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Introduction: High prevalence of overweight and obesity already observed
in preschool children suggests the involvement of early-life risk factors.
Preconception period and pregnancy are crucial windows for the implementation
of child obesity prevention interventions with parental lifestyle factors as relevant
targets. So far, most studies have evaluated their role separately, with only a few
having investigated their potential synergistic effect on childhood obesity. Our
objective was to investigate parental lifestyle patterns in the preconception and
pregnancy periods and their association with the risk of child overweight after
Syears.

Materials and methods: We harmonized and interpreted results from four
European mother-offspring cohorts participating in the EndObesity Consortium
[EDEN, France; Elfe, France; Lifeways, Ireland; and Generation R, Netherlands]
with data available for 1,900, 18,000, 1,100, and 9,500 families, respectively.
Lifestyle factors were collected using questionnaires and included parental
smoking, body mass index (BMI), gestational weight gain, diet, physical activity,
and sedentary behavior. We applied principal component analyses to identify
parental lifestyle patterns in preconception and pregnancy. Their association with
risk of overweight (including obesity; OW-OB) and BMI z-scores between 5 and
12years were assessed using cohort-specific multivariable logistic and linear and
regression models (adjusted for potential confounders including parental age,
education level, employment status, geographic origin, parity, and household
income).

Results: Among the various lifestyle patterns derived in all cohorts, the two
explaining the most variance were characterized by (1) "high parental smoking,
low maternal diet quality (and high maternal sedentary behavior in some
cohorts)” and, (2) "high parental BMI and low gestational weight gain.” Patterns
characterized by high parental BMI, smoking, low diet quality or high sedentary

lifestyle before or during pregnancy were associated with higher risk of OW-OB
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in children, and BMI z-score at any age, with consistent strengths of associations
in the main cohorts, except for lifeways.

Conclusion: This project provides insight into how combined parental lifestyle
factors in the preconception and pregnancy periods are associated with the
future risk of child obesity. These findings are valuable to inform family-based
and multi-behavioural child obesity prevention strategies in early life.

1,000days, parental lifestyle patterns, preconception, childhood obesity, parental diet,
parental physical activity, parental smoking, parental BMI

1. Introduction

Childhood obesity is a major public health issue associated with
short and long-term adverse consequences, such as psychological
problems and lower educational attainment, and a higher risk for many
harmful comorbidities later in life, such as type 2 diabetes mellitus,
dyslipidemia, and coronary heart disease (1). Around 40 million children
under 5years are living with overweight or obesity worldwide (2). High
prevalence of obesity in preschool children suggests the involvement of
early-life risk factors. However, the multiple causes of childhood obesity
are not fully understood. The first 1,000 days, from conception to two
years of age, represent a unique window of opportunity to implement
child obesity prevention strategies and increase future health benefits (2).

Several systematic reviews have synthesized the results of
observational studies linking suboptimal maternal lifestyle factors in
preconception and during pregnancy with the risk of childhood
obesity (3-5). Recent evidence showed that the preconception period
is a key determinant of pregnancy success and next generation health
(6, 7). Such maternal lifestyle factors in the preconception period can
directly influence oocyte quality, embryonic, and placental
development in the very first weeks of pregnancy, thus predisposing
to a higher risk of childhood obesity and its related comorbidities (8).
During pregnancy, unfavorable maternal lifestyle and health factors
could also lead to abnormal fetal development and predispose to
childhood obesity (3, 5). Maternal overweight, obesity, excessive
gestational weight gain (GWG), unhealthy diet, smoking, and
sedentary behaviours are the most prevalent adverse lifestyle factors
before and during pregnancy (3, 5, 7). A recent meta-analysis,
including more than 162,000 mother—children pairs from 37 cohort
studies in high-income countries, reported that maternal overweight
at conception and excessive GWG were independently associated
with the risk of overweight and obesity during childhood and
adolescence (9). Other associations between low maternal diet quality
during pregnancy and overweight or obesity in children have been
reported; however, results are inconsistent (10, 11).

So far, most studies have evaluated the effects of early-life
maternal factors separately, with only a few having used patterning
approaches to investigate their combined and potentially synergistic

Abbreviations: AR, adiposity rebound; BMI, body mass index; DASH, Dietary
Approaches to Stop Hypertension; DII®, Dietary Inflammatory Index; E-DII™,
energy-adjusted DII; FFQ, food-frequency questionnaire; GWG, gestational weight

gain; OW-OB, overweight and obesity; PCA, principal component analyses
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effect on childhood obesity. Furthermore, paternal lifestyle factors
during the first 1,000 days have scarcely been considered, despite
their likely influence on both the mother’s and the child’s lifestyle.
Clustering of parental risk factors is a major public health concern,
because they not only have individual effects on childhood obesity
risk, but also interact with each other, which can further increase the
risk of childhood obesity. There has been a consensus that family-
based interventions, targeting the two generations, i.e., parents and
their children, tend to be more effective (12). Lastly, strategies to
prevent childhood obesity should start as early as possible, before
birth and even in the preconception period; based on the scientific
evidence of the life course epidemiology, developmental
programming around the time of conception, and parental
predisposition to adopt healthier behaviors for the future child (7).

In this context, our aim was to identify parental-based lifestyle
patterns in the preconception and pregnancy periods and to assess
their association with childhood overweight and obesity between 5
and 12 years. To this end, we have performed cohort-specific analyses
in four European cohorts implementing a harmonized data and
analysis approach.

2. Methods
2.1. Study population

This project involves four mother—offspring cohort studies
across 3 European countries within the EndObesity consortium,
which was established in 2020 with an overarching aim to develop,
implement and evaluate innovative, multi-disciplinary strategies for
prevention of childhood overweight by targeting family-based
lifestyle factors in the 1,000days. These cohorts/longitudinal
follow-ups include the study on the pre- and early postnatal
determinants of child health and development (EDEN; recruitment
of 1,900 pregnant women from 27 January 2003 to 6 March 2006);
the French national birth cohort (Elfe; recruitment of ~18,000
children in 4 waves in 2011) in France; the Lifeways Cross-
Generation Cohort Study (Lifeways; recruitment of =1,100
participants from 2 October 2001 to 4 April 2003) in Ireland; and
The Generation R Study (Generation R; recruitment of x9,500
participants pregnant women with an expected delivery date
between 1 April 2002 and 31 January 2006) in the Netherlands.

Briefly, the EDEN mother-child study is a prospective cohort
that was designed to evaluate the early, pre-, and post-natal
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determinants of child health and development. Study participation
was proposed to all women visiting the prenatal clinic before
24 weeks’ gestation. Between 2003 and 2006, 2002 (53%) pregnant
women 18 to 45 years old were recruited in two centers: Nancy and
Poitiers hospitals (13) and 89.2% of fathers agreed to participate.
Children have been followed-up for up to 12years, by visits to
research centres and questionnaires mailed to parents. The ELFE
study is a French national longitudinal birth cohort with more than
18,000 children included at birth (14). Recruitment took place on 25
selected days during four periods in 2011. Participation in the cohort
was proposed to women who gave birth in 349 maternity hospitals
randomly selected among the 544 public and private maternity
hospitals in metropolitan France. Among eligible mothers, 51%
agreed to participate (N=18,040), and a sub-sample of 5,600 fathers
have also participated. Children will be followed-up until 20 years of
age by questionnaires mailed to parents or telephone interviews and
visit to doctors at 2, 4 and 12yrs.

The Lifeways Cross-Generation Cohort Study is a prospective
family study which aimed to document health status, diet, and lifestyle
in the family members and establish patterns and links across
generations (15). Mothers (n=1,124) were initially recruited by a
midwife during their first antenatal visit in two maternity hospitals in
the Republic of Ireland between 2001 and 2003. The participating
mothers’ partners (biological father) were also directly contacted by
the Lifeways research team at recruitment (participant mothers having
given their contact details at their booking visit) and invited to
participate (n=333 agreed). Longitudinal follow-up was conducted
with linkage data to hospital and general practice records and
examination of children when aged on average 5 and 9years.

Generation R Study is a population based prospective cohort
study from early pregnancy onwards in Rotterdam, the Netherlands
(16). Among participants, 9,978 mothers were enrolled in the study,
of whom 91% (n=28,800) were between early pregnancy and until
birth. Maternal data has been collected repeatedly during pregnancy
by physical examinations, biological samples and questionnaires.
Fathers were invited to participate and 71% (1 =6,347) agreed. The
fathers were assessed once during the first prenatal visit to the
research center using physical examinations and questionnaires. At
the ages of 5 and 9years all children were invited to the research
center for detailed cardiometabolic data collection by physical
examination, biological samples and questionnaires. Repeated
measurements of child growth from birth until the age of 13 were
used for the calculations of adiposity peak and rebound. The study
design for each cohort has been described in detail elsewhere (13-
16). We retained one out of each twin pair in the Elfe and Lifeways
cohorts involving twin births on a random basis. Twins in Generation
R were excluded from analyses (n=106) because the percentage of
missing data was higher in this group and imputation was
questionable due to the inherent specificities of this population. The
characteristics of each study and numbers of participants included
for the current analysis are summarized in Table 1.

2.2. Ethics statement

All studies have been approved by the local ethics review
committees and written informed consents were obtained from all
families (Supplementary Table S1).
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2.3. Candidate variables for parental-based
lifestyle

We selected candidates for parental-based lifestyle factors in
preconception and pregnancy possibly associated with childhood
overweight from an extensive literature search and priori hypotheses.
The literature search included observational and interventional
studies, as well as systematic reviews and meta-analyses (3-5). We did
a first work to organize the different factors identified from the
literature search, according to the period of interest and following the
level of evidence, from the lowest possible early markers to the highest
probable early markers of obesity in preconception and during
pregnancy. Our classification was based on how different reviews
(3-5) have graded the level of evidence according to the number of
studies reporting an association between the factor and risk of obesity
in children. Then, we compared this list to the available information
in the EndObesity cohorts. We conducted a data inventory to identify
available variables within each cohort. Preference was given to the use
of variables harmonized between the four cohorts from previous work
conducted as part of either the H2020 LifeCycle (17) or the ERA-Net
HDHL APLHABET (18) projects. The LifeCycle project is a Horizon
2020-funded international project, which has developed a harmonized
set of variables (including those describing lifestyle) in a Europe-wide
network of cohort studies started in early life. Protocols for LifeCycle
harmonization are available in free access (19). The ALPHABET
project is a European consortium composed of seven longitudinal
birth cohort studies, the food frequency questionnaires of which were
harmonized, then DASH and DII scores derived following a common
methodology. All the harmonized variables for parental-based lifestyle
used in our project are described in Supplementary Table 52 and
Supplementary Text 1.

In preconception, we retained the following factors: maternal
pre-pregnancy and paternal body mass index [BMI=weight (kg)/
height(m?)], smoking before pregnancy (No, <10 cig/day defined as
low smoking, >10 cig/day defined as high smoking), and dietary
quality and inflammatory potential (Supplementary Table S2).
We selected BMI as a marker of an obesogenic lifestyle by considering
that it was related to other lifestyle factors. During pregnancy, we used
similar information including maternal pre-pregnancy BMI, paternal
BMI, smoking during pregnancy (No, <10 cig/day, >10 cig/day), diet,
and additionally included maternal GWG (calculated as measured
weight at the end of pregnancy (third trimester in Generation R)
minus weight at conception as reported by mothers) and information
on physical activity level when available (Supplementary Table 52). If
pre-pregnancy weight was not available, we used early pregnancy
weight closest to conception, limited to 1st trimester (<12 weeks).
Data were collected using self-administered health and lifestyle
questionnaires at inclusion or at birth, face-to-face interviews or
information collected in medical records.

2.4. Dietary scores

The usual diet of women was assessed using validated semi-
quantitative food frequency questionnaires (FFQs) completed during
pregnancy or at birth. The FFQs were based on different periods: the
maternal diet during the year before pregnancy in EDEN, at early
trimester (12-16weeks of gestation) in Lifeways, over the three
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TABLE 1 Characteristics of the cohort populations.

EDEN* (N=1981) Elfe* (N=17,904) Generation R* Lifeways* (N=932)

(N=8,765)

Maternal characteristics

Age (years) 29.5+4.9 30.2+5.1 30.3+5.3 29.6+5.9
Born abroad 4.1(79) 13.7 (2327) 34.3 (2897) NA#*
Low 7.5 (144) 8.5 (1524) 11.0 (901) 18.8 (171)
Medium 39 (745) 34.9 (6240) 46.0 (3753) 31.3 (285)
High 53.5(1021) 56.6 (10136) 43.0 (3508) 49.9 (454)
Employed/self-employed 76.3 (1461) 78.8 (14016) 72.9 (4772) 67.2 (620)
Primiparous 44.6 (848) 45.9 (8110) 56.0 (4810) 45.9 (421)
Pre-pregnancy smoking (Yes) 36.1 (688) 41.9 (7392) 39.1(2822) 52.3 (404)
Underweight 8.6 (162) 7.9 (1385) 4.4 (320) 2.9(22)
Normal 65.1 (1226) 64.9 (11431) 67.0 (4826) 69.4 (532)
Overweight 17.6 (332) 17.2 (3038) 19.4 (1399) 19.6 (150)
Obese 8.7 (164) 10 (1764) 9.1 (658) 8.2 (63)
Pre-pregnancy E-DII 05+1.7 NA NA NA
Pre-pregnancy DASH 24+43 NA NA NA
Maternal GWG (kg) 13.4+48 13.2+5.5 10.3+5.0 NA
Pregnancy smoking 27.1(520) 19.9 (3514) 18.0 (1290) 21.6 (192)
Pregnancy E-DII 092+1.7 NA —-03+1.1 0.43+1.8
Pregnancy DASH 239+43 24.0+4.4 24.0+4.6 23.7+4.6

Paternal characteristics

Age (years) 32.00+5.9 33.3+6.2 33.4+6.0 32.1+6.2
Born abroad 7.3 (138) 15.1 (2475) 35.6 (2785) NA**
Low 10 (191) 8.7 (1184) 8.2 (423) 31.8 (261)
Medium 46.3 (885) 40.3 (5513) 41.2 (2115) 26.9 (221)
High 43.7 (835) 51 (6966) 50.6 (2602) 41.3 (339)
Employed/self-employed 91.1 (1709) 90.1 (15769) 91.3 (4356) 99.1 (751)
Pre-pregnancy smoking (Yes) 43.9 (740) NA NA 52.2(129)
Underweight 1.1 (19) 0.8 (94) 1.0 (59) 1.1(3)
Normal 54.2 (966) 55 (6855) 49.3 (3046) 33.3 (89)
Overweight 36.2 (645) 36.1 (4500) 41.0 (2534) 49.8 (133)
Obese 8.6 (153) 8.1 (1004) 8.7 (539) 15.7 (42)
Pregnancy smoking 40.2 (697) 35.2 (4407) 44.8 (3282) 32.5(89)
Pregnancy E-DII NA NA NA 1517

Household income

1st quartile (lowest) 16.7 (318) 14 (2145) 20.1 (1306)* 62.9 (531)¢
2nd quartile 29.7 (564) 21 (3207) 25.0 (1621)° 37.1 (313)°
3rd quartile 26.3 (500) 33 (5047) 54.9 (3563)° NA
4th quartile (highest) 27.2(517) 31.9 (4875) NA NA

Values are means +SD for continuous variables and % () for categorical variables. BMI, body mass index; DASH, dietary approach to stop hypertension; E-DII, energy-adjusted dietary inflammatory
index; GWG, gestational weight gain. *Data characteristics based on the selection of the population before imputation of the lifestyle factors: EDEN N=1981 (with at least one factor in the maternal model
in preconception); Elfe N=17,904 (with at least one factor in the family model in pregnancy); Gen-R N=8,765 (with at least one factor in the parental pregnancy model), Lifeways N=932 (with at least one
factor in the parental pregnancy model). **Maternal birth outside Ireland was an exclusion criterion in Lifeways. “Value for category (<1,200 or 1,200 euro).

"Value for category (1200-2,200 euro).

Value for category (>2,200 euro).

4<600£/week.

>600£/week.

preceding months in Generation R (thereby covering dietary intake  each cohort, along with their frequencies of consumption and portion
in the first trimester of pregnancy), or for the last three months of  sizes, thus allowing us to assess the daily intake of each item (g/d). The
pregnancy in EDEN and Elfe. FFQs comprised a variety of items in ~ micronutrient, macronutrient and total energy intake were also
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calculated at the individual level. Description of the methodology to
assess the dietary data was published in detail elsewhere (10, 20-23).
A sub-sample of 998 fathers completed a short FFQ based on diet in
the months before the beginning of their partner’s pregnancy in the
Elfe study (23), while in Lifeways, 333 fathers also completed a similar
FFQ providing information on their habitual diet for the last year
from after booking visit when mothers were recruited (10).

Diet quality was assessed by degree of adherence to the dietary
approach to stop hypertension (DASH) score, while the dietary
inflammatory potential was determined using the energy-adjusted
dietary inflammatory index (E-DII) (18). We collectively decided to use
established a priori scores such as the DASH (18) and the E-DII (24)
rather than create a posteriori (data-driven) dietary patterns that would
possibly be cohort-dependent. In brief, the DASH score measured the
consumption of eight food components based on cohort-quintile
rankings for an overall score ranking from 8 to 40 points with a higher
score characterizing a higher diet quality (18). The E-DII score measured
the intake of food parameters with a pro- or anti-inflammatory potential.
All the food parameter-specific E-DII scores are summed to obtain the
overall E-DII score with a positive score indicating a more
proinflammatory diet, whereas a negative score indicating a more anti-
inflammatory diet (24). For EDEN, Lifeways and Generation R, these
two scores were for maternal diet generated using a harmonised
procedure (described in Supplementary Text 1) within the ERA-Net
HDHL ALPHABET project (18, 25). In Elfe, the maternal DASH score
was created following a similar methodology among mothers, but was
not available for fathers; we thus used the food groups that were coherent
with those constituting the DASH score (such as fruit, vegetables, meat),
and for which we had at least 50% of consumers. For paternal diet, E-DII
was available in Lifeways only.

2.5. Physical activity data

Physical activity data were available in the EDEN, Elfe and
Lifeways cohorts. In EDEN, women completed an adapted French
version of the Baecke questionnaire, validated measure of habitual
physical activity for adults (26, 27). This questionnaire was
administered at the 24-28 weeks pregnancy visit and refers to the
frequency of physical activities during the first trimester of pregnancy.
In Elfe, 15,544 women completed the self-administered Pregnancy
Physical Activity Questionnaire, specifically designed and validated to
assess physical activities among pregnant women (28, 29). Respondents
were asked to report the time spent participating in 32 activities during
the last three months of pregnancy. The different questionnaires
reported information on occupational, sports, leisure-time activity,
household/caregiving and sedentary activities (see
Supplementary Text 1). In Lifeways, at recruitment during their first
antenatal visit mothers were given a questionnaire with sections
relating to general health, lifestyle and social characteristics to complete
and return by email. The mothers™ participating partner (biological
father) also returned the baseline self-completed questionnaire. The
questions relating to physical activity have been used in the Irish
National Surveys of Lifestyle Attitudes and Nutrition 1998, 2002, 2007
(30-32). Respondents were asked “considering a 7 day period (a week),
how many times on average do you do the following kinds of exercise
(mild, moderate and strenuous, with examples provided for each) for
more than 20 min during your free/leisure time?”
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2.6. Outcomes

Child BMI was assessed using weight and height measurements
collected from the clinical examinations, the child’s health booklet or
assessed by parents between 5 and 12 years. We considered two or
three age ranges depending on each cohort, which corresponded
either to the clinical examinations in the study or to key points in the
child’s development. In each cohort, we used the International Obesity
Task Force (IOTF) references and cut-offs to assess BMI z-score and
risk of overweight, obesity and thinness, taking child sex and age into
account (33). We investigated the risk of child overweight and obesity
(OW-OB) by combining the categories of overweight/obesity vs. thin/
normal BMI (the equivalent of <25kg/m?).

We considered as secondary outcome the age at adiposity rebound
AR (available in EDEN, Elfe and Generation R); the timing of AR,
independent of BMI itself, being a relevant predictor of obesity in later
childhood and adulthood (34).

2.7. Covariates

Important covariates were identified and harmonized for
subsequent analyses. These include maternal and paternal age (in
years), education level according to the International Standard
Classification of Education (low [no education; early childhood;
pre-primary; primary; lower secondary or second stage of basic
education]/medium [Upper secondary, Post-secondary non-tertiary]/
high [Short cycle tertiary, Bachelor, Masters, Doctoral or equivalent]),
employment status ((self)employed/not employed: unemployed,
housewife, student, inactive/other); geographical origin (born outside
the cohort country or not); maternal parity (primiparous/multiparous);
and total yearly household income categorized into quartiles in EDEN
and Elfe, based on national distribution of household yearly income
(low/medium-low/medium-high/high). The household’s total net
income per week (take-home family weekly income from all sources
including social benefits) was categorized as <600 or >600 £/week in
Lifeways. In the Generation R cohort, household income data were
categorized as follows: <1,200, 1,201-2,200, >2,200 €/month. These
data were originally collected by questionnaires (interviewer- or self-
administered) or abstracted from birth medical records. Data are
expressed in different units and categories in different studies, thus
we used harmonized data for downstream analysis.

2.8. Statistical analyses

2.8.1. Principal component analysis

We derived “lifestyle patterns” using principal component analysis
(PCA) (35). PCA is both a global and an integrated method to
synthetize the information contained in a large number of correlated
factors into a smaller number of independent dimensions (or
“components”). Their number was selected considering eigenvalues
>1.0, the scree plot, and their interpretability. To interpret the results
and provide a label for a given pattern, we considered the variables
most strongly related to that pattern, and those for which the absolute
value of the factor loading (which is the correlation of each
standardized variable with the given lifestyle pattern) was >0.30. An
individual score for each lifestyle pattern was calculated by summing
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the observed standardized values of each variable weighted according
to the PCA factor loadings. Because PCA is sensitive to outliers,
we also checked results by excluding some extreme values, when
necessary (i.e., for maternal BMI). Analyses were conducted within
each cohort separately with the maximum of available variables per
cohort: we considered that at least 4 variables were requested for a
given period (preconception and pregnancy) to compute the PCAs.
Due to insufficient available information related to preconception in
the Lifeways cohort, we did not consider this cohort for this period.
PCAs were performed using imputation with the missMDA R package
(36). This package can be used to perform single imputation to
complete data involving continuous, categorical and mixed variables
(i.e., data with different types of variables). As it is based on a principal
component method, imputation considers both similarities between
individuals and correlations between variables. We used the
regularized iterative PCA algorithm for imputation of the missing
values using the values predicted by iterative PCA until convergence.
When using imputation, we selected individuals with information on
at least one variable to be included in the PCA. PCAs were run at each
period separately and in two steps: first including maternal variables
only and, second, using both maternal and paternal variables.

2.9. Regression models

We assessed the associations of the identified maternal or parental
lifestyle patterns at each period, with the risk of child OW-OB between
5 and 12years of age using multivariable logistic regression models.
Based on literature and identification of available information in the
different studies, the following set of a priori covariates was adjusted for:
maternal and paternal age, education level, employment status,
geographic origin, family household income and maternal parity.
Secondly, we studied the associations between the identified lifestyle
patterns, included in the same model, with both the child’s BMI z-score
and age at AR (when available) using multivariable linear regressions
(adjusted for the same confounders desribed above, and for child sex
when the outcome is age at AR). We checked that there was no
collinearity between all covariates by using the variance inflation factor
(considering the threshold of collinearity when variance inflation factor,
VIF > 3). Confounders were imputed using the “MICE” R package that
imputes incomplete multivariate data by chained equations.
We generated 20 imputed datasets, using logistic regression, multinomial
logit model, and predictive mean matching for categorical and
quantitative variables (37) (see Supplementary Tables S3-56). Finally, as
a sensitivity analysis, we re-ran all the analyses restricted to complete
cases, and results were consistent (data not shown). Specific estimates
were obtained for each cohort. Analyses were performed using R studio
(for PCA and imputation), and SAS or R studio (for regression models).
Statistical significance was defined as p-values <0.05, two-tailed.

3. Results
3.1. Descriptive results
Parental characteristics of the samples included in the analyses are

presented in Table 1. On average, across cohorts, mothers, and fathers
were 30 and 33 years old. The prevalence of parental obesity varied
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between 8.2 and 10% for mothers; and 8.1 and 15.7% for fathers. From
50 to 57% of mothers had a high education level in the French cohorts
and Lifeways, whereas it was 43% in Generation R. Overall, 36 to 42%
of women smoked before pregnancy in EDEN and Elfe, 39% in
Generation R and 52% in Lifeways. This percentage decreases during
pregnancy to 27% in EDEN, 20% in Elfe, 18% in Generation R and
22% in Lifeways. The percentage of paternal smoking before
pregnancy was 44% in EDEN and 52% in Lifeways.

3.2. Preconception parental lifestyle
patterns and associations with child risk of
overweight and BMI z-score

We identified various maternal and parental lifestyle patterns in
preconception (Table 2). Consistent patterns were identified in EDEN
and Generation R, the first one being characterized by “parental
smoking and low maternal diet quality” As expected, the DASH and
the E-DII scores were associated with opposite factor loadings to this
pattern since they are negatively correlated. Low diet quality was used
to label patterns characterized by high DASH and low E-DII scores.
The second pattern was labelled “high parental BMI and low smoking”
A third pattern was characterized by “high parental smoking, BMI, and
high maternal diet quality” Consistent patterns were identified when
only maternal factors were included in the PCAs (Table 2). In Elfe,
three other patterns were characterized by “low paternal diet quality;”
“high parental BMI, maternal smoking and low paternal consumption
of vegetables,” “high paternal BMI, paternal consumption of vegetables
and low maternal smoking” Factor loadings of the parental lifestyle
patterns in the preconception period are presented in
Supplementary Table S7. We reported that the parental lifestyle pattern
characterized by a high parental BMI and low smoking was positively
associated with child risk of OW-OB at 5years in both EDEN and
Generation R (OR [95% CI]=1.59 [1.33;1.89], and 1.63 [1.52;1.74]
respectively, per 1 standard-deviation (SD) increase in the score)
(Table 3). Consistent findings were observed at later ages (until
12years) regarding risk of OW-OB, higher child BMI z-score
(Supplementary Table S8), and with a similar maternal lifestyle pattern
(Supplementary Table S9). The pattern characterized by high parental
smoking, BMI and high maternal diet quality was also associated with
higher risk of OW-OB at 5years in EDEN and Generation R (OR=1.37
[1.11;170], and 1.34 [1.25;1.44] respectively, per 1 SD increase), and
higher child BMI z-score (p-values < 0.05). In Elfe, the pattern with
high parental BMI, maternal smoking, and low paternal consumption
of vegetables was positively associated with the risk of OW-OB
(OR=1.34 [1.01; 1.79]). Finally, an increase of score in the pattern
characterized by high parental smoking, and low maternal diet quality
was associated with higher risk of OW-OB at 5 and 9years in
Generation R (OR=1.13 [1.07; 1.19] at 5years) (Table 3).

3.3. Pregnancy parental lifestyle patterns
and associations with child risk of
overweight and BMI z-score

Regarding the pregnancy period (Table 2), a first pattern was

consistent with the one described in preconception with “parental
smoking and low maternal diet quality” as common characteristics
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TABLE 2 Summary of PCA results in preconception and pregnancy.

10.3389/fnut.2023.1166981

EDEN Elfe? GenR Lifeways
Preconception period
N=1981 N=917 N=8,352 NA
Parental smoking and low maternal diet Low paternal diet quality (21.1%) High parental smoking and low
quality (32.9%) High parental BMI, maternal maternal diet quality (31.8%)
Family patterns in High parental BMI and low smoking smoking and low paternal High parental BMI and low
preconception (20.4%) consumption of vegetables (18%) smoking (19.7%)
High parental smoking, BMI, and high High paternal BMI, consumption of High parental smoking, high
maternal diet quality vegetables and low maternal smoking | paternal BMI and high maternal
(17.8%) (15.1%) diet quality (16.9%)
N=1981 NA N=8,156 NA
High smoking and diet High smoking, diet inflammatory
Maternal lifestyle patterns
. ) inflammatory potential & low DASH potential & low DASH (42.1%)
8 pre-conception (43.8%) High BMI, and low smoking
High BMI and rather low smoking (25.3%) (25.6%)
Pregnancy period
N=1962 N=17,904 N=8,765 N=932
High parental smoking, low maternal diet High parental smoking, low maternal | High parental smoking, low High parental
quality and low leisure PA (20.2%) diet quality and maternal sedentary maternal diet quality (27.2%) smoking,
Low parental BMI and high GWG (13.6%) (16.3%) Low parental BMI, high GWG inflammatory
Family patterns in Parental smoking, low GWG and low Low parental BMI and high GWG (18.9%) diet, low
pregnancy maternal work PA (11.3%) (13.4%) maternal
High maternal physical activity DASH, and
(12.8%) rather low
High GWG, maternal sedentary and paternal PA
occupational PA (10.6%) (25.2%)
N=1925 N=17,879 N=8,546 N=931
Low smoking, high diet quality and leisure High BMI, smoking, low diet quality, High BMI, smoking, low diet Smoking, and
PA (23.5%) high household PA and sedentary quality low diet quality
Low BMI and high GWG (15.9%) (17.4%) (34.7%) (35.4%)
Maternal lifestyle patterns
) Smoking and high sport PA High diet quality, and high PA Low BMI and high GWG, and Low BMI and
1 preghancy (13.1%) (15.9%) smoking high PA
Low BMI, high GWG, smoking, high (24.3%) (21.1%)
PA
(15.6%)

Lifestyle pattern labels and proportion of variance explained (%). PA, physical activity. Results are presented with imputation for all cohorts. *Elfe results on complete cases for the

preconception period. Contrary low diet quality = low DASH and high E-DII scores.

between all cohorts. A second one was essentially defined by weight
status as “low parental BMI and high GWG” in EDEN, Elfe and
Generation R. Of note, a great coherence was observed when only
maternal factors were included (Table 2).

In generation R, we observed a positive association between the
lifestyle pattern with “high parental smoking, low maternal diet quality”
and the risk of OW-OB, while the parental lifestyle pattern characterized
by a low parental BMI and high GWG was negatively associated with
risk of OW-OB and child BMI z-score in EDEN, Elfe and Generation
R (Table 4 and Supplementary Table S10). We also found that another
pattern characterized by parental smoking, low maternal diet quality
and maternal sedentary behaviour was positively associated with a
higher risk of OW-OB in Elfe (OR [95% CI]=1.31 [1.23; 1.40]), and
higher child BMI z-score at 5years. In Elfe, the one SD score increase
on the pattern labeled “high GWG, sedentary and occupational PA” was
also associated with higher risk of OW-OB (OR=1.17 [1.09; 1.26]), and
higher child BMI z-score. Associations were consistent at later ages. No
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significant associations were reported in Lifeways and effect sizes were
smaller than in the other cohorts. Consistent findings were observed
with maternal lifestyle patterns (Supplementary Table S11).

3.4. Associations with age at adiposity
rebound (AR)

The associations of parental lifestyle patterns with age at AR are
documented in Table 5. Results for the associations with maternal
lifestyle patterns are shown in Supplementary Tables 59, S11.

In preconception, we found that a parental lifestyle pattern
defined by high parental BMI and low smoking was associated with
an earlier age at AR in EDEN and Generation R [ (95% CI) =—82.5
(—106.1; —58.9) in days, per 1 SD increase in the score] and
[f=—-114.7 (—126.0; —103.4)], respectively. Similar findings were
found with the maternal lifestyle pattern also characterized by a
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TABLE 3 Associations of preconception family lifestyle patterns with child risk of overweight between 5 and 12years.

IOTF overweight/obesity adjusted OR [95% ClI]

EDEN Elfe GenR
5.5years 8years 12years Syears 7years years Syears 9years
(N =1,143) (N =737) (N =706) (N =638) (N =493) (N =352) (N =5,778) (N =4,926)
“High
“Parental
parental
smoking “Low
smoking,
and low 1.12 [0.94- 090 [0.74- | 121[1.00- paternal 1.06 [0.77-  1.10[0.78- | 0.82[0.53— i 1.13 [1.07- 117 [1.10-
and low
maternal 1.35] 1.09] 1.47]% diet 1.46] 1.56] 1.27] 1.19]% 1.24]%
maternal
diet quality”
diet
quality”
quality”
“High
“Hich parental ik
i i
8 BMI, 8
parental parental
1.59 [1.33- 1.64 [1.35- 1.57 [1.28- | maternal 1.34 [1.01- 1.84 [1.34- 1.88 [1.28- 1.63 [1.52— 1.69 [1.57-
BMI and BMI and
1.89]* 2.01]* 1.92]* smoking and 1.79]* 2.53]* 2.76]* 1.74]* 1.82]*
low low
low paternal
smoking” smoking”
consumption
of vegetables”
“High
“High “High parental
parental paternal smoking,
smoking, BMLI, high high
BMI and 137 [1.11- 1.54[121-  144[1.12- | consumption = 178 [131-  1.37[0.99- | 151[1.04- paternal 1.34 [1.25- 1.36 [1.26-
high 1.70]* 1.97]* 1.85]* of vegetables 2.44]* 1.90] 2.19]* BMI, and 1.44]* 1.47]*
maternal and low high
diet maternal maternal
quality” smoking” diet
quality”

Lifeways study is not included because of the lack of information on behaviors during the pre-conception period. Models are adjusted for parental age, born abroad or not, parental education,
parental employment status, parity, household income. Results are presented using imputed lifestyle patterns (except for Elfe). *Significant associations p <0.05. **IOTF overweight/obesity vs.
underweight/normal BMI (reference). OR values of logistic regression and 95% ClIs for 1 SD increase in lifestyle pattern score.

high BMI and low smoking (Supplementary Table S9). We observed
that a pattern with “high parental smoking, and low maternal diet
quality” was associated with decreased age at AR in Generation R
[#=-20.8 (=30.1; —11.6)]. Finally, patterns with “high parental
smoking, BMI and high maternal diet quality” in EDEN and
Generation R or “high parental BMI, high paternal consumption of
vegetables and low maternal smoking” in Elfe were associated with
an earlier age at AR (Table 5).

In pregnancy, a parental lifestyle pattern defined by low parental
BMI and high GWG was associated with later age at AR in all cohorts.
In Generation R, a pattern with high parental smoking, low maternal
diet quality was also associated with earlier age at AR. In Elfe, a pattern
combining high parental smoking, low maternal diet quality and
maternal sedentary lifestyle, was associated with reduced age at AR [f
(95% CI)=—41.3 (—49.4; —33.1)] (Table 5); inversely, a pattern with
higher maternal physical activity was associated with later age at
AR. Lastly, a pattern defined by high GWG, sedentary lifestyle and
occupational PA in Elfe was associated with an earlier age at AR [f
(95% CI)=—-24.5 (—33.4; —15.5]. Maternal patterns characterized by
factors such as high BMI, smoking, low diet quality, high household
PA and sedentary lifestyle were associated with an earlier age at AR
(Supplementary Table S11).
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4. Discussion

In this large collaborative project with harmonized participant
data across four European cohorts, we identified various parental
lifestyle patterns in the preconception period and during pregnancy
with great consistency between countries. The two patterns explaining
the most variance in pregnancy were characterized by “high parental
smoking, low maternal diet quality and high maternal sedentary
behavior” and by “high parental BMI and low gestational weight gain.”
Overall, we found that lifestyle patterns characterized by high parental
BMI, smoking, low diet quality or high sedentary lifestyle were
positively associated with risk of OW-OB and child BMI z-score in
children aged between 5 and 12 years. Although parental BMI was
included in most of the patterns associated with the risk of obesity in
children, it is noteworthy that a pattern independent of BMI and
characterized by high parental smoking and low maternal diet quality
in preconception, was associated with higher OW-OB in both the
Generation R and EDEN cohorts. In Elfe, two other patterns of
multiple behaviors in pregnancy, i.e., “parental smoking, low maternal
diet quality and high maternal sedentary behavior” and “high GWG,
sedentary behavior and occupational physical activity” were also
associated with higher risk of OW-OB and higher child BMI z-score.
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TABLE 4 Associations of pregnancy family lifestyle patterns with child risk of overweight between 5 and 12years.

IOTF overweight/obesity adjusted OR [95% C

‘|e 18 9)inbiod3aT

60

610 uISI13UO0L

EDEN Elfe Gen R Lifeways
5.5years 8years Syears ACELS 9years Syears 9years
(N=1,143) (N=737) (N=9,335) (N=3,826) (N=3,339) (N=534) (N=289)
“High 1.12 [1.06- 1.14 [1.08- “High
“High
parental 1.18]* 1.21]* maternal and
parental “High
smoking, paternal
smoking, parental
low smoking &
low smoking, low
1.20 [1.00- 1.11 [0.90- 1.14 [0.95- 1.31 [1.23- 1.34[1.21- 1.32 [1.19- maternal inflammatory 1.06 [0.92— 1.04 [0.85-
maternal maternal diet
1.44] 1.36] 1.39] 1.40]* 1.48]* 1.47]* diet diet, low 1.23] 1.27]
diet quality and
quality” maternal
quality maternal
DASH diet,
and low sedentary”
low paternal
leisure PA”
PA”
“Low “Low 0.75[0.71- 0.71 [0.67-
parental “Low parental parental 0.79]* 0.76]*
0.70 [0.58- 0.67 [0.54- 0.76 [0.62— 0.83 [0.78- 0.71 [0.65- 0.73 [0.66-
BMI and BMI and high BMI, high
0.83]* 0.81]* 0.93]% 0.88]* 0.78]% 0.80]*
high GWG” GWG”
GWG”
“Parental
smoking, “High
low GWG 1.01 [0.82— 0.80 [0.62- 1.14 [0.91- maternal 0.95 [0.89- 1.00 [0.90- 0.93 [0.83-
and low 1.26] 1.01] 1.44] physical 1.02] 1.10] 1.04]
maternal activity”
work PA”
“High GWG,
sedentary and 1.17 [1.09- 1.25[1.12- 1.23 [1.10-
occupational 1.26]* 1.39]* 1.38]*
PA”

Models are adjusted for parental age, born abroad or not, parental education, parental employment status, parity, household income. For Lifeways, models were not adjusted for paternal employment status (almost all cases reported being employed/self-employed) and
on country of birth (maternal birth outside Ireland was an exclusion criterion). *Significant associations p <0.05. **IOTF overweight/obesity vs. underweight/normal BMI (reference). OR values of logistic regression and 95% ClIs for 1 SD increase in lifestyle pattern
score.
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TABLE 5 Associations of preconception and pregnancy family lifestyle patterns with age at adiposity rebound.

Age at adiposity rebound (days) adjusted g [95% Cl]

Preconception family patterns

EDEN (N=1,415) Elfe (N =649) Gen R (N =5,922)
“Parental smoking and —8.6 [—29.0; 11.7] “Low paternal diet quality” 4.9 [-28.6; 38.4] “High parental smoking, —20.8 [-30.1; —11.6]*
low maternal diet quality” and low maternal diet
quality”
“High parental BMI and —82.5 [-106.1; “High parental BMI, maternal —105.5 [-139.7; “High parental BMI and —114.7 [-126.0;
low smoking” —58.9]* smoking and low paternal —71.3]* low smoking” —103.4]*
consumption of vegetables”
“High parental smoking, —53.2 [-78.2; —28.1]* “High paternal BMI, high —54.4 [-86.9; —22.0]* = “High parental smoking, —69.9 [-81.7; —58.1]*
BMI, and high maternal consumption of vegetables and high paternal BMI and
diet quality” low maternal smoking” high maternal diet
quality”

“High parental smoking,
low maternal diet quality

and low leisure PA”

EDEN (N=1,415)

—14.3 [-35.2;6.7]

Pregnancy family patterns

Elfe (N =7,767)

“High parental smoking, low
maternal diet quality and

maternal sedentary”

—41.3 [-49.4; —-33.1]*

GenR (N

“High parental smoking,

low maternal diet quality”

—19.7 [-29.1; —10.4]*

“Low parental BMI and 65.8 [42.8; 88.9]* “Low parental BMI and high 52.0 [43.5; 59.8]* “Low parental BMI, high 64.0 [53.2; 74.8]*
high GWG” GWG” GWG”

“Parental smoking, low —5.6 [—31.8;20.7] “High maternal physical 9.6 [1.6; 17.7]*

GWG and low maternal activity”

work PA”

“High GWG, sedentary and

occupation PA”

—24.4[-33.4; —15.5]*

Models are adjusted for parental age, born abroad or not, parental education, parental employment status, parity, household income and child sex. Results are presented using imputed lifestyle
patterns (excepted for Elfe for the preconception period). *Significant associations p <0.05. /8 values of linear regression and 95% ClIs for 1 SD increase in lifestyle pattern score.

Finally, it is also interesting to note that the observation of early AR
was higher with suboptimal parental lifestyle patterns. The results of
our study, which is, to the best of our knowledge, the first to
simultaneously analyze child OW-OB risk and age at AR in relation to
parental lifestyle patterns in the preconception and pregnancy periods,
represent a novel and significant contribution to the knowledge base
regarding family-based and multi-behavioral child obesity prevention
strategies from early life onwards.

4.1. Interpretation

Obesity is a multifactorial disease and its etiology includes
complex interactions between several factors (38). On a
population level, it is estimated that up to 50% of childhood
OW-OB could be attributed to modifiable family-centered early-
life risk factors (39, 40). Family lifestyle factors are often correlated
and co-vary, and may contribute synergistically to obesity
development (38). The lifestyle pattern approach used in our
study allowed us to account for the potential covariation and
correlations between lifestyle factors, thus providing more holistic
and integrated information for public health prevention. Growing
evidence suggests the potential for multiple-behavior interventions
to have a greater impact on public health than single-behavior
interventions (41). Additionally, success in changing one or more
lifestyle behaviors of the mother may also increase confidence or
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self-efficacy to improve correlated lifestyle behaviors of the father,
and vice versa (41).

Recent scientific evidence has highlighted the need to include
fathers in lifestyle and health interventions spanning the first
1,000 days. Paternal factors, including BMI and smoking, have been
associated with fertility, imprinting of genes during spermatogenesis,
embryonic, and future child development (42). Partners play a role in
supporting future mothers, thus contributing to successful behavioural
changes at the family level (43, 44). One study reported that the
smoking status of a pregnant smoker’s partner influences her chances
of quitting (44, 45). Other results showed that fathers may influence
family food practices, and what is consumed within families is the
product of interactions and negotiations between family members
(46). Pregnancy is also an important time when parents, who play the
role of health promoters, role models and educators in their offspring
life, may be more susceptible, to make better lifestyle choices to
positively impact their future baby’s health and influence their future
behaviors (47). Parents are an integral target of interventions, given
their influence in supporting and managing their children’s energy
balance-related behaviors (43, 48).

Most studies have evaluated the effects of parental factors
separately, with only few having studied the combined effect of these
factors in the first 1,000days (12, 49, 50). The Millennium Cohort
Study investigated the dynamic relation between underlying family
lifestyle (especially parental weight and smoking status, exclusive
breastfeeding duration; and child behaviors between birth and 7 years)
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and childhood obesity until 7 years. They found that the proportion of
variance in childhood weight status explained by underlying family
lifestyle increases from 7.0% at age 3 to 11.3% by the age of 7 years,
suggesting that improvements to the family lifestyle could substantially
reduce the risk of childhood obesity (12). Another recent study of 114
mother—father—child triads evaluated the independent contributions
of body composition, physical activity and sedentary time of both
parents in pregnancy on growth trajectories of their offspring until
lyear of age (49). They reported a positive association between
maternal GWG and paternal sedentary time and weight trajectories
in girls, while there was a negative association with maternal
moderate-to-vigorous PA (49). These results are in line with our
observations regarding the association between lifestyle patterns
characterized by high parental BMI or sedentary behaviors from
preconception onwards and the risk of childhood obesity.

Regarding parental BMJ, it is difficult to disentangle the relative
contribution of environmental and genetic factors in the observed
associations with offspring BMI or obesity risk. A systematic review
found BMI heritability estimates from twin studies that ranged from
0.47 t0 0.90 (51). Using a Mendelian randomisation approach, another
recent study reported a low causal intrauterine effect of greater maternal
BMI on later offspring adiposity and highlighted the importance of
genetic transmission (52). Therefore, genetic inheritance could have a
preponderant role in our results. However, recent evidence reports that
the obesity epidemic cannot be solely explained by sudden changes in
our genetic background, but is also attributed to the environment,
energy balance-related behaviors or modifiable factors involved in
programming including family lifestyle in the first 1,000days (53, 54).
In this context, parental lifestyle factors, including diet, physical activity
or smoking are relevant behaviors to target. Moreover, the more lifestyle
factors adopted during one pregnancy are optimal, the healthier are
behaviors in subsequent pregnancies.

4.2. Strengths and limitations

To our knowledge, this is the largest multi-country study to evaluate
the overall parental lifestyle patterns in preconception and during
pregnancy to date. We aimed to reduce extraneous heterogeneity by
harmonizing data across included studies, using information on several
parental lifestyle factors in preconception and pregnancy: weight,
smoking status, diet, and physical activity. We acknowledge that this
harmonized approach can lead to some oversimplification in definitions
and a subsequent loss of information for certain variables; and that more
precise analyses could be carried out within each cohort using the initial
non-harmonized variables. Besides, some information was missing,
such as physical activity in Generation R, or was insufficient in the
preconception period as in Lifeways. Nevertheless, this harmonized
approach allowed us to report consistent findings across cohorts, in a
greater number of children, thus reinforcing robustness of our
conclusions. The use of multiple imputation techniques limited selection
bias due to missing data in the lifestyle variables and confounders.

However, our findings should be interpreted with caution. Diet
measures were based on FFQs with different degree of detail (number of
food items, response categories, etc.) which could result in discrepancies
in estimated intakes and diet scores. The fact that we have differences in
the measurement of some lifestyle factors could explain why they are less
frequently reported in the associations, and that BMI, which is more
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accurately measured, is an important factor in the patterns. Additionally,
self-reported information on diet and physical activities are memory
based and subject to well-known reporting and social desirability biases,
that can introduce random error and information bias. However, FFQ is
a validated tool, which limits such potential bias. Notwithstanding the
fact that we performed our analyses using data from three different
European countries with potential for differences in dietary intake, BMI,
smoking status, and sociodemographic characteristics, the results of our
study samples can mainly be generalized to women in high-income
countries. However, it is worth noting that we found similar associations
in EDEN, including mainly French pregnant women and Generation R,
with a large proportion of children ethnicities other than Dutch (44%)
(16). We focused on the family lifestyle patterns in the preconception
and pregnancy period, however, family practices in the early childhood
period influence the child development as well (4). Further research is
warranted to investigate how the dynamic path of lifestyle changes
throughout pregnancy until early childhood may have synergistic
influences. Finally, a large difference in the prevalence of childhood
obesity between advantaged and disadvantaged families is reported in
the literature (12). We adjusted our analyses for some socioeconomic
characteristics, however further research should be conducted to
investigate the social determinants of the identified family lifestyle
patterns, with a specific focus on socio-economic inequalities, migration
history and geographic origin.

5. Conclusion

Among the various lifestyle patterns identified in the four
European cohorts, the two explaining the most variance in pregnancy
were characterized by “high parental smoking, low maternal diet
quality or high maternal sedentary behavior” and, by “high parental
BMI and low GWG?” The observed associations between the identified
parental lifestyle patterns and the child’s risk of obesity from the age
of 5years underlines the importance of family and multi-behavioral
approaches. Our findings represent a significant contribution to the
knowledge regarding the importance of parental lifestyle factors from
preconception. A better understanding of their social determinants
will help increase the effectiveness of future childhood obesity
prevention strategies in early life.
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