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Abstract
Socio-economic inequalities in childhood can determine dietary patterns, and therefore future health. This study aimed to explore associations
between social vulnerabilities and dietary patterns assessed at two time points, and to investigate the association between accumulation of
vulnerabilities and dietary patterns. A total of 9301 children aged 2–9 years participated at baseline and 2-year follow-up examinations of the
Identification and prevention of Dietary- and lifestyle-induced health EFfects In Children and infantS study. In all, three dietary patterns were
identified at baseline and follow-up by applying the K-means clustering algorithm based on a higher frequency of consumption of snacks and
fast food (processed), sweet foods and drinks (sweet), and fruits and vegetables (healthy). Vulnerable groups were defined at baseline as
follows: children whose parents lacked a social network, children from single-parent families, children of migrant origin and children with
unemployed parents. Multinomial mixed models were used to assess the associations between social vulnerabilities and children’s dietary
patterns at baseline and follow-up. Children whose parents lacked a social network (OR 1·31; 99% CI 1·01, 1·70) and migrants (OR 1·45; 99%
CI 1·15, 1·83) were more likely to be in the processed cluster at baseline and follow-up. Children whose parents were homemakers (OR 0·74;
99% CI 0·60, 0·92) were less likely to be in the processed cluster at baseline. A higher number of vulnerabilities was associated with a higher

Abbreviations: CEHQ-FFQ, Children’s Eating Habits Questionnaire-FFQ; IDEFICS, Identification and prevention of Dietary- and lifestyle-induced health EFfects
In Children and infantS; SES, socio-economic status.

* Corresponding author: I. Iguacel, email iguacel@unizar.es

† These authors contributed equally and share the last authorship

British Journal of Nutrition (2016), 116, 1288–1297 doi:10.1017/S0007114516003330
© The Authors 2016

https://doi.org/10.1017/S0007114516003330  Published online by Cam
bridge U

niversity Press

http://crossmark.crossref.org/dialog/?doi=10.1017/S0007114516003330&domain=pdf
https://doi.org/10.1017/S0007114516003330


probability of children being in the processed cluster (OR 1·78; 99% CI 1·21, 2·62). Therefore, special attention should be paid to children of
vulnerable groups as they present unhealthier dietary patterns.
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The persistence and growth of socio-economic health
inequalities continue to attract researchers, clinicians and
politicians(1–3). These differences can arise during childhood
and determine future health(4); thus, it is very important to
identify them at early stages. Even though it is well recognised
that lower socio-economic groups have poorer health(5), its
determinants are complex. Diverse theories have been devel-
oped to explain the mechanisms behind the inequalities in
health, such as material conditions, occupational, psychosocial,
behavioural and biomedical factors(6–9). Quality of diet has
been observed to be associated with indicators of socio-
economic status (SES), such as parental education, household
income and parental occupation(10–12). There is consistent
evidence that lower SES individuals are more likely to follow
diets that are associated with lifestyle-related diseases(13,14).
Children of parents from the lowest income, occupation
and education groups tend to consume more sweets, soft drinks
and processed meat and less fruits and vegetables than their
counterparts(15,16). In general, researchers are interested in
dietary patterns to assess the overall diet of an individual
rather than the consumption of single food items(17). Only
when the entire pattern is considered, combined effects of
various nutrients and foods can be observed, allowing the
establishment of a relationship between diet and disease risk(18).
Principal component analysis (PCA) and cluster analysis (CA)

are two common methods used to derive dietary patterns. PCA
identifies common patterns of food consumption on the basis of
linear combinations of foods, whereas CA allows for grouping
individuals according to their overall diet. For this reason, CA
allows for a better understanding of dietary patterns in children
and for identification of possible groups of children with an
overall unhealthy/healthy diet.
Using this technique, a recent analysis based on the data of

the European IDEFICS study (Identification and prevention
of Dietary- and lifestyle-induced health EFfects In Children and
infantS) explored the associations between dietary patterns and
classical SES indicators over a 2-year period. Children with
higher educated parents and higher household income were
found to be more likely in a healthy cluster (higher frequency of
consumption of fruits, vegetables and wholemeal products) and
less likely in a sweet cluster (higher frequency of consumption
of sweet foods and sweetened drinks) at baseline and 2 years
later, whereas migrants were more likely to be in a processed
cluster (higher frequency of consumption of snacks and fast
foods). To better understand the relationship between social
inequalities and dietary patterns, the present study goes beyond
the previous IDEFICS investigation(19) and studies not only
the association between classical SES and dietary patterns
but also the indicators of social vulnerability and the influence
of accumulated vulnerability(20). These are less frequently
explored in the literature. Given the evidence on the social
gradient in health, this study focuses on vulnerable groups

compared with non-vulnerable groups(21). Most previous
studies have investigated the association between family
structure(22,23), social support(24) and employment status(25)

with obesity. Nevertheless, there have been several investiga-
tions that have looked into these variables and their relationship
with children’s dietary patterns. In particular, family structure
has been found to have a relationship with children’s dietary
patterns. Children from single-parent families were shown to be
at higher risk of adopting unhealthier dietary patterns than
children living with two parents(26,27) because of the absence of
adults in the home to monitor mealtimes(28). Having a small
social network has also been shown to be associated with
a reduced consumption and lower variety of vegetables and
fruits(29). Regarding vulnerabilities related to migrant status,
children whose parents had a migrant background were found
to have a more sedentary way of life and adverse dietary
patterns, as compared with non-migrant children, owing to
socio-economic and cultural factors(30). Finally, children of
unemployed mothers have been thought to be related to a
higher consumption of energy-dense drinks than children
of employed mothers(31). Studying these vulnerabilities in
relation to dietary patterns may give further insights into
the association between vulnerabilities and children’s overall
eating habits and into the possibly increased adverse influence
on dietary patterns when co-occurrence of vulnerabilities exists.

In this regard, four vulnerable groups were investigated
in the present study: (1) children from single-parent
families, (2) children whose parents lacked a social network,
(3) children of migrant origin and (4) children with either one or
both parents unemployed(32). The present study aimed to
explore (i) the cross-sectional and prospective associations
between being a member (v. non-member) of a vulnerable
group and dietary patterns in European children and to
study (ii) the association of accumulated vulnerability with
dietary patterns.

Methods

Study population

IDEFICS is a multi-centre, prospective cohort study, conducted
with a school and community-based obesity prevention inter-
vention embedded in two selected regions comparable in their
infrastructural, socio-demographic and socio-economic char-
acteristics(33) in eight European countries (Belgium, Cyprus,
Estonia, Germany, Hungary, Italy, Spain and Sweden). The
IDEFICS study was conceived to collect information on risk
factors and habits and to design, implement and evaluate an
obesity prevention intervention. For comprehensive informa-
tion about IDEFICS, a detailed description is given by Ahrens
et al.(34). In brief, a total of 16 228 children aged 2–9 years were
examined from September 2007 to June 2008 in the different
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countries at baseline (T0). The first follow-up (T1) took place
2 years later (September 2009–June 2010), where 11 038
children aged 4–11 years were re-examined. After excluding
children with >50% of missing values in the food frequency
section of the Children’s Eating Habits Questionnaire (CEHQ-
FFQ) and children with no socio-economic data at T0 and T1,
the present analysis finally included 9301 children (50·3% boys,
49·7% girls) (see also Fig. 1).
Parents or legal guardians gave their written informed consent

for examinations and data collection for their children, whereas
children expressed oral consent. Ethics approval was obtained
from the research ethics authority of each participating centre.

Measurements

Dietary data. Dietary data were collected at both T0 and T1
from the food frequency section of the CEHQ-FFQ. This FFQ
was a self-administered screening tool in which parents were
asked to report usual at-home consumption frequencies of
forty-two food items of fourteen food groups, being shown to
be positively or negatively associated with obesity and over-
weight in the preceding 4 weeks, not referring to meals at the
school canteen or childcare centres. Therefore, this method did
not include quantitative intakes and did not capture foods eaten
out of parental control(35). Results from previous IDEFICS
investigations indicate that the CEHQ-FFQ gives reproducible
estimates of consumption frequencies in European children(36).
The relative validity of the food questionnaire was also tested,
comparing estimates from the CEHQ-FFQ with the mean
intakes from two repeated 24-h dietary recalls. Moderately
strong correlations were observed for the most frequently
consumed foods(37). The categories of consumption were as
follows: ‘never/less than once a week’, ‘1–3 times a week’,
‘4–6 times a week’, ‘1 time/d’, ‘2 times/d’, ‘3 times/d’, ‘4 or more
times/d’ and ‘I have no idea’. By assigning frequencies to the
different responses, these categories were converted to a
continuous scale ranging from 0 up to 30 times per week.

Covariates
Weight categories. Anthropometric measurements were

assessed at T0 and T1 according to standardised procedures in all

participating countries. Barefoot body height was measured to the
nearest 0·1 cm by trained staff using a portable stadiometer (SECA
225; Seca GmbH & KG). Body weight in kg was measured using a
child-adapted version of the electronic scale TANITA BC 420
SMA, with the children in fasting state and wearing only light
clothes. BMI was calculated by dividing body weight in kg by
body height in m2 and then transformed into age- and sex-specific
z-scores(38). Weight groups (thin/normal v. overweight/obese)
were categorised using age- and sex-specific cut-off points
according to criteria of the International Obesity Task Force(39).

Demographic and socio-economic data were collected from
a standardised parent report questionnaire at baseline and
were used to define the variables of classical SES indicators and
vulnerable groups.

Classical socio-economic status indicators. Education: parents
were asked to indicate the highest level of education of both
themselves and their partners. The particular response categories
for each country were coded according to the International Stan-
dard Classification of Education (ISCED 1997) and re-categorised
into the following three categories: low (ISCED level 0–2), medium
(ISCED level 3–4) and high (ISCED level 5–6)(40).

Income: parents also provided information on the monthly net
income of the household after taxes and deductions responding to
nine country-specific categories (1: from the lowest category to 9:
the highest category). The category cut-off points were designed
to be country specific according to a fixed scheme based on the
median equivalent income, thus guaranteeing comparability
between countries. The results were organised into three
categories: low(1–3), medium (4–6) and high income(7–9).

Occupation: parents were further asked to specify their
occupational position with eighteen possible options, which were
later transformed into the three-class version of the European
Socio-economic Classification: working class, intermediate and
salariat(41).

For occupation and education, the highest level of either the
mother or the father was taken into account for the purpose
of the study.

Definition of vulnerable groups. A total of four vulnerabilities
were defined as our main exposures using baseline information:

n 1201 > 50 % missing
values in FFQ data

Baseline (T0)
n 16 228

Follow-up (T1)
n 11 038

n 1089 > 50% missing
values in FFQ data

n 15 027

n 9949

T0 and T1 information
on dietary patterns

n 9949

648 missing data on
SES/anthropometric measures

n 9301

Fig. 1. Final study sample. SES, socio-economic status.
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Social network: three categories were used based on parental
response to the question of how many persons they could
rely on in case of need including their family: low (0–1 person),
taken as the vulnerable category, medium (2–3 persons) and
high (>3 persons), considering the last two categories as
non-vulnerable.
Family structure: single-parent families (vulnerable group) were

defined as such if only one adult was living in the household or if
the child was mostly living with the mother or with the father.
Other types of families were considered as non-vulnerable.
Origin of the parents: a migrant background (vulnerable group)

was assumed if one or both parents were born in a country
different from where the study took place. Children whose parents
were born in the local country were considered as non-migrant,
and therefore non-vulnerable.
Employment status: parents were asked to describe their main

occupational status within ten given categories, finally recoded
into the following five groups: at least one of the parents was
unemployed or living on social assistance or welfare (considering
only this group as vulnerable); at least one of the parents was a
homemaker or on temporary leave (e.g. maternal or paternal
leave); at least one of the parents was in a part-time job (<30h a
week), both parents were in a full-time job (>30h a week)
and other combinations (e.g. parents were attending school or
university or they were retired, including early retirement).
A total vulnerability score was calculated by adding up the

numbers of vulnerabilities a child was exposed to. In all, four
vulnerability indicators (low social network, single-parent
family, migrant background, unemployed) and two more
vulnerabilities derived from classical SES indicators (low-income
and low-education) were considered. Occupation status was not
included as it was highly correlated with employment status.
On the basis of this approach, the total vulnerability score
ranged from 0 (the child had none of the six vulnerability
indicators) to 6 (the child had all six vulnerability indicators)
and was divided into four categories (three to six vulnerabilities,
two vulnerabilities, one vulnerability and no vulnerability).

Statistical analyses

To identify clusters of children with common dietary patterns,
K-means cluster analysis was applied, based on the relative
frequencies of consumption. The relative frequency of consump-
tion was calculated for each food item by dividing the frequency
of consumption of a specific food item by the total frequency of
consumption of all food items included in the CEHQ-FFQ.
A total of three consistent clusters were identified at both T0

and T1, as previously described(19): (1) a processed cluster char-
acterised by a higher-than-average consumption frequency of
snacks and fast foods compared with the whole study group
including all countries; (2) a sweet cluster, showing a higher-
than-average consumption frequency of sweet foods and
sweetened drinks; and (3) a healthy cluster, characterised by a
higher-than-average consumption frequency of fruits, vegetables
and wholemeal products. Details on the CA procedure and
validation are given in the study by Fernandez-Alvira et al.(19).
Multinomial mixed models were used to assess the cross-

sectional and longitudinal associations between the four

exposures (social network, family structure, migrant origin and
employment status) and children’s dietary patterns (processed,
sweet, reference category: healthy). In the cross-sectional analysis,
for each exposure assessed at T0, a model with basic adjustment
(baseline age, sex and BMI z-score) and with full adjustment
(basic model plus classical SES indicators parental income,
education and occupation) was estimated to assess the associa-
tions with T0 dietary patterns. All models included a random
kindergarten/school and a random country effect to account for
the clustered study design. Analogously, in the longitudinal
analysis, dietary patterns assessed at T1 were related to the
T0 exposures again with the basic and full adjustment, adding a
variable indicating intervention v. control region and adjusting for
baseline dietary patterns.

Before model building, correlations among SES indicators
were checked, resulting in the exclusion of occupation status in
models with employment status as the main exposure to avoid
collinearity problems.

The significance level was set at 0·01 to account at least
partially for multiple testing. The analyses were performed
using Statistical Package for the Social Sciences (version 22.0;
SPSS, Inc.).

Results

Table 1 summarises the distributions of age, sex, weight
category, country, social network, family structure, migrant
status, employment status and classical SES indicators in the
three clusters at T0 and T1.

Concerning T0, older children represented a lower percen-
tage in the healthy cluster (29%) compared with younger
children (35·2%). A higher percentage of both boys and girls
were allocated to the processed cluster (47·8 and 47·4%,
respectively) compared with the other two clusters. Children
who were obese had a higher percentage in the processed
cluster (62·3%) compared with the sweet (12·9%) and healthy
(24·8%) clusters.

Regarding dietary patterns in the different countries, the
processed cluster was mainly observed in Spain, Italy and
Cyprus. The sweet cluster was mostly represented by Belgian
and German children, whereas almost all the Swedish children
were in the healthy cluster. The proportion of children whose
parents reported to have a small social network was higher in the
processed cluster. Children from single-parent families
represented a lower percentage in the healthy cluster (27·8%)
than the other two clusters. Children with migrant origin
represented a lower percentage in the sweet cluster (14·9%) and
a higher percentage in the processed cluster (52·6%) compared
with non-migrant children. The proportion of children with
both parents in a full-time job was higher in the healthy
cluster (36·9%) compared with children whose parents were
unemployed (22·1%). Finally, children from families with low
education, income or occupation were more often in the
processed cluster compared with the other two clusters. The
proportion of children whose parents did not answer these
questions, represented as missing category, was higher in the
processed cluster.
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Regarding T1, results were similar to T0, except for the obese
(56·4%) and overweight (54·5%) children who represented this
time a higher percentage in the healthy cluster compared with

the sweet or processed cluster. In general, the percentage of
children allocated to the healthy cluster was much higher in
T1 (51·7%) than in T0 (31·9%). Children’s BMI and socio-economic

Table 1. Description of the study population, stratified by cluster membership at baseline (T0) and follow-up (T1)
(Number of participants and percentages)

T0 T1

Processed Sweet Healthy Processed Sweet Healthy

n % n % n % n % n % n %

Total (9301) 4427 47·6 1910 20·5 2964 31·9 2554 27·4 1939 20·9 4808 51·7
Age groups

2–6 years (4250) 1858 43·7 895 21·1 1497 35·2 1042 24·5 903 21·2 2305 54·2
6–10 years (5051) 2569 50·9 1015 20·1 1467 29·0 1512 29·9 1036 20·5 2503 49·6

Sex of the child
Male (4683) 2240 47·8 999 21·3 1444 30·8 1342 28·7 1037 22·1 2304 49·2
Female (4618) 2187 47·4 911 19·7 1520 32·9 1212 26·2 902 19·5 2504 54·2

BMI category
Thinness (1061) 452 42·6 258 24·3 351 33·1 279 26·3 270 25·4 512 48·3
Normal weight (6522) 2976 45·6 1407 21·6 2139 32·8 1741 26·7 1433 22·0 3348 51·3
Overweight (1113) 622 55·9 167 15·0 324 23·0 335 30·1 171 15·4 607 54·5
Obese (605) 377 62·3 78 12·9 150 24·8 199 32·9 65 10·7 341 56·4

Country
Italy (1474) 1032 70·0 181 12·3 261 17·7 579 39·4 221 15·0 674 45·7
Estonia (1246) 749 60·1 100 8·0 397 31·9 393 31·5 110 8·8 743 59·6
Cyprus (1036) 795 76·7 6 0·6 235 22·7 680 65·6 8 0·8 348 33·6
Belgium (1090) 72 6·6 877 80·5 141 12·9 43 3·9 867 79·5 180 16·5
Sweden (1355) 64 4·7 34 2·5 1257 92·8 35 2·6 53 3·9 1267 93·5
Germany (978) 161 1·7 558 57·1 259 26·5 98 10·0 464 47·4 416 42·5
Hungary (986) 680 69·0 99 10·0 207 21·0 328 33·3 148 15·0 510 51·7
Spain (1136) 874 76·9 55 4·8 207 18·2 398 35·0 68 6·0 670 59·0

Social network*
Missing (418) 272 65·1 45 10·8 101 24·2 184 44·0 46 11·0 188 45·0
Low (840) 525 52·5 133 15·8 132 21·7 300 35·7 156 18·6 384 45·7
Medium (2960) 1661 56·1 576 19·5 723 24·4 977 33·0 595 20·1 1388 46·9
High (5083) 1969 38·7 1156 22·7 1958 38·5 1093 21·5 1142 22·5 2848 56·0

Family structure*
Missing (280) 153 54·6 47 16·8 80 28·6 106 37·9 44 15·7 130 46·4
Single-parent family (935) 435 46·5 240 25·7 260 27·8 261 27·9 243 26·0 431 46·1
Nuclear or extensive family (8086) 3839 47·5 1623 20·1 2624 32·5 2187 27·0 1652 20·4 4247 52·5

Migrant status
Missing (139) 73 54·5 20 14·4 46 33·1 55 39·6 22 15·8 62 44·6
Migrant origin (1246) 656 52·6 186 14·9 404 32·4 432 34·7 189 15·2 625 50·2
Native (7916) 3698 46·7 1704 21·5 2514 31·8 2067 26·1 1728 21·8 4121 52·1

Employment status
Missing (659) 396 60·1 96 14·6 167 25·3 274 41·6 94 14·3 291 44·2
Unemployed/living on welfare (312) 179 57·4 64 20·5 69 22·1 98 31·4 68 21·8 146 46·8
Homemaker/parental leave (1893) 1001 52·9 379 20·0 513 27·1 600 31·7 367 19·4 926 48·9
At least one part-time job (1742) 684 39·3 560 32·1 498 28·6 380 21·8 548 31·5 814 46·7
Other situations (808) 379 46·9 146 18·1 283 35·0 197 24·4 150 18·6 461 57·1
Both parents are in full-time job (3887) 1788 46·0 665 17·1 1434 36·9 1005 25·9 712 18·3 2170 55·8

Parental education (ISCED)
Missing (97) 55 56·7 9 9·3 33 34·0 46 47·4 8 8·2 43 44·3
Low (658) 371 56·4 179 27·2 108 16·4 244 37·1 163 24·8 251 38·1
Medium (4566) 2406 52·7 923 20·2 1237 27·1 1346 29·5 933 20·4 2287 50·1
High (3980) 1595 40·1 799 20·1 1586 39·8 918 23·1 835 21·0 2227 56·0

Income category
Missing (896) 523 58·4 167 18·6 206 23·0 354 39·5 161 18·0 381 42·5
Low (2825) 1665 58·9 556 19·7 604 21·4 1020 36·1 593 21·0 1212 42·9
Medium (3905) 1491 38·2 954 24·4 1460 37·4 811 20·8 933 23·9 2161 55·3
High (1675) 748 44·7 233 13·9 694 41·4 369 22·0 252 15·0 1054 62·9

Parental occupation (ESEC)
Missing (571) 379 66·4 45 7·9 147 25·7 270 47·3 36 6·3 265 46·4
Working class (2790) 1497 53·7 624 22·4 669 24·0 859 30·8 649 23·3 1282 45·9
Intermediate (3316) 1521 45·9 737 22·2 1058 31·9 839 25·3 773 23·3 1704 51·4
Salariat (2624) 1030 39·3 504 19·2 1090 41·5 586 22·3 481 18·3 1557 59·3

ISCED, International Standard Classification of Education; ESEC, The European Socio-economic Classification.
* Social network was assessed with a question regarding how many persons they could rely on in case of need including their family: low (0–1 person), medium (2–3 persons) and

high (>3 persons).
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data of children lost to follow-up were analysed to study a
possible selection bias. Children lost to follow-up showed a
higher BMI and on average belonged to a lower SES group than
those who were finally included in the present study.
Table 2 presents the OR and 99% CI for the cross-sectional

associations between the four vulnerability indicators
and dietary patterns at T0 for the basic and fully adjusted
models. In the basic models, children whose parents reported
to have low (OR 1·31; 99% CI 1·01, 1·70) or medium social
network (OR 1·39; 99% CI 1·17, 1·64) and children of migrants
(OR 1·45; 99% CI 1·15, 1·83) were more likely to be in the
processed cluster than in the healthy cluster at T0. No
statistically significant associations were observed for the
other groups, but the associations still pointed to the expected
directions. When adding the classical SES indicators to the
models (full adjustment), the OR were slightly attenuated, but
overall the results remained unaltered. Children with one or
both parents considered as homemakers or on a parental
leave (OR 0·74; 99% CI 0·60, 0·92) were less likely to be in the
processed cluster compared with the healthy cluster in the fully
adjusted model only.
Table 3 shows the OR and 99% CI for the longitudinal

associations between the four vulnerability indicators at study
baseline T0 and dietary patterns after the 2-year follow up (T1)
for the basic and fully adjusted models. Associations were
slightly attenuated in the fully adjusted model but pointed to
the same directions as in the cross-sectional models.

Table 4 displays the association between the accumulation of
vulnerabilities assessed at baseline and dietary patterns at T0
and T1. A higher number of vulnerabilities was associated with
a higher probability of children being in the processed cluster
compared with the healthy cluster in both T0 and T1, where the
OR increased with the number of present vulnerabilities:
one vulnerability (OR 1·19; 99% CI 0·98, 1·45); two to three
vulnerabilities (OR 1·70; 99% CI 1·31, 2·23); and four to six
vulnerabilities (OR 1·78; 99% CI 1·21, 2·62). Similar results were
found for the T1 dietary patterns with associations showing the
same trend but being slightly attenuated.

In order to check whether the effects of vulnerabilities are
independent of each other, we also ran the model adding not
only the classical SES indicators (education and income) but
also the other four social vulnerabilities together into one
model. However, the results remained similar (significance
remained and OR were in the same magnitude). Therefore, only
separate models for vulnerabilities are shown.

Discussion

The present study investigated the association between belonging
to a vulnerable (v. non-vulnerable) group and dietary patterns
(processed, sweet and healthy) over a 2-year period in children
aged 2–9 years participating in a European study. This study found
that children whose parents lack a social network and children
with a migrant origin had a higher risk of having a processed

Table 2. Cross-sectional associations between the four vulnerability indicators and dietary patterns at baseline (T0) (reference: healthy) for the basic and
fully adjusted models*
(Multinomial linear mixed model: odds ratios and 99% confidence intervals)

Dietary pattern T0

Processed v. healthy Sweet v. healthy

Basic adjustment† Full adjustment‡ Basic adjustment† Full adjustment‡

Vulnerability indicators OR 99% CI OR 99% CI OR 99% CI OR 99% CI

Social network§
Low (840) 1·31 1·01, 1·70 1·25 0·96, 1·63 0·98 0·68, 1·43 0·95 0·65, 1·39
Medium (2960) 1·39 1·17, 1·64 1·36 1·15, 1·61 1·11 0·89, 1·38 1·07 0·86, 1·34
Missing (418) 1·05 0·72, 1·54 0·82 0·49, 1·35 0·90 0·45, 1·81 0·84 0·40, 1·74
High (5083) 1·00 1·00 1·00 1·00

Family structure
Single-parent family (935) 1·24 0·95, 1·60 1·17 0·89, 1·52 1·05 0·76, 1·45 1·02 0·73, 1·43
Missing (280) 0·95 0·63, 1·43 0·89 0·58, 1·37 1·29 0·68, 2·45 1·24 0·64, 2·41
Nuclear or extensive family (8086) 1·00 1·00 1·00 1·00

Migrant status
Migrant origin (1246) 1·45 1·15, 1·83 1·37 1·08, 1·73 0·61 0·45, 0·84 0·57 0·41, 0·78
Missing (139) 0·69 0·40, 1·19 0·68 0·29, 1·58 0·55 0·21, 1·43 0·57 0·19, 1·69
Native (7916) 1·00 1·00 1·00 1·00

Employment status
At least one unemployed (312) 1·36 0·87, 2·12 1·12 0·71, 1·75 0·94 0·54, 1·65 0·80 0·45, 1·43
At least one homemaker/parental leave (1893) 0·82 0·67, 1·01 0·74 0·60, 0·92 1·09 0·82, 1·45 1·00 0·75, 1·34
At least one in part-time job (1742) 0·89 0·71, 1·11 0·86 0·69, 1·08 1·08 0·82, 1·44 1·06 0·79, 1·40
Other situations (808) 1·00 0·76, 1·32 0·88 0·66, 1·17 1·03 0·70, 1·52 0·93 0·63, 1·39
Missing (659) 1·16 0·84, 1·60 1·21 0·83, 1·76 1·00 0·62, 1·59 0·97 0·59, 1·59
Both parents are in full-time jobs (3887) 1·00 1·00 1·00 1·00

* All models included random effects (school, country) to account for the study design.
† Basic models at T0 were adjusted for baseline age, sex and z-scores of BMI by Cole & Lobstein(39).
‡ Fully adjusted models at T0 were additionally adjusted for baseline classical SES indicators (education, occupation and income).
§ Social network was assessed with a question regarding how many persons they could rely on in case of need including their family: low (0–1 person); medium (2–3 persons) and

high (>3 persons).
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dietary pattern at T0 and T1 compared with non-vulnerable
groups, and this result was cumulative when adding up vulner-
abilities. In particular, those showing four to six vulnerabilities at
baseline were 65% more likely to being in the processed cluster at
follow-up when compared with those with no vulnerabilities. In
the course of obesity, the importance of SES is well established,
but there is a lack of research determining the impact of SES and
interrelated factors such as vulnerable groups over dietary

patterns(42,43). According to our results, for most vulnerabilities,
when adding the classical SES indicators, associations with
dietary patterns were slightly attenuated. This means that these
associations may be partly explained by classical SES variables;
however, associations of vulnerable groups independent of
classical SES indicators were present. For children of parents who
were homemakers and/or on parental leave, associations
appeared only in the fully adjusted model at baseline.

Table 3. Longitudinal associations between the four vulnerability indicators at baseline and dietary patterns at follow-up (T1) (reference: healthy)
for the basic and fully adjusted models*
(Multinomial linear mixed model: odds ratios and 99% confidence intervals)

Dietary pattern T1

Processed v. healthy Sweet v. healthy

Basic adjustment‡ Full adjustment§ Basic adjustment‡ Full adjustment§

Vulnerability indicators† OR 99% CI OR 99% CI OR 99% CI OR 99% CI

Social network
Low (840) 1·33 1·05, 1·68 1·23 0·97, 1·58 1·14 0·83, 1·56 1·10 0·80, 1·51
Medium (2960) 1·32 1·13, 1·55 1·23 1·04, 1·45 1·03 0·85, 1·25 1·00 0·82, 1·22
Missing (418) 0·67 0·46, 0·96 0·50 0·30, 0·82 0·81 0·43, 1·53 0·79 0·41, 1·54
High (5083) 1·00 1·00 1·00 1·00

Family structure
Single-parent family (935) 1·00 0·68, 1·48 0·99 0·65, 1·50 1·03 0·58, 1·86 0·96 0·71, 1·29
Missing (280) 1·06 0·83, 1·35 1·00 0·78, 1·29 1·01 0·75, 1·34 0·98 0·54, 1·78
Nuclear or extensive family (8086) 1·00 1·00 1·00 1·00

Migrant status
Migrant origin (1246) 0·86 0·50, 1·48 1·00 0·41, 2·43 0·78 0·32, 1·91 0·88 0·32, 2·42
Missing (139) 1·27 1·03, 1·57 1·227 0·98, 1·53 0·69 0·52, 0·91 0·66 0·49, 0·87
Native (7916) 1·00 1·00 1·00 1·00

Employment status
At least one unemployed (312) 0·95 0·70, 1·28 0·873 0·61, 1·25 1·03 0·67, 1·57 1·01 0·65, 1·57
At least one homemaker/parental leave (1893) 1·20 0·82, 1·75 1·02 0·68, 1·53 1·02 0·63, 1·63 0·87 0·53, 1·42
At least one in part-time job (1742) 1·04 0·86, 1·27 1·01 0·82, 1·24 1·06 0·83, 1·37 0·98 0·76, 1·27
Other situations (808) 0·96 0·77, 1·19 0·96 0·77, 1·20 1·20 0·93, 1·53 1·16 0·91, 1·49
Missing (659) 0·88 0·68, 1·15 0·80 0·61, 1·06 0·97 0·69, 1·37 0·88 0·62, 1·24
Both parents are in full-time job (3887) 1·00 1·00 1·00 1·00

* All models include random effects (school, country) to account for the study design.
† Social network was assessed with a question regarding how many persons they could rely on in case of need including their family: low (0–1 person), medium (2–3 persons)

and high (>3 persons).
‡ Basic models at T1 were adjusted for baseline age, sex and z-scores of BMI by Cole & Lobstein(39) and for study region (intervention v. control).
§ Fully adjusted models were additionally adjusted for baseline classical socio-economic indicators (education, income and occupation except for employment status model)

and dietary pattern at T0.

Table 4. Association between the accumulation of vulnerabilities at T0 and dietary patterns at T0 and T1 (reference: healthy)*
(Multinomial linear mixed model: odds ratios and 99% confidence intervals)

Accumulation of vulnerability in T0† Accumulation of vulnerability in T1‡

Processed v. healthy Sweet v. healthy Processed v. healthy Sweet v. healthy

OR 99% CI OR 99% CI OR 99% CI OR 99% CI

Number of vulnerabilities§
Missing (1478) 1·32 1·04, 1·67 0·99 0·73, 1·34 1·25 1·00, 1·55 0·98 0·75, 1·28
3–6 vulnerabilities (435) 1·78 1·21, 2·62 0·98 0·62, 1·55 1·65 1·17, 2·32 1·05 0·71, 1·57
2 vulnerabilities (1098) 1·71 1·31, 2·23 1·31 0·93, 1·85 1·35 1·07, 1·71 1·20 0·90, 1·61
1 vulnerability (2285) 1·19 0·98, 1·45 1·07 0·82, 1·38 1·18 0·99, 1·55 1·07 0·85, 1·35
Non-vulnerable (4005) 1·00 1·00 1·00 1·00

* All models include random effects (school, country) to account for the study design.
† Models at T0. Basic models were adjusted for baseline age, sex and z-scores of BMI by Cole & Lobstein(39).
‡ Models at T1 were additionally adjusted for age, sex, z-score of BMI by Cole & Lobstein(39) and study region (intervention v. control).
§ A total vulnerability score was calculated by adding up the scores (1 v. 0) of the six vulnerability indicators (low social network, single-parent family, migrant background, unemployed,

low income and low education). Total vulnerability score ranged from 0 (the child has none of the six vulnerability indicators) to 6 (the child has all six vulnerability indicators).
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Changes in vulnerability from T0 to T1 were quite rare
between the vulnerable groups studied, which was the reason
for not studying changes in vulnerabilities in the present
analysis.
Respondents with missing socio-economic information

may not be a random subset of population-based survey
participants, and excluding records with missing income infor-
mation from analyses may bias study results(44). For this reason,
missing values of socio-economic data were coded as a
separate category.
In a sensitivity analysis, models were additionally estimated

stratified by country. For two countries, the model could not be
estimated as most of the children were mainly allocated just in
one cluster, particularly in the processed (Cyprus) and healthy
cluster (Sweden). Moreover, in spite of the fact that in some
countries the model could run satisfactorily, the small sample of
some categories led to unstable results. For these reasons, no
country-specific results were presented.
The findings of our study are in line with the results of

previous studies despite some disparities being found. Several
studies have explored the relationship between different socio-
economic and cultural factors and dietary patterns(45). A result
from the IDEFICS study showed a strong inverse association of
SES with the processed pattern, suggesting that children of
parents with lower SES were at a higher risk of developing
unhealthy dietary behaviours(46). According to our conclusions,
family structure was not significantly associated with any dietary
pattern in accordance with some studies(47). However, different
results can be found in the literature. A recent study concluded
that children living with both parents had higher scores for
‘fruits’ and ‘milk and dairy products’ groups compared with
children living with one parent(48).
Regarding the relationship between social network and

dietary patterns, we found a statistically significant association
between children whose parents reported to have a low or
medium social network with processed patterns, which are in
consonance with previous studies that associated infrequent
contact with friends and family with unhealthier patterns(29).
Concerning children of migrant origin, the present study

revealed that these children were more likely to have a processed
dietary pattern and less likely to have a sweet dietary pattern.
Similar to our results, a systematic review suggested that dietary
habits of some migrant groups living in Europe were more likely
to become less healthy as they increase the consumption of
processed foods. In contrast to our results, they found that
children of migrant origin consumed higher levels of sugar(49).
We found no statistically significant associations between

children’s dietary patterns and parental employment status,
except for children whose parents were homemakers or on
parental leave. In these cases, the children were more likely to
be allocated to the processed cluster independently of classical
SES indicators.
This outcome contradicted the conclusions of Sweeting &

West(47) who found that children of homemakers were more
likely to have a less healthy pattern compared with children of
mothers working part-time, full time or those who were
unemployed. Along with the results of our study, some inves-
tigations have found no association between time mothers

spent with their children and maternal work outside the home
with any dietary pattern(50–52). Nevertheless, previous findings,
in contrast to our study, suggest an association between
maternal employment and unhealthier dietary patters due to
time constraints and reduced supervision of meals(53).
Employed mothers were more likely to have fast food for family
meals, spent less time preparing food and provided less
encouragement for their child to eat healthy food(54), which
resulted in a higher consumption of processed foods by
the child(55).

Some limitations of the present study should be acknowl-
edged. First, the IDEFICS study is not representative of either
the European population or the countries participating, as each
survey centre only covered a delimited geographic area within
a country. There were some groups (from the lowest or the
highest SES) that could be underestimated as this study was
voluntary, and usually these populations are less likely to take
part in research, making the extrapolation of the results to each
respective country difficult. Moreover, a selection bias cannot
be precluded as there were some participants (overall those
who present a higher BMI and lower SES groups) who did not
complete all the information required or did not continue the
study at follow-up. A further limitation is the fact that clusters
are typically labelled quite arbitrarily, as their objective is to
globally characterise the dietary pattern of each group. In
our analysis, the healthy cluster was characterised by a more
frequent consumption of fruits, vegetables and wholemeal
foods and a less frequent consumption of simple sugar and
junk foods compared with the other groups. This, however,
does not imply that dietary recommendations were met.

Other limitations that should be considered include the
dietary assessment method. As the CEHQ-FFQ was limited to
forty-two items being shown to be positively or negatively
associated with obesity and overweight, it did not cover the
whole diet. Further, it was not designed to assess portion sizes.
Finally, in this questionnaire, parents reported usual at-home
consumption frequencies; thus, the number of meals was
limited to those under parental control. Therefore, incomplete
reports of food and beverage consumption may also contribute
towards reporting bias(56).

A special strength of the present study is the fact that, to
our knowledge, no research has been carried out to date
concerning the association of vulnerabilities such as social
network, family structure and employment status with dietary
patterns and the association of vulnerabilities accumulated
in a longitudinal study. A large sample size of eight different
countries and use of standardised procedures and validated
instruments are also strengths of our study.

Conclusions

The current study suggests complex relationships between vul-
nerabilities and dietary patterns and highlights the influential role
of early socio-economic deprivations in children. A future chal-
lenge is to promote healthier diets in children with cumulative
vulnerabilities in order to make those in disadvantaged settings
have healthier dietary patterns and potentially help in decreasing
levels of obesity. Thus, policymakers should pay special attention
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to vulnerable groups as a higher number of vulnerabilities seems
to increase the risk of unhealthy behaviours.
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