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Abstract

This study examined the association of family andmaternal characteristics with preschool children’s dietary patterns.
Trained interviewers evaluated subsample 3422 mothers and children enrolled in the population-based birth cohort
Generation XXI (Porto, Portugal, 2005–2006). Maternal characteristics and behaviours (exercise, smoking habits,
diet and child-feeding practices) and family characteristics were evaluated. Maternal diet was classified by a dietary
score, and children’s dietary patterns were identified by latent class analysis. Odds ratios (OR) and confidence inter-
vals (95% CI) were estimated by multinomial regression models. The analysis was based on a framework with four
conceptual levels: maternal socio-economic position (SEP) at 12 years, maternal socio-economic and demographic
characteristics at child’s delivery, family characteristics andmaternal behaviours at child’s 4 years. Three dietary pat-
terns were identified in children: high in energy-dense foods (EDF); low in foods typically consumed at main meals
and intermediate in snacks (Snacking); higher in healthy foods; and lower in unhealthy ones (Healthier, reference).
Lower maternal SEP had an overall effect on children’s diet (low vs. high SEP; EDF, OR=1.76, 95% CI: 1.42–2.18;
Snacking, OR=1.73, 95%CI: 1.27–2.35), while maternal educationwas directly associated with it (≤9 vs.>12 school-
ing years, EDF, OR=2.19, 95% CI: 1.70–2.81; Snacking, OR=2.22, 95% CI: 1.82–3.55). Children whose mothers
had worse dietary score were significantly more likely to follow unhealthier patterns (first vs. fourth quartile;
EDF, OR=9.94, 95% CI: 7.35–13.44, P-trend< 0.001; Snacking, OR=4.21, 95% CI: 2.94–6.05, P-trend< 0.001).
Maternal diet was the key factor associated with children’s diet, above and beyond socio-economic and demographic
characteristics, accounting for one-third of the determination coefficient of the fully adjusted model. At preschool
age, interventions should give a particular focus on maternal diet and low SEP groups.
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Introduction

Eating habits develop during the first years of life
within a family context, being shaped by parental be-
haviours (e.g. child-feeding practices or parental diet)
and family characteristics. In turn, the family is embed-
ded in a larger social context where characteristics such
as socio-economic position (SEP) influence children’s
diet through the influence exerted on parental behav-
iours (Davison & Birch, 2001).

Considering that early diet tracks into later ages and
influences current and future health (Mikkila et al.
2005; Northstone & Emmett, 2008; Ambrosini et al.
2013), prevention of unhealthy dietary habits in early
childhood might be a major step in the promotion of
health. However, evidence base for interventions in
preschool children is limited (Waters et al. 2011).

Research on determinants of preschool children’s
diet is particularly scarce (De Craemer et al. 2012;
Lakshman et al. 2013), and studies based on conceptual
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frameworks are especially warranted (deVet et al. 2011;
Zarnowiecki et al. 2014). Also, research seems some-
what disconnected between studies assessing socio-
economic factors and those mostly focused on parental
behaviours such as child-feeding practices and/or pa-
rental diet (Savage et al. 2007; Scaglioni et al. 2008; De
Craemer et al. 2012; Lakshman et al. 2013).

Childhood SEP is correlated with subsequent socio-
economic status and is strongly associated with adult
health, but the behavioural pathways that link SEP to
health, as well as the length needed for socio-economic
exposures to exert their influence, warrant particular
attention (Cohen et al. 2010). Hence, studies examining
parental determinants of children’s diet should take
into account both distal and proximal indicators of SEP.

Relatively few studies have examined broader
ranges of potential determinants of empirically de-
rived dietary patterns among preschool children
(North & Emmett, 2000; Northstone & Emmett,
2005; Leventakou et al. 2015; Lioret et al. 2015), but
parenting child-feeding practices were not included.
Also, studies examining overall measures of maternal
diet are practically non-existent (Fisk et al. 2011).
Moreover, to the best of our knowledge, only one
study (Moreira et al. 2014) identified patterns of
maternal child-feeding practices, and none examined
their association with a posteriori dietary patterns of
preschool children.

Thus, the aim of the present study was to evaluate a
broad range of potential determinants of dietary pat-
terns among children aged 4 years and – in order to bet-
ter understand upstream and downstream factors,
overall and ‘direct effects’, as well as factors most rele-
vant to the child’s diet – to support the analysis on a

framework considering plausible pathways between
the several determinants. As such, a theoretical frame-
work (Fig. 1) based on previous models (UNICEF,
1990; Victora et al. 1997; Davison & Birch, 2001; Solar
& Irwin, 2010), ensuring time precedence between
blocks of variables, was defined including four concep-
tual levels: (i) SEP of the mother at 12 years of age; (ii)
maternal socio-economic and demographic characteris-
tics at child’s delivery; (iii) family characteristics at
child’s 4 years; and (iv) maternal characteristics and be-
haviours (physical exercise practice, smoking habits,
child-feeding patterns and diet) at child’s 4 years of age.

Participants and methods

Participants

Participants are part of the population-based birth co-
hort Generation XXI, described elsewhere (Larsen
et al. 2013). Briefly, a total of 8647 live newborns and
their mothers (n=8495) were enrolled between April
2005 and August 2006 at all five public maternity units
from the metropolitan area of Porto, Portugal. At
4 years of age, the entire cohort was invited to a
re-evaluation, and 7458 subjects participated (86%
participation proportion). Data were collected by
face-to-face interviews or, for those families that were
not able to be present during the face-to-face inter-
view (20%), by telephone with a shorter version of
the questionnaire.

Of those evaluated in person, 82% returned Child-
Feeding Questionnaires (CFQ), of which 99% were
completed by mothers. After exclusion of twins, and
children with congenital anomalies or diseases that

Key messages

• The prevalence of unhealthy diets in Portuguese preschool children is high: Energy-Dense Foods dietary pattern
(41%) and Snacking dietary pattern (14%).

• This study clarifies that early maternal socio-economic position is indirectly associated with 4-year-old children’s di-
etary patterns and that maternal education is directly associated with these patterns.

• Maternal behaviours (dietary quality and child-feeding practices) are directly associated with children’s diet, above
and beyond socio-economic and demographic factors.

• Maternal diet is the most important factor associated with children’s diet. Hence, interventions aimed at promoting
healthy diets among preschool children should include mothers and give particular focus to the quality of their diet.
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might influence dietary intake (e.g. cerebral palsy or
food allergy), a subsample of 4341 subjects with com-
plete CFQ and Food Frequency Questionnaire (FFQ)
was considered eligible for the present study. From
these, we excluded subjects with incomplete informa-
tion on variables of interest: maternal SEP at 12 years
(n=76); characteristics at child’s delivery [family
income (n=481), maternal work status (n=21), ma-
ternal education (n=16) and maternal marital status
(n=7)]; family characteristics at child’s 4 years
[siblings (n=12), daytime caregiver (n=7)]; maternal
characteristics at child’s 4 years [exercise (n=44),
body mass index (BMI) (n=124)]; and child’s charac-
teristics [screen time (n=73), physical exercise
(n=13) and BMI (n=45)]. A total of 3422 mothers
and children remained for final analysis.

Comparison of baseline characteristics between this
sample (n=3422) and the remaining cohort (5225)
showed thatmothers in the present samplewere slightly
older (mean=30.4, SD=4.99 vs. mean=29.0 years,

SD=5.86; P< 0.001) and slightly more educated
(mean=11.3, SD=4.22 vs. mean=10.0 complete
schooling years, SD=4.16; P< 0.001). Cohen’s effect
size values were not high (<0.35) (Husted et al. 2000).

All the phases of the study complied with the Ethi-
cal Principles for Medical Research Involving Human
Subjects expressed in the Declaration of Helsinki
(World Medical Association, 2013). The study was ap-
proved by the University of Porto Medical School/S.
João Hospital Centre ethics committee, and a signed
informed consent according to Helsinki was required
for all participants.

Data collection

With the exception of child-feeding practices (self-com-
pleted by mothers), information was collected through
structured questionnaires applied by trained staff dur-
ing face-to-face interviews to the child primary care-
giver (in the present sample, 100% were mothers) at

Fig. 1. Theoretical framework of family and maternal determinants of children’s diet. This figure depicts the theoretical framework defined for analysis in
the present study adapted prom previously published models (UNICEF, 1990; Victora et al. 1997; Davison & Birch, 2001; Solar & Irwin, 2010). Arrows
represent theoretical causal relationships between determinants of children’s dietary patterns. Dashed grey lines represent possible indirect effects in the
pathway between levels of determinants. Solid black lines represent the direct effects of factors, after adjustment for determinants in preceding levels that is
not mediated by subsequent ones, but that may be explained by other factors (unknown or unmeasured). 1. Socio-economic position at mothers’ 12 years
may exert an effect on children’s diet through socio-economic and demographic characteristics at child’s delivery (a), through its influence on subsequent
family characteristics (b), through maternal behaviours (c) and/or through unknown or unmeasured determinants (d). 2. Socio-economic and demographic
characteristics at child’s delivery may have an effect on children’s diet through subsequent family characteristics (e), through maternal behaviours (f) and/or
through unknown or unmeasured factors (g). 3. Family characteristics at child’s 4 years of age may have an effect on children’s dietary patterns through their
influence onmaternal behaviours (h) and/or through unknown or unmeasured determinants (i). 4. In this conceptual framework, maternal behaviours would
then influence children’s dietary patterns directly and/or through other unknown or unmeasured factors (j). In the present study, we were particularly
interested in the overall effects and the direct effects (highlighted in bold, d, g, i and j).
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baseline [maternal SEP at the age of 12 years; and fam-
ily ormaternal characteristics at child’s birth (age, work
status, marital status and family income)] and at the
4-year follow-up [family characteristics (size, siblings
and main daytime caregiver); maternal characteristics
(BMI) and behaviours (physical exercise practice,
smoking status, diet and child-feeding practices); and
child’s characteristics (sex, age and BMI) and behav-
iours (physical exercise and daily screen time)].

Family and maternal demographic and socio-economic
characteristics

As described elsewhere (Teixeira et al. 2015), latent
class analysis (LCA) models were used to identify dis-
tinct categories of maternal SEP when the mother was
12years of age (SEP-12). Three latent classes were
identified representing low, intermediate and high
SEP. Maternal age was categorized into <25, 25–29 or
>29years. Maternal education corresponded to the
number of completed schooling years, categorized into
≤9, 10–12 or 12 years. Maternal work status was
assessed as a nominal variable, converted into not
working (unemployed, retired and housewife) vs. work-
ing (part or full-time, student and working student).
Maternal marital status was defined as not married or
cohabiting vs. married or cohabiting. Family income
was measured as an ordinal variable, categorized as
≤1000, 1001–1500 or >1500 euros/month. Siblings’ age
was used to define a categorical variable (older and
younger, only younger, only older or no siblings); the
number of persons in the household was categorized
into>4, 4 or<4 persons, and child’s main daytime care-
giver was defined as family (parent or other family
member) vs. non-family (kindergarten and nannies).

Maternal behaviours

Physical exercise was assessed as to type, frequency and
duration, and, considering the proportion of mothers
not practicing any physical exercise (80.5%), a nominal
variable of practice of physical exercise was defined
(no vs. yes). Maternal smoking status was catego-
rized into smoking (1–10 or >10 cigarettes/day) vs.
non-smoker.

Maternal dietary intake was evaluated by a FFQ
adapted from a previous questionnaire validated for

the general adult population (Lopes et al. 2007) and
for pregnant women in a subsample of this cohort
(Pinto et al. 2010). This FFQ assessed consumption in
the previous year and included 18 items with response
options in 9-point frequency scale, ranging from ‘never’
to ‘≥4 times per day’. Frequencies of consumption were
converted into daily frequencies (e.g. 1 time/week was
converted into 1/7days= 0.14 times/day). A dietary
score adapted from a previous one (González et al.
2002) was defined considering eight food
items/groups: milk, fish, red meat (red and processed
meat), bread, fruit, vegetables (vegetable soup and veg-
etables on a plate), energy-dense micronutrient-poor
foods (EDF) consisting of cakes and salty pastry, and
sugar-sweetened beverages (carbonated and non
carbonated). Each item/group was categorized into
quartiles, and 1 to 4 points were assigned according to
increasing quartiles of consumption (milk, fish, bread,
fruit and vegetables) or decreasing quartiles of
consumption (red meat, EDF and sugar-sweetened
beverages). Points assigned were summed up resulting
in a dietary score ranging from 8 to 32 points, where
higher scores reflect better maternal diet. This score
was further converted into quartiles (fourth quartile
considered as reference category in analyses).

Child-feeding practices were assessed through a
combined version of the CFQ (Birch et al. 2001) and
the scales of overt and covert control (Ogden et al.
2006), self-completed by mothers. This questionnaire
was previously adapted to Portuguese and validated
in a subsample of the Generation XXI cohort (Real
et al. 2014). The dimensions of this questionnaire
showed acceptable reliability in a previous study
(Durão et al. 2015) conducted in the same sample
frame. As described previously (Moreira et al. 2014),
participants received mean scores for each dimension
with at least 50% of answers. Scores ranged from 1 to
5, higher scores reflecting higher levels of practices.
Three patterns of maternal child-feeding practices
were identified by principal component analysis; ‘per-
ceived monitoring’, ‘restriction’ and ‘pressure to eat’.
These factors’ scores are in a standard deviation scale,
ranging from�3 to 3. A score of 0 represents mothers’
ratings close to the average of the sample, while a
score of �2 corresponds to maternal ratings two stan-
dard deviations below the mean of the sample.
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Child’s age and physical activity

Exact age was computed in days using birthdate and
the date of the 4-year follow-up and was further
converted into years. Daily screen time was assessed
by a structured question assessing average daily
minutes spent in front of a screen (television, computer
or game devices) at bothweek andweekend days. Time
was converted into hours per day, and an average of
daily screen time was calculated [(daily hours per
day×5weekdays) + (daily hours per day× 2 weekend
days)/7 days]. Physical exercise practice was also col-
lected using a structured question assessing both type
and time (minutes per week) of exercise. Time spent
practicing each type of exercise was converted into
hours and summed up to define weekly hours of physi-
cal exercise.

Child’s dietary intake

Dietary intake was evaluated by a 35-item FFQ,
assessing food consumption in the previous 6months.
As previously described (Durão et al. 2015), nine re-
sponse options were available ranging from never to
≥4 times/day further converted into daily frequencies
(e.g. ≥4 times/day was converted into 4 times/day, and
1–3 times/month was considered as 2 times/month,
which, divided by 30days, corresponds to 0.07
times/day). Five items were excluded from analysis be-
cause of either low frequency of consumption (coffee,
tea and herbal tea) or low between-subject variability
(crackers and butter). Hence, 30 items were considered
for identification of dietary patterns. A total of 16 foods
items/groups were defined: five groups based on simi-
larity of food type and nutritional composition [milk
(whole, semi or skimmed), yoghurt (sugared and non-
sugared), meat and eggs (red meat, white meat and
eggs), sweets (cakes, biscuits, chocolate, sugar, candies
and ice cream) and sugar-sweetened beverages (colas,
other carbonated beverages, iced tea, fruit drinks and
other non-carbonated beverages)] and 11 isolated items
(fruit, vegetable soup, vegetables on a plate, cheese,
fish, processedmeat, rice–pasta–potatoes, bread, crisps,
pizza–burger and salty pastry).

In a subsample of 2493 children with complete 3-day
food diaries, the validity and reliability of the FFQwere
assessed by calculation of Pearson’s correlation

coefficients and intraclass correlation coefficients for
key food groups as measured by both methods. For
food groups most frequently consumed, weak-to-
moderate correlations and fair-to-moderate agreement
were observed. Significant positive moderate Pearson’s
correlations were found for vegetable soup (r=0.54,
P< 0.001), fruit (r=0.42, P< 0.001), milk (r=0.46,
P< 0.001) and yoghurts (r=0.48, P< 0.001). Intraclass
correlation coefficients varied from 0.54 [95% confi-
dence interval (95% CI) 0.51–0.56] for vegetable soup
to 0.17 (95% CI 0.11–0.32) for juices.

Anthropometric measures

Mothers’ and children’s height and weight were mea-
sured by trained professionals; body weight was mea-
sured to the nearest 0.1kg with a digital scale
(Tanita®, Arlington Heights, IL, USA), and height
was measured to the nearest 0.1 cm with a wall
stadiometer (SECA®, Hamburg, Germany). Maternal
and child BMI were computed as weight in kilograms
divided by height in squared metres. Maternal BMI
was used as a continuous variable. Children’s BMI
was further converted into age and sex-specific stan-
dard deviation scores (BMI z-scores) according to the
standards of the World Health Organization (WHO,
2006), also used as continuous.

Statistical analysis

Considering the categorical nature of the response
items in the FFQ and their asymmetric distribution,
children’s dietary patterns were identified by LCA.
This methodology focuses on relationships among indi-
viduals (person-centred approach) rather than relation-
ships among variables and describes how the
probabilities of a set of observed categorical variables
(e.g. FFQ’s items) vary across groups of individuals
(distinguishing clusters of individuals homogeneous
within groups) in order to find the smallest number of
latent classes (e.g. dietary patterns) by adding classes
stepwise until the model fits the data well (Muthén &
Muthén, 2000). Probabilities of choosing each item re-
sponse, conditionally on class membership, can be
interpreted based on item profiles in each class
(Vermunt & Magidson, 2002; Severo et al. 2012). In
the present study, the number of dietary patterns was
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defined according to the Bayesian information criteria
(BIC). The analysis used the 16 food items/groups, cat-
egorized into: first quintile, second to fourth quintiles
combined, and fifth quintile. For foods eaten only once
or twice a day (vegetable soup and rice–pasta–
potatoes), two categories were defined: once a day,
and twice a day. Children were assigned to each pattern
according to the highest probability of class member-
ship, and profiles of probabilities in each item category,
conditionally on pattern membership, were used to
interpret dietary patterns.

Chi-square tests or one-way analysis of variance with
Bonferroni’s correction for post hoc multiple compari-
sons were used, as appropriate, to test for differences
across dietary patterns. Associations between expo-
sures (family and maternal characteristics) and the out-
come (children’s diet) were estimated by crude and
adjusted odds ratios (OR) and respective 95% CI,
using multinomial logistic regression models. The main
aim was to assess overall and ‘direct effects’ between
exposures and the outcome. A step-by-step approach
was used: first, univariate models were fitted; second,
conceptually predefined blocks of variables were fitted
separately (variables within each block mutually ad-
justed); and third, blocks including significant variables
were introduced cumulatively into the analysis, with a
fixed order based on a predefined theoretical frame-
work (Fig. 1): (i) SEP of the mother at 12 years of
age; (ii) maternal socio-economic and demographic
characteristics at child’s delivery; (iii) family character-
istics at child’s 4 years; and (iv) maternal characteristics
and behaviours at child’s 4 years of age. Models were
adjusted for child’s characteristics (sex, daily screen
time, weekly time spent practicing physical exercise
and exact age) and were compared by likelihood ratio
test (LRT) for nested models. The coefficient of deter-
mination proposed for logistic regression (Nagelkerke,
1991), Nagelkerke’s R2, was used to assess which fac-
tors were most relevant to the child diet.

Latent class analysis for dietary patterns identifica-
tion was conducted using MPLUS (V5.2; Muthén &
Muthén, Los Angeles, CA, USA), and the remaining
statistical analysis were conducted using SPSS statisti-
cal software package version 21 (SPSS Inc., Chicago,
IL, USA). A significance level of 5% was adopted in
all analyses.

Results

At child’s 4 years of age, three dietary patterns were
identified (two patterns, BIC=147 384; three patterns,
BIC=146 698; four patterns, BIC=146 656). Compari-
son between patterns (Table 1) showed that class 1
(41% children) had higher percentage of children
within the fifth quintile of sweets, sugar-sweetened bev-
erages, pizza-burguer and processed meat, being
named ‘EDF dietary pattern’. Class 2 (14% children)
showed high proportion of children in the first quintile
(or once a day) of foods typically eaten at main meals
(vegetables on a plate, fish, meat and eggs, rice–
pasta–potatoes and fruit) and intermediate/high pro-
portions of children within the fifth quintile of foods
usually eaten as snacks (bread, milk, yoghurt, crisps,
pizza–burger, salty pastry and sugar-sweetened bever-
ages) and was named ‘Snacking dietary pattern’. Class
3 (45% children), named ‘Healthier dietary pattern’
(reference category in multinomial logistic regression
models), was characterized by higher proportion of
children within the fifth quintile (or twice a day) of
healthy foods (vegetable soup, vegetables on the plate
and fish), as well as lower proportion of children in
the fifth quintile of unhealthy foods (processed meat,
crisps, pizza–burger, salty pastry, sweets and sugar-
sweetened beverages).

As presented in Table 2, children following the
‘Healthier’ dietary pattern had mothers with higher
SEP-12, higher education, older age, married or cohab-
iting, working and from higher income families. At
4 years, these children belonged to less-crowded fami-
lies, had younger siblings more often and attended kin-
dergartens. Also, they had more mothers practicing
physical exercise, not smoking, with better dietary
scores, higher scores of monitoring and restriction,
and lower scores of ‘pressure to eat’.

In the analysis of separate blocks (not shown), with
variables mutually adjusted within each block, mater-
nal age, education and work status remained signifi-
cant, while family income and marital status did not,
being therefore excluded from posterior analysis.
Other variables retained statistical significance.

In multivariate analysis (Table 3), the predefined
theoretical framework depicted in Fig. 1 was followed
by consecutive addition of blocks into themodel.When
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compared with children following the Healthier dietary
pattern, lower maternal SEP-12 (Model 1) had the
overall significant effect of increasing the odds of chil-
dren following both unhealthier dietary patterns.When
maternal socio-economic and demographic characteris-
tics at child’s delivery were added (Model 2), maternal
SEP-12 ceased to be significantly associated with chil-
dren’s dietary patterns, and both maternal age and ed-
ucation were significantly associated with children’s
dietary patterns. After accounting for maternal socio-
economic and demographic characteristics, having only
older siblings significantly increased the odds of chil-
dren following the EDF dietary pattern, while children
with only younger siblings were significantly more
likely to follow the Snacking pattern.

Maternal behaviours were added in Model 4,
resulting in a significant increase in Nagelkerke’s R2

(from 0.15 to 0.27, P< 0.001). In this final model, sev-
eral maternal characteristics were directly associated
with both unhealthier dietary patterns (education, diet
and child-feeding practices). Lowermaternal education
increased the odds of children following both the EDF
and Snacking dietary patterns (≤9 vs. >12years,
OR=2.19, 95% CI: 1.70–2.81; OR=2.55, 95% CI:
1.82–3.55, respectively). Also, the worse the maternal
dietary score, the higher the odds of children following
unhealthier patterns (first vs. fourth quartile; EDF,
OR=9.94, 95% CI: 7.35–13.44, P-trend< 0.001;
Snacking,OR=4.21, 95%CI: 2.94–6.05,P-trend< 0.001).
Higher levels of maternal perceived monitoring and
restriction were inversely associated with children’s
practice of unhealthier dietary patterns.

Some factors were significantly directly associated
with only one of the unhealthier dietary patterns. Youn-
ger age of the mother at child’s delivery was positively
associated with the EDF (<25 vs. >29 years,
OR=1.80, 95% CI: 1.34–2.44) but not with the
Snacking dietary pattern. Likewise, children with only
older siblings were more likely to follow the EDF pat-
tern (only older vs. no siblings, OR=1.67, 95% CI:
1.21–2.30). In contrast, having only younger siblings
and being mainly cared by a parent (95% were
mothers) were both associated only with the Snacking
dietary pattern (OR=1.67, 95% CI: 1.01–2.73 and
OR=1.84, 95% CI: 1.09–3.10, respectively).

Table 1. Proportion of subjects within consumption categories in each
latent class (dietary pattern), n= 3422*

Latent class (dietary pattern)

Total
sample

Class 1
(EDF)

Class 2
(Snacking)

Class 3
(Healthier)

n = 3422 n = 1400
(41%)

n = 484
(14%)

n = 1538
(45%)

Fruit
1st quintile, % 38.3 51.9

a
62.6

b
18.4

c

5th quintile, % 2.4 2.6a 1.0a 2.6a

Vegetable soup
Once a day, % 23.3 34.1a 27.5b 12.2c

Twice a day, % 76.7 65.9
a

72.5
b

87.8
c

Vegetables on a plate
1st quintile, % 30.1 29.2a 79.5b 15.4c

5th quintile, % 20.8 16.6a 3.3b 30.1c

Milk
1st quintile, % 19.8 19.4

a
20.9

a
19.8

a

5th quintile, % 9.3 9.6a 14.3b 7.4a

Yoghurt
1st quintile, % 55.2 47.1a 45.0a 65.9b

5th quintile, % 4.5 5.0
a

6.0
a

3.6
a

Cheese
1st quintile, % 24.4 17.0a 56.2b 21.1c

5th quintile, % 7.4 10.4a 6.8b 4.8b

Fish
1st quintile, % 65.4 77.2

a
84.3

b
48.6

c

5th quintile, % 9.4 4.1a 6.2a 15.1b

Meat and eggs
1st quintile, % 39.0 37.2a 50.8b 37.0a

5th quintile, % 17.3 21.1
a

8.7
b

16.4
c

Processed meat
1st quintile, % 20.8 6.1a 49.2b 25.3c

5th quintile, % 18.8 28.8a 13.6b 11.2b

Rice–pasta–potatoes
Once a day, % 8.1 6.9

a
18.6

b
5.9

a

Twice a day, % 91.9 93.1a 81.4b 94.1a

Bread
1st quintile, % 50.9 46.4a 55.6b 53.4b

5th quintile, % 1.5 2.1
a

1.7
a

1.0
a

Crisps
1st quintile, % 23.7 7.4a 24.0b 38.4c

5th quintile, % 8.3 15.6a 12.8a 0.3b

Pizza–burger
1st quintile, % 24.5 7.6

a
59.7

b
28.9

c

5th quintile, % 16.0 29.4a 9.3b 6.0c

Salty pastry
1st quintile, % 19.2 9.3a 47.7b 19.3c

5th quintile, % 3.2 5.5
a

4.8
a

0.7
b

Sweets
1st quintile, % 20.8 5.4a 20.5b 34.9c

5th quintile, % 18.7 31.8a 24.6b 4.9c

Sugar-sweetened beverages
1st quintile, % 20.8 2.7

a
27.9

b
35.0

c

5th quintile, % 18.1 39.4a 20.7b 2.6c

EDF, energy-dense foods dietary pattern. *Intermediate category (2nd,
3rd and 4th quintiles combined) is not shown in order to avoid redun-
dancy. †Proportions were compared by chi-square test considering
Bonferroni’s correction for post hocmultiple comparisons.Different su-
perscript letters indicate significant differences between dietary patterns
at a significance level of 5%.
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Table 2. Maternal, family and child’s characteristics according to children’s dietary patterns, n= 3422

EDF Snacking Healthier P-value*

n = 1400 n = 484 n = 1538

Socio-economic position at mothers’ 12 years†

Low 364 (26.0)a 122 (25.2)a 307 (20.0)b

Intermediate 742 (52.0)
a

260 (53.7)
a,b

733 (47.7)
b

High 294 (21.0)a 102 (21.1)a 498 (32.4)b <0.001
Socio-economic and demographic characteristics at child’s delivery

Maternal age†

<25 years 259 (18.5)a 68 (14.0)a 105 (6.8)b

25–29 years 424 (30.3)
a

152 (31.4)
a

417 (27.1)
a

>29 years 717 (51.2)a 264 (54.5)a 1016 (66.1)b <0.001
Maternal education†

≤9 years 704 (50.3)a 242 (50.0)a 436 (28.3)b

10–12 years 424 (30.3)
a

136 (28.1)
a

430 (28.0)
a

>12 years 272 (19.4)a 106 (21.9)a 672 (43.7)b <0.001
Maternal marital status†

Married or cohabiting 1329 (94.9)a 465 (96.1)a,b 1489 (96.8)b

Not married or cohabiting 71 (5.1)
a

19 (3.9)
a,b

49 (3.2)
b

0.035
Maternal work status†

Working 1067 (76.2)
a

380 (78.5)
a

1295 (84.2)
b

Not working 333 (23.8)a 104 (21.5)a 243 (15.8)b <0.001
Family income†

Lower (≤1000 euros/month) 582 (41.6)a 188 (38.8)a 416 (27.0)b

Intermediate (1001–1500 euros/month) 445 (31.8)
a

150 (31.0)
a,b

425 (27.6)
b

Higher (>1500 euros/month) 373 (26.6)a 146 (30.2)a 697 (45.3)b <0.001
Family at child’s 4 years

Family dimension†

>4 persons 235 (16.8)a 70 (14.5)a 227 (14.8)a

4 persons 615 (43.9)
a

176 (36.4)
b

665 (43.2)
a

<4 persons 550 (39.3)a 238 (49.2)b 646 (42.0)a 0.003
Child’s siblings†

Older and younger 34 (2.4)a 9 (1.9)a 41 (2.7)a

Only younger 154 (11.0)
a

63 (13.0)
a

202 (13.1)
a

Only older 582 (41.6)a 149 (30.8)b 575 (37.4)a

No siblings 630 (45.0)a 263 (54.3)b 720 (46.8)a 0.001
Main daytime caregiver†

Parent (95% mothers) 66 (4.7)
a

34 (7.0)
a

40 (2.6)
b

Other family member (96% grandparents) 151 (10.8)a 60 (12.4)a 120 (7.8)b

Not family (kindergarten, nannies) 1183 (84.5)a 390 (80.6)a 1378 (89.6)b <0.001
Maternal characteristics at child’s 4 years

Physical exercise practice†

Practitioners 217 (15.5)
a

74 (15.3)
a

376 (24.4)
b

Non-practitioners 1183 (84.5)a 410 (84.7)a 1162 (75.6)b <0.001
Smoking status†

Non-smoker 1046 (74.7)
a

382 (78.9)
a,b

1277 (83.0)
b

1–10 cigarettes/day 221 (15.8)a 69 (14.3)a,b 169 (11.0)b

>10 cigarettes/day 133 (9.5)a 33 (6.8)a,b 92 (6.0)b <0.001
Dietary score†

1st quartile (<16 points) 551 (39.4)
a

165 (34.1)
a

208 (13.5)
b

2nd quartile (17–19 points) 485 (34.6)a 142 (29.3)a 365 (23.7)b

3rd quartile (20–22 points) 280 (20.0)a 116 (24.0)a 503 (32.7)b

4th quartile (>22 points) 84 (6.0)
a

61 (12.6)
b

462 (30.0)
c

<0.001
BMI†

<25.0 kg/m2 627 (44.8)a 237 (49.0)a,b 786 (51.1)b

≥25.0 kg/m2
773 (55.2)

a
247 (51.0)

a,b
752 (48.9)

b
0.003

(Continues)
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In order to assess which factor was key to children’s
diet, variables significantly associated with both
unhealthier patterns were removed one by one from
the final model (Model 4). Comparison between
models was performed by both comparison of
Nagelkerke’s R2 and LRT for nested models. Removal
of maternal child-feeding practices did not produce a
substantial reduction in Nagelkerke’s R2 (full vs.

reduced model; R2 = 0.27 vs. R2 = 0.26, χ26 = 35.4,

P< 0.001), and the same was observed after removal
of maternal education (full vs. reduced model;

R2 = 0.27 vs.R2 = 0.25,χ24= 52.0,P< 0.001).Maternal di-

etary score was the key factor associated with children’s
dietary patterns as its removal from the finalmodel pro-
duced a drop of 9% inNagelkerke’sR2 (full vs. reduced

model; R2 = 0.27 vs. R2 = 0.18, χ26 = 323.2, P< 0.001).

Discussion

The present study showed that several maternal and
family characteristics were associated with preschool
children’s dietary patterns and that maternal diet was
the factor most strongly associated with them, above
and beyond socio-economic and demographic charac-
teristics, accounting for one-third of the determination
coefficient in the fully adjusted model.

Using LCA to identify dietary patterns is an advan-
tage as it is especially well suited for categorical vari-
ables asymmetrically distributed, common in data
from FFQ, resulting in attenuation of correlations
between items. LCA uses Pearson’s correlation
coefficients and de-attenuates these correlations. Ad-
ditionally, as highlighted by Muthén & Muthén
(2000), this methodology avoids subjective choice of
cut-points on underlying dimensions, because the
classification is provided directly by the model. Fi-
nally, it can be compared with factor analysis
(Muthén & Muthén, 2000), enabling comparison with
studies that use principal component analysis.

Two studies conducted in the UK identified three di-
etary patterns practised at both 3 (North & Emmett,
2000) and 4 years of age (Northstone & Emmett,
2005): a ‘traditional’ pattern characterized by meat
and vegetables; a ‘junk’ pattern characterized by high-
fat processed foods and snacks (comparable with the
present EDF pattern); and a ‘health-conscious’ pattern
rich in vegetarian style foods, rice, pasta, fruit, cheese
and fish (comparable with the current Healthier pat-
tern). Additionally, in the study examining 3-year-olds
(North & Emmett, 2000), a ‘snack’ dietary pattern –

partly comparable with the current Snacking pattern –

was identified. Two other studies identified dietary pat-
terns comparable with the current EDF pattern: a

Table 2. (Continued)

EDF Snacking Healthier P-value*

n = 1400 n = 484 n = 1538

Patterns of child-feeding practices‡

Perceived monitoring �0.1 (1.04)a 0.0 (1.04)a,b 0.1 (0.92)b <0.001
Restriction �0.1 (0.97)

a
0.0 (1.03)

a,b
0.1 (0.97)

b
<0.001

Pressure to eat 0.0 (1.00)
a

0.1 (1.01)
a,b �0.1 (1.00)

a
0.003

Child’s characteristics
Sex†

Girls 662 (47.3)a 228 (47.1)a 783 (50.9)a

Boys 738 (52.7)
a

256 (52.9)
a

755 (49.1)
a

0.102
Screen time, h/day‡ 1.9 (1.17)

a
1.9 (1.19)

a
1.5 (0.90)

b
<0.001

Time practicing physical exercise, h/week‡ 1.1 (1.18)a 1.0 (1.07)a 1.3 (1.18)b <0.001
BMI z-score‡ 0.6 (1.11)a 0.6 (1.16)a 0.6 (1.05)a 0.276
Exact age, years‡ 4.4 (0.41)a 4.3 (0.35)b 4.3 (0.35)b <0.001

BMI, body mass index; BMI z-score, age and sex-specific BMI standard deviation scores according to theWorld Health Organization (WHO, 2006);
EDF, energy-dense foods dietary pattern. *For categorical variables, comparison between dietary patterns was performed by the chi-square test. For
continuous variables, comparison was performed by one-way analysis of variance. For both tests, Bonferroni’s correction for post hocmultiple com-
parisons was considered. Different superscript letters indicate significant differences between dietary patterns at a significance level of 5%. †n (%).
‡Mean (standard deviation).
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‘Processed and fast foods’ pattern identified in multi-
time points (2, 3 and 5 years) in French children (Lioret
et al. 2015) and a ‘Snacky’ pattern identified inGreek 4-
year-olds (Leventakou et al. 2015). Similar associations
with maternal age and education were found in all sam-
ples. In contrast, maternal work status was
significantly associated with children’s dietary pat-
terns in the UK sample but not in the Portuguese
or Greek samples. As for maternal smoking status,
present results are consistent with both the UK and
Greek samples.

We only found one study including an overall mea-
sure of maternal diet (Fisk et al. 2011). In 1640 3-year-
olds from the UK, results were consistent with present
findings, with maternal diet being shown as the most
important factor associated with children’s diet. De-
spite not assessing children’s or mothers’ dietary pat-
terns, other studies support these findings with
consistent positive associations between children’s and
parents’ consumption of specific foods (Fisher et al.
2000; Fisher et al. 2002; Cooke et al. 2003; Vereecken
et al. 2004; Wyse et al. 2011; McGowan et al. 2012).

Finding that different factors within the family con-
text were associated with distinct dietary patterns de-
serves to be discussed. The EDF pattern was more
likely among children with only older siblings. In a pre-
vious study conducted in a subsample of 2-year-olds en-
rolled in this cohort (Vilela et al. 2014), a similar
association was found, consistent with findings from
both the UK and French samples (Northstone &
Emmett, 2005; Lioret et al. 2015). Older children have
been reported to be more exposed to energy-dense
micronutrient-poor foods and beverages (Rangan
et al. 2008), and it is possible that older children influ-
ence younger siblings. In contrast, children mainly
cared by a parent during daytime, as well as those with
only younger siblings, were significantly more likely to
follow the Snacking pattern. Regarding parents as main
daytime caregivers and keeping in mind that children
model behaviours from their peers (Schunk, 1987),
lower exposure to other children at the kindergarten
may explain this finding. Concerning siblings, it is possi-
ble that mothers having to attend to younger children
are overburdened and may have less time to prepare
healthy meals.

In respect to maternal control over the child’s diet,
we did not find studies examining patterns of both
child-feeding practices and children’s diet. However,
comparable findings have been reported. Monitoring
was negatively associated with unhealthier eating
(Arredondo et al. 2006), and restriction (Ystrom et al.
2012) was positively associated with a wholesome die-
tary pattern.

Possible limitations inherent to the use of FFQ to as-
sess maternal and children’s diet deserve discussion.
Estimation of dietary intake using frequency and not
quantities could be considered a limitation, but inclu-
sion of additional questions on portion sizes may re-
duce validity (Willett, 1998). Taking into account that
at 4 years of age a 3-day food diarymay not be the ideal
method to represent consumption of foods eaten less
frequently, the week-to-moderate correlations and
fair-to-moderate agreement found for foods most fre-
quently consumed support an acceptable validity and
reliability of the FFQ. Also, comparison of the dietary
patterns with 3-day food diaries showed that the EDF
pattern was significantly higher in energy when com-
pared with the other two patterns and that the Snacking
pattern was significantly lower in fibre, supporting the
methodology used to asses children’s diet. Using an
adapted FFQ for assessment of maternal diet could be
regarded as a limitation, but, as it was adapted from a
previously validated questionnaire (Lopes et al. 2007;
Pinto et al. 2010), its use was considered acceptable.

Inclusion of a subsample and exclusion of partici-
pants owing to missing data could introduce some bias
into the analysis. We conducted sensitivity-analyses
fitting models with the highest possible number of sub-
jects for each variable and compared them with
models considering complete-subject analysis (not
shown), and results were very similar. A previous
study (Teixeira et al. 2015) managed missing data
using full-information maximum likelihood estimation,
and comparison of this model with the model exclud-
ing missing values suggested that substantial bias was
not expected (Cohen’s κ =0.85). Considering that this
analysis was performed in the same sample frame,
we do not expect that alternative methods to manage
missing data would result in different conclusions. In
addition, given that Cohen’s effect size values were
not high, the slight differences between this sample
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and the remaining cohort are likely due to large sam-
ple size, rather than to large differences between par-
ticipants (Husted et al. 2000). As such, assuming
‘missing completely at random’, the complete-subject
analysis was considered valid within the limits of this
study (Greenland & Rothman, 2008).

In order to assess social desirability bias, we stratified
the analysis by maternal weight status. As overweight
mothers reported higher consumption of crisps and soft
drinks and lower consumption of fruit and vegetables,
this bias seems unlikely. Still, mothers may have incor-
rectly reported foods eaten out of home. Considering
that a previous study (Moreira et al. 2015) conducted
in this cohort at child’s 4 years of age showed that most
meals were taken at home, we do not expect that out-
of-home consumptionwould result in different findings.
However, associations between maternal and child’s
diet may have been overestimated, because assessment
was performed at the same time by the same individual.
Considering that limitations in general cognitive com-
petencies are an obstacle to self-reporting among
young children (Bevans et al. 2010) and that informa-
tionwas collected by trained interviewers, the approach
used was deemed adequate.

Not including paternal characteristics in the present
study must be discussed. Fathers from different SEP
appear to be increasingly involved in child feeding
(Mallan et al. 2013), and two-parent families have
shown to be associated with some dietary behaviours
(Patrick & Nicklas, 2005; de Vet et al. 2011) in children.
Maternal marital status was considered in order to clar-
ify possible differences between two-parent and one-
parent families, but no differences were observed.
Given this, and taking into account that mothers spend
more time caring and feeding young children (Scaglioni
et al. 2008; Bauer et al. 2012), not including the father
was considered acceptable.

A major strength of the current study was basing the
analysis on a predefined theoretical framework. Be-
sides sample size and measurement of several potential
determinants, as participants were part of a population-
based birth cohort regularly followed up, we were able
to ensure temporal sequence between blocks of vari-
ables, allowing for better interpretation of the associa-
tions. Additionally, the use of composite measures to
assess early maternal SEP, maternal child-feeding

practices, maternal diet and children’s diet was also an
advantage as it enabled us to better capture their inher-
ent complexity.

In conclusion, early maternal lower SEP indirectly
increases the odds of exposing their children to
unhealthier dietary patterns, while lowermaternal edu-
cation at child’s delivery directly increases these odds.
These findings may reflect a transgenerational influ-
ence of less-favourable socio-economic conditions on
children’s diet. Specific maternal behaviours are associ-
ated with children’s dietary patterns, above and beyond
socio-economic and demographic factors, andmaternal
diet is a key factor to the child’s diet.

Future research should further study the mecha-
nisms by which SEP influences children’s diet, includ-
ing the effect of life-course changes in SEP. Also,
special attention must be given to the identification
of those determinants with higher impact on pre-
school children’s diet, because this period of life may
be a window of opportunity for action. Finally, inter-
ventions developed with the aim of preventing un-
healthy dietary behaviours among preschool children
should involve mothers with particular focus on their
diet and pay special attention to lower socio-economic
status groups.
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