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ARTICLE OPEN

Pediatrics

Dietary patterns among European children and their
association with adiposity-related outcomes: a multi-
country study
Sarah Warkentin 1,2,3✉, Nikos Stratakis1,2,3, Lorenzo Fabbri 1,2,3, John Wright4, Tiffany C. Yang 4, Maria Bryant5, Barbara Heude 6,
Remy Slama6, Parisa Montazeri1,2,3, Marina Vafeiadi 7, Regina Grazuleviciene8, Anne Lise Brantsæter 9 and Martine Vrijheid 1,2,3

© The Author(s) 2024

BACKGROUND/OBJECTIVE: Children’s diets in school-age are inherently unhealthy, with few meeting dietary recommendations.
Yet, little is known about similarities and differences on dietary patterns across countries and their association with obesity. We
aimed to derive dietary patterns in childhood and explore their association with adiposity-related outcomes in childhood and
adolescence.
SUBJCTS/METHODS: This study included data from six European countries (Spain, France, UK, Greece, Lithuania and Norway)
during childhood (n= 1597) and adolescence (n= 803). Using a food frequency questionnaire, we derived data-driven dietary
patterns through exploratory factor analyses and calculated the Mediterranean KIDMED index. We assessed body mass index z-
score (zBMI), fat mass proportion and waist-to-height ratio at both visits. Associations were estimated using generalized linear
regressions, adjusted for key-confounders.
RESULTS: “Meat”, “Dairy”, “Western”, “Healthy” and “Sweets and fats” dietary patterns were derived. Norwegian children showed
better diet quality, with higher consumption of fruits and vegetables, and highest “Healthy pattern” adherence, and Lithuanian
children, the worst, with higher sweets consumption, and highest “Western pattern” adherence. Children with lower intake of
healthy foods (vegetables, fruits, fish) tended to have higher adiposity, e.g., children with average or low “Healthy pattern”
adherence (vs. high) had higher fat mass proportion in childhood (average: β (95% CI) 1.44 (0.48; 2.39), low: 1.10 (0.09; 2.12)). Low
adherence to a “Healthy pattern” (vs. high) was associated with increased adolescent zBMI, and child and adolescent waist-to-
height ratio. Low “Dairy pattern” adherence (vs. high), was associated with lower zBMI and fat mass in childhood, but not in
adolescence. No significant associations were seen with the KIDMED index.
CONCLUSIONS: Many European children have poor diets and a low adherence to a healthy diet pattern may be of concern for
adiposity-related outcomes. Assessment of children’s dietary patterns can help tailor dietary advice and provide support for families
aiming to prevent future excess weight gain.

International Journal of Obesity; https://doi.org/10.1038/s41366-024-01657-6

INTRODUCTION
The WHO European Childhood Obesity Surveillance Initiative
estimates that 29% of school-aged children are currently living
with overweight/obesity in Europe [1]. This complex phenotype
early in life has shown to have long-lasting effects [2]. Systematic
reviews highlighted that a child or adolescent with obesity has
approximately five times greater risk of having obesity in
adulthood [3] as well as a greater risk of premature morbidity
and mortality [4]. Diet-related diseases are large worldwide, with

an estimated proportion of premature deaths related to diet being
the highest in Europe [5].
Dietary intake has been changing in the past decades, at least in

part, due to rapid shifts in globalization and urbanization [6].
Traditional eating habits, such as the Mediterranean diet [7], have
been shifting towards highly processed diets. This results in poorer
dietary quality [8] and increases the occurrence of obesity later in
life [9–11]. Thus, the investigation of child diet is of special interest
due to their influence on diet-related diseases during childhood
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(e.g., obesity) [4] and the tracking of dietary habits across the
lifespan [12, 13]. Importantly, this is the age-group that exhibits
the highest degree of deterioration in diet quality [14].
Methods to derive dietary patterns rely either on pre-existing or

a priori dietary indices and scores that use prior scientific
knowledge on diet-disease relationships (e.g., the Mediterranean
diet profile), or on a posteriori methods, which are entirely based
on available dietary data within a certain study population, to
identify population-specific dietary patterns [15]. Both a priori and
a posteriori methods to derive dietary patterns have their
limitations, with the first approach being limited to current
knowledge and understanding of the diet-disease relationship
and the latter relying on available diet data, without any a priori
hypothesis, thus not necessarily representing optimal patterns
[16]. To the best of our knowledge, no study has described data-
driven and a priori dietary patterns in children across different
European countries or explored the association between these
patterns and adiposity-related outcomes prospectively. To address
this gap, we derived both data-driven and a priori dietary patterns
at primary school-age and examined their association with
adiposity-related outcomes both cross-sectionally in childhood
and prospectively in adolescence across population-based cohorts
from each part of Europe.

MATERIALS/SUBJECTS AND METHODS
Study population
This study is based on the Human Early-Life Exposome (HELIX)
project [17], a longitudinal population-based project of six
European birth cohorts: Born in Bradford (BiB; Bradford, UK) [18],
Étude des Déterminants pré et postnatals précoces du dével-
oppement et de la santé de l’Enfant (EDEN; Nancy and Poitiers,
France) [19], INfancia y Medio Ambiente (INMA; Sabadell, Spain)
[20], Kaunas (KANC; Kaunas, Lithuania) [21], Norwegian Mother,
Father and Child Cohort Study (MoBa; Oslo, Norway) [22], and
RHEA Mother Child Cohort study (RHEA; Heraklion, Greece) [23].
For the exposure (dietary data) and adiposity-related outcomes

in childhood, we used data from the HELIX subcohort follow-up
visit when children were 6–11 years old, which occurred between
December 2013 and February 2016 (n= 1 637). We excluded 40
participants (INMA 28 (5.6%), BiB 4 (1.7%), KANC 4 (1.9%), MoBa 3
(1.0%) and RHEA 1 (0.5%)) due to missing dietary information,
leaving a total of 1597 for analysis. Further details of the selection
of the subcohort population and baseline characteristics are
described elsewhere [17]. Individuals were re-evaluated in
adolescence, when they were between 12–18 years [24]. In total,
877 adolescents were re-evaluated (BiB 126 (14.4%), EDEN 80
(9.1%), KANC 120 (13.7%), MoBa 56 (6.4%), RHEA 119 (13.5%) and
INMA 376 (42.9%)), and, for the analyses on adiposity-related
outcomes in adolescence, 803 adolescents with available data
were included.

Ethics approval and consent to participate
All participants (mothers and children) provided written informed
consent/assent before participation. Study procedures across all
cohorts were conducted based on the Declaration of Helsinki
guidelines. Approval for the HELIX cohort follow-up was obtained
at each site by local ethics committees: BiB: HRA and Health
and Care
Research Wales (HCRW NHS - 20/YH/0315); EDEN: Ethics

committee CPP (Comité de Protection des Personnes) SUD-EST II
(2020-A03533-36); INMA: Ethical Committee of Parc Salut Mar
(Comité de Ética de la Investigación con medicamentos del Parc
de Salut MAR - 2019/8788/I); MoBa: Regional Committee for
Medical and Health Research Ethics (REK sør-øst B - 167349); RHEA:
Ethical committee of the University Hospital in Heraklion, Greece
(208/05.12.2019); KANC: the Lithuanian Bioethics Committee
(2021-02-11 Nr. BE-2-8).

Dietary intake
Information on the child’s habitual diet (previous year) was
collected through a semiquantitative food frequency question-
naire (FFQ) filled in by the parent at the 6–11 years follow-up visit
[17]. The FFQ was developed by the HELIX research group, was
translated and applied to all cohorts. Responses were given in
nine options (“never” to “4 or more/day”), and responses were
transformed in times/week of intake. Forty-four food items were
assessed and grouped in 15 food groups, which were the sum of
the weekly intake of the specific food items (continuous variables -
Supplementary Table 1) and were used as input variables in the
exploratory factor analysis. Three food groups did not meet the
adequacy criteria for exploratory factor analysis (see Statistical
analysis section), and were, therefore, not included as input
variables in the current analysis.

Adiposity-related outcomes in childhood and adolescence
Height (cm) and weight (kg) were measured once, without shoes
and with light clothing by trained personnel with regularly
calibrated instruments following standardized procedures at
childhood and adolescence. Height was measured with a
Stadiometer (Seca213, d= 1mm) and weight with a digital weight
scale (Seca Bellisima 841, d= 100 g). Body mass index (BMI)
(kg/m2) was calculated as the body mass/height2. The World
Health Organization (WHO) reference curves were used to
calculate standardized z-scores for BMI adjusted for sex and exact
age (zBMI) [25] and weight status was defined as: Underweight/
Healthy weight: zBMI <+1 standard deviations (SD) and Over-
weight/Obesity: zBMI ≥+1 SD.
Besides zBMI, we considered waist circumference and waist-to-

height ratio in our sample, since these reflect better body fat
distribution, and have been widely used in childhood and
adolescence [26, 27]. Waist circumference (cm) was measured
twice, to ensure reliability, by trained personnel with the
participant in a standing position using standardized procedures
with a metric tape (Seca 201, d= 1mm) in both visits. Measure-
ments were taken in direct contact with the skin at the top of the
iliac crests, during minimal respiration, with tape snug but not
compressing the skin. Waist-to-height ratio was then defined as
waist circumference/height. The cut-off value of 0.5 for waist-to-
height ratio has been considered for detecting obesity in
childhood and adolescence [26].
Lastly, measurements of bioimpedance were taken in childhood

and adolescence without shoes and socks, and with light clothing,
using Bodystat 1500 (Bodystat Ltd, Douglas, Isle of Man). In the
EDEN cohort, Bodystat MDD 1500 was used at 50 kHz (corre-
sponding to its default frequency). Electrodes were placed on
cleaned skin; one measurement was taken after 5 minutes resting
in supine position. Fat free mass (FFM) was estimated based on a
multiracial equation recently developed for children based on
impedance values obtained by a single frequency tetra-polar
Bodystat device [28]. From this equation, body mass in kg and as a
percentage of total weight were calculated. In the adolescence
follow-up, FFM was estimated using the Schaefer et al. equation
[29], which considers participant’s age and was validated in
childhood and adolescence. From this equation, body fat mass
percentage of total weight was estimated.

Covariates
We included the following covariates that are known to affect
child food intake and/or adiposity-related outcomes [30] (Supple-
mentary Fig. 1): cohort (KANC/BiB/INMA/MoBa/RHEA/EDEN), child/
adolescent age (in years), sex (female/male), maternal pre-
pregnancy BMI (in kg/m2), maternal smoking during pregnancy
(yes/no), maternal education (defined as the highest level of
education reporter by the mother, categorized according to the
International Standard Classification of Education as: low, middle
or high) [31], family affluence score (as a measure of the family’s
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economic capital, calculated based on questions regarding vehicle
and computer ownership, bedrooms at home, and travels for
holiday in the last 12 months, categorized as: low, middle and
high) [32, 33] and child sedentary behavior, defined as “any
behaviors characterized by an energy expenditure <1.5 metabolic
equivalent tasks while in a sitting or reclining posture” and
included the average time spent daily (in minutes) watching
television, playing computer or video games and other sedentary
activities (e.g., reading).

Statistical data analysis
In order to identify distinct data-driven dietary patterns, we
employed exploratory factor analyses with orthogonal varimax
rotation (most widely used method in dietary pattern analyses
[34, 35]). Dietary patterns were derived using children’s combined
frequencies of weekly intake of food items aggregated into food
groups.
Sample adequacy for factor analysis was assessed using the

Bartlett’s sphericity and Kaiser-Meyer-Olkin (KMO) tests, which
assesses whether the variables belong together psychometrically
and thus the correlation matrix is appropriate for factor analysis
[36]. Although the first confirmed appropriate sample adequacy
(p < 0.05), the latter revealed three food groups that were not
suitable for factor analysis (bread, breakfast cereal, and cereals
food groups), thus being excluded (KMO values for these food
groups were < 0.5 [36]).
The number of factors to be retained were checked based on: (i)

evaluation of eigenvalues using the Kaiser criterion (eigenvalues > 1),
(ii) investigation of the inflection point of the scree plot of
eigenvalues and parallel analysis, and (iii) factor solution interpret-
ability. After rotation, loading cut-offs were applied to select the food
groups in each pattern ( ≥ 0.25 and≤−0.25) [35, 37, 38].
Each participant was given, manually, dietary scores on all

factors (patterns), which were derived by multiplying the most
relevant factor loadings ( ≥ 0.25 and ≤−0.25) by the correspond-
ing standardized weekly intake of each food group and by adding
all these items in each pattern. Greater scores indicate a higher
consumption of foods/drinks in these patterns, and lower scores
indicate a lower consumption [39]. Adherence to each data-driven
dietary pattern was categorized in high, average and low based on
the tertiles of factor scores.
The KIDMED quality index questionnaire [40] was used to assess

adherence to the Mediterranean diet among children. It consists
of 16 questions, with four questions denoting a negative
connotation with respect to the adherence to Mediterranean diet
assigned a value of −1 (consumption of fast food, baked goods/
pastries and sweets/candies, and skipping breakfast) and the
remaining 11 questions with a positive aspect were assigned a
value of +1 (consumption of olive oil, fish, fruits, vegetables,
cereals/grains, nuts, pulses, pasta/rice, dairy products, and
yogurts/cheese). The score sum was classified in three levels: >4
points, high; 1–4 points, average; and <1 point, low adherence
[41].
In this study, we were interested in evaluating cross-sectional

and longitudinal associations separately, rather than evaluating
changes in adiposity-related outcomes in linear mixed models.
Analysis of outcome-change scores to estimate causal effects in
observational data should be avoided, since these may lead to
incorrect or misleading estimates [42]. Therefore, associations
between data-driven and a priori dietary patterns in childhood
and adiposity-related outcomes (zBMI, fat mass proportion and
waist-to-height ratio) in childhood and adolescence, were
evaluated using linear regression models specific to each outcome
period, and adjusted for key covariates. For the KIDMED index, the
“high” adherence was set as the reference category. For the data-
driven dietary patterns, tertiles of adherence were used, and the
healthiest tertile within each pattern was used as the reference
category (e.g., for the “Western pattern”, low adherence was

considered as the healthiest tertile and for the “Healthy pattern”,
high adherence). We used inverse probability weighting in the
estimation of adiposity-related outcomes in adolescence, aiming
to deal with the loss of follow-up and reduce selection bias [43].
Weighting was performed using the WeightIt package [44], with
the method “energy”, and including the cohort, maternal BMI and
education, family affluence score, child sex and sedentary
behavior. Statistical significance was set at 5%, and all tests were
two-tailed. All analyses were conducted in R version 2022.02.0
Build 443 (R Core Team, Vienna, Austria).

RESULTS
The study population included a greater proportion of Spanish
children than the other cohorts (29.4%), with a median age of 8.3
and 14.9 years at the two visits. Children were mainly from families
with a high educational level and low social deprivation (Table 1),
with mothers from MoBa (Norway) being more likely to have a
high educational level (77.6% with high education), and those
from BiB (UK) more likely to have a low educational level (42.8%
with low education) (Supplementary Table 2). MoBa children
reported the highest weekly consumption of fruits (14.1 portions/
week) and vegetables (8.5 portions/week). KANC children
(Lithuania) reported the highest weekly consumption of sweets
(9.5 portions a week) (Supplementary Table 3).
Five dietary patterns were identified (Fig. 1, Supplementary Fig.

2), with a total explained cumulative variance of 45%. Only one
food group (sweets, composed by the weekly intake of chocolate,
sweets and sugar and other sweeteners (Supplementary Table 1),
had high factor loadings and were retained in two patterns
(“Western” and “Sweets and Fats”). Dietary patterns were named
according to their characteristics: “Meat pattern”, with meat and
processed meat products, “Dairy pattern”, with yogurt and dairy
products, “Western pattern”, with sweets, beverages, potatoes and
bakery products, “Healthy pattern”, with vegetables, fruits and fish,
and “Sweets and fats pattern”, with sweets, oil and fats (butter and
margarine) (Fig. 1). Characteristics of children with a high
adherence to each data-driven pattern are described by cohort
in Supplementary Table 4. Almost 58% of children in MoBa
(Norway) reported high “Healthy pattern” adherence. On the other
hand, children from RHEA (Greece), INMA (Spain) and KANC
(Lithuania) had the lowest percentages of high adherence to the
“Healthy pattern” (Fig. 2). Children from INMA (Spain), RHEA
(Greece) and the BiB (UK) with high adherence to the “Healthy
pattern”, were more likely to have a highly educated mother and a
wealthier family (Supplementary Table 4).
Only 18.2% of children had high adherence on the KIDMED

index (Table 1), ranging from 31.7% in Norway to 5.4% in Lithuania
(Table 2, Fig. 2). No major differences in KIDMED adherence were
seen by child age. In the majority of cohorts, with exception of
KANC and BiB, children with a low KIDMED adherence had higher
median time spent in sedentary behaviors during the day,
compared to children with an average/high adherence to this
pattern (Table 2).
We found that children with a low “Dairy pattern” adherence,

compared to high adherence, had a lower zBMI and fat mass
proportion (β (95% CI) −0.18 (−0.34; −0.02) and −1.27 (−2.27;
−0.27), respectively). Children with an average or low “Healthy
pattern” adherence had a higher fat mass proportion (β (95% CI)
1.44 (0.48; 2.39) and 1.10 (0.09; 2.12), respectively), compared to
those with high adherence. Low and average adherence to the
“Healthy pattern”, compared to the high adherence, were also
associated with higher waist-to-height ratio, besides higher zBMI
(average adherence) (Table 3). No statistically significant associa-
tions were found for the KIDMED index. Supplementary Table 5
shows cross-sectional associations in childhood restricting to the
sample with available data in the adolescence follow-up. Several
significant associations described in cross-sectional analyses

S. Warkentin et al.

3

International Journal of Obesity



(Table 3) were maintained: Low adherence to the “Dairy pattern”
was associated with lower zBMI and fat mass proportion, low and
average adherence to the “Healthy pattern”, compared to high
adherence, was associated with higher fat mass proportion and
waist-to-height ratio.
Table 4 shows prospective associations between the data-

driven and a priori dietary patterns in school-age with adiposity-
related outcomes in adolescence. No statistically significant
associations were seen between the KIDMED index during

Table 1. Characteristics of the study population (n= 1597).

Overall (n= 1597)

Cohort and country – n (%)

BiB (UK) 229 (14.3)

EDEN (France) 205 (12.8)

KANC (Lithuania) 205 (12.8)

MoBa (Norway) 290 (18.2)

RHEA (Greece) 199 (12.5)

INMA (Spain) 469 (29.4)

Mother age (pre-pregnancy) (years)

Median [Min, Max] 31.0 [16.0, 43.5]

Missing 65 (4.1)

Maternal pre-pregnancy BMI (Kg/m2) – n (%)

Underweight/Healthy weight
(BMI < 24.9 Kg/m2)

949 (59.4)

Overweight (BMI ≥ 24.9 & < 30 Kg/m2) 362 (22.7)

Obesity (BMI ≥ 30 Kg/m2) 213 (13.3)

Missing 73 (4.6)

Maternal educational level (pre-pregnancy) – n (%)

Low (primary school) 233 (14.6)

Middle (secondary school) 524 (32.8)

High (University or higher) 743 (46.5)

Missing 97 (6.1)

Maternal smoking during pregnancy – n (%)

Yes 176 (11.0)

No 1 062 (66.5)

Missing 359 (22.5)

Family affluence score (pre-pregnancy) – n (%)

Low 169 (10.6)

Medium 598 (37.4)

High 827 (51.8)

Missing 3 (0.2)

Childhood

Sex – n (%)

Female 737 (46.1)

Male 859 (53.8)

Missing 1 (0.1)

Age (years) at assessment

Median [Min, Max] 8.28 [5.44, 12.1]

Missing 6 (0.4)

Child ethnicity – n (%)

African 12 (0.8)

Asian 23 (1.4)

Caucasian 1 328 (83.2)

Native American 11 (0.7)

Other 22 (1.4)

Pakistani 81 (5.1)

White non-European 25 (1.6)

Missing 95 (5.9)

zBMI

Mean (SD) 0.44 (1.19)

Missing 6 (0.4)

Weight statusb – n (%)

Underweight/Healthy weight (zBMI < 1 SD) 1 109 (69.4)

Table 1. continued

Overall (n= 1597)

Overweight (zBMI ≥ 1 SD & < 2 SD) 320 (20.0)

Obesity (zBMI ≥ 2 SD) 162 (10.1)

Missing 6 (0.4)

Fat mass percentagec

Mean (SD) 22.6 (7.90)

Missing 316 (19.8)

Waist-to-height ratio

Mean (SD) 0.45 (0.05)

Missing 307 (19.2)

Sedentary behavior (minutes/day)

Median [Min, Max] 206 [3.14, 994]

Missing 12 (0.8%)

KIDMED index adherencea – n (%)

High 290 (18.2)

Average 1 172 (73.4)

Low 135 (8.5)

Adolescenced

Age (years) at assessment

Median [Min, Max] 14.9 [12.6, 18.7]

Missing 794 (49.7)

zBMI

Mean (SD) 0.44 (1.22)

Missing 796 (49.8)

Weight statusb – n (%)

Underweight/Healthy weight (zBMI < 1 SD) 556 (34.8)

Overweight (zBMI ≥ 1 SD & < 2 SD) 145 (9.1)

Obesity (zBMI ≥ 2 SD) 100 (6.3)

Missing 796 (49.8)

Fat mass percentagec

Mean (SD) 31.3 (11.6)

Missing 813 (50.9)

Waist-to-height ratio

Mean (SD) 0.47 (0.07)

Missing 797 (49.9)

BiB Born in Bradford cohort, BMI body mass index, zBMI body mass index z-
scores, EDEN The Étude des Déterminants pré et postnatals du
développement et de la santé de l’Enfant study, INMA INfancia y Medio
Ambiente cohort, KANC Kaunas cohort, KIDMED Mediterranean Diet Quality
Index for children and adolescents, MoBa Norwegian Mother, Father and
Child Cohort study, RHEA Rhea Mother Child Cohort study, SD Standard
Deviations.
aKIDMED dietary pattern was calculated according to [40] and [41];
bzBMI cut-offs based on the WHO Growth Charts [25];
cFat mass percentage calculated based on [28] in childhood and [29] in
adolescence;
dAdolescence data included 803 participants.
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childhood and adiposity-outcomes in adolescence. For the data-
driven dietary patterns, we found that children with low
adherence to the “Healthy pattern”, compared to those with high
adherence seen in childhood, showed in adolescence higher zBMI,
fat mass proportion and waist-to-height ratio. Also, high
adherence to the "Western pattern", compared to low adherence,
showed lower waist-to-height ratio in adolescence. The significant
associations with the "Dairy pattern", seen in cross-sectional
analyses, were not maintained in prospective analyses.

DISCUSSION
We derived dietary patterns among primary school-aged children
from six European countries and evaluated associations with
adiposity-related outcomes in childhood and adolescence. Chil-
dren from Norway had healthier diets than those from the other
countries, with the highest adherence to Mediterranean diet and
the largest proportion of children following a healthy data-driven
pattern, characterized by a high intake of fruits, vegetables and
fish. On the other hand, children from Lithuania had low
adherence to the Mediterranean diet, and a high adherence to
the “Western pattern”, characterized by the intake of sweets,
beverages, potatoes and bakery products. We did not detect
significant associations between the Mediterranean diet adher-
ence and adiposity-related outcomes both in childhood and
adolescence. Certain data-driven patterns were significantly
associated with adiposity-related outcomes, such as the “Dairy”,
the “Healthy” and the “Western” patterns, with low adherence to
the “Healthy pattern” being associated with higher fat mass
percentage and waist-to-height ratio both in childhood and
adolescence.
Systematic reviews demonstrate that certain data-driven dietary

patterns, mainly those composed by potentially obesogenic foods
(such as processed foods, sugar-sweetened beverages, candies
and snacks), are associated with a higher obesity risk, mainly in

cross-sectional studies [30, 45]. These diets, commonly referred to
as “Western”, “Processed”, or “Junk food” dietary patterns, may be
composed by different food groups, but share common features,
such as high fat, sugar and/or salt composition and the presence
of processed foods. On the other hand, dietary patterns in which
children consume healthier foods (i.e., with lower sugar and fat
content), such as fruits, vegetables, fish, legumes, etc.) showed to
have weaker association on excess weight, and are usually named
as “Healthy” or “Traditional” [30, 46]. Our findings suggest the
existence of a “Western pattern”, as described by the literature as
containing food groups related to higher adiposity (sweets,
beverages, potatoes and bakery products), and also a “Healthy
pattern”, composed by fruits (canned, dried, as juice or as pieces/
whole fruits), vegetables (cooked and raw) and fish (canned, oily,
while fish and seafood) among European children.
Regarding the existence of five distinct data-driven dietary

patterns among six European countries, the pattern characterized
by a higher consumption of fruits, vegetables and fish was
inversely associated with adiposity-related outcomes in childhood.
Studies on the associations between healthy or traditional dietary
patterns, and lower adiposity-related measures in childhood have
been demonstrated by some [38, 47], but not all studies. For
instance, a fruit dietary pattern in US adolescents [48] and varied-
Norwegian (characterized by a traditional Norwegian diet,
including fish, fruits and vegetables) and dieting patterns
(characterized by artificially sweetened beverages, low fat cheese
and fat- and sugar-reduced yoghurt) in Norwegian school-aged
children [49], were shown to be associated with a higher risk of
overweight/obesity. However previous studies are mainly cross-
sectional [30, 38, 45, 47, 49], thus limiting the ability to derive clear
conclusions. Many factors, besides dietary intake, may play a role
in adiposity in childhood, such as genes, physical activity habits,
screen time and the food environment, which need to be taken
into account when examining the potentially obesogenic effect of
diet [45]. Also, healthy dietary patterns in studies may include

Meat pattern Dairy pattern Western pattern Healthy pattern Sweets and fats pattern

0.00 0.25 0.50 0.75 1.000.00 0.25 0.50 0.75 1.000.00 0.25 0.50 0.75 1.000.00 0.25 0.50 0.75 1.000.00 0.25 0.50 0.75 1.00

Olis and fats

Vegetables
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Fruits

Bakery products

Potatoes

Beverages

Sweets

Yogurt

Dairy

Processed meat

Meat

Loading Strength

F
o

o
d

Fig. 1 Bar graphs of factor loadings that characterize each data-driven dietary pattern, within all six HELIX cohorts. Dietary patterns are
based on factor loadings with absolute values ≥ 0.25. Blue color represents high positive values (>0.25), white color represents average values
(midpoint= 0.25) and red color represents low values (<0.25). Cumulative variance explained by each dietary pattern (%) was: “Meat pattern” –
14%, Dairy pattern – 25%, “Western pattern” – 40%, “Healthy pattern” – 40% and “Sweets and fats pattern” – 45%.
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different healthy food groups. For instance, the fruits and
vegetables food groups may include a wide variety of foods
containing essential nutrients and phytochemicals, and a healthy
dietary pattern may include all forms of fruits and vegetables
(fresh, frozen, canned and dried), as also included in our current
food groups (Supplementary Table 1), however, should exclude
those with added salt and/or sugar [50].
Consumption of dairy, especially milk, is generally popular in

children and has been commonly considered part of a balanced
diet [51]. A higher adherence to a dairy dietary pattern in 8-17-
year-olds in Greece has been associated with healthier anthropo-
metric measures, better sleeping time and physical fitness,
reduced screen time, and greater adherence to the KIDMED index
[52]. However, we did not see this protective effect of the “Dairy
pattern”; instead, we found that a low adherence was associated
with a lower fat mass proportion and zBMI in childhood. This
inconsistency may be explained in the difference in proportion of

participants considered as high dairy consumers, which was 81.4%
(of a total of 177,091 individuals) in the Greek study and between
12.2 and 55.6% of high “Dairy pattern” consumers in the current
study (Supplementary Table 4, Fig. 2). Also, foods included in the
current dairy and yogurt food groups were low- and whole-fat
foods. Dairy recommendations have been inconsistent, with
dietary guidelines recommending the consumption of reduced-
fat dairy products, and studies showing that the consumption of
whole-fat dairy products is not associated with weight gain or
adiposity-related measures, besides being beneficial in childhood,
with, for example, effects on satiety [51].
A high “Western pattern” adherence, characterized by a high

consumption of sweets, beverages, potatoes and bakery products,
vs. low adherence, showed no significant cross-sectional or
prospective associations with zBMI, which may be explained by
a higher chance of under-reporting by parents. This pattern has
been previously associated with higher risk of childhood

Fig. 2 Dietary patterns description and respective adherence within all six cohorts.
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Table 2. Description of sociodemographic characteristics of the a priori dietary pattern (KIDMED index) adherence, by cohort.

Cohort KIDMED
index
adherence

N

(%)
Sociodemographic characteristics

Child age (years - Median
[Percentiles 25, 75] or
Mean (SD))

Child sex
(Male - n
(%))

Child sedentary behavior
(min/day - Median
[Percentiles 25, 75])

Maternal weight
status (Ov/Ob -
n (%))a

Maternal
education
(High - n (%))a

Maternal smoking
during pregnancy
(Yes – n (%))

Family
affluence score
(High - n (%))a

MoBa High 92
(31.7)

8.4 [8.2; 8.8] 49 (53.3) 176.8 [138.6; 223.4] 15 (16.6) 75 (83.3) 0 (0.0) 62 (67.4)

Average 196
(67.6)

8.4 [8.2; 8.7] 103
(52.6)

180.0 [130.7; 257.1] 32 (16.8) 148 (78.7) 0 (0.0) 145 (74.0)

Low 2
(0.7)

8.5 [8.3; 8.6] 2 (100.0) 202.5 [181.6; 223.4] 0 (0.0) 2 (100.0) 0 (0.0) 2 (100.0)

KANC High 11
(5.4)

6.3 [6.2; 6.5] 3 (27.3) 385.7 [215.0; 531.4] 6 (54.6) 10 (90.9) 0 (0.0) 7 (63.6)

Average 144
(70.2)

6.3 [6.1; 6.8] 85 (59.0) 334.3 [252.9; 449.6] 103 (73.6) 85 (60.7) 7 (4.9) 43 (29.9)

Low 50
(24.4)

6.5 [6.2; 7.0] 23 (46.0) 312.1 [233.6; 417.9] 31 (63.3) 21 (42.9) 5 (10.0) 17 (34.0)

RHEA High 17
(8.5)

6.4 [6.3; 6.9] 10 (58.8) 188.6 [144.3; 231.4] 3 (18.8) 8 (47.1) 3 (17.6) 7 (41.2)

Average 164
(82.4)

6.5 [6.4; 6.6] 94 (57.3) 209.3 [154.3; 275.4] 46 (28.4) 63 (38.9) 35 (21.3) 53 (32.3)

Low 18
(9.0)

6.4 [6.3; 6.7] 7 (38.9) 221.8 [202.9; 244.1] 6 (33.4) 7 (38.9) 3 (16.7) 7 (38.9)

INMA High 100
(21.3)

9.0 [8.5; 9.6] 57 (57.0) 177.9 [139.3; 226.4] 27 (29.3) 41 (44.6) 6 (6.0) 51 (51.0)

Average 345
(73.6)

9.0 [8.5; 9.5] 173
(50.3)

192.9 [150.0; 249.6] 84 (27.5) 94 (30.9) 46 (13.3) 196 (57.1)

Low 24
(5.1)

8.9 [8.4; 9.2] 13 (54.2) 220.7 [190.7; 285.5] 6 (26.0) 5 (22.7) 2 (8.3) 11 (47.8)

BiB High 50
(21.8)

6.7 [6.5; 6.8] 35 (70.0) 237.9 [148.4; 299.6] 35 (73.0) 22 (47.8) 4 (8.0) 20 (40.0)

Average 158
(69.0)

6.5 [6.4; 6.8] 80 (50.6) 222.9 [143.6; 291.4] 107 (69.5) 42 (30.4) 18 (11.4) 40 (25.3)

Low 21
(9.2)

6.7 [6.5; 6.8] 10 (47.6) 237.9 [197.1; 284.3] 16 (76.2) 6 (31.6) 2 (9.5) 6 (28.6)

EDEN High 20
(9.8)

10.9 (0.5) 11 (55.0) 152.1 [125.0; 203.6] 6 (31.6) 12 (66.7) 5 (25.0) 15 (75.0)

Average 165
(80.5)

10.8 (0.6) 92 (55.8) 182.1 [128.6; 228.9] 45 (27.4) 92 (56.1) 37 (22.4) 132 (80.0)

Low 20
(9.8)

10.9 (0.7) 12 (60.0) 197.1 [111.2; 225.0] 7 (35.0) 10 (50.0) 3 (15.0) 13 (65.0)

BiB Born in Bradford cohort, EDEN The Étude des Déterminants pré et postnatals du développement et de la santé de l’Enfant study, INMA INfancia y Medio Ambiente cohort, KANC Kaunas cohort, KIDMED

Mediterranean diet quality index for children and adolescents, MoBa Norwegian Mother, Father and Child Cohort study, RHEA Rhea Mother Child cohort study, SD Standard deviation, Ov/Ob overweight/obesity
(BMI ≥ 24.9 Kg/m2).
aMaternal weight status, education, and family affluence score are all referred to the pre-pregnancy period (only category of high education (University degree or higher), high family affluence score is
described). Percentages are described by row (i.e., by level of adherence), in each cohort.
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overweight [30] and worse cardiometabolic health [53] in some
studies, while others have reported null or even inverse
associations [46–49,54]. This discrepancy in study findings can
be explained by several factors, such as parental modification of
the diets of overweight children, genetics and physical activity
levels. Moreover, there is the possibility of underreporting of food
consumption among children with overweight or obesity as a
result of social desirability bias [54], with food items and drinks
considered unhealthy being underreported more often than food
items perceived as healthy [48, 49]. Another probable reason for
this discrepancy include differences in the composition of the
Western dietary pattern, such as different factor loadings for each
food group, and differences in social and cultural factors across
countries [46].
We analyzed one a priori dietary pattern, which measures the

adherence to the Mediterranean diet, which is rich in plant-based
foods, moderate-to-high in the intake of fish and seafood,
moderate in eggs, poultry and dairy intake and low in meat. A
previous study in Europe showed that higher adherence to the
Mediterranean-like dietary patterns is not necessarily a feature of
children living in Mediterranean countries [55], with children from
Southern Europe having actually lower adherence to this pattern
compared to children from the North. Our study corroborates
these findings, as we observed greater adherence to this pattern
among children from Norway and one of the lowest adherence in
the Greek cohort. Systematic reviews in the past years summar-
ized results examining associations between the Mediterranean
diet and weight outcomes in both childhood and adolescence,
with highly inconsistent results [56–58]. Pereira-da-Silva and
colleagues described that European preschoolers did not have a
high adherence to the KIDMED index, and that lower adherence
was associated with higher prevalence of excess weight.
Additionally, those with better adherence had families with higher
maternal education and family socioeconomic status [57]. On the
other hand, a systematic review based on 58 studies worldwide
reported that half of analyzed studies (mainly cross-sectional)
showed an inverse association between Mediterranean diet
adherence and BMI in children and adolescents (2–20-year-olds),
but not with other adiposity indicators such as waist circumfer-
ence [58]. In our study, we did not detect a significant association
between Mediterranean diet adherence and adiposity both cross-
sectionally in childhood and prospectively in adolescence.
Diet quality is influenced by consumer’s purchasing power,

which is in turn influenced by food environments, which provide
options from which people make decisions about what to eat,
including for example physical access to foods, food promotion,
labelling and prices. Food environments are in turn influenced by
food systems, which present many opportunities to improve diets,
including agricultural production, food retail, storage, transport
and trade, among others [59]. All of these factors may play an
important role in the variability of dietary patterns adherence
among cohorts/countries in the current study. We observed that
mean intakes of dairy, bakery products, beverages, vegetables and
sweets varied the most between participating countries (Supple-
mentary Table 3). Regarding dietary pattern adherence, we
observed in France (EDEN) and the UK (BiB), a higher adherence
to the "Dairy pattern", which may be explained by the fact that,
together with Germany, these are the main European milk-
producing countries [60]. Besides food production and access,
economic disparities may also explain differences in food intake
among cohorts; Lithuania (KANC) and the UK (BiB) included more
deprived populations (Supplementary Table 2) that showed
greater adherence to unhealthy dietary patterns, such as the
“Western” and “Sweets and fats” patterns in KANC, and BiB
(Supplementary Table 4). As highlighted by the WHO European
Childhood Obesity Surveillance Initiative [61], the proportion of 6-
9-year-old children with low daily consumption of fruits and
vegetables and high weekly intake of sugar-sweetened beverages

is significantly greater among children with lower parental
education and lower family perceived wealth compared with
those with higher parental education and family perceived wealth.
Lastly, country-specific public health policies implemented in
Europe, such as school nutrition, food labelling and reformula-
tions, fiscal and pricing policies, and communication with the
public/nutrition literacy may have great impacts in promoting
healthy nutrition and preventing diet-related noncommunicable
diseases including obesity [62].
Strengths of our study include the investigation of dietary

patterns instead of isolated food items/nutrients. When the
outcome of study interest is associated with many dietary factors,
which is the case of obesity or fat mass proportion, the dietary
pattern approach may be useful, since it includes the overall diet
[16], and achieves a resemblance of real life, with foods and
nutrients being eaten in combination [63]. Also, the main purpose
of this study in examining food groups in dietary patterns, instead
of food items, is that foods are consumed in combination and
dietary pattern analysis utilize the collinearity and reduce the
complexity of underlying patterns [63]. This study uses a multi-
country design, including Mediterranean and non-Mediterranean
countries to investigate this dietary pattern. The use of
harmonized data collection protocols in all included countries,
besides the availability of repeated adiposity outcomes, besides
BMI, are strengths of this study.
This study is not without limitations. Child dietary intake was

assessed using a parent-reported questionnaire, so includes only
food intake under parental control, excluding school meals.
Besides, the report of dietary intake may be biased due to
misreporting of diet, and underreporting of certain obesogenic
foods. However, FFQs have been widely and commonly used to
assess individual usual dietary intake in nutritional epidemiologi-
cal studies, besides being described to be a reliable tool to
measure dietary intake [64]. Third, the FFQ used to assess child
dietary intake was not validated. We used an internationally
agreed FFQ with portion size examples appropriate to each cohort
[17]. Fourth, only one FFQ was analyzed; the use of multiple short-
term instruments potentially complemented by a FFQ, has been
recommended aiming to increase granularity of dietary intake
[65]. Fifth, we used weekly frequencies of food intake and did not
have data on child actual total energy intake in calories, so we
were not able to adjust for this in our multivariable models. Sixth,
a high percentage of families were from a higher socioeconomic
status and educational level, which may impact generalizability
and comparability. It is also worth mentioning the relatively small
sample size of this study, specifically related to the high-country
variance. In this sense, analyses were pooled together and
multivariable models were adjusted for cohort. Larger sample
sizes may have allowed a more detailed exploration of the study
findings, by stratifying, for example, by cohort. Finally, residual
confounding may be present, especially when taking into account
differences by social classes and other lifestyle behaviors.
We described six major dietary patterns observed in six

European countries among primary school-aged children and
showed that certain dietary patterns may be related to both
current and future adiposity-related outcomes, with specific
concerns for low adherence to a healthy diet pattern. The
estimation of data-driven dietary patterns among children has
important implications for child nutrition and health. Dietary
quality has shown to worsen with time, from childhood to
adolescence, which emphasizes the need of public health
strategies to improve dietary quality starting in early ages aiming
to translate into improved dietary quality in adolescence and
adulthood [14].
In conclusion, obtaining high quality data to strengthen the

evidence for an association between child diet and adiposity
related outcomes is challenging. Diet is notoriously difficult to
measure and largely dependent on self-reports and parental
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factors. Still, this study shows that many European children have
poor diets, and that poor adherence to a healthy diet pattern was
associated with adiposity, particularly higher fat mass proportion
and higher waist-to-height ratio.

DATA AVAILABILITY
The data warehouse has been established in a format that allows future use beyond
the project lifespan (2013–2017) as an accessible resource for collaborative research
involving researchers external to the project. Access to HELIX data is based on
approval by the HELIX Project Executive Committee and by the individual cohorts,

who will evaluate potential overlap with ongoing work, adequacy of data protection
plans, logistic and financial consequences and adequacy of authorship and
acknowledgement plans. Further details on the content of the data warehouse
(data catalogue) and procedures for external access are described on the project
website (http://www.projecthelix.eu/index.php/es/data-inventory). The authors
encourage interested researchers to contact them to set up collaborations.
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