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Abstract

This study aimed to investigate the association between family characteristics and
adherence to the EAT-Lancet dietary recommendations in 7-year-old children. This is a
prospective birth cohort study with 2062 children from Generation XXI (Porto,
Portugal), who provided 3-day food diaries at age 7, used to assess habitual food
consumption. At the age of 4, maternal diet was assessed using a Food Frequency
Questionnaire, and a diet quality score was calculated (higher scores indicating a better
maternal diet), and parental-child feeding practices were assessed with the Child-
Feeding Questionnaire. Adherence to the EAT-Lancet recommendations was evaluated
using the World Index for Sustainability and Health (WISH) at 7, previously adapted to
pediatric age. Hierarchical linear regression models (consecutive addition of blocks of
variables based on a theoretical framework) were employed to evaluate the associations
between family characteristics and adherence to the WISH at age 7 [ regression
coefficients and the respective 95% confidence intervals (95%CIl)]. Higher maternal age
and education at child’s birth were associated with increased adherence to the WISH at
age 7 (B=0.018, 95%CI: 0.005, 0.031; =0.038, 95%CI: 0.024, 0.053, respectively). A
better maternal diet quality, and using more restrictive practices on child’s diet, at 4
years old, were both associated with higher scoring in the WISH at 7 years old
(B=0.033, 95%CI: 0.018, 0.049; p=0.067, 95%CI: 0.009, 0.125, respectively). Early
maternal sociodemographic and diet quality play a significant role in influencing the

adherence to a healthy and environmentally sustainable dietary pattern at school-age.
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Introduction

Childhood is a critical period for the development of healthy eating habits that
potentially track into adulthood ®. Currently, children’s diets have been characterized
by a high intake of energy-dense and nutritionally poor foods (as pastry products and
soft drinks), and a low consumption of fruit and vegetables ®. Moreover, the excessive
consumption of meat and dairy products, which have a high environmental footprint,
coupled with an inadequate intake of plant-based foods, suggests that children’s dietary
patterns may not be environmentally sustainable ©.

The Food and Agriculture Organization (FAO) defines sustainable diets as diets
that minimize environmental impacts, contribute to food and nutrition security, and
promote a healthy life for present and future generations. These diets should be
nutritionally adequate, safe, and health-promoting while optimizing natural and human
resources ). Various organizations have recognized the growing importance of
sustainability in food policy-making © . Although there is a general understanding of
the environmental impact of dietary patterns, based on a systematic review, there is no
established tool for assessing the healthiness and sustainability of diets in the pediatric
age group .

The EAT-Lancet recommendations on healthy diets from sustainable food
systems are designed to promote a balanced and nutritious diet while considering the
environmental impact of food production, aiming to achieve a sustainable food system
for the future ®. Recently, the World Index for Sustainability and Health (WISH) was
developed for adults, building upon the EAT-Lancet dietary recommendations ©.

Family background, and mothers in particular, play an important role in the early
development of children’s eating habits . This influence is recognized to begin even
before birth ™), as the diet of pregnant women, along with their body mass index
(BMI), seem to influence the quality of their children’s diet later in life . In addition,
some parental feeding practices, defined as specific strategies used by parents to
regulate the types and amounts of foods consumed by their children, may interfere with
the development of healthy eating habits ®*.

Although the association between these family characteristics and healthy
dietary patterns has been previously studied 4 to the best of our knowledge, this
association has not been explored in the context of a healthy and, at the same time,

environmentally sustainable dietary pattern in pediatric age. Given the importance of
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prioritizing adherence to these specific diets, and understanding the associated health
benefits ® . it is crucial to understand the hierarchy of associated factors that may play a
role in the acquisition of children's dietary patterns. This insight is of particular
importance for the effective planning of public health initiatives, which aim to enhance
the quality of children’s diets ).

The objective of this study was to investigate the association between family
characteristics (organized into a hierarchical theoretical framework) and adherence to
the EAT-Lancet dietary recommendations in 7-year-old children from a population-
based birth cohort.

Material & Methods
Study design and population

The present study included participants; who are part of the ongoing population-
based birth cohort Generation XXI, which has been described in detail elsewhere 719,
Mothers’ resident in the Porto Metropolitan area (northern Portugal) who delivered a
live-born child, with a gestational age >24 weeks, in one of the five public maternity
units, between April 2005 and August 2006, were eligible for enrolment in this study.
Mothers were invited to participate within 24 to 72 hours of delivery and, among those
invited, 91.4% accepted. A total of 8647 infants and 8495 mothers were enrolled in the
study. At the ages of 4 and 7, the families of these children were invited to participate in
evaluations, with participation rates of 86% and 80%, respectively. Data were collected
through face-to-face interviews or via telephone using an abbreviated version of the
questionnaire when the family was unable to be physically present (20% and 15% at 4

and 7 years old, respectively).

The present study included children at the age of 7, who completed 3-day food
diaries (n = 3587). From the initial sample, children with incomplete information on
variables of interest (such as maternal feeding practices and dietary intake) were
excluded from the study (n = 1462), resulting in a final sample size of 2125 children.
The flowchart of the participant’s selection is available in Figure 1. A comparison of
baseline characteristics between the included participants and the remaining cohort (n =
6522) showed that participating mothers were slightly older (mean = 30.4 years; SD =
4.8 vs. mean=28.5, SD=5.8) and more educated (mean = 11.8 years of complete
schooling years; SD = 4.3 vs. mean=10.0, SD=4.2). However, the magnitude of the

differences was not substantial, as indicated by Cohen’s effect size values (0.36 and
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0.42, respectively) ™. This means that the reported significant differences were likely a

result of the large sample size rather than variations in the participants' characteristics.

All phases of the study complied with the Ethical Principles for Medical
Research Involving Human Subjects expressed in the Declaration of Helsinki. The
baseline and follow-up evaluations at 4 and 7 years of age were approved by the
University of Porto Medical School/ S. Jodo Hospital Centre Ethics Committee. Each
participant's legal representative received a comprehensive explanation of the study's
objectives and methodology, and written informed consent was obtained at the baseline
and subsequent follow-up assessments. The baseline evaluation was approved by the
Data Protection National Commission and the study follows the present EU General
Data Protection Regulation under close supervision of the Data Protection Office of
ISPUP.

Data Collection

A wide range of characteristics were assessed, including socioeconomic status,
healthcare utilization, and lifestyle behaviors, at the child’s birth, 4 and 7 years of age.
These data were retrieved from clinical records or collected through in-person
interviews and physical examinations, performed by trained professionals. A detailed

description of the data included in this study can be found below.
At the child’s birth

Birth data such as the child’s sex, gestational age (in weeks), and birth weight
(in grams) were retrieved from clinical records at baseline. Maternal age and completed
years of schooling were asked to mothers, as well as marital status, household income,
and employment status. Maternal marital status was assessed as married or cohabiting
vs. single, divorced, or widowed. Monthly household income was categorized as < 1000
€, 1001-2000 €, and > 2000 €. Maternal current employment status was defined as
working (part or full-time, student, and working student) vs. not working (unemployed,

retired, and housewife) at the time the questionnaire was completed.

At the child’s birth, data on smoking habits during pregnancy were collected,
categorizing mothers as smokers or non-smokers. Information on self-reported

gestational diabetes during the current pregnancy was also gathered, along with
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maternal height and pre-pregnancy weight to calculate BMI, as weight divided by the
squared height (kg/m?).

At the child’s 4 years of age

Maternal weight was measured and recorded to the nearest 0.1 kg and height
was measured without shoes to the nearest 0.1 cm to calculate maternal BMI when the

child was 4 years of age.

Maternal dietary intake was evaluated using a qualitative Food Frequency
Questionnaire (FFQ), adapted from a previously validated questionnaire for the
Portuguese adult population ®%. This FFQ assesses consumption over the past 12
months and comprises 18 items with response options on a 9-point frequency scale,
ranging from “never” to “>4 times per day”. The consumption frequencies were
converted into daily frequencies (e.g., one instance per week was converted to 1/7 of a

day or 0.14 instances per day).
Definition of a maternal diet quality score

Based on maternal dietary intake at the child’s 4 years of age, a diet quality
score previously described ) was calculated in this study. The score was defined based
on 8 food components: milk, fish, red and processed meat, bread, fruit, vegetables,
cakes and salty pastries, and sugar-sweetened beverages. Each component was divided
into quartiles, and a scoring system was applied. Scores were assigned on a scale of 1 to
4, according to increasing quartiles of consumption (milk, fish, bread, fruits, and
vegetables) or decreasing quartiles of consumption (red meat, cakes and salty pastries,
and sugar-sweetened beverages). The total points assigned were summed up to derive a
continuous score of diet quality, which could range from 8 to 32 points. A higher score

indicates a better diet quality.
Parental child-feeding practices

Parental child-feeding practices were assessed using a combined version of the
Child-Feeding Questionnaire (CFQ) ? and the scales measuring overt and covert
control ®. These were completed by the caregivers themselves (95.3% of mothers).
The maternal feeding practices subscales included the following: restriction (the extent
to which parents control the child’s access to foods or opportunities to consume those

foods) (3 items), pressure to eat (parents’ insistence or demands that their children eat
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more food) (4 items), monitoring (the extent to which parents track what and how much
the child is eating) (3 items), overt control (represented by a firm attitude from parents
about what, how much, where, and when the child eats, which can be perceived by the
child) (5 items), and covert control (in which the child is unable to detect the control;
for example, avoiding buying energy-dense foods) (4 items). Participants were assigned
mean scores for each dimension if they provided at least 50% of the answers. The scores
ranged from 1 to 5, with higher scores indicating a greater degree of practice. CFQ has
previously been adapted and validated in Portuguese children from the Generation XXI
cohort @, Furthermore, the dimensions of this questionnaire have demonstrated

satisfactory reliability in a previous study ©°.

Definition of patterns of maternal child-feeding practices

Previously, principal component analysis identified three patterns of maternal
child-feeding practices ®®, considering the subscales dimensions. The three patterns of
maternal child-feeding practices identified by principal component analysis were
labeled: "perceived monitoring™ (identifying mothers with higher levels of monitoring,
perceived responsibility, and overt control), "restriction” (describing mothers with
higher covert control, concern about child’s weight and restriction) and "pressure to eat"
(defining mothers with higher levels of pressuring the child to eat more and overt
control). The scores for these factors were on a standard deviation scale, ranging from -
3 to 3. A score of 0 represented mothers' ratings that were close to the sample's average,
while a score of -2 corresponded to maternal ratings that were two standard deviations
below the sample mean . These scores were subsequently calculated to each

participant in the study.
At the child’s 7 years of age

The family structure was classified into two types of families: "“family with both
parents" and “single-parent family” (meaning living only with the mother or the father)
at the age 7. Information about whether they lived or not with siblings was also
obtained. Monthly household income was updated and categorized as < 1000 €, 1001-
2000 €, and > 2000 €. In addition, information on children’s lifestyles, such as their

engagement in regular sports activities, were collected.

A physical examination of the children was performed, including their height

and weight, measured by trained professionals following standard procedures ¢7.
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Weight was measured to the nearest tenth of a kilogram (Tanita® digital scale,
Arlington Heights, IL, USA) in light clothing and without shoes, and height was
measured to the nearest tenth of a centimeter (Seca® wall stadiometer, Hamburg,
Germany). Body mass index (BMI) was calculated and children were classified
according to age- and sex-specific BMI z-scores (BMIz) developed by the World Health
Organization (WHO). Overweight (pre-obesity plus obesity) was defined as a BMI for

age z-score >+1 SD @,

At age 7, dietary intake of children were collected by a 3-day food diary (2
weekdays and 1 weekend day), completed by parents or other main caregivers, prior to
the face-to-face interview, as previously described ®®. Data were collected throughout
all four seasons (winter, autumn, spring, and summer) from 2012 to 2014. Oral (by
telephone) and written instructions were provided for the correct completion of the food
diaries and for the quantification of food portions. Parents were instructed on the use of
household measures and standard units for the quantification of food portions, and
photographic examples were provided for more accurate assessment. They were also
asked to provide detailed descriptions of each food and drink consumed by the child,
including the method of preparation, recipes and place of consumption, whenever
possible. It was advised to let children follow their usual diet and to ask for the help of
other caregivers in case the child was out of the home during the day. During the face-
to-face interview, the fieldwork team was responsible for receiving and thoroughly
inspecting the food diaries to ensure their completeness. In cases where any information
was missing, the team would request a revised report to be sent by mail at a later time.

After, the information was handled by a team of trained nutritionists. Energy and
nutrient intake were calculated using the methodology of the software eAT24
(Electronic Assessment Tool for 24-hours recall) ®%. This software was previously
validated © and includes the harmonized food classification and description system
proposed by the European Food Safety Authority (EFSA) - the FoodEx2 classification
system @Y and food composition tables from Portugal and other sources to allow the
conversion into nutrients ©2,

Definition of the WISH dietary pattern

To measure the adherence to the EAT-Lancet recommendations, an adapted
version for pediatric age of the WISH score ©® was applied to the food consumption

data. The WISH, originally developed for adults ), consists of 13 food groups: grains,
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vegetables, fruits, dairy, red meat, fish, eggs, chicken and other poultry, legume grains,
nuts, unsaturated fats, saturated fats, soft drinks, and added sugars. Scores for each
component can range from 0 to 10, reflecting adherence to the EAT-Lancet
recommendations. The total score, ranging from 0 to 130, indicates the overall health
and environmental sustainability of the diet, with higher scores indicating a healthier
and more environmentally sustainable diet ©. WISH was estimated for each participant
based on the individual consumption of each food group and the recommended
thresholds of the EAT-Lancet Commission. The details of each component, scoring
criteria, and their respective recommendations are presented in Table A of

supplementary material.
Statistical analysis

Continuous variables were summarized by means and standard deviations (SD)
and categorical variables by counts and proportions.

To address the aim of this study more effectively, a theoretical framework
(Figure 2) based on previous models ®* 339 and ensuring time precedence between
blocks of variables was established. Firstly, we conducted a comprehensive review of
the literature to identify relevant variables related to adherence to a healthy diet in
childhood %1% 3% 37:38) Then we checked which variables were available within the
Generation XXI cohort with potential to be included in this framework, based on the
theoretical and empirical relevance found. This predefined theoretical framework was
based on (a) socio-economic characteristics at the child’s birth, (b) maternal
characteristics before and during pregnancy, (c) maternal diet and feeding practices at
the child’s 4 years of age, and (d) family characteristics at the child’s 7 years of age.
Variables were organized to reflect temporal precedence, ensuring that socio-economic
characteristics at the child’s birth influence maternal characteristics during pregnancy,
which in turn impact feeding practices and, finally, family characteristics at 7 years of

age.

Associations between exposures (mother and other family characteristics) and
adherence to the adapted WISH at 7 years of age were measured through hierarchical
linear regressions models, obtaining crude and adjusted -regression coefficients and
the respective 95% confidence intervals (95% CI). A step-by-step approach was used.
Firstly, univariate models were applied for each variable considered in the framework.

Only variables that reached statistical significance were then conceptually grouped into
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blocks (blocks a, b, ¢ and d previously described). Multivariable models were then fitted
for these blocks, with variables within each block being mutually adjusted. Considering
a high correlation between maternal education years and the household income both at
baseline and when the child reached 7 years of age, the inclusion of maternal education
was chosen for the adjusted models as it yielded the highest improvement in
Negelkerke's R%. Models were further adjusted for child’s sex and sports practice at the
age of 7. No significant child” sex interaction was observed in the associations under
study; hence, stratification was not applied in the models.

The hierarchical linear regression analysis used the coefficient of determination,
Negelkerke's R?, to evaluate the factors (i.e. characteristics) with the greatest relevance
for the children's dietary pattern, meaning a higher score (greater adherence) to the
WISH ©9),

A sensitivity analysis was conducted to examine the associations between
mother and other family characteristics and the WISH score into quartiles (instead of a
continuous variable), using a multinomial logistic regression, where all four blocks were
mutually adjusted.

A significance level of 5% was assumed, as well as independence between
observations. Analyses were performed in the IBM® SPSS® Statistics version 28.

Results

At baseline, mothers had a mean age of 30.4 years (SD=4.8) and 11.8 years of
schooling (SD=4.3). The majority of mothers were married or cohabiting (96.4%) and
employed (84.3%). Before pregnancy, mothers had a mean BMI of 23.9 kg/m?
(SD=4.2), and 15.9% smoked during pregnancy. At the child’s 4 years of age, mothers
had a mean diet quality score of 21.2 points (SD=4.0, ranging from 8 to 31; possible
range 8-32). Approximately half of the children were males (51.8%), and at 7 years of
age the majority of them lived with both parents (85.7%) and had siblings (60.8%). The
average WISH score was 59.6 points (SD=13.8, ranging from 10.6 to 100; possible
range 0-130) (Table 1).

The food consumption of this sample, in g/day, according to the 13 food groups
evaluated in the WISH score, is presented in Table B of supplementary material. The
high children's consumption (in grams) of red and processed meats (Median = 65.2
percentile 25-75=41.6-89.6) and dairy (Median = 504.4 percentile 25-75=385.2-626.7)
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is highlighted, as well as the low consumption (in grams) of legume grains (Median =
6.5 percentile 25-75=0.0- 14.4) and nuts (Median = 0.0 percentile 25-75=0.0-0.0).

The consumption of these 13 food groups according to the distribution of the
WISH score by quartiles is also described in Table C of the supplementary material. In
addition, the sample characteristics according to the WISH quartiles are described in

Supplementary Table D.

Table 2 presents the associations between maternal and other family
characteristics and adherence to the adapted WISH at the age of 7. In statistical analysis,
a predefined theoretical framework (Figure 2) was followed by the sequential addition
of blocks of variables into the model. Firstly, the socioeconomic characteristics at the
child's birth were analyzed (Model 1). It was found that maternal age and education had
a significant overall effect, with increasing age and education, resulting in a
significantly higher score of the adapted WISH at age 7. These characteristics (maternal
age, education, marital status, and work status) collectively accounted for 31% of the
variance of the outcome under study (WISH score), as determined by the Nagelkerke's
R2. The inclusion of pre-pregnancy BMI did not yield significant effects on the
associations under study, as the previous estimates remained unchanged (Model 2). The
addition of maternal diet and feeding practices at the age of 4 (Model 3) showed
positive associations between the maternal diet quality score and the use of restrictive
feeding practices and adherence to the adapted WISH at age 7. The inclusion of this set
of variables led to an 11% increase in the model's explanatory power (Nagelkerke's
R?=42%). Lastly, family characteristics at 7 years old were added (Model 4). However,
the inclusion of these variables did not result in any significant changes in the model

estimates.

In the final model, maternal age and education at baseline (i.e. child’s birth)
were associated with a higher adherence to the adapted WISH at age 7 ($=0.018,
95%CI: 0.005, 0.031; p=0.038, 95%CI: 0.024, 0.053, respectively). Also, when the
child was 4, the maternal diet quality score and the use of more restrictive feeding
practices were associated with increased scoring in the adapted WISH at age 7
(B=0.033, 95%CI: 0.018, 0.049; p=0.067, 95%CI: 0.009, 0.125, respectively). Despite
the absence of a sex interaction in the associations under study, particularly in this
analysis, distinct results were exhibited for girls and boys, with more restrictive feeding

practices being significantly associated with a healthier and more environmentally
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sustainable dietary pattern only in girls (3=0.093, 95% CI: 0.014, 0.172) (results only

shown in text).

In a sensitivity analysis, associations were tested considering the WISH score
distributed into quartiles (instead of a continuous variable) and results are summarized
in Supplementary Table E B. Similar results were obtained for the upper quartile of the

WISH score, giving robustness to our findings.

To identify the key factors influencing the children's dietary pattern, variables
significantly associated with the WISH in Model 4 were systematically removed one by
one from the final model. Maternal education (assessed at baseline, in completed years
of schooling) and the maternal diet quality (at the child’s 4 years old) were the key
factors associated with the adherence to the adapted WISH at age 7. The removal of
these variables from the final model produced the biggest drop in Nagelkerke's R? (full
vs. reduced model: R?=42% vs. R*=33% and R*=42% vs. R>=37%, respectively)

(results presented only in text).
Discussion

The main findings from this study suggest that maternal characteristics are
associated with greater adherence to a healthy and environmentally sustainable diet at
age 7. Maternal age and education at the child’s birth were positively associated with
the adapted WISH score. At age 4, the maternal diet quality score and the use of more
restrictive feeding practices (including dimensions of covert control, i.e. a type of
control not perceived by the child, concerns about the child’s weight and food
restriction) were associated with a higher adherence to the WISH when they were 7
years old. A methodology of consecutive addition of blocks of variables into the models
suggests that maternal education at the child’s birth and maternal diet quality at the
child’s 4 years of age were the key factors associated with children’s adherence to the
adapted WISH.

According to the WHO, socioeconomic characteristics significantly influence
lifestyles and overall well-being ®. Individuals' socioeconomic status determines their
exposure and vulnerability to health-compromising conditions ©. Similarly, it is well
documented that maternal sociodemographic characteristics, including age, education
level, and income, are positively correlated with the promotion of healthier dietary

habits during childhood ©®. Indeed, in this study, these characteristics account for
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approximately one-quarter of the variance of the WISH score. Specifically, mothers
who are older and more educated have children with healthier and more
environmentally sustainable diets at school age. Additionally, maternal education at the
child’s birth was identified as one of the key factors influencing children's diet. These
findings are consistent with those reported in the literature regarding healthy dietary

patterns ¢137),

A recent systematic review “% has showed that a higher pre-pregnancy BMI in
mothers has been associated with an increased risk of their children developing
unhealthy eating habits. These include consuming a diet high in ultra-processed foods,
added sugars, and unhealthy fats, which are typically considered foods with a high
environmental footprint. In this study, a higher pre-pregnancy BMI was associated with
a lower adherence to the EAT-Lancet dietary recommendations. However, in the
adjusted model, this result lost both magnitude and significance, suggesting that the
initial association might be explained by maternal age and education at baseline

(covariates in the adjusted model).

In the present study, there was an inverse association between smoking during
pregnancy and adherence to the adapted WISH at age 7, although this result was not
statistically significant. According to the literature, smoking during pregnancy has been
associated with childhood obesity ©® which, in turn, is known to be closely linked to
inadequate eating habits “V. Despite this, this effect appears to be greater in children up
to 5 years old “?. Considering pregnancy-related events, children born from mothers
with gestational diabetes mellitus are at a high risk of developing various health
problems, including obesity “3) In this study, no significant association was found
between maternal smoking during pregnancy and the dietary patterns of children at 7

years of age. Further studies are necessary to elucidate these associations.

Maternal diet quality after pregnancy can have a significant impact on the
dietary pattern of the child as they grow. Mothers who maintain a healthy and balanced
diet and good eating behaviors are more likely to have children who adopt similar
dietary patterns “¥. Indeed, in this study, the maternal diet quality at the child’s 4 years
of age was identified as one of the key factors influencing a greater adherence to the
WISH at age 7. Despite not assessing children or mothers’ dietary patterns, a previous

studyies has showed similar associations considering only some food groups “°.
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It is important to highlight that not only the maternal diet during pregnancy plays
a pivotal role in the optimal growth and development of the child . This importance
persists over time. The preschool period is a period of heightened vulnerability and
dependence for parents, particularly mothers, who serve as important role models 9.
During this period of vulnerability and importance, children not only learn social and
behavioral cues from their parents, particularly their mothers, but they also consolidate
their relationship with food *®). The dietary choices and eating behaviors observed and
adopted by children from their caregivers can have a long-lasting impact on their future
eating habits and overall approach to nutrition “®. Consequently, it is recommended
that intervention strategies be implemented to improve the dietary habits of mothers,

with the objective of promoting better dietary habits over time.

It is well-established that parental child-feeding practices are closely related to
eating habits in childhood ®. The present study observed that children whose mothers
employed more restrictive feeding practices at 4 years of age exhibited a higher score on
the adapted WISH at 7 years of age. In a previous study conducted in Generation XXI,
it was observed that restricting the child's access to unhealthy foods, using covert
control, a kind of control not perceived by the child, and expressing concerns about the
child's weight at the age of 4 were inversely associated with the 'Energy-dense foods'
dietary pattern (a dietary pattern with foods typically characterized by a high
environmental footprint) after 3 years “®. These findings are consistent with those of a
Dutch birth cohort study that observed that following a restrictive feeding practice was
associated with a lower intake of sweets, cookies, and chocolates, and a higher intake of
fruits and vegetables “”). This dietary pattern aligns with a more environmentally
sustainable pattern. In light of the potential for a sex interaction in the associations
under study, previous research has documented that parents tend to employ more
restrictive practices with girls than with boys “®. In this study, when this analysis was
stratified by sex, this association remained as statistically significant only among girls,
suggesting a sex modification effect on this association in particular, as previously

reported in the literature.

Nevertheless, research on the relationship between parental restriction and
children's diet has yielded conflicting results, suggesting a complex nature. When
critically analyzing this association, it is important to mention that some studies have

found an association between restriction and higher childhood BMI “%. In other words,
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it has been proposed that mothers are more likely to adopt these feeding practices in
response to their child's BMI, rather than the other way around “*. The practice of
restriction may originate from parental concerns about unhealthy weight development in
children ®. However, its potential beneficial effects remain uncertain, and it has been
linked to the emergence of disordered eating behaviors in adolescence, particularly
among girls ®Y. Consequently, while these practices may have a positive impact on

children’s diets in the short term, they may also have adverse effects in the long term.

When interpreting the results of this study, it should be taken into account
several limitations. The exclusion of participants due to missing data could introduce a
selection bias. However, we conducted a sensitive analysis comparing participants and
non-participants and the Cohen’s effect size values were not particularly high . This
leads us to conclude that the significance of differences between this sample and the
remaining cohort are likely due to the large sample size rather than substantial
differences between participants. Indeed, when compared to the national data from the
National Institute of Statistics, the mean age of women at the time of birth is close to the
average age of mothers in this study (29.2 vs. 30.4 years) ®2. Conversely, this sample
exhibits a slightly higher level of education than the national data for women aged 25 to
34 years (35.3% vs. 33.1% with higher education) . It should be noted that this
sample is not representative of Portuguese children, thus caution should be taken when
extrapolating the results. Also, it is important to note that the cohort was recruited in
2005/2006, and the assessment at 7 years took place over 10 years ago. Therefore, the
socioeconomic characteristics of postpartum women in 2024 may differ, and it is also
possible that infant feeding practices have changed. As such, the results of this study

should be interpreted carefully.

In addition, it is important to acknowledge the limitation of using a short-list
FFQ to assess maternal diet, which relies heavily on participants’ memory and
trustworthiness, potentially leading to recall bias and inaccurate reporting. FFQs
typically offer a limited range of food items, potentially omitting fewer common foods
and underestimating true consumption. However, it is important to note that the FFQ
used in this study was adapted from a previously validated questionnaire ®* %, and its
food groups were combined, with less desegregation than the original FFQ, but covered
the same food groups, which makes its usage acceptable. Notably, the CFQ consists of

parent-report measures, which could also introduce measurement error owing to social
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desirability effects and inherent subjectivity ®. However, the questionnaire has shown

good psychometric properties in children from this cohort ¢4,

Finally, despite several variables have been tested in the multivariable analysis,
we cannot fail to exclude any residual confounding. For instance, the influence of the
school environment on children's diet was not assessed, and we know that schools play

a crucial role in developing healthy eating habits during childhood ©®.

This study is notable for its robust methodology, including a relatively large
sample size and comprehensive assessment of potential confounding variables.
Furthermore, the study is prospective, which ensures temporal sequence between
variables. A significant benefit of this study is the use of a predefined theoretical
framework for analysis and the assessment of children's diets through a reference
method, such as the 3-day food records. This approach has been described as one of the
most accurate methods for estimating food consumption in children ©”. Moreover, to
the best of our knowledge, this study is the first to assess maternal and other family
determinants influencing a healthy and environmentally sustainable dietary pattern in
childhood, specifically aligned with the EAT-Lancet recommendations on healthy diets
from sustainable food systems. Given the growing importance of sustainability in
shaping food policies ©, this study contributes valuable insights for policymakers and
researchers seeking to promote sustainable and healthy dietary habits among children.
However, further research with larger and more diverse samples is necessary to confirm

and extend our findings.

In conclusion, this study suggests that a higher maternal education (at the child’s
birth) and the maternal diet quality (at the child’s 4 years of age) were the key factors
associated with increased adherence to the EAT-Lancet recommendations on healthy
diets from sustainable food systems at age 7. Given the longitudinal nature of these
data, it would be interesting in future studies to analyze the main determinants of
children’s diets as they grow, as it is expected that the contextual determinants will
change throughout the life course.

Our results seem to emphasize the importance of promoting better maternal
dietary habits, particularly among less educated mothers, to foster healthier dietary
patterns in school-age children.
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Figure 1. Flowchart of participant’s selection (Generation XXI).
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Table 1. Characteristics of families and their 7-year-olds from the Generation XXI birth

cohort with 3-day food diaries and complete data in variables of interest (n=2125).

Family socioeconomic characteristics at child’s birth

Maternal age*, years, mean (SD) 30.4 (4.8)
Maternal education*, school years, mean (SD) 11.8 (4.3)
Household monthly income, n (%) [n=2059]
<1000 € 590 (28.7)
1001 — 2000 € 949 (46.1)
>2000 € 385 (18.7)
Does not know 109 (5.3)
Prefer not to say 26 (1.3)
Marital status*, n (%)
Married or cohabiting 2049 (96.4)
Single, divorced or widowed 76 (3.6)
Work status*, n (%)
Working 1791 (84.3)
Not working 334 (15.7)
Maternal characteristics before/during pregnancy
BMI before pregnancy*, kg/m?, mean (SD) 23.9 (4.2)
Smoking during pregnancy*, n (%) [n=2047] 335 (15.9)
Gestational diabetes*, n (%) 154 (7.2)
Maternal characteristics at child’s 4 years
Diet quality score*?, mean (SD) 21.2 (4.0)
Feeding pratices*, z-scores”
Perceiving monitoring, median (p25, p75) 0.08 (-0.6, 0.8)
Restriction, median (p25, p75) 0.08 (-0.6, 0.7)
Pressure to eat, median (p25, p75) 0.06 (-0.7, 0.6)
Maternal BMI*, kg/m*, mean (SD) 25.0 (4.6)
Family characteristics at 7 years
Family structure*, n (%)
Single-parent family 304 (14.3)
Family with both parents 1821 (85.7)
Living with siblings*, n (%) 1292 (60.8)
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Household monthly income*, n (%)

<1000 € 452 (21.3)
1001 — 2000 € 1058 (49.8)
>2000 € 585 (27.5)
Does not know 25 (1.2)
Prefer not to say 5(0.2)

Children’s characteristics

Sex*, n (%)

Female 1024 (48.2)
Male 1101 (51.8)
Birth weight*, grams, mean (SD) 3159.4 (522.1)

Gestational age*, weeks, mean (SD) 38.5(1.9)
BMI at 7 years®, n (%) [n=2120]

Overweight (z-score >+1 SD) 736 (34.7)
Normal weight and thinness (z-score <+1 SD) 1384 (65.3)
Sports practice at 7 years*, n (%) 1832 (86.2)
WISH score at 7 years ® , mean (SD) 59.6 (13.8)

" Data on these variables are available for all the participants in this analysis (n=2125).
2 possible range from 8 to 32 (21); ° possible range from -3 to 3 (26); ¢ defined
according to the World Health Organization (28); ¢ possible range from 0 to 130 (33).
BMI, Body Mass Index; p: percentile; WISH, World Index for Sustainability and

Health; SD: standard deviations; %: percentage; €: euro
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Table 2. Hierarchical multivariable liner regression associations between maternal and other family characteristics and adherence to the World

Index for Sustainability and Health (WISH) in 7-year-olds from the Generation XXI birth cohort (n=2125).

Unadjusted Model | Model 1* Model 2* Model 3* Model 4*
B (95% CI)
Socioeconomic characteristics at the child’s birth
0.032 (0.019, 0.024 (0.012, 0.037)  0.024 (0.012, 0.018 (0.006, 0.018 (0.005,
Maternal age, years
0.044) 0.037) 0.031) 0.031)
) 0.048 (0.034, 0.048 (0.035, 0.062)  0.048 (0.034, 0.041 (0.027, 0.038 (0.024,
Maternal education, years
0.062) 0.062) 0.056) 0.053)
Marital status
Single, divorced or widowed  Ref. Ref. Ref. Ref. Ref.
_ . 0.347 (0.011, 0.008 (-0.314, 0.330) 0.007 (-0.3186, 0.060 (-0.261, 0.067 (-0.268,
Married or cohabiting
0.684) 0.330) 0.382) 0.402)
Maternal work status
- Not working Ref. Ref. Ref. Ref. Ref.
%
8 Worki 0.188 (0.022, -0.026 (-0.191, -0.026 (-0.191, -0.020 (-0.183, -0.019 (-0.183,
orkin
7 | 0.354) 0.138) 0.138) 0.144) 0.144)
N Maternal characteristics before/during pregnancy
5' 5 Pre-pregnancy BMI, kg/m? -0.013 (-0.024, - -0.001 (-0.015, -0.004 (-0.018, -0.004 (-0.018,
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0.002) 0.014) 0.010) 0.011)
Smoking status during pregnancy
Non-smokers Ref.
-0.113 (-0.279,
Smokers
0.053)
Gestational diabetes
No Ref.
-0.303 (-1.536,
Yes
0.930)
Maternal characteristics at the child’s 4 years of age
) _ 0.055 (0.040, 0.034 (0.019, 0.033 (0.018,
Diet quality score
0.070) 0.049) 0.049)
Feeding practices patterns
o 0.083 (0.023, 0.069 (0.011, 0.067 (0.009,
Restriction
0.143) 0.127) 0.125)
_ o 0.059 (-0.003,
Perceived monitoring
™ 0.121)
S 0.022 (-0.039,
Q Pressure to eat
0 0.084)
Maternal BMI, kg/m? -0.011 (-0.024,
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0.002)

Maternal and other family characteristics at the child’s 7 years of age

Family structure

Single-parent family Ref. Ref.
o 0.200 (0.025, -0.051 (-0.224,
Family with both parents
0.374) 0.122)
Living with siblings
< No Ref. Ref.
N%
O -0.107 (-0.200, - -0.039 (-0.161,
Q Yes
0 0.014) 0.184)
Nagelkerke’s R” 0.31 0.31 0.42 0.44

ClI: Confidence Interval; BMI: Body Mass Index. Statistically significant associations are highlighted in bold.

*Blocks of variables (1. socioeconomic characteristics of mothers before the child’s birth; 2. maternal characteristics before/during pregnancy; 3.
maternal characteristics at the child’s 4 years of aged; 4. family characteristics at the child’s 7 years of age) were sequentially added into the
analysis, if significantly associated with the WISH score in the unadjusted model. Maternal age, education, marital and work status (Block 1),
were added do Model 1. Pre-pregnancy BMI (Block 2) was added to Model 2. Mothers’ diet quality score and restrictive feeding practices (Block
3) were added to model 3. Family structure and living with siblings (Block 4) at the child’s 7 years of age were added to Model 4. Child’s sex

and practice of sports at 7 years old were added as additional co-variates in all models.

Nagelkerke’s R explained variance of each model in the step-by-step approach (block of variables sequentially added).
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