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Abstract

Objective: The purpose of this study was to estimate the associations of genetically determined
maternal blood glucose levels with obesity-related outcomes among children from pregnancies
with and without gestational diabetes mellitus (GDM).

Methods: A total of 1,114 mothers with (A= 560) and without (V= 554) GDM and their
children were included in the present study. A maternal genetic risk score (GRS) for blood glucose
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was constructed on the basis of 17 single-nucleotide polymorphisms identified from a recent
genome-wide association study.

Results: It was found that maternal GRS for blood glucose showed different associations with
offspring risk of overweight and obesity, as well as adiposity measures (all P for interaction <

0.05). Among mothers without GDM, genetically determined maternal blood glucose levels were
associated with an 89% higher risk of overweight in their children (95% ClI: 42%-152% per SD
increase in GRS, 2= 1.40 x 107°) and a 120% higher risk of obesity (44%-235%, P = 2.61 x
1074) after adjustment for covariates. In addition, higher maternal GRS for blood glucose was
associated with children’s increased obesity-related traits (all #< 0.05). However, no significant
associations were observed among children of mothers with GDM.

Conclusions: This study indicates that GDM status may modify the relation between genetically
determined glucose levels and obesity risk among children.

Introduction

The prevalence of childhood obesity has increased markedly in the past decades (1,2),
from 0.9% in 1975 to 7.8% in 2016 in boys and from 0.7% in 1975 to 5.6% in 2016

in girls worldwide (1). Compelling evidence has shown that maternal hyperglycemia and
diabetes may affect offspring risk of obesity beginning in childhood (3-7). In particular,
maternal glucose levels during pregnancy, ranging from normal to gestational diabetes
mellitus (GDM), have been consistently related to childhood obesity (8-11).

In a 2016 study, it was found that genetically determined higher maternal fasting glucose
concentrations were associated with higher birth weight, which is a risk factor for childhood
obesity (12). Glucose-associated genes of mothers may influence the long-term growth

and development of children by modulating maternal glycemia during pregnancy. However,
to our knowledge, no studies hitherto have explored the associations between genetically
determined maternal blood glucose levels and obesity-related outcomes among children.
Moreover, whether maternal GDM status may modify such relations remains unknown.

Therefore, the present study aimed to estimate the associations of maternal genetically
determined fasting glucose levels, characterized by a combined genetic risk score (GRS)
for blood glucose, with obesity-related outcomes among children from pregnancies with
and without GDM. We particularly tested the interaction between maternal GRS and GDM
status on childhood obesity-related outcomes.

Methods

Participants

This study was approved by the Human Subjects Committee of the Tianjin Women’s and
Children’s Health Center, and written informed consent was obtained from all participants.

Our study was conducted based on Tianjin GDM Screening, an urban universal screening of
GDM using the 1999 World Health Organization (WHO) criteria in all six central districts
of Tianjin, China, launched by the Tianjin Women’s and Children’s Health Center in 1999
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(13). All pregnant women participated in a 1-hour, 50-g glucose screening test at 26 to

30 weeks’ gestation, and those with a glucose level =7.8 mmol/L were invited to take a
75-g, 2-hour oral glucose tolerance test (OGTT) at Tianjin Women’s and Children’s Health
Center. According to criteria from WHO, GDM is defined by confirming either of the
following 75-g OGTT results: (1) diabetes (fasting glucose =7 mmol/L or 2-hour glucose
>11.1 mmol/L); or (2) impaired glucose tolerance (2-hour glucose >7.8 and <11.1 mmol/L)
(14).

From 2005 to 2009, a total of 76,325 pregnant women were screened, with a screening

rate >91%, among whom 4,644 pregnant women were diagnosed with GDM (15,16).

We invited all 4,644 women to join the Tianjin Gestational Diabetes Mellitus Prevention
Program (TGDMPP), a 4-year randomized clinical trial among women with GDM (15,17).
Ultimately, a total of 1,263 women with GDM completed the baseline survey, among whom
1,180 attended the TGDMPP and were randomly assigned to either a lifestyle intervention
or a control group including four follow-up visits (15,17-20). In brief, mothers with

GDM would receive intensive and individually designed diet and exercise programs, which
included six face-to-face sessions with dietitians and two telephone calls in the first year
and two additional sessions and four telephone calls in each subsequent year. The control
group received usual care, including the provision of general information on the awareness
of diabetes, dietary modification, and increased physical activity at subsequent annual visits,
but no specific individualized programs were offered (15,17).

Subsequently, we randomly selected 578 mother-child pairs who finished the baseline and
follow-up surveys of the TGDMPP, and we enrolled 578 mother-child pairs from 71,681
women without GDM who finished the GDM screening at the same period, with age and
sex frequency matched to the 578 children of mothers with GDM (16,21). Among them,
1,114 mothers had available genome-wide association study (GWAS) data (560 GDM and
554 non-GDM maother-child pairs), which formed the present transgeneration cross-sectional
study (see flowchart in Supporting Information Figure S1).

Measurements and questionnaires

All mother-child pairs underwent a physical examination, according to a standard protocol
as previously described (16,21). Moreover, the children’s physical examination also included
waist circumference, hip circumference, skinfolds (triceps, subscapular, suprailiac), and
body fat percentage. More details are given in Supporting Information Appendix S1. All

the measurements were conducted twice by a trained medical examiner, and the averages

of both measurements were used. BMI was calculated by dividing weight in kilograms by
height in meters squared. Weight-for-age z score and BMI-for-age zscore were calculated
based on the standards for the WHO Child Growth Standards (22).

Mothers’ general information was collected by a self-administered questionnaire, including
sociodemographic characteristics (age, marital status, education [<13, 13-16, and =16
years], family monthly income [<¥5,000, ¥5,000-¥8,000 and =¥8,000], and family history
of diabetes), basic information during pregnancy (prepregnancy weight, gestational age

at delivery, gestational weight gain, self-reported hypertensive disorders of pregnancy,
treatment of GDM [no, insulin, lifestyle control]), and lifestyle questions (smoking status
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[no, past, current], drinking status [no, yes]) (16,21). Of note, the proportion of mothers with
GDM who received insulin treatment was limited, mainly because the traditional Chinese
view is that insulin treatment would affect babies, and most mothers with GDM maintained
their glucose levels well after lifestyle intervention.

Children’s general information, including sex, age, birth weight, birth length, feeding
patterns within the first 6 months (exclusive breast feeding, mixed breast and formula
feeding, or exclusive formula feeding), dietary habits assessed using a validated food
frequency questionnaire (23), routine activities (indoor and outdoor activities, screening-
watching time, and sleep duration), and history of diseases and medication, was collected by
another questionnaire completed by their mothers (16,21).

Genotyping and GRS calculation

DNA was extracted from the buffy coat fraction of centrifuged blood using a QlAamp
DNA Blood Maxi Kit (Qiagen, Chatsworth, California). Seventeen single-nucleotide
polymorphisms (SNPs; P< 5 x 1078, Supporting Information Table S1) significantly
associated with blood glucose and identified from a large-scale GWAS (24) conducted by
BioBank Japan Project among 93,146 Japanese individuals were selected and genotyped
using the lllumina HumanOmniExpress (San Diego, California) covering around 750,000
SNPs. The genotyping success rate was more than 98%. For quality control, 10% of
replicated samples were genotyped, and the concordance rate was more than 99%. The
allele frequencies of all SNPs in total participants or in women without GDM were in
Hardy-Weinberg equilibrium (all 2> 0.05, Supporting Information Table S1).

A weighted GRS for blood glucose was calculated based on the 17 selected SNPs. The
genotypes of each SNP were coded as 0, 1, and 2 according to the number of glucose-
increasing alleles. Each SNP was weighted by its relative effect size (B coefficient) obtained
from the original study (24) by using the following equation: weighted GRS = (1 x SNP1
+ B2 x SNP2 + ... + Bn x SNPn) x (total number of SNPs/sum of the p coefficients) (25). A
higher GRS indicated a higher genetic predisposition to higher levels of blood glucose.

Exposure and outcomes

In the present study, exposure was genetically determined maternal blood glucose levels,
represented by a combined GRS of 17 glucose-related SNPs. The primary outcome was
children’s overweight and obesity status, defined based on WHO Child Growth Standards.
For children under 5 years of age, overweight and obesity are weight-for-height >2 and 3 SD
above the WHO Child Growth Standards median, respectively; for children aged between 5
and 19 years, overweight and obesity are BMI-for-age >1 and 2 SD above the WHO Growth
Reference median (26). The secondary outcomes were obesity-related quantitative traits,
including weight, weight-for-age zscore, BMI, BMI-for-age zscore, waist circumference,
hip circumference, sum of skinfolds, and body fat percentage.

Statistical analysis

Data were expressed using mean and SD for continuous variables or number and percentage
for categorical variables. An XZ test for categorical variables and general linear models for
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continuous variables were applied to compare proportions or means of characteristics across
quartiles of maternal GRS for blood glucose.

Multivariable logistic regression models were used to examine the association of maternal
GRS for blood glucose with overweight and obesity status in children, and general

linear models were used to examine the association of GRS with children’s obesity-
related quantitative traits. We performed stratified analyses by GDM status to explore the
modification effect of GDM status on such associations. To test for interaction effects,

we examined GRS, GDM status, and their interaction term as independent predictors of
children’s obesity-related outcomes, adjusted for potential confounders.

Covariates were included in the multivariate models as follows: Model 1: adjusted

for children’s age and sex; Model 2: Model 1 plus children’s birth weight, maternal

age at pregnancy, prepregnancy BMI, gestational weight gain, and gestational age at
delivery; Model 3: Model 2 plus maternal lifestyle and socioeconomic and other related
factors: smoking status, drinking status, marital status, education, family monthly income,
hypertensive disorders of pregnancy, treatment of GDM, and any family history of diabetes;
Model 4: Model 3 plus children’s variables: feeding patterns, outdoor physical activity time,
screen-watching time, sleeping time, vegetable intake frequency, fruit intake frequency, and
illness within the last 3 months. Especially for overweight, obesity, weight-for-age zscore,
and BMI-for-age zscore, which were defined based on sex- and age-specific standards,
children’s age and sex were not adjusted in all models. The missing rates for covariates

in the present study were low, ranging from 0.1% to 1.6%. Therefore, our analyses were
conducted using the complete data.

In addition, because some glucose SNPs or their proxy SNPs, including KCNQ1
rs60808706 (27), GCKRrs1260326 (in high linkage disequilibrium [LD] with rs780094
(28)), CDKAL1rs9358356 (in high LD with rs2206734 (29)), and SLC30A8rs13266634
(in high LD with rs3802177 (27)), were also known to be associated with BMI/obesity in
East Asians, we performed a sensitivity analysis excluding these SNPs and constructed a
new GRS for blood glucose.

A two-sided P < 0.05 was considered statistically significant. All statistical analyses were
performed using SAS version 9.4 (SAS Institute, Cary, North Carolina).

Maternal and child characteristics according to GRS quartiles

Descriptive characteristics of mothers and their children across quartiles of maternal GRS
for blood glucose were presented in Table 1. Overall, maternal characteristics among the
four GRS groups (in quartiles) were similar (all 2> 0.05), except GDM status (P=
0.008). There were also no significant differences in children’s characteristics across the
GRS quartiles (all £> 0.05), except sleeping time (£=0.006) and BMI (P = 0.040).
However, we observed a tendency toward higher height (= 0.096), weight (£=0.070),
hip circumference (P= 0.057), and body fat percentage (£ = 0.050) in children in higher
quartiles of maternal GRS for blood glucose compared with those in the lowest quartile.
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We also provided the children’s characteristics according to GDM status in Supporting
Information Table S2. Children born to mothers with GDM were more likely to have higher
obesity measures (all £< 0.05).

Association of GRS with maternal glucose/GDM

In the present study, maternal glucose levels were available only among women with GDM.
the association of GRS with maternal fasting glucose among women with GDM is shown
in Supporting Information Figure S2. We found that maternal GRS for blood glucose was
significantly associated with maternal fasting glucose levels during pregnancy (g [SE] =
0.05 (0.02), £=0.015). In addition, it was also significantly associated with GDM status
(odds ratio [OR] = 1.13, 95% ClI: 1.02-1.25, A= 0.024).

Associations with childhood obesity outcomes

As presented in Table 2, among children of mothers without GDM, per SD increase in
maternal GRS for blood glucose was positively associated with a 63% higher risk of
childhood overweight and an 86% higher risk of childhood obesity (model 1), and the
associations became stronger after adjusting for children’s birth weight, maternal age at
pregnancy, prepregnancy BMI, gestational weight gain, gestational age at delivery, and other
maternal lifestyle, socioeconomic factors (models 2 and 3). In model 4, after additional
adjustment for children’s variables, the associations became more statistically significant
(overweight: OR = 1.89, 95% CI: 1.42-2.52, P=1.40 x 10™°; obesity: OR = 2.20, 95% ClI:
1.44-3.35, P=2.61 x 1074). No significant associations were observed among children of
mothers with GDM.

The interactions between maternal GRS for blood glucose and GDM status were significant
on childhood overweight (Por interaction = 5.66 % 1074 ~ 0.002) and obesity (P for interaction =
0.007 ~ 0.015) in all models.

Associations with obesity-related quantitative traits in children

As shown in Table 3 and Figure 1, genetically determined maternal blood glucose levels
were positively associated with obesity-related quantitative traits among women without
GDM (all P<0.05). The results were highly consistent in all models. In model 4 (fully
adjusted model), per SD increase in maternal GRS for blood glucose was significantly
associated with 0.79 kg higher weight (2= 1.05 x 1074), 0.19 higher weight-for-age zscore
(P=2.45 x 107%), 0.39 kg/m? higher BMI (P=5.53 x 107°), 0.20 higher BMI-for-age z
score (P=2.60 x 10™4), 0.72 cm higher waist circumference (2= 0.003), 0.76 cm higher
hip circumference (P=0.002), 2.34 mm higher sum of skinfolds (2= 1.38 x 107%), 1.35%
higher body fat percentage (2= 3.49 x 107°). No such associations were observed among
children of mothers with GDM.

Figure 1 shows the interaction between genetically determined maternal blood glucose levels
and GDM status on children’s obesity-related quantitative traits in the fully adjusted model.
The interactions between maternal GRS for blood glucose and GDM status were significant
on weight (Por interaction = 0.046), weight-for-age zscore (P for interaction = 0.023), BMI (P
for interaction = 0.016), BMI-for-age zscore (Ptor interaction = 0-012), waist circumference (P
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for interaction = 0.049), sum of skinfolds (P for interaction = 0-007), and body fat percentage (P
for interaction = 0.004).

Sensitivity analyses

When we excluded SNPs associated with BMI/obesity in East Asians, the interaction
between the new glucose GRS and GDM status on overweight, obesity, and most measures
of childhood obesity remained significant (P for interaction < 0.05, Supporting Information
Table S3). Genetically determined maternal blood glucose levels were positively associated
with all the obesity-related traits among women without GDM (all £< 0.05, Supporting
Information Table S3).

Discussion

In this study, for the first time, we found significantly different associations of genetically
determined maternal blood glucose levels with offspring overweight and obesity status
according to maternal GDM status. Maternal genetically determined blood glucose levels
were significantly associated with childhood overweight and obesity risk among children
of mothers without GDM but not among children of mothers with GDM. We also found
similarly significant interactions between genetically determined maternal blood glucose
levels and GDM status on children’s other obesity-related outcomes, including weight,
weight-for-age zscore, BMI, BMI-for-age zscore, waist circumference, sum of skinfolds,
and body fat percentage.

A group of previous studies has examined the relation of /n utero exposure to higher

glucose levels during pregnancy with obesity in offspring, especially during childhood (3-
9,30-32). However, in these observational studies, the associations might be influenced by
confounding factors. In the present study, we found positive associations of genetically
determined maternal blood glucose levels, which were characterized by a weighted GRS that
was calculated based on 17 SNPs genome-wide significantly associated with blood glucose,
with obesity and other obesity-related outcomes among children of mothers without GDM.
Because genotypes are randomly determined at conception, such associations between
genetically determined maternal blood glucose levels and children’s obesity outcomes are
less likely to be influenced by potential confounding (12).

In a 2016 study, genetically elevated maternal blood glucose levels were found to be
associated with increased birth weight, which is a risk factor for childhood obesity (12).
Women with a higher GRS for blood glucose had relatively higher glucose levels during
pregnancy (33,34). Maternal glucose, but not insulin, could cross the placenta, leading to
increased fetal insulin secretion (12,35). Because insulin is a key intrauterine growth factor,
altered fetal insulin secretion would consequently influence the development of the fetus /in
utero, leading to outcomes such as higher birth weight, and even long-term health, such as
childhood obesity (35,36). In addition, it has been suggested that other metabolites related
to maternal glucose, such as lipids, were important contributors to excess fetal growth and
fat accretion (8,37). Jacob et al. (38) found that maternal glucose levels were associated with
maternal lipids levels, including triacylglycerol, nonesterified fatty acids, p-hydroxybutyrate,
and several amino acids. Therefore, the transplacental transfer of mixed nutrients from
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mothers to fetus might also contribute to the link between maternal glucose and offspring
obesity, which was consistent with the hypothesis proposed by Freinkel and colleagues (39).

One of our predominant findings was the modification effect of GDM status on the
association between genetically determined glucose levels and offspring obesity during
childhood. Significant associations of maternal GRS for blood glucose with obesity-related
outcomes were observed only among children whose mothers had GDM and not among
children whose mothers did not have GDM. One possible explanation for such observations
might be that children of mothers with GDM have been found to generally be at an increased
risk for the development of overweight and obesity, having a higher weight, BMI, and

other adiposity-related measures (3-7); in this case, the variance in obesity outcomes among
children of mothers with GDM was smaller than children without maternal GDM, and,
therefore, the genetic associations could not be detected, as demonstrated in Figure 1.
Another explanation might be partly related to treatment effects of mothers with GDM,
which would modify the relationship between the genetically determined glucose levels

in mothers and offspring adiposity. However, more studies are needed to elucidate the
underlying mechanism of the interaction between genetically determined maternal blood
glucose levels and GDM status in the future.

Our findings have great public health implications. During the past decades, the prevalence
of overweight and obesity among children and adolescents has risen dramatically (1,2).

It is well acknowledged that obesity during childhood is associated with higher risks of
subsequent obesity and unfavorable cardiometabolic outcomes in adolescence and adulthood
(40-42). Thus, in order to develop early intervention strategies for primordial obesity
prevention, identifying risk factors in early prenatal and postnatal life that are related to later
obesity is of great significance. Our study indicated that genetically determined maternal
blood glucose levels were significantly associated with obesity-related outcomes among
children without maternal GDM. In other words, among women without GDM and with
normal glucose levels, their children were still at higher risk to develop obesity if the
mothers were genetically predisposed to higher glycemia, highlighting the potentially causal
role of maternal glucose in development of childhood obesity, which was also demonstrated
by another larger study using Mendelian randomization (12). Therefore, it is necessary to
optimize maternal glucose values in pregnancy for long-term benefit by reducing childhood
obesity. Furthermore, we should focus more on preconception health and reduction of
obesity and metabolic risk before pregnancy.

To the best of our knowledge, our study is the first to evaluate the association of genetically
determined maternal blood glucose levels with obesity among children from pregnancies
with and without GDM and the first to test the interaction between maternal GRS of blood
glucose and GDM status. In addition, GDM was diagnosed according to the standard 1999
WHO criteria in our study (14). Moreover, a variety of potential confounding factors have
been measured and controlled in our analyses. Particularly, in the present study, we adjusted
for maternal prepregnancy BMI, which is usually considered as a major confounding

factor in the association of maternal hyperglycemia with childhood obesity, as maternal
hyperglycemia is generally accompanied by higher maternal BMI (5-7). The results were
robust in differently adjusted models.
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However, there were several potential limitations. First, our study participants were
restricted to being of Chinese descent, and it was unknown whether our results could be
generalized to other ethnic groups. Second, some covariates, such as maternal prepregnancy
weight and gestational weight gain, were self-reported, which may introduce recall bias.
However, several validation studies in the United States have found that maternal and infant
health indicators reported by mothers were in good concordance with data abstracted from
hospital records (43-45). Third, glucose values were not available for women without GDM,
and thus we could not validate the association between glucose GRS and glucose values
among women without GDM.

Conclusion

The present study indicates for the first time that maternal GDM status may modify the
relation between genetically determined maternal glucose levels and obesity risk among
children. Genetically determined maternal blood glucose levels were significantly associated
with childhood obesity among children of mothers without GDM. Measures to optimize
maternal nutrition and health to ensure normoglycemia during pregnancy are needed for the
long-term benefits of reducing childhood obesity.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Study Importance

What is already known?

Compelling evidence has shown that maternal glucose levels during
pregnancy and gestational diabetes mellitus (GDM) may affect offspring risk
of obesity.

However, no studies hitherto have explored the associations between
genetically determined maternal blood glucose levels and obesity-related
outcomes among children.

What does this study add?

In the present study involving 1,114 mother-child pairs, we found that GDM
status modified the associations between genetically determined glucose
levels and offspring obesity during childhood.

Maternal genetic risk score for blood glucose was associated with childhood
obesity—related outcomes only among children of mothers without GDM.

How might these results change the focus of clinical practice?

Our findings highlight the importance of maintaining healthy gestational
glucose levels, even among women without GDM, in prevention of offspring
obesity.
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Interaction between genetically determined maternal blood glucose levels and GDM status
on children’s obesity-related quantitative traits. General linear models were performed

to explore the associations of genetically determined maternal blood glucose levels (in
quartiles: Q1~Q4) with (A) weight, (B) weight-for-age zscore, (C) BMI, (D) BMI-for-age
zscore, (E) waist circumference, (F) hip circumference, (G) sum of skinfolds, and (H)
body fat percentage, respectively. Interactions were also tested, adjusted for children’s

age, sex, birth weight, feeding patterns, outdoor physical activity time, screen-watching
time, sleeping time, vegetable intake frequency, fruit intake frequency, illness within the
last 3 months, and maternal age at pregnancy, gestational weight gain, gestational age at
delivery, smoking status, drinking status, marital status, education, family monthly income,
hypertensive disorders of pregnancy, treatment of GDM, any family history of diabetes, and
maternal prepregnancy BMI. For weight-for-age zscore and BMI-for-age zscore, which
were calculated based on sex- and age-specific standards, children’s age and sex were
excluded in the adjustment. GDM, gestational diabetes mellitus; GRS, genetic risk score.

Obesity (Silver Spring). Author manuscript; available in PMC 2022 January 01.



Page 15

Song et al.

(9%) u ‘uianed Buipsay

110 (8'8Y) L€T (228) vT (9'99) 85T (9'79) ¥¥1 (%) u 'skoq 'xas
6TT°0 €TF09 ZT%86 €TF09 ZTF8G A ‘aby
SO11S11810B4RYD S, UsIP|IYyD
2160 (97) €T ov) 1T 6€) 1T 6€) 1T (%) u ‘Aoueubaad Jo siapaosip anIsualIadAH

(528) ovT (e'98) czT ('28) 86 (6'18) €TT 1043U09 9|A1S841]

(S v (82 v (80T (9e) s urnsuy

9050 (oom) 91 (6'1T) LT (8'91) 02 (sv1) 0T ON
(%) u ‘NaD o JusWIeBL|
8000 (695) 091 (0°z9) evt (Lzv) 61T (5°6v) €T (%) u‘'nas
910 (e°9¢) 2ot (Tee) 16 (062) 18 (e'82) 6L (%) u ‘saraqelp Jo A1oasty Ajiwe
01’0 (L'92) sL (0'72) 99 (e'82) 6L (6'92) 6L (%) U ‘s1x{uLIp J0YodIY
v7€0 (62) 8 (o) 11 (ze) 6 (tne (9%6) u 's43x0Ws JUBIIND

(L'v8) ¢sT (8'09) 991 (2'79) 691 (0'69) 19T 000'8<

(T'62) 18 (T'€2) €9 (e'92) 2L (z'v2) 99 000'8~000'S

96€°0 (z'91) ¥ (T°97) ¥v (ozT) eg (6'97) 9 000'G>
(%) U ‘% ‘swoou]

(96) L (T'6) ¢ (9eT) 8¢ (26) L Ko1=

(8'51) €12 (e'52) L0T (9%2) 802 (0°T2) 86T A91-€1

9ST'0 (9vT) T8 (9a1) €% (811) €€ (+'6T) ¥§ Aer>
(%) u ‘uoryeanp3
880 L9FTLT T9F€LT T9F LT v9F VLT 6 ‘ured wbiram [euonelse
€€20 TEFTTC 6CFCTC 8CF6TC SEFVCC 2W/Bx ‘1INg Aoueubaadaid
Svv'0 ETFT6E ETFT6E LTF06E GTFT6E M ‘afe [euonelsen
997°0 €EF00E €EF00E yEFE0E TEFE08 A ‘aby

SaNIsLIvORIRYD [RUIRIBIN
— 18'92~90°02 G0'0Z~2€'8T 1€'8T~06'9T 67°9T~/€°0T Sy9
anfead (182 =U) ¥O (G1z=u)ed (6212=u) 20 (622=u) 1O

sa|14enb SYO as0on|b jeudsre

sa|iuenb SYO 8s00n|6 [eulsrew AQ PaLLRAS ‘UBIP[IYD 118y} pUR SISUI0W JO SoNsIIgoeRyD

T3149vL

Author Manuscript Author Manuscript Author Manuscript Author Manuscript

Ovbesity (Silver Spring). Author manuscript; available in PMC 2022 January 01.



Page 16

Song et al.

*2100S YsH 0118Uak ‘SYO ‘smjjew selagelp [euonelssh ‘NAD

‘p1og ut pa1yBybiy are sdnoib Inoy ayy Buowre soNSLIBIoRIEYD S, USIPIIYD PUR [RUISIEW Ul S30USIBIIP JUBdLIUBIS *(06) &/ 10 QS F URSW Se UMOYS aJe Bleq

0500 €8F80¢ T8F¥'0C 89FT'6T 8. F96T 9% ‘abequaoaad yey Apog
68T°0 €9TFGCE 9T F9TE GETFL'6C 7'ST¥8°0€ LW ‘SPIOJUIS JO WNS
500 L'LF€59 9LF LYY G9F8€9 VLFOV9 W ‘80UBIBJLUNAAID dIH
66T°0 L'9F 198 LF 1SS S F06S 0'LFV'SS LD ‘80Ua43JWUNIIID ISTEAN
0v0°0 9ZF29T L'ZF09T 6'TF9GT 9T F6ST 2W/Bx ‘1INg
0L00 89 F V€T TLF6C S§SFTEL §97F22 6 Jubram
9600 G6F06IT 66F98TT G'6FE8IT V6T TLIT wo WYBIH
€620 8SLYFQTILY'E VOB FYO00S'E TS6YF6'SIV'E €8V FGL8Y'E 6 ‘wbram ypaig
9020 TTF80S 0'ZF80S 0ZF505 LTFL0S wo ‘yabusy yug
€¢ro 60FT¢C 80FT¢C 60F2C 60F2C p/y ‘AuAnoe doopIino
2950 L0+0T 80FTT 80FTT 80F0T p/y ‘awn Buiyorem-usalos

(2'ot) 0g (8°02) 25 (0'61) €5 (702) L5 p/U TTI=Z

(6'92) 912 (2'99) 08T (6'79) 18T (z'69) €61 P/Y 0T-6

9000 (geT) se (get) L (T'91) S (¥o1) 62 Py 85
(9%) U ‘awny Buidas|s

(228) 291 (zz9) LT (5'65) 991 (6'79) 8T p/sswn £<

(T'8¢) 20T (9v€) 6 (z'9¢) TOT (eee) €6 p/sawn 1

8770 (ev)er (ce)e (ev)er (81§ p/awn 1>
(9%) u ‘Aouanbauy axeiul uniH

(ev)er (g9 st (Lg) ot (¢e) 6 p/sawin €2

(c'88) 8¢ (6'98) 62 (e'58) 8€C (5'88) Le p/sawin

1080 (CPIR Y (9012 (06) 52 (e8) ee p/awn 1s
(9%) u ‘Aouanbauy axelul ajqersbap

(L'sT) v (9t1) 28 (L€T) 8 (ger) ge Buipasy eINW.IO4 BAISN|OXT

(6'0%) GTT (T°5%) veT (z'ev) ocT (r'vv) veT Buipaay eINWI0} pue 1seaIq PaXIN

G980 (rev) ezt (e'ev) 61T (z'ev) ozt (0ev) ozt Buipaa) 15e8.1q 9AISN|IXT

anend  (182=Uu) ¥O (SLz=u)€d (622=u) 20D (622=u) 10

sa|1denb syo asoon|h jeudsre

Author Manuscript

Author Manuscript

Author Manuscript

Author Manuscript

Ovbesity (Silver Spring). Author manuscript; available in PMC 2022 January 01.



Page 17

Song et al.

€ 15e] 8y} ulypum ssau|

"013BJ SPPO "HO ‘sni||aW saleqelp [euonelssh ‘NaD

‘SyIuo

w

‘Aouanbaiy axeul iy ‘Aouanbaly axeiul ajqelsban ‘awiy Buidss)s ‘awin Buiydrem-uasids ‘awi AlAnoe [eaisAyd Joopino ‘susaied Buipasy :s8|qelieA S,usIp|Iyd + € [8POIN ¥ |9POIN

D

'sa)aqeIp 40 AI0lsiy Ajiwey Aue pue ‘|NdD 4O Juswiean
‘KouruBaid Jo siaplosip anisuaLadAy ‘awodul Ajyiuow Ajiwey ‘uoiieaNpa ‘snyels [ele ‘sniels Buiyuip ‘snjels Buiyows :s10joey paje|al Jaylo pue J1Lou0Ia01d0s ‘9]A1Sayl| [eulslew + Z [9POIA € 13PN,

‘K1ani|ap 1e abe jeuoirelsab ‘ureb ybiam feuonelssh ‘|Ng Aoueubaidald ‘Aoueubaid 1e abe jeusarew ‘lybiam yuiqg s,uslpjiyd + T |9POIA 2 I3POIN

q

‘spJepuels d14198ds-abe pue -xas uo paseq aJam ANsaqo pue JyBIamIaA0 JO SUOIULBP By} asnedaq Sareltenod Aue Joy paisnipeun T _%o_\,_m

"plog ut pa1ybyBiy ate suoreloosse JueayIublS

8000 1220 (6€'T-8L°0) ¥O'T y-0Tx19C  (Se'e-¥¥'T) 02'C Ausaqo
y-0Tx99G  €,60 (9T°T-9°0) ¥6'0 0T x0r'T (252-2r'T) 68T IUBIBMIAAO
p V19PN
L00°0 G090 (ev'1-18°0) 80T y-0TxOV'T  (Lze-9v'T) 8TC Ausaqo
»-0TxT6'9 1580 (02'1-080) 86°0 c-0Tx8ET (S7Z-0r'T) 98T  WBIBMIINO
, € 13PON
8000 990 (0V'1-18°0) L0°T »-0Tx89C (¥6'2-8€'T) 20'C Ansago
7000 v26'0  (€2'T-€8°0) TO'T 0T x.T€ (82¢+ET)SLT IubIBMIANO
g ¢ 19PON
G100 929'0 (8€'1-28°0) L0'T y-0Tx 028 (L92-62'T) 98T Ansago
2000 9/6'0 (T2'1-€8°0) 00T y-0Tx2r'T  (602-22T)€9T IUBIBMIAAO
o T 18P0
HoneLAUL 10} 4 d (10 %S6) 4O d (1D %56) 4O
(095 = N) Wao (¥SS = N) INdD-UoN

O [eularew INOYIIM pue Ylim uaipjiyd Buowe snyels A11saqo pue 1yB1amiano Ylim S|ans| as0an|b poojq [eulsiew pauiwialap Ajjeonauab Jo suoneloossy

Author Manuscript

¢ 3149vL

Author Manuscript

Author Manuscript

Author Manuscript

Ovbesity (Silver Spring). Author manuscript; available in PMC 2022 January 01.



Page 18

Song et al.

'sa)aqelp Jo A1oisiy Ajiwey Aue ‘|INQD JO JusWwIeal]
‘Aoueubaid Jo siaplosip anisusadAy ‘awoaul AJyluow Ajiwey ‘UoiFeanpa ‘sniels [e3tew ‘snieis Bujuip ‘sniels Buiyows :$1039e) paje[al Jaylo pue J1WOU0I30190S ‘9]A1S341| [BUIBTEW + Z [9POIN i€ 13pON,

‘K1an1[ap 1e abe [euoirelsab ‘ureb Jybiam euonelssh ‘|Ng Aoueubaidaid ‘Aoueubaid Je sbe jeussrew ‘lyBram yuiqg s,uaipjiyd + T [9POIA 2 [9POIN

q

‘Juawisnipe ayy
Ul Papnjoxe a1am xas pue abe s,usIpjIyd ‘spaepuels o13199ds-afe pue -xas Uo paseq Pare|nd[ed a19Mm UYdIym ‘a109s z abe-10)-| NG pue 8109 z afe-10-1yB1am 104 "xas pue abe s,ualp|iyd 1o} parsnipe :T 13POW,,

"plog ut paxybybiy ate suoieloosse JueoyiublS

909°0 (ee0) 91°0- 9€L°0 (te'0) 0T°0- ¥96°0 (T€°0) 10°0- 8160 (2€0)€00- 9 ‘aberusosad 1ey Apog
009°0 (09°0) T€°0- 0£9°0 (65°0) 82°0- 8180 (65°0) ¥1°0- 1990 (19°0) L20- LW ‘SpJoJuB{s JO WnS
€890 (¥z'0) 0T'0 L09°0 (ez’0)eT0 8.1°0 (ez'0) LT°0 0290 (vzo)ero w9 '8UI3jWN2A10 diH
650 (¥z'0) 20'0- 810 (¥2'0) 60°0- 9/8°0 (¥2'0) ¥0'0- ov.’0 (¥2'0) 80°0— D '39UBIHWINDLID ISTEAN
evL0 (50°0) 200~ 7780 (S0'0) T0°0- 0660 (50°0) T00'0 9/8°0 (90°0) T0'0- 2109s z afe-10}-1IN€
860 (0T'0) T0'0 T76°0 (0T0) T0'0 €920 (oT'0) €00 1660 (T°0) ¥000°0 2W/Bx '1IINg
7780 (S0°0) T0'0- G96°0 (S0'0) 200°0- G280 (S0°0) T0°0 €58'0 (S0'0) T0°0 81095 Z abe-104-3yb1an
LTL°0 (T2°0) 80'0 1920 (0z'0) 90'0 2LS0 (0z0)zT0 02L0 (12°0) 80'0 6 ‘bt
(095 = N) Was
0T x6YE (2€0)GET ¢O0Tx6TE  (2€0)9€T 0T x60% (I€0)0ET ,-0Tx98€E (E€0)LTT % ‘dbeIusosad yey Apog
0T x8ET (190 veC 40T x6ST  (190)2€C 4 0Tx€ZE (6S0)ETC 2000 (T19°0) €61 W ‘SP|oJuI{s Jo WNg
2000 (¥2'0) 92°0 1000 (¥z'0) L2'0 €000 (ez’0)0L'0 G100 (sz'0)19'0 WD ‘80UBIBJLINAAID diH
€000 (¥z'0)eL0 ¥00°0 (¥2'0) 69°0 ¥00°0 (e2'0) 99'0 2200 (#2'0) 950 WD ‘90UBIBJUNIIID ISTEAN
v-0Tx09C (5000020 -0TxSTC (5000020 4-0Tx88C (S00)6T0 €000 (90'0) LT°0 2100s z dfe-10}-1IN9
-0Tx€5S  (0T0)6E0 oO0Tx/ZL (0T0)6€0 y-0Tx6ZT (60°0) 920 7000 (oT0) ze0 2W/Bx ‘1INg
y-0TxGv'c  (S00)6T0 -0TxSET  (S00)6T0 »-0TxSST  (S00)6T0 2000 (500) 9T°0 81095 Z abe-104-3yb1an
»-0TxS0T  (020)6.0 -0TxT96 (020620 O0TxT9T (6T°0) L0 2000 (tz'0) 99'0 6 ‘brom
(¥ = N) IW@9-uoN
d (35)d d (39)9 d (39)d d (39)d
p? 19PON o€ 19PON o 13PON oF 13PON

Author Manuscript

€3149vl

Author Manuscript

Author Manuscript

Nao
|eulalBW INOYIIM pUR YIIM uaip[iyd Buowre sirell salelnuenb pale|al-A11sagqo Yyiim sjana] 8s0on|h poojq [eudalew paulwiaiap Ajjeanausb Jo suoIeIdoSSY

Author Manuscript

Ovbesity (Silver Spring). Author manuscript; available in PMC 2022 January 01.



Page 19

Song et al.

"Snifjjaw selaqelp [euonelseb ‘NAD

‘syuow

€ 1Se| 8y} UIYIMm ssaujl ‘Aouanba.y axeiul un.y ‘Aousnbauiy axelul ajqeiaban ‘awin Buides)s ‘awin Bulyorem-usalos ‘awin AlAnRde [eaisAyd J0opino ‘susaned Buipasy :sajqelieA s,UaJp|Iyd + € [SPOIA 7 |9POIN

Author Manuscript

Author Manuscript

Author Manuscript

P
Author Manuscript

Ovbesity (Silver Spring). Author manuscript; available in PMC 2022 January 01.



	Abstract
	Introduction
	Methods
	Participants
	Measurements and questionnaires
	Genotyping and GRS calculation
	Exposure and outcomes
	Statistical analysis

	Results
	Maternal and child characteristics according to GRS quartiles
	Association of GRS with maternal glucose/GDM
	Associations with childhood obesity outcomes
	Associations with obesity-related quantitative traits in children
	Sensitivity analyses

	Discussion
	Conclusion
	References
	Figure 1
	TABLE 1
	TABLE 2
	TABLE 3

