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Mediators of differences

by parental education

in weight-related outcomes
in childhood and adolescence
in Norway

Teferi Mekonnen'®™?, Anne-Lise Brantsater?, Lene F. Andersen?, Nanna Lien?,
Onyebuchi A. Arah?“, Mekdes K. Gebremariam®’ & Eleni Papadopoulou®’

Studies exploring mediators of socioeconomic inequalities in excess weight gain in early-life and
subsequent overweight/obesity (OW/OB) among youth are limited. Thus, this study examined the
mediating role of prenatal and early postnatal factors and child energy balance-related behaviours
(EBRB) in the effects of parental education on (i) excess weight gain from birth to 2 years and (ii) OW/
OB at 5, 8 and 14 years. The Norwegian Mother, Father and Child Cohort Study was used to include
participants at the ages of 2 (n=59,597), 5 (n=27,134), 8 (n=28,285) and 14 (n=11,278) years. Causal
mediation analyses using the inverse odds weighting approach were conducted. Children of low-
educated parents had a higher conditional excess weight gain at 2 years compared to children of
high-educated parents (total effect, RR™=1.06; 95% C1 1.01, 1.10). The joint mediation effects of the
prenatal and early postnatal factors explained most of the total effect of low education on conditional
excess weight gain at 2 years. Children of low-educated parents had a higher risk of OW/OB at 5,

8 and 14 years compared to children of high-educated parents. The mediators jointly explained
63.7%, 67% and 88.9% of the total effect of parental education on OW/OB among 5, 8 and 14 year-
old-children, respectively. Of the total mediated effects at 5, 8 and 14 years, the prenatal and early
postnatal mediators explained 59.2%, 61.7% and 73.7%, whereas the child EBRB explained 10.3%,
15.8.0%% and 34.8%. The mediators included were found to have a considerable mediating effect in
the associations explored, in particular the prenatal and early postnatal factors. If truly causal, the
findings could indicate potential targets for interventions to tackle socioeconomic inequalities in OW/
OB from birth to adolescence.

Overweight (OW) and obesity (OB) among children and adolescents represent a major public health challenge
globally"2. OW/OB among children and adolescents (hereafter called youth) has been associated with short and
long-term health problems®->. OW/OB is also known to track from childhood to adulthood®™'°. Studies from the
last decade in high-income countries indicate a plateau in the prevalence of OW/OB among youth!-">. How-
ever, looking into subgroups, socioeconomic position (SEP) inequalities in OW/OB among youth continue to
widen'*-?!, with evidence showing that youth with low SEP have a higher burden of OW/OB or increased body
mass index (BMI) than their counterparts with higher SEP.

High rates of OW/OB”*** and SEP inequalities in BMI or OW/OB have also been documented among youth
in Norway!'®**-2¢, However, the reasons behind such inequalities remain poorly understood. Socioeconomic
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inequalities in OW/OB among youth could emerge early in life and continue throughout childhood owing to
exposure to early-life determinants of OW/OB and child energy balance-related behaviours (EBRB), which
vary by SEP. In this regard, prenatal factors (e.g. pre-pregnancy OW/OB, maternal diet, hypertension dur-
ing pregnancy, gestational diabetes, smoking during pregnancy), and early postnatal factors (i.e. breastfeeding
duration/initiation, weaning)*>*, and child EBRB (i.e. dietary, sedentary and physical activity behaviours)®-
are among the determinants of OW/OB among youth that differ by SEP. Studies have also shown a widening
social gradient in the parental lifestyle risk behaviours®**, pre-pregnancy BMI/OW/OB™, and childhood and
adolescent EBRB!. However, knowledge regarding to what extent these determinants contribute to the existing
socioeconomic inequalities in OW/OB among youth is limited.

In addition, according to the Developmental Origins of Health and Diseases (DOHaD) hypothesis®, early-life
factors including maternal weight status, maternal history of chronic diseases, smoking during pregnancy, and
maternal nutrition?”*** can play a role in increasing the risk of postnatal early rapid growth and subsequent OW/
OB. Studies have documented socioeconomic inequalities in early growth**-*2. Early rapid growth has also been
found to be associated with an increased risk of childhood and later life OW/OB and adverse health outcomes®.
However, knowledge of the mediating role of the prenatal and early postnatal factors in the association between
SEP and early rapid growth is limited.

Understanding whether and to what extent the above-mentioned factors explain SEP differences in early
rapid growth and subsequent OW/OB among youth requires formal mediation analysis. Modern causal media-
tion analysis based on the potential outcomes framework and the structural causal model framework is used to
investigate the mechanisms by which an exposure variable influences an outcome variable through other inter-
mediate variables*. There is a limited number of studies focusing on mediators of socioeconomic inequalities
in early rapid weight growth and subsequent OW/OB among youth***>*>. Furthermore, most of the existing
studies were based on cross-sectional data at a single age point and were based on traditional regression-based
approaches that can have limitations in terms of accommodating interactions between multiple mediators.
Thus, there is a need for studies with a long duration of follow-up with multiple time points and the application
of recent approaches to mediation analysis. This allows for the decomposition of effects of interest within the
potential outcomes framework by accommodating multiple mediators and interactions between exposure and
hypothesized mediators*****’. In this regard, an inverse odds weighting (IOW) approach is a recently developed
method to mediation analysis that could be used to decompose the effects of interest within the potential out-
comes framework*,

Therefore, using data from a large population-based pregnancy cohort study and applying the IOW approach
to mediation analysis, the present study aimed to examine the mediating role of the prenatal and early-postnatal
factors (up to 2 years) and child EBRB in the effect of parental SEP on (i) conditional excess weight gain at 2 years
and (ii) OW/OB among children and adolescents aged 5, 8 and 14 years.

Methods

Study design and sample. The Norwegian Mother, Father and Child Cohort Study (MoBa) is an ongoing
population-based pregnancy cohort study conducted by the Norwegian Institute of Public Health*®. Participants
were recruited from all over Norway from 1999 to 2008. The invitation to participate was sent to pregnant
women prior to the first ultrasound examination offered to all free of charge. The women consented to participa-
tion in 41% of the pregnancies. The cohort now includes 114,500 children, 95,200 mothers and 75,200 fathers.
Included women were asked to respond to questionnaires received at week 17, 22 and 30 of their pregnancy, and
when the child was 6 months, 18 months, 3 years, 5 years, 7 years and 8 years old. Participating children were
invited to fill in questionnaires at age 13 and 14 years. The current study is based on version 12 of the quality-
assured data files released for research in January 2019, with linkage to the Medical Birth Registry of Norway.
The establishment of MoBa and the initial data collection was based on a license from the Norwegian Data
Protection Agency and approval from The Regional Committees for Medical and Health Research Ethics. The
MoBa cohort is now based on regulations related to the Norwegian Health Registry Act. The current study was
approved by the Regional Committees for Medical and Health Research Ethics (REK) (REK 2018/470). Written
informed consent was obtained from all mothers who consented to participate in the study. All experiments
were performed in accordance with relevant guidelines and regulations.

After exclusion of women with multiple gestations, children with malformations and chromosomal abnor-
malities, 83,475 mothers with live-born singleton births remained. Of these, 70,913 had complete data on the
parental level of education and income status. Further exclusions for our study population at 2, 5 and 8 years
were made based on missing data on birth weight and length, missing postnatal weight or height/length measure-
ments, implausible anthropometric values, have no relevant information on prenatal and early postnatal factors,
and those who did not respond to the questionnaires at the age points considered, yielding a final sample at
2 years (n=59,597), 5 years (n=27,134) and 8 years (n=28,285). For our study population at 14 years, of those
with live-born singleton births, further exclusions were made to those who did not respond to the Q-youth diet
questionnaire, have no relevant information on prenatal and early postnatal factors, had no complete data on the
parental education and those with missing or implausible anthropometric measurements, yielding final sample
at 14 years (n=11,278) (Fig. 1).

Measurements. Parental socioeconomic position (SEP) was measured by self-reported maternal and pater-
nal level of education during pregnancy (baseline questionnaire at recruitment). The educational level of the
parent with the longest education was used to define the parental level of education. First, parental level of
education was defined into three categories as low (<12 years of education), medium (13-16 years of education)
and high (>17 years of education). The parental level of education was then categorized into a binary vari-
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MoBa linked to MBRN (n= 103 549) ]
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[ Population with complete data on parental education and income (n=70 913) ] Population responded to Q-youth diet
I questionnaire and having relevant
Exclusions based on missing in birth weight and length, missing on postnatal information on prenatal and postnatal
weight or height measurements, and implausible anthropometric values related factors with a complete data on
identified based on WHO growth standard and Jenss-Bayley growth curve and parental education (n= 12 423)
relevant covariates(n= 10 986) (n=12 423)
Population with socioeconomic position variable, predicted anthropometric
measurements from birth 8 years, and have information on prenatal and early postnatal
variables (n=59 927)
. ! “\.
At 2 years At 5 years At 8 years At 14 years
Excludcq those \'vith Excluded those who don’t Excluded those who don’t Excluded due to missing and implausible
standardxzed_remdual score answered questionnaire at answered questionnaire at 8 anthropometric measurements (n=1 145)
>3 or <-3 (n=330) 5 years (n=32 793) years (n=31 642)
Final lation included Final population included
inal population include Final population included Final population included
_ (n=11278)
(n=59 597) (n=27 134) (n=28 285)

Figure 1. Flow chart of the study population.

able (low education vs. high education) by merging low and medium levels of education. The “low education”
represents those who completed <16 years of education, and “high education” category represents those who
completed > 17 years of education.

The anthropometric measurements at birth were obtained from the Medical Birth Registry, while measure-
ments in infancy and up to 8 years were routinely conducted by health professionals at well-child clinics and
school health services and registered in a health card from which mothers were asked to report information into
MoBa questionnaires. More detail of anthropometric measurements of children from birth to 8 years is described
elsewhere'®. The anthropometric measurements for the 14 years old (average age) were obtained from the youth
dietary questionnaire (Q-youth diet) developed to monitor the youths’ food intake at the age of 13-15 years.

The outcome variables (i.e. conditional excess weight gain at 2 years, OW/OB at 5 and 8 years) were based on
the predicted anthropometric measurement derived using the Jenss-Bayley growth curve model from 1 month to
8 years®. The weight and height of the child derived from the growth model from the age of 1 month to 8 years
were used to define our outcome variables; details described elsewhere!®. The use of a growth model helps to
handle the missing anthropometric measurements and overcome the loss to follow-up. Given that a high cor-
relation between the measured and predicted anthropometric measurements was documented', the predicted
anthropometric measurements were used in this study.

Conditional growth based on a regression model was used to define conditional excess weight gain at two
years. This model overcomes collinearity issues associated with repeated measures® and has been used to define
child anthropometric growth outcomes in previous studies®~>. The conditional weight of the child at 2 years
was modelled by regressing the weight at two years on all previous weight and height measures and height at
2 years. Conditional growth at 2 years is the difference between the observed and expected weights of the child
at 2 years if the individual’s growth had followed their growth trajectory predicted by the model between 18 and
24 months. Then, the children were defined as having “excess conditional weight gain at 2 years” if the standard-
ized residual score was > 1 and “not having excess conditional weight gain at 2 years if the standardized residual
score was < 1. Children’s OW/OB at the age of 5, 8 and 14 years were defined based on revised International
Obesity Task Force BMI cut-offs (kg/m?)>.

Potential mediating variables. Supplementary Figure S1 shows the mediators included at different age
points. The choice of potential mediators considered for our outcomes from birth to 2 years, and at 5, 8 and
14 years was based on evidence from the literature’’=*, our research objectives, causal assumptions and data
availability.

At 2 years, the prenatal and early postnatal factors included in the mediation model were maternal smoking in
early pregnancy (never vs. ever smoked), maternal weight gain during pregnancy (in kg), maternal pre-pregnancy
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OW/OB (no vs. yes), paternal OW/OB (no vs. yes), maternal hypertension during pregnancy (yes vs.no), par-
ity (primiparous vs. multiparous), maternal age at birth of a child (<30 years vs. > 30 years), gestational age
(in weeks), breastfeeding up to 6 months (no vs. yes), and child age at introduction of solid food (<6 months
vs. > 6 months) and household income (below-average income vs. above-average income, defined in accordance
with data from the statistics Norway at the time of data collection (1999-2008), and defined as “below average
income” families with both parents earning < 300,000 NOK per year and as “above average income” if the income
of at least one parent, or both, was > 300,000 NOK).

At 5 years, the prenatal and early postnatal factors (up to 2 years) included in the mediation model were
birth weight, conditional excess weight gain at 2 years (yes vs. no) and all the prenatal and early postnatal factors
included at 2 years. The child EBRB included in the mediation model were breakfast intake (skip vs. consume
daily), sleep hours (<8 h/day vs. 28 h/day), weekly screen time (<2 h/day vs.>2 h/day), and own TV in the
bedroom (no vs. yes).

At 8 years, the prenatal and early postnatal factors (up to 2 years) included in the mediation model were birth
weight, conditional excess weight gain at 2 years (yes vs. no), and prenatal and early postnatal factors included
at 2 years. Summer and winter out of school physical activity (<2 h/week vs. >3 h/week), child-adherence to a
Mediterranean-like diet estimated using a food frequency-based Mediterranean Diet Score (fMDS) (low adher-
ence vs. high adherence), sleep hours (< 8 h/day vs.>9 h/day) and weekday screen time (< 1 h/day vs.>1 h/day)
were the child EBRB included into the mediation model.

At 14 years, the prenatal and early postnatal factors (up to 2 years) included in the mediation model were birth
weight, conditional excess weight gain at 2 years (yes vs. no), and prenatal and early postnatal factors included
at 2 years. The child EBRB included were sleep duration (<8 h/day vs. >8 h/day), physical activity (<2 h/week,
3-4 h/week, 5-7 h/week, > 8 h/week), participation in organized sport (no vs.yes ), weekly screen time (<2 h/
day vs.>2 h/day), fMDS (low adherence vs. high adherence) and breakfast intake (skip vs. consume daily).

Potential confounding variables. Ethnicity was assessed based on the language spoken by mother or
father defined by mother tongue other than Norwegian (yes vs. no) and maternal civil status at birth of the child
(not living with a partner vs. living with a partner) were the potential confounders considered in our study.

Statistical analysis. Stata version 16 statistical software (Stata Corporation, College Station, Texas, USA)
was used to perform the data analyses.

Parental education differences in the included anthropometric outcomes, potential mediators and confound-
ers were assessed using a chi-square test for categorical variables and an independent t-test for continuous
variables.

Theoretical causal diagrams for the links between parental education and our outcome variables at different
age points are shown in the supplementary file (Supplementary Fig. S1). Mediation analyses were performed
using the IOW method*’, within the potential outcomes framework, to decompose the total effect (TE) into
natural direct (NDE) and natural indirect effects (NIE) without having to fit any model for the mediators. In
this study, the NDE captures what the effect of parental education (high vs. low) on the outcome variables (i.e.,
conditional excess weight gain at 2 years, OW/OB at 5, 8 and 14 years) would remain if we were able to disable
the pathway from exposure to the mediators. The NIE is the difference between the counterfactual outcomes
for an exposed individual (parental education =low) with the mediators set to the value it would normally take
when an individual is exposed (parental education =low) compared to the same exposed individual with the
mediator set to the value it would normally take when the individual is unexposed (parental education = high).
The TE captures how much the outcome would change overall for change in the exposure status from unexposed
(parental education =high) to exposed (parental education =low). Multiple imputations via chained equations
using 30 multiple imputed datasets were performed to impute missing data for the potential mediators. The
implementation of the IOW approach to estimate TE, NDE, and NIE using multiple imputations is described
by Nguyen et al. and the Stata code provided in the web appendix 4 was used for our analyses*.

The NDE, NIE, and TE of parental education on excess weight gain in early life and OW/OB at 5, 8, and
14 years were estimated. Two IOW models were used. The first model included all mediators (prenatal and
postnatal) together. Thereafter a model that explored the independent mediating role of (i) prenatal and early
postnatal factors (up to 2 years), and (ii) child energy balance-related behaviours at the age 5, 8 and 14 years was
built at ages 5, 8, and 14 years. Analyses were carried out in generalized linear models with the Poisson family
and log link function. Bootstrapping based on 200 replications was used to derive confidence interval (CI) for
mediation parameters. The estimates were presented as relative risks (RR) with 95% CI. Finally, the proportion
mediated was calculated using the formula: [RRNPE (RRNE — 1)/(RRNPE x RRNE - 1)] x 100.

The mediation analysis required a series of causal assumptions namely: (i) that all variables especially the
exposure, mediator and outcomes are sufficiently or well defined; (ii) positivity; (iii) consistency and composi-
tion; (iv) no uncontrolled confounding of the exposure-mediator, the exposure-outcome, the mediator-outcome
relations given measured covariates; (v) no exposure-induced mediator-outcome confounding; (vi) no other
sources of bias; and (vii) no model misspecification*.

Sensitivity analyses were performed to assess: (i) how strong unmeasured confounders would have to be
related to both the mediators and the outcome to substantially change our conclusions for the mediated effect
using mediational E-values® and (ii) if there was an association between the loss to follow-up across age points
(i.e. attrition variable generated at 8 and 14 years) and OW/OB.
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Results

A total of 59,597, 27,134, 28,285 and 11,278 families were included with children at the age of 2, 5, 8 and 14 years,
respectively. The percentage of children with a low parental level of education was 63.2%, 57.5%, 59.4% and 66.4%
at the age of 2, 5, 8 and 14 years, respectively.

Table 1 shows the proportion of participants with conditional excess weight gain at 2 years, and with OW/
OB at 5, 8 and 14 years, and the distribution of potential mediators and confounders, stratified by parental level
of education. The results showed that children with low parental education were more likely to experience con-
ditional excess weight gain at 2 years and OW/OB at 5, 8 and 14 years compared to children with high-educated
parents. Similarly, those children of low parental level of education showed unfavourable outcomes for the
potential mediators assessed (Table 1).

Mediation analyses results. The estimated natural direct, natural indirect and total effects of parental
education on children’s conditional excess weight gain at 2 years, and OW/OB at 5, 8 and 14 years are shown in
Table 2.

Children of low educated parents had a higher risk of conditional excess weight gain at 2 years compared
to their peers with high-educated parents (total effect, RR™ =1.06). The prenatal and early postnatal mediators
included at 2 years explained most of the total effect of parental education on conditional excess weight gain at
2 years (natural indirect effect, RRME=1.09). Children of low educated parents had a higher risk of OW/OB at
5 years (RR™=1.23), 8 years (RR™=1.55) and 14 years (RR™® = 1.45) compared to their counterparts with high-
educated parents. Of the total effect of parental education on OW/OB among 5-year-olds, 63.7% was explained
by the joint effects of mediators included at 5 years (RRNF=1.13). Similarly, 67% of the total effect of parental
education on OW/OB among 8-year-olds was explained by the joint effects of mediators included at 8 years
(RRME=1.31). The natural direct effect of education on OW/OB at 5 and 8 years remained non-null (RRNPE=1.08
and RRYPE =1.18, respectively). Among 14-year-old adolescents, the joint effect of mediators included at 14 years
explained 88.9% of the total effect of parental education on OW/OB (RRNE=1.38).

Further analyses showed that most of the effect of parental education on OW/OB at the age of 5, 8 and
14 years was explained by the prenatal and early postnatal factors (up to 2 years), explaining 59.2% of the TE at
5-years (RRME=1.13), 61.7% of the TE at 8-years (RRME=1.28) and 73.7% of the TE at 14-years (RRNE=1.30).
Child EBRB at 5, 8 and 14 years explained 10.3% (RRNE=1.02), 15.8% (RRVE=1.06) and 34.8% (RRNE=1.12)
of the total effect of parental education on OW/OB among 5, 8 and 14 year-old children, respectively (Table 3).

Sensitivity analyses. With an observed natural indirect effect risk ratio of 1.09, an unmeasured con-
founder that was associated with both the mediators and conditional excess weight gain at 2 years by risk ratios
of 1.40-fold each, conditional on the measured confounders, could explain away the estimate but weaker joint
unmeasured confounder associations could not.

With an observed natural indirect effect risk ratio of 1.13 at 5 years, 1.31 at 8 years and 1.38 at 14 years, an
unmeasured confounder that was associated with both the mediators and OW/OB by risk ratios of 1.51-fold each
at 5 years, 1.95-fold each at 8 years and 2.10-fold each at 14 years, conditional on the measured confounders,
could explain away the estimates but weaker joint unmeasured confounder associations could not.

Sensitivity analysis assessing the association between the loss to follow-up across age points and our outcome
variable showed no substantive association between attrition (generated at 8 years and OW/OB at 14 years [OR
1.08, 95% CI 0.97, 1.20] (data not shown).

Discussion

This study aimed to quantify the mediation effect of prenatal and early postnatal factors (up to 2 years) and child
energy balance-related behaviours in the association between parental level of education and weight-related
outcomes among 2, 5, 8 and 14-year-old children in the MoBa study using the IOW approach. Through the
IOW, a recently developed method for mediation analysis, we were able to decompose the total effect of parental
education on children’s weight-related outcomes into natural direct and natural indirect effects. IOW approach
to mediation analysis is a method of quantifying the joint mediation of the exposure effect by a set of mediators.
This method has advantages over the other traditional-regression methods by accommodating multiple media-
tors regardless of their scales and avoids building a model for each mediator irrespective of its scale, which is
computationally prohibitive as the number of mediators increases*®*. In addition, the traditional regression-
based approaches to mediation analysis presuppose no exposure-mediator or mediator-mediator interactions.
However, holding these assumptions seems difficult in our context because OW/OB is attributable to a complex
network of lifestyle factors known to interact with each other. There is evidence showing that ignoring interac-
tions can potentially introduce biased conclusions*. Our study decomposed the effect of parental education
on weight-related outcomes from birth to adolescence by utilizing a causal mediation analysis approach that
accommodates multiple-mediators and could provide a valid estimate regardless of whether interactions between
mediators, between mediator(s) and exposures or between mediator(s) and confounding variables are present
without having to assess and specify them.

We demonstrated that most of the total effect of parental education on children’s conditional excess weight
gain at 2 years, and nearly 64 to 89% of the total effect of parental education on OW/OB among 5, 8 and 14-year-
olds were explained by the joint effect of prenatal and early postnatal factors (up to 2 years) and child energy
balance-related behaviours included at each age points assessed.

It is important to understand the mechanisms explaining socioeconomic inequalities in excess weight gain in
early life and inform public health interventions, given that those children who experienced early rapid growth
have a higher likelihood of developing childhood and later life OW/OB and adverse health outcomes®. A few
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Parental educational
Variables level
(%) % Low % High
At 2 years
No (86.6) 86.3 87.1
Conditional excess weight gain at 2 years
Yes (13.4) 13.7 12.9
No (84.4) 87.0 79.9
Ethnicity (language spoken other than Norwegian)
Yes (15.6) 13.0 20.1
Primiparaous (46.11) 442 493
Parity
Multiparous (53.9) 55.8 50.7
<30 year-old (42.7) 49.6 30.9
Maternal age
>30 year-old (57.3) 50.4 69.1
Not living with a partner (2.4) | 2.8 1.8
Maternal civil status
Living with a partner (97.6) 97.2 98.2
High (71.6) 64.0 84.6
Household income
Low (28.4) 36.0 154
Birth weight Mean+SD 3.6+0.5 |3.6+0.5
Gestational age Mean +SD 39.6£1.6 |39.7+1.5
Maternal weight gain during pregnancy Mean +SD 152+6.0 |14.7+5.1
Never smoke (76.2) 70.6 85.7
Maternal smoking during pregnancy
Ever smoke (23.8) 294 14.3
Not OW/OB (68.8) 64.3 765
Pre-pregnancy OW/OB
OW/OB (31.2) 35.7 23.5
Not OW/OB (44.6) 41.2 50.4
Paternal OW/OB
OW/OB (55.4) 58.8 49.6
M Ih d No (99.0) 98.9 99.2
aternal ertension during pregnanc
P gpres Y Yes (1.0) 1.1 0.8
No (22.7) 27.0 15.4
Breastfeeding up to six months
Yes (77.3) 73.0 84.6
<6 months (47.7) 49.6 44.4
Age at introduction of solid food
26 months (52.3) 50.4 55.7
At 5 years
No (82.0) 80.5 84.2
Overweight/obesity
Yes (18.0) 19.5 15.8
Primiparaous (50.0) 47.9 52.8
Parity
Multiparous (50.0) 52.1 47.2
<30 years (40.0) 47.1 30.5
Maternal age
>30 years (60.0) 52.9 69.5
High (78.3) 71.5 87.5
Household income
Low (21.7) 28.5 12.5
No (99.1) 99.0 99.2
Maternal hypertension
Yes (0.9) 1.0 0.8
Maternal weight gain during pregnancy Mean +SD 149+58 |14.5+5.0
Never smoke (80.8) 75.6 87.8
Maternal smoking
Ever smoke (19.2) 24.4 12.2
Not OW/OB (69.8) 64.6 76.8
Pre-pregnancy OW/OB
OW/OB (30.2) 35.4 23.2
Not OW/OB (45.1) 40.7 50.9
Paternal OW/OB
OW/OB (54.9) 59.3 49.1
Birth weight Mean +SD 3.6+0.5 |3.6+0.5
No (19.8) 24.4 13.6
Breastfeeding up to 6 months
Yes (80.2) 75.6 86.4
Skip (4.8) 53 43
Breakfast intake
Consume daily (95.2) 94.8 95.7
<2 h/day (84.5) 82.6 87.0
Screen time
>2 h/day (15.5) 17.4 13.0
<8 h/day (1.0) 1.2 0.8
Sleep
>9 h/day (99.0) 99.2 98.8
Continued
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Parental educational

Variables level

(%) % Low % High

No (93.1) 90.5 96.6
Own TV at bedroom

Yes (6.9) 9.5 35

No (85.9) 85.6 86.3
Conditional excess weight gain at 2 years

Yes (14.1) 14.4 13.7
At 8 years

No (92.7) 915 945
Overweight/obesity

Yes (7.3) 8.6 5.5

<30 years (39.4) 45.9 30.2
Maternal age

>30 years (60.5) 54.1 69.9

Primiparaous (46.7) 44.3 50.4
Parity

Multiparous (53.2) 55.7 49.6

High (75.7) 68.5 86.3
Household income

Low (24.3) 315 13.7

No (99.1) 99.0 99.3
Maternal hypertension

Yes (0.9) 1.0 0.8
Maternal weight gain during pregnancy Mean +SD 15.0+5.8 | 14.5+5.0

Never smoke (80.2) 75.1 87.7
Maternal smoking during pregnancy

Ever smoke (19.8) 24.9 12.3

Not OW/OB (70.1) 65.4 77.0
Pre-pregnancy OW/OB

OW/OB (29.9) 34.6 23.0

Not OW/OB (45.3) 41.2 51.3
Paternal OW/OB

OW/OB (54.7) 58.8 48.7
Birth weight Mean+SD 3.6+05 |3.6+0.5

No (80.7) 23.6 13.1
Breastfeeding up to 6 months

Yes (19.3) 76.5 86.9

<6 months (48.1) 50.3 449
Age at introduction of solid food

>6 months (51.9) 49.7 55.1

No (85.3) 84.7 86.0
Conditional excess weight gain at 2 years

Yes (14.8) 153 14.0

<2 h/week (11.7) 12.8 10.1
Summer out of school physical activity

>3 h/week (88.3) 87.2 89.9

<2 h/week (16.3) 18.2 13.5
Winter out of school physical activity

>3 h/week (83.7) 81.8 86.5

<1h/day (49.3) 43.5 57.7
Screen time

>1h/day (50.7) 56.5 23

<8 h/day (1.3) 1.4 1.0
Sleep

>9 h/day (98.7) 98.6 99.0

Low adherence (64.8) 66.2 62.8
fMDS adherence

High adherence (35.3) 338 37.2
At 14 years

No (88.6) 87.2 90.3
Overweight/obesity

Yes (11.4) 12.8 8.7

<30 years (39.7) 452 28.7
Maternal age

>30 years (60.3) 54.7 71.3

Primiparous (37.9) 37.1 39.6
Parity

Multiparous(62.0) 62.9 60.4

High (66.0) 58.8 80.2
Household income

Low (34.0) 41.2 19.8

No (99.2) 99.1 99.3
Maternal hypertension

Yes (0.8) 0.9 0.7

Never smoke (77.3) 72.8 86.3
Maternal smoking during pregnancy

Ever smoke (22.7) 27.2 13.7

Not OW/OB (68.4) 65.2 74.5
Pre-pregnancy OW/OB

OW/OB (31.6) 34.8 25.4
Continued
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Parental educational

Variables level

(%) % Low % High

Not OW/OB (45.6) 424 51.8
Paternal OW/OB

OW/OB(54.4) 57.6 482
Maternal weight gain during pregnancy Mean +SD 154+6.4 |14.8+53
Birth weight Mean+SD 3.6+0.5 3.7+0.5

No (19.4) 229 12.6
Breastfeeding up to 6 months

Yes (80.6) 77.1 87.4

No (86.1) 85.9 86.5
Conditional excess weight gain at 2 years

Yes (13.9) 14.1 13.5

<8 h/day (20.1) 21.9 16.6
Sleep

>8 h/day (79.9) 78.1 83.4

<2 h/week (22.0) 23.4 19.3

3-4 h/week (27.2) 275 26.5
Physical activity

5-7 h /week (32.1) 31.6 33.1

>8 h /week (18.7) 17.5 211

No (25.6) 28.3.3 20.3
Participation in organized sport

Yes (74.4) 71.6 79.7

<2 h/day (23.9) 22.2 27.2
Screen time week-day

>2 h/day (76.2) 77.8 72.8

Skip (26.6) 29.2 224
Breakfast intake

Consume daily (74.4) 70.8 78.6

Low adherence (65.0) 67.0 61.0
fMDS adherence

High adherence (35.0) 33.0 39.0

Table 1. Characteristics of study participants at 2 years (n=59,597), 5 years (n=27,134), 8 years (n=28,285)
and 14 years (n=11,278) by parental level of education, the MoBa study. The sample size varies between
some variables due to missing data: the potential confounders for all age points were listed at 2 years. fMDS
adherence to a Mediterranean-like diet estimated using a food frequency-based Mediterranean Diet Score.

2 years 5 years 8 years 14 years (n=11

(n=59,597) (n=27,134) (n=28,285) 278)

Conditional

excess weight Overweight/ Overweight/ Overweight/

gain at 2 years obesity obesity obesity
Parental educationallevel | RR | 95% CI RR | 95% CI RR | 95% CI RR | 95% CI
Total effect 1.06 | 1.01-1.10 1.23 | 1.16-1.30 1.55 | 1.40-1.72 1.45 | 1.28-1.64
Natural direct effect 0.97 |0.92-1.01 1.08 | 1.03-1.15 1.18 | 1.06-1.32 1.05 | 0.93-1.19
Natural indirect effect 1.09 | 1.07-1.18 1.13 | 1.09-1.17 1.31 | 1.24-1.39 1.38 | 1.29-1.47
Proportion mediated (%) - - 63.7 |56.6-75.6 |67.0 |61.7-80.9 |88.9 |74.6-135.1

Table 2. Total, direct and indirect effects of parental education on early excess weight gain and OW/OB at 5,
8 and 14 years of the youth in the MoBa-study. Mediation model at 2 years adjusted for ethnicity and maternal
civil status; Mediation models at 5, 8 and 14 years adjusted for ethnicity and maternal civil status.

studies have explored the mediators explaining socioeconomic inequalities in early rapid growth using the tra-
ditional regression-based methods to mediation analysis***? and found that maternal smoking, maternal BMI,
infant birth weight, gestational age at birth, maternal age and child-feeding practices mediated socioeconomic
inequalities in early rapid growth. These studies have limitations in controlling for interactions between exposure
and hypothesized mediators given that they have used traditional regression-based mediation analyses. Our
study is the first study with a large sample size, which accounts for these limitations and indicates a substantial
joint mediation effect of the prenatal and early postnatal factors for the association between parental level of
education and conditional excess weight gain at 2 years.

Our findings showed that most of the total effect of parental level of education on OW/OB among 5 and
8 years old children was explained by the joint mediation effect of the prenatal and early postnatal factors (up
to 2 years), and child energy balance-related behaviours identified at 5 years (explaining 64%) and 8 years
(explaining 67%).

We found that nearly 90% of the total effect of parental education on OW/OB among adolescents was
accounted through the joint mediation effects of prenatal and early postnatal factors (up to 2 years), and the
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5 years 8 years 14 years (n=11
(n=27,134) (n=28,285) 278,
Overweight/ Overweight/ Overweight/
obesity obesity obesity

Parental educational level RR | 95% CI RR ‘ 95% CI RR | 95% CI

Mediators included: prenatal and early postnatal factors (up to 2 years)

Total effect 1.23 | 1.17-1.29 1.55 | 1.41-1.70 1.45 | 1.28-1.64
Natural direct effect 1.09 | 1.04-1.15 1.21 | 1.10-1.33 1.12 | 0.98-1.27
Natural indirect effect 1.12 | 1.09-1.16 1.28 | 1.22-1.35 1.30 | 1.22-1.38

Proportion mediated (%) 59.2 | 55.1-70.1 |61.7 |57.5-70.8 |73.7 |64.1-110.2
Mediators included: child health-related behaviours

Total effect 1.23 | 1.17-1.29 1.55 | 1.42-1.69 1.45 | 1.29-1.63
Natural direct effect 1.21 | 1.14-1.28 1.47 | 1.35-1.60 1.29 | 1.15-1.46
Natural indirect effect 1.02 | 1.01-1.03 1.06 | 1.04-1.07 1.12 | 1.09-1.15
Proportion mediated (%) 10.3 7.5-12.1 15.8 | 13.4-15.7 |34.8 |32.3-40.8

Table 3. Total, direct and indirect effects of parental education on OW/OB at ages 5, 8 and 14 years, in the
MoBa study. All models were adjusted for ethnicity and maternal civil status.

adolescent EBRB. Mediators which we considered in our study (i.e. parental BMI, parental smoking behaviours,
and child physical activity) were also reported as mediators explaining SEP differences in OW/OB among adoles-
cents aged 11-16 years in studies from Finland and Germany>*>’. Nevertheless, we quantified the joint mediation
effect of multiple early-life factors (i.e. birth weight, maternal age, parity, household income, breastfeeding, age at
introduction of solid food, and weight gain during early life), and adolescent EBRB (i.e. participation in organ-
ized sport, level of physical activity, breakfast intake, sleep hours, dietary adherence and screen time) including
those mediators documented in the previous studies. To our knowledge, this is the first study that explored the
joint mediation effect of the adolescent EBRB and the prenatal and early postnatal factors using a large sample
size with multiple time point data.

Tackling socioeconomic inequalities in OW/OB in childhood and later in life requires the understanding of
critical periods for the emergence of socioeconomic inequalities in OW/OB. In this regard, it is evident that criti-
cal periods for socioeconomic inequalities in OW/OB could begin early in life®®** through exposure to prenatal
and early postnatal factors that vary by SEP¥. Our result showed a substantial contribution of the prenatal and
early postnatal factors (up to 2 years) taken together in explaining the existing socioeconomic inequalities in
OW/OB across childhood and adolescence. Public health efforts aimed at tackling socioeconomic differences in
childhood and later life OW/OB need to target the identified modifiable early-life factors of OW/OB. The DOHaD
hypothesis indicates that exposure to environmental factors during the critical window development period
might predispose to diseases in later-life*”. In this regard, the contribution of exposure to early life factors to the
subsequent development of childhood overweight/obesity has been reported by previous longitudinal studies
with evidence demonstrating a higher risk of being overweight/obese in early childhood, mid-childhood, and
early adolescence among those exposed to early life factors®*-®*. The substantial contribution of early-life fac-
tors to the inequalities documented in our study, and the finding of other studies®*-** may support the DOHaD
hypothesis where the fetal and early-life factors influence the development of subsequent overweight/obesity.
Thus, the prenatal period could be one of the critical periods to be targeted for public health efforts to early OW/
OB prevention®. In this regard, our results showed the substantial contribution of the prenatal factors (i.e. weight
gain during pregnancy, maternal OW/OB, paternal OW/OB, maternal smoking during pregnancy, maternal age
at pregnancy, parity, household income) in explaining the existing socioeconomic inequalities in weight-related
outcomes among children and adolescent, which showed a higher percentage mediated effect than early postnatal
factors (Supplementary Table S1).

We found that the mediating role of the EBRB from preschool to adolescence was relatively small compared
to the prenatal and early postnatal factors (up to 2 years). The relatively small proportion of the mediated effect of
the energy balance-related behaviours at these ages might be due to the measurement approaches used to assess
these variables. Most of the child EBRB including, physical activity and sedentary behaviours included in this
study were based on data reported by parents (5 and 8 years) and children (14 years). Studies have shown that
indirect measures (i.e. parental-report or self-report) of health-related behaviours have limitations, and tend to
overestimate physical activity behaviours®*-% and underestimate sedentary behaviours®. The use of self-reported
or parent-reported data could introduce information bias in the NIE if the mediators suffered from differential or
dependent measurement error possibly affected or differential by SEP. Thus, using indirectly measured variables
as a mediator in our analyses may not show the exact contributions of child energy balance-related-behaviours in
explaining the existing socioeconomic inequalities in OW/OB among 5, 8 and 14-year-old children. Our study
result also showed that 36.3%, 33.7%, and 11.1% of the total effect of parental education on childhood OW/OB
at 5, 8, and 14 years was not explained by the included mediators. Therefore, more studies exploring more media-
tors, including the objectively measured energy-balance related behaviours, are important to identify mediators
explaining the association between SEP and child weight-related outcomes at different age points.

In this study, both modifiable and non-modifiable factors explaining SEP inequalities in child weight-related
outcomes were considered. Our results of the proportion mediated with and without the non-modifiable factors
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indicated that there was only a small increase in the proportion mediated after accounting for the non-modifiable
factors, including maternal age, parity and household income. Thus, the modifiable factors drove most of the
socioeconomic inequalities in child weight-related outcomes.

There is some documented evidence of gender-specific mediation of socioeconomic position differences in
adiposity among youth®” %, Quantifying such gender-or sex-specific effects was beyond the scope of this study.
We hope that future studies would investigate how gender or sex might modify pathways explaining SEP differ-
ences in weight-related outcomes among youth.

Policy implications. A substantial contribution of early life factors (up to 2 years) in explaining SEP differ-
ences in child weight-related outcomes from birth to adolescence indicates the need to introduce health promo-
tion efforts targeting women of reproductive age and pregnant women towards prevention of pre-pregnancy
overweight/obesity, proper weight gain during pregnancy, prevention of hypertension during pregnancy, smok-
ing cessation, promotion of breastfeeding up to 6 months and timely introduction of solid food to combat the
existing socioeconomic inequalities in child weight-related outcomes from birth to adolescence. This could be
done by integrating with antenatal care follow-ups. In this regard, studies from Norway indicated an equitable
distribution in the utilization of health services that are provided free of charge® and a narrowing in the ine-
qualities in the utilization of obstetric services from 1967 to 20097°. However, socieoeconomic inequalities in the
indicators of prenatal maternal health (e.g. preterm birth, low birth weight, small for gestational age, stillbirth)”*
and infant feeding prectices’ was reported. Thus, integrating interventions targeting the above mentioned early
life risk factors of social inequalities in child weight-related outcomes with antenatal care follow-ups that are
provided free of charge in Norway may help to reduce the observed social inequalities in child weight-related
outcomes in childhood and adolescence in Norway. Furthermore, targeting early childhood for OW/OB preven-
tion is recommended to reduce childhood and later-life OW/OB”>. Thus, it is important to target children from
preschool to adolescence to promote healthy energy balance-related behaviours.

Strengths and limitations. The strengths of this study include the large sample size and the application
of an IORW approach, a method that allows for the decomposition of effects of interest within the potential
outcomes framework and accommodating multiple mediators. Furthermore, missing data for anthropometric
measurements (up to 8 years) were handled with the use of a growth model and missing data for the mediators
and confounders were handled by using multiple imputations.

However, this study also has weaknesses. The anthropometric measurements of the children were based on
parent-reported measurements (although consultation of the children’s health card was suggested for several age
points), which might introduce reporting errors. There are studies indicating reverse causality for the associations
between child growth outcomes and early child feeding practices’*”>. Therefore, the mediators: breastfeeding
and age at introduction of solid food, which were considered for conditional excess weight gain at 2 years in this
study, could suffer from the reverse causality that could introduce bias in our estimates. Thus, the use of media-
tors suffering from reverse causality for our outcomes from birth to 2 years may bias our natural indirect effect
estimates, although this bias may not be substantial given that the model estimates the joint effects of mediators,
including those suffering from reverse causality. Information on the separate contribution of each mediator may
sometimes be necessary for intervention or policy prioritization; in this regard, the mediation analysis approach
used in this study does not provide such insights into such separate effects. Nonetheless, it is often extremely dif-
ficult to disentangle such separate contributions given their complex interconnections without making unrealistic
simplifying assumptions about them. Furthermore, self-selection in MoBa is also a concern. Women participating
in MoBa are older, better educated and include fewer smokers than the general population of pregnant women”.
Therefore, the mediation parameters for the associations between SEP and rapid growth from birth to 2 years, and
OW/OB at 5, 8, and 14 years in the current study are likely to be underestimated; the generally small risk ratio
in the mediation parameters should thus be seen in the light of this potential underestimation. Finally, another
limitation in this study is that the measurements of some of the mediators, such as physical activity and seden-
tary behaviours, were based on self-report measures. The use of self-reported data could introduce information
bias in the NIE if the mediators suffered from differential or dependent measurement error possibly affected
or differential by SEP. In addition, the information collected for the mediating variables, particularly the child
energy balance-related behaviours, was based on categorical responses, which may lead to loss of information
and introduce misclassification bias that may underestimate the indirect effects””. Therefore, the results in our
mediation analyses particularly, the mediating role of child energy balance-related factors, should be seen in the
light of these limitations. Future work should use external data or information to conduct extensive quantitative
bias analysis addressing measurement error in such a multiple-mediator setting as ours.

Conclusion

The mediators included were found to have a considerable mediating effect in the associations explored, in par-
ticular the prenatal and early postnatal factors. If truly causal, the findings could indicate potential targets for
interventions to tackle socioeconomic inequalities in OW/OB from birth to adolescence.

Data availability

The datasets analyzed during the current study are not publicly available due to data protection regulations.
Researchers who want access to data sets for replication should submit an application to datatilgang@thi.no.
Access to data sets requires approval from The Regional Committee for Medical and Health Research Ethics in
Norway and an agreement with MoBa.
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