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Summary

Background: Early life socioeconomic disadvantage and adverse experiences may
lead to overeating, which is in turn associated with increased body mass index (BMI).
However, recent evidence indicated that the association between childhood BMI and
overeating might be bidirectional. This bidirectionality prompts the need for further
investigation of early life predictors of BMI in childhood.

Obijectives: To longitudinally assess the directionality of the association between
childhood BMI and perceived overeating and to investigate their antecedent early life
predictors.

Methods: The sample included data from 5151 children from the ELSPAC study, col-
lected between 18 months and 11 years of child age. The outcomes were child BMI
and mother-reported overeating, assessed at the age of 3, 5, 7 and 11 years. Predic-
tors included maternal BMI, maternal education, single parenthood, financial difficul-
(ACEs)
paediatricians. The random intercept cross-lagged panel model was applied.

Results: The mean child's BMI at age 3 was 15.59 kg/m? and increased to 17.86 kg/

m? at age 11. The percentage of parent-reported overeating increased in the follow-

ties and adverse childhood experiences reported by parents and

ing period, from about 12% at age 3 to 17% at age 11. The results showed temporal
stability in perceived overeating and BMI, with a bidirectional relationship strength-
ening over time. The child's BMI was associated with maternal BMI. Maternal BMI
was positively associated with child-perceived overeating, but a stronger effect was
found for ACEs. ACEs mediated the impact of maternal education, financial difficul-
ties and single parenthood on overeating.

Conclusions: We observed stable bidirectional associations between BMI and per-
ceived overeating. The results indicated two main pathways: one linked to maternal
BMI and early childhood BMI increase followed by perceived overeating and the sec-
ond associated with ACEs mediating the effect of early childhood social factors on

perceived overeating, leading to gradual BMI gain.
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1 | INTRODUCTION

Obesity stands out as a significant and pressing public health issue.
Along with the escalating global prevalence of obesity amongst adults,
a noticeable rise is also observed amongst children and adolescents.
Based on the World Obesity Atlas,® the 2020 overall prevalence of
obesity amongst children and adolescents aged 5-19 years was 19%
in boys and 12% in girls.! The progression of obesity is a continuous
process involving a complex system of genetic, environmental and
behavioural factors that influence an individual's susceptibility to
excess adiposity.? This trajectory begins in prenatal stages and con-
tinues through infancy, childhood, adolescence and adulthood, and all
those phases of life represent potential targets for public health inter-
ventions. The relationships between factors can also develop and
change dynamically over the life course.®

In 2016, the Commission on Ending Childhood Obesity presented
a set of recommendations to address childhood obesity, incorporating
preconception and pregnancy care, promoting healthy food intake
and physical activity in early childhood and school-age children, and
weight management.* Consistently to these recommendations, previ-
ous interventions focused mainly on inappropriate eating behaviours
or insufficient physical activity in children, mothers and families.®
However, this approach might be insufficient in light of recent knowl-
edge and recommended practices for individuals living with obesity.
The Clinical Practice Guideline for the Evaluation and Treatment of
Children and Adolescents with Obesity conducted by the American
Academy of Pediatrics postulated that obesity should be considered a
chronic disease determined by an interconnected system of factors at
national, community, family and individual levels.® The multifactorial
origin of paediatric obesity establishes a need for a broader percep-
tion of risk factors. In particular, it is necessary to focus on factors
beyond the scope of individual behaviours.

Determinants beyond the level of individual factors can be collec-
tively referred to as upstream determinants.>”® Upstream determi-
nants originate from various societal, economic, environmental and
structural elements that influence health outcomes and behaviours.”®
The social inequalities present in these upstream determinants play a
pivotal role in driving disparities in childhood obesity. Children from
disadvantaged environments characterized by low parental
education,” financial difficulties'® or single parenting! are particularly
vulnerable to obesity development. This increased vulnerability may
occur due to the lack of resources in families suffering from economic
deprivation. Besides, disadvantaged social environments are more
likely to result in negative life occasions, such as adverse childhood
experiences (ACE), including physical, emotional, or sexual abuse, as
well as parental mental health illnesses or family dysfunction.*?*3
ACEs have been previously determined as risk factors for obesity in
childhood,®***> but at the same time, their effect persists into later
years, increasing the risk of obesity in adulthood.*®

Upstream determinants might also affect an individual's ability to
regulate food intake.?® Socioeconomic disadvantage as well as psy-
chological distress may lead to overeating, in this context typically

referred to as emotional overeating.'” Based on the existing literature,

the common assumption has been that overeating leads to increased
energy intake, followed by weight gain.'® However, recent evidence
indicated that the association between childhood obesity and over-
eating might be, in fact, bidirectional. A study conducted by Derks
et al. in 2018 on a sample of Dutch children showed that higher body
mass index (BMI) at preschool predicted overeating at a later age with
a stronger association than the previously hypothesized reverse direc-
tion.?” Similarly, another study conducted on Hispanic children in
2020 provided evidence for the bidirectional longitudinal relationship
between BMI and overeating.?°

This bidirectionality of the association prompts the need for fur-
ther investigation of the pathways of effects of previously identified
early life predictors of increased BMI in childhood. It is thus important
to evaluate whether distinct upstream determinants independently
predict overeating and BMI, and whether the effect of such upstream
determinants on childhood BMI can be potentially explained by the
longitudinal development of overeating as a continuous accompany-
ing phenomenon. Reflecting this notion, the current study contains
two main aims, the first being to longitudinally assess the directional-
ity of the association between BMI and perceived overeating during
childhood and the second to investigate the effects of early life
upstream determinants on longitudinal trends in both perceived over-
eating and BMI. We hypothesize that there will be a significant posi-
tive bidirectional relationship between BMI and perceived overeating
throughout childhood. Further, we hypothesize that ACEs will be pos-
itively associated with increased levels of BMI. We also hypothesize
that ACEs will be positively associated with increased levels of per-
ceived overeating. Next, we hypothesize that the effect of social
determinants on BMI will be mediated by ACEs. Similarly, we hypoth-
esize that the effect of social determinants on perceived overeating
will be mediated by ACEs.

2 | METHODS

2.1 | Study population and study sample

The data originated from the Czech arm of the European Longitudi-
nal Study of Pregnancy and Childhood (ELSPAC); a prospective lon-
gitudinal birth cohort study conducted across six countries. Initially,
pregnant women residing in the Brno region or Znojmo district,
expected to deliver between 1 March 1991 and 30 June 1992 were
included in the study. The baseline dataset included information
from 5151 mothers and their newborns.?? Following the initial
enrollment, parents provided responses to questionnaires regarding
health, lifestyle, dietary patterns, demographic details, psychosocial
aspects and environmental exposures. This information was col-
lected when the children were 6 and 18 months old, and subse-
quently, data collection occurred when the children reached ages
3,5,7,11, 15, 18 and 19 years. Starting at 11, children began con-
tributing self-reports alongside reports from their parents and other
sources at the same age, including medical records provided by

children's paediatricians.
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2.2 | Measures

221 | BMI

Children's height and weight were obtained at four timepoints around
the age of 3, 5, 7 and 11 years from the child's paediatrician records
and used to calculate BMI. BMI was calculated using the following for-
mula: BMI = weight (kg)/height (m)2.

2.2.2 | Perceived overeating

Repeated measures of mother-reported child overeating were
assessed at four timepoints: at the age of 3, 5, 7 and 11 years.
Mothers were asked if their child had overeaten in the last year and
whether they were worried about their child overeating. Mothers
were given the following response options: ‘no/did not happen’, ‘not
worried’, ‘a bit worried’ and ‘greatly worried’. The top two categories
(‘a bit worried’ and ‘greatly worried’) were combined to avoid very
low frequencies, resulting in a 3-point scale of perceived overeating.
This item reflects the maternal perception of their child's overeating,

the same measure has been used in previous studies.??"24

2.2.3 | Maternal BMI before pregnancy

Height and weight (before pregnancy) were self-reported by mothers.
The questionnaire was administered during pregnancy. BMI was cal-
culated using the following formula: BMI = weight (kg)/height (m)2.

224 | Adverse Childhood Experiences

The information on ACEs was collected from mothers/primary care-
givers, fathers/parents and paediatricians at 6 and 18 months of age.
Since the ELSPAC study is a sister study of the British ALSPAC study,
ELSPAC questionnaires were created by translating the original ALSPAC
questionnaires from English to Czech language, and thus the items asses-
sing the childhood adversities corresponded to the original ALSPAC
items. We assessed the types of ACEs and the overall ACE score in
accordance with the previously developed guidelines for ALSPAC?® and
previous studies.’®?” For the current study, we defined ACEs as eight
intra-familial adversities?® the child might have been exposed to up to
18 months of age. The overview of ACEs is provided in Table 1. Each
ACE was coded as a binary variable (1 indicating the presence and 0 indi-
cating the absence of a specific ACE during the period). The presented
ACEs were summed into a score ranging from O to 8 and subsequently
recoded into five categories: 0, 1, 2, 3 and 24 ACEs.

2.2.5 | Maternal education

The highest attained education of the mother was assessed based on
the questionnaire administered during pregnancy. Educational

e Wi LEY-_L ot

TABLE 1 The descriptions of the assessed ACEs.

Sexual abuse Mother responded affirmatively to the item

‘Your child was sexually abused’.

Physical abuse Mother, father or both responded affirmatively
to any of the following items: (a) ‘You were
physically cruel to your children’ and (b) ‘Your

partner was physically cruel to your children’.

Emotional abuse Mother, father or both responded affirmatively
to any of the following items: (a) ‘You were
emotionally cruel to your children’ and (b) ‘Your

partner was emotionally cruel to your children’.

Parental mental Mother, father or both: (a) scored 13 or more on

illness the Edinburgh Postnatal Depression Scale,
indicating an increased risk of depression
disorder, (b) reported a suicide attempt or (c)
reported own or partner's doctor consultations
for depression or anxiety.

Parental offending  Mother, father or both responded affirmatively
to any of the following items: (a) ‘You were in
trouble with the law’; (b) ‘Your partner was in
trouble with the law’ and (c) ‘You were
convicted of an offence’.

Parental divorce
or separation

Mother, father or both: (a) reported a change in
the marital status from married at an earlier
time point to divorced/separated at a later time
point or answered affirmatively any of the
following questions: (b) ‘You got divorced’; (c)
“Your partner left you’ and (d) ‘You broke up
with your partner’.

Parental conflict Mother, father or both responded affirmatively

and violence to any of the following items: (a) ‘Your partner
was physically cruel to you’ or (b) ‘Your partner
was emotionally cruel to you’.

Parental Mother, father or both reported: (a) daily

substance use alcohol consumption of 3 or more drinks; (b)

own or partner's doctor consultations for
problems with alcohol; (c) own or partner's daily
marijuana use or (d) any use of heroin, cocaine
or crack.

attainment was classified into three groups: ‘high’, including mothers
with higher professional or university education; ‘middle’, defined as
high school education and ‘low’, defined as elementary or vocational

education without a final graduation exam.

2.2.6 | Single-parent household

Single parenthood was assessed by a questionnaire administered to
the mother at 18 months of the children. Mothers who reported being
without a partner or not having a partner living in the same home with
them were coded as living in a single-parent household.

2.2.7 | Financial difficulties

Financial difficulties were assessed by five questions administered to
the mother at 18 months of the children. Mothers used a four-point
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Likert scale to answer how difficult it is to secure the family with the
following five things: food, clothes, heating, rent/other fees and things

necessary for the child.

2.3 | Data analysis

Continuous variables were described using means, whilst categorical
variables were described using percentages. We modelled the longi-
tudinal associations between BMI and perceived overeating using
the random intercept cross-lagged panel model (RI-CLPM) to answer
our research questions.??° The benefit of this approach compared
to a more common cross-lagged panel model lies in its ability to
decompose the variance into the within- and between-person
effects, which enables the researchers to estimate the stable individ-
ual differences (between-person) as well as effects from one time-
point to the other (within-person). We estimated the autoregressive
paths for the four timepoints of BMI and four timepoints of per-
ceived overeating (3, 5, 7 and 11 years), reflecting the within-
individual stability in the same construct across time. Then, we esti-
mated the cross-lagged effects between these two constructs,
reflecting the time-lagged effect of one trait on the other within indi-
viduals. Random intercepts of BMI and perceived overeating, repre-
sented as latent factors with the four BMI or perceived overeating
timepoints as indicators, were assessed, and these two random inter-
cepts were allowed to covary. These latent factors represent stable,
trait-like components of BMI and perceived overeating, indicating
the individual's rank order on these variables compared to the sam-
ple (for more details on the method, please see Mulder et al. 2020°°
and Hamaker et al. 2015%°). The two random intercepts were
regressed on the baseline variables. We included factors that indi-
cate socioeconomic disadvantage (financial difficulties, low maternal
education and single parenting), negative early childhood experi-
ences (ACEs) and maternal BMI, reflecting both the genetic and envi-
ronmental transgenerational effects on a child's BMI and perceived
overeating. All factors were assessed at previous timepoints from
our dependent variables. According to the literature, the prevalence
of ACEs is higher in families with socioeconomic disadvantage.3%:*2
In accordance with that notion, the ACEs were regressed on mater-
nal education, financial difficulties and single parenting to assess the
potential mediating role of ACEs in the association between socio-
economic disadvantage and the longitudinal development of BMI
and perceived overeating. Financial difficulties were modelled as a
latent factor with five indicators (see Supplementary Figure 1 for
results from the financial difficulties CFA model). The significance of
mediation was estimated using the delta method. The estimates from
cross-lagged paths were compared using the Wald test. Descriptive
statistics were performed using STATA®® software (version 16.0,
StataCorp, College Station, TX, USA). An adequate model fit was
defined as CFI 20.90 and RMSEA <0.08.34 The full structural model
(RI-CLPM) was estimated in Mplus 8.10.%°> We used the robust

weighted least squares (WLSMV) estimator for the structural model.

2.4 | Handling missing data

The percentage of missing data across all study variables ranged from
0.03% to 56.60% (Table 2). Given the amount of missing data in our
sample, we have utilized multiple imputations in Mplus based on Mar-
kov Chain Monte Carlo simulation to handle missing data. Multiple
imputations are preferred in cases where the amount of missing data
is non-trivial, and the pattern of missingness is not completely ran-
dom.®® The imputation model included all study variables along with
birth weight, paternal education and paternal BMI as auxiliary vari-
ables. One hundred imputed data sets were created, and the pre-
sented results from structural models are pooled estimates using

Rubin's method.3”

2.5 | Ethical statements

Informed consent was obtained from all participants. The study was
approved by the ELSPAC Law and Ethics Committee and local
research ethics committees. The secondary use of all ELSPAC study
data was approved by the (C)ELSPAC Ethics Committee (Ref.
No. ELSPAC/EK/1/2014, date 09/17/2014).

3 | RESULTS

3.1 | Subjects characteristics

The descriptive statistics of study variables from the non-imputed
data are shown in Table 2. There were slightly more males in the sam-
ple (51.57%). The mean maternal BMI was 22.05. About 38.70% of
mothers had less than high school as their highest attained education,
43.02% of mothers were high school graduates and 18.28% had col-
lege degrees. About 6.3% of mothers lived in single-parent house-
holds. The average child's BMI was stable between the ages of 3, 5
and 7 (15.59, 15.33 and 15.68 kg/m?) and slightly increased at the
age of 11 (17.86 kg/m?). The percentage of children with perceived
overeating increased with age, from about 11.89% at age 3 to 14.25%
at age 5, 15.44% at age 7 and 16.89% at age 11. About 53.68% of
mothers reported no adverse childhood experience by the first
18 months of the child's age, 24.84% reported 1 ACE, 10.56%
reported 2 ACEs, 6.14% reported 3 ACEs and 4.77% reported 4 ACEs

or more. For descriptive statistics of imputed sample see Table S1.

3.2 | Estimated within and between-person effects
in the RI-CLPM

The standardized results from the structural model are shown in
Table 3 and Figure 1. The model showed an adequate fit, x%(105)
= 853.480, p < 0.001, CFl = 0.985, RMSEA = 0.037. The correlation

between latent intercepts of perceived overeating and BMI was
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TABLE 2 Descriptives.

Variable Mean (SD)/% % missing
Females 48.43 0.00
BMI (kg/m?)

3 years 15.59 (1.59) 15.36
5 years 15.33 (1.69) 24.46
7 years 15.68 (1.96) 28.93
11 years 17.86 (3.01) 39.29
Perceived overeating—3 years 33.72
No 88.11

Yes, not worried 6.06

Yes, and worried 5.83

Perceived overeating—5 years 34.34
No 85.75

Yes, not worried 7.72

Yes, and worried 6.53

Perceived overeating—7 years 40.17
No 84.56

Yes, not worried 8.01

Yes, and worried 7.43

Perceived overeating—11 years 53.45
No 83.11

Yes, not worried 7.84

Yes, and worried 9.05

Maternal BMI (kg/m?) 22.05 (3.30) 27.00
ACEs 34.91
0 53.68

1 24.84

2 10.56

3 6.14

>4 4.77

Single parent family 6.30 33.45

Note: Results are reported as percentage or mean (standard deviation).

r=0.252, p < 0.001, showing that children with higher levels of BMI
across the four waves were also found to be more likely to overeat.
The time-varying portion of the model showed temporal stability
in the development of perceived overeating and substantial
stability in the BMI trajectory (all autoregressive paths statistically sig-
nificant at p < 0.05). The cross-sectional effects showed positive cor-
relations between individual BMI and perceived overeating in each
wave. This association linearly increased with time, age 3: r = 0.153,
age 5:r=0.188, age 7: r = 0.230, age 11: r = 0.345, all p < 0.05. The
cross-lagged paths showed a consistent association between BMI and
later overeating (8 = 0.169; g = 0.236; p = 0.238; all p < 0.05). Simi-
larly, significant findings were also found for the association between
perceived overeating and BMI (8 = 0.130; g = 0.184; p = 0.131; all
p < 0.05). Wald test showed no significant differences in cross-lagged
effects from age 3 to age 5: W (1) = 0.12, p = 0.718; age 5 to age 7:

ORESI W1 LE Y- 22
Variable Mean (SD)/% % missing
Maternal education 23.30
Primary 38.70
Secondary 43.02
Tertiary 18.28
Financial difficulties
Difficulties to pay for food 33.78
No difficulties 62.77
Slightly difficult 22.63
Fairly difficult 10.58
Very difficult 4,02
Difficulties to pay for clothes 33.76
No difficulties 33.91
Slightly difficult 34.35
Fairly difficult 21.19
Very difficult 10.55
Difficulties to pay for heating 34.23
No difficulties 70.78
Slightly difficult 17.03
Fairly difficult 8.56
Very difficult 3.63
Difficulties to pay for rent or loans 34.13
No difficulties 55.05
Slightly difficult 26.41
Fairly difficult 12.38
Very difficult 6.16
Difficulties to pay for necessary things for children 33.90
No difficulties 49.34
Slightly difficult 31.42
Fairly difficult 13.83
Very difficult 5.40

W (1) =152, p=0.217 and age 7 to age 11: W (1) =3.12,
p = 0.077.

Maternal BMI was found to be significantly associated with both
the child's BMI (8 =0.379, p <0.001) and perceived overeating
(p=0.112, p < 0.001). Girls were found to have lower levels of BMI
(B = —0.122, p < 0.001), yet no sex differences were found for over-
eating. Neither maternal education, single-parent family nor financial
difficulties were significantly associated with BMI or overeating. The
cumulative sum of ACEs was significantly associated with perceived
overeating (f = 0.210, p < 0.001), but it was not associated with BMI.
ACEs were negatively associated with maternal education
(B = —0.046, p = 0.025), whilst they were positively associated with
single parenting (8 = 0.241, p < 0.001), as well as financial difficulties
(B =0.166, p < 0.001). All the factors accounted for 17% of the vari-
ance in BMI and 7% of the variance in perceived overeating.
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Mother‘s
BMI
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FIGURE 1
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Standardized coefficients of RI-CLPM. Reported results are significant at p < 0.05. Rx reflects the random intercept of BMI across

the four timepoints; Ry reflects the random intercept of perceived overeating across the four timepoints; X1-X4 are latent factors representing
the within-person variance in BMI in each timepoint; Y1-Y4 are latent factors representing the within-person variance in perceived overeating in

each timepoint.

TABLE 4 Standardized total and indirect effects of the associations between predictors and latent intercepts mediated by ACEs.

Total effect Indirect effect
p 95% Cl p p 95% Cl p
To BMI
Maternal education —0.046 —0.095; 0.003 0.067 0.001 —0.002; 0.004 0.701
Financial difficulties —0.002 —0.060; 0.055 0.936 —0.002 —0.012; 0.008 0.680
Single parenting 0.021 —0.031; 0.074 0.430 —0.003 —0.018; 0.012 0.675
To perceived overeating
Maternal education 0.043 —0.023; 0.109 0.202 —0.010 —0.019; 0.000 0.039
Financial difficulties 0.103 0.031; 0.175 0.005 0.035 0.019; 0.050 <0.001
Single parenting 0.006 —0.062; 0.074 0.860 0.051 0.030; 0.071 <0.001

Note: Bold values represent results significant at p < 0.05 level.

Turning to indirect effects, no significant indirect effects were
found for child's BMI. On the other hand, ACEs were found to medi-
ate the effect of maternal education on perceived overeating,
B = —0.010, p = 0.039. Positive indirect effect through ACEs was also
found for financial difficulties (8 = 0.035, p < 0.001), and single par-
enthood (8 = 0.051, p < 0.001) (Table 4).

4 | DISCUSSION

The current study aimed to 1) longitudinally investigate the direction-
ality and dynamics of the association between BMI and perceived

overeating and 2) assess the longitudinal effects of early childhood

factors on the co-development of perceived overeating and BMI
throughout childhood. The results indicated an increase in BMI and
perceived overeating over time. The effect of BMI on perceived over-
eating was generally higher than that of perceived overeating on BMI,
but all the bidirectional cross-legged effects were not statistically dif-
ferent. The observed effects of early life factors on BMI and perceived
overeating potentially suggest two distinct pathways of childhood
obesity development.

The first pathway reflects an increase in BMI starting in early
childhood, followed by a higher likelihood of perceived overeating.
These results replicated the previous evidence from other stud-
ies.1?2038 Thjs direction might seem counter-intuitive, yet it is clearly

supported by previous literature. The obesity-associated gene
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polymorphism and excessive adipose tissue in the body have been
associated with binge eating and overeating in later childhood and
adolescence.®® The probable underlying mechanism for this associa-
tion revolves around the up-regulation of appetite and reduced satiety
responsiveness.*”3? The second pathway involves continuous per-
ceived overeating beginning in early childhood, leading to a gradual
BMI increase. Overeating can be understood as excess food
consumption, which is usually related to increased energy intake. The
long-term energy imbalance when energy intake exceeds energy
expenditure leads to the accumulation of adiposity tissue and con-
nected weight gain.?”2%4° Our results also suggested a potential
increase in the strength of the effect in auto-regressive and cross-
lagged paths after the fifth year of children's age, indicating the deep-
ening long-term consequences of early life conditions. The timing of
the increase after the fifth year of age may possibly be related to a
critical period called adiposity rebound, which refers to an increase in
BMI after its sharp drop in early childhood.*? After the adiposity
rebound, the BMI trends tend to be more stable than in previous
years of life. 4243

Conceptually, the critical periods of the life course refer to spe-
cific time windows during an individual's life when certain exposures
or experiences can have a significant and enduring influence on health
outcomes. Whilst the immediate consequences may not always be
apparent, they can set the stage for a cascade of long-term health out-
comes.® For instance, early life exposure to social disadvantage has
been found to significantly increase the risk of obesity in adult-
hood.***> Similarly, specific health conditions such as increased BMI
during childhood critical periods,*® markedly elevate the likelihood of
developing obesity in adulthood.***¢*” The current study investi-
gated the effect of early life social predictors and maternal BMI on
longitudinal trends in both child's BMI and a perceived child's overeat-
ing. A child's BMI was associated with maternal BMI, suggesting a
strong role of inherited obesity. In this context, the term inherited
obesity can be understood as genetic inheritance, together with the
potential adoption of the parent's behaviours.*® Although the genetic
predisposition itself is an unmodifiable factor, parental and family
behaviours can be subject to intervention. The effectiveness of indi-
vidual lifestyle intervention for childhood obesity has been proven
before,* yet these interventions are usually applied at a moment
when unhealthy weight or obesity is already developed and therefore
may have limited effect on the complex origin of childhood obesity.*®
The interventions focused on preventing the occurrence of childhood
obesity are often related to providing information about nutrition,
physical activity and a healthy lifestyle, typically conducted in schools

0 and their effectiveness has been

or other community facilities,”
proved by previous evidence.> Nevertheless, despite the implemen-
tation of various interventions and strategies, the prevalence of child-
hood obesity continues to increase. A common thread amongst these
efforts is their focus on modifying individual behaviours, whether
those of parents or children. Consequently, they may fail to ade-
quately consider the complexity of childhood obesity predictors and
address the broader upstream determinants over the life course that

may underlie these individual behaviours.

In the current study, we observed a significant effect of upstream
social determinants in the second pathway of obesity development,
based on perceived overeating followed by an increase in BMI.
Although higher levels of perceived overeating were also associated
with maternal BMI, a stronger effect was found for ACEs. Previous
studies described the effect of ACEs on obesity in childhood®'**> but
also the long-term impacts on obesity in adulthood.'® The underlying
mechanism could be partially attributed to physiological stress regula-
tion. ACEs may induce stress, triggering homeostatic adjustments and
disruptions in the hypothalamic-pituitary-adrenal axis. This axis plays
a pivotal role in regulating the secretion and function of hormones
linked to appetite, such as cortisol, ghrelin, leptin and insulin.>? How-
ever, it is important to highlight that ACEs themselves are affected by
social factors and could, therefore, contribute to explaining the causes
of social inequalities in childhood obesity.3¥%%>3 The novelty of our
study includes the investigation of a broader context. Our results indi-
cated that ACEs were positively associated with low maternal educa-
tion, financial difficulties and single parenting, and as such, served as a
mediator between these social factors and the risk for perceived over-
eating.>* Disadvantaged families often face increased levels of stress
stemming from material deprivation, structural inequalities or stigma-
tization.>* Material deprivation is closely related to food insecurity,
which has been previously found to be associated with inappropriate
dietary patterns in children, such as low consumption of vegetables
and whole grains®® and increased consumption of added sugar and
ultra-processed food.>® However, the impact of food insecurity exists
also beyond the nutritional concerns; it is an important stressor affect-
ing child development and mental health.>* Besides that, living in
inappropriate life conditions affects psychological susceptibility, risk
for substance abuse and overall mental health. Children living in disad-
vantaged social groups have oftentimes been found to be exposed to
higher levels of stress resulting from exposure to ACEs.>? Such chil-
dren may resort to overeating as a means to self-soothe or cope with
negative emotions. This behaviour is commonly referred to as emo-
tional overeating.>”>®

The mediation role of ACEs in social inequalities in childhood
obesity was previously investigated by Priest et al.>’ in a sample of
1873 children from the LSAC cohort and 7085 children from the
ALSPAC cohort, who showed that the exposure to multiple ACEs sig-
nificantly mediated the association between low maternal education
and increased BMI in children.>” Similar observations were reported
in the UK Millennium Cohort Study, where ACEs explained about
19% of the effect of maternal education on adolescent adiposity.”®
The inequalities in the prevalence of childhood obesity thus most
likely arise from the accumulation and chaining of social stressors, the
effect of which is mediated by ACEs.

This cumulative risk amongst families with low SES makes
them the primary target of tailored efforts to prevent or curb child-
hood obesity. The findings of this study emphasize the need for
public health initiatives to focus on a broader spectrum of determi-
nants, which may involve investment in support systems that con-
sider the unique stressors faced by families with socioeconomic

disadvantage.
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4.1 | Strengths and limitations

The current study has several strengths worth mentioning. One of the
study's major strengths is the utilization of a large sample of mothers
and their children, including more than 5000 individuals at the base-
line. Furthermore, this sample was followed through an extensive time
period, spanning from infancy to late childhood. The large sample size
and the long timespan covered in the analyses allow for more robust
conclusions regarding childhood obesity development. The validity of
the present findings is further bolstered by the comprehensive analyt-
ical approach employing a random intercept cross-lagged model,
which enabled us to model the bivariate relationships between BMI
and perceived overeating over time at the within-person level whilst
simultaneously modelling the effect of early childhood predictors on
overall levels of these outcomes.

There are also several limitations of the study. There was a sub-
stantial sample attrition at the later timepoints. We used multiple
imputations to deal with missing data, but the high level of attrition
may introduce potential bias into the findings, as the characteristics of
those who dropped out may differ from those who remained in the
study. Furthermore, child overeating was mother-reported and, there-
fore, is subject to reporting bias. The wording of the response options
reflected mother's perception of their child's overeating and whether
it worried them. As such, this item reflects the maternal perception of
their child's overeating and might be affected by maternal characteris-
tics (i.e., how mothers differ in what amount of food consumed they
consider overeating and what amount worries them). As children grow
up and begin to have more meals outside the home, parents are
increasingly less likely to monitor their eating behaviours. However,
parental reports remain the most commonly used measure of child
eating behaviours, as young children cannot reliably report their own
behaviour. Such limitation is therefore inherent to questionnaire-
based studies, and the same measure of overeating has been used in
other studies.??°© Moreover, maternal BMI before pregnancy was
estimated based on weight reported by mothers retrospectively and
may, therefore, be imprecise. Finally, mothers in the sample came
from middle and large-sized towns. Although there have been some
changes in residential addresses throughout the course of the ELSPAC
data collection, the sample is reflective mainly of the urban popula-

tion; therefore, results might not be extrapolated to rural populations.

5 | CONCLUSION

This study demonstrated the bidirectional longitudinal association
between a child's BMI and perceived overeating. The analysis of early
childhood factors suggested two potential pathways of childhood
obesity development. The first pathway was affected mainly by
maternal BMI and reflected in increased BMI starting in early child-
hood, followed by a higher likelihood of perceived overeating. The
second pathway was affected by ACEs and reflected in continuous
perceived overeating beginning in early childhood, leading to a gradual
increase in BMI. Additionally, ACEs acted as a mediator of the effect

e Wi LEY-_L 2ot

of social factors and therefore potentially contribute to the develop-
ment of social inequalities in childhood obesity. These findings dem-
onstrate that the roots of childhood obesity extend beyond
immediate individual factors. Therefore, to reduce the burden of child-
hood obesity, public health interventions must extend their scope to
early life upstream determinants and sufficiently address the complex
origin of childhood obesity.
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