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Background—@Gestational diabetes and gestational hypertensive disorders are associated with
offspring obesity. The role of maternal adiposity in these associations remains unclear. We aimed
to evaluate if these pregnancy complications affect the odds of offspring obesity independently of
maternal obesity.

Methods—In this individual participant data meta-analysis of 160757 mother-offspring pairs
from 34 prospective European or North-American pregnancy/birth cohorts, we assessed the
associations of gestational diabetes, gestational hypertension and pre-eclampsia with childhood
BMI and the odds of overweight and obesity throughout childhood. We explored to what extent
any association was explained by maternal pre/early-pregnancy BMI.

Findings—Gestational diabetes was associated with a higher odds of overweight throughout
childhood (Odds Ratio (OR) 1-59 (95% Confidence Intervals (Cl) 136, 1-86); OR 1.41 (95% ClI
1.26, 1.57); OR 1-32 (95% CI 0-99, 1-78) for early-, mid- and late-childhood, respectively) when
compared to uncomplicated pregnancies. These associations attenuated towards the null following
adjustment for maternal BMI. Likewise, gestational hypertension was associated with a higher
odds of overweight throughout childhood, with the strongest association in late-childhood (OR
1-49 (95% CI 1-30, 1-70)), when compared to uncomplicated pregnancies. Additional adjustment
for maternal BMI largely explained these associations. Pre-eclampsia was associated with a lower
BMI in early-childhood only (difference in BMI-SDS - 0.05 SDS (95% CI - 0-09, - 0-01)), when
compared to uncomplicated pregnancies. This association strengthened upon additional adjustment
for maternal BMI.

Interpretation—Our results suggest that lowering maternal risk of gestational diabetes and
hypertensive disorders is unlikely to have a direct impact on childhood obesity. Preventive
strategies for reducing childhood obesity should focus on maternal BMI rather than on pregnancy
complications.

Funding—This work was supported by the European Union's Horizon 2020 research and
innovation programme under grant agreement 733206 (LifeCycle Project).

Introduction

Gestational diabetes and gestational hypertensive disorders are among the most common
pregnancy complications, affecting 10-25% and 2-4% of all pregnancies, respectively.1,2
These complications are major risk factors for maternal and fetal morbidity and mortality.1-
3 Overall, 12% of maternal deaths are attributable to gestational hypertensive disorders,
whereas up to 10% of adverse fetal outcomes, such as delivering a large size for gestational
age infant are attributable to gestational diabetes.4—6 Fetal exposure to hyperglycemia due to
gestational diabetes or altered utero-placental perfusion due to gestational hypertension and
pre-eclampsia affect fetal nutrient supply.7,8 Alterations in the fetal supply line may
influence fetal development, and trigger developmental adaptations in adipose tissue,
neuroendocrine and metabolic function, which could predispose offspring to adiposity in
later life.9

Maternal obesity is a risk factor for gestational diabetes and gestational hypertensive
disorders, and is also associated with an increased risk of obesity in offspring.10 It is not
clear whether gestational diabetes and gestational hypertensive disorders affect the risk of
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offspring obesity independently of the risk conferred by maternal obesity. Previous studies
have shown that diabetes during pregnancy is associated with an increased risk of offspring
obesity and higher fat mass levels, independent of maternal socio-demographic and lifestyle
characteristics.11-17 Inconsistent findings were reported for the specific role of maternal
obesity in these associations. Prospective cohort studies have assessed the relations of
gestational hypertensive disorders with offspring blood pressure, but only few have also
assessed the relation with offspring adiposity.18-20 A UK study reported that children of
women who had either gestational hypertension or pre-eclampsia had higher risk of obesity
at 9 years, whereas an Australian study found similar associations only in term born young
adults of mothers with gestational hypertension, but not with pre-eclampsia.18,19 For the
development of new preventive strategies focused on reducing childhood obesity, insight
into the effects of gestational diabetes and gestational hypertensive disorders, independent of
maternal obesity, on offspring obesity is needed.

Using individual participant data (IPD) from 160757 mother-offspring pairs, we assessed the
associations of maternal gestational diabetes, gestational hypertension and pre-eclampsia
with the odds of offspring overweight and obesity throughout childhood. We further
explored whether any observed association was independent of maternal pre-/early-
pregnancy BMI.

Inclusion criteria and participating cohorts

We used data from an existing international collaboration on maternal obesity and childhood
outcomes. Pregnancy and birth cohort studies were eligible for inclusion in this international
collaboration if they were able to provide IPD on mothers with singleton live-born children
born from 1989 onwards, and had information available on maternal pre/early-pregnancy
BMI and birth weight and/or childhood BMI. We invited 50 cohorts from Europe, North
America and Oceania identified from existing collaborations on childhood health
(EarlyNutrition Project, CHICOS Project, www.birthcohorts.net; last accessed July 2014), of
which 38 agreed to participate and provided data on 274174 singleton births. For this study,
we only included cohorts that were able to provide IPD on maternal gestational diabetes,
gestational hypertension or pre-eclampsia, and childhood BMI obtained at least once
between age 2 and 17-9 years. This resulted in 160757 mothers-offspring pairs available for
analysis (Supplemental Figure S1). Anonymized datasets were stored on a single central
secured data server with access for the main analysts (BPG, SS). All studies were approved
by their local institutional review boards. Additional ethics approval was not required to
perform this IPD meta-analysis.

Pregnancy complications and pre/early-pregnancy BMI

Information on gestational diabetes, gestational hypertension, pre-eclampsia and maternal
BMI was obtained from medical records, through research assessments or was self-reported
(cohort-specific information is shown in Supplemental Table S1). Where possible we used
maternal pre-pregnancy BMI (<18-5, 18.5 - <25, 25 - <30, =30 kg/m?). Five cohorts
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(including 6,513 participants) did not have information about pre-pregnancy BMI but
obtained BMI in early pregnancy (all assessed before or at 20 weeks of gestation).

Childhood BMI

Covariates

Data on childhood weight and height were mostly obtained through direct research
assessments, with a small number of studies abstracting information about weight and
height, or BMI, from medical records, report by parents/caregivers or self-reported (cohort-
specific information is provided in Supplemental Table S1). We grouped BMI based on the
child’s age at assessment into early-childhood (2:0-4-9 years), mid-childhood (5-0-9-9
years), and late-childhood (10-0-17-9 years). The age intervals, which correspond roughly to
preschoolers, school-age children and adolescents, respectively, were predefined based on
data availability and data for each period were provided by the cohorts. If studies had
multiple repeated measurements within the same age period, we used data collected at the
oldest age. We calculated sex- and age-adjusted standard deviation scores (SDS) of
childhood BMI using WHO reference growth charts (Growth Analyzer 4.0, Dutch Growth
Research Foundation).21-24 Childhood underweight, normal weight, overweight and
obesity (further referred as overweight) were defined based on the age- and sex- specific
WHO criteria.21,22

Covariates were mostly obtained by questionnaires and provided by cohorts as categorical
variables (cohort-specific information is shown in Supplemental Table S1 and S2). To allow
handling of missing data, the continuous covariates were categorized. As potential
confounders other than maternal pre-pregnancy BMI, we considered maternal age (defined
based on data availability: <25-0 years, 25-29-9 years, 30-34-9 years, 2350 years),
educational level (low, medium, high), ethnicity (European/White, non-European/non-
White), parity (nulliparous, multiparous), smoking during pregnancy (yes, no), and
offspring’s sex. We did not adjust the primary analyses for offspring birth weight and
gestational age at delivery, as these birth characteristics are likely to be mediators on the
causal pathway and adjustment might introduce bias.25

Statistical analysis

We assessed the percentage of childhood overweight in early, mid and late childhood for
each combined maternal BMI and pregnancy complication group. We applied multilevel
mixed effects models, taking into account clustering of participants within cohorts, to
analyze simultaneously IPD from all cohorts.26 Our models were defined assuming a
random intercept at cohort level, which allowed for differences in the intercepts between
cohorts. First, we used multilevel linear mixed effects models to examine the associations of
gestational diabetes, gestational hypertension or pre-eclampsia with BMI SDS in early-,
mid-, and late-childhood. Second, we used multilevel binary logistic mixed effects models to
examine the associations of these pregnancy complications with the odds of childhood
underweight, and overweight in the same age windows. Participants exposed to either
gestational hypertension or pre-eclampsia were compared to those with none of these
conditions, irrespective of their gestational diabetes status. Similarly, those exposed to
gestational diabetes were compared to those with no gestational diabetes, irrespective of
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whether or not they had gestational hypertension or pre-eclampsia. For all analyses, we
constructed an unadjusted model (Basic model), a model adjusted for offspring’s sex,
maternal age, educational level, ethnicity, parity and smoking during pregnancy (Lifestyle
characteristics model), and a model additionally adjusted for maternal pre/early-pregnancy
BMI (Maternal BMI model). For the associations of pregnancy complications with the odds
of childhood underweight, only the basic model was applied due to insufficient sample size.
Based on findings from previous studies and clinical relevance, we tested potential
interactions between each pregnancy complication and (i) offspring”s sex and (ii) maternal
BMI, in their associations with childhood BMI.27-29 Since no consistent significant
interactions were observed, no further stratified analyses were performed. To prevent
exclusion of non-complete cases, we used missing values in the covariates as an additional
group (percentage missings per cohort given in Supplemental Table S2). We did not include
information for a cohort for a specific categorical covariate, if information for this variable
was available for less than 50% of the cohort sample. Due to the strategy used to handle
missing data, the confounding factors were included in the models as categorical covariates.
However, in an analysis using complete cases of maternal pre-pregnancy BMI and age,
similar associations were observed when adjusting for them as continuous or categorical
covariates (Supplemental Table S3). As sensitivity analysis, we performed 2-stage random
effects meta-analyses and tested for heterogeneity between cohorts using the 12.26 Analyses
were undertaken using the Statistical Package of Social Sciences version 21.0 for Windows
(SPSS Inc, Chicago, IL, USA) and Review Manager ((RevMan) Version [5.3.5].
Copenhagen: The Nordic Cochrane Centre, The Cochrane Collaboration, 2014) software.

Role of the funding source

Results

This work was supported by the European Union's Horizon 2020 research and innovation
programme under grant agreement 733206 (LifeCycle Project). The funding source had no
role in the study design, data collection, analysis, interpretation, and in the writing of the
report. BPG and SS had access to the raw data. The corresponding author had full access to
all of the data and the final responsibility to submit for publication.

Response and subject characteristics

Out of 50 cohorts identified and invited, 38 agreed to participate and 34 were included in
these analyses. Only 4 cohorts (113417 participants) were excluded due to missing data on
exposures and/or outcomes.

Table 1 shows the characteristics of participants of each cohort. Out of a total of 160757
mothers, 2618 (1-7%) had gestational diabetes, 9755 (6-5%) had gestational hypertension,
and 4836 (3-:3%) had pre-eclampsia. 30927 (19-7%) of the mothers were overweight and
12467 (7-9%) obese. Among offspring 5606 (6-6%), 24254 (20-1%) and 3699 (21-3 %) were
overweight in early-, mid-, and late-childhood, respectively. Cohort-specific information on
childhood age at assessment and BMI is shown in Supplemental Table S4. Figure 1 shows
the percentages of childhood overweight according to their mothers pre-pregnancy BMI
category and presence or absence of each pregnancy complication. The highest percentages
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of childhood overweight were observed in children whose mothers were overweight or obese
at the start of pregnancy, independent of whether their mothers had gestational diabetes or
gestational hypertensive disorders. A small increase in the percentage of childhood
overweight was observed by the presence of gestational diabetes in both normal weight and
overweight or obese mothers, whereas no differences were observed by presence or absence
of gestational hypertensive disorders.

Gestational diabetes and childhood BMI

Figure 2A shows that in basic and lifestyle characteristics models, gestational diabetes was
associated with a higher offspring BMI throughout childhood (differences in BMI-SDS in
lifestyle characteristics models: 0-11 SDS (95% Confidence Intervals (ClI) 0-06, 0-16); 0-21
SDS (95% CI 0-16, 0-26); 0-08 SDS (95% CI -0-04, 0-21) in early-, mid- and late-childhood,
respectively), as compared to uncomplicated pregnancies. After additional adjustment for
maternal BMI, these associations largely attenuated towards the null. Similarly, gestational
diabetes was associated with increased odds of overweight throughout childhood in basic
and lifestyle characteristics models, with the strongest association in early-childhood (Odds
Ratio (OR) 1-59 (95% CI 1-36, 1-86) (Figure 2B). Adjustment for maternal BMI largely
attenuated the effect estimates towards the null. Only the association of gestational diabetes
with the odds of early childhood overweight remained significant (OR 1-35 (95% CI 1-15;
1.58)). Gestational diabetes tended to be associated with a lower odds of underweight
throughout childhood in basic model (Supplemental Table S5). Additional adjustment for
gestational hypertension and pre-eclampsia did not affect the observed associations of
gestational diabetes with childhood outcomes (Supplemental Table S6). Although no
statistical interaction was present, as sensitivity analyses, we have explored the associations
of gestational diabetes with childhood BMI, stratified by maternal BMI groups and found
similar associations across groups (Supplemental Table S7). Similar associations of
gestational diabetes with childhood BMI were also observed when adjusting for pre/early-
pregnancy or pre-pregnancy BMI (Supplemental Table S8).

Gestational hypertensive disorders and childhood BMI

Figure 3A shows that, as compared to uncomplicated pregnancies, gestational hypertension
was associated with a higher BMI throughout childhood in basic and lifestyle characteristics
models (differences in BMI-SDS in lifestyle characteristics models: 0-07 SDS (95% CI 0-03,
0-11); 0-13 SDS (95% CI 0-10, 0:17); 0-20 SDS (95% CI 0-14, 0-27) in early-, mid- and late-
childhood, respectively). These associations were partly explained by maternal BMI
(difference in BMI-SDS: 0-01 SDS (95% CI - 0-03, 0-06); 0-04 SDS (95% CI 0-01, 0-07);
0-07 SDS (95% C1 0-01, 0:13) in early-, mid- and late-childhood, respectively). Gestational
hypertension was also associated with higher odds of overweight throughout childhood. The
strongest association was observed for late-childhood (OR 1:49 (95% CI 1.-30, 1-70)).
Additional adjustment for maternal BMI largely attenuated these associations (Figure 3B).
In the basic model, gestational hypertension was associated with a lower odds of childhood
underweight at all ages (Supplemental Table S5).

Pre-eclampsia was associated with a lower BMI in early-childhood in both basic and
lifestyle characteristics models (difference in BMI-SDS in lifestyle characteristics model: -
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0.05 SDS (95% CI - 0-09, - 0-01)) (Figure 4A). This inverse association strengthened upon
additional adjustment for maternal BMI. In contrast, we observed a positive association of
pre-eclampsia with BMI in mid- and late-childhood in basic and lifestyle characteristics
models (differences in BMI-SDS in lifestyle characteristics models: 0-10 SDS (95% CI 0-06,
0-13); 0-16 SDS (95% CI 0:03, 0-30) in mid- and late-childhood, respectively). These
associations fully attenuated after additional adjustment for maternal BMI. The associations
of pre-eclampsia with overweight in mid- and late-childhood also fully attenuated after
adjustment for maternal BMI (Figure 4B). In the basic model, pre-eclampsia was associated
with a higher odds of underweight in early-childhood only (Supplemental Table S5). Similar
associations between both gestational hypertension and pre-eclampsia with childhood
outcomes were observed when adjusting for pre/early-pregnancy or pre-pregnancy BMI
(Supplemental Table S8) and when additionally adjusted for gestational diabetes
(Supplemental Table S6).

2-stage meta-analyses

Analyses performed with 2-stage meta-analyses were consistent with those obtained from
our main (1-stage) meta-analyses (Supplemental Figures S2-10). We did not observe
substantial heterogeneity between the cohorts in any association that we assessed (12 range 0
to 40%, with 6 out of the 9 meta-analyses having 12 <25%; Supplemental Figures S2-10).

Discussion

Results from our IPD analysis of 160757 mothers and children from Europe and North
America demonstrated that children born to mothers with gestational diabetes and
gestational hypertension had a higher BMI and higher odds of being overweight throughout
childhood, whereas pre-eclampsia was associated with a lower BMI in early-childhood.
These associations were of small magnitude and largely explained by maternal pre/early-
pregnancy BMI.

Interpretation of main findings

Gestational diabetes and gestational hypertensive disorders affect substantial numbers of
pregnancies and are associated with adverse maternal and fetal pregnancy outcomes.1-3
Gestational diabetes may lead to fetal overnutrition as a result of maternal hyperglycemia
during pregnancy.7 Gestational hypertension and pre-eclampsia are related to placental
dysfunction, which may lead to impaired fetal nutrient supply.8,30 Both conditions may
subsequently induce permanent changes in offspring body composition, neuroendocrine
systems and metabolic functions, which predispose offspring to an increased risk of obesity
in later life.9 Our aim was to explore if gestational diabetes and gestational hypertensive
disorders affect the risk of offspring obesity independently of the risk conferred by maternal
obesity. Disentangling the independent role of these maternal pregnancy complications on
childhood obesity risk is important for development of future childhood obesity prevention
strategies.

Results from two systematic reviews of 12 and 9 published cohort studies suggested that
maternal diabetes during pregnancy was associated with a higher offspring BMI. These
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associations were no longer present in single studies that adjusted for maternal pre-
pregnancy BMI.14,31 Recently, several prospective observational studies reported
inconsistent findings for the association of gestational diabetes with offspring BMI after
adjustment for maternal BMI1.11-13,15-17,32-34 An older prospective cohort study of
280866 Swedish men recruited from 1973 to 1988, suggested that diabetes during
pregnancy, including gestational diabetes and pre-existing diabetes, was associated with a
higher BMI at the age of 18 years. This association was independent of maternal BMI.17 In
contrast, we observed that children of mothers with gestational diabetes had a higher BMI
throughout childhood, but this association was largely explained by maternal pre/early-
pregnancy BMI. This different finding might be explained by methodological differences
between our IPD meta-analysis and the Swedish Study, as the Swedish study was focused on
men only, measured offspring BMI in adulthood, and does not reflect contemporary clinical
practice which involves newer screening and treatment strategies. We observed the strongest
association of gestational diabetes with offspring obesity in early-childhood. This may be
explained by tracking of birth size.35,36 Consistent with our findings, treatment of
gestational diabetes, defined as a fasting glucose <95 mg/dL and two of three timed
measurements that exceeded established thresholds, was found to be beneficial for neonatal
outcomes, but did not influence offspring obesity risk at age 5-10 years in a multicenter
randomized controlled trial.37 Using the diagnosis of gestational diabetes may insufficiently
reflect glycemic status during pregnancy. Maternal glucose levels below current diagnostic
criteria of diabetes, are linearly and positively associated with adverse perinatal outcomes.
35,38 However, several studies showed that maternal gestational glucose was not associated
with offspring BMI in early childhood, after adjustment for maternal BMI1.39,40 Thus, our
findings strongly suggest that the association of gestational diabetes with higher BMI in the
offspring is largely explained by maternal BMI.

Few studies have examined the association of gestational hypertensive disorders with
childhood adiposity. Data from a UK prospective cohort study of 6343 mother-offspring
pairs found a positive association of gestational hypertension with childhood adiposity at age
9, which attenuated after adjustment for parental BMI.18 This study also found inverse
associations of pre-eclampsia with offspring lean mass and adiposity at age 9 after
adjustment for parental BMI.18 In contrast, an Australian cohort study of 1151 mother-
offspring pairs born at term showed that offspring of mothers with gestational hypertension
had higher risk of overweight at 20 years, independently of maternal BMI.19 No association
of pre-eclampsia with offspring BMI was present.19 We observed that gestational
hypertension was associated with a higher BMI and odds of overweight throughout
childhood, but this association was also largely explained by maternal BMI. Pre-eclampsia
was associated with a lower BMI in early-childhood, and this inverse association was
stronger after adjustment for maternal BMI. In later childhood, pre-eclampsia was associated
with a higher childhood BMI, but this association was no longer present after adjustment for
maternal BMI. This might be explained by a smaller size at birth among children of mothers
with pre-eclampsia due to placental dysfunction and fetal growth restriction.41 These
children might experience accelerated growth in infancy and early-childhood, leading to
higher BMI in mid- and late-childhood.42 Further studies using detailed assessment of
maternal blood pressure and placental function, which provides details on disease severity,
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may provide more insight into the effects of pre-eclampsia on childhood adiposity
development.

Our observations are important from an etiological and preventive perspective. The
associations of gestational diabetes and gestational hypertensive disorders with offspring
obesity were of limited clinical importance and largely dependent on maternal BMI.
Interventions to reduce the risk of pregnancy complications or improve the effectiveness of
their treatment may be important in relation to a range of problems for the mother and child,
but they are unlikely to influence directly the development of obesity in offspring.

Strengths and limitations

Major strengths of our study are the large sample of contemporary populations reflecting
current diagnosis and treatment policies and the use of IPD from a wide selection of existing
studies to reduce the risk of publication bias. We were able to adjust for multiple
confounders, with a particular focus on maternal pre-pregnancy BMI. Out of 50 cohorts
identified and invited, 38 agreed to participate and 34 were included in these analyses. Only
4 cohorts (113417 participants) were excluded due to missing data on exposures and/or
outcomes. Bias in our findings is unlikely since the reasons for not participating are not
related to the research question of the study but rather to study design or follow-up.
Although we have included cohorts from early 1990°s onwards, the study period does not
seem to influence our findings since we observed low heterogeneity between all cohorts in
the associations assessed. We included data from cohort studies from Europe and North
America, so our findings are mainly applicable for Western populations. The inclusion of
data from other regions could have led to large differences in maternal and childhood obesity
prevalences, treatment of pregnancy complications and ethnic and sociodemographic
characteristics, complicating or limiting the possibility to meta-analyse the data. Further
studies are needed to assess these associations among populations from low- and middle-
income countries, and to explore potential differences among women from different ethnic
backgrounds known to be at higher risk to develop pregnancy complications. Within some
cohorts, women might have participated with multiple singleton pregnancies. We were
unable to account for within-mother clustering, as this data was not available within our IPD
meta-analysis. However, as this only reflects a very small number of women, we consider it
unlikely that this has affected our results. Our observed associations are applicable for
singleton pregnancies. As important differences in placental development and function, fetal
nutrient supply and growth are present among twin pregnancies, further studies are needed
to explore whether these findings are also present among twin pregnancies. We are aware
that our study cannot overcome potential limitations of individual studies in terms of their
design and conduct, differences in measurements and definitions of exposure and outcome
data, variation in missing data and loss to follow up. Some cohorts relied on self-reporting to
obtain information on pregnancy complications. We were not able to perform sensitivity
analyses based on the methods of data collection since some cohorts have collected data on
pregnancy complications using more than one method. Misclassification of women, if
present, might have led to attenuation of the associations. The prevalence of gestational
diabetes in our sample was relatively low and varied substantially between cohorts, which
might suggest underascertainment of this condition, differences in screening protocols
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between cohorts and a selection towards a relatively healthy study population. This might
affect the generalizability of our findings. We have no information on how any of the
pregnhancy complications were treated, which might also differ per cohort. Effective
treatment that reduced circulating glucose and blood pressure during pregnancy may lead to
weaker associations of these conditions with offspring obesity. Given that our IPD meta-
analysis includes contemporary cohorts reflecting contemporary screening and treatment
protocols, it seems likely that a large number of women received treatment for the pregnancy
complication. Self-reported maternal pre-pregnancy BMI might also be a source of bias.
However, a systematic review showed that reporting error did not bias associations between
pregnancy-related weight and birth outcomes43, suggesting that bias due to self-reported
maternal BMI is unlikely in our results. If pre-pregnancy BMI was not available, we used
early-pregnancy BMI, which might have overestimated BMI as a result of gestational weight
gain. However, similar results were observed when restricting the analyses to the
participants with information on pre-pregnancy BMI. Most cohorts have relied on measured
childhood weight and height and therefore bias based on self-reported weight and height is
unlikely. We did not perform mediation analyses, which we consider beyond the scope of
this manuscript. However, based on our findings, a mediating role of pregnancy
complications in the associations of maternal BMI with childhood BMI seems unlikely.
Further studies are needed to explore which pregnancy, birth, genetic or lifestyle
characteristics mediate the associations of maternal BMI with childhood BMI. Missing
values of covariates were used as an additional group, which might not be optimal, but is a
method commonly used in large IPD meta-analyses.44 Finally, due to the observational
design, residual confounding cannot be excluded.

Conclusions

The associations of gestational diabetes, gestational hypertension and pre-eclampsia with
childhood obesity are largely explained by maternal pre/early-pregnancy BMI. These
findings from a large international IPD meta-analysis of contemporary cohorts are important
for future public health strategies on childhood obesity. Interventions focused on prevention
or treatment of these pregnancy complications, though important for other maternal and fetal
pregnancy outcomes, are unlikely to have a direct impact on offspring BMI.
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Research in Context
Evidence before this study

We searched Medline (through PubMed) up to January 2018 in order to identify relevant
cohort studies as well as systematic reviews that focused on the associations of
gestational diabetes and hypertensive disorders of pregnancy with offspring obesity and
the role of maternal obesity in these associations. Our search was a combination of the
key words [free text and MeSH (Medical Subject Headings) terms] related to our
exposures (gestational diabetes OR gestational hypertension OR pre-eclampsia) and
outcomes (overweight OR obesity OR body mass index OR adiposity). We were able to
identify several systematic reviews and some prospective cohort studies, that varied in
terms of methodological quality. Gestational diabetes and gestational hypertensive
disorders are common pregnancy complications associated with increased risks of
perinatal mortality and morbidity, and seem to influence the risk of obesity in the
offspring. Maternal obesity is a major risk factor for common pregnancy complications,
and is also associated with an increased risk of obesity in the offspring. However, it is not
clear whether gestational diabetes and gestational hypertensive disorders affect the risk of
offspring obesity independently of the risk conferred by maternal obesity.

Added value of this study

We performed an individual participant data meta-analysis of 160757 mother-offspring
pairs from 34 prospective European or North-American contemporary pregnancy/birth
cohorts. We observed that children born to mothers with gestational diabetes and
gestational hypertension had a higher BMI and higher odds of being overweight
throughout childhood. Pre-eclampsia was associated with a lower BMI in early-
childhood. All associations were largely explained by maternal pre/early-pregnancy BMI.
Our study strongly suggests that the previously observed associations of common
pregnancy complications with higher offspring BMI are largely explained by maternal
BMI.

Implications of all the available evidence

Lowering maternal risk of gestational diabetes, gestational hypertension and pre-
eclampsia, though important in relation to maternal and fetal pregnancy outcomes, is
unlikely to have a direct impact on offspring obesity among Western women receiving
contemporary medical care. Preventive strategies for reducing childhood obesity should
focus on maternal BMI rather than on pregnancy complications.
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Figure 1.

Percentages of childhood overweight according to maternal pre-pregnancy BMI category
and presence or absence of A. gestational diabetes, B. gestational hypertension, and C. pre-
eclampsia.
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A. Childhood body mass index
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Figure 2.
Associations of gestational diabetes with offspring BMI outcomes in early, mid, and late

childhood.?

@Values are regression coefficients (95% confidence intervals) from multilevel linear mixed
effects models and odds ratios (95% confidence intervals) from multilevel binary logistic
models that reflect differences in early childhood (2.0 to 4.9 years), mid childhood (5-0 to
9-9 years) and late childhood (10-0 to 17-9 years) BMI SDS and risk of overweight and
obesity, respectively, for children born to mothers with gestational diabetes, as compared
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with the reference group (children born to mothers with an uncomplicated pregnancy).
Lifestyle characteristics models are adjusted for offspring’s sex, maternal age, educational
level, ethnicity, parity, and smoking during pregnancy. Maternal BMI models are
additionally adjusted for maternal pre/early-pregnancy BMI.
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Figure 3.

Agsociations of gestational hypertension with offspring BMI outcomes in early, mid, and
late childhood.2

aValues are regression coefficients (95% confidence intervals) from multilevel linear mixed
effects models and odds ratios (95% confidence intervals) from multilevel binary logistic
models that reflect differences in early childhood (2-0 to 4-9 years), mid childhood (5-0 to
9.9 years) and late childhood (10-0 to 17-9 years) BMI SDS and risk of overweight and
obesity, respectively, for children born to mothers with gestational hypertension, as
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compared with the reference group (children born to mothers with an uncomplicated
pregnancy). Lifestyle characteristics models are adjusted for offspring’s sex, maternal age,
educational level, ethnicity, parity, and smoking during pregnancy. Maternal BMI models are
additionally adjusted for maternal pre/early-pregnancy BMI.
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Pre-eclampsia

Associations of pre-eclampsia with offspring BMI outcomes in early, mid, and late

childhood.2

aValues are regression coefficients (95% confidence intervals) from multilevel linear mixed
effects models and odds ratios (95% confidence intervals) from multilevel binary logistic
models that reflect differences in early childhood (2-0 to 4-9 years), mid childhood (5-0 to
9.9 years) and late childhood (10-0 to 17-9 years) BMI SDS and risk of overweight and
obesity, respectively, for children born to mothers with pre-eclampsia, as compared with the

Lancet Child Adolesc Health. Author manuscript; available in PMC 2019 May 01.



s1duosnuBIA Joyiny sispund DN edoin3 ¢

s1dLIOSNUBIA JoLINY sispund DN 8doin3 ¢

Golab et al.

Page 21

reference group (children born to mothers with an uncomplicated pregnancy). Lifestyle
characteristics models are adjusted for offspring’s sex, maternal age, educational level,
ethnicity, parity, and smoking during pregnancy. Maternal BMI models are additionally
adjusted for maternal pre/early-pregnancy BMI.
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