the child model we included potential interac-
tions between: gender and takeaway meal consumption
(as more boys than girls eat takeaway meals [18]); age and
both frequency of meals out and takeaways (as consump-
tion peaks in young adults [18]); and NS-SeC and take-
away meal consumption (as children living in less affluent
households are more likely to eat takeaways [18]). We
used stepwise deletion to identify the significant indepen-
dent variables (P < 0.05). Using the derived regression
equations from the GLMs we were able to estimate mean
daily energy intake for both adults and children, adjusted
for key socio-demographic and anthropometric variables
to illustrate the relationship with habitual consumption of
out-of-home meals.
In order to illustrate the relationship between mean

daily energy intake and the frequency of consumption
variables in both adults and children, the derived regres-
sion equations from the GLMs were used to generate es-
timates, which were transformed into kilocalories and
plotted with errors bars representing 95% confidence in-
tervals. To calculate the estimates for adults we used the
mean height for both females and males in the modelled
dataset, 161 cm and 175 cm respectively. To calculate
the estimates for the children we used the mean height
for both females and males in the modelled dataset,
138 cm and 139 cm respectively.
We carried out data analyses in R [35].

Results
We only included individuals in the analysis where there
was a complete set of records for the variables of inter-
est. This resulted in 1889 (90.7%) adults and 1797
(86.7%) children from the first four annual waves of the
NDNS (2008–9 to 2012–13). A summary of variables of
interest for adults is shown in Table 1 and for children
in Table 2. Since the data were not complete for all indi-
viduals, some individuals were omitted from the ana-
lyses. We assessed the extent to which excluded and
included cases differed in their mean daily energy intake,
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frequency of consumption of out-of-home meals vari-
ables using chi-squared tests and GLMs, as appropriate.
Significant differences in the adult model included: mean
daily energy intake, where included cases were more
likely to have a higher mean daily energy intake; NS-

SeC, where included cases were more likely to be in a
higher social group; and frequency of meals out con-
sumed, where included cases were more likely to eat
meals out more frequently. Significant differences in the
child model included: mean daily energy intake, where
included cases were more likely to have a higher mean

Table 1 Summary of adult model variables

Variable Level N (%) Mean (SD)

Categorical variables

All adults 1889

Gender Male 829 (43.9)

Female 1060 (56.1)

NS-SeC Class 1:
Higher managerial, administrative,
professional and intermediate occupations

1217 (64.4)

Class 2:
Routine and manual occupations

672 (35.6)

Frequency of eating meals out Rarely or never 537 (28.4)

1–2 times per month 851 (45.1)

1 or more times per week 501 (26.5)

Frequency of eating takeaway meals
at home

Rarely or never 848 (44.9)

1–2 times per month 667 (35.3)

1 or more times per week 374 (19.8)

Continuous variables

Age Years 49.2 (16.9)

Height Centimetres 167.5 (9.5)

Mean daily energy intake Kilocalories 1811.2 (573.1)

Table 2 Summary of child model variables

Variable Level N (%) Mean (SD)

Categorical variables

All children 1797

Gender Male 934 (52.0)

Female 863 (48.0)

NS-SeC Class 1:
Higher managerial, administrative,
professional and intermediate occupations

1158 (64.4)

Class 2:
Routine and manual occupations

639 (35.6)

Frequency of eating meals out Rarely or never 497 (27.7)

1–2 times per month 923 (51.4)

1 or more times per week 377 (21.0)

Frequency of eating takeaway meals
at home

Rarely or never 682 (38.0)

1–2 times per month 733 (40.8)

1 or more times per week 382 (21.3)

Continuous variables

Age Years 9.8 (5.0)

Height Centimetres 138.4 (27.8)

Mean daily energy intake Kilocalories 1595.3 (462.1)
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daily energy intake; age, where included cases were more
likely to be older; frequency of meals out consumed,
where included cases were more likely to eat meals out
more frequently; and frequency of takeaway meals con-
sumed, where included cases were more likely to eat
takeaway meals more frequently.

Adults
Adult mean daily energy intake was dependent on gen-
der, body size, NS-SeC, frequency of eating meals out,
and in the highest consumers of takeaway meals
(Table 3).
Men consumed more energy per day (t = 9.20, P < 0.01),

as did larger adults (t = 7.69, P < 0.01) and those living in
routine and manual households consumed less (t = −3.30,
P < 0.01). Adults who ate out more frequently consumed
more energy, 1–2 times per month (t = 3.26, P < 0.01), 1
or more times per week (t = 2.91, P < 0.01). Only adults
who ate takeaway meals most frequently (1 or more times
per week (t = 2.48, P = 0.01)), consumed significantly more
energy. There was a suggestion of a positive effect of eat-
ing takeaway meals at home 1–2 times per month, but this
was not significant (t = 1.72, P = 0.08). There were no sig-
nificant interaction terms in the adult GLM relating to
mean daily energy intake.

Children
Child mean daily energy intake was dependent on gen-
der, body size and NS-SeC (Table 4).
Boys consumed more (t = 9.56, P < 0.01) as did larger

children (t = 21.33, P < 0.01) and those living in routine
and manual households consumed less (t = −2.21, P =
0.03). There was a suggestion that children who ate take-
away meals more frequently consumed more: 1–2 times
per month (t = 1.65, P < 0.10), 1 or more times per week
(t = 1.91, P = 0.06). Despite this non-significance, the fre-
quency of consumption of takeaway meals at home vari-
ables were retained due to a significant interaction

between NS-SeC and frequency of eating takeaway meals
at home, where the model estimate increased as frequency
of consumption increased, 1–2 times per month (t = 2.01,
P = 0.04), 1 or more times per week (t = 2.10, P = 0.04).
This interaction represents a synergistic effect of the two
single dependent variables alone. The mean daily energy
intake of children living in routine or manual households
was more positively related to a greater frequency of con-
sumption of takeaway meals at home than in children liv-
ing in higher managerial, administrative, professional and
intermediate households.

Model residuals
For a GLM with a Gaussian error structure to be an ad-
equate model for the data, the residuals (error) should
be normally distributed with zero mean. The distribution
of residuals from the adult and child models were nor-
mal but there were outliers at the lower end of the body
size (height cubed) range where the model appeared to
overestimate. Consideration of the records for the indi-
viduals concerned showed a level of recorded mean daily
energy intake that was lower than the intake required to
maintain an estimated basal metabolic rate, indicating
poor or inadequate recording.
The estimated mean daily energy intake in adults from

the GLMs in relation to the frequency of meals out con-
sumed are shown in Fig. 1. This suggests there is an up-
ward trend between a greater consumption of meals out
and mean daily energy intake, which levels off at a con-
sumption of 1–2 meals out per month in all groups
modelled. The estimated mean daily energy intake in
adults from the GLMs in relation to the frequency of
takeaway meals consumed is shown in Fig. 2, which sug-
gests greater consumption of takeaway meals is associ-
ated with greater mean daily energy intake in all groups
modelled. The estimated mean daily energy intake in
children from the GLMs in relation to the frequency of
takeaway meals consumed are shown in Fig. 3. Here

Table 3 Significant coefficients from adult GLM

Coefficients Estimate (Std. Error) t value Pr(>|t|)

Intercept 6.9156 (0.0507) 136.4009 < 0.001

Gender: Male 0.1733 (0.0188) 9.2008 < 0.001

Body size < 0.001 (< 0.001) 7.6875 < 0.001

NS-SeC: Class 2 −0.0457 (0.0139) −3.2976 < 0.001

Frequency of eating meals out: 1–2 times per month 0.0518 (0.0159) 3.2622 0.0011

Frequency of eating meals out: 1 or more times per week 0.0526 (0.0180) 2.9124 0.0036

Frequency of eating takeaway meals at home: 1–2 times per month 0.0256 (0.0149) 1.7243 0.0848

Frequency of eating takeaway meals at home: 1 or more times per week 0.0442 (0.0179) 2.4754 0.0134

AIC: 586.61
Null deviance: 194.80 on 1888 degrees of freedom
Residual deviance: 149.45 on 1881 degrees of freedom
D-squared: 0.23
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there is also a trend suggesting greater consumption of
takeaway meals is associated with greater mean daily en-
ergy intake. However, this association is more marked in
those individuals from NS-SeC Class 2. There is no fig-
ure illustrating the impact of frequency of meals out on
mean daily energy intake in children as this variable was
non-significant in the child GLM. The estimated differ-
ence in mean daily energy intake between the highest

and lowest consumers of both meals out and takeaway
meals are shown in Table 5.

Discussion
Summary of principal findings
We found a positive relationship between habitual con-
sumption of out-of-home meals and mean daily energy
intake. In adults, after adjusting for key socio-

Table 4 Significant coefficients from child GLM

Coefficients Estimate (Std. Error) t value Pr(>|t|)

Intercept 7.0228 (0.0156) 449.9743 < 0.001

Male 0.1114 (0.0116) 9.5896 < 0.001

Body size < 0.001 (< 0.001) 21.3252 < 0.001

NS-SeC Class 2 −0.0449 (0.0203) −2.2084 0.0273

Eating takeaway meals 1–2 times per month 0.0267 (0.0162) 1.6471 0.0997

Eating takeaway meals 1 or more times per week 0.0392 (0.0205) 1.9083 0.0565

Interaction: NS-SeC Class 2: Eating takeaway meals 1–2 times per month 0.0558 (0.0278) 2.0076 0.0448

Interaction: NS-SeC Class 2: Eating takeaway meals 1 or more times per week 0.0682 (0.0325) 2.1020 0.0357

AIC: 60.33
Null deviance: 148.00 on 1796 degrees of freedom
Residual deviance: 107.72 on 1789 degrees of freedom
D-squared: 0.27

Fig. 1 Estimated adult mean daily energy intake by frequency of
meals out consumption with error bars representing 95%
confidence intervals

Fig. 2 Estimated adult mean daily energy intake by frequency of
takeaway meal consumption with error bars representing 95%
confidence intervals
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demographic and body size variables, we found that
greater habitual frequency of consumption of both meals
out in a restaurant or café, and takeaway meals was as-
sociated with greater mean daily energy intake. Adults
who ate meals out at least weekly consumed on average
75–104 kcal more per day than those who ate these
meals rarely. Comparable figures for eating takeaway
meals at home at least weekly were 63–87 kcal. In

children, only habitual consumption of takeaway meals
at home had a suggested positive relationship with mean
daily energy intake. Children who ate takeaway meals at
home at least weekly consumed 55–168 kcal more than
those eating these meals rarely. In addition, we found
that the impact was amplified by SEP in children, where
the larger mean daily energy intake associated with habi-
tual consumption of takeaway meals at home was greater
in children from less versus more affluent households.

Strengths and limitations of study
The modelling method that we applied allowed us to in-
vestigate a range of explanatory variables. The range of
significant relationships we found indicates that our ana-
lyses are unlikely to be underpowered. Although the
NDNS attempts to attain a nationally representative
sample, because some records were excluded from our
analyses due to incomplete data, our results may not be
generalisable across the UK. However, it is unclear why
the relationships we have identified might vary in other
UK groups. As the UK out-of-home food environment is
unique [36, 37], our findings may not apply to settings
outside the UK. The NDNS does not publish data on
participants who did not complete a food diary. There-
fore, there is no straightforward method to compare
characteristics between those who completed a food
diary and those who did not. The NDNS acknowledges
that non-response bias exists in their sample and pro-
vide survey weights. While there are advantages of using
weights for simple population averages, it is not clear
how such weights are applied to more complex methods
(e.g. regression coefficients). Creating weights requires
arbitrary choices regarding inclusion of weighting factors
and interactions. We chose not to use these weights in
our analysis. However, each of our models were appro-
priately adjusted for by model covariates in order to take
account of potential confounding by socio-demographic
variables. While there were some individuals that had re-
corded mean daily energy intake that was lower than the
intake required to maintain an estimated basal metabolic
rate, indicating potentially aberrant data, we cannot state
conclusively if they were erroneous records. Therefore,
no data was excluded from our analysis.
A limitation of the data is that the two self-reported

out-of-home consumption variables have not been va-
lidated and do not detail what out-of-home food was
purchased. If systematic variation exists between what
different socio-demographic groups purchase in terms of
out-of-home meals and what types of outlets they fre-
quent, this could have led to bias. A related study in
Irish children cautioned that assessment of out-of-home
food intake using questionnaire data might lead to
underreporting, specifically when compared to food
diary data [38]. Therefore, the two out-of-home

Fig. 3 Estimated child mean daily energy intake by frequency of
takeaway meal consumption with error bars representing 95%
confidence intervals

Table 5 Estimated difference in mean daily energy intake
between the highest and lowest consumers

Difference in consumption between
‘Rarely or never’ and ‘1 or more times
per week’

Meals out (kcal) Takeaways (kcal)

Adult NS-SeC Class 1 - Male 104 87

NS-SeC Class 2 - Male 100 83

NS-SeC Class 1 - Female 79 66

NS-SeC Class 2 - Female 75 63

Child NS-SeC Class 1 - Male 62

NS-SeC Class 2 - Male 168

NS-SeC Class 1 - Female 55

NS-SeC Class 2 - Female 150
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consumption variables that we used may underestimate
actual consumption. Daily energy intake data based on
food diary data is also prone to misreporting, particu-
larly underreporting, and there is some evidence this
varies by age [39] and BMI [40].
We used a binary variable measure of SEP based on

NS-SeC, which produced a better fitting GLM than the
original eight class equivalent, as measured by AIC.
Other SEP measures are available in NDNS including
markers of education and income. We did not use these
as the majority of child participants were still in full time
education and a large proportion of participants refused
to give details regarding their income.
Our data were cross-sectional and as such we cannot

conclude that there is a definitive causal relationship be-
tween habitual consumption of meals out or takeaway
meals at home and mean daily energy intake, nor the
direction of causation between these variables.

Comparison with other studies and interpretation of
findings
Burgoine et al. (2014) showed that exposure to takeaway
food outlets was positively associated with both in-
creased consumption of out-of-home foods and with a
higher BMI and obesity in UK adults [25]. Our work
provides a potential explanation as to why the increased
consumption may lead to an increased BMI and obesity
through individuals increasing their overall mean daily
energy intake as a result of increased habitual consump-
tion of out-of-home food.
Our results reflect a previous systematic review which

found that eating out-of-home was associated with a
higher daily energy intake [1]. Six of the ten studies in-
cluded in this systematic review used data that was both
from a Western country and that was either nationally
representative or from a large cohort. Of these compar-
able studies only one found no significant influence of
food consumed out-of-home on daily energy intake - in
Irish children aged 5–12 [38]. The difference between
studies could potentially be explained by contextual differ-
ences in out-of-home environments, differences in popu-
lations studied (we included participants aged 1.5 years
and older, rather than just 5–12 years) or details of data
used. Whilst the Irish study used data on where all food
eaten over a short period was prepared or obtained, we
measured habitual consumption of out-of-home food over
the longer term.
Comparable modelling studies that explored the asso-

ciation between fast-food consumption and diet quality
in the US [29, 30, 32] also found significant positive as-
sociations between frequency of fast-food consumption
and energy intake. In US adults, consumption of any
fast-food or full-service restaurant meals on a given day
was associated with a daily energy intake increase of 190

and 187 kcal respectively [30], in children (aged 2 to 11)
an increase of 126 and 160 kcal [29] and adolescents
(aged 12 to 19) an increase of 310 and 267 kcal [29].
Our models estimated a mean daily difference of 63–
87 kcal in adults and 55–168 kcal in children eating
takeaway meals at least weekly compared to rarely, and
75–104 kcal per day in adults eating meals out at least
weekly compared to rarely. Although our findings are
not directly comparable, both studies found a positive
association between greater out-of-home meal consump-
tion and daily energy intake. Our estimates represent a
sizeable difference in mean daily energy intake in com-
parison to government dietary recommendations. The
UK government recommends that both adult and 15 to
18 year old females should consume 2000 kcal per day
[41]. Therefore, adults and children in our study who ate
takeaway meals at least weekly are respectively expected
to consume 3.2%–4.4% and 2.8%–8.4% more energy per
day than those that consume takeaway meals rarely.
Comparable figures for eating meals out at least weekly
in adults are 3.8%–5.2%. In adults, the mean daily energy
intake estimate for eating meals out was greater than for
takeaways. This may be due to cultural practices, such
as when eating out is linked to celebrating specific
events leading to a combination of consumption of mul-
tiple courses and beverages.
Of particular interest in our study is the relationship

between takeaway meal consumption and SEP in chil-
dren, suggesting an amplified impact of takeaway con-
sumption on mean daily energy intake in children from
a lower SEP. This combined with the established rela-
tionship between deprivation and the density of take-
away outlets [23, 26–28], means that children living in
less affluent areas may be both more exposed to and
more susceptible to the effects of eating takeaway meals.
An also reported that daily energy intake appeared larger
among individuals from lower SEP [30], and a UK study
that found that greater fast-food consumption, BMI, and
odds of obesity were associated with greater fast-food
outlet exposure and lower SEP [42], also suggesting
amplification of a neighbourhood effect on inequalities
in diet and obesity.

Implications for policy and practice
Our results suggest that increased frequency of con-
sumption of meals out in a restaurant or café by adults,
and takeaway meals at home by both adults and children
is likely to be associated with an increase in mean daily
energy intake. With a secular trend towards increasing
exposure and ease of access to out-of-home food outlets
through online portals [43], and increased expenditure
[21, 22], this has potential to have an adverse impact on
overall diet quality. Policy makers, local government and
caterers should therefore consider options that aim to
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limit consumption of such meals, or seek to improve the
nutritional quality of out-of-home food, primarily by re-
formulating, reducing portion size and by providing cus-
tomers with suitable information to enable them to
make informed choices [44]. However, to date there is
limited evidence regarding the effectiveness of such in-
terventions [45, 46].
We found the association between habitual consump-

tion of takeaway food and mean daily energy intake to be
greater in children from less versus more affluent house-
holds. Addressing known socio-economic differences in
neighbourhood exposure to takeaway outlets, and possible
socio-economic differences in nutritional composition of
food chosen, may help reduce known socio-economic dif-
ferences in diet and obesity in children.

Unanswered questions and future research
The nutritional profile of out-of-home food meals varies
greatly [5] and consumption varies by socio-demographic
group [18]. But we do not know if there is any socio-
demographic patterning in the type of out-of-home food
consumed – and this may explain the interaction between
SEP and takeaway consumption on mean daily energy in-
take we found in children. Furthermore, it is not clear if
out-of-home food is consumed in total by the purchaser,
shared with others, or wasted – or any determinants of
this. Future work could explore these points further in
order to help tailor and target different interventions to
different outlets and socio-demographic groups [18].
This study adds to the substantial body of evidence that

suggests that frequent out-of-home food consumption is
not conducive to health [1–6, 8, 14, 15, 19, 25, 30, 32, 36].
There remains limited evidence concerning what inter-
ventions might be effective in this area [45, 46] but the
needs of all stakeholders, including out-of-home food
vendors, [47] need to be taken into account in develop-
ing intervention strategies. Future work should focus
on interventions that aim to reduce the portion size
and energy density of meals in cafés, restaurants and
takeaways, but also help customers to make healthier
choices and incentivise outlet vendors to provide an in-
creased range of healthy options.

Conclusions
Using data from a large UK cross-sectional study we
modelled and estimated the impact on mean daily en-
ergy intake of habitual consumption of meals eaten out
in a restaurant or café and takeaway meals eaten at
home in both adults and children, whilst adjusting for
socio-demographic and anthropometric measures. In
adults, at least weekly consumption of meals out in a
restaurant or café was associated with consuming 75–
104 kcal more per day compared to rarely eating these
meals; and at least weekly consumption of takeaways

meals at home was associated with consuming 63–
87 kcal more per day. In children, only consumption of
takeaway meals at home had a positive association with
mean daily energy intake; with at least weekly consump-
tion associated with consuming 55–168 kcal more per
day. Additionally, the impact of consumption of take-
away food was amplified in children from less affluent
households, suggesting that children of such households
are more susceptible to the effects of consumption from
takeaway meals than those from more affluent house-
holds. Future work should identify interventions that
seek to redress the positive association between con-
sumption of out-of-home food and daily energy intake.
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Externalizing behavior is prospectively
associated with intake of added sugar and
sodium among low socioeconomic status
preschoolers in a sex-specific manner
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Abstract

Background: High intake of added sugar and sodium is a public health concern for preschool-aged children living
in the US. Externalizing behavior may predict higher consumption of added sugar and/or sodium; however, previous
studies have mostly been cross-sectional. The aim was to evaluate whether externalizing behavior is prospectively
related to added sugar and intake in a sex-specific manner among preschoolers.

Methods: This was a secondary analysis of 524 preschool children (48% male) from Michigan who participated in an
obesity prevention trial that occurred during one school year from 2011 to 2015. Teacher-assessed externalizing
behaviors and three 24-h dietary recalls were completed at baseline and follow-up. We used linear mixed effects
regression to evaluate the association between externalizing behavior at baseline and added sugar (% of total Calories)
and sodium intake (mg/1000 Calories) at follow-up. In adjusted analysis, we included baseline income-to-needs ratio,
child race/ethnicity, and baseline overweight status. All models were adjusted for total energy intake and accounted
for clustering by classroom.

Results: Baseline externalizing behavior was positively associated with added sugar intake at follow-up among boys; after
adjustment for confounders, every 5 points lower externalizing T-score (corresponding to higher externalizing behavior)
was associated with a 0.6 higher percentage of added sugar per total Calories (95% CI 0.2 to 1.1; P value = 0.004). In
contrast, girls with higher levels of externalizing behavior had lower consumption of added sugars; after confounder
adjustment, every 5 points lower externalizing T-score was related to 0.6 lower percentage intake (95% CI -1.0 to −0.1;
P value = 0.01). Baseline externalizing behavior was inversely associated with sodium intake at follow-up among boys.
After potential confounder adjustment, for every 5 points lower externalizing behavior T-score, there was a 22 mg/1000 Cal
lower sodium intake (95% CI -45 to 1; P value = 0.06). In contrast, after adjustment for confounders, every 5 points lower
externalizing T-score among girls was related to 24 mg/1000 Cal higher sodium intake (95% CI 1 to 46; P value = 0.04).

Conclusions: Externalizing behavior among preschool-aged children was prospectively related to added sugar and sodium
intake in a sex-dependent manner.

Trial registration: NCT01398358 Registered 19 July 2011.

Keywords: Sodium, Added sugar, Externalizing behavior
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Background
High intake of added sugar and sodium among US
preschool-aged children is a public health concern;
recent nationally-representative surveys indicate that US
preschool-aged children on average obtain between 13
and 16% of total Calories from added sugar [1] and over
90% of children ages 4–8 years (y) old exceed recom-
mended levels of sodium intake [2] This is concerning
because high consumption of sodium as well as added
sugar in early childhood has been implicated in the
development of cardiometabolic risk factors during
childhood and adolescence [3, 4]. In addition, there is
evidence that free sugar intake >10% of total Calories is
positively associated with dental caries among children
[5]. Thus, elucidating the predictors of higher added
sugar and sodium intake among young children could
provide valuable information for intervention.
One potential predictor of these dietary risk factors is

externalizing behavior. Externalizing behavior during
early childhood is marked by angry, aggressive, selfish
and oppositional conduct; it includes fighting with or
bullying other children, physically hitting, and taking
things from others [6]. Externalizing behaviors have been
linked with higher consumption of salty and/or sugary
foods in a few cross-sectional studies [7, 8]. For example,
a study of 13,486 Iranian children and adolescents found
that those with higher self-reported aggressive behaviors
also reported higher consumption of salty snacks [7].
Another study among 1324 adolescents in Australia
found that those with more externalizing behaviors had
higher intake of fast foods, confectionary items, and red
meat [8]. There has also been one longitudinal study
examining externalizing behavior and frequency of
sugary food consumption, although not sodium. In this
study of 6997 Norwegian children, researchers found
that children with higher externalizing behavior at age
1.5 y had higher intake of sugary foods at age 3 y and 7
y [9]. A longitudinal study design is important as it sepa-
rates the exposure from the outcome in time, lending
stronger support to the notion that behavior leads to
consumption patterns. There are some plausible mecha-
nisms to support this pathway. For example, externaliz-
ing behavior during early childhood could be a marker
of stress [10], and stress has been linked to higher
consumption of snacks and sweet foods in young
children [11–13]. Also, children with more externalizing
behavior may have greater control over dietary choices
because caregivers impose fewer restrictions and/or use
food to calm them [14, 15].
The aim of this study was to examine the longitudinal

association between externalizing behavior and intake of
added sugar (% of Calories) and sodium (mg/1000
Calories) among low socioeconomic status (SES) pre-
schoolers [16]. We hypothesized that children with

higher levels of externalizing behavior at baseline would
have higher percentage of Calories from added sugar in-
take and sodium intake (mg/1000 Calories) at follow-up.
All analyses were stratified by sex, a potential effect
modifier when examining associations between behavior
and diet [13].

Methods
Study population
The present study was a secondary data analysis of the
Growing Healthy Study, a cluster-randomized community-
based obesity intervention trial among 697 pre-
schoolers in Head Start programs in urban and rural
Michigan from 2011 to 2015. The study is described
in detail elsewhere [16]. Briefly, children in 18 class-
rooms per year were randomized to one of three
study arms. Parents/guardians were invited to partici-
pate and received up to $150 for data collection
activities. One arm consisted of exposure to the Pre-
school Obesity Prevention Series (POPS), a Social
Cognitive Theory-based approach to obesity preven-
tion. The second arm included POPS exposure in
addition to the Incredible Years Series, a program
that emphasizes positive behavioral management tech-
niques [17]. The interventions consisted of classroom
lessons for children during Head Start as well as
separate parent/guardian lessons. The control arm con-
sisted of usual Head Start exposure. Baseline visits
occurred during the fall of one school year and follow-up
visits occurred during the following spring, with a mean
duration of 6 months (standard deviation 1 month).
Exclusion criteria included the child having significant de-
velopmental disability, the child being in foster care, or
the parent/guardian not being fluent in English. Informed
consent was obtained, and the study was approved by the
Institutional Review Boards of the University of Michigan
and Michigan State University.

Data collection
Externalizing behavior
Externalizing behaviors were assessed by Head Start
teachers, who completed the Social Competence and
Behavior Scale (SCBE) during baseline and follow-up
visits [6]. This 60-item instrument has been validated for
children aged 2.5 to 6 y and is used to assess child social,
emotional and behavioral functioning. Teachers were
asked to rate aspects of the child’s behavior on a 6-point
Likert scale (“never” to “always”). The 15-item External-
izing Problems subscale assessed externalizing behaviors
(e.g., “gets angry when interrupted”; “refuses to share
toys”; Cronbach’s alpha = 0.92). Items are summed and
typically scored such that higher scores indicate lower
levels of externalizing behavior [6]. T- scores standard-
ized for age and sex were used, which typically have a
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mean of 50 and standard deviation of 10. Scores were
examined as a continuous variable, and beta estimates
were reported per 5-points lower externalizing T-scores
(corresponding to higher externalizing behavior).

Diet measures
Multiple 24-h dietary recalls were used to measure usual
dietary consumption of the child at follow-up (including
supplement intake). Trained dieticians sought to collect
three unannounced 24-h dietary recalls via phone from
parents/guardians, who were provided handouts show-
ing child-appropriate portion sizes. The United States
Department of Agriculture (USDA) 5-step automated
multiple-pass method, which has been shown to im-
prove accuracy of diet recall [18] was used. Calls
occurred over a 2–3 week period, and parents/guardians
were asked to provide 24-h recalls from 2 weekdays and
1 weekend day. Dieticians contacted the same parent/
guardian each time and confirmed this parent/guardian
had knowledge regarding the child’s consumption that
day. Because the children consume food at Head Start
classrooms during school days, research staff observed
and recorded what the child ate during the same week-
days that the parents/guardians provided 24-h recall
information. Nutrient and caloric content of each food
item was calculated with the aid of the USDA Food
Composition Database using the Nutrition Data System
for Research program (NDSR, University of Minnesota,
Minneapolis, Minnesota). Calories of all foods consumed
in the 24-h period were summed to calculate total
energy intake. Recalls with implausible energy intakes
were removed prior to analysis (n = 20 of 1287 total
recalls at follow-up) using established criteria [19]. To
reduce within-person random measurement error, sum-
mary variables representing nutrient contents per day
for each participant were created by averaging all the
valid 24-h recalls collected at follow-up. Added sugar
was analyzed as average percentage of total Calories and
sodium intake was analyzed as average milligrams (mg)
per 1000 Calories. Nutrients were also classified into di-
chotomous variables for descriptive statistics, based on
recommended cutoffs of intake in the United States (US)
[20]. Higher than recommended intake for added sugar
was classified as ≥10% of Calories from added sugar; for
sodium, higher than recommended intake for sodium
was classified as ≥2300 mg/day.

Other covariates
Trained research assistants measured height (in meters)
and weight (in kilograms) of children and parents/guard-
ians during home visits using calibrated equipment (Seca
213/217 portable stadiometer and Detecto Portable Scale
Model #DR550C, respectively). BMI-for-age percentiles
were calculated with the use of the Center for Disease

Control (CDC) reference [21], and overweight/obesity
was defined as ≥85th percentile. As a part of the demo-
graphic questionnaire administered during the first visit,
parents/guardians provided information on the child’s
race/ethnicity, parent/guardian’s education, and house-
hold income from all sources. Child race/ethnicity was
classified into two categories: non-Hispanic White and
Hispanic or not White. Education was categorized into
those parent/guardians who did not graduate from high
school, those who graduated from high school/obtained
a General Educational Development (GED) certification,
and those with a post-high school education. Income-to-
needs ratio was calculated as the total reported house-
hold income divided by the federal poverty line for a
family of the same size during the corresponding year,
and it was categorized into quartiles. Parents/guardians
also answered questions about their child’s physical ac-
tivity (hours per week) and screen time (hours per day)
habits. Screen time and physical activity were each cate-
gorized into 4 categories, as shown in Table 2. Finally,
parents/guardians completed the Center for Epidemio-
logic Studies Depression (CES-D) scale, a 20-item survey
with higher scores indicating more depression symptoms
[22]. Depression symptoms were classified as a dichot-
omous variable, with those reporting a score of ≥16
considered to have clinically significant depressive symp-
toms [23].

Data analysis
There were 697 children enrolled in the trial. Thirty-
seven children did not have teacher-reported SCBE
measures at baseline; of these, three children were ex-
cluded because none of the collected recalls were
deemed valid, and 133 were excluded because no dietary
information was provided. Thus, the analytic sample in-
cluded 524 children. The parents/guardians who took
part in the study were mostly biological mothers (90%),
some biological fathers (4%) or other relatives (4%), and
a few were foster parents (1%), or other (1%). The
analytic sample did not differ from the baseline study
population according to the sociodemographic charac-
teristics listed in Table 1. All analyses were stratified by
sex. This decision was made a priori, and sex differences
were confirmed in preliminary interaction models
(P < 0.05 for sodium intake model and P < 0.1 for added
sugar models).
First, the mean ± standard deviation (SD) externalizing

behavior T-scores at baseline according to baseline child
and household covariates were examined. The mean ± SD
percentage of Calories from added sugar intake and
sodium (mg/1000 Calories) at follow-up according to base-
line child and household covariates were also examined.
The P values of unadjusted associations were obtained
using linear mixed effects regression models with the
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nutrient intake or behavior scores as the outcome and the
baseline covariate as the predictor. Clustering by classroom
was accounted for in all models by using a random inter-
cept term. To determine the primary food sources of so-
dium and added sugar intake, the total amount of sodium
and added sugar was analyzed at the food group (specified
by the NDSR software) level. The sodium and added sugar
content from every food item consumed (including all chil-
dren and both time points) was summed and then the per-
centage of sodium or added sugar contributed by each food
group (specified by NDSR) was calculated. The top 10 food
group sources of each nutrient were ranked according to
percentage contributed.
To evaluate the crude association between baseline

externalizing behavior and continuous percentage of
Calories from added sugar or mg of sodium/1000
Calories at follow-up, linear mixed effects regression
models were utilized, with the nutrient as the outcome
and continuous externalizing behavior T-score as the ex-
posure. A random intercept for classroom was used to

account for clustering (since children in the same class-
room may be more similar in terms of diet and behavior),
and total energy intake at follow-up was accounted for.
In adjusted analyses, models included indicator variables

for child race/ethnicity, quartiles of income-to-needs ratio,
and a dichotomous variable for overweight/obese status.
These covariates were chosen based on prior knowledge.
Intervention arm was not treated as a potential
confounder because the exposure (baseline externalizing
behavior score) was assumed to be equally distributed
among intervention arms. We evaluated this assumption
in sensitivity analyses where we adjusted for intervention
arm. All analyses were performed in Stata 14.0.

Results
The mean age ± SD of the children at baseline was
4.1 ± 0.5 y; 48% were boys (Table 1).
The mean standardized externalizing score ± SD for

boys at baseline 51.7 ± 9.4, and for girls it was 52.2 ± 9.5.
Girls who were overweight/obese and from households
with lower income-to-needs ratio at baseline had higher
levels of baseline externalizing behavior (Table 2).
The mean percentage of Calories from added sugar ±

SD at follow-up was 12.9 ± 5.9 among boys; it was
12.8 ± 6.3 among girls. The mean sodium intake ± SD
(mg/1000 Calories) for boys at follow-up was
1596 ± 333. For girls it was 1610 ± 332 mg/1000
Calories. Sixty-nine percent of boys and 65% of girls
consumed higher than recommended intake from added
sugar (≥ 10% of total Calories) at follow-up. Fifty-one
percent of boys and 47% of girls had higher than recom-
mended average sodium intakes (≥ 3200 mg/day) at
follow-up. The highest food source of added sugar in
this population was soda, whereas meat, poultry, and
fish recipes were the highest source of sodium
(Additional file 1: Table S1). In both boys and girls,
higher levels of parent/guardian-reported screen time
were associated with a higher percentage of Calories
from added sugar at follow-up (Table 3). For boys, those
whose mothers had a CESD score ≥ 16 had a higher %
of Calories from added sugar at follow-up. White, non-
Hispanic children had a lower average intake of mg
sodium/1000 Calories at follow-up than children of other
race/ethnicities (Table 3). Among girls only, being over-
weight/obese was associated with higher mg sodium/1000
Calories at follow-up than the referent group.
There was a positive association between externalizing

behavior at baseline and added sugar intake at follow-up
among boys (Table 4). After adjustment for potential
confounders, every 5 points lower externalizing T-score
(more externalizing behavior) was associated with a 0.6
higher percentage of added sugar per total Calories (95%
CI 0.2 to 1.1; P value = 0.008). In contrast, girls with
higher levels of externalizing behavior had lower

Table 1 Characteristics of the study population

Baseline child and household correlates Mean ± SD (unless
otherwise specified)

Child’s age, months 49.5 ± 6.2

Male sex, % 48

Overweight/obese, % 34

Physical activity, hours/wka 18.5 ± 10.9

Screen time, hours/dayb 2.6 ± 1.6

Added sugar intake, % of total Caloriesc 12.9 ± 6.1

Sodium intake, mg/1000 Caloriesd 1604 ± 332

Externalizing SCBE T-scoree 51.9 ± 9.4

Parent/guardian education level, %

Did not graduate HS 15

HS graduate/GED 33

Post-HS education 52

Household income-to-needs ratiof 0.86 ± 0.54

Parent/guardian CES-D scoreg

≥ 16, depressed, % 30

Child race/ethnicity

White, non-Hispanic, % 51
aThere are not consistent physical activity recommendations for children <6 in
the US, although Canadian and Australian recommendations are 3 h/day
(21 h/week) [40]
bRecommendations for children under 5 years are <2 h/day [41]
cUS dietary recommendations are <10% of total Caloric intake from added
sugar per day [20]
dUS dietary recommendations are <2300 mg per day [20]; depending on
Calorie needs which range from 1200 to 2000 Calories in this age group, that
equates to >1150 mg/1000 Calories to >1917 mg/1000 Calories
eAn externalizing SCBE T-score of 70 is considered the cutoff for externalizing
behavior [6]
fAn income-to-needs poverty ratio < 2 is classified as poverty [42, 43]
gThe CES-D scores range from 0 to 60, with a score of 16 or greater considered
at risk of clinical depression [22]
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Table 2 Mean ± SD externalizing SCBE T-scoresa at baseline, according to baseline correlates

Boys Girls

Baseline child and household correlates N Externalizing SCBE T-score,
mean ± SD

N Externalizing SCBE T-score,
mean ± SD

Child’s age

3 y 92 51.2 ± 9.2 99 52.1 ± 9.9

4 y or older 156 52.0 ± 9.6 171 52.2 ± 9.2

P valueb 0.40 0.80

Child’s race/ethnicity

White, non-Hispanic 126 52.3 ± 8.3 139 51.3 ± 8.8

Hispanic or not White 123 51.1 ± 10.4 132 53.2 ± 10.1

P value 0.26 0.16

Overweight/obese status

Not overweight/obese 150 52.5 ± 9.5 194 53.3 ± 9.2

Overweight/obese 98 50.5 ± 9.2 76 49.4 ± 9.7

P value 0.11 0.002

Physical activity, hours/wk

< 7 28 52.1 ± 11.1 26 54.4 ± 8.5

7 to <14 54 50.3 ± 8.9 70 51.4 ± 10.2

14 to <24 74 52.6 ± 9.7 79 51.4 ± 8.6

≥ 24 73 52.2 ± 8.9 63 52.3 ± 10.3

P value 0.94 0.84

Screen time, hours/day

< 1.5 53 51.8 ± 10.1 62 51.2 ± 9.7

1.5 to <2.5 66 52.2 ± 8.7 82 52.0 ± 9.5

2.5 to <3.5 57 51.8 ± 9.8 56 51.1 ± 9.5

≥ 3.5 56 51.4 ± 9.4 47 54.3 ± 9.5

P value 0.66 0.13

Parent/guardian education level

Did not graduate HS 36 53.8 ± 9.1 42 54.6 ± 9.8

HS graduate/GED 81 51.7 ± 9.4 92 50.2 ± 9.4

Post-HS education 134 51.1 ± 9.5 135 52.8 ± 9.1

P value 0.45 0.50

Household income-to-needs ratio

Quartile 1, <0.47 46 53.5 ± 10.5 66 49.6 ± 9.0

Quartile 2, ≥0.47 to <0.76 55 51.6 ± 10.3 58 54.3 ± 8.8

Quartile 3, ≥0.76 to <1.12 56 52.2 ± 9.2 55 52.5 ± 10.8

Quartile 4, ≥1.12 52 51.4 ± 8.3 55 53.2 ± 9.4

P value 0.91 0.05

Parent/guardian CES-D score

< 16, not depressed 168 51.9 ± 9.6 163 52.5 ± 9.5

≥ 16, depressed 65 51.6 ± 9.3 80 51.1 ± 9.8

P value 0.35 0.34
aHigher T-scores on the SCBE indicate lower levels of externalizing behavior
bFrom a linear mixed effects model with externalizing SCBE T-score as the outcome and a continuous variable for each ordinal sociodemographic predictor. For
nominal categorical variables, a type III F test was used. A random intercept was specified to account for clustering by classroom
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Table 3 Mean ± SD added sugar and sodium intake at follow-up according to baseline correlates

Boys Girls

Baseline child and household
correlates

N Added sugar, % of total
Calories

Sodium, mg/1000
Calories

N Added sugar, % of total
Calories

Sodium, mg/1000
Calories

Child’s age

3 y 92 12.5 ± 7.3 1586 ± 375 99 12.6 ± 6.5 1601 ± 326

4 y or older 156 13.2 ± 5.0 1599 ± 308 171 13.0 ± 6.1 1614 ± 336

P value1 0.39 0.99 0.16 0.55

Child’s race/ethnicity

White, non-Hispanic 126 13.5 ± 6.0 1539 ± 308 139 12.4 ± 6.3 1562 ± 313

Hispanic or not White 123 12.3 ± 5.8 1661 ± 334 132 13.5 ± 6.2 1663 ± 347

P value 0.07 0.003 0.43 0.02

Overweight/obese status

Not overweight/obese 150 12.7 ± 5.5 1569 ± 345 194 12.8 ± 6.0 1587 ± 314

Overweight/obese 98 13.2 ± 6.5 1632 ± 315 76 13.1 ± 7.0 1666 ± 370

P value 0.66 0.12 0.78 0.03

Physical activity, hours/wk

< 7 28 12.9 ± 5.5 1598 ± 301 26 13.6 ± 6.4 1609 ± 378

7 to <14 54 12.6 ± 5.5 1601 ± 324 70 13.1 ± 7.0 1625 ± 362

14 to <24 74 13.1 ± 5.8 1617 ± 328 79 12.7 ± 5.6 1651 ± 310

≥ 24 73 13.2 ± 6.6 1588 ± 376 63 12.4 ± 5.9 1598 ± 323

P value 0.56 0.70 0.61 0.67

Screen time, hours/day

< 1.5 53 12.3 ± 4.3 1548 ± 313 62 11.6 ± 5.3 1576 ± 319

1.5 to <2.5 66 12.2 ± 5.7 1627 ± 308 82 13.1 ± 5.6 1679 ± 363

2.5 to <3.5 57 13.0 ± 5.4 1601 ± 424 56 13.2 ± 6.0 1616 ± 295

≥ 3.5 56 15.0 ± 7.7 1629 ± 284 47 14.1 ± 8.1 1610 ± 324

P value 0.01 0.28 0.01 0.81

Parent/guardian education level

Did not graduate HS 36 13.2 ± 7.9 1623 ± 333 42 13.2 ± 7.3 1591 ± 355

HS graduate/GED 81 12.4 ± 5.6 1644 ± 318 92 12.5 ± 6.3 1626 ± 356

Post-HS education 134 13.2 ± 5.5 1560 ± 341 135 13.1 ± 6.0 1608 ± 313

P value 0.81 0.11 0.60 0.55

Household income-to-needs ratio

Quartile 1, <0.47 46 12.0 ± 5.5 1587 ± 318 66 12.3 ± 5.9 1675 ± 311

Quartile 2, ≥0.47 to <0.76 55 13.4 ± 5.0 1606 ± 405 58 14.6 ± 7.6 1629 ± 333

Quartile 3, ≥0.76 to <1.12 56 13.8 ± 7.4 1631 ± 316 55 13.1 ± 6.1 1557 ± 336

Quartile 4, ≥1.12 52 13.8 ± 6.1 1583 ± 305 55 12.1 ± 5.3 1599 ± 333

P value 0.46 0.41 0.94 0.07

Parent/guardian CES-D score

< 16, not depressed 168 12.5 ± 4.9 1609 ± 344 163 13.0 ± 6.0 1597 ± 305

≥ 16, depressed 65 14.6 ± 7.6 1588 ± 317 80 12.9 ± 6.8 1688 ± 365

P value <0.0001 0.14 0.47 0.07
1Each P value is from a separate linear mixed effects models with added sugar (% of Calorie) or sodium (mg/1000 Calories) as the outcome, the continuous
variable (for ordinal characteristics) as the exposure, and total energy intake at follow-up. For nominal variables, a type III F test was used. A random intercept was
specified to account for clustering by classroom
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consumption of added sugars; after potential confounder
adjustment, every 5 points lower externalizing T-score
was related to 0.6 lower percentage intake (95% CI -1.0
to −0.1; P value = 0.01).
There was not a statistically significant association

between externalizing behavior and mg sodium/1000
Calories among boys (Table 4). However, after adjust-
ment for potential confounding, there was a marginally
statistically significant inverse association between exter-
nalizing behavior at baseline and sodium intake at follow
up. For every 5 points lower externalizing T-score, there
was a 22 mg/1000 Calories lower sodium intake at
follow-up (95% CI -45 to 1; P value = 0.06). In contrast,
there was a positive association between externalizing
behavior at baseline and sodium intake at follow-up
among girls. In adjusted analysis, every 5 points lower
externalizing T-score was related to 24 mg/1000 Calories
greater sodium intake at follow-up (95% CI 1 to 46; P
value = 0.04). Further adjustment for intervention arm
did not alter the estimates in any of the models.

Discussion
In this group of low-SES Michigan preschoolers, we
found that preschool boys with higher levels of external-
izing behavior had higher percentage of intake from
added sugar but lower mg sodium/1000 Calories (after
confounder adjustment). In contrast, girls with higher
levels of externalizing behavior in the fall of one school
year had higher intake of sodium/1000 Calories but
lower intake of added sugar as a percentage of total
Calories during the spring of the same school year.
Our study findings are in line with some other studies,

although the sex-dependency of the findings is distinct.
Our findings among boys are in agreement with those of
a longitudinal study among Norwegian preschoolers [9].
This study showed that children with higher externaliz-
ing behavior (based on the Child Behavior Checklist) at

1.5 y of age were more likely to consume sweet drinks
and sweet foods daily at 7 y of age. However, this study
did not report on sodium intake, and it is also unclear
whether the association was sex-specific. Other studies
that specifically examined externalizing behaviors in re-
lation to diet were cross-sectional. One study among
453 Belgian children between 5 and 12 y of age found a
positive association between parent-reported “problem”
behaviors (including emotional problems, conduct prob-
lems, hyperactivity problems, peer problems, and
antisocial behavior) and sweet and fatty food consump-
tion [12]. Another study among Iranian adolescents
found that children with higher self-reported violent
behaviors also had higher consumption of salty snacks
[7]. There was no association between violent behaviors
and sweet food consumption, but it could have been
masked by not stratifying on sex. Finally, a cross-sectional
population-based survey among Nova Scotian 5th graders
found that those who had higher levels of self-reported ex-
ternalizing behaviors had lower diet quality scores [24].
Lower diet quality often is related to high sodium and/or
added sugar levels, although the study did not examine
particular nutrients.
Our findings are also in agreement with some of the

literature on stress and dietary patterns. For example,
one study among 4th through 6th graders from rural
Texas found that those with higher perceived stress also
reported greater frequency of consumption of salty
snacks or high sugar foods [25]. An experimental study
among 43 US children aged 5–9 y of age found that
greater stress-related cortisol was related to greater en-
ergy intake in the absence of hunger among the 8–9 year
olds, although not in the younger children [26]. Finally,
another US study showed that high stress self-efficacy
(i.e., ability to handle stress) among fourth-graders was
related to higher fruit and vegetable intake [27]. In sum-
mation, it is possible that the associations we observed

Table 4 Association between externalizing SCBE T-scores at baseline and added sugar and sodium intake at follow-up

Baseline externalizing SCBE T-
scoresa

Added sugar intake, % of Calories Sodium intake, mg/1000 Calories

Unadjusted beta (95% CI)b Adjusted beta (95% CI)b,c Unadjusted beta (95% CI)b Adjusted beta (95% CI)b,c

Boys

Per 5-points lower T-score (more
externalizing behaviors)

0.5 (0.1, 0.9) 0.6 (0.2, 1.1) −19 (−41, 3) −22 (−45, 1)

P value 0.008 0.004 0.09 0.06

Girls

Per 5-point lower T-score (more
externalizing behaviors)

−0.5 (−0.9, −0.1) −0.6 (−1.0, −0.1) 28 (8, 49) 24 (1, 46)

P value 0.03 0.01 0.007 0.04
aHigher number of externalizing behaviors is equivalent to a lower T-score
bFrom a linear mixed effects regression model with continuous added sugar (% of Calories) or sodium intake (mg/1000 Calories) as the outcome and continuous
externalizing SCBE T-scores as the predictor, expressed per 5 points. The model also accounted for total energy intake at follow-up. A random intercept was specified to
account for clustering by classroom
cAdjusted for race/ethnicity, quartiles of income-to-needs ratio, and overweight/obese status at baseline as potential confounders
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between externalizing behavior and diet could be related
to stress and emotional eating. This is plausible, given
that children with externalizing behavior may also have
higher levels of stress, anxiety and/or depressive symp-
toms [28, 29]. However, the lack of specificity of foods in
prior studies precludes in-depth comparisons. In several
of the studies on stress and eating, “comfort foods”
including sugary, salty, and energy-dense foods, were
assumed to be eaten together and were not further
disentangled into sodium and added sugar intake. Prior
assumptions about “comfort foods” are problematic
because they may not hold in every population. In
addition, it is important to separate added sugar from
sodium because high intake of sodium and high intake
of added sugar may have different health consequences
that should be monitored accordingly (e.g. dental caries
for added sugar and high blood pressure for sodium).
Finally, one of the limitations in most prior studies was
the lack of stratification by sex, so associations in the op-
posite directions could have been hidden.
There are a few potential mechanisms to explain the

findings specifically related to externalizing behavior.
One is that children with externalizing behaviors exhibit
less effortful control and higher impulsivity [30], and
higher impulsivity has been related to eating in the ab-
sence of hunger [31]. It could be that girls with external-
izing behavior eat foods with higher sodium content in
the absence of hunger while boys with externalizing be-
havior eat foods (or consume drinks) with higher added
sugar in the absence of hunger. The notion that boys
with externalizing behavior may prefer sweet foods is
supported by a few adult studies. For example, in one
small laboratory study among adults, men who were put
through an acute stressor test reported a higher appetite
for sweet foods than the control group, but there was a
null association for women [32]. In another US study
among young men, after watching a violent video game,
there was a tendency towards sweet food consumption,
but not salty, savory, or fatty food [33]. One possible
physiological explanation for the association between ag-
gression and higher sugar consumption is that glucose is
required in order for the brain to control aggressive im-
pulses [34]. In support, an experimental study among
US undergraduates showed that those who consumed a
glucose beverage immediately before being provoked
showed reduced aggression compared to those who con-
sumed a placebo drink, and this was most evident
among those who scored higher on a pre-experiment
aggressive trait survey. Although the authors did not
conduct stratified analysis, males had higher aggressive
trait scores than females. In contrast, there may be an
explanation for sodium preference among females with
externalizing behavior. It has been posited that because
the renin-angiotensin-aldosterone system is involved in

both sodium regulation and the stress response, sodium
intake may help to alleviate the short-term effects of
psychosocial stress [35]. Furthermore, this association is
thought to be most evident among females because their
average absolute salt intake is lower than males’. The
main caveat to these potential mechanisms is the fact
that the research is mostly from adult population and
may not be generalizable to preschool-aged children.
Another possible explanation of the study findings is

that parent/guardians of externalizing children may try
to pacify them with highly-palatable foods [36], which
are likely to contain high amounts of added sodium and/
or sugar. One reason for the sex difference is that girls
could be fed differently than boys due to societal expec-
tations. For example, parents may feel more pressure to
shield their daughters from gaining weight than their
sons; thus, they may offer foods high in sodium (al-
though not necessarily snack foods) rather than highly
sugary foods to daughters due to the perception that
sugar causes weight gain. The finding of lower percent-
age of added sugar intake among girls with higher exter-
nalizing behaviors supports this notion. Furthermore,
given that the most common sources of sodium
consumption were meat dishes, it is possible that girls
with externalizing behavior did not have greater salty
snack consumption, but rather ate higher proportions of
salty entrees at lunch or dinner. Future studies on
behavior and diet should consider sex as a potential
effect modifier to evaluate the reproducibility of our
findings and to further elucidate the potential mecha-
nisms, especially among young children. Understanding
mechanisms involved in these associations could inform
interventions designed to reduce added sugar and so-
dium intake among children with externalizing behavior
problems. Although parents/guardians would likely be
the target of these interventions, teachers may be able to
recognize externalizing behaviors that parents/guardians
do not perceive; and thus could play a vital role in edu-
cating parents/guardians. Future studies investigating
the food consumed at school versus home could further
elucidate the role that teachers and the school environ-
ment could play in establishing healthy eating habits.
Although there were clear differences in added sugar

and sodium intake according to externalizing behavior
and sex, only about one-third of the children met added
sugar recommendations and one-half met sodium guide-
lines. This is concerning, because the dietary habits and
preferences established early in life tend to track into
adulthood [37]. Furthermore, both added sugar and so-
dium intake during childhood are related to adverse
health outcomes, even in early life [3, 4]. Thus, although
the children with externalizing behavior problems were
more likely to consume either added sugar or sodium,
the entire population could benefit from reductions in
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sodium and added sugar in the food supply. This could
be achieved by programs such as the National Salt
Reduction Initiative, a US program which calls for volun-
tary reductions in sodium content of packaged foods and
restaurants [38]. Policy-level recommendations for reducing
added sugar content of products should also be considered.
At the parent/guardian level, providing more specific infor-
mation on specific foods to avoid or limit to reduce
consumption of added sugar or sodium could prove useful.
This is more pertinent for sodium, as many public health
campaigns currently focus on sugar consumption.
This study has strengths and limitations. One strength

was the repeated measures of both diet and behavior,
which allowed us to examine the directions using longi-
tudinal analysis. The prospective design was also import-
ant for reducing potential recall bias, because the
behavior of the child at baseline most likely did not
affect the perception of diet at follow-up and vice versa.
Another was the incorporation of classroom as a cluster-
ing variable in our models; this ensures our standard er-
rors were valid. Another strength was that diet was
reported by evaluators unaware of the externalizing be-
havior score of the child. The fact that the evaluators of
externalizing behavior were teachers may increase the
objectivity of these scores. There were also limitations.
We had to rely on multiple 24-h recalls for sodium and
added sugar measurements rather than biomarkers (e.g.,
urinary sodium). Diet measurements are always subject
to measurement error, and diet among young children
can be especially difficult to measure [39]. These study
findings may not be generalizable to other US popula-
tions, since all of the families were of low SES. We did
not have a measure of the child’s stress in order to
evaluate the correlation between child stress and exter-
nalizing behavior. Finally, there could be unmeasured
confounding that we were not able to account for.

Conclusions
In summary, we found that young children with teacher-
reported externalizing behavioral problems had higher
proportions of sodium or added sugar in their diet at
follow-up in a sex-specific manner. Girls with higher ex-
ternalizing behavior had higher sodium intake/1000
Calories at follow-up and lower percentage of Calories
from added sugar, whereas boys with higher externaliz-
ing behavior at baseline had higher percentage of added
sugar and lower sodium intake/1000 Calories at follow-
up. Further studies are warranted to examine the mecha-
nisms for these associations and to understand the most
effective ways to encourage healthy eating habits in boys
versus girls with externalizing behaviors. Dietary-based
interventions and recommendations directed towards
parents/guardians of preschoolers may need to be
tailored based on the behavior and sex of the child.
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Food parenting and child snacking
Rachel E. Blaine1*, Alexandria Kachurak2, Kirsten K. Davison3, Rachel Klabunde4 and Jennifer Orlet Fisher2

Abstract

Background: While the role of parenting in children’s eating behaviors has been studied extensively, less attention
has been given to its potential association with children’s snacking habits. To address this gap, we conducted a
systematic review to describe associations between food parenting and child snacking, or consuming energy dense
foods/foods in between meals.

Methods: Six electronic databases were searched using standardized language to identify quantitative studies
describing associations of general and feeding-specific parenting styles as well as food parenting practices with
snacking behaviors of children aged 2–18 years. Eligible peer-reviewed journal articles published between 1980 and
2017 were included. Data were extracted using a standard protocol by three coders; all items were double coded
to ensure consistency.

Results: Forty-seven studies met inclusion criteria. Few studies focused on general feeding (n = 3) or parenting
styles (n = 10). Most studies focused on controlling food parenting practices (n = 39) that were not specific to
snacking. Parental restriction of food was positively associated with child snack intake in 13/23 studies, while
pressure to eat and monitoring yielded inconsistent results. Home availability of unhealthy foods was positively
associated with snack intake in 10/11 studies. Findings related to positive parent behaviors (e.g. role modeling)
were limited and yielded mixed results (n = 9). Snacking was often assessed using food frequency items and
defined post-hoc based on nutritional characteristics (e.g. energy-dense, sugary foods, unhealthy, etc.). Timing was
rarely included in the definition of a snack (i.e. chips eaten between meals vs. with lunch).

Conclusions: Restrictive feeding and home access to unhealthy foods were most consistently associated with
snacking among young children. Research is needed to identify positive parenting behaviors around child snacking
that may be used as targets for health promotion. Detailed definitions of snacking that address food type, context, and
purpose are needed to advance findings within the field. We provide suggested standardized terminology for future
research.

Keywords: Snacks, Feeding, Food parenting

Background
Childhood overweight and obesity persist as significant
health risks for children globally [1, 2]. Given that exces-
sive energy intake is a primary driver for inappropriate
weight gain among children, it is not surprising that child
snacking has consistently increased in recent decades
[3, 4]. Snacking has been defined interchangeably in the
literature as foods consumed between meals and/or

consuming “snack foods”, typically identified as energy-
dense and nutrient-poor (i.e. candy, chips, cookies, sug-
ary drinks). Individual study participants may also self-
define snacking occasions. The inconsistency across
definitions is problematic and limits the generalizability
of findings. Snacking in between meals currently con-
tributes an estimated one third of children’s daily en-
ergy intakes in the United States [5] and a quarter of
daily energy for youth in some European nations [6].
Though data on snacking and obesity in children are
limited and equivocal, there is evidence that children
who snack frequently consume greater energy, have
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poorer quality diets, and exhibit other risk factors for
excessive weight gain [7, 8].
Although parental influence on children’s overall eating

behaviors and weight status has been studied extensively
[9, 10], less attention has been given to how food parent-
ing might affect the snacking behaviors of children. Food
parenting includes both parent feeding practices, the specific
behaviors or strategies that parents use to feed their children
(i.e. pressuring a child to eat), and feeding styles, the general-
ized patterns of these practices. General parenting styles (e.g.
uninvolved, authoritarian) approximate how caregivers en-
gage with their children through interaction and disciplinary
strategies and may also be informative in the context of child
snacking, as different styles have been associated with a var-
iety of childhood dietary and weight-related outcomes [11].
Current literature suggests that in order to promote healthy
eating habits, parents must strike a balance between setting
reasonable limits, providing healthful foods and structured
eating occasions, and supporting children’s unique food pref-
erences and regulation of appetite [12, 13].
A recent theoretically guided conceptual model of

snack-specific food parenting practices [14] identified
four domains specific to snack feeding, which included
Coercive Control, Permissiveness, Structure, and Autonomy
Support. Coercive Control practices, such as restricting food
or rewarding children with food, have been linked with in-
creased energy intake, lower diet quality, and increased
weight in children [15, 16]. It is surmised that this domain
may be particularly important in the context of snacking, as
qualitative work suggests parents of young children, often
use snack foods as tools to manage children’s behaviors
[17, 18]. Permissive practices, such as feeding children
to provide comfort, or having few rules or limits on snack
intake, have been associated with excessive energy intake
and elevated body mass index in children [19]. Given the
low cost and portability of many processed snack foods,
unrestricted access in the home may be especially prob-
lematic [20]. Conversely, it has been proposed that posi-
tive food parenting that provides Structure (e.g. routines,
making healthy foods available) and Autonomy Support
(e.g. role modeling, praise) is more likely to encourage
children to establish healthy eating habits [21]. However,
there are limited findings that describe such practices, and
it is not clear what impact they may have on snacking
intake among children [14]. Despite limited data, it is
likely that overall parenting practices, whether positive
or negative, have a differential impact on the quality of
snack foods consumed by children.
To provide an overview of prominent findings in the

literature, we conducted a systematic review to describe
quantitative studies between 1980 and 2017 that have
evaluated associations of parenting styles and food parent-
ing practices with child snacking. Given the inconsistency
in definitions, we describe all studies utilizing the word(s)

snack/snacking, and provide distinctions between how
they are measured and defined. We define snacking as
consuming foods or beverages between meals, and snack
foods are defined as energy-dense, nutrient poor foods/
beverages. Snacking behaviors refer to any behaviors re-
lated to snacking/consuming snack foods. To our know-
ledge, this is the first systematic review that assesses food
parenting specifically in the context of child snacking. We
are aware of one review that assessed the influence of two
specific food parenting practices (e.g. parental pressure to
eat and restriction) on children’s dietary intake [22], but
this review did not include a range of parenting behaviors
and did not focus specifically on snacking.
The aims of this review were to: 1) present characteris-

tics of studies on parenting and child snacking, including
study design, setting, participant demographics, and mea-
sures used to assess food parenting, 2) present the frequency
with which food parenting practices were characterized in
the literature, 3) summarize associations between food
parenting practices and child snack intake, 4) describe
characteristics of measures of child snacking, and 5)
identify recommendations for future research.

Methods
Search criteria
To ensure consistency in data collection and presentation,
we followed the Preferred Reporting Items for Systematic
Reviews and Meta-Analyses (PRISMA) checklist to conduct
our search [23] (Additional file 1) and registered our review
with PROSPERO (Registration number: CRD42017062520).
To standardize abstract review, we employed a protocol
containing inclusion and exclusion criteria, along with an
electronic search strategy for the study (Additional file 2).
We searched for English-language articles published in

peer-reviewed journals in the following electronic databases:
CAB Abstracts, Cumulative Index to Nursing and Allied
Health Literature (CINAHL), Embase, PsycINFO, PubMed,
and Web of Science. Key search terms were used to search
titles, abstracts, and Medical Subject Headings and included
text related to parents/caregivers (e.g. mother, father, par-
ent), parenting style (e.g. parenting, parent-child rela-
tions, child rearing), food parenting (e.g. child feeding,
control, restriction, pressure), and child snacking (e.g.
snacks). Abstract files were downloaded, screened,
assessed for eligibility, and organized by inclusion or
exclusion in EndNote X7 by RB and AK. Full-texts of
articles were assessed if they met all inclusion criteria.

Eligibility criteria
We included studies published between January 1980
and January 2017 in order to provide a scope of modern
literature over the past four decades that reflects current
parenting practices as well as those corresponding to in-
creases in obesity prevalence in children over time [1].
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Articles were included if they met the following criteria:
1) Measured snacking or snack-related behaviors of
children aged 2 – 18 years and 2) Measured the general
parenting, feeding style, and/or food parenting practices
of the child’s parent or primary caregiver in the context
of child snacking. We focused on children aged 2 and
older to remove studies of infant breastfeeding and/or
complementary feeding. We included studies with sam-
ples that included children younger than 2 only if solid
food snacks were assessed (e.g. sample of toddlers and
preschoolers aged 18 months – 5 years), but excluded
studies with samples comprised of only children under
2 years.
Experimental studies that assessed children eating in the

absence of hunger (EAH), following meals were included.
Their protocols were developed to evaluate dimensions of
satiety in children, but we believed the general paradigm
was relevant because it focused on eating outside of meals
[24]. More specifically, these studies evaluated the extent
to which a meal suppressed subsequent intake of snack
foods.
We excluded studies that did not directly assess pri-

mary caregivers (e.g. child care workers, laboratory feed-
ing studies where parent was not present/assessed). We
also excluded studies that did not appreciably measure
food parenting, such as those solely assessing frequency
of family meals or home availability of food (e.g. pantry
audit), as these are often markers of other factors such
as socioeconomic status.
We also excluded conference abstracts or dissertations

because we sought to describe peer-reviewed journal ar-
ticles. Qualitative studies and reviews were not included
because they are not appropriate for drawing inferences
about association. Articles were also excluded if their
scope was outside the field of child/family nutrition (e.g.
focus on oral health and dental caries) or only studied
children with special healthcare needs (e.g. eating disor-
ders, developmental delays) due to lack of applicability
to the general population.

Data extraction and analysis
To ensure consistency all full-text articles were extracted
and double coded by researchers (AK, RK, RB); 25% were
triple coded using the constant comparative method [25]
to identify discrepancies in protocol interpretation and to
reach a consensus when clarifying questions. Fewer than
5% of data items entered were in disagreement, and thus
the protocol and data extraction tool were deemed appro-
priate for use.
Data extraction of full-texts occurred using a pre-

defined list of items to be coded (Additional file 3) that
were collected using Survey Gizmo for ease of data entry
and summarization. After data extraction was complete,
two researchers (AK and RK) also assessed study quality

using existing tools: the National Institutes of Health
Quality Assessment Tool for Observational Cohort and
Cross-Sectional Studies [26] and the Quality Assessment
Tool for Quantitative Studies designed to assess experi-
mental studies [27]; 25% of studies were double coded to
ensure study quality tool consistency and no disagree-
ment was found. We used Stata/SE 12.1 (Stata Corpor-
ation, College Station, Texas, USA) to obtain frequencies
for categorical variables and mean values and standard
deviations for continuous variables.

Study characteristics
We documented general study information such as
publication date, country, journal name, and study design.
To describe study samples, we assessed age of target
children, populations recruited (e.g. low-income, mi-
nority), and sample sizes of caregivers/children. To de-
scribe participant demographics, we examined caregiver
race/ethnicity, gender (i.e. mothers vs. fathers), and level
of education.
We described the extent to which studies reported on

important demographic information associated with child
feeding (e.g. parent education, race/ethnicity, inclusion of
male caregivers) as well as instrument quality to see how
often validated tools were used in their intended way (e.g.
all items vs. select subscales vs. individual items), and the
level of dietary assessment (e.g. 24-h recall vs. food fre-
quency questionnaire) [9, 28]. Additionally, we described
whether or not child snacking outcomes were predefined
by the researchers before the outset of data collection, or
defined post-hoc during analysis. We also examined the
sample sizes and journals of publication to provide a
general discussion about the diversity in publication. Fi-
nally, we described quality ratings for cohort and cross-
sectional studies (Range: Good, Fair, Poor) and experi-
mental studies (Range: Strong, Moderate, Weak) using
existing tools [26, 27].

Measures of food parenting
We collected data on whether general parenting style vs.
specific practices were assessed and whether measures
were snacking-specific. We also identified the type of
practices studied using a pre-determined list of specific
snack-feeding practices (e.g. role modeling, rewarding
behavior) based upon a recently published conceptual
model of food parenting practices specific to child snacking
[14]. Practices were organized by four higher dimensions
from the conceptual model: Coercive Control, Structure,
Autonomy Support, and Permissiveness.

Association between food parenting and child snacking
We summarized study results on the association between
food parenting and child snacking outcomes. We post-
coded these result summaries as positive, negative, null, or
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mixed in order to summarize trends in association.
Since both the exposure (food parenting) and outcome
(child snacking) were measured in myriad ways and not
generalizable quantitatively, we opted to conduct a nar-
rative summary of our findings using tables and figures
at the level of each individual study.

Measures of child snacking
We examined the types of measures used to assess child
snacking, and collected data on the source (i.e. parent vs.
child), use of validated tools, how “snack” was defined in
both the tools and in the analysis post-hoc, and what types
of contextual information was presented about child
snacking (e.g. timing, nutrient profile, frequency).

Results
Study characteristics
Our search yielded 2846 articles, of which 84 duplicates
were identified and removed (Fig. 1). After reviewing
2762 abstracts based upon inclusion and exclusion cri-
teria (Table 1), 2696 were excluded and 66 were included
for full-text assessment. Of full texts reviewed, 47 were
included for analysis [13, 18, 29–73]. The primary reason
for exclusions was that parenting/feeding practices were
not assessed.
We present a brief narrative description of each study,

the measures used, and study quality in Table 2 and a
summary of overall study characteristics in Table 3.
Nearly half of all studies (n = 31) were published within
the past 5 years. More than 90% of all studies occurred
in four Western nations: the United States (n = 14, 29.8%),
the Netherlands (n = 12, 25.5%), Australia (n = 8, 17.0%),
and the United Kingdom (n = 8, 17.0%). With the excep-
tion of Appetite, which published 36% of eligible articles,
studies were published in a variety of journals (n = 25),
with most journals publishing 1–2 studies each. There was
significant diversity in authorship as well, with no author
contributing more than 3 studies to the literature.
The majority of studies were cross-sectional (72.3%,

n = 34), followed by longitudinal (12.8%, n = 6), and ex-
perimental (14.9%, n = 7). A unique grouping of experi-
mental studies focused on EAH (n = 6). Most studies
consisted of caregivers only (n = 15, 31.9%) or caregiver-
child dyads (n = 21, 44.7%), compared with those
recruiting children who self-reported on caregivers’ prac-
tices (n = 11, 23.4%). The mean sample size of participants
or caregiver-child dyads was n = 693 (standard deviation:
789, range: 35–2814, median: 377). Most studies focused
on elementary-aged children (n = 30, 63.8%). About 40%
of studies (n = 20) reported on race/ethnicity of caregivers.
While the majority of samples were predominantly white,
a third of studies included samples that were predomin-
antly non-white (n = 6).

Overall, quality was high across cross-sectional and
observational articles, with 39/40 receiving a Good qual-
ity rating (Range: Good, Fair, Poor) (Table 2). Among ex-
perimental studies (n = 6) quality was weaker due to a
lack of reporting study participation rates (Range:
Strong, Moderate, Weak); most experimental studies
scored as moderate (n = 4) compared with weak (n = 1)
or strong (n = 1).
Most studies defined the gender of caregivers (n = 29,

55.3%) who were predominantly female. Forty percent of
studies exclusively contained mothers/female caregivers
(n = 12); when included, males made up 11% of care-
giver samples on average. Although these studies distin-
guished between male and female caregivers, only about
one third (n = 10) explicitly mentioned the word “father”
or defined the number of fathers in their sample. Most
studies reported caregiver level of education (n = 34,
72.3%), with two studies reporting that their samples
contained at least 40% of caregivers with a low level of
education.

Measures of food parenting
The most commonly used tool adapted to measure food
parenting practices was the Child Feeding Questionnaire
(n = 16, 34.0%) [74], followed by the Comprehensive
Feeding Practices Questionnaire (n = 3) [75]. General
feeding styles (n = 3) or parenting styles (n = 10) were ex-
amined in fewer studies than specific food parenting prac-
tices (n = 42), and often focused their findings on specific
practices within styles; few studies evaluated parenting
specific to child snacking (n = 10).
Using a theoretically-driven conceptual framework [14],

we summarized the frequency with which specific food
parenting practices were described across four dimensions
of snack feeding in Fig. 2. The practices are presented
across the four key dimensions (Coercive Control, Struc-
ture, Autonomy Support, and Permissiveness), to indicate
how many studies provided data about each practice.
Studies appeared to focus on more negative aspects of
food parenting, with a strong focus on the dimension of
coercive control (n = 39, 90.0%) in the context of child
snacking. Within this dimension, specific behaviors related
to restriction (n = 32) and pressure to eat (n = 20) were
most often described. Within the dimension of structure
(n = 32, 68.0%), most studies measured home availability
of healthy foods (n = 25) and monitoring of food intake
(n = 17), compared with fewer studies examining planning
and routines (n = 8) and home availability of healthy
foods/snacks (n = 12). Fewer studies described practices
within the dimension of autonomy support (n = 20,
42.5%) and permissiveness (n = 15, 31.9%), where home
availability of unhealthy food (n = 12) was assessed most
frequently.

121Food parenting and child snacking

_________________________ WORLD TECHNOLOGIES _________________________



WT
Association between food parenting on child snacking
We summarize associations of the most commonly stud-
ied aspects of parenting with child snacking in Fig. 3. No
noticeable differences in trends based on feeding prac-
tices versus feeding or parenting styles were observed.
Parental restriction of food was positively associated with
child snack intake in 13/23 studies (n = 2 experimental,
n = 2 longitudinal, n = 9 cross-sectional), while pressure
to eat and monitoring yielded inconsistent results. Home

availability of unhealthy foods was positively associated
with snack intake in 10/11 studies (n = 8 cross-sectional,
2 = experimental). Instrumental feeding was described in
7 studies and was typically a combination of coercive con-
trolling practices (e.g. restriction and rewarding with
food). Findings related to positive parent behaviors (e.g.
role modeling, reasonable rules about eating) were limited
to less than a fifth of all studies (n = 9). Four of seven
studies found parent food rules were negatively associated

Fig. 1 Flow Diagram Summarizing Search Strategy of Systematic Review of Food Parenting and Child Snacking (1980–2017). Using preferred
reporting items for systematic reviews and meta-analyses (PRISMA), diagram illustrates studies screened, assessed for eligibility, and included in
the review, with reasons for exclusions at each stage
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with snack intake. Based on the small sample sizes, it is
not possible to identify trends by study design (e.g. experi-
mental vs. cross-sectional).

Measures of child snacking
We summarize characteristics of measures used to assess
child snacking in Table 4. A wide variety of measures were
used, with little consistency across the literature. The vast
majority of studies used self-report to assess child snack-
ing behaviors (n = 39), with caregivers frequently report-
ing on their child’s intake (n = 20). Nearly half the time, a
food frequency questionnaire (FFQ) was used to assess
snacking (n = 22, 46.8%), with survey tools used less fre-
quently (n = 14). Open-ended tools (e.g. 24-h recalls) were
rarely used.
Most studies adapted an existing tool (n = 33, 70.2%);

fewer reported the use of a validated tool to assess their
particular age group (n = 10, 21.3%). The definition of
snacking or snack intake varied greatly across measures.
Since FFQs were employed often, it is not surprising that
many studies defined individual food items as “snacks.”
However, snacks were also defined categorically based
on healthy or nutritional characteristics (e.g. “junk food”,
“sweets”, “dessert”, “unhealthy”, “energy dense”), or in
other ways (e.g. “excessive snacking: eating between meals
and at night” [63]).
Although snacks were typically measured as individual

food items, they were often grouped together in a variety
of ways post-hoc and then defined as snacks during ana-
lysis (n = 26, 55.3%). For example, a FFQ might assess
child consumption of cookies, chips, and soda as separate
food items, but during subsequent analysis, the author(s)
would group them together and label them as “energy-
dense snacks.” Studies of EAH (n = 6) were often
laboratory-based and presented children with a specific
set of foods, sometimes described as palatable snack foods,
to evaluate children’s satiety [40, 43, 48, 52, 57, 62]. Three

studies did not provide any definition of snacks and left it
to the caregiver or child to determine what this word
meant (e.g. “How often do you give your child snacks…”).
Timing was not consistently assessed as a factor used

to define a snack (i.e. chips eaten between meals vs. with
lunch) during measurement or analysis. More than half
the time (n = 26, 55.3%) beverages would be included in
the definition of snack (e.g. soda and chips combined to-
gether as “unhealthy snacks”), but only 2 studies distin-
guished between beverages consumed during or between
meal times. Consequently, a soda consumed with lunch
could not be distinguished from a soda consumed with
chips during a snack.
Frequency of snacking was the factor most often

assessed (n = 38, 80.9%), but some studies also evaluated
total energy intake from snacks or child snack prefer-
ences. In rare cases, fat intake was estimated. No studies
reported on snack context (e.g. where or precisely when
snacking occurred) and only one described parent ra-
tionale/purpose for providing snacks.

Discussion
The aim of this systematic review was to describe how
food parenting behaviors were described in the context
of child snacking in quantitative studies published be-
tween 1980 and 2017. We also sought to identify how
child snacking was operationalized in studies that exam-
ined food parenting and describe the demographic char-
acteristics of study participants present in this field of
research. Using evidence-based, replicable methods, we
found that most studies were of good quality and reported
cross-sectional findings utilizing samples that contained
mostly white, college educated, female caregivers who
self-reported their food parenting behaviors and their
children’s snack behaviors. Dietary assessment was self-
reported in 3 out of 4 studies, typically using abbreviated
food frequency questionnaires or brief survey items. No

Table 1 Inclusion and Exclusion Criteria

Inclusion Criteria Exclusion Criteria

1. Measured snacking or snack-related behaviors of children
aged 2 years to 18 years through either objective (e.g.,
meal observations) or subjective (i.e., self-report) methods.
This could include nutrient intake, snack foods, frequency,
quality, or context.

2. Measured the feeding style, feeding practices, and/or
parenting style of the child’s parent or primary
caregiver through self-report of caregiver, child, or
direct observation (e.g. observed snack time) in the
context of child snacking.

1. Not in English
2. Published prior to 1980
3. Not in a peer-reviewed journal (e.g. TIME magazine)
4. Not a research article (e.g. published in Pediatrics but is an interest piece
or compilation of abstracts)

5. Scope of article is outside of child/family nutrition or weight status (e.g.
focus on oral health, a particular foodstuff, etc.)

6. Population studied was not children ages 2–18. As long as child was under
18 at baseline, we can use the study.

7. Exclude studies of nursing
8. Population focused on children with special healthcare needs (e.g. feeding
disorders, diabetes, eating disorders

9. Child snacks or snacking not assessed
10. Parenting/parent feeding and child snacking not examined togethera,b

11. Review paper
12. Qualitative paper

aDid not include family meals or parent diet as a marker of food parenting
bExcluded if primary caregivers were not assessed at all (e.g. a study of the feeding patterns of child care workers)
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WT
noticeable differences in trends based on feeding practices
versus feeding or parenting styles were observed. There
was a notable range in the measurement of types of food
parenting practices and in the definition of child snacking,
thus creating opportunities for improvement in future ex-
ploration of these topics. Restrictive feeding and access to
unhealthy foods were most consistently associated with

increases in children’s snack intake, though the frequency
of cross-sectional study designs limits the ability to deter-
mine causality. Few studies described autonomy-
supporting (e.g. praise, encouragement) or permissive (e.g.
feeding to comfort) food parenting behaviors.

Inconsistent definition of snacks
Describing child snack intake presents several challenges.
First, there appears to be no consensus on a universally
accepted definition of child snacking in the literature we
examined. Snacks were described both as a food type and
as foods consumed in between meals. In most studies the
word “snack” was a catch-all phrase to describe energy-
dense, nutrient poor food types similar to “junk food”; few
studies distinguished between unhealthy (e.g. chips, cook-
ies) and healthy snacks (e.g. fruits and vegetables) [31, 58,
59]. Additionally, multiple dimensions were included in
the definitions: half of the studies included beverages as
snacks, while one third specified the timing when a snack
food was consumed (e.g. between meals).
Another measurement challenge is that many studies

defined “snacks” post-hoc, meaning the definition of
snacks was often developed after data were collected,
introducing possible bias depending on how or why cer-
tain foods were grouped together (e.g. relevance in the
diet, statistical viability). There was great variation regard-
ing which unhealthy foods were included or excluded
across studies of similar populations. Additionally, bever-
ages, though likely consumed alongside snack foods, often
received their own separate category for analysis since
timing of their intake was not routinely assessed.
Our findings that snacking definitions vary within food

parenting literature are reflected elsewhere. A 2010 re-
view of general snacking definitions concluded that
studying the impact of snacking on various dietary and
health outcomes was limited by the variation in defini-
tions [76]. In another review of child snacking patterns,
authors reported limited evidence of association between
snacking behaviors and weight status, but emphasized
that methodological limitations in the measurement of
snacking might have severely limited their ability to con-
duct the analysis [7].

Relationship between food parenting and child snacking
Despite a doubling in the number of studies describing
food parenting and child snacking over the previous dec-
ade, the lack of consistency in methodology limits
generalizability of findings across studies. On one hand,
some of our findings appear consistent with existing lit-
erature on food parenting and general dietary intake. We
found that restriction was positively associated with child
snack intake in a majority of studies, which included ex-
perimental and cross-sectional designs. In other studies of
food parenting, restriction of food has been linked with

Table 3 Characteristics of n = 47 Eligible Studies of Food
Parenting and Child Snacking Published Between 1980 and
2017

Year of Study Publication (n, %)

Prior to 2000 2 4.3

2000–2004 2 4.3

2005–2009 12 25.5

2010–2014 19 40.4

2015-present 12 25.5

Country (n, %)

United States 14 29.8

The Netherlands 12 25.5

Australia 8 17.0

United Kingdom 8 17.0

Other 5 10.6

Study Design (n, %)

Cross-sectional 34 72.3

Longitudinal 6 12.8

Experimental 7 14.9

Participants Recruited (n, %)

Caregiver only 15 31.9

Caregiver-child dyad 21 44.7

Child only 11 23.4

Number of Participants/Dyads (mean, SD) 693 789

Age Ranges of Children Included in Study (n, %)

Preschool (2–5 years) 20 42.6

Elementary (6–10 years) 30 63.8

Middle School (11–13 years) 21 44.7

High School (14–18 years) 10 21.3

Reported Caregiver Attributes (n, %)

Caregiver Race/Ethnicity 20 42.6

Non-white participants ≥60% samplea 6 30.0

Caregiver Gender 29 55.3

Female-only sample 12 41.3

Female participants ≥80% sampleb 26 89.6

Fathers explicitly identified in sampleb 10 34.5

Caregiver Level of Education 34 72.3

College educated ≥60% samplec 23 67.6
aAmong participants that reported caregiver race/ethnicity
bAmong participants that distinguished between male and female caregivers
cAmong participants that reported caregiver level of education
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WTboth increased caloric intake and elevated body mass
index in children [11, 77]. The underlying basis for this as-
sociation is likely bidirectional, complex, and mediated by
multiple factors such as a child’s weight status (e.g. parents
may restrict out of concern if a child is overweight). Add-
itionally, how parents restrict (i.e. with warmth and sup-
portive structure versus with hostility and coercive
controlling practices), which may lead children to more
disinhibited eating and interest in high-calorie, or “off
limits” foods [10, 77]. We also found that home availability
of unhealthy foods was positively associated with snack in-
take in 10 out of 11 studies. The home food environment
has been discussed as an important risk factor for child-
hood obesity. However, it is not clear if this is explicitly

due to the presence of the food or represents a proxy,
such as role modeling or that fact that parental food and
beverage intake strongly predicts that of their children
[78, 79]. Our review did not yield enough studies of paren-
tal role modeling using consistent methods (n = 2) to de-
termine what impact it might have on child snacking.
Mixed findings were obtained regarding associations

of pressure to eat and snacking. In the wider literature
on child feeding, parental pressure to eat has been asso-
ciated with both lower energy intake and body mass
index in children in some studies, and increased energy
intake in others, possibly because parents may be try-
ing to encourage underweight or picky children to eat
[22, 80, 81]. It is also possible that this construct is less

Fig. 2 Number of Studies Describing Various Food Parenting Practices in the Context of Child Snacking (n = 41). The total number of studies that
described specific food parenting practices related to child snacking. Practices are arranged within 4 dimensions of child snack feeding derived
from a theoretically guided conceptual model of food parenting around child snacking [14]

Fig. 3 Summary of Commonly Described Food Parenting Practices and Their Association with Child Snack Intake (n = 33). Number of studies
describing positive, negative, or null associations between specific food parenting practices and child snack intake
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utilized in the context of child snacking, as parents
may be more likely to pressure children to eat foods
deemed “healthy.” This is consistent with a qualitative
conceptual study of food parenting around child snacking
that found very few low-income parents identified pres-
sure as part of their schemas around snacking [10, 14].
We also found monitoring food intake bore null findings

in a majority of studies [81]. One possible reason for this
may be that monitoring can be characterized as controlling

when paired with other behaviors (e.g. restriction) and may
be positive if it is paired with structure-supporting behav-
iors (e.g. reasonable limits, offering healthy foods) [14].
Additionally, few studies employed measures that focused
specifically on snack food parenting, which may reduce
their relevance for some food parenting practices.
Although a number of validated tools exist to assess

food parenting practices [9], few studies in our review
utilized complete measures, and instead took specific
items or partial subscales from tools like the Child Feeding
Questionnaire [74] to assess specific controlling feeding
practices (e.g. restriction). Measurement of food parenting
presents a challenge, as many child feeding tools have nu-
merous items and subscales, which affects participant bur-
den. However, adaptation presents a threat to validity, as
psychometric properties of validated scales do not neces-
sarily apply when subsets of items are administered. It is
possible such adaptations contributed to mixed findings
when we examined associations between food parenting
practices and child snacking.

Recommendations for future research
Recommendation #1: Investigate parenting specific to child
snacking
In general, the literature presents negative food parenting
practices like restriction and pressure to eat, compared
with role modeling, healthy limit-setting, or encourage-
ment. Therefore, it would be beneficial for future studies
to include positive parenting behaviors to identify how
these can be supported and translated into public health
interventions. At present, there are a limited number of
tools that exist to measure food parenting specific to
snacking. The Toddler Snack Food Feeding Questionnaire
[36] assesses both negative and positive food parenting di-
mensions and is validated for use with caregivers of chil-
dren aged 1–2 years. The Parent Mealtime Action Scale
[49] measures overall parent mealtime behavior, but does
present two dimensions that are specifically positive and
snack focused (e.g. snack limits and snack modeling); this
tool was validated with caregivers of children in 1st-4th
grade (aged 6–9 years). In the future, it would be benefi-
cial to expand these measures or create a new tool to as-
sess the full spectrum of food parenting practices around
snacking.

Recommendation #2: Increase diversity in caregiver
perspectives
Our review found that mothers almost exclusively repre-
sented caregivers of interest with respect to food parenting
around child snacking. We noted that a vast majority of
studies either did not mention fathers or male caregivers
(e.g. stepfather, live-in partner of mother), and if men-
tioned, they comprised 10% or less of samples. Increas-
ingly, men are playing a greater role in child rearing, and

Table 4 Characteristics of Child Snacking Measures

(n) %

Source of Child Snacking Data

Parent report 20 42.6

Child report 17 36.2

Both parent and child reports 2 4.3

Observed 8 17.0

Type of Instrument

Food Frequency Questionnaire 22 46.8

Survey items 14 29.8

Observed/weighed intake 9 19.1

24-Hour Recall 2 4.3

Use of Existing Measure

Adapted from existing measure 33 70.2

Reported use of “validated” measure 10 21.3

Items developed for study 9 19.1

Source of measure undefined 5 10.6

Measure of Snacking

Specific food item (e.g. chips, soda, cookies) 34 72.3

Categorical (e.g. “desserts”, “salty”, “unhealthy” foods) 8 17.0

“Snacks” – word undefineda 3 6.4

Other 2 4.3

Snack Intake Defined In Analysis

Same as in the measure 21 44.6

Defined post-hoc (e.g. group specific foods as “snack”) 26 55.3

Specificity in Definition of “Snack”

Beverages included (e.g. soda is a snack food) 26 55.3

Timing (e.g. foods consumed between meals) 14 29.7

Healthy snacks identified (e.g. a fruit could be a snack) 3 6.4

Beverage timing (e.g. differentiate soda with snack vs.
dinner)

2 4.3

Snacking Factors Assessed

Frequency 38 80.9

Energy intake (total calories) 11 23.4

Child preference 2 4.3

Rationale (e.g. why snack offered) 1 2.1

Fat intake 1 2.1
aUsed the word “snack” in the instrument (e.g. “When do you give snacks”..)
without a definition
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their absence in studies of food parenting [28] and child-
hood obesity-related risk factors [82, 83] presents a major
gap in the literature. Thus, it is important to intentionally
recruit men in studies of snack food parenting and exam-
ine whether their practices conflict with or support that of
female partners, or female caregivers as a whole. Future
studies should define a parent or caregiver, and clearly
convey the number of female and male caregivers in-
cluded in the sample. Additionally, there is evidence
that other informal caregivers, such as grandparents,
may play an increasingly important role in the
provision of snacks to children [84, 85].
Caregivers in the studies reviewed were typically white

and highly educated, consistent with other literature ex-
ploring parenting and obesity-related risk factors in chil-
dren [11, 86]. In light of the health disparities that low-
income children from racial/ethnic minority groups face
with respect to food quality, healthy food availability,
and childhood obesity [87, 88], an intentional approach
towards recruiting diverse families is warranted. Addition-
ally, recent qualitative work suggests that low-income par-
ents may use snack foods specifically as an affordable way
to comfort children or provide treats in the absence of
other costly pleasures (e.g. vacations, movies) [17, 89, 90].
Therefore, more quantitative studies are also needed to
identify differences in food parenting intentions and prac-
tices based upon such sociodemographic factors.

Recommendation #3: Describe child snacking contexts and
purposes
The context in which child snacking occurs is poorly de-
fined in the literature. Although most quantitative stud-
ies described the number of snacks children consume,
only one described the purpose, or parent rationale for
providing snacks (e.g. reward, to promote health) [18].
No studies in our review described the physical context
or timing in which snacking occurred. There is reason
to believe that timing may also be an important factor,
as a recent review of American children’s snacking pat-
terns found that afternoon snacks might be more energy
dense and nutrition-poor that morning snacks [91].
One qualitative study of low-income multi-ethnic

caregivers of 2–5-year-old children provides additional
insight, revealed that snacking timing and location were

important parts of their definition of a snack [92]. Par-
ents reported that children were often fed in response to
environmental stimuli (e.g. ice cream truck, while gro-
cery shopping) or that physical context dictated their
child’s snacking habits (e.g. whenever the TV was turned
on) [14, 89]. Another analysis from the same study found
that nutritional quality of snacks varied greatly based upon
self-reported purposes; children received healthier snacks
when parents were addressing their hunger and less
healthy snacks when they were being rewarded [93].
Therefore, understanding both context and the underlying
purpose of snack feeding is critical to developing effective
public health messages for parents and may also help to
identify environmental triggers for food parenting prac-
tices that are most obesogenic.

Recommendation #4: Move toward more consistent
terminology and detailed definitions around child snacking
The current heterogeneity in definitions of child snack-
ing limits the field in progressing towards greater under-
standing of snacking behaviors. Given that measurement
of snacking varies based upon populations, research
aims, and methodologies, it is not likely feasible to pro-
vide one universal definition of child snack foods. How-
ever, we propose the use of consistent terminology and
dimensions of snacking (Table 5).
Primarily, we suggest that snack foods be defined as

foods or beverages consumed between meals in order to
standardize language across studies. Within this defin-
ition, nutrient-rich items like fruits, vegetables, and
whole grains consumed between meals may also qualify
as snacks, thus leading the field towards including more
healthful eating behaviors in research. If items are de-
fined as “unhealthy” snack foods, we recommend provid-
ing explicit details about all food/beverages assessed and
the specific rationale for such categorization. Nutrient-
poor foods assessed without the context of the timing
(e.g. junk food or soda consumed at any time of day)
would not be considered snack foods within this pro-
posed definition.
Some studies may use qualitative research to define

snacking within a population in order to identify the full
range of foods consumed between meals as “snacks”. For
example, one caregiver-defined definition of snacking

Table 5 Suggested Standardized Terminology and Definitions for Future Research on Child Snacking

Terminology Suggested Definition

Snack foods (and beverages, if applicable) Foods and/or beverages that are consumed by children between meals. Researchers may
provide their own specific qualifiers (e.g. “energy-dense snack foods”, “sugary snack foods”)
along with explicit criteria for these classifications. Terminology may be shortened to “snack”
or “snacks” after it has been defined.

Snacking occasions The number of between-meal eating episodes in a given day.

Snacking purposes Reasons that parents offer foods between meals (e.g. child request, reward, special occasion, routine).

Snacking contexts Places where between-meal eating occurs (e.g. at home, in the car, at church).

136 Physical Activity, Nutrition and Health

_________________________ WORLD TECHNOLOGIES _________________________



WT

among preschool-aged children that was recently pre-
sented by Younginer et al. [92] is, “A small portion of
food that is given in-between meals, frequently with an
intention of reducing or preventing hunger until the
next mealtime.” When parents in this population were
asked about why or when they give their children
“snacks”, this definition is useful to properly interpret
the findings.
Measuring all dimensions of snacking certainly has im-

plications for participant burden and is not likely to be
feasible in most studies. A smaller-scale study that uti-
lizes high-burden measures to validate a lower burden
questionnaire-based assessment of various snacking di-
mensions would be a promising strategy to enable large-
scale assessment of associations with food parenting and
other factors in the future.

Strengths and limitations
Our review presents several strengths. First, we provide
transparent and replicable methods using PRISMA guide-
lines. We provide our search protocol, detailed search
strategy, and data extraction tool with our findings. We
also utilized double coding of all data extracted, including
screening and full-text analysis in order to increase valid-
ity of our results. Additionally, we built our review upon a
theoretically guided conceptual model of food parenting
around child snacking so that our findings could be pre-
sented in the context of the current momentum within
the literature. We use the same terminology and defini-
tions of food parenting practices presented in the model
in order to maximize construct operationalization.
Our review also has limitations. Due to the vast num-

ber of studies requiring screening, we did not review the
bibliographies of full-texts to identify additional articles.
We also did not include grey literature in our search,
which could have increased the number of possible pub-
lications. The cross-sectional design of most studies we
present also limits our ability to assess causality or tem-
porality of the relationship between food parenting and
child snacking. Due to the lack of standardization across
measures of food parenting and child snacking, our re-
view is limited to a descriptive, narrative summary of the
state of the research, rather than a meta-analysis. How-
ever, our hope is that providing recommendations to im-
prove future methodology will allow for such analysis in
the future.

Conclusions
Snacking among children is nearly universal and signifi-
cantly contributes to children’s intake of energy and
other nutrients. Parents play an important role in shap-
ing children’s dietary behaviors, including snacking. This
study is the first to systematically describe food parent-
ing specifically in the context of child snacking.

Restrictive feeding and child access to unhealthy foods
have been most consistently associated with increases in
children’s snack intake. Pressure to eat and monitoring
have yielded mixed and null findings. With mounting at-
tention paid to the role of child snacking on obesity risk
in recent years, a universal definition of snacking that
addresses both food type and timing is needed to
maximize generalizability across studies and advance
findings within the field. Future research should include
positive food parenting behaviors around child snacking
that may be used as targets for health promotion.
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The impact of an innovative web-based
school nutrition intervention to increase
fruits and vegetables and milk and
alternatives in adolescents: a clustered
randomized trial
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Abstract

Background: The increase in overweight and obesity in adolescents and its health-related consequences highlight the
need to develop strategies, which could help them adopt healthy eating habits. The objective of this study was to
evaluate the impact of an innovative web-based school nutrition intervention (Team Nutriathlon) aimed at promoting the
consumption of vegetables and fruit (V/F) and milk and alternatives (M/A) in high school students and to identify
facilitators and/or barriers influencing its success.

Methods: Ten classes of first and second year secondary students (grades 7 and 8) from the Québec City region were
randomized into two groups (control n = 89 and intervention n = 193). Participants in the intervention (Team
Nutriathlon) were to increase their consumption of V/F and M/A using an innovative web-based platform, developed
for this study, over 6 weeks. The control group followed the regular school curriculum. The number of servings of V/F
and M/A consumed by students per day was compared between the two groups before, during, immediately after
and 10 weeks after the intervention using a web-based platform. Main outcome measures included V/F and M/A
servings and facilitators and/or barriers of program success. Repeated measures linear fixed effects models were used
to assess the impact of Team Nutriathlon on V/F and M/A consumption. A P-value of <0.05 was considered significant.

Results: Students in the intervention reported a significant increase of 3 servings and 1.8 servings per day of V/F and
M/A, respectively, compared to the control group (P < 0.05); however, this was only observed in the short-term. Some
factors contributing to the success of Team Nutriathlon included the team aspect of the program, use of the
technology and recording results outside of classroom hours.

Conclusion: Team Nutriathlon represents an innovative web-based nutrition program which positively impacts V/F
and M/A consumption among high school students. Using web-based or technological platforms may help youth
adopt healthy eating habits that will have implications later in adulthood; however, further studies are needed to
determine their long-term effects.
(Continued on next page)
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Background
The prevalence of obesity has doubled in the last 30 years
and affects more than one in three children and adoles-
cents in Canada [1]. Obesity has also been associated with
increased physical and psychosocial problems that may
have repercussions later in life [2, 3]. Adolescence is
recognized as a critical period characterized by rapid and
significant growth with high energy requirements [4].
During this period adolescents learn to adopt healthy life-
styles that play a key role in their current and future
health [5]. Although adolescence is synonymous with the
development of autonomy, the environment remains an
important influence on lifestyle habits [5]. This may partly
explain why the dietary habits of adolescents are subopti-
mal. Among the food groups, a lack of consumption of
vegetables and fruit (V/F) and milk products (M/A) and
alternatives (such as enriched soy beverages) may lead to
suboptimal dietary intakes. According to a Québec survey
on the health of youth, more than 50% of adolescents do
not consume the recommended Canada Food Guide serv-
ings for V/F and M/A [6]. Considering that youth attend
school regularly and continuously, and that V/F and
M/A consumption is not optimal in this population,
establishing initiatives targeting V/F and M/A habits
in the youth school environment has great potential
for success.
In addition to possessing high nutrient density, V/F

and M/A may play an important role in childhood obes-
ity treatment and prevention. In a previous study, we ob-
served that among 41 food groups, an increase in whole
fruit and low-fat milk intake appeared to be the two spe-
cific groups consistently associated with better weight
control; however, this was observed in adults [7]. Acute
studies have demonstrated that the incorporation of V/F
into children’s meals can decrease energy intake by low-
ering energy density [8]. One intervention also showed a
beneficial effect of increasing V/F on children’s eating
habits compared to a more restrictive intervention that
included a reduction in fat [9]. This is line with studies
showing that an increase in V/F or dairy products often
results in a concomitant decrease in unhealthy snacks/
foods [10–13]. Furthermore, inverse associations have
been observed between consumption of dairy products
and body weight in children [14]. Thus, a high consump-
tion of these two food groups appears to represent a
useful strategy to prevent or treat obesity.

Several studies confirm that nutrition intervention ini-
tiatives in schools offer a promising approach for reach-
ing adolescents and influencing changes in their eating
behaviours [15–20]. More specifically, previous studies
highlight that most efficient intervention to improve VF
in children/adolescents are based on a variety of
approaches, including nutrition education, increased
availability of healthy foods, free or subsidized food pro-
grams, environmental changes, and parental involvement
[16, 18, 21]. Although these studies have shown an in-
crease in the consumption of V/F, few have focused on
increasing the variety of these foods, including the
consumption of M/A and engage youth in a specific
behavioural change process.
In line with these observations, our research team re-

cently evaluated the impact of a nutrition program called
“Team Nutriathlon” where the objective was to improve
the consumption and diversification of V/F and M/A in
primary school children by helping them to develop au-
tonomy in the management of a healthy diet [22]. The
implementation of the first version of the program re-
sulted in a significant increase in the consumption of V/
F and M/A in children suggesting a role for nutrition
programs in schools. Although this study used paper
and pencil to record, methods utilizing internet and
game technologies have been increasingly used ap-
proaches designed to promote health behaviour changes.
Accordingly, school-based intervention programs which
incorporate technology (e.g. internet use) in obesity pre-
vention in youth have been suggested to influence eating
behaviours and increase the consumption of V/F and M/
A, particularly when integrated into the school environ-
ment [23–27]. However, none of these interventions
have included team challenges which support peer influ-
ence and motivation as well as a web-based component
combined with a face-to-face regulation process that
supports the development of autonomy in food choices
and may lead to sustained behavioural changes. There-
fore, the objective of the present study was to (1) assess
the impact of a web-based version of Team Nutriathlon,
an innovative web-based nutrition intervention, on the
consumption of V/F and M/A and (2) identify facilitators
and/or barriers influencing its success among high
school students. Since adolescents have been raised with
the evolution of technology and are more receptive to
using new tools [28], it was hypothesized that the web-
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based version of Team Nutriathlon would be a practical
way to increase the consumption V/F and M/A in this
population.

Methods
Participants and recruitment
This randomized, clustered intervention was conducted
between 2011 and 2013 and included 10 classes of grades
secondary I and II (grades 7 and 8) from three different
high schools in Québec City, Canada. These classes were
randomized into an intervention (n = 6) or control group
(n = 4). The number of classes and students per class varied
from one school to another. The selected schools were of
medium to high socioeconomic levels according to the
Deprivation Index of the Ministry of Education of Québec.
Schools were recruited on a voluntary basis via email

invitation and sent across the region of Québec.
Teachers interested in participating and whose environ-
ment matched the inclusion criteria of the study (i.e. be
a school consisting of at least two secondary I or II clas-
ses corresponding to 13 and 14 year-old youth) were in-
vited to contact the leaders of the study. Classes were
randomized to either the intervention (i.e. Team
Nutriathlon) or control (i.e. regular school curriculum)
group. To better control for different school environ-
ments and seasonal influences on eating habits, both
groups were randomized in the same school and during
the same season. Because of the efficacy of the interven-
tion in our previous study and to increase the motiv-
ation of teachers to participate in the current study,
more participants were included in the current interven-
tion. Only data for which parents and students gave
their consent and assent, respectively, were used for the
compilation and analysis of the results. This study was
approved by the Ethics Committees for Research in
Psychology and Educational Sciences at Université Laval.

Team Nutriathlon intervention
The current study examined the impact of an innovative
web-based version of Team Nutriathlon aimed at improv-
ing the quality of each participant’s diet by increasing and
diversifying their consumption of V/F and M/A. The
initial Team Nutriathlon “paper and pencil” version was
designed as an 8-week school-based nutrition intervention
and team challenge [22]. This version was shortened over
a 6-week period and adapted for secondary school
students (13–14 years old) and for compatibility with the
characteristics of the school environment to provide
remote management via an interactive web interface.

Web-based team Nutriathlon platform
The web-based platform was secured by an information
technology specialist who developed a password secured
website to allow online participation by recording the

daily consumed portions of V/F and M/A. Thus, in
order to participate in Team Nutriathlon, each partici-
pant was provided with a USERID and password to
login. The website provided a six-week calendar where
each participant was asked to record, twice a day, their
consumption of V/F and M/A from Monday to Friday.
Specifically, each day on the calendar included two icons
(an apple and a milk carton) representing V/F and M/A,
respectively. By clicking on each of these icons, partici-
pants were able to add their servings of the various
foods at each meal (breakfast, morning snack, lunch,
afternoon snack, dinner, and evening snack) which were
divided further into various categories. Thus, V/F and
M/A were separated into colors based on their nutri-
tional density: (1) green (vegetables rich in folic acid
such as broccoli); (2) orange (V/F rich in beta-carotene
such as carrots); (3) purple (vegetables rich in potassium
and folic acid such as red cabbage); (4) yellow (fruits rich
in vitamin C such as oranges); (5) red (fruits rich in po-
tassium and vitamin C such as cranberries); and (6) blue
(M/A rich in calcium and vitamin D including milk,
cheese and yogurt). The web-based Team Nutriathlon
platform automatically calculated the means of V/F and
M/A consumed by each participant. It also allowed the
presentation of “summary reports” which presented the
team totals for the quantity and variety of V/F and M/A
that were recorded and compared these results with the
Team Nutriathlon goals. These summary reports were
essential for the “regulation periods” that were held
every 2 weeks. The web-based platform also indicated
the individual and team symbolic prizes that were attrib-
uted to participants at the end of the program.
Although Team Nutriathlon is not a theory-based inter-

vention, it includes key behaviour change techniques
related to self-determination models. These include goal
settings, providing feedback, identifying barriers and
solutions, reinforcement and social support [29] which
can positively influence one’s extrinsic and intrinisic mo-
tivation, a strong determinant of the adoption of healthy
eating habits. Team Nutriathlon was also aimed at pro-
moting the development of the students’ autonomy which
means to promote their decision-making and control over
their behaviors relating to their food choices. Develop-
ment of autonomy fostered by the Team Nutriathlon is
one important element of the self-determination theory
[30] and has been associated with the adoption of healthy
eating behaviors [31]. The regulation periods aimed to im-
prove student’s autonomy allowed them to self-manage
their progress toward individual and team objectives.
More specifically, it provided time for students to reflect
on their recent V/F and M/A consumption, to analyze
their progress and to find individual- and team-based
strategies to help them increase their servings in the
following weeks. In this context, Team Nutriathlon,
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although not a theory-based intervention, appears to pro-
mote key components of the self-determination theory
such as competence and autonomy [30].
Since the program was geared towards the development of

autonomy, students decided when to use the platform; how-
ever, teachers also invited them to access two 5-min periods
during the day to record their information. Furthermore, al-
though parents were not directly involved, materials such as
pamphlets describing the details of Nutriathlon and its goals
were shared with them. Participants were also able to request
purchasing V/F and M/A from the various food categories
from their parents.

Implementation phases of team Nutriathlon
The implementation of Team Nutriathlon consisted of
three distinct phases including the preparatory, imple-
mentation and balance sheet phases. During the pre-
paratory phase, the program co-ordinator provided
training and instruction to teachers on the implementa-
tion and execution of the web-based program modalities.
In line with the competence of “adopting a healthy and
active lifestyle” from the Québec Education Program
[32], they also learned how to help Nutriathlon partici-
pants apply various strategies to reach Team Nutriathlon
individual and team goals. A program implementation
guide was provided to each teacher to help identify tasks
related to the program.
During the six-week implementation phase, students

were encouraged to increase their consumption of V/F
and M/A in order to satisfy the individual and team re-
quirements of Team Nutriathlon. In the individual com-
ponent, students were challenged to reach an average
daily consumption of the recommended servings of V/F
(6 servings/day) and M/A (3 servings/day) based on
Canada’s Food Guide by age group [33]. In the team
component, comprising of three to five students, success
depended on two important factors including the “quan-
tity” and “variety” of the foods eaten. For the “quantity”
team goal, team members must have accumulated, after
6 weeks, a total number of portions of V/F and M/A,
which varied by number of participants in the team. To
reach the “variety” team goal, this consumption must
have been equally distributed into the six categories of
foods associated with colors. The aim of the “variety”
goal was to increase the likelihood that students would
taste new foods during the program. The individual
goals required students to attain a specific “quantity” of
servings and team goals were based on both “quantity”
of intake and “variety”. Follow-ups, also known as “regu-
lation periods”, were planned after the second, fourth
and 6 weeks of Team Nutriathlon in order to specifically
develop the autonomy of youth regarding their food
choices. Regulation periods are based on an analysis of
summary reports provided by the website. The summary

report includes two-week cumulative intakes of V/F and
M/A servings for each student and team (week 2 = mean
of weeks 1 and 2; week 4 = mean of weeks 3 and 4, etc.)
and indicates the students and teams that attained the
goals. During the regulation periods, students analyzed
their consumption over the previous 2 weeks, the effect-
iveness of their strategies and planned new strategies
that enabled them to adjust their consumption to better
meet the requirements of Team Nutriathlon with the
help of their teachers.
Finally, during the last regulation period (seventh week),

a final phase was organized by the project managers in
order to determine the final results of the 6-week changes
in the consumption of V/F and M/A of students and to
provide a balance sheet. During this phase, individuals and
teams were provided with symbolic prizes on the website
and were characterized into “Goûteur” (taster) for reach-
ing the individual goals based on the “quantity” and into
“Gastronome” (1st place); “Gourmet” (2nd place) “Dégus-
tateur” (3rd place) for reaching team goals based on the
“quantity” or “variety” of foods consumed.

Control group
The control group was not exposed to the Nutriathlon
challenge objectives (i.e. no team) or Nutriathlon website
access. They were only exposed to the usual school
curriculum which did not include a specific nutrition pro-
gram. Throughout the study, participants had access to a
plain website in order to record their consumption of V/F
and M/A at specific periods. It should be noted that the
data collection on the web-based platform for the control
group in no way referred to Team Nutriathlon. In addition,
to reduce the emphasis on V/F, M/A, eating behaviours
and body weight, the research objective that was presented
to the participants was “to explore the effects of different
lifestyle interventions on health and well-being”.

Data collection
Quantitative data
Quantitative data was collected to compare the consumption
of V/F and M/A among students participating in Team
Nutriathlon and the control group. Each group underwent
an initial evaluation period (week 0, pre-) where baseline
consumption of V/F and M/A using a plain web-based
platform was obtained without referring to Team
Nutriathlon in any way. With the assistance of a study co-
ordinator, teachers explained to students the concept of
servings and modalities on how to use the web-based
platform. Anthropometric measurements were taken during
the first week of data collection. Participants were weighed
using a bioimpedance balance and height was measured
using a stadiometer by the study co-ordinator. Overweight/
obesity was determined using BMI z-scores according to the
criteria of the World Health Organization [34].

143The impact of an innovative web-based school nutrition intervention to increase fruits and vegetables...

_________________________ WORLD TECHNOLOGIES _________________________



WT

Following this initial evaluation, the experimental group
participated in Team Nutriathlon while the control group
was exposed to the usual school curriculum program. Con-
sumption of V/F and M/A during the intervention was col-
lected using the Team Nutriathlon web-based platform daily
during a six-week period (Monday to Friday) for the inter-
vention and at two different times for the control group on
the plain web-based platform (weeks 3 and 5, Monday to Fri-
day). Consumption of V/F and M/A after Team Nutriathlon
(week 9, post-1) and 10 weeks after the end of the program
(week 17, post-2) was also obtained on a plain web-based
platform. It is important to note that the web-based platform
used for collecting pre- and post-consumption data of V/F
and M/A for both groups and during the study for the con-
trol group was similar to the Team Nutriathlon web-based
platform, but did not include any information or references
on Team Nutriathlon procedures. Anthropometric measure-
ments were also taken at the end of Team Nutriathlon (post-
1). Finally, although the intervention was 6 weeks, the post-1
assessment period was postponed until week 9 due to a 1
week spring break. The research protocol is shown in Fig. 1.

Qualitative data
The semi-structured group interview method was con-
ducted among a subgroup of students to document the bar-
riers and facilitators related to program success. Qualitative
data were collected using a grid adapted to the interview
with students. This grid contained 12 open-ended questions
on five different themes: barriers and facilitators to the suc-
cess of Team Nutriathlon, motivation, perception of results,
appreciation and future benefits (Table 1). All interviews
were conducted only in the intervention group. Among the
intervention groups, four Nutriathlon teams were included
and selected on the basis of their Team Nutriathlon per-
formance (i.e. the two teams who performed the best and
two teams who performed poorly). Their performance was
evaluated based on their final summary reports. These
interviews were conducted with the teams (four to five
students per interview) by one research assistant trained in
the analysis of qualitative studies. In these interviews,
barriers and facilitators related to the success of the
program were discussed with open-ended questions.

Statistical analyses
Statistical analyses were performed using JMP analysis
software (JMP 7.0, SAS Institute, Cary, NC, USA). The
sample size was calculated based on our previous studies
to detect significant differences in consumption of V/F of
0.5 servings per day with an alpha level of 0.01 and a
power (1-β error probability) of 0.90. For the quantitative
data analysis, the primary variable was the daily servings
of V/F and M/A consumed as reported by youth on the
web-based platform. The repeated measures linear fixed
effects models were used to assess the impact of Team
Nutriathlon (independent variable) on the consumption of
V/F and M/A (dependent variable). These analyses took
the clustering randomization effect into account using the
fixed effects model (i.e. random effect for classes). Tukey-
Kramer’s post hoc test was performed to determine
between-group differences at each time. In the analysis,
results with greater than 15 portions of V/F (n = 23%
female, 96% intervention) and 10 servings of M/A (n = 9%
female, 100% intervention) were excluded since their
values were greater than twice the standard deviation.
Body weight and BMI z-scores were analyzed using the
Student’s t-test for paired samples to assess the weight
status of students before and after Team Nutriathlon. The
data were reported by means ± standard deviation and a
P-value of <0.05 was considered significant.
Analysis of the interviews was done using the manual con-

tent analysis method and the open-content analysis model
[35]. According to L’Ecuyer (1990), three steps are essential
to achieving a content analysis: a) preliminary reading and
establishment of a list of statements; b) choice and definition
of the classification units; and c) a categorization process.
Verbatim transcripts of each of the four interviews were
therefore necessary. The content analysis resulted in six cat-
egories: Nutriathlon logistics, student’s Team Nutriathlon
perceptions, factors that facilitate or inhibit the success of
Nutriathlon, impact of Team Nutriathlon on students and
their families, student engagement during Team Nutriathlon
and student’s future involvement in the program. Analysis of
the information collected from students was carried out by a
research professional qualified in qualitative analysis
methods. To ensure scientific validity, another research

Fig. 1 Research protocol (AM: Anthropometric measures; RP: Regulation Periods; SR: Summary Reports). Consumption of V/F and M/A were
collected for all participants at pre-test, weeks 3 and 5, Post-1 and Post-2. Anthropometric measures were taken at pre-test and Post-1
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professional also qualified in qualitative analyses external to
the project also repeated the analyses in order to confirm the
categories resulting from the content analysis. Subsequently,
the two professionals met to discuss the results and form a
consensus.

Results
A total of 282 students (61% female) participated in the
study with 193 students (62% female) in the intervention
and 89 students (58% female) in the control group
(Figure 2). Initially, 42 students (18%) were overweight
(48% female, 67% intervention) and 25 (11%) students were
obese (64% female, 68% intervention). No significant differ-
ences were observed between groups at baseline (pre-test,
Table 2). Moreover, body weight change (post-1-baseline)
was not significantly different between the intervention and

control groups (1.3 ± 1.9 kg vs 1.1 ± 1.9 kg, P = 0.37,
respectively). Similar results were observed for changes in
BMI z-scores (−0.09 ± 0.02 kg for the intervention group
and −0.04 ± 0.03 kg for the control group, P = 0.12).

Impact of team Nutriathlon on the consumption of V/F
and M/a
At baseline (pre-test), there were no significant differences
between the control and intervention groups on the con-
sumption of V/F and M/A (Figure 3). An effect of time,
group and an interaction (time x condition) was observed
for the consumption of V/F (F = 17.8, P < 0.0001, F = 12.6,
P = 0.01 and 6.6. P < 0.0001, respectively) and M/A
(F = 12.80, P < 0.0001, F = 22.99, P = 0.002 and 9.8,
P < 0.0001, respectively). At weeks three and five and at the
end of Nutriathlon (post-1), the intervention group re-
ported a higher consumption of V/F and M/A compared to
the control group (Figure 3). In contrast, 10 weeks after the
end of the intervention (post-2), there were no significant
differences in the consumption of V/F (P = 0.64) and M/A
(P = 0.40) between the intervention and control groups.

Table 1 Interview questions for students containing 12
open-ended questions on five different themes

Theme 1: Barriers and Facilitators

Question 1 In your opinion, what facilitated (people, environment,
personal skills, etc.) your success in Nutriathlon? How
did these things help you? What did your teacher
to do to facilitate success?

Question 2 In your opinion, what inhibited (people, environment,
personal skills, etc.) your success in Nutriathlon? How
did these things keep you from successfully achieving
your goal? How did you manage to overcome these
obstacles? How did your teacher help you overcome
these obstacles?

Theme 2: Motivation

Question 3 What influenced you to get involved in Nutriathlon?

Question 4 What prevented you from getting involved in
Nutriathlon?

Question 5 How did you motivate yourself? What did your teacher
do to motivate you?

Theme 3: Perception of Results

Question 6 Did you learn something in the area of physical activity/
nutrition?

Question 7 Are there tips/strategies that you will remember in the
future to help you do physical activity and/or consume
V/F and M/A?

Theme 4: Appreciation

Question 8 What did you like in Nutriathlon? (e.g. activities, time
and effort required, level of difficulty, teammates, etc.)

Question 9 What did you not like in Nutriathlon? (e.g. activities,
time and effort required, level of difficulty,
teammates, etc.)

Question 10 Would you want to redo Nutriathlon if you had the
chance? Why?

Theme 5: The Future

Question 11 Following Nutriathlon, do you think it is important
to do physical activity and/or eat V/F and M/A?

Question 12 Following Nutriathlon, do you feel like doing physical
activity and/or eating V/F and M/A? If so, do you think
you will be able to?

Fig. 2 Total number of classes and participants in the intervention
and control groups

Table 2 Baseline participant characteristics

Group

Intervention (n = 193) Control (n = 89)

Age 13.7 ± 0.9 13.4 ± 0.8

Weight (kg) 54.0 ± 12.5 52.7 ± 12.9

BMI z-scoresa 0.4 ± 0.1 0.4 ± 0.1

Female (%) 62 58

Male (%) 38 42

Overweight (%)b 17 19

Obese (%)b 10 11
a38 students (53% female; 71% intervention) had missing data for weight.
Analyses of data related to BMI are based on information from 244 students
(62% female, 68% intervention)
b45 students (53% female, 69% intervention) had missing data for weight
(n = 38) or age (n = 7). Analyses of data related to overweight and obesity
percentages are based on information from 237 students (62% female,
68% intervention)
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Moreover, there was no effect of sex on the consumption
of V/F and M/A (P < 0.48; data not shown).
The consumption of V/F between the pre-test and

post-1 was increased to 0.39 servings for the control and
3.4 for the intervention group. Students in the interven-
tion group consumed on average 6.4 daily servings of V/
F while the control group consumed an average of 3.7
servings at the end of the intervention (post-1).
Milk and alternative consumption between the pre-test

and post-1 was increased to 0.14 servings in the control
and 1.9 servings in the intervention group. Students in the
intervention group consumed an average of 3.5 daily serv-
ings while the control group consumed an average of 1.6
servings per day after the intervention (post-1).

Facilitators and barriers to success in team Nutriathlon
perceived by students
During interviews, students identified factors facilitating
the success of the program (Table 3). Because Nutriath-
lon promotes teamwork, it has been identified as a good
strategy to encourage program participation. For the ma-
jority of students, the involvement of teachers proved to
be a facilitating factor because they reminded students

to record the consumed servings of V/F and M/A on the
web-based platform. Moreover, to encourage students to
participate in Team Nutriathlon, teachers helped stu-
dents achieve their goals by providing tips to increase
their consumption of V/F and M/A. Some strategies
provided to students during the “regulation periods” also
came from the research team, other students and/or
parents. Several students mentioned the importance of
parental input during the program. Moreover, parents
were involved in different ways with the adolescents by
encouraging them to eat more V/F and M/A, reminding
them to note their results on the website, increasing the
amount of V/F during meals at home and in lunch boxes
and buying more healthy foods at the grocery store.

a

b

Fig. 3 A comparison of intervention (Team Nutriathlon) and control groups on the consumption of (a) V/F and (b) M/A for the different data
collection periods (W = week). *Significant differences between the intervention and control groups (V/F: W5 P = 0.0002; Post-1 P = 0.002 and M/A: W3
P = 0.0005; W5 P < 0.0001; Post-1 P < 0.0001, respectively). #Trend for a difference between the intervention and control groups (V/F: W3 P = 0.08)

Table 3 Facilitators and barriers contributing to the success of
Team Nutriathlon according to students

Facilitators Barriers

• Entering data on a
web-based platform

• Team aspect of the program
• Involving teachers
• Obtaining strategies
• Family environment

• Lack of attendance for recording
data on the website

• Technological aspects (dysfunction
of the user code and incompatibility
with other technological tools)
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As for barriers to the success of Team Nutriathlon two
major themes emerged: one related to “attendance” and the
other to the “technological aspect”. Attendance at school
for entering data on the website was identified as one im-
portant factor influencing success of the program. Some
students experienced difficulty in attendance for complet-
ing their compilation sheets on the web-based platform.
Several students struggled to take responsibility outside of
school hours to record their data. Barriers related with the
“technological aspect” included problems with personal
code entry which provided access to the Team Nutriathlon
website and incompatibility of the web-based platform with
some devices such as the tablet.

Discussion
This study aimed to evaluate the impact of an innovative
web-based school nutrition intervention (i.e. Team
Nutriathlon) on the consumption of V/F and M/A in high
school students, a population where there is a need to im-
prove eating habits and develop nutrition programs. The
results of this study suggest that Team Nutriathlon is a
promising strategy that promotes the consumption of V/F
and M/A in this population, at least in the short-term.
Quantitative results confirmed the positive impact of

Team Nutriathlon among youth by the significant increase
observed in the consumption of V/F and M/A in the inter-
vention group at weeks 3, 5 and 9 (post-1) even though
consumption returned to initial levels 10 weeks after the
intervention (post-2). Similarly, several studies have docu-
mented the effectiveness of school-based interventions in
increasing the consumption of V/F in youth in the short-
term [15–20]. In a systematic review on school-based in-
terventions aimed at promoting V/F intake among chil-
dren and adolescents, 10 out of 15 studies demonstrated
an increase in V/F consumed from 0.3 to 1 serving/day for
the intervention groups [18]. However, Team Nutriathlon
observed an additional average 2.7 servings of V/F con-
sumed per day which represents a 53% increase in V/F
consumption between pre- and post-1 for the intervention
group suggesting a significant impact of the web-based
version of this program. Of note, the majority of the previ-
ously cited studies are interventions focusing on nutrition
education and environmental change while the emphasis
of Team Nutriathlon is on the modification of behaviour
and development of skills, which may also explain the
positive results observed.
As indicated earlier, the effectiveness of school-based in-

terventions targeting M/A consumption is less documented
than V/F. The short-term effectiveness of an intervention
that encouraged consumption of a specific number of M/A
servings in children compared to a control group [36] and
the inclusion of nutrition education interventions in the
school curriculum has been suggested to be beneficial in in-
creasing M/A [37]. Studies on interventions encouraging

M/A consumption in a healthy eating environment have
achieved significant results and represent an increase by
one serving a day which is similar to our results (two serv-
ings more for the intervention group following Team
Nutriathlon) [38].
Team Nutriathlon participants identified various fac-

tors facilitating the success of the program. Students
suggested that the use of technology (i.e. web-based plat-
form) in the framework of this program facilitated its
implementation. A meta-analysis of interventions using
computer technology in the form of computer games
that increase motivation in youth was shown to be ef-
fective in increasing the consumption of V/F [21] and
may be an effective way to encourage students to change
and adopt behavior that may be beneficial to their health
[39]. These results are not surprising considering that
youth learn more by using a fun platform. The majority
of students who participated in Team Nutriathlon found
it simple and appreciated being “part of a team”. More-
over, teachers and peer support also contributed to the
success of Team Nutriathlon. Several studies have found
that social dynamics are a key element to the adoption
of healthy lifestyles [40–42] and the involvement of
teachers and peers encourage the consumption of V/F
and M/A in youth [43]. The family environment was an-
other facilitating factor important for students and has
been shown to positively impact eating habits [44–47].
Parents, through their influence on food accessibility
[48, 49], support and being a role model [49, 50] may
directly influence the consumption of certain foods.
Throughout the duration of Team Nutriathlon, students
were introduced to strategies that enabled them to more
easily achieve their goals. In our study, students reported
that the strategies provided by teachers, parents, re-
searchers and those discovered by themselves were fac-
tors facilitating the consumption of V/F and M/A.
Developing strategies or “practical skills” (e.g. adding
more V/F in the lunch box) and obtaining support from
teachers and parents would allow students to increase
their V/F consumption [51].
Students also identified some barriers to the success of

Team Nutriathlon. First, students did not find it conveni-
ent to use the platform to enter their consumption of V/F
and M/A outside of school hours. This may have been
due to a lack of motivation or because students were not
in the school environment. Second, students identified
technical difficulties with the use of the user code and in-
compatibility of the platform with certain technological
tools such as tablets. However, these latter factors
remained out of the control of students and should be
modified and considered further in the continuation of
this research and other web-based intervention studies.
Although the long-term impact of this type of interven-

tion on the health and behavior of young adolescents is
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difficult to assess, our study shed some light on the short-
term beneficial effects of a program that promotes the
adoption of healthy eating habits. Some factors may partly
explain the impact of Team Nutriathlon in the longer term.
Participation in a team was a factor facilitating engagement
in the program and peer and/or teacher support were im-
portant elements in increasing the consumption of V/F and
M/A. Thus, the little access to the support of peers and
teachers after completion of the program may have contrib-
uted to the decrease in consumption 10 weeks after. A sec-
ond factor was the lack of follow-up with participants after
the intervention. Frequent contact with the participants has
been suggested to ensure success of a program [52]. Since
the daily monitoring and control periods offered by
teachers and the research team had ended after Team
Nutriathlon, students found themselves in a less structured
environment and it was more difficult for them to continue.
Finally, it is possible that the duration of Team Nutriathlon
was not long enough to change behavior. Because of the
high-school agenda, Team Nutriathlon was implemented
over a 6-week period, which is less than the original 8-week
period that was found to be effective in younger children in
the short and longer terms (10 weeks post) [22]. Since the
proportion of different weight categories of the participants
in this study was consistent with Canadian population sta-
tistics, weight issues less likely to explain the results of the
study. More research is needed to establish a significant link
between the decrease in consumption of V/F and M/A
10 weeks after the end of Team Nutriathlon and the vari-
ous factors discussed.
This study has several strengths. First, the large mixed

sample increases the generalizability of the results. The in-
clusion of a mixed methodology (quantitative and qualita-
tive measurements) highlights both the impact of Team
Nutriathlon on V/F and M/A consumption and student
perceptions. This study was therefore able to identify the
facilitating factors and barriers perceived by students to
adopt healthy habits as part of a school nutrition interven-
tion. Accordingly, it is mainly an extracurricular program,
which means that it takes minimal class time to imple-
ment (about 4 h for a 6-week period). It also requires min-
imal human resources such as one coordinator to enter
the team’s name and give a password to each student and
a teacher to introduce the Team Nutriathlon at the begin-
ning and supervise the “regulation periods”. Even though
the Team Nutriathlon is not a multi-level intervention (i.e.
targets not only the individual, but also the environment),
it could well be integrated into a school setting that has
implemented a nutrition education program in the cur-
riculum or increased the availability of V/F and M/A in
their environment. It is also important to highlight that
Team Nutriathlon focuses on modifying a single behav-
iour (i.e. eating habits such as V/F and M/A consump-
tion). Although this has not been extensively studied, this

approach has been suggested to be more effective com-
pared to interventions that focus on changing multiple be-
haviours [53]. Finally, the innovative aspect of this
intervention stems from the combination of a team chal-
lenge and a web-based component combined with face-
to-face interactions that include regulation periods, with
the goal of developing autonomy in food choices.
This study is not without some limitations. The program

was carried out in schools where it is difficult to analyze the
long-term results due to school holidays, changes in the co-
hort of students every year and departure of some students.
Second, the results are not generalizable to all high school
students, particularly those with low socio-economic sta-
tuses, since the study was conducted in a population of
high school students from relatively high socio-economic
backgrounds. Third, participation in Team Nutriathlon on
a voluntary basis may lead to possible bias already present
related to the motivation of students and teachers of the
schools involved in the project. Although the level of motiv-
ation was not measured in this study, it is clear that this
factor could influence the success of the Nutriathlon. This
has been highlighted in Team Pentathlon, the physical ac-
tivity version of the Nutriathlon program [54]. A higher
level of motivation among teachers participating in this
study could be due to different factors such a better know-
ledge of nutrition and health and/or personal beliefs. Future
studies may include implementation of training programs
in schools aimed to increase the level of motivation or in-
fluence beliefs related to these behaviours. Fourth, as the
servings of V/F and M/A consumed were self-reported by
students, social desirability may have influenced their con-
sumption. Students may be encouraged to include more
portions of V/F and M/A than actually consumed, because
they are aware that this is what is best for their health; how-
ever, it is difficult to control this bias. Fifth, due to budget-
ary constraints and the design of the study, this project did
not include process evaluation which is essential for captur-
ing what is delivered and how it is carried out in practice,
in comparison to the planned theoretical intervention. This
process also allows one to know which adaptations have
been made in order to fit the intervention into different
contexts and determine its impact on the outcomes. How-
ever, in the context of the present study, a step-by-step
guide was provided to each teacher to help them
standardize the implementation of Nutriathlon and thus,
increase intervention fidelity. Moreover, information on
participant compliance was available. Students were en-
couraged to access the platform 80% of the time (4 out of
5 days). This information was available to teachers through-
out the intervention period allowing them to encourage
students that were less using the platform (less than 80% of
the time). Finally, because dietary intakes were not assessed
using 24-h food recalls or direct observations, it was not
possible to document if V/F and M/A changed the overall
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diet quality. Nevertheless, because no differences in z-BMI
scores were observed, it may be hypothesized that the in-
crease in V/F and M/A did not result in an increase in total
energy intake over the course of the study. One possible ex-
planation is that the increase in V/F and M/A may have
helped to decrease the consumption of unhealthy snacks.
This is supported by our previous study demonstrating that
the implementation of Team Nutriathlon in primary
schools result in an increase in V/F and M/A at snack time
[22], and by other results showing that the introduction of
a V\F program in schools is associated with a decrease in
the consumption of unhealthy snacks [10, 11, 13]. Together,
these results indicate that Team Nutriathlon increases the
consumption of V/F and M/A more specifically between
meals which may help to decrease the consumption of less
healthy foods.

Conclusion
In conclusion, this study indicates that Team Nutriathlon
is an innovative web-based nutrition program which posi-
tively impacts V/F and M/A consumption among high
school students, at least in the short term. Web-based
technologies favouring the development of autonomy in
food choice seems thus to represent an interesting avenue
to promote healthy eating in adolescents. Although educa-
tional institutions are a good choice for implementing
web-based intervention in youth, it may be relevant to
implement Team Nutriathlon in other types of environ-
ments popular among youth including summer camps or
daycare. Furthermore, using web-based or technological
platforms may help youth adopt healthy eating habits that
will have implications later in adulthood; however, further
studies are needed to determine their long-term effects.
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Child and parent predictors of picky eating
from preschool to school age
Silje Steinsbekk1* , Arielle Bonneville-Roussy2, Alison Fildes3, Clare H. Llewellyn4 and Lars Wichstrøm1,5

Abstract

Background: Picky eating is prevalent in childhood. Because pickiness concerns parents and is associated with
nutrient deficiency and psychological problems, the antecedents of pickiness need to be identified. We propose an
etiological model of picky eating involving child temperament, sensory sensitivity and parent-child interaction.

Methods: Two cohorts of 4-year olds (born 2003 or 2004) in Trondheim, Norway were invited to participate
(97.2% attendance; 82.0% consent rate, n = 2475) and a screen-stratified subsample of 1250 children was recruited.
We interviewed 997 parents about their child’s pickiness and sensory sensitivity using the Preschool Age Psychiatric
Assessment (PAPA). Two years later, 795 of the parents completed the interview. The Children’s Behavior
Questionnaire (CBQ) was used to assess children’s temperament. Parent- child interactions were videotaped and
parental sensitivity (i.e., parental awareness and appropriate responsiveness to children’s verbal and nonverbal cues)
and structuring were rated using the Emotional Availability Scales (EAS).

Results: At both measurement times, 26% of the children were categorized as picky eaters. Pickiness was
moderately stable from preschool to school age (OR = 5.92, CI = 3.95, 8.86), and about half of those who displayed
pickiness at age 4 were also picky eaters two years later. While accounting for pickiness at age 4, sensory sensitivity
at age 4 predicted pickiness at age 6 (OR = 1.25, CI = 1.08, 2.23), whereas temperamental surgency (OR = 0.88,
CI = 0.64, 1.22) and negative affectivity (OR = 1.17, CI = 0.75, 1.84) did not. Parental structuring was found to reduce
the risk of children’s picky eating two years later (OR = 0.90, CI = 0.82, 0.99), whereas parental sensitivity increased
the odds for pickiness (OR = 1.10, CI = 1.00, 1.21).

Conclusions: Although pickiness is stable from preschool to school age, children who are more sensory sensitive
are at higher risk for pickiness two years later, as are children whose parents display relatively higher levels of
sensitivity and lower levels of structuring. Our findings suggest that interventions targeting children’s sensory
sensitivity, as well as parental sensitivity and structuring, might reduce the risk of childhood pickiness. Health care
providers should support parents of picky eaters in repeatedly offering unfamiliar and rejected foods to their
children without pressure and acknowledging child autonomy.

Keywords: Picky eating, Pickiness, Fussiness, Sensory sensitivity, Parenting, Structuring, Sensitivity, Temperament

Background
The unwillingness to eat certain familiar or unfamiliar
types of food, known as picky eating [1], is most preva-
lent in early childhood, with rates ranging from 5.6 to
59.3% depending on the definition and assessment
methods used [2]. Pickiness is of great concern for
parents [3]. Although knowledge of the health-related
outcomes of picky eating is limited due to a lack of

longitudinal studies [2], research suggests that picky
eating is associated with nutrient deficiency [4], under-
weight [5], behavioral problems [6] and symptoms of
anxiety and depression [7]. Even though pickiness may
decrease somewhat during the late preschool and early
school years [2], evidence suggests a substantial number
of children continue to be picky into school age [3],
whereas others first display picky eating after starting
school [8]. Further, pickiness also seems to be more per-
sistent with later onset, while early onset cases recover
more quickly [3]. Therefore, identifying the predictors of
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pickiness in the period of transition from preschool to
school would be especially valuable.
Two longitudinal studies have examined socio-

demographic predictors of picky eating [8, 9], and
one investigation focused on parental negativity [10].
However, research into modifiable risk factors (e.g.,
breastfeeding, parenting) has been cross sectional,
limiting the possibility of causal inferences between
those risk factors and picky eating [11]. Children’s
eating is influenced by their dispositional qualities
such as temperament [12–14], but also by parenting
practices and the way parents feed and react to their
child’s eating [15, 16]. We therefore propose an etiological
model of picky eating involving child temperament, sen-
sory sensitivity and parent-child interaction. We test this
model in a large and representative sample of Norwegian
children followed from 4 to 6 years of age.

Temperament, sensory sensitivity and pickiness
Individual differences in temperament may explain why
some children develop eating problems whereas others
do not [12, 17]. According to Rothbart’s work, three
overarching factors of temperament can be found:
Surgency/extraversion, negative affectivity and effortful
control [18]. Surgency, the tendency to be approached-
oriented and sensation-seeking, may cause children to
be more open to new food experiences. Studies conducted
with adults show sensation seeking to be negatively associ-
ated with food neophobia, i.e. the avoidance of novel
foods, which is closely related to pickiness [19–21].
Notably though, Hafstad et al. [10] did not find that level
of sociability (akin to surgency) predicted decreased picki-
ness in very young children (1.5 to 4.5 years of age), but it
is not known whether this also applies to older children.
Negative affectivity, which is characterized by mood
instability, angry reactivity and dysregulated negative
emotions [22, 23], is also associated with picky eating
in cross-sectional [9, 12], and prospective studies [10].
We therefore examine both surgency and negative
affectivity as predictors of pickiness from preschool to
school age.
Effortful control, the third overarching temperamental

dimension comprising inhibition and planning [18], does
not intuitively appear relevant to picky eating. However,
perceptual sensitivity, one of its sub dimensions may be
pertinent. Perceptual or sensory sensitivity is conceptual-
ized as low neurological thresholds for responding to
sensory events and passive response strategies [24]. Indi-
viduals high in sensory sensitivity not only notice more
sensory events (from taste, touch, vision, and smell) than
others, but they notice sensory stimuli, such as food
textures, more rapidly [24]. As the sensory properties of
foods vary, it is reasonable to assume that sensory sensi-
tivity will affect food acceptance [25]. In fact, sensory

sensitive children have been found to be more reluctant
to try new foods (food neophobia), eat fewer fruits and
vegetables [26], and display higher levels of pickiness in
cross-sectional studies [7, 27]. However, it is not yet
clear whether sensory sensitivity prospectively predicts
picky eating.

Parenting as a predictor of pickiness
Simply stated, picky eating is characterized by one defin-
ing behavior; avoidance of food. Thus, picky eating man-
ifests itself through avoidant behavior, as in anxiety
disorders, and may similarly persist by means of negative
reinforcement. Parents are concerned about picky eating
[3] but may respond to this behavior differently. We
propose two parenting pathways that potentially drive
pickiness in early childhood, described below.

Protective pathway: parental structuring
Parents who adopt a structuring/scaffolding parenting
style, who teach and help the child while acknowledging
the child’s autonomy [28], may offer their child unfamiliar
or disliked foods in a gentle, yet firm way, encouraging the
child to try. This parental approach is comparable to an
authoritative feeding style, characterized by emotional
warmth and responsiveness as well as high dietary expec-
tations [29]. Indeed, authoritative parenting (i.e. high
involvement and high control) is associated with healthy
eating behavior [16], including higher fruit and vegetable
consumption [29], and has been shown to reduce the
negative association between pickiness and fruit intake
[30]. Parenting behavior characterized by non-aversive,
reinforcing parent-child-interactions, the caregiver being
proactive and structuring, has further shown to prospect-
ively predict children’s dietary quality [31]. In sum,
research supports a link between general parenting and
dietary practices [32, 33], structuring and autonomy
support being considered two of the most important par-
enting constructs as regards parent’s impact on children’s
diet and eating habits [34]. Although relatively little is
known about the management of pickiness [11], repeated
exposure to a novel and/or disliked food has been shown
to increase children’s acceptance of the food [35]. How-
ever, in order for exposure interventions to be effective,
caregivers have to be systematic in their effort to
familiarize their child with foods, for instance, by repeat-
edly and methodically offering certain rejected foods on
multiple occasions and praising or rewarding the child for
tasting [36, 37]. Such behavior requires structuring of the
child’s environment and scaffolding the child’s learning.
We therefore expect high parental structuring/scaffolding
to reduce the risk of the child becoming a picky eater,
whereas little or no structure and scaffolding is expected
to increase the risk of prospective pickiness.
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Risk pathway: parental sensitivity
A child’s negative response to food can be distressing for
parents [3]; however, some parents may be more
distressed than others. Parental sensitivity, defined as
awareness and appropriate responsiveness to children’s
verbal and nonverbal cues, is generally thought to be
psychologically beneficial [38]. However, high sensitivity
may have its drawbacks. Because the picky child needs
to endure uneasiness, or even anxiety to try a rejected
food, the parent similarly needs to endure their child’s
uneasiness. Highly sensitive parents may be more
affected by their child’s distress and therefore more
inclined to avoid confrontation or to abort efforts to en-
courage their child to try new foods when s/he protests
or becomes distressed. This is the proposed sensitive
pathway to picky eating, whereby high parental sensi-
tivity leads to decreased food exposure, and thereby
negatively reinforces the child’s avoidance. Of note,
highly sensitive parents also tend to be structuring
[39]. Therefore, we do not expect structuring and
sensitivity, which we hypothesize to work in opposite
ways, to be bivariately associated with pickiness, be-
cause these opposite effects may cancel each other
out. However, when adjusted for each other, the ‘true
colors’ of structuring and sensitivity may appear.

Current study
Pickiness is associated with several negative physical and
psychological health outcomes and can cause parental
distress. Identification of predictors is pertinent to inform
interventions aimed at reducing picky eating in childhood.
We aim to extend existing research by examining child-
and parenting factors as predictors of pickiness from age 4
to 6. Specifically, we will explore child temperament,
sensory sensitivity, parenting sensitivity and structuring as
predictors of pickiness. This study extends earlier findings
by applying a psychiatric interview to capture pickiness
rather than single items or questionnaires used in earlier
cross-sectional [2] and longitudinal studies [8, 10]. We
hypothesize that pickiness at age 6, adjusted for pickiness
at age 4, would be predicted by: 1) higher levels of child
negative affectivity and lower levels of surgency; 2) higher
levels of sensory sensitivity; and 3) greater parental sensi-
tivity (i.e., the ability to effectively read and act upon the
child’s cues) and lower levels of parental structuring.
Gender differences are also explored.

Methods
Participants and procedure
A letter of invitation to participate in the study, together
with the Strengths and Difficulties Questionnaire (SDQ)
4–16 version [40], was sent to the homes of all children
born in 2003 and 2004 living in Trondheim, Norway
(N = 3456). The parents brought the completed SDQ

when attending the regular health check-up for 4-year
olds, where a health nurse informed parents about the
study and asked them to participate (n = 3016). Of the
eligible parents, 97.2% (n = 3358) met for the appointed
health check-up, 2475 gave informed consent, and 1250
children were drawn to participate. Children were allo-
cated to four strata according to their SDQ scores to
oversample for mental health problems (cut-offs: 0–4,
5–8, 9–11, and 12–40) and the probability of selection
increased with increasing SDQ scores (.37, .48, .70,
and .89 in the four strata, respectively). The sample is
comparable to the Norwegian parent population for
the parents’ level of education [41]. We succeeded in
interviewing parents of 997 children at Time 1 (T1),
when the children’s mean age was 4.7 years
(SD = 0.30). At follow up two years later, 795 chil-
dren participated (mean age = 6.7 years, SD = 0.17).
Further details of the recruitment procedure is pre-
sented in Wichstrøm et al. [42]. All procedures were
approved by the Regional Committee for Medical and
Health Research Ethics Mid Norway.

Measures
Pickiness
A semi-structured psychiatric interview, The Preschool
Age Psychiatric Assessment (PAPA) [43], was used to
assess children’s picky eating at both measurement
points. The PAPA assesses symptoms of psychiatric
disorders in preschool children, but also includes items
related to picky eating. More specifically, parents are
interviewed about their child’s food preferences and
appetite over the last three months, whether the child
consumes only restricted types of foods, and whether
food selectivity impairs functioning. The interviewer had
at least a bachelor’s degree in a relevant field in addition
to extensive prior experience in working with children
and parents. The PAPA includes both required and op-
tional follow-up questions and the administrator decides
whether the symptom is present and probes until she or
he can make a decision. Based on the interview, the
participating children were categorized according to
their level of pickiness: no pickiness; moderate pickiness
(the child only eats food s/he likes); and severe pickiness
(pickiness is substantial and comprehensive, separate
meals must be made for the child). Using the same
measure of pickiness as in the present inquiry, Zucker
et al. (2015) found that even moderate levels of pickiness
are associated with psychiatric symptoms and thus need
to be identified. We therefore used a dummy variable
including both moderate and severe pickiness as the
main outcome (0 = no pickiness; 1 = moderate/severe
pickiness). Nine percent of videotaped recordings of the
PAPA interviews were recoded by blinded interviewers
which revealed high inter-rater reliability, ICC = 0.92.
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Sensory sensitivity
The PAPA [43] was used to capture sensory sensitivity at
age 4, assessing seven sensory modes of sensitivity: (1)
tactile (e.g. sensitive to special kinds of clothes/fabrics, tags,
seams, etc); (2) oral (e.g. sensitive to crisp, hard, soft con-
sistencies); (3) taste; (4) smell; (5) sounds (e.g. sensitive to
sharp, loud sounds); (6) visual (e.g. sensitive to bright
sunlight); and (7) “other” forms of sensitivity (“sensitive to
other kinds/modes of perceptual sensations?”). The inter-
viewer categorized the child as hypersensitive if impairment
was reported (e.g. gets emotionally upset, tries to get away
from the sensory stimuli) (0 = no sensitivity; 1 = sensitivity).
A sum score of the 7 sensory modes was calculated ranging
from 0 to 7.

Temperament
The Norwegian version of the parent-reported Children’s
Behavior Questionnaire (CBQ) long version [22] was
used to assess Negative Affectivity (α = .88) and
Surgency (α = .92). The CBQ consists of 195 items, rated
on a 7-point Likert scale (1 = “Extremely untrue of your
child”; 7 = “Extremely true of your child”).

Parental sensitivity and structuring
Parent and child interactions were videotaped at T1
during four consecutive 5-min sequences (free play,
child lead play, parent led play, and a clean-up task).
Parental sensitivity and structuring were rated based on
the emotional availability scales (EAS) [44]. Sensitivity
captures a parent’s ability to develop and maintain a
positive and healthy emotional connection with the
child. Highly insensitive parents display few areas of
strength in interactions with their child, e.g. only trau-
matic signals may elicit parental attention, the parent
might appear to “forget” that his/her child is around,
whereas highly sensitive parents are attentive and re-
sponsive (e.g., positive statements, smiling, interest).
Structuring refers to the parent’s capacity to support the
child’s learning, and an optimally structuring parent tea-
ches or helps the child at the same time as s/he permits
a degree of autonomy so that the child can learn inde-
pendently [28]. Overall assessment of sensitivity and
structuring are made across the four sequences using
seven subscales for each construct (sensitivity: α = .82;
structuring: α = .83). All raters were trained and certified
as reliable by Biringen, who developed the EAS-scales.
The inter-rater reliability between multiple blinded
coders on a random 10% sample of the videotapes was
ICC = .62 for both sensitivity and structuring.

Socioeconomic status
Socioeconomic status was measured by parental occupa-
tion, coded according to the International Classification
of Occupations [45] on a 6-point scale (1 = Manual

workers, 6 = Leaders). If parents were living together the
parent with the highest occupation was chosen.

Statistical analyses
Logistic regression analyses were used to estimate stability
of pickiness from age 4 to 6. In this multivariate model,
pickiness at age 6 was regressed on pickiness, tempera-
ment, sensory sensitivity and parenting at age 4, allowing
predictors to covary. The proposed pathways tested are
illustrated in Additional file 1: Figure S1. Because research
has shown that low income predicts pickiness [8], analyses
were adjusted for parental socioeconomic status. Gender
specific analyses were conducted and Wald tests of
parameter constraints were used to test if the predictors
were different for boys and girls.
Models were performed in Mplus version 7.0 [46]. We

applied a robust maximum likelihood estimator, which is
robust to moderate deviations from multivariate normality
and provides robust standard errors. A full information
maximum likelihood procedure was used to handle missing
data. This procedure means that analyses are performed on
all available data, provided that cases have values for the
dependent variable (pickiness) (n = 1035). Because we used
a screen-stratified sample, all analyses were performed
using probability weights, which were the inverse of the
drawing probability (i.e. low scorers on the SDQ were
weighted up and high scorers were weighted down) to
produce accurate population estimates. Analyses revealed
that none of the study variables predicted attrition.

Results
Preliminary analyses
Preliminary analyses using multinomial logistic regres-
sions between three categories of pickiness (no, moderate
and severe pickiness) at age 4 and 6 revealed no difference
in predictors of moderate and severe pickiness, supporting
the decision to treat pickiness as a dichotomous variable
(no versus moderate/severe pickiness).
Table 1 displays the estimated means and SD of all

study variables at baseline, as well as the multivariate
correlations between the variables. Diagnostic tests to
detect multicollinearity issues were run with pickiness at
age 6 regressed on pickiness and all predictors at age 4
(children’s negative affectivity, surgency, sensory hyper-
sensitivity, parental structuring and sensitivity) [47]. We
did not find any multicollinearity issues with the data
(tolerance > .50, VIF < 1.99).

Prevalence and stability of pickiness
At age 4, 25.7% of the boys and 26.1% of the girls were
categorized as picky eaters. At age 6, 24.8% of the boys
and 26.6% of the girls displayed pickiness. There was no
significant difference in the proportions of girls and boys
categorized as picky eaters at either measurement point
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(Age 4: z = .13, p = .90; Age 6: z = .55, p = .58). Further,
as shown in Table 2, there was moderate stability of picki-
ness from age 4 to age 6. No gender difference in persist-
ence of pickiness was found (Wald χ2 = 1.49, df = 1,
p = .22). In the overall sample, 13.9% displayed pickiness
at both ages, thus half of those who were picky eaters at
age 4 were also categorized as picky eaters two years later.

Predictors of pickiness
Table 2 displays the results of the logistic regression
analyses for the whole sample. The model fit informa-
tion is as follows: Akaike Information Criterion
(AIC) = 18,230.69; Bayesian Information Criterion
(BIC) = 18,443.21. AIC and BIC are parsimony-
adjusted comparative fir indices and models with
smaller AIC and BIC are usually considered more
parsimonious [48]. As can be seen in the table, higher
levels of parenting sensitivity were found to increase
the risk for pickiness at age 6, even when pickiness at
age 4 was accounted for. Parental structuring pre-
dicted comparatively less pickiness at age 6. More
sensory sensitive children were at increased risk for
persistent pickiness at age 6, whereas temperamental
traits did not predict changes in pickiness over time.
Because SES was unrelated to pickiness in the overall

model, SES was not included in the multivariate sub-
group model and thus the model fit improved
(AIC = 15,651.270, BIC = 15,888.447). Wald tests of par-
ameter constraint revealed that the regression slopes

from each predictor to pickiness at age 6, accounting for
pickiness at age 4, did not significantly differ between
genders (Negative affectivity: Wald Χ2 = 1.53, df = 1,
p = .212; Surgency: Wald Χ2 = .88, df = 1, p = .35;
Sensory sensitivity: Wald Χ2 = 2.32, df = 1, p = .13;
Parental sensitivity: Wald Χ2 = 1.14, df = 1, p = .29;
Parental structuring: Wald Χ2 = 1.69, df = 1, p = .19).

Discussion
In light of the high prevalence of picky eating in children
and the related negative health outcomes, we aimed to
identify predictors of pickiness by following a large and
representative sample of Norwegian children from 4 to
6 years of age. Our study adds to existing research by
using a semi-structured interview rather than single
items or questionnaires thus also capturing impairment
of pickiness, and by examining potentially modifiable
child and parent predictors. One in four 4 year olds
displayed pickiness and the same prevalence was found
when they were 6. Pickiness was moderately stable from
preschool to school age, and about half of those who
displayed pickiness at age 4 were also picky eaters two
years later. As expected, our study showed that children
who are more sensory sensitive at age 4 are at higher risk
for pickiness two years later. As further hypothesized, chil-
dren who showed high levels of sensory sensitivity and
had parents who were high on sensitivity and low on
structuring were most likely to display more pickiness
over time. Individual differences in temperament did not

Table 1 Means, standard deviations and correlation coefficients between all study variables at baseline

Mean (SD) Children’s negative
affectivity

Children’s
surgency

Children’s sensory
sensitivity

Parental
sensitivity

Parental
structuring

Socio-economic
status

Pickiness 0.28 (0.45) .13*** −.01 .16*** −.02 −.02 −.01

Children’s negative affectivity 3.70 (0.47) −.18*** .17*** −.08** −.07* −.10***

Children’s surgency 3.55 (0.61) −.04 −.03 −.07* −.02

Children’s sensory sensitivity 0.23 (0.98) −.06* −.05 −.04

Parental sensitivity 25.18 (3.02) .71*** .15***

Parental structuring 25.69 (3.18) .13***

Socioeconomic status 4.41 (0.98)

Biserial correlations are estimated for the dichotomous pickiness variable. *p < .05. **p < .01. *** p < .001

Table 2 Multivariable predictors at age 4 of picky eating at age 6 (n = 1035)

Age 6

Age 4: B 95% CI OR 95% CI p

Pickiness 1.78 1.37, 2.18 5.92 3.95, 8.86 ≤.001

Children’s negative affectivity 0.16 −0,29, 0.61 1.17 0.75, 1.84 .485

Children’s surgency −0.12 −0.45, 0.20 0.88 0.64, 1.22 .455

Children’s sensory sensitivity 0.22 0.04, 0.40 1.25 1.08, 2.23 .019

Parental sensitivity 0.10 0.00, 0.19 1.10 1.00, 1.21 .049

Parental structuring −0.10 −0.19, −0.01 0.90 0.82, 0.99 .024

The OR’s are adjusted for all other variables
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predict pickiness and there were no gender differences in
the prediction of pickiness.

Sensory sensitivity
This is the first study to show that sensory sensitivity
prospectively predicts picky eating, adding to earlier
cross-sectional findings. Not only taste and smell sensi-
tivity, but also tactile sensitivity is associated with picki-
ness in children [49, 50]; we therefore included it in the
overall sensory sensitivity variable in our study. It is well
known that taste exposure increases acceptance and
even liking of rejected food in children [35], but tactile
exposure might add to this effect [49], as might visual
exposure [51].

Parental structuring
As hypothesized, parental structuring reduced the risk of
children’s picky eating two years later. This result
concurs with a previous cross-sectional study examining
parental monitoring [52] and a prospective study of
parental pressure to eat [53]. Although our study does
not reveal the underlying mechanisms, it might be
hypothesized that because parents high in structuring
facilitate children’s learning and exploration within the
child’s zone of proximal development [54], they are bet-
ter able to systematically promote exposure of unfamiliar
and possibly also previously rejected food, thereby chal-
lenging the child within the limits of his/her autonomy.

Parental sensitivity
Although parental sensitivity is a desirable parenting
quality associated with a healthy psychosocial develop-
ment in children (e.g. social competence, emotion regu-
lation) [38], our results indicate that children of highly
sensitive parents are at increased odds of future picki-
ness. Sensitivity captures parents’ physical and emotional
responses to children’s signals and communications,
emphasizing affective interactions and negotiation of
conflict [54]. As hypothesized in our sensitive pathway
to pickiness, a plausible explanation of the current find-
ing is that highly sensitive parents may accept the child’s
reluctance to try new or rejected food and not offer it
again, thus reinforcing the child’s pickiness. In contrast,
less sensitive parents might not be so responsive to
children’s negative reaction to a food, which could
potentially promote exposure.

Gender differences
We did not find gender differences in the stability of
pickiness, in contrast to Cano et al. [8] who found boys
to be more persistent picky eaters than girls. This incon-
sistency may be due to different measurement methods
(semi-structured interview vs. pickiness operationalized
by two items) and length of follow up, but it should be

noted that the gender effect detected by Cano et al. [8]
was rather small (relative risk ratio [RRR] = .43, p = .05).
There was also no difference between genders regarding
the predictors of pickiness in our study, but gender
differences in the persistence of picky eating are worthy
of further exploration.

Limitations
Although the present inquiry has several strengths, such
as the longitudinal design, relatively large sample and an
interview-based measure of pickiness and sensory sensi-
tivity, some limitations should be noted. Twin studies
have shown that pickiness has a strong genetic basis,
with >70% of the individual differences in this behavior
being accounted for by genetic variation in young chil-
dren [55]. Although twin studies also show environmen-
tal factors to influence interindividual differences in
pickiness [21], accounting for genetics may have altered
the present results. Because the same instrument (semi-
structured parental interview) was used to capture both
pickiness and sensory sensitivity, common methods may
have inflated the association between the two constructs.
In the present study, we adjusted for pickiness at age 4,
thereby limiting the common method effect between
sensory sensitivity at age 4 and pickiness at age 6.
Because the present inquiry is embedded within the
larger Trondheim Early Secure Study (TESS), which
aims to examine factors related to psychosocial develop-
ment and development of mental health problems in
children, a global measure of parent-child interaction
was required and therefore used here. It is plausible that
specific parental approaches in response to early signs of
picky eating influence the development of pickiness,
over and above general aspects of parenting. Future
studies should assess specific parent-child interactions
around food. To tease out parenting predictors of picky
eating future studies should also be powered to examine
high vs. low levels of sensitivity and structuring. Since
the inter-rater reliability of the parenting variables was
moderate, the strengths of the predictions from parent-
ing may be underestimated. It should further be noted
that observations of parent-child interactions took place
at the University lab, thus reactivity to a novel environ-
ment might have affected the results. Finally, to extend
the current study, future research should capture longer
developmental periods.

Implications and future directions
Our results suggest that interventions reducing sensory
sensitivity or the way it is handled by parents might
decrease the risk of picky eating, although clinical trials
are needed to test this assumption. One observational
study of novel fruit introduction in 2–4 year olds
showed that verbal pressure to eat did not affect intake,
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whereas physical prompting predicted child swallowing
and enjoying the new fruit [25]. The authors suggest that
moving the fruit towards the child, holding it under the
child’s nose or up to the line of sight to encourage smell-
ing, looking at and holding the fruit, increases sensory
exposure, which might be the mechanism facilitating
acceptance. Thus, encouragement and gentle exposure
may work, but there is no indication that enforcement
would. Because picky eating varies by age [1], our findings
cannot be generalized to other age groups and also needs
to be replicated in other cultures.

Conclusions
We found that highly sensory sensitive children whose
parents were high on sensitivity and low on structuring
were the ones most likely to display more pickiness over
time, even if pickiness seems to be relatively stable
between the ages of 4 and 6. It is important to increase
the awareness of healthcare providers about the predic-
tors of picky eating, especially those that are modifiable,
such as parenting. Although parental sensitivity indeed
should be encouraged, sensitive parents may profit from
support to increase their adaptive behavior (e.g., expose
the child and handle the child’s potential uneasiness) in
order to reduce their child’s pickiness. Repeatedly offer-
ing unfamiliar and rejected foods in a firm way without
pressure while acknowledging child autonomy seems a
promising avenue for future research and intervention.
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Effects of a physical activity and nutrition
program in retirement villages: a cluster
randomised controlled trial
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Abstract

Background: This cluster randomised controlled trial aimed to determine if a 6- month home-based intervention
could improve the physical activity and dietary behaviours of adults aged 60 to 80 years living in retirement villages
located in Perth, Western Australia.

Methods: Participants (n = 363) from 38 retirement villages were recruited into the trial and allocated to the
intervention (n = 197: 17 sites) or control (n = 166: 21 sites) group and were blinded. Previously validated
instruments-Fat and Fibre Barometer and International Physical Activity Questionnaire, along with anthropometric
measures (weight, height, waist and hip circumferences) and blood pressure were collected at baseline and 6 -month
time period. Comparisons between intervention and control groups were undertaken pre- and post- intervention using
univariate chi-square and t-tests. Multi-level mixed regression analyses were then conducted to ascertain the effects of
the intervention on changes in the outcome variables over time and between groups.

Results: A total of 139 (70.5%) intervention and 141 (84.9%) control group participants completed the program and
post-test assessments. The intervention group demonstrated significant increases in time (80 min more per week on
average) devoted to moderate-intensity physical activity, engagement in strength exercises (from 23.7% to 48.2%),
frequency of fruit consumed as well as fat avoidance and fibre intake scores, in addition to a 0.5 kg mean reduction in
weight post program, whereas no apparent changes were observed in the control group. Mixed regression results
further confirmed statistically significant improvements in weight loss (p < 0.05), engagement in strength exercises
(p < 0.001) and fruit intake (p = 0.012) by the intervention participants at post-test relative to their controls.

Conclusions: Retirement offers a time to reassess lifestyle, and adopt positive health enhancing physical activity and
dietary behaviours. This intervention was successful in improving weight, engagement in strength exercises,
increasing levels of moderate-intensity physical activity and consumption of fruit among retirement village
residents. Further investigation is needed on how to better engage retirement village managers in such programs.

Trial registration: Australia and New Zealand Clinical Trial Registry (ACTRN12612001168842) registered
November 2, 2012.

Keywords: Retirement villages, Physical activity, Strength exercise, Walking, Fruit and vegetable intake, Weight
management
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Background
As with other developed countries, Australia’s popula-
tion is aging, with the proportion of adults aged over 65
predicted to increase to 25% by the year 2025 [1].
Worldwide, older adults are currently amongst the least
physically active population group [2], with almost 50%
of Australians aged over 60 years not meeting the rec-
ommended physical activity guidelines [1]. In addition,
Australians consume a diet high in saturated fat, sugar
and salt and low in fibre, fruit and vegetables [3], with
between 8 and 10% of those aged 65–74 years not
meeting the recommended intake for fruit and vegeta-
bles [1, 4]. This sedentary lifestyle combined with a less
than optimal diet contributes to the increasing propor-
tion of older adults being overweight and obese (more
than 60%) [5].
Participation in regular physical activity, both aerobic

and resistance training, along with the consumption of a
healthy diet can counter functional decline and the asso-
ciated chronic disease [6, 7]. Combining physical activity
with dietary management can build muscle mass, in-
crease metabolic rate while contributing to weight loss
[4, 8]. Evidence also supports longer-term adherence to
programs that are multi-component, such as a combin-
ation of physical activity and nutrition, as this type of
program is more challenging and less repetitious [9].
However, reaching and motivating people to increase
their level of physical activity and improve their dietary
intake can be demanding, and even more so when these
habits are well established, as with older adults.
In Australia, ‘retirement village’ refers to a range of

housing types where adults live independently. Retire-
ment villages are becoming an increasingly popular resi-
dential choice for older age groups [10]. An estimated
5.7% of Australian adults aged 65 years and over reside
in over 2000 retirement villages, and demand for this
type of accommodation is projected to rise to 7.5% in
the next decade [10–13].
Retirement villages target functionally mobile and in-

dependent older adults, requiring no or very low level of
domiciliary care [13–16]. The communities are usually
‘gated’ with housing purpose-built for an older popula-
tion group, which offer a range of accommodation op-
tions, such as group housing and independent living
units (ILUs) that are usually apartments or villas. Al-
though there are often recreational and social facilities
available [17, 18], the older adults residing in retirement
villages tend to have sedentary lifestyles [12, 19, 20]. This
makes retirement villages an ideal setting to target those
with low levels of physical activity and less than
optimum dietary behaviours [13, 21], as despite the in-
clusion of light recreation or therapy-based activities
such as falls prevention [12], these activities offered to
residents are poorly attended. [13, 21].

Retirement is a major life change that provides an op-
portunity for older adults to modify their eating and ac-
tivity behaviours [22]. However, to date few randomised
controlled trials have been undertaken [15, 23] to under-
stand the impact of tailored physical activity and nutri-
tion programs for older adults in retirement villages.
This is surprising, considering the steady increase in the
aging population and demand for this type of accommo-
dation [10, 24, 25]. This study presents the results of a
physical activity and nutrition intervention for adults
aged 60 to 80 years living in retirement villages located
in Perth, Western Australia. This study aimed to deter-
mine changes in retirement village residents’ levels of
physical activity, dietary behaviours and anthropometry
of the intervention group participants at the end of the
6- month intervention period, in comparison to the con-
trol group participants.

Methods
Study design
The protocol for this trial has been described in detail
previously [10], in accordance with the Consolidated
Standards of Reporting Trial (CONSORT) Statement
(see Fig. 1 for Consort flow chart and Additional file 1
for the Consort Check list). This study was a cluster ran-
domised controlled trial of a 6-month individual physical
activity and nutrition intervention. Data were collected
from the intervention and control participants at base-
line and post-test (6-month time period). Ethical ap-
proval of the study was obtained from the Curtin
University Human Research Ethics Committee (approval
number HR 128/2012). Trial registration was lodged
with the Australia and New Zealand Clinical Trial Regis-
try (ACTRN12612001168842). All participants were in-
formed of the study objectives, their rights and provided
written informed consent prior to being included in the
baseline data collection.

Intervention
The retirement village physical activity and nutrition
intervention program was guided by Social Cognitive
Theory and Motivational Interviewing. The six-month
intervention program was designed to support partici-
pants through personal goal setting, monitoring and feed-
back on progress, skill building as well as the provision of
social support via group participation [26]. The program
incorporated a number of educational resources (booklet,
calendar, exercise chart, resistance bands and bi-monthly
newsletters) based on the National Physical Activity and
Dietary Guidelines [4, 27], and trained program ambassa-
dors of a similar age. The program ambassadors were
responsible for two face-to-face meetings whereby they
introduced the program, and distributed and explained
the program resources. This face-to- face introduction
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discussed goal setting, included a demonstration of the
exercise program and responded to any questions. This
was then followed-up by regular telephone contact by the
program ambassadors. The frequency of the telephone
contact was tailored to the needs of participants, which
varied between weekly to monthly contact depending on
individual preference, as was the motivational interviewing
upon agreement with the participants. Motivational inter-
viewing by these ambassadors via telephone contact sup-
ported participant goal setting, adherence and program
sustainability [28]. Full details of the intervention have
been reported elsewhere [12].

Procedure
The study was conducted within a 75-km radius of
metropolitan Perth, the capital of Western Australia.

Retirement villages with over 30 ILUs were eligible for
inclusion if they had at least 50 residents aged between
60 and 80 years. Initial contact was made with the village
management and resident committees via telephone and
followed up with an email describing the project and its
aims. Upon agreement, the retirement village residents
were informed of the project through an onsite informa-
tion session promoted by the managers, and/or a reply
paid postcard placed in their letterbox. The postcard ex-
plained the program, provided the researchers’ contact de-
tails and invited residents to return the postcard if they
were interested in being involved in the program. This re-
cruitment procedure had been used successfully in other
settings with the same age group [29, 30]. Once informed
consent was obtained, participants completed the Physical
Activity Readiness Questionnaire (PARQ) at baseline [31].

Fig. 1 CONSORT flow chart of recruitment process
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Participants
The 38 retirement villages located over a 75 km radius
to avoid contamination, were randomly allocated to con-
trol (21 sites) or intervention (17 sites) groups using a
table of random numbers, while taking into account the
relative size of these retirement villages and the expected
lower response rate of the controls. There were 1680
residents in total. From the 583 blinded residents who
registered to participate in the study, 363 (intervention
n = 197, control n = 166) met the selection criteria (re-
ported undertaking less than 150 min of moderate-
intensity physical activity per week, on no special diet and
not participating in any other physical activity program).

Measurement instruments
The International Physical Activity Questionnaire-Short
Version [32] enabled collection of information on physical
activity (walking, moderate- and vigorous-intensity activity)
and sitting time in minutes per week. Definitions and ex-
amples of moderate- and vigorous-intensity physical activity
were provided on the paper based self-complete question-
naire. Muscle strength exercise questions were taken from
the American Heart Association guidelines [33].
Dietary habits were assessed via the validated Fat and

Fibre Barometer [34]. This questionnaire contains 20
food behaviour items to assess an individual’s fat-related
food intake (fried foods, dairy foods, meat, chicken and
butter) and fibre-related food intake (whole grain foods,
fruit and vegetables). Response values for each item
range from 1 to 5, with ‘1’ representing food behaviour
associated with the high fat intake or low fibre intake, to
‘5’ representing the low fat or high fibre intake. Fat and
fibre scores were calculated by summing the scores
from the corresponding fat and fibre foods consumed.
Individual items on frequency of fruit and vegetables
servings (servings were defined and depicted in the
questionnaire), were also recorded.
Guided by a measurement protocol, anthropometric

measurements were undertaken by a trained researcher
and included height, weight, waist and hip circumfer-
ences using a portable stadiometer, calibrated electronic
scale, and tape measure, respectively. Blood pressure was
measured using an Omron M5–1 electronic sphygmo-
manometer. A mean value was obtained after for all three
consecutive measurements. All measurements were taken
at baseline and post-intervention (6- months) following
standard protocols and guidelines. Demographic infor-
mation recorded included gender, age, education level,
relationship status, smoking status and presence of co-
morbidities.

Statistical analysis
Descriptive statistics were used to summarise the base-
line demographic, health and lifestyle characteristics.

Comparisons between intervention and control groups
were undertaken across the two time points using inde-
pendent samples and paired t-tests for continuous vari-
ables and chi-square test for categorical variables.
Co-primary outcomes of interest were physical activity

level (for walking, sitting time, moderate- and vigorous-
intensity activity and strength exercises) and dietary
intake behaviours (fruit intake, vegetables intake, fibre
intake, fat intake and fat avoidance), along with a host of
secondary outcomes that included anthropometric status
(weight, body mass index (BMI), waist-to-hip ratio (WHR))
and blood pressure. In the presence of many zeros, strength
exercise and vigorous physical activity were dichotomised
to indicate participation status (yes; no), whereas walk-
ing, sitting time and moderate-intensity physical activity
remained as continuous variables (minutes per week). In
terms of dietary behaviours, consumption of at least two
servings of fruit (vegetables) on three to seven days per
week was classified as frequent intake, and otherwise as
infrequent. The fibre intake, fat intake and fat avoidance
scores were calculated by summing individual item scores
(range 1–5) for all corresponding applicable questions; the
sum of each component was then divided by the number
of applicable items.
To accommodate the correlation of repeated pre- and

post- measures from the same person and the clustering
of observations within retirement villages, multilevel
mixed regression models with random effects (participants
and retirement villages) [35] were fitted to assess the inter-
vention effect on changes in outcome variables over time,
while accounting for the influence of potential con-
founders (age, gender, height, education level, relationship
status, smoking status, and presence of co-morbidity). All
binary outcomes (strength exercise, vigorous-intensity
physical activity, frequent fruit intake and frequent vege-
table intake) were analysed using logistic mixed regression
models, whereas linear mixed regressions were applied to
anthropometric outcomes (weight, BMI, WHR), blood
pressure, walking time, fibre intake, fat intake and fat
avoidance scores. The walking variable was logarithmicly
transformed prior to regression analysis due to its posi-
tively skewed distribution. Gamma mixed regression was
considered appropriate for modelling the highly skewed
sitting variable and moderate activity [26]. All statistical
analyses were performed in the SPSS Statistical Package
Version 22.0 [36]. Sample size calculations are reported
elsewhere [10].

Results
Thirty-eight (47.5%) of the 80 eligible retirement villages
agreed to participate in the study. The retirement village
on-site information sessions were the preferred and
most effective mechanism to promote the program and
recruit residents (66.4%), with the postcard distribution
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recruitment method being less effective (33.6%). Of the
363 residents who entered the program (intervention:
n = 197, control: n = 166), 280 (intervention: n = 139,
control: n = 141) remained at post-test, resulting in an
overall retention rate of 77.7% (intervention: 70.5%, con-
trol: 80.9%). Of the 83 participants who withdrew, 43.4%
(intervention: n = 25, control: n = 11) nominated poor
health, 36.1% (intervention: n = 23, control: n = 7) were
due to injury and 20.5% (intervention: n = 10, control:
n = 7) because of family commitments (See Fig. 1).
The average age of the 280 program completers was

72 (SD 5.2) years, with a mean height of 1.6 (SD 0.1) me-
tres. Nearly half had attained tertiary education (48.9%).
The majority of participants were female (74.6%), had
never smoked (61.1%) and experienced health conditions
common to this age group (85.4%). Compared to controls,
the intervention participants tended to live with a partner
(p = 0.024). There were no statistically significant differ-
ences in demographic characteristics between those who
completed the study (n = 280) and those who dropped out
(n = 83). Table 1 presents the characteristics of the sample
at baseline.

Changes in physical activity
No significant differences were recorded in mean walking,
sitting time (p > 0.05) and prevalence of vigorous-intensity
activity (p > 0.10) in both groups, but a significant

improvement in moderate-intensity activity was evident in
the intervention group, an increase of 80-min per week on
average, in contrast to only 8-min per week in the con-
trols. Similarly, intervention participants exhibited signifi-
cantly higher levels of engagement in strength exercise
from baseline (23.7%) to post-program (48.2%) (p < 0.001)
compared to a small increase (2%) in the control group
(p = 0.693). Furthermore, significant differences were
found in the time devoted to moderate-intensity physical
activity (p = 0.004) and the prevalence of strength exercise
(p = 0.002) between the two groups at 6- months.

Changes in dietary behaviours
Although both groups reported similar fruit intake at
baseline, the intervention participants showed a sig-
nificant increased intake than controls post-program
(p = 0.007). The intervention group also showed a sig-
nificant increase in mean fibre (p = 0.006) and significant
decrease in fat intake scores (p < 0.001). As expected,
there was little change in dietary habits among controls
over the 6-month period.

Changes in anthropometry
Mean BMI, WHR and blood pressure scores at 6-
months did not differ from baseline for either group.
However, a 0.5 kg reduction in mean weight was evident
among the intervention participants from baseline to

Table 1 Baseline characteristics of intervention participants and controls

Variables Tota (n = 280) Intervention group (n = 139) Control group (n = 141) pa

Gender 0.449

Female 209 (74.6%) 101 (72.7%) 108 (76.6%)

Male 71 (25.4%) 38 (27.3%) 33 (23.4%)

Education level 0.326

Secondary school or below 143 (51.1%) 77 (55.4%) 66 (46.8%)

Trade certificate/diploma 57 (20.4%) 27 (19.4%) 30 (21.3%)

University 80 (28.5%) 35 (25.2%) 45 (31.9%)

Relationship status 0.024

No partner 103 (36.8%) 42 (30.2%) 61 (43.3%)

With partner 177 (63.2%) 97 (69.8%) 80 (56.7%)

Smoking status 0.827

Never 171 (61.1%) 84 (60.4%) 87 (61.7%)

Former/current 109 (38.9%) 55 (39.6%) 54 (38.3%)

Co-morbidity b 0.116

No 41 (14.6%) 25 (18.0%) 16 (11.3%)

Yes 239 (85.4%) 114 (82.0%) 125 (88.7%)

Age: mean (SD) years 72 (5.2) 72.71 (5.02) 71.88 (5.39) 0.186

Height: mean (SD) m 1.6 (0.1) 1.63 (0.09) 1.64 (0.10) 0.504

SD standard deviation
aChi-square or t-test between intervention and control groups
bPresence of at least one of eight common health conditions
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post-program (p = 0.027), whereas no change was re-
corded in the control group. Table 2 summarises
between-group comparisons of all outcomes.

Regression analysis
Table 3 presents results from mixed regression analyses
which confirmed a marginal improvement in weight
(p = 0.047) and a significant increase in engagement in
strength exercise (p < 0.001) across the intervention
relative to controls. There was also an increase in time
spent on moderate-intensity physical activity for both
groups at post-test (p = 0.011), yet the intervention
group committed significantly more minutes per week
than controls (p = 0.008). The likelihood of frequent fruit
intake significantly increased in the intervention group at
post-test (p = 0.012) relative to controls, whereas no
change was apparent in vegetable or fibre intake, fat intake
and fat avoidance scores for both groups (p > 0.10).

Discussion
Recruitment and retention
This study investigated the impact of a semi-tailored
physical activity and nutrition intervention on adults
aged 60 to 80 years living in retirement villages, an in-
creasingly popular residential choice for the aging popu-
lation. The program’s retention rate was high (77.7%)
and compared well with similar community-based pro-
grams [26, 37]. However some community-based pro-
grams for older adults have reported attrition rates of
50%, suggesting this population may be more prone to
attrition [30]. Aspects of program tailoring, increasing
acceptability and access [38] should be considered as
loss of participants may introduce bias and reduce the
representativeness of findings. It was reassuring that the
demographic characteristics of dropouts in this study
did not differ from those of program completers.
The initial recruitment of the retirement villages was

challenging as only 38 of the 80 village managers con-
tacted agreed to participate. This was despite several
personal contacts made by telephone to explain the
study purpose, the feasibility of residents participating
and their preferred process for contacting residents.
Over half (n = 42) of the retirement village managers
chose not to take part, despite the program being free,
managed by trained professionals and readily available to
residents. Further investigation into reasons for their re-
jection is important in order to optimise response rates
in future replications of the program.
This research also highlighted the key role retirement

village manager’s play as ‘gate keepers’. The support of
managers for recruitment information sessions was es-
sential, with the majority of participants (66.4%) being
recruited via this approach. Involvement by managers
may have led to perceived ownership of the intervention

and therefore more promotion and ongoing support
during the study period, thereby increasing program ad-
herence and the likelihood of long-term sustainability
after external funding ceased. Independent living is con-
sidered a core value of retirement villages [16] and our
program was developed to support this core value.

Physical activity
By the end of the 6-month program, the intervention
group showed significant improvements in moderate-
intensity physical activity, a mean increase of ~80-min
per week. This equated to an extra ~11-min per day and
exceeding the recommended physical activity guidelines
of 150-min per week for health benefits [27]. Consistent
with previous research, very few participated in vigorous-
intensity activity [26]. The increase in moderate-intensity
physical activity compares favourably with similar physical
activity programs for older adults [26, 39] and further
demonstrates the substantial gains possible via a low-dose
semi-tailored intervention. The retirement village setting
may offer even greater potential to influence behaviour
change through the use of ‘social norms,’ due in part to
the close living proximity of residents within these gated
communities. For example, if a culture of involvement in
regular walking was seen, it might encourage other like-
minded residents to participate and became more active.
Further research is recommended to better understand
how social norms can be utilised to support positive health
behaviours in this setting [40].
Participation rate in strength exercise had doubled at

post-test in the intervention group, in contrast to a small
(2%) increase in the control group. Participation in
strength exercises has the potential to provide many bene-
fits to aging adults including a contribution to muscular
strength and endurance with likely improvement in mobil-
ity and reduction in the risk of falls and related injuries
[41]. Strength exercises were carried out with low-cost re-
sistance bands and body weight exercises, acceptable to
the target group and relatively safe [26, 42]. The combin-
ation of strength exercises and aerobic activity has the po-
tential to maximise positive health effects [43] and should
be considered for any community-based program.

Dietary behaviours
Lack of knowledge about foods and changing dietary
needs may influence the types of foods consumed [4, 44,
45]. This intervention aimed to increase knowledge of
appropriate food types and meals through the provision
of educational resources and motivational interviewing
to support behaviour change. It appears to have had a
positive impact in certain dietary behaviours, with the
intervention group significantly increasing frequency of
fruit intake across the program, along with fibre intake and
fat avoidance. These changes are moderately encouraging
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Table 2 Comparison of outcomes intervention and controls at baseline and post-program

Outcomes Intervention group Control group

(n = 139) (n = 141)

Baseline Post Baseline Post

Weight: mean (SD) kg 75.57 75.07 76.84 76.86 p2 = 0.515

(14.97) (14.78) (17.36) (17.67) p3 = 0.359

p1 = 0.027 p1 = 0.924

Body mass index: mean (SD) kg/m2 28.38 28.31 28.62 28.59 p2 = 0.688

(4.59) (4.97) (5.63) (5.74) p3 = 0.667

p1 = 0.660 p1 = 0.669

Waist-to-hip ratio: mean (SD) 0.89 0.89 0.89 0.90 p2 = 0.910

(0.09) (0.09) (0.09) (0.09) p3 = 0.254

p1 = 0.727 p1 = 0.093

Systolic blood pressure: mean (SD) mmHg 141.01 141.39 141.26 142.42 p2 = 0.909

(18.17) (18.92) (18.30) (17.88) p3 = 0.640

p1 = 0.797 p1 = 0.434

Diastolic blood pressure: mean (SD) mmHg 78.40 77.22 78.28 79.23 p2 = 0.915

(9.57) (9.57) (9.55) (10.45) p3 = 0.096

p1 = 0.089 p1 = 0.199

Walking time: mean (SD) minutes per week 239.72 231.59 216.01 224.45 p2 = 0.510

(324.68) (260.27) (275.02) (270.35) p3 = 0.822

p1 = 0.769 p1 = 0.712

Sitting time: mean (SD) minutes per week 2398.13 2223.38 2426.40 2463.25 p2 = 0.812

(905.68) (1089.16) (1074.20) (1103.47) p3 = 0.069

p1 = 0.064 p1 = 0.697

Moderate activity: mean (SD) minutes per week 139.79 219.53 129.18 137.83 p2 = 0.683

(165.88) (280.90) (257.86) (174.48) p3 = 0.004

p1 = 0.003 p1 = 0.692

Vigorous activity: a n (%) 23 27 17 25 p2 = 0.283

(16.5%) (19.4%) (12.1%) (17.7%) p3 = 0.716

p1 = 0.532 p1 = 0.181

Strength exercise: an (%) 33 67 39 42 p2 = 0.453

(23.7%) (48.2%) (27.7%) (29.8%) p3 = 0.002

p1 < 0.001 p1 = 0.693

Fruit intake: bn (%) 96 104 92 84 p2 = 0.497

(69.1%) (74.8%) (65.2%) (59.6%) p3 = 0.007

p1 = 0.286 p1 = 0.325

Vegetable intake: bn (%) 126 127 123 118 p2 = 0.363

(90.6%) (91.4%) (87.2%) (83.7%) p3 = 0.052

p1 = 0.834 p1 = 0.398

Fibre intake score: mean (SD) 3.51 3.60 3.48 3.50 p2 = 0.715

(0.58) (0.55) (0.63) (0.56) p3 = 0.138

p1 = 0.006 p1 = 0.616

Fat intake score: mean (SD) 3.50 3.59 3.58 3.63 p2 = 0.162

(0.51) (0.52) (0.47) (0.44) p3 = 0.527

p1 < 0.001 p1 = 0.092
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as many older Australians are not aware of their nutritional
needs [4]. However, there was no statistically significant
change in vegetable intake, which may require further in-
vestigation. These participants may already maintain ad-
equate vegetable consumption, which may have reduced
the opportunity for dietary gain [24].

Weight loss
The 0.5 kg mean reduction in body weight of the inter-
vention group was also encouraging and the adoption of
a diet high in fruit and vegetables and low in fats is asso-
ciated with a lower BMI in older adults [7]. Weight re-
duction in older adults may be unhealthy if skeletal
muscle tissue as opposed to adipose tissue is preferen-
tially lost. We are unable to quantify changes in tissue
composition however participants in this intervention

were involved in a balanced combination of strength ex-
ercises, aerobic activity and dietary education. Consider-
ing that approximately 60% of the target population are
overweight or obese [46], attempts to improve body
composition should involve maximising fat loss and pre-
serving lean tissue and thereby supporting functional
and independent living.

Limitations
The present intervention was limited to 6-months in
duration due to budget and resource restraints, however
it is comparable to other programs for older adults in
the literature. This time period may be considered ad-
equate to reflect changes in behaviour [47], taking into
account the likelihood of participant attrition over a
more extended period, however. Nevertheless, longer

Table 2 Comparison of outcomes intervention and controls at baseline and post-program (Continued)

Fat avoidance score: mean (SD) 3.65 3.70 3.51 3.62 p2 = 0.195

(0.85) (0.88) (0.94) (0.91) p3 = 0.444

p1 = 0.290 p1 = 0.049

SD standard deviation
aparticipation of at least 10 min
bconsumption of at least two servings on 3 to 7 days per week
p1: p value for baseline versus post
p2: p value for baseline intervention versus baseline control
p3: p value for post intervention versus post control

Table 3 Mixed regression analysis of outcomes before and after intervention (n = 280)

Outcomes Groupa

(intervention versus control)
Timea

(post versus baseline)
Group × timea

COE SE p COE SE p COE SE p

Weightb −1.30 1.61 0.423 0.02 0.20 0.914 −0.54 0.27 0.047

Body mass indexb −0.08 0.60 0.893 −0.04 0.08 0.651 −0.03 0.17 0.855

Waist-to-hip ratiob −0.01 0.01 0.468 0.01 0.01 0.143 −0.01 0.01 0.243

Systolic blood pressureb −0.25 2.21 0.910 1.01 1.36 0.457 −0.79 2.41 0.743

Diastolic blood pressureb 0.57 1.28 0.658 0.92 0.52 0.077 −2.16 1.01 0.032

Walking timebc 0.12 0.14 0.379 −0.02 0.17 0.909 0.23 0.20 0.257

Sitting timed 0.02 0.04 0.558 0.02 0.04 0.640 −0.11 0.05 0.027

Moderate activityd 0.96 0.36 0.008 0.44 0.17 0.011 0.07 0.21 0.726

Vigorous activitye 0.34 0.36 0.347 0.47 0.34 0.170 −0.26 0.40 0.513

Strength exercisee −0.26 0.30 0.387 0.12 0.19 0.515 1.14 0.31 <0.001

Frequent fruit intakee 0.24 0.25 0.335 −0.30 0.19 0.118 0.63 0.25 0.012

Frequent vegetable intakee 0.42 0.36 0.241 −0.30 0.23 0.190 0.39 0.45 0.378

Fibre intake scoreb 0.05 0.09 0.588 0.02 0.04 0.545 0.07 0.05 0.189

Fat intake scoreb −0.05 0.05 0.340 0.05 0.03 0.106 0.04 0.04 0.285

Fat avoidance scoreb 0.13 0.12 0.266 0.12 0.05 0.023 −0.06 0.07 0.418

COE coefficient, SE standard error
aadjusted for age (years), height, gender, education level (secondary school or below, trade certificate/diploma, university), relationship status (no partner, with
partner), smoking status (never, former/current) and co-morbidity (no, yes)
blinear mixed regression model
clogarithmic transformed
dgamma mixed regression model
elogistic mixed regression model
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duration studies are recommended for future interven-
tions to determine program sustainability and effective-
ness. The inherent self-selection bias could not be avoided
for our voluntary participants but was controlled partially
through the cluster-randomisation process. Another limi-
tation concerned the lack of objective physical activity and
dietary assessments, despite self-report data deemed to
be appropriate for determining behavioural changes
over time [48], this method can result in over and under-
reporting, recall bias and participant burden [49].

Conclusions
Retirement is a period of time that offers important op-
portunities for individuals to reassess their lifestyle and
adopt health-enhancing behaviours such as positive
changes to physical activity and diet. The physical ac-
tivity and nutrition program outlined was successful in
improving body weight, engagement in strength exer-
cises, increasing levels of moderate-intensity physical
activity and consumption of fruit among retirement village
residents. These behaviour changes, if maintained, may
contribute to delaying the onset of chronic diseases, sup-
port functional mobility and independent living, a core
value of retirement villages. Strategies that enhanced such
positive behaviour changes included individual knowledge,
skill building and access to appropriate services and facil-
ities. This is important information for those involved in
the management of retirement villages, a growing segment
of the aging residential population. However, more effect-
ive engagement of retirement villages and their managers
remains a challenge in future research.
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Disparities in dietary intake and physical
activity patterns across the urbanization
divide in the Peruvian Andes
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Antonio Bernabe-Ortiz4, J. Jaime Miranda4 and William Checkley1,2*

Abstract

Background: Diet and activity are thought to worsen with urbanization, thereby increasing risk of obesity and
chronic diseases. A better understanding of dietary and activity patterns across the urbanization divide may help
identify pathways, and therefore intervention targets, leading to the epidemic of overweight seen in low- and
middle-income populations. Therefore, we sought to characterize diet and activity in a population-based study of
urban and rural residents in Puno, Peru.

Methods: We compared diet and activity in 1005 (503 urban, 502 rural) participants via a lifestyle questionnaire. We
then recruited an age- and sex-stratified random sample of 50 (25 urban, 25 rural) participants to further characterize
diet and activity. Among these participants, diet composition and macronutrient intake was assessed by three non-
consecutive 24-h dietary recalls and physical activity was assessed using Omron JH-720itc pedometers.

Results: Among 1005 participants, we found that urban residents consumed protein-rich foods, refined grains, sugary
items, and fresh produce more frequently than rural residents. Among the 50 subsample participants, urban dwellers
consumed more protein (47 vs. 39 g; p = 0.05), more carbohydrates (280 vs. 220 g; p = 0.03), more sugary foods (98 vs.
48 g, p = 0.02) and had greater dietary diversity (6.4 vs 5.8; p = 0.04). Rural subsample participants consumed more
added salt (3.1 vs 1.7 g, p = 0.006) and tended to consume more vegetable oil. As estimated by pedometers, urban
subsample participants burned fewer calories per day (191 vs 270 kcal, p = 0.03).

Conclusions: Although urbanization is typically thought to increase consumption of fat, sugar and salt, our 24-h recall
results were mixed and showed lower levels of obesity in rural Puno were not necessarily indicative of nutritionally-
balanced diets. All subsample participants had relatively traditional lifestyles (low fat intake, limited consumption of
processed foods and frequent walking) that may play a role in chronic disease outcomes in this region.

Keywords: Nutrition transition, 24-h recall, Urbanization, Overweight, Low- and middle income countries, Chronic diseases

Background
In recent years, the burden of disease in Peru has started
to shift [1]. Generally described as the epidemiologic
transition, deaths due to communicable diseases are fall-
ing, while deaths due to non-communicable disease are
on the rise [1]. At the same time, Peru is undergoing a
nutrition transition, which is broadly described as a shift

in diet and physical activity patterns that results in an
increasing prevalence of overweight and obesity [2–4]. A
2012 study assessed the nutrition transition in each
Peruvian administrative region, based on anthropometric
data [4]. Authors categorized the nutrition transition
into three stages, with Stage 1 representing issues of
chronic undernutrition, Stage 2 representing both un-
dernutrition and overweight and Stage 3 representing
primarily issues of overweight. Only the poorest region
remained in Stage 1 of the nutrition transition [4]. A
majority of regions (17) were in Stage 2, and seven re-
gions were in Stage 3 [4]. Overall, it is estimated that
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overweight and obesity rates among adults in Peru cur-
rently range from 40 to 68% [3–5]. Increases in the
number of individuals with excess weight is particularly
concerning because obesity is associated with a substan-
tially increased risk of diabetes, hypertension, coronary
artery disease, and sleep apnea [6].
The nutrition transition is characterized by shifts in

dietary intake, particularly increases in consumption of
oils, caloric sweeteners, and animal products, which are
thought to precede changes in disease burdens [2]. Be-
tween 1990 and 1999, the number of kilocalories avail-
able per capita in Peru increased from less than
2000 kcal per day to over 2500 kcal per day [7]. In the
Andean region, there has been a significant decrease in
consumption of vegetables, starchy roots, and fruit [7].
There has also been a shift from consumption of milk to
greater consumption of soda and other sugar-sweetened
beverages [5]. The nutrition transition also involves
shifts in physical activity, typically toward more seden-
tary lifestyles [2]. Physical activity levels have decreased
throughout the Latin American region and a national
study on adults in all regions of Peru reported that 40%
live a sedentary life [8]. Similarly, only 28% of Peruvian
adults pursue vigorous physical activity [8].
A commonly cited driver of the nutrition transition

and these lifestyle changes is urbanization, as individuals
tend to shift from agrarian lifestyles to more sedentary
jobs [9, 10]. Urbanization typically increases access to
processed foods and street foods that are high in sugar,
fat, and salt [9, 10]. The CRONICAS cohort, a longitu-
dinal sample of over 3000 adults in four resource-poor
settings in Peru, provides a platform to examine these
patterns [11]. Rates of overweight and obesity in this co-
hort ranged from 76.6% in coastal, peri-urban Lima,
76.1% in urban Puno, 75.3% in coastal, semi-rural
Tumbes and 48.1% in rural Puno. To better understand
these discrepancies and determine if these lifestyle fac-
tors may be contributing to patterns of overweight/obes-
ity, we conducted a pilot study on 50 participants in
Puno, Peru to collect more detailed data regarding diet-
ary intake and physical activity. We sought to
characterize differences in dietary and physical activity
patterns in urban and rural residents through the use of
24-h recalls and pedometers.

Methods
Study setting
This study was conducted in Puno, a city in southern
Peru with approximately 150,000 inhabitants, at an ele-
vation of 3825 m above sea level. The study population
consisted of adults aged ≥35 years living in urban Puno
city and surrounding rural communities. Urban partici-
pants commonly worked in commerce or education and
lived in the city center, whereas rural participants were

typically native subsistence farmers and lived in sur-
rounding villages at varying distance from the city.

Study design
Methods associated with the baseline questionnaire are
described elsewhere [11]. A baseline lifestyle question-
naire provided information on general nutrition and
physical activity among study participants. For the pur-
pose of this study, we limited our analyses to partici-
pants in Puno. A total of 1005 participants answered the
lifestyles questionnaire. Of these, we selected an age-
and sex-stratified random sample of 25 urban and 25
rural participants for dietary intake (24-h recall) and
physical activity (pedometer) measurements. Sample size
calculations indicated that differences in macronutrient
intakes and physical activity would have to be relatively
large (331 kcal, 12 g fat, 12 g protein, 44 g carbohydrates
and 3500 steps per day) to detect a significant difference
with 50 participants, but dietary and physical activity in-
formation from the baseline questionnaire indicated
there were substantial differences in consumption be-
tween urban and rural residents and we could reason-
ably expect a large effect size.

Ethics approvals
The CRONICAS cohort study was approved by the in-
ternal review boards of the Johns Hopkins Bloomberg
School of Public Health in Baltimore, MD, and Universi-
dad Peruana Cayetano Heredia and A.B. PRISMA in
Lima, Peru. This ancillary study was also approved by
the same ethics boards as above and verbal informed
consent was obtained and all participants received their
sub-study results and generalized guidelines for improv-
ing their diet and physical activity habits.

Dietary intake
Among the 1005 participants completing the lifestyle
questionnaire, participants reported how frequently they
consumed various food groups. From this, we calculated
the average number of times per month participants
consumed each food group. Food groups included in the
questionnaire were representative of commonly eaten
foods in this population as well as food groups that are
commonly linked to chronic disease (food groups are
listed in Table 1). Among the 50 subsample participants,
diet was assessed with three, non-consecutive 24-h re-
calls, including one weekend day. All data collectors
were trained together by a licensed nutritionist in Peru,
who oversaw the data collection to ensure quality. Data
collectors used one form to list all foods that partici-
pants consumed individually and another form to list all
foods that participants consumed with others as part of a
larger preparation. Participants identified portion sizes
visually with a Peruvian standardized book that contained
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to-scale pictures of common food items, plate ware and
corresponding gram weights [12]. If participants ate from
a restaurant, ingredient weights were estimated using res-
taurant recipes. Supplement intake was not assessed.
Final gram weights of all food items consumed were

calculated using an in-house developed software, which
allowed for the calculation of waste factors for any foods

not consumed in their entirety as well as individual con-
sumption from larger preparations. All foods were codi-
fied according to the Peruvian food composition table,
which was built into the software, and average macronu-
trient intakes were calculated for each participant. Due
to limitations of the software and a Peruvian food com-
position table, micronutrient intakes were not included

Table 1 Characterization of body mass index, physical activity and average number of times various food groups were consumed
per month among study participants in Puno, Peru

Urban (n = 503) Rural (n = 502) p-value Difference in multivariable
analysesb

p-value

Mean age in years (SD) 55.3 (12.1) 55.5 (23.5) 0.76 - -

% Males (n) 49.5 (249) 47.2 (237) 0.47 - -

Mean wealth index (SD) 294 (7.95) 96.7 (3.38) <0.001

Average BMI in kg/m2 mean (SD) 27.9 (4.37) 25.2 (3.72) <0.001

BMI Categoriesa

% underweight, (n) 0.59% (3) 1.6% (8) <0.001 - -

% normal weight, (n) 23.2 (117) 50.5(253)

% overweight, (n) 49.7 (250) 37.1 (186)

% obese, (n) 26.4 (133) 10.8 (54)

Physical Activity

Average days walking/week, mean (SD) 5.79 (1.96) 6.49 (1.51) <0.001 0.75 <0.001

Average hours walking/day, mean (SD) 1.57 (2.08) 2.58 (2.11) <0.001 0.94 <0.001

Food Groups

Whole grains 14 12 0.25 0.84 0.47

Fruit 25 12 <0.001 −6.8 <0.001

Green vegetables 14 8.9 <0.001 −1.8 0.11

Cooked Vegetables 36 40 0.015 −0.47 0.77

Raw Vegetables 5.8 3.4 <0.001 −2.0 <0.001

Legume 4.6 6.5 0.001 1.7 0.02

Meat 15 16 0.28 2.1 0.22

Organ 4.2 3.4 0.06 −2.5 <0.001

Poultry 13 3.9 <0.001 −7.0 <0.001

Seafood 4.8 3.9 <0.001 −0.55 0.07

Eggs 12 10 0.06 −0.14 0.88

Potatoes 30. 48 <0.001 15 <0.001

Refined Grains 38 14 <0.001 −20 <0.001

Dairy 19 11 <0.001 −4.3 <0.001

Desserts 4.1 2.3 <0.001 −1.1 0.02

Ice Cream 3.1 2.9 0.51 0.14 0.72

Sugar 64 50 <0.001 −13 <0.001

Soda 7.2 4.6 <0.001 −2.4 0.002

Fruit Juice 9.6 3.1 <0.001 −3.9 <0.001

Fried Food 7.0 6.3 0.14 −0.59 0.325

Snacks 4.0 3.7 0.55 −1.0 0.15
aBMI categories defined by World Health Organization; underweight (BMI ≤ 18.5 kg/m2); normal weight (18.5 kg/m2 ≥ BMI ≤ 24.9 kg/m2); overweight (25 kg/m2 ≥
BMI ≤ 29.9 kg/m2); obese (BMI ≥ 30 kg/m2)
bModels were adjusted for age, sex, BMI and wealth index
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in the analysis. Any day in which participants consumed
less than 400 cal was considered inaccurate and ex-
cluded from our analysis, resulting in the exclusion of 1
day from five urban participants and 1 day from one
rural participant. Average macronutrient intake and diet
composition were calculated for each individual based
on mean consumption across the two (n = 6) or 3 days
(n = 41) measured. Dietary diversity scores were calcu-
lated on a 0–9 scale based on the Food and Agriculture
Organization of the United Nation’s guidelines for an
individual-level Women’s Dietary Diversity Score [13].
Each food item was assigned to one of the following cat-
egories: starchy staples (white tubers and cereals); dark
green leafy vegetables; vitamin A rich fruits and vegeta-
bles; other fruits and vegetables; organ meat; meat and
fish; eggs; legumes, nuts and seeds; milk products. Add-
itional categories were created to further assess diet:
sugar (manually added); sugary foods (desserts, candy,
soda, sugary drink mixes, etc); added salt and oil (vege-
table oil, butter).

Physical activity and anthropometrics
In the larger cohort, height and weight were assessed in
triplicate using a locally-made stadiometer and a TF-
300A body composition analyzer (TANITA Corporation,
Japan), respectively, using standard techniques [11]. We
re-assessed weight only in duplicate using the same bal-
ance in the sub-sample. In the lifestyle questionnaire,
1005 participants reported how much time they spent
walking per week. Among the 50 subsample participants,
physical activity was assessed with Omron HJ-720itc pe-
dometers (Omron Healthcare, Inc., Bannockburn, USA).
It has been shown that 3–5 days can sufficiently predict
physical activity in adults, so participants were asked to
wear the pedometers 5 days, including at least one week-
end day [14–16]. Pedometers were programmed for each
individual based on weight and average stride length.
Pedometer data, including total steps, aerobic steps, cal-
ories burned, fat burned and distance walked, was down-
loaded into the Omron Health Management Software.
The pedometer automatically calculated calories and fat
burned based on a proprietary manufacturer formula.
Pedometer data was discarded for any day in which partic-
ipants wore the pedometer for less than 12 h. If this re-
sulted in less than 3 days of usable data for a participant,
these data were excluded from the analysis (n = 11). Aver-
age physical activity measures were calculated for each
participant based on the number of days worn.

Biostatistical methods
Two-sample t-tests with equal variances and multivariable
linear regression, adjusted for age, sex, BMI and a wealth
index [17] were used to compare baseline measures for the
1005 participants in Puno. Two-sample t-tests with equal

variances were used to compare nutrient intakes and aver-
age grams consumed of each food group between sub-
sample urban and rural participants. A Wilcoxon rank-sum
test was used to compare the average grams consumed of
each food group between all urban and rural participants.
Due to the small sample size and to avoid parametric as-
sumptions, a Kolmogorov-Smirnov test was used to com-
pare pedometer measures between urban and rural
participants. An alpha level of p < 0.05 was considered sta-
tistically significant. All statistical analyses were conducted
in Stata 13 (StataCorp, College Station, Texas, USA).

Results
Participant characteristics
We selected a total of 4941 participants using a simple
random sample from our community census, of which
2356 were not available for some reason and 276 did not
meet the eligibility criteria. Of these, we contacted 2309
participants, and enrolled 1513 participants, of which
1005 completed all evaluations including lifestyle ques-
tionnaires and dietary data.
Among the 1005 participants with complete evalua-

tions, 48.4% were male and average age was 55.4 years
(Table 1). Urban participants had a higher average BMI
when compared to rural participants (27.9 vs. 25.2 kg/
m2; p < 0.001). Characteristics of the subsample were re-
flective of the entire Puno cohort. Specifically, the sub-
sample was 52% male and the average age was 54.6 years
(Table 2). On average, urban participants in the sub-
sample had a slightly higher, albeit non-significant BMI
and a higher wealth index (Table 2).

Diet and physical activity in entire Puno cohort
After adjusting for age, sex, BMI and wealth index,
urban residents consumed calorie-dense foods, such as
refined grains, desserts, sugar, and soda more frequently

Table 2 General characteristics of the 50 urban and rural sub -
study participants

Urban (n = 25) Rural (n = 25) p-value

Mean age in years (SD) 57 (12) 51 (15) 0.10

Mean wealth index (SD) 311 (41) 124 (16) <0.001

% male (n) 52 (13) 52 (13) -

Average BMI in kg/m2,
mean (SD)

26.9 (4.7) 25.2 (4.4) 0.18

BMI Categoriesa 0.30

% underweight, (n) 0 (0) 4 (1)

% normal weight, (n) 44 (11) 48 (12)

% overweight, (n) 32 (8) 40 (10)

% obese, (n) 24 (6) 8 (2)
aBMI categories defined by World Health Organization; underweight
(BMI ≤ 18.5 kg/m2); normal weight (18.5 kg/m2 ≥ BMI ≤ 24.9 kg/m2); overweight
(25 kg/m2 ≥ BMI ≤ 29.9 kg/m2); obese (BMI ≥ 30 kg/m2)
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(Table 1). Urban residents consumed a variety of protein-
rich products, including poultry, organ meat and dairy, and
fresh produce, including fruits and raw vegetables, more
frequently than rural residents (Table 1). The only food
groups consumed more frequently by rural residents were
potatoes and legumes (Table 1). Rural residents walked
more days per week (6.49 vs 5.79, p < 0.001) and spent
more hours walking per day (2.58 vs 1.56, p < 0.001).

Dietary intake in subsample
We obtained 24-h recall data for 47 participants. Urban
participants consumed significantly more protein (47 g
vs. 39 g, p = 0.048) and carbohydrates (280 g vs. 220 g,
p = 0.033) than rural participants and tended to con-
sume more calories (1600 kcal vs. 1300 kcal, p = 0.07).
In terms of macronutrient composition, the diet of
urban participants was 69.7% carbohydrates, 19.7% fat,
and 11.9% protein; and, that of rural participants was
67% carbohydrates, 20.9% fat, and 11.7% protein. Macro-
nutrient intakes did not appear differ between sexes or
age categories (data not shown).
Urban participants had a higher average dietary diver-

sity score of 6.4 compared to 5.8 among rural partici-
pants (p = 0.04) (Table 3). Food group categories utilized
for the dietary diversity calculation were also used to
characterize overall diet. Compared to rural participants,
urban participants tended to consume a wider variety of
fruits and protein-rich foods, including significantly
more chicken (43 g vs. 14 g, p = 0.002) and dairy prod-
ucts (68 g vs. 25 g, p = 0.001) (Table 4). All participants
consumed both cereal products and potatoes, although
location played a significant role when it came to actual
amounts consumed. Urban residents consumed signifi-
cantly more cereal products (230 g vs. 140 g, p < 0.001),
while rural participants consumed nearly triple the
amount of potatoes (350 g vs. 130 g, p < 0.001) (Table 4).
Rural participants consumed significantly more salt (3.1 g
vs. 1.7 g, p = 0.006), although all 47 participants added salt
to meals prepared at home (Table 4). Nearly all partici-
pants also added sugar to their food, with urban residents
consuming more than double the amount of added sugar

(20 g vs. 8.6 g, p = 0.11) and overall sugary products, such
as candy, desserts, and sugary drink mixes (98 g vs. 46 g,
p = 0.02) (Table 4).
We had too small a sample to conduct multivariable

analyses. However, in a two variable regression adjusting
for wealth index, we found that the direction, magnitude
and significance of our findings were unchanged.

Physical activity in subsample
After accounting for non-compliance with study proto-
col, 39 participants remained for analysis. There were no
significant differences between compliant and non-
compliant participants with regard to site (45% vs 51%
urban, p = 0.74), age (53.7 vs 58.1 years, p = 0.35), sex
(54.5% vs 48.7% female, p = 0.74) or BMI (28.1 vs
25.4 kg/m2, p = 0.08). Among these participants, 20
wore their pedometers for 5 days, 10 wore their pedom-
eters for 4 days and 9 wore their pedometers for 3 days.
Rural participants burned more calories and walked lon-
ger distances than urban participants (Kolmogrov-Smir-
nov test p < 0.05). Although not statistically significant,
rural participants tended to walk more steps per day and
burn more fat (Table 5). Age was also a crucial factor in-
fluencing physical activity in this population, as all mea-
sures were significantly different between participants
above and below age 60 years, with younger participants
being more physically active (data not shown).

Discussion
In this high-altitude Andean population, location ap-
peared to play an important role in diet and physical activ-
ity. In the entire Puno cohort, there were significant
differences in the frequency of consumption of key food
groups and frequency of physical activity between urban
and rural populations. In our analysis of 24-h recalls from
subsample participants, we found that urban participants
consumed more grams of protein and carbohydrates than
did rural participants, and tended to consume more calo-
ries. A majority of calories for all participants (67–70%)
came from carbohydrates, indicating that participants
consumed more than the recommended levels of carbohy-
drates relative to fat and protein, as this is above the Ac-
ceptable Macronutrient Distribution Range (AMDR) of
45–65% calories from carbohydrates [18]. Participants
were on the lowest end of AMDR recommendations for
fat and protein, with around 20% of calories derived from
fat and around 12% of calories derived from protein.
In addition, other dietary studies have been completed

in the Puno region [19–23]. Similar to our findings,
many reported that rural residents received a substantial
portion of their calories from potatoes or chuño, a
stored and dehydrated potato [19–21]. In contrast, a
study published in 1987 found that a majority of rural
families did not have access to store-bought foods such

Table 3 Average macronutrient intake per day from 3 non-
consecutive 24-h recalls among urban and rural subsample
participants

Urban (n = 22) Rural (n = 25) p-value

Calories in kilocalories,
mean (SD)

1600 (571) 1300 (445) 0.07

Protein in grams, mean (SD) 47 (15.4) 39 (14.1) 0.05

Fat in grams, mean (SD) 35 (18.9) 31 (21.9) 0.49

Carbohydrate in grams,
mean (SD)

280 (111.7) 220 (63.3) 0.03

Dietary Diversity Score 6.4 5.8 0.04
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WTas oatmeal, sugar, canned milk, and vegetable oil [19]. In
our study, rural participants regularly consumed these
food items, indicating the changes in the rural food
landscape that have taken place in recent years. A sys-
tematic review on nutrition in the Central Andes region
found that fat intakes in the reviewed reports were re-
markably low, with multiple reports of percent energy
from fat lower than 10% [24]. Although our data was
not this extreme, with an average percent energy derived
from fat around 20%, it is on the low end of macronutri-
ent recommendations. Low fat intake may be a unique
feature of Puno and other Andean populations com-
pared to other regions of Peru. A 1990s study on nearly
800 individuals in urban and rural communities
throughout Peru characterized diet based on 24-h recall
and weighed record methods [25]. They found an

average fat intake of 136 g, nearly quadruple the fat in-
take that was reported in our sample [25]. However, re-
ported intakes of protein and carbohydrates were very
similar to what was seen in our sample [25]. Lower fat
intake could be an important factor in evaluating
chronic disease risk in Puno adults compared to other
individuals in the CRONICAS cohort.
In addition, through the 24-h recalls, we were able to

characterize consumption of specific food groups and
confirm dietary patterns seen in the entire Puno cohort.
As seen in the baseline lifestyles questionnaire, urban
residents consumed refined grains in the form of bread
while rural residents consumed potatoes. A majority of
rural residents received their protein from red meat
products, including beef and alpaca. As seen in the base-
line data, urban residents also consumed red meat, but
tended to consume more chicken and dairy, so likely re-
ceived protein from a wider variety of sources. Both sub-
sample populations consumed a decent variety of
vegetables in similar quantities. In nutrition transition
literature, urbanization is often thought to increase con-
sumption of sugar, salt, and fat [9, 10]. However, our re-
sults are mixed. As seen in the baseline data, urban
residents did tend to consume more added sugar as well
as other sugary products like cakes, sodas and chocolate.
However, rural residents tended to consume more

Table 4 Proportion of participants consuming each food group and average grams consumed per day of each food group overall
and among consumers from three non-consecutive 24-h recalls among urban and rural subsample participants

Proportion Consuming Average grams consumed overall Average grams consumed among
consumers

Food Group Urban (n = 22) Rural (n = 25) p-value Urban (n = 22) Rural (n = 25) p-value Urban (n = 22) Rural (n = 25) p-value

All meat 1.00 0.92 0.18 65 55 0.17 65 59 0.65

Chicken 0.91 0.36 0.001 43 14 0.002 47 39 0.61

Red meat 0.68 0.76 0.55 22 41 0.34 33 53 0.12

Fish 0.32 0.44 0.39 11 13 0.54 34 29 0.75

Dairy products 0.95 0.48 0.004 68 25 0.001 71 52 0.42

Eggs 0.55 0.36 0.20 7.5 9 0.29 14 26 0.18

Legumes 0.68 0.84 0.20 7.0 12 0.09 24 42 0.34

Cereals 1.00 1.00 - 230 140 <0.001 230 140 <0.001

White roots & tubers 1.00 1.00 - 130 350 <0.001 130 350 <0.001

Dark green vegetables 0.27 0.28 0.96 0.20 0.81 0.55 0.72 2.9 0.11

Vitamin A vegetables &
tubers

0.95 0.96 0.92 43 42 0.96 45 44 0.88

Other vegetable 1.00 1.00 - 36 29 0.95 36 29 0.46

Vitamin A fruits 0.36 0.2 0.21 29 18 0.27 82 90. 0.88

Other fruits 1.00 1.00 - 160 120 0.79 160 120 0.49

Added salt 1.00 1.00 - 1.7 3.1 0.006 1.7 3.1 0.02

Added vegetable oil 0.82 0.88 0.55 6.9 14 0.15 8.5 16 0.08

Added sugar 0.91 0.92 0.89 20 8.6 0.11 22 9.4 0.12

All sugar & sugary foods 1.00 0.96 0.34 98 46 0.02 98 48 0.06

Table 5 Average pedometer results for urban and rural
subsample participants

Urban (n = 20) Rural (n = 19) p-value

Steps/day, mean (SD) 7641 (3459) 9519 (4586) 0.09

Aerobic steps/day, mean (SD) 1188 (1075) 1433 (1537) 0.38

Kcal burned/day, mean (SD) 191 (123) 270 (136) 0.03

Miles walked/day, mean (SD) 2.64 (1.51) 3.65 (1.95) 0.03

Grams fat burned/day, mean (SD) 10.71 (6.97) 15.22 (7.84) 0.08
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vegetable oil and added more salt to meals that they pre-
pared. Overall, urban residents had a higher dietary di-
versity score, reflecting the greater variety of foods
available in the urban environment.
In terms of physical activity, we also found that rural

residents, regardless of age, burned more calories and
walked longer distances each day. Although not statisti-
cally significant, rural residents also tended to complete
more aerobic steps, indicating a greater intensity of ac-
tivity, which could account for the greater caloric output
in rural residents. Our findings are consistent with other
studies on physical activity in Peru that report rural resi-
dents are more active as compared to urban residents. A
study on migrants in Peru found that the prevalence of
low physical activity was just 2.2% in rural residents,
32.2% in rural-urban migrants and 39.2% in urban resi-
dents [26].
An important strength of this study is that trained staff

performed three, non-consecutive 24-h recalls, the gold
standard for dietary intake assessment, on each partici-
pant. Food items were weighed whenever possible and
participants used to-scale food pictures to most accur-
ately identify what they had eaten. However, there is al-
ways the possibility of under-reporting with the 24-h
recall technique, as individuals may not remember
everything they consumed. Informal qualitative observa-
tions showed that individuals tended to underestimate
the portion sizes of foods that they consumed. Authors
of the systematic review on nutrition in the Andes
reached similar conclusions about their data, supporting
the idea that underreporting could be a crucial limitation
to 24-h recall data in this region [25]. Another limitation
of our study is that it was completed in the pre-harvest
season. A study showed that mean energy intake of low
socioeconomic status, rural Puno households was lower
in the pre-harvest season, which could have contributed
to limited dietary diversity and relatively low caloric in-
take reported by low-income rural residents in our study
[23]. In terms of physical activity assessment, a key
strength of this study was that participants wore the
pedometer for a minimum of 3 days, so as to
characterize average physical activity. We confirmed the
feasibility of using pedometers in this population and
there were no objections to pedometer use among par-
ticipants. One limitation of pedometers in this setting is
that they are not able to capture the full range of phys-
ical activities of the participants, particularly in rural
areas where participants planted crops and carried ex-
tremely heavy loads. Due to the logistics of completing
three non-consecutive 24-h recalls with each participant,
the sample size was small and may not have been suffi-
ciently powered to detect all differences. Despite large
differences in weight status between urban and rural par-
ticipants in the entire Puno cohort, there were no

significant differences in BMI between the urban and rural
sub-sample participants, which may have influenced the
results. A final limitation is that, because this pilot sub-
study was conducted only in Puno, generalizability is lim-
ited and findings are specific to high-altitude Andean
populations.
This pilot study confirms and elaborates on the base-

line diet and physical activity patterns identified in the
Puno cohort. This study also demonstrates that lower
levels of obesity in rural Puno are not necessarily indica-
tive of nutritionally-balanced diets. Dietary diversity is
positively associated with nutrient adequacy in both
urban and rural populations [27, 28]. Because rural resi-
dents had significantly lower dietary diversity scores, it is
likely that they are at higher risk of nutrient inadequacy
than urban residents. In-field discussions with partici-
pants confirmed that rural residents had limited access
to fresh produce and both the baseline and 24-h recall
data showed that rural residents tended to consume a
smaller variety and lower quantity of fruits and fresh
vegetables. Additionally, rural residents consumed only
1300 kilocalories per day, well below recommendations
for active Peruvian adults [29]. This data, in combination
with findings that participants received nearly 70% of
their daily calories from carbohydrates, indicates a need
for further investigation into food security in rural areas
and suggests that improving dietary diversity may be an
important intervention target for the future. Future re-
search on a larger number of individuals in this setting
or across the entire CRONICAS cohort is necessary to
further characterize diet and physical activity patterns
and better identify intervention targets.

Conclusions
Overall, both urban and rural subsample participants have
relatively traditional lifestyles, with limited consumption
of high-fat processed foods, moderate vegetable intake
and relatively active lifestyles. Overall fat intakes were
quite low and few participants reported consuming fast
food or processed items. Both urban and rural adults
under the age of 60 years were walking around 10,000
steps per day, meeting widespread guidelines for physical
activity [14]. This could, in part, be due to the fact that
urban Puno currently has a much lower degree of
urbanization than other urban centers in Peru. Future ef-
forts to encourage the maintenance of these traditional
lifestyles in the face of increasing urbanization will be im-
portant. It is also worth considering that adults in this
sample ranged from 37 to 80 years of age, an age group
that is more likely to have maintained a traditional diet
and lifestyle. In-field observations showed that children
often consumed more sweets and processed products, so
future research should evaluate dietary patterns among
the younger generation.
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Abstract

The establishment of the Determinants of Diet and Physical Activity (DEDIPAC) Knowledge Hub, 2013–2016, was the first
action taken by the ‘Healthy Diet for a Healthy Life’ European Joint Programming Initiative. DEDIPAC aimed to provide
better insight into the determinants of diet, physical activity and sedentary behaviour across the life course, i.e. insight
into the causes of the causes of important, non-communicable diseases across Europe and beyond. DEDIPAC
was launched in late 2013, and delivered its final report in late 2016. In this paper we give an overview of what
was achieved in terms of furthering measurement and monitoring, providing overviews of the state-of-the-art in
the field, and building toolboxes for further research and practice. Additionally, we propose some of the next steps that
are now required to move forward in this field, arguing in favour of 1) sustaining the Knowledge Hub and developing it
into a European virtual research institute and knowledge centre for determinants of behavioural nutrition and physical
activity with close links to other parts of the world; 2) establishing a cohort study of families across all regions of Europe
focusing specifically on the individual and contextual determinants of major, non-communicable disease; and
3) furthering DEDIPAC’s work on nutrition, physical activity, and sedentary behaviour policy evaluation and
benchmarking across Europe by aligning with other international initiatives and by supporting harmonisation
of pan-European surveillance.

Keywords: Determinants of health behaviours, Dietary behaviour, Europe, Physical activity, Policy evaluation,
Sedentary behaviour, Interventions

Background
Unhealthy dietary habits, lack of physical activity, and
extensive and uninterrupted sitting are known risk
factors for major, non-communicable diseases [1]. How-
ever, comparatively little is known about the ‘causes of
these causes’ of non-communicable disease, i.e. about the
most important and modifiable determinants of unhealthy
dietary, physical activity, and sedentary behaviour. To fur-
ther such research, the European Determinants of Diet

and Physical Activity (DEDIPAC) Knowledge Hub was
established.
In brief, DEDIPAC was the first action taken by the

European ‘Joint Programming Initiative (JPI) Healthy
Diet for a Healthy Life (HDHL)’ to better align research
across Europe in the realm of healthy dietary and physical
activity behaviour. DEDIPAC was launched in December
2013 and its mission, purpose, and design were shared with
the larger scientific community in a paper published in the
International Journal of Behavioural Nutrition and Physical
Activity in 2014 [2]. DEDIPAC delivered its final report for
evaluation and approval on December 1st, 2016.

* Correspondence: j.lakerveld@vumc.nl
28Department of Epidemiology and Biostatistics, Amsterdam Public Health
research institute, VU University Medical Center, De Boelelaan 1089a, 1081,
HV, Amsterdam, The Netherlands
Full list of author information is available at the end of the article

17 

_________________________ WORLD TECHNOLOGIES _________________________

http://crossmark.crossref.org/dialog/?doi=10.1186/s12966-017-0609-5&domain=pdf
http://orcid.org/0000-0002-8551-6748
mailto:j.lakerveld@vumc.nl
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/


WT

DEDIPAC’s aim was to understand the determinants,
at both the individual and (sub-)population levels, of
dietary, physical activity, and sedentary behaviour using
a broad, multidisciplinary approach, and to translate this
knowledge into more effective promotion of healthy diet
and physical activity. To this end, DEDIPAC first aimed
to prepare and build the necessary infrastructure for this
mission and work towards aligning and coordinating
public health research in relation to behaviour in these
areas. Today, the DEDIPAC Knowledge Hub is internation-
ally recognised as a network of scientists from various rele-
vant disciplines, and with different levels of seniority, who
work together to collect, gain, advance, exchange, and dis-
seminate scientific knowledge and competences in the area
of the topic of interest.
The main text of this paper will cover both the methods

employed by DEDIPAC, as well as the results of its efforts.
We present further detail regarding the infrastructure of
the Knowledge Hub and describe how this helped to align
research conducted in the context of DEDIPAC, as well as
make better use of expertise and available data. Subse-
quently, we will outline the mix of different methods that
were applied to advance the field within the three thematic
areas of the Knowledge Hub, and provide an overview of
the results of the research conducted in the context of
DEDIPAC. In the discussion, we will specifically focus on
future steps that may contribute to advancing research on
the underlying determinants of major, non-communicable
disease within Europe and beyond.

Methods and results
Joint programming is a process by which European
countries define, develop, and implement a common
strategic research agenda, based on a shared vision of
how to address societal challenges that no country is
capable of resolving independently. Such joint pro-
gramming pools the resources of individual countries
such that they can be focused on common goals in an
effort to enable more comprehensive, and larger-scale
research with more variation in exposure and outcomes.
This prevents unnecessary overlap and repetition, thereby
enhancing the development and use of standardised re-
search methodology and improving research infrastructure.
JPI HDHL’s mission is to enable all Europeans to have the
motivation, ability, and opportunity to eat a healthy diet,
and undertake sufficient physical activity to contribute
to the reduction of the incidence of non-communicable,
chronic disease [3].
Twelve countries across Europe (Austria, Belgium,

Finland, France, Germany, Italy, Ireland, Norway, Poland,
Spain, The Netherlands, and The United Kingdom) agreed
to support this first joint action in the context of JPI HDHL,
and provided funding via their national governmental fund-
ing bodies to support participation and research activities of

scientists in their countries. Research groups in the partici-
pating countries were then invited to submit expressions of
interest in joining an international research consortium
dedicated to furthering research on the determinants of
diet and physical activity behaviour. Based on these ex-
pressions of interest, representatives of the interested
research groups were invited to a joint kick-off meeting
during which the Knowledge Hub was established, the
consortium leadership elected, and a first-draft framework
for the proposal of the actual research was outlined. This
outline was expanded and developed into a full proposal –
entitled, DEDIPAC – over the course of a series of face-
to-face and online workshops, meetings, and consultations
held over the next three months. This proposal was
reviewed and, after reviewers’ comments were taken into
account, it was approved by the HDHL management board.
DEDIPAC formally started in December, 2013. The final,
approved version of the DEDIPAC proposal put forward
three key aims:

1. To enable a more standardised and continuous,
pan-European ‘needs analysis’, i.e. to monitor dietary,
physical activity, and sedentary behaviour, and changes
in behaviour in these areas across the life course and
across populations, in an effort to identify targets and
target populations for (policy) interventions;

2. To explore the main correlates and determinants of
these behaviours in and across populations to help
to tailor policies and interventions seeking to target
these determinants;

3. To learn from the successes and failures of previous
and on-going interventions and policies in order to
improve evaluation, and increase the effectiveness of
future interventions and policies, as well as to identify
and benchmark best practices across Europe and
compare these internationally.

To work towards realising these aims, DEDIPAC was
organised into three Thematic Areas (TAs), and each of
these TAs was divided further into work packages
(WPs) that, in turn, were broken down into specific
tasks:

TA 1: Assessment and harmonisation of methods for
future research, surveillance, monitoring, and evaluation
of interventions and policies regarding diet, physical
activity, and sedentary behaviour;
TA 2: Identification of determinants of dietary, physical
activity and sedentary behaviour across the life course
and in vulnerable groups;
TA 3: Evaluation and benchmarking of public health
interventions and policies aimed at improving dietary,
physical activity and sedentary behaviour across the life
course.
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DEDIPAC was organised as a network, as opposed to
having a centrally-led, top-down management structure,
and coordinators were elected for both for the overall
DEDIPAC organisation, as well as for the individual TAs.
The central coordinator and the leaders of the TAs acted as
the DEDIPAC management team, mandated to make ne-
cessary decisions, subject to the approval of the consortium
at large, monitor progress, prepare periodical reports, and
report to and align with the JPI HDHL organisation.
In total, almost 300 researchers joined forces as part of

the DEDIPAC Knowledge Hub. These individuals hailed
from 68 research institutes across all of the participating
European countries (see Fig. 1). The Finnish organisations
withdrew early in the process, as their national funding
body was not able to provide the support necessary to carry
out DEDIPAC activities planned by the Finnish partners,
and a Danish organisation joined with its own resources
after the formal establishment of the Knowledge Hub.
DEDIPAC aimed to promote and facilitate knowledge

exchange and dissemination and aimed to establish col-
laborations that would lead to new research and last
beyond the initial three-year funding period. A main
purpose of DEDIPAC was, thus, to bring together re-
searchers from various relevant disciplines from different
countries. This is why it was proposed and presented as a
Knowledge Hub, rather than a project or program.
Furthermore, because DEDIPAC was specifically aimed

at making the best possible use of available evidence, data,
and expertise, the three TAs adopted similar strategies
and methodologies that encompassed:

– The provision of methods and a harmonised set of
reliable and validated measures to be used for future
research, surveillance, and monitoring of the individual,
social, and environmental determinants of dietary,
physical activity, and sedentary behaviour;

– The provision of state-of-the-art overviews of up-to-
date evidence regarding the determinants of these
behaviours in different demographic groups by
means of series of systematic literature reviews, and
mapping/scoping reviews;

– The creation of a level playing field by enabling expert
meetings, capacity building, and career development
for young researchers, as well as through the creation
of integrative frameworks for research;

– Improved use of relevant, existing data through
secondary data analyses, including dataset pooling
and variable harmonisation;

– Improved dissemination and application of findings
and results through the creation of an online
platform that provides toolboxes for researchers,
practitioners, and policy makers.

Expert consultations with different techniques, such as
concept mapping, and some additional, original research
complemented these approaches. The literature reviews all
complied with the PRISMA guidelines [4], and review pro-
tocols were published in PROSPERO [5] where appropriate.
The progress and deliverables have been communi-

cated and disseminated via the DEDIPAC website
(https://www.dedipac.eu), scientific publications and
non-scientific publications in English and other languages,
consortium meetings, as well as in a series of workshops
specifically aimed at early-career researchers. DEDIPAC’s
output includes 36 papers that have been published or
accepted for publication to date, and 34 that are still in pro-
gress. These papers include systematic (umbrella) literature
reviews, publications on integrative – systems-thinking
based – frameworks on determinants of dietary, physical
activity, and sedentary behaviour. All currently published
DEDIPAC manuscripts are listed in Tables 1, 2, 3 and 4,
and DEDIPAC’s open-access output is available via https://
www.dedipac.eu. This website also contains the publicly-
available and accessible ‘toolboxes’ that are designed to
guide and aid researchers, policy makers, and health-
promotion professionals in the areas of methodology,
identifying determinants, and in exploring intervention
and policy best practices. The following section will
highlight the TAs’ objectives, methods, and results in
more detail.

Objectives, methods and results of TA1
The overall objective of TA1 was to provide the pan-
European research community with a harmonised set of
reliable and valid measurement methods to be used for

Fig. 1 The countries represented in the DEDIPAC Knowledge Hub
(in orange) with the number of DEDIPAC institutes per country
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WTfuture research on dietary, physical activity, and seden-
tary behaviour and their individual, socio-cultural, and
environmental determinants. This objective was trans-
lated in four specific goals:

1) To provide an overview of the state-of-the-art in
assessment methods and tools in the areas of dietary,
physical activity, and sedentary behaviour and make
these available in an online toolbox;

2) To provide an overview of the currently available
data on dietary, physical activity, and sedentary
behaviour and their determinants across Europe;

3) To provide an inventory of state-of-the-art surveillance
systems (national, regional, and international) in Europe
that assess dietary, physical activity and sedentary
behaviours, and to identify gaps in current systems,
methods, and tools and formulate recommendations
on how to fill these gaps;

4) To develop a roadmap for a state-of-the-art,
harmonised, pan-European surveillance system of
dietary intake, dietary behaviour, physical activity,
and sedentary behaviour and their key determinants,
with a focus on children and adolescents. This subgroup
was chosen as current surveillance systems do not
allow for longitudinal and regional comparisons of

the prevalence of overweight/obesity in children and
adolescents, the related lifestyle behaviour, and the key
determinants of this behaviour. This prioritisation was
based on a needs and gaps analysis of the DEDIPAC
inventory on existing surveillance systems in
Europe [6].

TA1 was further broken down into two WPs that
addressed the assessment and harmonisation in the
areas of dietary intake and dietary behaviour (WP1.1),
and physical activity and sedentary behaviour (WP1.2).
A third WP focused on pan-European harmonisation of
research and surveillance regarding dietary and physical
activity behaviour and their determinants (WP1.3). Har-
monisation, in this respect, refers to the process of minim-
izing differences in measures, variables, and methods, so
that outcomes are comparable.

Overview of the state-of-the-art and identification of gaps
For goals 1–3, 19 systematic literature reviews were per-
formed to provide an overview of the state-of-the-art in
terms of assessment methods and tools. It was shown
that dietary behaviour is usually assessed using food fre-
quency questionnaires (FFQs) in etiologic research and
24-h dietary recalls or food record methods in the context

Table 3 Published manuscripts from DEDIPAC Thematic Area 3

Authors Subject/independent
variable

Behaviour/dependent
variable

Age
group

Study
design

Countries Main conclusions

Quality of policies and interventions

Horodyska
et al. [56]

Good practice characteristics
of interventions and policies

Dietary, physical activity
and sedentary behaviours

N/A Umbrella
review

International “The use of the proposed list of
53 good practice characteristics
may foster further development
of health promotion sciences, as
it would allow for identification
of success vectors in the domains
of main characteristics of
interventions/policies, their
implementation, evaluation and
monitoring processes.”

Implementation and transferability

Horodyska
et al. [57]

Evidence-based conditions
important for successful
implementation of
interventions and policies

Dietary, physical activity
and sedentary behaviours

N/A Umbrella
review

International “The use of the proposed list of
83 conditions for successful
implementation may enhance
the implementation of interventions
and policies which pursue identification
of the most successful actions aimed
at improving diet, physical activity
and reducing sedentary behaviours.”

Table 4 Other published manuscripts from DEDIPAC

Authors Title

Brug and Chinapaw [63] Determinants of engaging in sedentary behavior across the lifespan; lessons learned from two systematic
reviews conducted within DEDIPAC

Chastin et al. [64] Development of a Consensus Taxonomy of Sedentary Behaviors (SIT): Report of Delphi Round 1

Lakerveld et al. [43] Identifying and sharing data for secondary data analysis of physical activity, sedentary behaviour and their
determinants across the life course in Europe: general principles and an example from DEDIPAC
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of surveillance. These are self-reported, but standardised
methods for which validity has been evaluated at the level
of selected nutrients using advanced measurement-error
models. Over the course of the project, several systematic
reviews identified specific dietary assessment tools and
methods used in existing pan-European studies to assess
dietary intake and behaviour in terms of food (e.g. con-
sumption of sugar-sweetened beverages [7] and fruits and
vegetables [8]) and availability and accessibility of food [9],
nutrient intake, dietary patterns, and meal patterns.
The systematic assessment of currently available data on

the prevalence of physical activity and sedentary behaviour
and its determinants across Europe was described in a set
of four reviews [10–13] that revealed that physical activity
and sedentary behaviour are assessed using a range of
methods and measures, most commonly including self-
report questionnaires, and less often, the monitoring of
wearable technology, including pedometers, heart-rate
monitors, accelerometers, inclinometers, or combined sen-
sors. The majority of methodological studies have found
that these worn devices are increasingly available, provide
increased validity, reliability, and sensitivity, and are there-
fore potentially useful in terms of improving comparability
of surveillance systems across Europe. Conversely, self-
reporting tends to overestimate physical activity [14].
Nevertheless, self-reported data still adds essential context-
ual information, and thus may be used to supplement data
extracted from worn devices. In addition, although acceler-
ometers, or other such devices, provide more objective
assessment of physical activity and sedentary behaviour, de-
cisions related to data management and analysis still remain
somewhat subjective. As such, we do not claim that the use
of such devices eliminates subjectivity.
In terms of the upstream determinants of this behaviour,

the availability of standardised assessment methods lags
behind, and knowledge of individual-level psychosocial
determinants is largely based on self-reporting, thus limit-
ing international comparability. Pan-European standard-
isation of methods and instruments is lacking, which also
results in data being largely incomparable.
The state-of-the-art assessment methods for dietary,

physical activity, and sedentary behaviour and determinants
that were identified in the systematic literature reviews
were summarised in a publicly available, online toolbox
that includes information on the validity, reliability, and
acceptability (perceived by participants) of the assess-
ment methods. The toolbox can be found here: https://
www.dedipac.eu/toolbox/. Additionally, analyses of sec-
ondary data were conducted using existing datasets (e.g.
the Attitude Behaviour Change study [15]; the Swedish
Neighborhood and Physical Activity study [16]; the Health
Survey for England [17]; a Norwegian physical activity
prevalence study [18]; and a Portuguese physical activity
prevalence study) [19]. The systematic literature reviews

and secondary data analyses provided an overview of the
state-of-art, and helped identify major gaps with regard to
methodology and availability of data on prevalence and
determinants, as well as geographical blind spots.
For physical activity and sedentary behaviour, the

studies included in the systematic literature reviews of
population levels showed substantial variation in the
assessment methods, reported outcome variables, and,
consequently, the reported physical activity levels and
time spent sedentary [10–13]. Because of this, absolute
population levels of physical activity and time spent sed-
entary in European youth and adults are currently largely
unknown. Hence, there is a need for harmonisation and
standardisation of methods to assess these behaviours and
to enable better comparison across European countries.
The pooling of accelerometer data in population-based
studies provided some data allowing comparisons between
countries that revealed, for example, that the most active
countries can also be the most sedentary countries [20].
This latter combination is possible within a population,
but also for an individual (as one may meet the physical
activity guidelines on a particular day, but may also re-
main sedentary for a great deal of time on the same day).
Nevertheless, pooling of accelerometer data does have its
own challenges, and the availability of accelerometer data
in population-based samples is still very limited (only four
European countries have such data for population-based,
adult samples).
Finally, an initial step toward bridging the gaps that

were identified in assessment methodologies was made
by developing and evaluating a new research instrument
that assesses sugar-sweetened beverage consumption, as
well as a novel instrument that can be used to assess
sedentary behaviour and media use for surveillance pur-
poses – both relevant, important, and under-researched
topics regarding health behaviour, particularly in young
populations. Appropriate existing questionnaires were
screened and, where suitable, some of their components
were adapted and integrated into the new instrument.
This was complemented by a manual containing a Standard
Operating Procedure. Another selected and adapted instru-
ment was a smartphone-based method of assessing sugar-
sweetened beverage consumption, and an inclinometer to
assess physical activity and sedentary behaviour in young
adults. The novel instruments were pilot tested in multiple
countries.

Development of the roadmap for a harmonised pan-European
monitoring system
An inventory was made of national and international
European surveillance systems covering diet, physical activ-
ity, and sedentary behaviour, and determinants of health
behaviour [6]. Based on this inventory, we observed that
children and adolescents followed by elderly people were
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the age groups that were least well-covered by current
surveillance systems. We, therefore, prioritised a road-
map toward a harmonised pan-European surveillance
system targeting youth. In particular, sedentary behav-
iour emerged as the domain that was least assessed in
children and adolescents, followed by physical activity.
In addition, the European Strategy Forum on Research
Infrastructures-Biological and Medical Science Research In-
frastructures (ESFRI-BMS RIs) was approached to explore
potential synergies between the European RI landscape and
DEDIPAC. Working toward a stepwise implementation,
we identified currently existing surveillance systems that
provide state-of-the-art instruments, or that provide a pan-
European infrastructure that could potentially serve as a
harmonised surveillance system. Six international surveil-
lance systems were selected as key initiatives: the WHO
European Childhood Obesity Surveillance Initiative (COSI)
[21]; the Health Behaviour in School-aged Children (HBSC)
study [22]; the EU Menu project (aiming to provide stan-
dardised information on what people eat in all countries
and regions across the EU) [23]; GloboDiet (working to-
wards adapting a standardised international 24-h dietary
recall methodology) [24]; European Health Interview
Survey [25]; and the Nordic Monitoring of Diet, Physical
Activity and Overweight [26]. The German Health Inter-
view and Examination Survey for Children and Adolescents
(KiGGS) initiative was selected to serve as a model for the
implementation of objective measurement methods [27].
These initiatives contributed to the roadmap.
During an expert meeting, concrete action steps were

formulated for the roadmap that were laid down in a
conceptual framework. Six action steps with regard to
the conceptual framework for implementing the road-
map were proposed: 1) key indicators for dietary intake,
dietary behaviour, physical activity, sedentary behaviour,
and their determinants should be identified; 2) suitable
instruments to assess key indicators across existing sur-
veillance systems should be selected and should a) be
valid with the greatest overlap across existing systems;
b) prioritise objective measurements over self-reports
where feasible; c) use instruments that are robust and
easy to apply at a reasonable cost; 3) additional in-depth
measurements may be identified and added as optional
supplementary modules, e.g. using objective methods in
subsamples; 4) a first set of key indicators may be measured
using short screening instruments (screeners); 5) the latter
could be developed and then implemented by a few select
surveillance systems that will superimpose them onto their
established instruments as a first step; 6) the stepwise im-
plementation of further screeners may then lead to a grad-
ual replacement of the original, non-harmonised measures,
and the successive introduction of newer, and more valid
measurements. Methodological studies need to accompany
the development, pilot-testing, and implementation of

each new module, as well as the calibration of exist-
ing instruments.

Objectives, methods and results of TA2
The overall objective of TA2 was to explore the main
correlates and determinants of dietary, physical activity,
and sedentary behaviour across the life course, and to help
to tailor policies and interventions to target these determi-
nants. This objective was specified in two main goals:

1) To review the current state-of-the art, and develop
dynamic and evolving frameworks to guide research
on the determinants of dietary, physical activity, and
sedentary behaviour;

2) To conduct secondary data analyses that contribute
to new knowledge to further develop the frameworks
on determinants of dietary, physical activity, sedentary
behaviour and social inequality.

To realise these goals, TA2 formed four WPs addressing
dietary behaviour (WP2.1), physical activity (WP2.2), sed-
entary behaviour (WP2.3), and social inequality and ethnic
minorities (WP2.4). The first three WPs covered all age
groups across the life course, with a primary focus on the
general population, while WP2.4 had a specific focus on
high-risk populations: groups with a lower socioeconomic
position, and ethnic minority and immigrant groups, in
particular.

Reviewing determinants and developing determinant
frameworks
Overall, in the context of TA2, 21 systemic reviews were
conducted or are in progress, of which ten have been
published at this time: 1 on determinants of diet [28]; 4
on determinants of physical activity [29–32]; 3 on deter-
minants of sedentary behaviour [33–35]; and 2 on ethnic
minorities [36, 37] (see Table 2 for the published papers).
For diet, a systematic interdisciplinary mapping (SIM)

review of consumer food-decision making and its deter-
minants was conducted using rapid review techniques
and the Determinants Of Nutrition and Eating (DONE)
framework to explore the state-of-the-art and to identify
hot topics and research gaps in this field [28]. This SIM
review included 1820 publications from more than ten
disciplines (including nutritional science, medicine/health
science, psychology, food science and technology, business
research, etc.) across a period of 60 years. After applying
qualitative and quantitative analyses, this study revealed
that most of the research conducted and published to date
focused on biological, psychological, and/or product-related
predictors, whereas ‘upstream’ influences (e.g. related to
policy or built and social environments) on food choice are
scarcely considered. In this way, the SIM study highlighted
newly identified determinants for future empirical research
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and showed how measurement of known determinants
should be embedded in new or different contexts in future
studies (e.g., to embed policy determinants in studies with a
focus on individual decision making). A further 8 system-
atic literature reviews were performed that dealt with deter-
minants of dietary behaviour in different age groups (for
the published papers see Table 2).
The results of four of the seven systematic umbrella

reviews (‘reviews of reviews’) focusing on the biological,
behavioural [29], psychological [31], built environmental
[30], socio-cultural, economic, and policy determinants
[32] have been published and are summarised in Table
2. In general, the current evidence showed to be of mod-
erate quality. A need for consensus on clear definitions
of physical activity and its possible relevant determinants
emerged. Furthermore, to allow for clear interpretation
and generalisability of findings, determinants of physical
activity should be studied within a large and multi-level
framework to account for interacting and mediating fac-
tors. Finally, further prospective study designs, objective
measurement of physical activity, and cohort studies are
strongly recommended.
WP2.3 conducted three systematic reviews on determi-

nants of sedentary behaviour across three age groups:
youth (<18 years) [33]; adults (18–65 years) [34]; and older
adults (>65 years) [35]). The studies included were pre-
dominantly conducted in and covered populations from
Europe, the US, and Australia. The operationalisation of
sedentary behaviour in most studies was limited to TV or
‘screen’ time, rather than overall sedentary behaviour, and
often relied on self-reporting. Furthermore, the systematic
literature reviews revealed a lack of studies using qualita-
tive research methodologies, as well as a lack of studies
that looked into the more motivational and, as was the
case in the reviews dealing with determinants of dietary
behaviours, the contextual or ‘upstream’ potential deter-
minants of sedentary behaviour.
WP2.4 conducted two systematic mapping reviews of

the determinants of diet [36], and physical activity/seden-
tary behaviour [37] in ethnic minority and migrant origin
populations in Europe. There were few large-scale, epi-
demiological studies, and much of the evidence presented
was obtained from qualitative studies. Both reviews identi-
fied a broad range of factors and clusters influencing diet
and physical activity behaviour among minority ethnic
groups, but overall there was a predominance of studies
exploring ‘differences’ between minority ethnic groups
and the majority population. The studies were mainly con-
ducted in Northern European countries with populations
of South Asian origin most often being the object of study.
The reviews indicated that there are several gaps in the
literature related to the minority populations studied, the
countries in which the studies were conducted, the paucity
of comparative studies, and lack of attention to sedentary

behaviour. In addition, there is a need for interdisciplinary
studies to map the interrelationships between different
types of determinants (e.g. physical and political environ-
ment). Given the diversity of ethnic minorities in many
European countries, there is a need for research exploring
‘similarities’, i.e. the relative importance of factors influen-
cing behaviour in the general population, as well as in
ethnic minority populations.
The results of these reviews informed the first steps

toward the development of three behaviour-specific frame-
works for determinants of dietary behaviour [38], physical
activity [39], and sedentary behaviour [40]. In addition,
WP2.4 developed its own frameworks for determinants of
dietary behaviour, and physical activity/sedentary behaviour
of ethnic minorities, while also further contributing to the
three behaviour-specific frameworks. The other high-risk
group in WP 2.4, namely lower socio-economic groups,
were covered in the general frameworks. The frameworks
were all developed over multiple iterations and fostered
multidisciplinary systems thinking in an effort to extend the
contents of the framework beyond silos of disciplines and
existing ecological models. Structured consensus protocols
based on concept mapping were used in those dealing with
physical activity and sedentary behaviour, and these behav-
iours among ethnic minorities [41]. Concept mapping
is a standardised mixed method that combines qualita-
tive points of view with multivariate statistical analysis
to enable a group to gather and organise ideas into a
conceptual framework. This involved five main phases:
1) Preparation included the definition of behavioural
outcomes, and the creation of a protocol for structuring
and standardising the whole process, which detailed the
ways in which participants could contribute; 2) a Del-
phi-like process followed with the objective of compiling an
exhaustive list of all potential determinants based on evi-
dence provided by literature reviews and expert judge-
ments; 3) the potential determinants were then structured
into groups/systems; 4) next, the potential determinants
were ranked and sorted according to research priority,
modifiability, and potential population impact; and 5) deter-
minants were visualised as clusters or systems. The ‘data’
generated over the course of these five phases - aggregated
from individual expert contributions and multiple consen-
sus events - were processed and visualised. This was done
using Tableau in WP2.1 (www.tableau.com; Web link) and
Ariadne in WP2.2 and WP2.3 (www.minds21.org Web link
for WP2.2, Web link for WP2.3) software.
For potential determinants of dietary behaviour, the

DONE framework was developed [38]. This framework is
organised according to three main outcome categories:
food choice, eating behaviour, and dietary intake/nutrition.
The framework includes 441 determinants and is visualised
on an interactive website: https://www.uni-konstanz.de/
DONE/. The website allows the user to select determinants
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by level, including 4 main levels (individual, interpersonal,
environment, policy), 11 stem categories (e.g., biology,
psychological), and 51 leaf-categories, as well as by dif-
ferent age groups and relevance for ethnic minorities.
For all determinants, the degree of modifiability, rela-
tionship strength with the respective outcome category,
and population-level effect according to expert ratings
is visualised. A first systematic interdisciplinary mapping
(SIM) review on consumer food decision making using the
DONE framework for categorising the identified predictors
of food decision making revealed that most of the research
emphasises biological, psychological, and product-related
predictors, whereas policy-related influences on food choice
are barely considered [28].
For physical activity, the EUropean-Physical Activity

Determinants (EU-PAD) framework was developed [39].
The WP2.2 research team identified a list of 183 factors
based on both expert judgement and empirical evidence.
The concept mapping resulted in six distinct clusters,
broadly merged in two themes: 1) the ‘Person’, which
included the clusters ‘Intra-Personal Context and Well-
being’ and ‘Family and Socioeconomic Status’ (42% of all
factors), and 2) the ‘Society’, which included the remaining
four clusters ‘Policy and Provision’, ‘Cultural Context and
Media’, ‘Social Support and Modelling’, and ‘Supportive
Environment’ (58% of all factors). Overall, 25 factors were
rated as the most modifiable and impactful in terms of
physical activity behaviour across the life course. They
were largely situated in the ‘Intra-Personal Context and
Well-being’ cluster [39].
For sedentary behaviour, the Systems of Sedentary behav-

iour (SOS) framework was developed [40]. The resulting
framework maps the 190 potential factors in a system of six
interacting clusters: ‘Physical Health and Well-being’, ‘Social
and Cultural Context’, ‘Built and Natural Environment’,
‘Psychology and Behaviour’, ‘Politics and Economics’, and
‘Institutional and Home Settings’. In addition, priorities
were set in terms of focusing research on the most poten-
tially modifiable and impactful parts of the system. Investi-
gating the influence of ‘Institutional and Home Settings’
was deemed to be the most promising area [40].
In the determinant framework developed specifically

for ethnic minorities populations, seven distinct clusters
emerged for dietary behaviour (containing 85 factors)
and eight for physical activity behaviour (containing 183
factors). Four clusters revealed themselves to be similar
across all behaviour: ‘Social and cultural environment’,
‘Social and material resources’, ‘Psychosocial’, and ‘Migra-
tion context’. The WP2.4 framework was aligned with
those of the other three WPs. In general, the clusters of
factors that emerged in the ethnic minority determinant
framework were somewhat similar to the majority popula-
tion frameworks for diet and physical activity behaviour,
with the exception of ‘Migration context’. The importance

of factors across all clusters was acknowledged, but their
relative importance, or manifestation, differed for ethnic
minority versus the majority population [42].

Secondary data analyses
A data pooling taskforce that spanned the WPs in TA1
and TA2 was established to develop a strategy for sec-
ondary data analysis. This group devised a five-step
methodology covering 1) the identification of relevant
datasets across Europe; 2) the development of a dataset
compendium that included details on the design, study
population, measures, and level of accessibility of data
from each study; 3) the definition of key topics and ap-
proaches for secondary analyses; 4) the acquisition of access
to datasets; and 5) the development of a data harmonisation
platform, and pooling and harmonisation of the data [43].
Based on this, a variety of approaches to secondary data
analysis were identified, including re-analysis of a single,
existing dataset, ‘federated’ meta-analyses of two or more
datasets based on a common data-analytical syntax applied
to locally stored data, and the pooling, harmonisation and
re-analyses of multiple datasets. To assist with these analyt-
ical approaches, a two-day statistical analysis workshop was
organised in Amsterdam, the Netherlands, that specifically
focused on the challenges associated with conducting sec-
ondary data analysis, handling pooling and harmonisation
issues, and the provision of support in the area of advanced
statistical techniques (e.g., federated data analyses, Bayesian
analyses, mediation/moderation analyses, and handling
missing data). In addition, WP2.2 and WP2.3 held a
combined, three-day writing retreat in Ghent, Belgium
to further define approaches, make progress on specific
questions, as well as identify unresolved issues regard-
ing the pooling and harmonisation process.
Critical aspects of the FAIR principles of data manage-

ment and stewardship [44] were monitored throughout
the phases of the secondary data analyses, from the identi-
fication of potentially relevant datasets to the actual reuse
of data. The FAIR principles suggest that each data re-
source, associated metadata, and complimentary files
should be easy to find (‘Findable’); provide relevant
metadata from these datasets, on the types of variables,
age groups under study, study design, measurement in-
struments used, time frame, etc. (‘Accessible’); be ‘Inter-
operable’ and thus use a consistent data format and
taxonomy for knowledge representation; and, finally,
they should be ‘Reusable’, i.e., made available for further
analyses.
The topics and general outcomes of the secondary

data analyses are briefly summarised below. We found
that many different approaches to handling the multiple
data sources were used, as were a wide variety of methods
of statistical analysis. Regarding determinants of dietary
behaviour, a total of 14 research questions have been or
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are currently being addressed using secondary and/or fed-
erated meta-analysis [45–50]. The published articles are
listed in Table 2.
Compiling the physical activity and sedentary behaviour

data resulted in a detailed list of 150 datasets. A total of 14
of these datasets were eventually obtained and reused to
address 10 exemplar research questions on determinants
of physical activity and sedentary behaviour (Table 2 con-
tains the published papers). So far, these manuscripts have
relied on a variety of methods of analysing the data, such
as Bayesian Network analysis of the determinants of phys-
ical activity and sedentary behaviour provided by the
Eurobarometer dataset, meta-regression to examine more
complex interactions with selected moderator/mediator
variables of physical activity behaviour within harmonised
datasets, and Chi-squared automatic interaction detection
(CHAID) to examine the hierarchy of socio-demographic
correlates of remaining sedentary for an extended period
of time [51]. The latter analyses included over 27,000 par-
ticipants and showed that current occupation was primary
discriminator. A deeper profiling revealed that highly edu-
cated adults with white-collar jobs, who had no difficulties
paying bills, and used the internet frequently were most
likely to sit too much.
In WP2.4, due to the limited availability of data on

behaviour and determinants across ethnic minorities,
specific case studies and secondary data analysis on sin-
gle datasets were conducted, as opposed to federated
meta-analysis or pooled analyses [52]. In general, these
efforts revealed a clear lack of indicators of ethnic mi-
nority status in the studies that were included in the
compendium. Furthermore, quite often the numbers of
ethnic minorities included in some of the pan-European
studies were too small to enable detailed analysis of spe-
cific groups, thus they are often ‘lumped’ together to in-
crease statistical power.
The DEDIPAC data warehouse proved to be useful

for pooling datasets, but in general, the available data
-or rather the lack thereof- often restricted harmonisa-
tion to just a few core (crude) outcome variables and
some individual-level, socio-demographic correlates of
these behaviours. The stepwise approach to secondary
data analysis used was described in a ‘methods’ paper
[43], as well as in a position paper that draws on the
possibilities and impossibilities of secondary data ana-
lyses of pooled and harmonised data on determinants
of sedentary behaviour. The main gaps identified were
lack of datasets that specifically emphasise determi-
nants of behaviour - especially at the more macro level
and with a systems approach; too few longitudinal
studies examining determinants; and inadequate cover-
age of European nations and age groups. Most studies
investigated the behaviour-disease relationship rather
than the determinants of the behaviour.

Objectives, methods, and results of TA3
TA3’s overall objective was to contribute to better evalu-
ation and benchmarking of public health interventions
and policies related to dietary, physical activity, and seden-
tary behaviour across the life-course. The specific goals of
TA3 were:

1) To improve the quality of public policies and
intervention to promote healthy diet, physical
activity, and to reduce sedentary behaviour by
creating a database with examples of good practice;

2) To improve implementation (from research to
practice/policy) and transferability (from practice/
policy to practice/policy) of public policies and
intervention;

3) To develop and pilot test an online toolbox for
developing, monitoring, and evaluating policies and
multi-component interventions across Europe.

The work within TA3 was organised into three WPs;
the first aimed to realise goals 1 and 2, and the two
other WPs focused on the development and pilot testing
of the toolbox (goal 3) - one focused on policies, and the
other on multi-component interventions. ‘Multilevel or
multi-component interventions’ were defined as theory-
based interventions that use knowledge of behavioural
determinants at different levels (i.e. individual, socio-
cultural, and environmental) to improve dietary, physical
activity, and sedentary behaviour in individuals. The focus
was specifically on interventions that combined individual-
level components with contextual or environmental-change
components, as earlier evidence suggested that such combi-
nations are most likely to be effective [53–55]. These inter-
ventions have not yet been widely implemented, but have
the potential to be translated into health-promoting policies
if adopted by governmental agencies in the future. They
may thus be regarded as feasibility/pilot interventions to
inform future policy making.

Improving quality of public policies and interventions
To contribute to meeting the first objective, an umbrella
review (a review of reviews) was conducted first. This
umbrella review focused on identifying good-practice
characteristics for interventions and policies that aim to
promote healthy diets and physical activity, and included
systematic reviews, as well as position papers [56]. In
this review, 53 good-practice characteristics were identified.
Eighteen of these characteristics were related to interven-
tion and policy content and focus, and were related to the
use of theory, target populations and target behaviour, con-
tent development and management, multidimensionality,
and practitioners and settings. Another 18 characteristics
were related to monitoring and evaluation and were related
to such issues as costs/funding, outcomes and evaluation of
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effects, evaluation of reach, and participation. The other
characteristics (n = 17) were related to implementation and
concerned issues such as participation processes, imple-
mentation partnerships, training of practitioners, the use of
existing resources, maintenance, adaptation processes, and
transferability.
Next, a so-called ‘quick scan’ was conducted of relevant

interventions and policies to identify potential good prac-
tices in ten countries involved in DEDIPAC. The ‘founders’
(N = 79) of the ‘good practices’ were subsequently
approached and asked to complete an online questionnaire
to retrieve information related to good-practice characteris-
tics and to provide additional information regarding the
main characteristics of the policy or intervention, monitor-
ing and evaluation, and implementation. Finally, based on
the ‘quick scan’ inventory of good practices, and the re-
sponses to the online questionnaire, an online database of
examples of good practice in terms of public policies and
multicomponent interventions (N = 52) was developed.
The purpose of creating this database was to increase the
use and knowledge of good practices in designing and
implementing public policies and multicomponent inter-
ventions. A total of 44 examples of good practices of
policies and interventions from eight European countries
represented in DEDIPAC were included in the database.
The database contains information on intervention charac-
teristics (including aim, target population, and behaviour,
among others), monitoring and evaluation efforts and
accomplishments and implementation, sustainability, and
transferability conditions. Most of the interventions in the
database focus on children in school settings and address
both diet and physical activity. This database is publicly
available online (https://www.dedipac.eu/toolbox/) and is
supported by a factsheet with background information to
support the use and dissemination of the database among
policy makers and health-promotion professionals.

Improving implementation and transferability of policies
and interventions
To meet the second objective of TA3, an umbrella review
was conducted to identify critical implementation and
transferability conditions [57]. This review focused on
documents aimed at generating empirical evidence and
evidence-based recommendations regarding implementa-
tion conditions for policies and interventions targeting
healthy diet, physical activity, or sedentary behaviour. For
the purpose of this umbrella review, so-called ‘stakeholder
documents’ were also considered eligible for inclusion
and, as such, the data banks of publications from eight
major stakeholders, like the World Health Organization,
were searched for relevant documents. Eighty-three
conditions that were relevant to successful implementa-
tion were identified and these were further grouped ac-
cording to the RE-AIM (Reach, Effectiveness, Adoption,

Implementation, Maintenance) framework [58]. Eight im-
plementation conditions referred to reach in the target
population; five addressed efficacy of implementation pro-
cesses; 24 dealt with adoption issues by staff or institu-
tions; 43 referred to consistency, costs, and adaptations
made in the implementation process; and three addressed
maintenance. The vast majority of the implementation
conditions identified (73 of 83) were relevant in terms of
both multi-component interventions and policies. Seven
implementation conditions were policy-specific and re-
lated to the increasing complexities associated with coex-
isting policies/legal instruments and their consequences
for implementation, as well as politicians’ collaboration in
implementation.
Additionally, six example interventions and six policies

pertaining to diet, physical activity and/or sedentary behav-
iour were identified in five DEDIPAC countries (Belgium,
Germany, Ireland, Norway, and Poland). Face-to-face,
semi-structured interviews were held with 40 stake-
holders in an effort to ascertain the things that health
promotion professionals and policy makers believe are
important in terms of factors impacting adoption, im-
plementation, maintenance, and transferability. Analysis
of these case studies showed that active involvement of
relevant stakeholders from the political, health and educa-
tion sectors, as well as that of intervention/policy imple-
menters, and good communication between coordinating
organisations and the government, private organisations,
and settings were important factors contributing to the
successful adoption and implementation of both interven-
tions and policies [59]. Additional factors included suffi-
cient training of staff to ensure implementation according
to existing intervention/policy protocols, and tailoring of
materials to match needs and (language) skills and socio-
cultural context of various target groups. The respondents
also indicated that maintenance of implemented interven-
tions/policies depended on whether or not they were
embedded in existing or newly created organisational
structures in different settings and whether or not con-
tinued funding was secured (which often depends on
political support).

Development and testing of the online toolbox
In developing a preliminary toolbox for the development,
monitoring, and evaluation of public policies and multi-
component interventions across Europe, so-called ‘rapid
reviews’ were conducted on monitoring and evaluation of
public policies and multicomponent interventions aiming
to promote healthy dietary, physical activity and/or seden-
tary behaviour. Additionally, a template for systematically
describing relevant policies and multi-component inter-
ventions including content, implementation conditions
and main characteristics (e.g., aim, target population), and
monitoring and evaluation was developed. This enabled
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the systematic inventory of standardised measures used to
evaluate effects of policies or multi-component interven-
tions (i.e. in terms of changes in determinants, behaviours,
and health outcomes). It also enabled the systematic sum-
mary of procedures and measures related to economic
evaluations, including the application of counterfactual
methods to determine ex post effectiveness on the basis
of quasi-experimental data [60], and process evaluation
measures.
All the information and content derived from the re-

views, interviews, and inventories were then combined
into a preliminary toolbox designed to aid in the develop-
ment, evaluation, and implementation of public policies
and multicomponent interventions. The toolbox was im-
plemented as an online, wiki-based platform and was pilot
tested in two rounds by DEDIPAC partners and external
stakeholders, including policy makers and practitioners,
respectively. Face-to-face interviews, telephone interviews,
or written comments using a standardised feedback form
were used to obtain feedback on issues such as visual
appearance, technical features, functionality, content of
the toolbox, as well as questions about omissions, re-
marks, and suggestions for improvement.
The feedback provided was generally related to three

issues. First, the online, wiki-based platform was regarded
as being user unfriendly. Second, in many cases, the con-
tent was regarded as being insufficiently extensive and
detailed. The third issue identified was the (lack of) ease
of navigation. Based on this feedback, the platform was
changed to a web-based format, the content was expanded
and made more detailed and more examples were pro-
vided, and navigation changes were made. The second
draft of the toolbox was then presented, tested, and dis-
cussed by DEDIPAC partners during the consensus
meeting. At this meeting, additional comments and sug-
gestions regarding further, final changes, improvements,
and recommendations pertaining to the current version of
the toolbox and its future use were made.
At this stage, the draft toolbox was applied to policy

and multi-component activities that were already running
or that were soon to be implemented or disseminated in
different countries, to test and further enrich the toolbox.
Stakeholders involved in these policies and interventions
were asked to apply the toolbox and complete structured
feedback sheets. The toolbox was tested in the context of
five policies and six multicomponent interventions and
feedback was provided by the relevant users. Finally, a
meeting to reach a consensus on the content, appearance,
accessibility, and user-friendliness of the toolbox was orga-
nised among the TA3 partners.
Overall, the stakeholder evaluation of the usefulness,

feasibility, and applicability of the toolbox was positive;
feedback provided indicated that the database part of the
toolbox provided good examples of policy and multi-

component interventions, and that the toolbox was helpful
in terms of planning future policy and multi-component in-
terventions and their evaluation.
Some critical feedback and suggestions for further im-

provements were provided as well. These concerned a
need for additional content and a linkage to other, existing
resources, including (other) websites with relevant informa-
tion; further adaptation of structure, design and navigation
throughout the toolbox; and inclusion of more examples,
possibly also in other European languages besides English.
Based on this feedback, final adaptations were made to the
toolbox and it was made publicly available online (https://
www.dedipac.eu/toolbox/).
This version of the toolbox is divided into four sections.

The first section, DEVELOPMENT, guides users through
the process of developing a policy or multi-component
intervention. Next, EVALUATION, proposes and explains
guidelines and specific instruments geared toward
evaluating policies and multi-component interventions. IM-
PLEMENTATION provides information on the process of
implementation and/or process evaluation. Finally, the
NATURAL EXPERIMENTS section offers practical ex-
amples of policies and multi-component interventions.

Discussion
Over a three-year period, researchers from thirteen coun-
tries across Europe joined forces to establish DEDIPAC, the
first joint action taken by the Joint Programming Initiative
in an effort to foster pan-European research to contribute to
more healthful diets and increased physical activity across
Europe. This joint action built and pursued a common re-
search agenda aimed at realising collaboration between vari-
ous scientific disciplines to expand knowledge, develop new
insights, and reduce research overlap.
The overall aim of DEDIPAC was to improve the in-

frastructure and methodology for research on, and gain
more insight into the determinants of dietary, physical
activity, and sedentary behaviour over the life course.
The many outputs that were – and are being – gener-
ated, provide an overview of the state of the art, as well
as suggestions for further research on multilevel deter-
minants of dietary, physical activity and sedentary behav-
iour over the life course. The outputs also focus on the
interrelation of these determinants, existing and avail-
able measurement methods that can be used to assess
this behaviour and its determinants, and to inform and
evaluate policies and multilevel interventions.
Concrete products developed in the context of DEDIPAC

include determinant frameworks for dietary, physical
activity, and sedentary behaviour, and comprehensive, open-
access toolboxes that provide measurement methods
applicable to this behaviour and its determinants, as
well as methods and tools to develop, implement, and
evaluate interventions and policies.
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The main results of DEDIPAC show that the evidence
base on determinants of diet, physical activity and sedentary
behaviour - and thus on the causes of the causes of non-
communicable disease - is fragmented. The series of sys-
tematic literature reviews assessed the available evidence on
the current nature of dietary, physical activity and sedentary
behaviour in Europe, as well as on factors that influence
these behaviours over the life course. These revealed a great
deal of variation in terms of assessment methods used and
reported behavioural outcome variables, such that informa-
tion on physical activity, sedentary and dietary behaviour
across all of Europe is scarce, and such that studies in this
area are difficult to compare and findings are difficult to
assimilate. The disabling lack of knowledge exposed by the
systematic reviews may well stem from the dearth of avail-
able data on determinants – at least in Europe. The various
secondary data analyses that were undertaken in the con-
text of DEDIPAC highlighted a lack of data that prevents
closure of the knowledge gap. The federated meta-analyses,
pooling, and harmonisation actions revealed that available
studies have focused almost entirely on socio-demographic
factors in isolation, and have not yet investigated more
distal, contextual factors in the built, social and economic
environments. Consequently, the available evidence regard-
ing determinants and correlates of sedentary behaviour, for
example, generally says more about who is sedentary than
why people are sedentary. This evidence may help to decide
whom to target with interventions and policies, but not
what to target or how to do it. Moreover, the ‘renewed’ and
widespread appreciation for systems thinking was reflected
in the four frameworks that were developed within
DEDIPAC. These frameworks focus on understanding
how clusters of factors interact synergistically or antag-
onistically to promote or prevent certain behaviour. As
such, this challenges the current practice of reducing
determinants of health behaviour to discrete factors
organised according to conceptual levels and conduct-
ing analysis using linear models, and raises the question
of whether or not this advances our understanding of
how to intervene effectively.
Regarding the benchmarking and evaluation of policy

interventions to address dietary, physical activity, and/or
sedentary behaviour, DEDIPAC revealed some best practice
information and implementation conditions, as well as a
few more detailed examples of policy evaluation. However,
the main result was that policy evaluation and benchmark-
ing in our field is in its infancy and needs to progress
towards evidence-based policy making. In parallel with
DEDIPAC, the INFORMAS network and methodologies
were further developed as a global network of public-
interest organisations and researchers aiming to monitor,
benchmark, and support public and private sector actions
to create healthy food environments and reduce obesity
and non-communicable disease [61]. Part of INFORMAS is

a so-called ‘Government Healthy Food Environment Policy
Index’ (Food-EPI) that is comprised of a ‘policy’ component
with seven domains on specific aspects of food environ-
ments, and an ‘infrastructure support’ component with
seven domains geared toward strengthening systems to pre-
vent obesity. A second interesting development in this field
of policy evaluation and benchmarking is the NOURISH-
ING framework [62], developed by the World Cancer
Research Fund to highlight the areas in which governments
need to take action to promote adherence to a healthy diet
and reduce overweight and obesity. NOURISHING and
INFORMAS are linked and work together, focusing on nu-
trition environments and policies. DEDIPAC aligned with
INFORMAS to push for the application of the Food-EPI in
different countries across Europe in order to gain experi-
ence with and further develop this instrument, and to
actually carry out benchmarking of public policies across
Europe. DEDIPAC further pushed for and contributed to
initial steps to work towards a similar instrument for
benchmarking and monitoring physical activity and seden-
tary behaviour environments and policies.
DEDIPAC succeeded in forging new collaborations across

Europe to align research focus, infrastructure, and funding
for this important topic to contribute to furthering behav-
ioural nutrition and physical activity research, as well as
translating this research into practice and policy. DEDIPAC
can be regarded as a European joint-programming experi-
ment designed to make better use of the limited resources
for research by doing more things better together than each
country could do separately. We believe that this experi-
ment worked well in the context of DEDIPAC; the series of
interrelated reviews, the stepwise generation of comprehen-
sive models, the inventories of best practices, making use
of, pooling and harmonising international data, as well as
the development of toolboxes to disseminate state of the
art research to wider audiences would not have been pos-
sible without a joint agenda and governance. Additionally,
DEDIPAC worked as a true Knowledge Hub; it has created
new collaborations, led to exchanges of people and know-
ledge, established networks, and resulted in (international)
research grant proposals.

Gaps to close
The systematic analyses of existing knowledge in the con-
text of the various systematic literature reviews identified
several gaps. First, the definitions used for the outcomes
(i.e. dietary behaviour, physical activity) were not consistent,
with many different types and terms being used. Second, a
wide range of study designs, measurement methods, popu-
lation groups, investigated determinants, and outcomes
emerged from the analysed studies, making it difficult to
evaluate and compare the evidence, and to draw definitive
conclusions.
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Regarding measurement, there is an urgent call for
more objective methods. These do start to play a bigger
role in behaviour assessment, particularly the measure-
ment of physical activity and sedentary behaviour, but
are still subject to limitations of their own. For instance,
objective methods still suffer from an inability to assess
specific domains of physical activity or sedentary behaviour,
and their use can be constrained by price, logistical require-
ments for data, storage and processing. In addition, there
are many devices available to make such measurements
nowadays, but these devices also vary in terms of their
validity. Therefore, at least for the foreseeable future, more
traditional, self-reported data will still need to be collected
adjacent to the data collected from mobile devices, for ex-
ample, to appropriately capture important information on
contextual factors affecting the behaviour. However, for sur-
veillance purposes, if we are simply interested in prevalence
estimates of adherence to physical activity recommenda-
tions, then such context may be less important.
Standardisation of assessment methods for determinants

still needs special attention. Even simple determinants, such
as education and occupation, are assessed and classified
using a plethora of different methods. This impedes com-
parison between studies, as well as harmonisation and data
pooling. Recruitment of population-representative samples,
especially for population surveillance, is another challenge;
non-response has become a greater and greater issue, as
response proportions have decreased steadily over the last
few decades.
Third, the most commonly used study design was cross-

sectional. This means that the strength of the evidence
produced by these studies in inherently limited due to the
impossibility of assessing the direction of observed associ-
ations, and therefore of identifying the true drivers of
health behaviour and their quantitative impact. The lack
of high-quality longitudinal data on behaviour, as well as
potential determinants, is arguably the most glaring re-
search gap. Longevity of surveillance systems and cohort
studies needs special attention, especially with regard to
funding systems that only provide funding for up to five
years. Keeping measurement methods standardised
over time is paramount, but it is far from standard
practice. There is an obvious tension between keeping
methodology constant over time and advances in meas-
urement methods, which might be solved by including new
measures adjacent to existing ones in order to maintain
longitudinal comparability, while simultaneously improving
the surveillance system. Further, surveillance systems that
include worn technology to assess trends over time are,
with few exceptions, virtually non-existent. Although data
pooling has been proposed as a promising way forward, the
reality is much more sobering. Harmonisation between
measures for both behaviour and determinants is incredibly
challenging and often impossible. Hence, the establishment

of a pan-European cohort and/or surveillance system fo-
cused on dietary, physical activity and sedentary behaviour,
and their determinants seems the best way forward to take
this research field to the next level.
Fourth, information on relationships between determi-

nants, especially determinants at different socio-ecological
levels within systems, are severely lacking. Fifth, there is a
lack of studies on this behaviour and its determinants in
ethnic minorities. Finally, there is a need to establish links
between pan-European research and European Research
Infrastructures (RI). One obstacle to establishing synergies
between health research and surveillance, and RIs is that
in many cases no provisions were made at the time of the
creation of the resource to account for sharing/merging/
linking with another research community. Therefore, in
many instances, the benefits associated with these efforts
can only be reaped in the future. As such, future effort will
be necessary to make these resources sufficiently useable
for surveillance, but also for the research community.
The frameworks developed highlighted areas of priority

and modifiability within the dietary, physical activity and
sedentary behaviour systems, specific to age groups, and
also for ethnic minority populations. For instance, the ‘Sup-
portive Environment’ cluster was considered to be the high-
est priority for research out of all the determinant clusters
for physical activity. These findings, as well as those from
the other DEDIPAC frameworks, support the suggestion,
and call for, a shift in focus from individual responsibility,
personal commitment, and lifestyle choices, to the influ-
ence of social and physical environment on overcoming
barriers to healthy behaviour.
The efforts made in the context of the secondary data

analyses on determinants of physical activity and seden-
tary behaviour faced considerable barriers across all
FAIR domains: data resources, associated metadata, and
complimentary files were often not easy to find (‘Find-
able’). Retrieving relevant metadata from these datasets,
on the types of variables, age groups under study, study
design, measurement instruments used, time frame, etc.,
for instance, was a painstaking process (‘Accessible’). A
consistent data format and taxonomy for knowledge rep-
resentation was generally lacking (‘Interoperable’), and,
finally, only a limited number of datasets were eventually
found to be ‘Reusable’, i.e., made available.
Extending beyond FAIR, the harmonisation of independ-

ent variables and outcome measures under study was often
problematic. The DEDIPAC Compendium of Datasets indi-
cates substantial variation in assessment methods and oper-
ationalisation of variables across current European studies.
This variation not only hampered the practical harmonisa-
tion process, but also presented comparability issues, as es-
timations of physical activity and sedentary behaviour levels
are known to differ based on the assessment method used.
The secondary data analyses’ focus on ethnic-minority
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groups revealed that within current ‘mainstream’ research
on the determinants of health behaviour in Europe, ethnic
minorities are often either not included, or their numbers
are too small to enable meaningful analysis.
Despite DEDIPAC’s significant theoretical and knowledge

progress on behaviour and its determinants, the paucity of
high quality, EU-wide data collected using standardised
methodology on both the behaviour, as well as a wide range
of potential determinants, in accordance a systems perspec-
tive, is a major barrier that slows this momentum. This data
shortage undermines the progress towards informing policy
and interventions to tackle key non-communicable chronic
disease related to unhealthy behaviour.

Future directions
Regarding policy benchmarking and monitoring, we recom-
mend the further development of the toolbox for policy
evaluation and benchmarking by developing and testing an
instrument for physical activity and sedentary behaviour
similar to the INFORMAS food-EPI; combining and apply-
ing this alongside the food-EPI in different countries across
Europe to gain hands-on experience with this type of policy
monitoring and benchmarking across Europe. This will
contribute to the further validation of the methodology, the
dissemination of best practices across Europe, and thus to
working towards better-informed, evidence-based policy
making across Europe.
DEDIPAC was one of the first actions taken in the

context of the Joint Programming Initiative in the field
of behavioural nutrition and physical activity in Europe.
This joint-programming experiment provided better
overviews of the field, initiated new collaborations, created
new insights, as well as identified directions for further
research. DEDIPAC works toward and seeks support for
three ways of building upon DEDIPAC to further the field:

1. Sustain and further strengthen the Knowledge Hub
in an effort to create a sustainable European network
centre for research and expertise on behavioural
nutrition and physical activity, which could work
under the umbrella of the International Society for
Behavioural Nutrition and Physical Activity;

2. Provide longitudinal data on the individual and
contextual drivers of the behaviour causing or
aggravating non-communicable disease by building a
prospective cohort of families across all regions of
Europe, making use of the rich diversity in the systems
of policies, contextual and individual determinants, as
well as the behaviour across Europe from an early age
onward. Analysis of the data acquired from this cohort
should be subjected to harmonised methodology and
measures, and focus on policy, contextual, as well as
individual determinants of dietary, physical activity and
sedentary behaviour from a life-course perspective. In

addition, the cohort should be representative of the
whole European population, including those who have
migrated from other parts of the world;

3. Build a strong framework for monitoring, evaluation,
and benchmarking of dietary, physical activity, and
sedentary behaviour policies and environments across
Europe.

Conclusions
Europe has the right ingredients for the creation of infra-
structure to study the causes of the causes of the chronic
disease burden. DEDIPAC has strengthened existing in-
frastructure by aligning countries, research centres, and
scientists from various disciplines across Europe on this
crucial topic. It provided further insights into the measure-
ment, the wide range of determinants of dietary, physical ac-
tivity and sedentary behaviour across the life course and
their interplay. However, action is now needed to build on
this momentum. At present, we need better cross-European
harmonisation of measurement and monitoring, FAIR data
management and data sharing, common methodology, as
well as (longitudinal) data required to gain more insight into
behavioural determinants, as well as policy evaluation and
benchmarking. We lack complete data on all of Europe, with
data on southern and eastern European regions, in particu-
lar, being scarce.
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