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Abstract
Childhood is considered an important period for the development of healthy eating behaviours. This study aimed to evaluate the influence of
early life factors and sociodemographic characteristics, including early diet quality, on diet quality at 7 years. The sample includes 5013 children
evaluated at the ages of 4 and 7 years from the Portuguese birth cohort Generation XXIwith complete information on FFQ. A healthy eating index
was developed at both ages to assess adherence to the WHO’s dietary recommendations, including eight food groups. Consumption quartiles
were obtained for each group at 4 years and assigned a score between 1 and 4. A higher score represents a higher adherence to a better diet
(range: 8 to 32). The associations between early life factors and sociodemographic characteristics and the score of the healthy eating index at
7 yearswere evaluated through linear regressionmodels. The healthy eating index had an average score of 21⋅4± 3⋅53 (range: 12 to 32) at 4 years
and 20⋅3 ± 3⋅36 (range: 11 to 31) at 7 years. After adjustment for confounders, a positive association was found between the healthy eating index
at 4 and 7 years (β = 0⋅384, 95 % CI 0⋅356, 0⋅441). Maternal years of education (β = 0⋅094, 95 % CI 0⋅071, 0⋅116) and dietary score (β = 0⋅182, 95 %
CI 0⋅155, 0⋅209) were positively associated with increasing dietary quality from 4 to 7 years. A healthier diet at preschool age, higher maternal
education and a healthier diet increase the likelihood of maintaining a high healthy eating index score at school age.
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Childhood is a key period in life for the development of healthy
eating habits that can persist for a long time(1–5). The transition
from pre-school to school can influence changes in children’s
food consumption(6). Previous literature has shown that eating
habits are established early in life and can be maintained
throughout childhood; suggesting that the task of modifying
behaviours at later stages will be challenging(2,3). However,
tracking of eating habits has mainly been assessed in adults or
between adolescence and adulthood, while few studies have
evaluated tracking of diet during childhood(5,7–10). Under-
standing how children’s eating patterns are acquired is essential
in public health planning, particularly for supporting strategies to
improve the quality of children’s diet.

Maternal behaviours during and after pregnancy might modu-
late the child’s nutrition status. In fact, children whose mothers
smoked during pregnancy are more likely to be overweight
throughout their lives(11,12). Breastfeeding is also one of the fac-
tors that play a significant role in the establishment of long-term
eating habits among children(13–15) and its duration is inversely
associated with the child’s risk of being overweight later on(16).

Childhood is also an important period for the development of
healthy eating behaviours(6). During this period, food choices
can be influenced by several environmental factors(17), such as
parental behaviours (e.g. parental food habits) and family char-
acteristics(18–21). In particular, parental sociodemographic status
seems to have a strong influence in children’s food intake, since
low levels of maternal education have been associated with
lower compliance with dietary recommendations(2,20,22), and
with a higher consumption of energy-dense foods (EDF)(18),
comparedwith children of mothers with higher education levels.
This negative effect of lower education levels on children’s food
intake might be, in part, the result of parents’ poorer health
literacy (e.g. ability to obtain, process and apply basic health
information)(23,24).

Nevertheless, children with older and well-educated mothers
tend to have a healthier diet(25,26). Maternal age also appears to
be an important determinant, as children of younger mothers
seem to have a diet similar to that of children of less-educated
mothers, presenting, for instance, lower consumption of whole-
wheat bread and fruit(25,27).

Abbreviations: EDF, energy-dense foods; SSB, sugar-sweetened beverages.

* Corresponding author: Sofia Vilela, email sofia.vilela@ispup.up.pt

British Journal of Nutrition (2019), 122, 220–230 doi:10.1017/S0007114519001028
© The Authors 2019

https://doi.org/10.1017/S0007114519001028  Published online by Cam
bridge U

niversity Press

mailto:sofia.vilela@ispup.up.pt
https://doi.org/10.1017/S0007114519001028
http://crossmark.crossref.org/dialog?doi=https://doi.org/10.1017/S0007114519001028&domain=pdf
https://doi.org/10.1017/S0007114519001028


Understanding whether children’s food consumption changes
during childhood, when food consumption remains stable and
what factors influence diet is important since it allows to formu-
late interventions that promote a healthy diet at an early child-
hood stage(3,28,29). Thus, the present study aimed to evaluate
the tracking of food consumption, including the evaluation of
a score of a healthy eating index in pre-school and school age
and its association with early life factors and maternal socio-
demographic characteristics.

Methods

Participants

The present study was based on the population-based birth
cohort Generation XXI(30). For this cohort, all newborns in the
five public maternity hospitals in the metropolitan area of Porto
were invited to participate, between 2005 and 2006. Of invited
mothers, 91⋅4 % agreed to participate, with a total of 8647 chil-
dren enrolled at baseline. At 4 years of age, the first follow-up of
the entire cohort was performed, with 86 % of the children being
evaluated. The second follow-up was performed at 7 years of
age, and 80 % of the children were re-evaluated. During the fol-
low-up periods, participants were invited to participate in a face-
to-face interview. For those families that were not able to be
present during the face-to-face interview, data were collected
by telephone with a shorter version of the questionnaire. For
the final sample, we considered all children with complete infor-
mation on dietary habits consumption in the FFQ at both ages
(n 5046). After exclusion of children with diseases that might
influence the analysis of food intake (celiac disease, allergy
and food intolerance, n 15) and children with congenital malfor-
mations that might affect feeding (n 18), 5013 children were
included in the final sample.

Data collection

Data were collected by trained interviewers using structured
questionnaires. The following variables collected at baseline
were included in the present study: maternal sociodemographic
characteristics at delivery (maternal working status, age and
complete years of education), maternal and child characteristics
during pregnancy and delivery (gestational diabetes, hyperten-
sion status, smoking status during pregnancy and weight gain
during pregnancy; child’s sex, birth weight and birth weight for
gestational age), being that the latter represent more the weight
of metabolic and/or genetic factors. From the 4-year follow-up
evaluation, we have included maternal and child’s BMI and both
dietary intake, child’s physical activity and if the child was breast-
feeding and the respective duration. From the 7-year follow-up,
the children’s dietary intake and BMI were used.

Child’s dietary intake

Data on children’s food consumption were collected through an
FFQ, applied by trained interviewers to the main caregiver of
the child (usually the mother), referring to the 6 months prior
to the interview, at both ages(31,32). At 4 years, the FFQ asked
the frequency of intake of thirty-five food items, while at 7 years,
the FFQ included thirty-eight food items. The nine possible

frequency options were converted into daily consumption
frequencies, ranging from ‘never’ to ‘≥4 times per d’. Similar food
groups were created at both ages, based on the food recommen-
dations of the Portuguese food wheel guide(33): ‘Dairy products’
(semi-skimmed milk, skimmed milk, cheese and yogurts); ‘Meat
and meat products’ (pork, beef, rabbit, poultry and processed
meat); ‘Fish and eggs’; ‘Cereal products and potatoes’ (rice, pasta,
potatoes, bread and semi-sweet type biscuits); ‘Fruit and vegeta-
bles’ (vegetable soup, raw and cooked vegetables, fruit and fresh
fruit juice); ‘Sweet foods’ (cakes, sweet pastry, chocolate, choco-
late powder, chocolate milk and candies); ‘Salty snacks’ (crisps,
pizzas and burgers) and ‘Soft drinks’ (sweetened carbonated
drinks and other sweetened drinks, including diet drinks).

In a subsample of children, dietary intake was also collected
using 3-d food diaries, twoweekdays and oneweekend day, at 4
and 7 years of age (n 2993), completed by the main care-
giver(31,34). Parents were asked to record all the foods and drinks
that children had consumed during those days, describing the
amount, brand, recipe and place of consumption, through food
diaries. The codification process was conducted a posteriori
by a team of trained nutritionists, and nutrient intake was
estimated using the software Food Processor SQL(35).

Healthy eating index

A healthy eating index, based on the WHO’s dietary recommen-
dations, previously developed(36) for children at the age of 4
years, was adapted in this study. This index was developed to
evaluate the quality of diet at 4 and 7 years of age and includes
the eight previously defined food groups. For each food group,
at 4 years, quartiles of the frequency of consumption were
obtained and a score was assigned ranging from 1 to 4 points.
The same cut-off points obtained to define the quartiles at 4 years
of age were also used at 7 years. For foods that are considered
healthier, such as fruit, vegetables, dairy products, fish and eggs,
the lowest consumption quartile was scored with 1 point, inter-
mediate quartiles with 2–3 points and the highest consumption
quartile was scored with 4 points. Food groups with less healthy
foods, such as meat, meat products, salty snacks, sweet foods
and soft drinks, the score was assigned inversely, that is, the
highest consumption quartile was assigned the lowest score.
Scores assigned were summed up, resulting in an index with a
total score ranging from 8 to 32 points at both ages, with higher
scores reflecting a better adherence to dietary recommendations.

To validate the healthy eating index,we used dietary informa-
tion collected through 3-d food diaries. We compared the
healthy eating index scorewith nutrient intake evaluated by food
diaries. The information used in the validation was children’s
total energy intake (kJ/d), the percentage of energy from carbo-
hydrates, proteins and fat and the fibre intake (g/d), at both ages.
We predict that children with higher scores will have a higher
intake of fibre and a lower intake of total fat and energy.

Other child’s characteristics

A detailed description of newborns’ anthropometrics is described
elsewhere(37). Briefly, birth weight was abstracted from medical
records by trained interviewers at the baseline evaluation.
During the hospital stay, trained examiners weighed babies to
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the nearest 1 g using infant scales. Birth weight adjusted for gesta-
tional age was computed as a continuous variable according to
the Canadian reference(38). Accordingly, children were categor-
ised as small for gestational age (children with birth weight below
the 10th percentile for their gestational age and sex), appropriate
for gestational age or large for gestational age (children weighing
above the 90th percentile for their gestational age and sex).

Objective measurements of children’s height and weight at
4 and 7 years were performed by a team of trained examiners,
according to standard procedures. Children’s BMI was defined
by weight in kilograms divided by height in metres squared.
This variable was then categorised using specific cut-offs for
sex and age as defined by the WHO(39) (underweight/normal
weight (≤1 SD); overweight (>1 SD to ≤2 SD); obesity (>2 SD)).
A combined variable was created to evaluate the stability of BMI
categories from 4 to 7 years of age: ‘maintain: normal weight’
(children with normal weight at both ages), ‘maintain: over-
weight/obesity’ (children with overweight or obesity at both
ages), ‘increase’ (children that change from normal weight at
4 years to overweight or obesity at 7 years) and ‘decrease’
(children that change from overweight or obesity at 4 years to
normal weight at 7 years).

Regular practice of structured physical exercise was used
as qualitative variable and children were classified as non-
practitioners or practitioners. The variable breastfeeding,
collected as any breastfeeding duration in weeks, was categor-
ised as never or less than 16 weeks, between 16 and 20 weeks
and more than 20 weeks.

Maternal characteristics

Maternal working status at baseline was evaluated as a nominal
variable, converted into working (part or full-time and working
student) and not working (unemployed, student, seeking the
first job, incapacitated and retired). As described earlier(40),
mothers were considered as having gestational diabetes or
hypertension during pregnancy when recorded on obstetrical
records as a diagnosis during the current pregnancy. Maternal
smoking status was asked at baseline for each of the pregnancy
trimesters and categorised as not smoking or smoking during that
period (less than one cigarette/d or at least one cigarette/d,
respectively). Weight gained during pregnancy was obtained
by subtracting the self-reported final pre-delivery weight by
the preconceptional weight, and the results were categorised
as ≤10, >10 and ≤20, >20 kg.

Objective measures of maternal height and weight were per-
formed when the child was 4 years of age by a team of trained
examiners, according to standard procedures. Maternal BMI was
defined by weight in kilograms divided by height in metres
squared. This variable was then categorised as normal or
underweight (<25 kg/m2) and overweight/obese (≥25 kg/m2),
according to the WHO cut-offs(41).

Information on maternal dietary intake at the 4 years evalu-
ation was collected through an FFQ adapted from a previous
questionnaire validated for the general adult population(42) and
for pregnant women in a subsample of this cohort(43). This FFQ
collected information on food intake during the previous year
and included eighteen food items with nine response options

ranging from ‘never’ to ‘four or more times per d’. Frequencies
of consumption were converted into daily frequencies. A mater-
nal food index previously developed was used in this study to
evaluate the influence of maternal food intake on the child’s food
intake(44). Briefly, a score was obtained considering eight food
items/groups: milk, fish, red meat, bread, fruit, vegetables, EDF
and sugar-sweetened beverages (SSB). For each item/food group,
quartiles of the frequency of consumption were obtained and a
score was assigned with a range from 1 to 4 points, according
to increasing quartiles of food consumption (milk, bread, fruit
and vegetables) or decreasing quartiles of food consumption
(red meat, EDF and SSB). The food score ranged from 8 to
32 points, where higher scores represent better dietary quality.

Ethical considerations

The Generation XXI project was conducted in accordance with
the guidelines defined in the Declaration of Helsinki, and all pro-
cedures involving human subjects were approved by the Ethics
Committee of the Hospital de São João/University of Porto
Medical School. The legal representatives of each participant
were informed about benefits and potential discomforts, through
written informed consent, with the information of all the exami-
nations to be carried out during the evaluation, at baseline and
in the subsequent follow-up evaluations.

Statistical analyses

Categorical variables were described as frequencies and
compared using the McNemar test. Continuous variables were
summarised by means and standard deviations or medians
and interquartile ranges. Comparison between groups was
performed using Student’s t test for paired samples or the
Wilcoxon test, respectively. The change in score on the healthy
eating index at both ages was compared using Student’s
t test for paired samples. The correlation between nutrient
intake and the score of the healthy eating index, at both ages,
was obtained using the Pearson correlation coefficient.

The associations between the score of the healthy eating
index at 4 years, early life factors and sociodemographic charac-
teristics, and the score of the healthy eating index at 7 years were
evaluated through linear regression models – regression coeffi-
cients (β) and respective 95 % CI. In order to analyse the direct
and indirect associations between exposures (family and mater-
nal characteristics) and the outcome, a step-by-step approach
was used: predefined blocks of variables were fitted separately,
with each block mutually adjusted, and introduced cumulatively
into the analysis, with a fixed order. Model 1 was adjusted for
maternal sociodemographic characteristics (maternal age, edu-
cation and work status at delivery); model 2 was further adjusted
for maternal and child’s characteristics during pregnancy and at
delivery (gestational diabetes, hypertension, weight gain during
pregnancy, smoking status, child’s weight for the gestational age
and breastfeeding); model 3 included those variables in model 2
plus maternal and child’s characteristics at the 4 years evaluation
(maternal BMI, maternal dietary score and child’s physical exer-
cise); model 4 included all the previous variables plus the
healthy eating index score at 4 years; finally, model 5 included
all the previous variables plus children BMI’s stability from 4 to
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7 years. An interaction effect between child’s BMI stability and
maternal BMI was tested in model 5 by including an interaction
term in the final models. All models were adjusted for child’s
sex. Models’ goodness-of-fit was evaluated through adjusted R2.

The software used was the Statistical Package for the Social
Sciences (released 2011. IBM SPSS Statistics for Windows,
version 22.0.; IBM Corp.). We considered a significance level
lower than 0⋅05.

Results

Table 1 shows the sociodemographic and early life characteris-
tics. At baseline, mothers presented a mean age of 30 (SD 5⋅2)
years, had an average of 11 (SD 4⋅3) years of education and
77 %were working. Among the children included in the analysis
(49 % girls), the majority were normal weight at both ages; only

0⋅5 % were underweight. However, the percentage of obese
children increased from 4 to 7 years old (9⋅8 v. 15⋅0 %).

Table 2 presents the comparison of daily dietary intake and
the scores in the healthy eating index, between 4 and 7 years
of age. The daily frequency of consumption of ‘Meat and meat
products’, ‘Fish and eggs’, ‘Sweet foods’ and ‘Soft drinks’
increased significantly from 4 to 7 years. However, the frequency
of consumption of ‘Cereal products and potatoes’ and ‘Dairy
products’ has decreased in the same period. The proportion
of children who followed the Portuguese dietary recommenda-
tions for healthy foods and the proportion of children who con-
sumed daily EDF are also described in Table 2. At the age of
4 years, almost 90 % of the children consumed ‘Dairy products’
at least three times per d, while at the age of 7 years, there was a
significant decrease in the daily frequency. From 4 to 7 years,
there was an increase in the proportion of children with daily
consumption of ‘Meat and meat products’ (72 v. 80 %,

Table 1. Sociodemographic characteristics, pregnancy and early-life characteristics
(Mean values and standard deviations; numbers of participants and percentages)

Evaluation

Baseline 4 years 7 years

n % n % n %

Maternal age (years) – –
Mean 29·8
SD 5·2

Maternal level of education (years) – –
Mean 11·1
SD 4·3

Maternal working status (working) 3940 77·1 – –
Gestational diabetes 274 5·7 – –
Hypertension during pregnancy 43 0·8 – –
Weight gain during pregnancy (kg) – –

Mean 13·6
SD 5·8

Smoking during pregnancy
First trimester 1028 20·0 – –
Second trimester 672 13·2 – –
Third trimester 626 12·3 – –
Maternal BMI (kg/m2) – –
Mean 26·4
SD 5·1

Maternal dietary score – –
Mean 18·8
SD 3·7

Girl 2462 49·1
Weight gain during pregnancy
≤10 kg 1323 28·2
>10 and ≤20 kg 2914 62·0
>20 kg 461 9·8

Child’s birth weight for gestational age
Appropriate for gestational age 4226 82·3 – –
Small for gestational age 728 14·1 – –
Large for gestational age 186 3·6 – –
Breastfeeding
<16 weeks 2058 39·8 –
≥16 and ≤20 weeks 601 11·7 –
>20 weeks 2487 48·3 –

Child’s practice of structured physical exercise – 4393 85·3 –
Child’s BMI
Underweight/normal weight – 3433 69·2 3176 63·4
Overweight – 1041 21·1 1076 21·5
Obesity – 487 9·8 751 15·0
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P < 0·001) and weekly consumption of ‘Fish and eggs’ (≥5–6/
week: 53 v. 64%,P< 0·001). At both ages, less than half of children
were consuming five daily servings of ‘Fruit and vegetables’. The
proportion of children consuming ‘Cereal products and potatoes’
daily decreased from 4 to 7 years (≥5/d: 35·6 v. 27·5 %). Around
45 % of children consumed ‘Salty snacks’ weekly, at both ages.
The daily consumption frequency of ‘Sweets foods’ and ‘Soft
drinks’ increased significantly from 4 to 7 years (52 v. 66 %,
P< 0·001 and 23 v. 34 %, P< 0·001, respectively). The healthy eat-
ing index score decreased slightly from4 to 7 years (21·4 (SD 3·53) v.
20·3 (SD 3·63), respectively, P < 0·001). The scores ranged from 12
to 32 points at 4 years and from 11 to 31 points at 7 years (Table 2).

The correlation between the healthy eating index score at
4 and 7 years with nutrient intake was obtained through 3-d
food diaries (Supplementary Table S1). At both ages, the healthy
eating index was positively and significantly correlated with
protein (r 0·111, P < 0·001 and r 0·157, P < 0·001) and fibre
intake (r 0·205, P < 0·001 and r 0·253, P < 0·001), but inversely
correlated with energy intake (r −0·060, P = 0·006 and r −0·063,
P < 0·001), total fat intake (r −0·106, P < 0·001 at 4 years only)
and saturated fat (r −0·141, P < 0·001 and r −0·073, P < 0·001).
The intake of carbohydrates, monounsaturated and polyunsatu-
rated fat did not present a statistically significant correlation

(P > 0·01) with the healthy eating index scores, at both ages
(Supplementary Table S1).

The relationship between a children’s healthy eating index at
4 and 7 years, by tertiles, is presented in Fig. 1. Around 40 % of
the children who were in the lowest tertile of the score at 4 years
of age continued in the lowest tertile at the age of 7 years, while
the remaining moved to a higher tertile. Of those children within
the second tertile of the healthy eating index score at 4 years of
age, one-third remained in the same tertile at 7 years, 20 %
moved to the first tertile, while the remaining moved to a higher
tertile. Of those children within the highest tertile of the score at
4 years, most remained in the highest tertile at 7 years (71 %),
while one-fifth moved to the second tertile and less than 10 %
moved to the first tertile.

In the analysis presented in Table 3, the associationswere con-
sidered by consecutive addition of blocks into the model. An
increase of 1 year in maternal age and maternal education was
associatedwith a 0·06- and 0·22-unit increase in the healthy eating
index at 7 years, respectively (model 1). When maternal behav-
iours at the 4 years evaluation were added (model 3), maternal
age ceased to be significantly associated with the healthy eating
index score at 7 years. An increase of one unit in the maternal
dietary score was associated with an increase of 0·32 units in

Table 2. Children’s dietary intake at 4 and 7 years of age
(Mean values and standard deviations; numbers of participants and percentages; medians and interquartile ranges (IQR))

Age 4 years Age 7 years

n % n % P

Dairy products (frequency/d) <0·001*
Mean 4·43 4·18
SD 1·45 1·70

Dairy products (≥3/d) 4004 87·4 3825 74·9 <0·001*
Meat and meat products (frequency/d) <0·001*
Mean 1·43 1·55
SD 0·56 0·71

Meat and meat products (≥1/d) 3287 71·8 4088 80·1 <0·001*
Fish and eggs (frequency/d) <0·001*
Mean 0·77 0·87
SD 0·30 0·35

Fish and eggs (≥5–6/week) 2404 52·5 3260 64·0 <0·001*
Cereal products and potatoes (frequency/d) <0·001*
Mean 4·61 4·42
SD 1·33 1·25

Cereal products and potatoes (≥5/d) 1784 35·6 1361 27·5 <0·001*
Fruit and vegetables (frequency/d) <0·001*
Mean 4·64 4·50
SD 1·54 1·65

Fruit and vegetables (≥5/d) 1921 41·9 2022 39·1 0·008*
Sweet foods <0·001†
Median 1·20 1·27
IQR 1·44 1·37

Sweet foods (≥1/d) 2705 52·3 3393 65·6 <0·001†
Salty snacks <0·001†
Median 0·13 0·13
IQR 0·14 0·13

Salty snacks (≥1/week) 2238 44·6 2234 45·2 0·609†
Soft drinks <0·001†
Median 0·57 0·92
IQR 1·00 1·15

Soft drinks (≥1/d) 1089 23·8 1771 34·3 <0·001†
Healthy eating index score <0·001*
Mean 21·4 20·3
SD 3·53 3·36

*Student’s t test for paired samples.
† Wilcoxon test.

224 M. P. da Costa et al.

https://doi.org/10.1017/S0007114519001028  Published online by Cam
bridge U

niversity Press

https://doi.org/10.1017/S0007114519001028
https://doi.org/10.1017/S0007114519001028
https://doi.org/10.1017/S0007114519001028


the healthy eating index score at 7 years (model 3). A one-unit
increase in healthy eating index at age 4 yearswas associatedwith
a 0·38-unit increase in the healthy eating index at 7 years (model
3). Also, in this model, maternal education and maternal dietary
score remained significantly associatedwith an increased score of
the healthy eating index from 4 to 7 years of age. The addition of
the child’s BMI stability inmodel 5 did not change significantly the
previous associations. No association was found between early
life characteristics (intra-uterine and infancy environment) and
diet quality at 7 years of age.

Comparison between models was performed through the
adjusted R2, which allows us to know the proportion of variation
in the healthy eating index at 7 years that is explained by each
model. Model 5 best explains this variation.

Discussion

The present study supports the hypothesis that food intake
changes with the transition from pre-school to school years.
These dietary modifications consisted mainly of an increase in
the consumption of animal protein food sources (meat, fish
and eggs), soft drinks and sweets, as well as a decrease in dairy
products and cereals and potatoes consumption, which contrib-
uted to a lower score on the healthy eating index at 7 years.

The increased consumption of animal protein from 4 to
7 years is in accordance with previous studies that have shown
that European adolescents greatly exceed the recommendations,
mainly due to meat consumption(45). The decrease in daily con-
sumption of dairy products may be related to the substitution of
these foods by SSB, since in the same period, and as reported in
other studies, there has been an increase in SSB consumption(46,47).
Indeed, a previous systematic review and meta-analysis showed
that increased SSB intake is associated with a lower consumption

ofmilk and Ca, in both adults and children, although average effect
sizeswere small(47). Even though the consumption of fruit and veg-
etables remained constant between 4 and 7 years of age,
less than half of the children have an intake of at least five times
per d of this food group. Consumption of foods high in sugar
and energy (SSB and sweet foods) increased significantly between
the two ages. Attention should be given to this trend in childhood,
as previously reported from 2 to 4 years of age(35), since these food
groups are associated with adverse health outcomes, namely a
higher risk of obesity in children(48).

Although the score on the healthy eating index decreased
from preschool to school age, it was verified that the better
the healthy eating index score at age 4 years, the better the
healthy eating index score at age 7 years. This association might
be sustained by the fact that the dietary pattern formed in the first
years of life continues to strongly influence food intake, even if
the child spendsmore time away from home. Another possibility
is that although children are eating out-of-home more often,
most of the food they consume is still consumed or prepared at
home(49). The comparison between the healthy eating index
score and child’s nutrients intake obtained through food diaries
showed that the index was indeed evaluating a better diet, at
both ages. Moreover, the comparison of tertiles of the healthy
eating index score at 4 and 7 years of age showed that children
in the highest tertile at age 4 years were most likely to remain in
the highest tertile at age 7 years. This was true to a lesser extent
for the children in the lowest tertile.

Maternal education and diet were independently associated
with a better diet quality at 7 years. These results are in concord-
ancewith previous studies that showed that healthier eating hab-
its among pre-school and school children have been associated
with higher maternal education(2,22,27,50–52). Lower maternal edu-
cation increases the probability of a poorer food quality diet in
children, as this sociodemographic condition probably limits the
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Fig. 1. Relationship between children’s healthy eating index (tertile) at 4 years and their healthy eating index (tertile) at 7 years. , First tertile; , second tertile; , third
tertile.
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Table 3. Associations between maternal and child characteristics and adherence to a healthy eating index at 7 years of age
(β-Coefficients and 95 % confidence intervals)

Model 1 Model 2 Model 3 Model 4 Model 5

β 95 % CI β 95 % CI β 95 % CI β 95 % CI β 95 % CI

Sociodemographic factors at child’s delivery
Maternal age (years) 0·062* 0·045, 0·080 0·053* 0·034, 0·072 0·002 −0·017, 0·020 −0·003 −0·021, 0·014 −0·003 −0·020, 0·015
Maternal education (years) 0·215* 0·193, 0·237 0·213* 0·190, 0·236 0·151* 0·128, 0·175 0·077* 0·055, 0·100 0·094* 0·071, 0·116
Maternal work status

Working Ref. Ref. Ref. Ref. Ref.
Not working −0·043 −0·268, 0·183 −0·005 −0·246, 0·235 0·037 −0·192, 0·265 0·094 −0·117, 0·305 0·095 −0·121, 0·312

Early life factors – at pregnancy and delivery
Gestational diabetes

No Ref. Ref. Ref. Ref.
Yes 0·202 −0·216, 0·621 0·182 −0·214, 0·578 0·098 −0·267, 0·464 0·039 −0·337, 0·415

Maternal hypertension during pregnancy
No Ref. Ref. Ref. Ref.
Yes 0·640 −0·378, 1·658 0·831 −0·126, 1·788 0·754 −0·129, 1·637 0·771 −0·124, 1·667

Weight gain during pregnancy (kg)
≤10 Ref. Ref. Ref. Ref.
>10 and ≤20 −0·125 −0·343, 0·093 −0·099 −0·306, 0·109 −0·119 −0·311, 0·072 −0·132 −0·328, 0·064
>20 0·001 −0·357, 0·359 0·110 −0·266, 0·453 0·032 −0·285, 0·349 0·073 −0·251, 0·397

Child’s birth weight for gestational age
Appropriate for gestational age Ref. Ref. Ref. Ref.
Small for gestational age −0·049 −0·324, 0·277 0·018 −0·245, 0·280 −0·025 −0·267, 0·218 0·005 −0·244, 0·253
Large for gestational age 0·232 −0·288, 0·753 0·208 −0·287, 0·703 0·136 −0·321, 0·593 0·068 −0·449, 0·585

Maternal smoking status during pregnancy
First trimester
No Ref. Ref. Ref. Ref.
Yes 0·013 −0·349, 0·376 0·251 −0·095, 0·598 0·202 −0·118, 0·522 0·174 −0·152, 0·500

Second trimester
No Ref. Ref. Ref. Ref.
Yes −0·754 −1·637, 0·128 −0·766 −1·604, 0·071 −0·728 −1·501, 0·046 −0·615 −1·40, 0·169

Third trimester
No Ref. Ref. Ref. Ref.
Yes 0·432 −0·427, 1·291 0·491 −0·323, 1·306 0·511 −0·240, 1·263 0·406 −0·356, 1·168

Breastfeeding
<16 weeks Ref. Ref. Ref. Ref.
≥16 and ≤20 weeks 0·183 −0·122, 0·487 0·071 −0·217, 0·359 0·070 −0·196, 0·336 0·010 −0·263, 0·283
>20 weeks 0·308* 0·102, 0·514 0·064 −0·133, 0·261 0·068 −0·114, 0·249 0·065 −0·122, 0·251

Maternal and child’s behaviours at 4 years of age
Maternal dietary score 0·323* 0·296, 0·349 0·172* 0·145, 0·198 0·182* 0·155, 0·209
Maternal BMI

Normal or underweight (<25 kg/m2) Ref. Ref. Ref.
Overweight/obese (≥25 kg/m2) −0·123 −0·310, 0·064 −0·072 −0·245, 0·101 −0·147 −0·381, 0·086

Child’s structured physical exercise
Non-practitioners Ref. Ref. Ref.
Practitioners 0·051 −0·212, 0·314 0·041 −0·202, 0·284 0·062 −0·187, 0·311

(Continued)
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purchasing power and the ability to obtain adequate nutritional
information(2). Plus, this associationmight be partly explained by
the importance of parents as role models for children’s dietary
intake. There is considerable evidence that children’s eating
behaviours, including food preferences, are very similar to that
of their parents(53,54). In concordance with previous reports, this
study shows that maternal diet is one of the most important
factors associated with the healthy eating index score at 7, with
a better maternal dietary intake influencing the children’s diet
positively(44,55). This suggests that particular efforts should be
made towards nutritional education among less-educated moth-
ers, encouraging them to adopt healthy eating habits(25,26,54).
Maternal work status may also influence dietary patterns in
children, as was shown in a study in the UK(2). The same was
not observed in our study, as future analysis will be required to
fully understand the matter.

Excessive gestational weight gain during pregnancy and ges-
tational diabeteswere previously recognised as prenatal determi-
nants of childhood obesity(56,57), which might be explained, in
part, by the adoption of less healthy eating habits. However,
we did not find any statistically significant association between
these factors and the diet quality at 7 years. Moreover, maternal
smoking status has been associated with children’s dietary
intake(29). Our results, however, are not in line with previous
studies, which show an association between low scores in a
healthy pattern and smoking during pregnancy(29). A recent study
combining information from four European cohorts (the Habeat
Project) concluded that never or short duration of breastfeeding
(but not the timing of complementary feeding) were associated
with a less-healthy diet in early childhood, including a lower con-
sumption of fruit and vegetables(13). However, in the present
analysis, we did not find a significant association between breast-
feeding and higher scores in the healthy eating index. This might
be due to the reported longer breastfeeding duration time in
Portugal, in comparison with other countries(13).

These results should be viewed in light of some limitations.
The FFQ was answered by parents, in a face-to-face interview,
who might not be aware of every food offered to children when
they are with other caregivers or in school. However, in a sub-
sample of children from theGeneration XXI cohort, dietary infor-
mation collected from 3-d food diaries was compared with
dietary data from the FFQ, supporting the validity of the results,
particularly for those foods that are more frequently con-
sumed(31). Information about the duration of breastfeeding
was collected only at the 4-year follow-up, which may represent
a potential memory bias. In addition, for groups with minimum
and maximum consumption, the proposed index is limited to
assessing compliance with the WHO quantitative recommenda-
tions. Some parents might have also reported what, for them, the
child is supposed to consume instead of what was actually con-
sumed or report more healthy food and less unhealthy food. If
this has occurred, our associations could be underestimated. The
low correlation between the healthy eating index score and the
nutrients’ intakemight be a threat to the external validation of the
index. Nevertheless, this might be partly explained by the nature
of the collection method and the usually obtained low to
medium correlations obtained between FFQ and food
diaries(31).T
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The use of two methods to collect dietary intake information,
food diaries and FFQ, can be considered a strength of this study,
as it allows the reduction of report errors. The main strengths of
the study are its longitudinal design, based on a relatively large
sample size from participants of a population-based birth cohort
regularly evaluated, with a high participation rate. This allows
us to ensure a temporal sequence between several exposures
and the tracking of children’s dietary intake. Only children with
complete FFQ data were considered in our sample. The com-
parison of baseline characteristics between participants and
non-participants showed that mothers included in our sample
were slightly older and more educated. However, these differ-
ences do not seem to be very relevant (Cohen’s effect size values
are not high: <0·40), and probably these differences are more
likely to be due to large sample size rather than to substantial
differences between participants. Finally, by performing the
statistical analysis by models, we were able to easily identify
the possible confounders of these associations.

Conclusion

This study suggests that promoting healthy eating habits at early
ages is essential in order to prevent unfavourable eating habits
later on. The quality of dietary intake decreases from preschool
to school age and healthy eating habits established at 4 years
influence healthy eating habits at 7 years. We could also verify
that maternal sociodemographic and behavioural factors have
a higher influence on the maintenance of healthy eating habits
from 4 to 7 years, compared with metabolic or genetic factors.
A higher maternal education and a healthier maternal diet
increased the likelihood of children maintaining a healthy eating
index score at school age. Interventions to promote healthy
eating habits among preschool children should involve mothers
as well. Greater focus should be given to those with lower
education, with a particular emphasis on their diet and its
consequences on children’s healthy eating habits.

Supplementary material

To view supplementary material for this article, please visit
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