
The influence of early feeding practices on healthy diet variety
score among pre-school children in four European birth cohorts

Louise Jones1,*, George Moschonis2, Andreia Oliveira3,4, Blandine de Lauzon-Guillain5,6,
Yannis Manios2, Paraskevi Xepapadaki2, Carla Lopes3,4, Pedro Moreira5,7,
Marie Aline Charles5,6 and Pauline Emmett1
1School of Social and Community Medicine, University of Bristol, Oakfield House, Oakfield Grove, Bristol BS8 2BN,
UK: 2Department of Nutrition and Dietetics, Harokopio University, Athens, Greece: 3Department of Clinical
Epidemiology, Predictive Medicine and Public Health, University of Porto Medical School, Porto, Portugal: 4Public
Health Institute, University of Porto, Porto, Portugal: 5INSERM, Centre for Research in Epidemiology and Population
Health (CESP), U1018, Epidemiology of Diabetes, Obesity and Chronic Kidney Disease Over the Life Course Team,
Villejuif, France: 6University Paris-Sud, UMRS 1018, Villejuif, France: 7Faculty of Food and Nutrition Sciences,
University of Porto, Porto, Portugal

Submitted 15 January 2014: Final revision received 23 September 2014: Accepted 29 September 2014: First published online 20 November 2014

Abstract
Objective: The present study examined whether maternal diet and early infant
feeding experiences relating to being breast-fed and complementary feeding
influence the range of healthy foods consumed in later childhood.
Design: Data from four European birth cohorts were studied. Healthy Plate Variety
Score (HPVS) was calculated using FFQ. HPVS assesses the variety of healthy
foods consumed within and across the five main food groups. The weighted
numbers of servings consumed of each food group were summed; the maximum
score was 5. Associations between infant feeding experiences, maternal diet and
the HPVS were tested using generalized linear models and adjusted for
appropriate confounders.
Setting: The British Avon Longitudinal Study of Parents and Children (ALSPAC),
the French Etude des Déterminants pre et postnatals de la santé et du
développement de L’Enfant study (EDEN), the Portuguese Generation XXI Birth
Cohort and the Greek EuroPrevall cohort.
Subjects: Pre-school children and their mothers.
Results: The mean HPVS for each of the cohorts ranged from 2·3 to 3·8, indicating
that the majority of children were not eating a full variety of healthy foods. Never
being breast-fed or being breast-fed for a short duration was associated with lower
HPVS at 2, 3 and 4 years of age in all cohorts. There was no consistent association
between the timing of complementary feeding and HPVS. Mother’s HPVS was
strongly positively associated with child’s HPVS but did not greatly attenuate the
relationship with breast-feeding duration.
Conclusions: Results suggest that being breast-fed for a short duration is associated
with pre-school children eating a lower variety of healthy foods.
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Diets with a greater variety of foods are more likely to meet
nutrient recommendations than those with a limited
range(1). Children need a varied diet, within and across the
main food groups, for optimum growth and development,
yet the quality of children’s diets in developed countries is a
health concern as studies report that children are eating too
few portions of vegetables and too many energy-dense
micronutrient-poor foods(2–6). Cox et al. investigated
food variety and found that only 7% of children aged
24–36 months achieved the recommended range of foods(7).

Munoz et al. compared food intakes in children with
recommendations for each of the main food groups; the
mean number of servings was below recommendations for
all groups except dairy and just 1 % of children met the full
recommendations(8). Food preferences take shape in early
life and may track through to adulthood(9–11). Furthermore,
educational programmes have reported that it is hard to
change eating habits in older children and adults(12–14), so
it is important to understand which factors influence the
formation of eating habits in early life.
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Previous research has indicated that some early feeding
practices may be associated with increased food variety in
later childhood(15). Sullivan and Birch examined the
effects of milk feeding regimen on acceptance of vege-
tables by infants aged 4–6 months. Infants were exposed
to a vegetable for 10 d; after this period all infants had
increased their intake of the vegetable, however breast-fed
infants consumed more than formula-fed infants(16). It is
proposed that the different flavours in breast milk enhance
the child’s readiness to try new foods during com-
plementary feeding and this may shape their food choices
in later life(17,18). Other studies have identified a sensitive
window in flavour learning(17) suggesting that age of
exposure to a variety of tastes could be important to later
food variety. There is some evidence that infants weaned
at 4–6 months have greater intakes of fruit and vegetables
in later childhood than those weaned later(19) and that
eating a greater variety in the first 2 years of life is posi-
tively associated with fruit variety at 6, 7 and 8 years of
age(9). Additionally children’s food preferences and
intakes have been shown to be strongly associated with
maternal intake(20). Mothers’ own food preferences and
beliefs about food guide what is available in the home;
consequently a child’s food choice is mostly limited to
food provided by parents(21,22). Using the extensive data
collected in four European birth cohorts, the present paper
examines the strength of association between a range of
early-life factors and dietary variety at ages 2–4 years.
Previous work in these cohorts found a positive associa-
tion between duration of being breast-fed in infancy and
fruit and vegetable intake in childhood(23). The present
study extends those analyses to cover childhood intake of
other healthy foods.

Methods

Participants
The participants for the present study are from four
existing European birth cohorts working collaboratively in
the HabEat project (www.HabEat.eu.).

1. The Avon Longitudinal Study of Parents and Children
(ALSPAC) is a longitudinal birth cohort study, in which
14 541 pregnant women resident in a geographically
defined area in the South West of England with an
expected delivery date between April 1991 and Decem-
ber 1992 were recruited(24). Questionnaires completed
during pregnancy provided data on sociodemographic
factors, maternal diet (evaluated by an FFQ) and tobacco
use. Birth data were collected from medical records,
including method of delivery and infant’s birth weight.
Follow-up questionnaires were completed when the
children were 6 and 15 months old. Information on
breast-feeding and complementary feeding practices was
collected. The final data set with all confounders covered
8308, 7878 and 7937 children at 2, 3 and 4 years of age,

respectively. The study website contains details of all the
data that are available through a fully searchable data
dictionary (http://www.bris.ac.uk/ALSPAC/researchers/
data-access/data-dictionary/).

2. The Etude des Déterminants pre et postnatals de la santé
et du développement de L’Enfant study (EDEN) mother–
child cohort is a longitudinal study in which 2002
pregnant women were recruited between February 2003
and January 2006 in two French university hospitals
(Nancy and Poitiers). A questionnaire completed during
pregnancy provided data on sociodemographic factors,
maternal diet (FFQ) and tobacco use. Birth data were
collected from medical records including method of
delivery and infant’s birth weight. Follow-up question-
naires were completed when the children were 4, 8 and
12 months old. Information on breast-feeding and
complementary feeding practices was collected. The
final data set with all confounders covered 1341 and
1231 children at 2 and 3 years of age, respectively.

3. The Generation XXI Birth Cohort is a prospective
population-based birth cohort in which 8647 children
and 8495 mothers were recruited in a defined
geographic area in the north of Portugal between April
2005 and August 2006(25). Data on demographic and
social conditions, lifestyles, medical history and pre-
natal care were collected by trained interviewers
during the first 24 to 72 h after delivery. Baseline and
follow-up evaluations were performed using face-to-
face interviews and completed when the children were
aged 6 months and 4 years. Intermediate follow-ups at
15 and 24 months were conducted in sub-samples
(n 1040). Information was collected on breast-feeding
and complementary feeding. The final data set with
information for all confounders comprised 4293
children (for breast-feeding associations) and 596
children (for complementary feeding associations).

4. The Greek EuroPrevall cohort study is a longitudinal
study in which 1084 newborns were recruited between
October 2005 and October 2007 in two different clinics
in Athens. Standardized questionnaires were used to
collect baseline data from each mother regarding her
pregnancy, child’s birth and quality of life. Socio-
demographic data, such as parental education level,
parental age, occupational status and family income,
were collected at birth. Follow-ups, using similar
questionnaires, were conducted by telephone when
the children were 12, 24 and 30 months old. During
these interviews data on breast-feeding and comple-
mentary feeding practices were collected. The final
data set with all confounders covered 245 children.

FFQ in children
Dietary information was collected via parental-completion
FFQ for each of the cohorts at various time points ranging
from 2 to 4 years of age. Each cohort used its own FFQ,
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which varied in the number of items and frequency
categories investigated. The ALSPAC children’s FFQ was a
modified version of the mother’s FFQ that was based on an
FFQ developed by Yarnell et al. The FFQ administered
when the children were 38 months old has been compared
with 3 d diet diaries collected in a sub-sample of children at
41 months; the results were very similar. The Generation XXI
FFQ has thirty-five items. In a sub-sample of approximately
2500 children, 3 d food records were also completed and
compared with the FFQ data. Pearson’s coefficients showed
weak to moderate positive correlations for most food groups.
The EDEN FFQ for children was a modified shortened ver-
sion of the mothers’ validated FFQ. The EuroPrevall FFQ was
based on the FFQ that was designed to record food intake
among pre-school children in Greece and other European
countries as part of the ToyBox project of the European
Commission’s Seventh Framework Programme.

Table 1 provides further descriptive data for each of the
FFQ. The FFQ data were harmonized by grouping ques-
tions about similar foods together in the same way in each
cohort (see below).

Healthy Plate Variety Score
The Healthy Plate Variety Score (HPVS) is a modified
version of the Food Variety Index for Toddlers (VIT),
which was developed by Cox et al.(7). The HPVS devel-
oped in the present study used FFQ data and was based
on the five food groups and number of servings recom-
mended in the food plate model (formerly the pyramid
model) healthy eating guidelines promoted by the US
Department of Agriculture(26).

To calculate the HPVS we first assigned a value to each
of the frequency response options in the FFQ to obtain the
daily number of servings of each food item. Food items
were then allocated to one of five food groups: starchy
foods (including potatoes); fruits; vegetables; meat, fish
and alternatives (MFA); and dairy foods.

As intended by Cox et al.(7), the purpose of a variety
score is to measure variety both within and between food
groups. Therefore in the next steps truncations were
applied to ensure variety. Within each food group (except
fruit and vegetables) the contribution of a particular food
item was truncated at 33 %. Foods within a food group that
were similar (e.g. pasta and noodles) were grouped
together and counted as a single food so that they did not
contribute more than 33 % of the total. Due to a limited
number of questions in some of the FFQ about types of
fruits and vegetables, it was not possible to assess variety
within these two groups. The score instead reflects whe-
ther children ate the recommended number of servings.
After the groupings and truncations were applied, the
number of servings for each food group was totalled. Food
group scores were calculated by dividing the total number
of servings by the recommended number of servings
per day for each food group. The recommended daily Ta
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numbers of servings used were: starchy foods= 7, fruit= 2,
vegetables= 3, MFA= 2 and dairy foods= 3. To ensure
variety between the food groups, each food group score
was truncated at 1·00 (e.g. if a child ate eight different
types of starchy foods daily, when this was divided by 7 it
gave a potential score of 1·14 which was then truncated to
1·00). This meant that a high intake of one food group
could not compensate mathematically for a low intake in
another food group. The final HPVS was the sum of the
five food group scores, with a potential total of 5·00.

Excluded foods
The HPVS assesses the variety of intake of nutritious
foods, not total food consumption. So in line with healthy
eating principles, condiments, sweets/candy, herbs/spices,
soft drinks, oil, butter/margarine and salty snack foods were
excluded in a similar way to the VIT(7). In addition, cakes,
biscuits/cookies, puddings and fried potatoes were exclu-
ded from the HPVS.

Maternal FFQ
Maternal diet was assessed by FFQ in two of the cohorts.
In the EDEN cohort maternal diet was assessed in late
pregnancy; in the ALSPAC cohort it was assessed in late
pregnancy and when the child was 4 years old. These FFQ
data were used to calculate the maternal HPVS in the same
way as described above. Maternal diet data were available
in the Generation XXI cohort, but there were insufficient
food items to calculate the HPVS.

Statistical analyses
Parallel analyses were carried out in each cohort sepa-
rately. Descriptive data were calculated for individual food
group scores and total HPVS at the various ages for each
cohort. Adjusted associations between early feeding
experiences (duration of being breast-fed, age at intro-
duction of complementary feeding, age at introduction of
fruit and vegetables) and the HPVS (treated as a con-
tinuous variable) were tested using generalized linear
models analysis (β coefficients, 95 % confidence intervals).
Breast-feeding was both exclusive and mixed (designated
as any breast-feeding) and its duration was assessed as
a categorical variable: never, < 1 month, 1–3 months,
3–6 months and ≥ 6 months. Common categories for age
of introduction to fruit and vegetables were used when
possible across the four cohorts. Note that in the Euro-
Prevall and Generation XXI cohorts the age of first intro-
duction to fruit and vegetables was later than in the other
cohorts, and in the ALSPAC cohort the children who were
not introduced to fruit and vegetables until after 15 months
were in a separate category. The confounders (all cate-
gorical variables) adjusted for in each cohort were sex of
the child, maternal age, maternal education status (coun-
try-specific categorization in three levels) and maternal

smoking. These confounding variables were only included
if associated with HPVS in at least two of the cohorts.
Maternal HPVS (in two cohorts only) was ranked into
tertiles; the two lower tertiles were combined and com-
pared with the highest tertile. Participants with missing
values were excluded from the analyses; in cohorts with
twins, one was selected at random to be included in the
analyses. Analyses in the ALSPAC and EuroPrevall cohorts
were performed using the statistical software package IBM
SPSS Statistics version 21. Analyses in the EDEN cohort
were performed using the SAS statistical software package
version 9·2. Analyses in the Generation XXI cohort were
performed using the STATA/SE statistical software pack-
age version 10·0.

Results

Child HPVS and food group scores
The characteristics of the study samples are described in
Table 2. Mothers of the ALSPAC and EDEN children had very
similar demographic characteristics, with comparable pro-
portions in each of the age, education and smoking cate-
gories. The EuroPrevall and Generation XXI cohorts both
had a high proportion of mothers in the lowest education
group. The EuroPrevall cohort had the highest proportion of
older mothers. Breast-feeding rates and duration were higher
in Generation XXI mothers than in the other cohorts, thus the
relationship between breast-feeding rates and maternal
education differed between the cohorts.

The mean HPVS and food group scores for each of the
cohorts at the various ages are reported in Table 3, along
with the mean daily number of servings for each food
group. The scores for each of the cohorts ranged from 2·3
to 3·8 (from a possible maximum of 5) and revealed that
the children’s diets lacked the full healthy food variety as
advised by the plate model. The lowest HPVS score was
reported by the ALSPAC cohort at 2 years; however, it
increased with age in this cohort. In the EDEN cohort the
score was very similar at each age. The Generation XXI
children at 4 years reported the highest variety score. In
the ALSPAC cohort at 2 and 3 years of age, 83 % of the
children did not achieve a score of 1 in any of the food
groups; by 4 years of age this had improved to 58 %. In the
EDEN cohort at age 2 and 3 years 38·5 % and 44·7 % did
not achieve this, and in the Generation XXI and Euro-
Prevall cohorts the proportion was 17·0 % and 49·0 %
respectively. In general the individual food group mean
scores were highest for MFA and dairy foods and lowest
for starchy foods and vegetables.

Associations between duration of being breast-fed
and child HPVS
Being breast-fed for a shorter duration was associated with
lower HPVS scores in the EDEN and ALSPAC cohorts in
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adjusted models at all ages (see Fig. 1). In the Generation
XXI cohort a similar association with never being breast-
fed (β= − 0·09, 95 % CI − 0·15, − 0·02) and being breast-fed
for < 1 month (β= − 0·10, 95 % CI − 0·17, − 0·04) did not
persist after complementary feeding was added to the
model (β=− 0·35, 95 % CI − 0·22, 0·15 and β= − 0·02, 95 %
CI − 0·16, 0·19, respectively). In the EuroPrevall cohort
there was a similar trend towards a lower variety score
(β= − 0·15, 95 % CI − 0·4, 0·15) in the non-breast-fed chil-
dren compared with children breast-fed for 3–6 months. In
the ALSPAC and EDEN cohorts, infants who never breast-
fed had a lower HPVS than those who breast-fed for
3–6 months that was independent of maternal HPVS in
pregnancy (β= − 0·16, 95 % CI − 0·21, − 0·11, β= − 0·098,
95 % CI − 0·14, − 0·06 and β= − 0·14, 95 % CI − 0·18, − 0·09,
in the ALSPAC cohort at 2 years, 3 years and 4 years,
respectively; β=− 0·20, 95 % CI − 0·3, − 0·10 and β=− 0·10,
95 % CI − 0·25, 0·00 in the EDEN cohort at 2 years and
3 years, respectively). There were fairly similar effect sizes
in the ALSPAC cohort when maternal HPVS score at
47 months was used in place of diet in pregnancy
(β= − 0·14, 95 % CI − 0·2, − 0·09, β= − 0·08, 95 % CI − 0·12,
− 0·03 and β= − 0·11, 95 % CI − 0·16, − 0·06 at 2 years,
3 years and 4 years, respectively).

Associations between timing of complementary
feeding and child HPVS
Across all cohorts there were no independent associations
between the age the infant started complementary feeding
and the HPVS in fully adjusted models (data not shown). In

the ALSPAC cohort only, later introduction to vegetables
(≥6 months) was associated with a lower variety score
compared with introduction to vegetables between 4 and
5 months. Those introduced later had a lower HPVS (see
Table 4). On additional adjustment for maternal HPVS the
associations remained although slightly attenuated. There
was some evidence that later introduction to fruit was rela-
ted to lower variety score in the ALSPAC and EDEN cohorts
at 2 years (see Table 4), but these associations were not
observed at any other age nor in the other two cohorts.

Direct associations between maternal HPVS and
child HPVS
The maternal HPVS scores measured during pregnancy in
the ALSPAC and EDEN cohorts were positively associated
with higher child HPVS at all ages. In the ALSPAC cohort,
there was no difference in the strength of the association
between the child’s HPVS and that of the mother in
pregnancy when the child was 2 years old or 4 years old;
however, at ages 3 and 4 years the association with the
latter maternal HPVS was stronger (see Fig. 2).

Discussion

We studied diet variety in pre-school children in four
European cohorts. Almost none of the children in these
cohorts reached the recommended score of 5 for variety of
healthy foods eaten, as measured by the HPVS. The
Generation XXI children had a slightly higher average

Table 2 Characteristics of mothers and children in four European cohorts: ALSPAC, EDEN, EuroPrevall, and Generation XXI

ALSPAC at age
2 years (n 8884)

EDEN at age
2 years (n 1341)

EuroPrevall at age
3 years (n 245)

Generation XXI at age
4 years (n 4293)

Variable n % n % n % n %

Maternal age
<25 years 1447 16·3 204 15·2 0 0·0 664 15·5
25–35 years 6714 75·6 992 74·0 99 40·2 3065 71·4
>35 years 723 8·1 145 10·8 147 59·8 564 13·1

Maternal education
Low 2123 23·9 321 23·9 117 47·8 1784 41·6
Medium 3186 35·9 237 17·7 48 19·6 1218 28·4
High 3575 40·2 783 58·4 80 32·7 1291 30·1

Maternal smoking during pregnancy
Non-smoker 6721 75·7 1018 75·9 163 66·5 3282 76·4
Ever smoker 1692 19·0 323 24·1 82 33·5 1011 23·6
Missing 201 5·3 – – – – – –

Duration of being breast-fed
Never 2114 23·8 353 26·3 18 7·5 359 8·4
<1 month 911 10·3 85 6·3 27 10·8 302 7·0
1–3 months 1103 12·4 281 21·0 23 9·6 522 12·2
3–6 months 1504 16·9 340 25·4 66 27·1 775 18·1
≥6 months 3252 36·6 282 21·0 110 45·0 2335 54·4

Gender
Boys 4591 51·7 695 51·8 141 57·1 2213 51·6
Girls 4293 48·3 646 48·2 106 42·9 2080 48·4

ALSPAC, Avon Longitudinal Study of Parents and Children; EDEN, Etude des Déterminants pre et postnatals de la santé et du développement de l’Enfant.
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variety score than those in the other countries. We found
that never being breast-fed or being breast-fed for a
shorter time was directly associated with a lower variety of
healthy foods consumed at 2 and 4 years of age in the
ALSPAC and EDEN cohorts, independent of confounding
variables including the age when foods were introduced
and maternal education. A trend in the same direction was
observed in the Generation XXI and EuroPrevall cohorts.
In the ALSPAC and EDEN cohorts these independent
associations of dietary variety with the duration of being
breast-fed remained after accounting for maternal HPVS
and were consistent over the three ages assessed in the
ALSPAC cohort. Maternal diet variety itself was strongly
related to child diet variety.

Traditionally, dietary assessment studies have con-
centrated on energy intakes and the nutrient composition
of the diet rather than on the variety of foods in the diet.
This is surprising as healthful diets are considered to be
those that are most varied(1). Food variety can be mea-
sured in different ways; the present study looked at the
intake of healthy foods from the five groups represented in
the plate model guide to healthy eating and at the variety
of foods consumed within these food groups. This
assessment of variety was a modified version of a previous
variety score (VIT)(7); however, here FFQ data rather than
diet diary data were used. More of the unhealthy energy-
dense foods were excluded than in the original VIT(7) to
ensure that variety only within healthy foods was assessed.
Thus the children’s HPVS observed in the present study
(2·3 to 3·8) was lower than VIT scores observed in other
studies. In the Cox et al. study the mean scores measured
at four time points between 24 and 36 months ranged from
0·79 to 0·81 (equivalent to 3·95–4·05 in the present
study)(7). A study of 21-month-old toddlers reported a VIT
of 0·70 (equivalent to 3·5)(27). Another study(8) looked at
the variety scores for children aged 27–60 months and
their scores ranged from 0·70 to 0·80 (equivalent to
3·5–4·0); these scores were very similar to those of the
3- and 4-year-old children in the present study. There may
be methodological differences when comparing FFQ data
with diary data; however despite this similar scores were
observed. The Raine cohort, a study of the variety of ‘core
healthy foods’ eaten by 2-year-olds, reported a mean
intake of 7·52 servings/d(28); this is similar to the total daily
servings eaten by the ALSPAC cohort (7·2) and by the
EDEN cohort (8·9) at age 2 years (Table 3).

Overall the results suggest that children who were never
breast-fed or breast-fed for a short period had lower
variety scores than those breast-fed for longer. Although
the EuroPrevall cohort had a smaller sample size and was
less able to detect associations, it showed a trend in the
same direction as the larger cohorts. The Raine study also
showed that duration of being breast-fed was a predictor
of food variety and similar to the present study the variety
score only included core/healthy foods(28). The present
study has an advantage over the Raine study in having aTa
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more diverse range of breast-feeding practices; in the
Raine study only 10 % of infants were never breast-fed
compared with over 20 % in the ALSPAC, EDEN and
EuroPrevall cohorts. In previous work the authors found
that the duration of being breast-fed was a predictor of
fruit and vegetable intake(23); this new finding shows
similar associations with other healthy foods. Breast-
feeding is related to better maternal education and better
maternal diet quality in some countries(29,30). However, in
the present analyses the associations reported were
independent of maternal education, age and smoking
during pregnancy in all of the cohorts and of maternal
dietary variety in the ALSPAC and EDEN cohorts.
Furthermore, the consistency of the associations across
cohorts with different breast-feeding rates and different
mean variety scores in children is an argument against
major confounding of the results. In the Generation XXI
cohort there were a higher proportion of mothers who
breast-fed and a higher proportion in the low education
category compared with the other cohorts, yet their chil-
dren had the highest diet variety score. Thus maternal
education is unlikely to be driving the association between
being breast-fed and increased diet variety in this cohort. A
biological reason for this finding could be that breast-fed
infants are exposed to different flavours in breast milk

which may lead to an increase in acceptance of a variety
of foods when they are offered to them(16).

Considering the possible importance of the age ‘window’
for the acceptance of new tastes at 4–6 months, we hypo-
thesized that earlier complementary feeding and earlier
introduction to fruit and vegetables would be related to
greater food variety in later childhood. No associations were
observed in three of the cohorts; however, for the age of
introduction of vegetables, an association was observed in the
ALSPAC cohort. This relationship was not exactly as expected
in that there was no association with early introduction of
vegetables but later introduction (>6 months) was negatively
related to the variety score. This was robust to adjustment for
maternal education and maternal HPVS. It could be that the
children who are introduced to vegetables after 6 months are
pickier about foods and it may be this trait that affects their
overall intake of foods later on. In a detailed analysis of
vegetable eating in the ALSPAC children, using diet records at
age 7 years, a strong determinant of the amount of vegetables
eaten was whether or not a child was picky about foods(20).

Maternal HPVS was available in two cohorts; it was a
strong predictor of child HPVS. This finding is consistent with
the literature which shows that children’s food preferences
and intakes are related to those of their parents(31). In the
ALSPAC and EDEN cohorts, maternal HPVS in pregnancy
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Fig. 1 Duration of being breast-fed and associated differences from the mean (β coefficients with 95% confidence interval
represented by vertical bars) for the Health Plate Variety Score (HPVS) in children in four European countries. Generalized linear
models were adjusted for child gender, maternal age, education status and smoking status, age of introduction to solids, age of
introduction to fruit and age of introduction to vegetables. Being breast-fed for 3–6 months was used as the reference category
(ALSPAC, Avon Longitudinal Study of Parents and Children; EDEN, Etude des Déterminants pre et postnatals de la santé et du
développement de l’Enfant)
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Table 4 Age of introduction to fruit and vegetables and associated differences from the mean (β and 95% CI) for the Health Plate Variety Score (HPVS) in children in four European countries.
Generalized linear models were adjusted for child gender, maternal age, education status and smoking status, duration of being breast-fed and age of introduction to solids)

Age of introduction to fruit Age of introduction to vegetables

>4 months
≥4–<5 months

(Ref.)
<5 months

≥5–<6 months

≥6 months
≥6–7 months

(EuroPrevall only)

>15 months
(ALSPAC only)

>7 months
(EuroPrevall only) >4 months

≥4–<5 months
(Ref.)

< 5 months

≥5–<6 months

≥6 months
≥6–<7 months

(EuroPrevall only)
≥7–<8 months

(EuroPrevall only)

>15 months
(ALSPAC only)
≥ 8 months

(EuroPrevall only)

Cohort β 95% CI (Gen XXI only) β 95% CI β 95% CI β 95% CI β 95% CI (Gen XXI only) β 95% CI β 95% CI β 95% CI β 95% CI

ALSPAC,
2 years

−0·06 − 0·12, 0·01 Ref. 0·02 − 0·05, 0·09 − 0·01 − 0·07, 0·04 − 0·32 − 0·46, − 0·17 0·02 −0·05, 0·10 Ref. 0·006 − 0·06, 0·07 −0·12 −0·18, −0·06 − 0·46 − 0·61, − 0·31

EDEN,
2 years

−0·15 − 0·30, 0·00 Ref. − 0·05 − 0·20, 0·10 − 0·15 − 0·30, 0·00 0·05 −0·10, 0·25 Ref. 0·10 − 0·05, 0·25 0·10 −0·05, 0·25

ALSPAC,
3 years

−0·07 − 0·12, − 0·01 Ref. 0·03 − 0·03, 0·09 0·01 − 0·04, 0·06 − 0·062 − 0·18, 0·06 0·05 −0·01, 0·10 Ref. −0·04 − 0·01, 0·09 −0·09 −0·13, −0·04 − 0·12 − 0·25, 0·008

EDEN,
3 years

−0·15 − 0·30, 0·05 Ref. 0·15 − 0·05, 0·30 0·00 − 0·15, 0·15 0·05 −0·10, 0·25 Ref. 0·10 − 0·05, 0·25 0·10 −0·05, 0·25

EuroPrevall,
3 years

N/A Ref. − 0·30 − 0·65, 0·00 − 0·15 − 0·48, 0·25 − 0·30 − 0·95, 0·35 N/A Ref. −0·15 −0·75, 0·40 − 0·15 − 0·80, 0·50 − 0·35 − 1·05, 0·30

ALSPAC,
4 years

−0·17 − 0·08, 0·04 Ref. 0·02 − 0·04, 0·08 0·02 − 0·03, 0·07 − 0·08 − 0·21, 0·05 0·001 −0·06, 0·06 Ref. −0·05 − 0·11, 0·01 −0·09 −0·14, −0·04 − 0·11 − 0·24, 0·03

Generation
XXI,
4 years

N/A Ref. 0·005 −0·135, 0·145 − 0·08 − 0·20, 0·04 Ref. −0·03 − 0·16, 0·10 0·05 −0·07, 0·17

Ref., referent category; ALSPAC, Avon Longitudinal Study of Parents and Children; EDEN, Etude des Déterminants pre et postnatals de la santé et du développement de l’Enfant; N/A, not applicable.
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was associated with childhood HPVS up to 4 years of age
and maternal HPVS at a time point closer to the child’s age
(ALSPAC only) was more strongly associated. It is likely
therefore that the family mode of eating is an important
factor in this association. There are various reasons why
maternal consumption may influence the child’s consump-
tion. Mothers can control what their children eat in the home
environment by the type of foods that they make accessible
and available to their children. Additionally children’s pre-
ference may be due to watching their mothers eat these
foods. One study observed that toddlers tried the same foods
as their mothers rather than those eaten by strangers(32).

The present study has limitations. The scores are
derived from four different FFQ that have disparities
between them. Some of the FFQ have relatively short lists
of foods, while others are more extensive. It may be that
the range of foods is not enough to assess variety accu-
rately for all children; however, the core foods that should
make up a healthy diet are covered. Other studies have
used diet records or 24 h recalls to measure diet variety.
These assess diet over a short time frame with information
about portion size, thus allowing better quantification of

food intake, but covering a much smaller number of foods.
The FFQ in the present study have the advantage of
assessing habitual diet over a longer period and cover a
wider range of foods, but have no information on portion
sizes. Our study uses the HPVS as a marker of diet quality
and does not attempt to assess quantity of foods con-
sumed, so the lack of portion size information is not a
problem. Although it is not possible to validate the use of
the HPVS, in the present study the foods recommended in
the healthy plate model are based on guidelines for
healthy eating and should reflect a diet of high quality.

The study used data collected in four different European
countries in parallel analyses, using whenever possible the
same confounders. To ensure comparability between the
countries the HPVS was calculated in the same way in
each. It was not possible to combine the data directly
because each country used its own unique FFQ. Parallel
analyses were also preferable because of the disparities in
sample size, the slightly different ages at which outcomes
were measured and the differing availability of some of the
confounding variables. The advantage of parallel analysis
is that confounding structure is likely to be different
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between the countries, so if similar observations are made
in each cohort this provides stronger evidence of a real
effect. In the present study two of the cohorts (EDEN and
ALSPAC) had data recorded at two or more ages in the
same children and thus some assessment of whether
effects are likely to persist was possible.

Conclusion

The present findings indicate that never being breast-fed or
being breast-fed for a short duration is associated with pre-
school children eating a lower variety of healthy food than
those breast-fed for longer. Parents should be encouraged to
initiate breast-feeding and continue even after starting
complementary feeding. It should be promoted that breast-
feeding benefits the health of the mother and the infant, and
that the different flavours in breast milk may help children
accept a variety of foods during complementary feeding and
lead them to have a healthy diet in later childhood. A
healthy diet in childhood may help prevent obesity in
adolescence and adulthood. The results also indicate that
parents should consider the timing of the introduction of
vegetables as a complementary food. The results in the
ALSPAC cohort favour an early introduction of vegetables
before 6 months. Parents should be encouraged to introduce
vegetables as the first food, as there is evidence that it is
easier to introduce these foods into an infant’s diet at the
beginning of complementary feeding than when they are
older. Mothers should be informed that they are an impor-
tant role model for their child and that if they have a healthy
diet it is likely their child will too. Further work could be
undertaken to investigate if the early feeding practices
influence diet in later childhood and adolescence also.
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