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Abstract
Background: The association between gestational diabetes mellitus (GDM) and childhood body weight
remains controversial, and additional study is needed, especially in Asian populations.

Methods: This prospective study investigated the association between maternal glucose concentration,
and GDM status and infant body weight from birth to 12 months of age. Linear mixed effects (LME)
models and multiple linear regression were used to assess the longitudinal association of GDM with
infant growth measured by weight-for-length (WFLZ), weight-for-age (WFAZ), and length-for-age (LFAZ) z-
scores at birth, 1, 3, 6, 8, and 12 months of age.

Results: Offspring born to mothers with GDM had higher WFLZ [β: 0.26 SD units (95% CI: 0.13–0.40)]
across infancy than those of mothers without GDM. The association was more pronounced in normal-
weight and overweight/obese women (P for interaction< 0.05). Multiple linear regression found that the
effect estimate of GDM on infant WFLZ was highest at birth [β: 0.32 SD units (95% CI: 0.07– 0.57)],
remained signi�cant at 1 [β: 0.24 SD units (95% CI: 0.05–0.43)] and 3 [β:0.20 SD units (95% CI: 0.01–
0.39)] months of age and decreased across infancy. Maternal GDM status were not associated with
infant WFAZ or LFAZ.

Conclusions: Maternal GDM status were associated with infant weight status, the association was more
pronounced in normal-weight and overweight/obese women. The study results may contribute to the
development interventions to prevent childhood obesity and to better de�ne the target population.

Background
The continuing increase in the prevalence of childhood obesity has become a global public health
challenge[1]. Gestation has been identi�ed as a critical time for adiposity programing of offspring[2].
Exposure to metabolic changes associated with gestational diabetes mellitus (GDM) may alter the in
utero environment to increase the risk of obesity in later life. Previous studies have found an association
between GDM and increased birth weight, but the evidence for an association between GDM and
childhood overweight is inconsistent[3–7]. Some studies found that maternal hyperglycemia was
associated with an increased risk of childhood, but others did not[8–26]. The in utero effect of GDM on
offspring may be time sensitive and may also vary with the age of the child[5, 11, 20, 27, 28]. More
studies are needed to investigate the long-term effect of GDM on the growth trajectory and risk of obesity
in children.

The effects of maternal hyperglycemia on the programming of childhood obesity may vary among
races[29]. Asian populations are thought to be at higher risk of GDM than western populations[30, 31]. In
China, the prevalence of GDM is estimated to range from 9.3–18.9% depending on the region[32–34].
Only two studies have investigated the effect of GDM on childhood obesity, and the results are
con�icting[35, 36]. A large study by Liu et al. reported that GDM was associated with an increased weight-
for-length z-score (WFLZ) at birth but not later in life[35]. Zhao et al. found that the birth weights of
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children born to mothers with GDM and without GDM were not signi�cantly different, but that the body
mass index (BMI) and z-scores of those born to mothers with GDM were higher[36]. The in�uence of GDM
on offspring weight status may be in�uenced by the mother’s pre-pregnancy weight. Previous studies of
the association between GDM and childhood obesity have included maternal pre-pregnancy weight as a
covariate[5, 6]. To our knowledge, no previous study has examining the correlation between GDM and
children’s weight status according to maternal pre-pregnancy weight status, which contribute to better
de�ne the target people on preventing childhood obesity.

To better de�ne maternal targets for interventions to prevent childhood obesity, this study investigated the
association between maternal hyperglycemia and GDM status and childhood weight status from birth to
1 year of age using data obtained in the Born in Shenyang Birth Cohort Study (BISCS)[37]. We
hypothesized that maternal hyperglycemia and GDM would be correlated with increased infant body
weight and that the association between GDM and offspring weight would vary with maternal pre-
pregnancy weight.

Methods

Study Population and Design
The study included mothers and children who had participated in the Born in Shenyang Cohort Study, a
prospective, observational cohort study of gestational factors, pregnancy outcomes, and offspring health.
The study design has been described elsewhere[37]. Brie�y, the BISCS was a prospective study that
enrolled healthy women with single pregnancies at 21–24 weeks gestation at 54 hospitals or community
healthcare centers in the urban area of Shenyang, northeast China between April and September 2017. Of
a cohort of 2068 women who were invited to participate, 1338 (mean gestation of 22 ± 1.2 weeks) agreed,
and 1290 of them had live singleton births. Research fellows conducted home visits with mothers and
infants within 7 days of birth and at visits to child development clinics at 1, 3, 6, 8, and 12 months of age.
Follow-up data were available from 72.4% of the 1290 mothers and their children at 1 month, 71.2% at 3
months, 66.7% at 6 months, 77.8% ant 8 months, and 77.4% at 12 months.

Trained research fellows conducted face-to-face interviews at enrollment and follow-up visits.
Demographic, societal, environmental, behavioral, and clinical characteristics of the mothers and children
were collected by structured questionnaires. Anthropometric measurements of the children were
performed at each follow-up visit. Among 1290 mother–child pairs, 210 with missing oral glucose
tolerance test (OGTT) results, 133 with missing anthropometric data, and two with pregestational
diabetes mellitus were excluded. The remaining 945 mother–child pairs were included in the �nal
analysis, and the results were compared with the observations in the 345 excluded participants. The
characteristics of the two groups were similar.

Gestational Diabetes Mellitus
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Women were given a 75 g, 2 hour OGTT at 24 ± 1.2 weeks of gestation after an overnight fast of at least 8
hours. GDM required a fasting plasma glucose ≥ 5.1 mmol/L, a 1-h plasma glucose ≥ 10.0 mmol/L, or a
2-h plasma glucose ≥ 8.5 mmol/L following the criteria of the International Association of Diabetes
Pregnancy Study Group[38]. Pregnant women were strati�ed by glucose status to GDM and non-GDM
groups.

Anthropometric Characteristics of Children
Neonatal weight and length were measured by trained research fellows at 1, 3, 6, 8, and 12 months of age
with calibrated infant stadiometers (Seca 416; Seca Corporation, Hamburg, Germany) and weighing
scales (Seca 376+). The mean values of two successive measurements were reported. Sex- and length-
speci�c z-scores for weight (WFLZ) and sex- and age-speci�c z-scores for BMI (BMIZ), weight (WFAZ),
and length (LFAZ) were calculated using the World Health Organization child growth references[39]. The
data were retrieved from the children’s medical records.

Covariates
Age, race, educational attainment, income level, parity, gestational age, and pre-pregnancy weight were
collected with standard questionnaire at the enrollment visit. Height was measured on enrollment with a
calibrated stadiometer. Age in years and gestational age in weeks were analyzed as continuous variables.
The mother’s race was recorded as either Han or other. Women were strati�ed by educational level to four
groups (middle school or below, high school, college, graduate school or above) and by parity to either
one or more than one pregnancies. Maternal pre-pregnancy and paternal BMIs were strati�ed to three
groups, < 18.5, 18.5 to < 24.0, and ≥ 24.0 kg/m2) using Chinese reference values. Overweight and obese
women were included in a single category because of the limited sample size.

Statistical Analysis
The longitudinal associations between GDM status, i.e., with or without GDM, and blood glucose
concentration (mmol/L) and infant WFLZ, WFAZ, and LFAZ from birth to 12 months were determined
using linear mixed effects (LME) models. LME takes into account within-subject correlation of repeated
measurements and also compensates for incomplete outcome measurements. The models included an
unstructured covariance matrix for random-effect variables (intercept and slope) and a maximum
likelihood-estimation method. Crude and adjusted analyses were performed with two models. Model 1
was adjusted for linear, quadratic and, cubic terms for infant’s age to estimate the association between
GDM and blood glucose concentration with z-scores growth estimates across infancy. Model 2 included
the variables in model 1 plus pre-pregnancy BMI, maternal age, race, parity, education, household income,
and paternal BMI. Interactions of GDM status and blood glucose level with pre-pregnancy weight and BMI
category and their association with infant growth measurements were tested by including the
corresponding interactions into the models. Strati�ed analyses were performed to investigate the
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association between GDM status and infant size among women of different pre-pregnancy weight status
(underweight vs. normal weight vs. overweight/obese). The association between GDM status and blood
glucose level and infant sex- and age-speci�c z-scores for WFL, weight and length at birth and at 1, 3, 6, 8,
and 12 months of age was estimated by multivariable linear regression. The full model was adjusted for
pre-pregnancy BMI, maternal age, race, parity, education, household income, and paternal BMI. Multiple
imputation was performed to compensate for missing values in the linear regression models. In the
sensitivity analysis, BMIZ was compared with WFLZ as outcomes of the LME analysis (Table S1). To
assess the robustness of the study �ndings, the LME analysis was repeated in participants without
missing covariate or outcomes data (n = 505, Table S2). The statistical analysis was performed with
Stata/SE version 13 (StataCorp, College Station, TX, USA). Two-sided p-values < 0.05 were considered
statistically signi�cant.

Results

Participant Characteristics
Differences in demographic (maternal race, education level, or annual household income) or clinical
characteristics (paternal BMI, child sex) in the GDM and non-GDM groups were not signi�cant. Women
with GDM were more likely to be older (31.3 vs. 29.8 years of age), have a shorter gestation at delivery
(38.6 vs. 38.9 weeks), a lower prevalence of nulliparity (69.3% vs. 79.1%), and were more likely to be
overweight before pregnancy (35.6% vs. 22.7%) than women without GDM (Table 1).
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Table 1. 
Characteristics of mothers with and without gestational diabetes mellitus.

Characteristics Gestational Diabetes Mellitus,

 Mean ± SD or n (%)

No Yes   P-value

n=740 (78%) n=205 (22%)

Age at enrollment (Years) 29.8 ± 3.8 31.3 ± 4.2 <0.001

Race     0.72

  Han 613 (82.8) 127 (17.1)  

  Others 172 (83.9) 33 (16.1)  

Educational attainment     0.64

  Middle school or below 60 (8.1) 17 (8.3)  

  High school 107 (14.5) 31 (15.1)  

  College 507 (68.5) 133 (64.9)  

  Graduate or above 66 (8.9) 24 (11.7)  

Household income per year, CNY     0.83

  <30,000 197 (26.6) 51 (24.9)  

  30,000-<50,000 191 (25.8) 57 (27.8)  

  50,000-<70,000 166 (22.4) 42 (20.5)  

  ≥70,000 186 (25.1) 55 (26.8)  

Parity     0.003

  1 585 (79.1) 142 (69.3)  

  >1 155 (21.0) 63 (30.7)  

Gestational age (Weeks) a 38.9 ± 1.3 38.6± 1.2 <0.001

Pre-pregnancy BMI category, kg/m2     <0.001

  <18.5 121 (16.4) 12 (5.9)  

  18.5-<24.0 451 (61.0) 120 (58.5)  

  ≥24.0 168 (22.7) 73 (35.6)  
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Paternal BMI category, kg/m2 b     0.27

  <18.5 22 (3.1) 2 (1.0)  

  18.5-<24.0 274 (38.3) 74 (37.6)  

  ≥24.0 419 (58.6) 121 (61.4)  

Child sex     0.41

  Male 356 (48.1) 92 (44.9)  

  Female 384 (51.9) 113 (55.1)  

CNY, Chinese Yuan; BMI, body mass index
a: n=942 because of missing data; b: n=912 because of missing data.

 

Longitudinal Analysis (LME models)
Table 2 shows the LME model results of the association between GDM status and blood glucose levels
and infant growth z-scores. After adjusting for sociodemographic characteristics and parental BMI, the
children of mothers with GDM had higher WFLZ scores [β:0.26 SD units (95% CI: 0.13–0.40)] than those
without GDM. Increased fasting blood glucose concentration was associated with increased infant WFLZ
[β:0.12 SD units (95% CI: 0.02–0.23), but the 1 h and 2 h OGTT glucose concentrations were not. GDM
status and blood glucose concentration were not associated with either WFAZ or WFLZ. In the sensitivity
analysis, use of BMIZ or WFLZ as the outcome, or limiting the analysis to mothers and children with
complete data (n = 505) did not change the results (Tables S1 and S2).
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Table 2
Association of GDM status and blood glucose level with infant growth measures using linear mixed

effects model
Infant Growth
Measures

GDM (ref.= non-
GDM),

β (95% CI)

Blood Glucose Level, β (95% CI)

Fasting 1 h after OGTT 2 h after OGTT

WFLZ        

Model 1 a 0.29 (0.15, 0.42) 0.14 (0.04,
0.25)

0.03 (0.00,
0.06)

0.02 (-0.02,
0.07)

Model 2 b 0.26 (0.13, 0.40) 0.12 (0.01,
0.23)

0.03 (0.00,
0.07)

0.03 (-0.01,
0.07)

WFAZ        

Model 1 a 0.13 (0.00, 0.26) 0.13 (0.02,
0.23)

0.01 (-0.02,
0.04)

0.02 (-0.02,
0.06)

Model 2 b 0.06 (-0.07, 0.20) 0.08 (-0.03,
0.19)

0.00 (-0.03,
0.04)

0.00 (-0.04,
0.05)

LFAZ        

Model 1 a -0.09 (-0.24, 0.06) 0.04 (-0.08,
0.16)

-0.01 (-0.05,
0.03)

-0.02 (-0.07,
0.02)

Model 2 b -0.14 (-0.29, 0.02) 0.02 (-0.10,
0.15)

-0.02 (-0.06,
0.02)

-0.04 (-0.09,
0.00)

Model 1: adjusted for exact age of children at each measurement

Model 2: Model 1 + pre-pregnancy BMI, maternal age, race, parity, education, household income,
paternal BMI

Abbreviations:

GDM, gestational diabetes mellitus; CI, con�dence interval; OGTT, oral glucose tolerance test; WFLZ,
weight-for-length z-score; WFAZ, weight-for-age z-score; LFAZ, length-for-age z-score; BMI, body mass
index.

a: n = 945;b: n = 912 cause of missing data

 

Association of GDM With Infant WFLZ After Strati�cation by
Maternal Prepregnancy Weight
Strati�cation by pre-pregnancy weight resulted in signi�cant differences in the association of GDM with
infant WFLZ (p for interaction < 0.05). GDM was associated increased infant WFLZ in normal-weight
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[β:0.28 SD units (95% CI: 0.10–0.46)] and in overweight/obese women [β:0.33 SD units (95% CI: 0.09–
0.57)]. GDM was not associated infant WFLZ in underweight women (Fig. 1).

GDM Status and Infant Growth from Birth Through 12
Months of Age
Figure 2 shows the results of multivariable regression analysis of GDM with sex-speci�c WFLZ from birth
to 12 months of age in women who were underweight, normal weight, and overweight/obese before
pregnancy. Infants born to mothers with GDM had a greater WFLZ at birth [β:0.32 SD units (95% CI: 0.07–
0.57)], 1 month [β:0.24 SD units (95% CI: 0.05–0.43)], and 3 months [β:0.20 SD units (95% CI: 0.01–
0.39)]. The association was not signi�cant at 6, 8 or 12 months of age, and the effect estimate decreased
across infancy. The children of mothers with GDM had lower LFAZs across infancy, but the difference did
not reach signi�cance. GDM status was not signi�cantly associated with LFAZ at any time.

Discussion
In this prospective birth cohort study, maternal GDM status was positively associated with infant WFLZ
scores. The associations were more pronounced in normal and overweight/obese women than in
underweight women. The effect estimates of the association between GDM and infant WFLZ scores was
highest at birth and decreased across infancy until 12 months of age. The study results may contribute to
the development interventions to prevent childhood obesity and to better de�ne the target population.

The results are consistent with previous studies that reported a positive correlation of maternal
hyperglycemia during pregnancy and infant body weight[40, 41]. A large cohort study in Finland reported
that offspring of GDM mothers were more likely to be overweight at 5, 7, and 12 years of age, and a
multinational cross-sectional study found that the odd ratios for obesity (OR = 1.53) and central obesity
(OR = 1.73) were higher in offspring of mothers with GDM compared to those without GDM[41]. A
previous meta-analysis also found that maternal diabetes was associated with increased infant fat mass
and body fat percentage[42]. It has been proposed that maternal hyperglycemia leads to excess fetal
insulin that alters the expression of hypothalamic neurotransmitters and leads to childhood hyperphagia
and overweight[43]. Mothers with GDM may share metabolic, genetic, and behavioral risk factors with
their children that promote the development of obesity. Additional study is needed because a number of
previous studies failed to observe a signi�cant association between GDM and infant birth weight, which
reduces the strength of the evidence supporting the association[6, 21].

Pre-pregnancy weight in�uences the risk of both GDM and offspring obesity, but some studies reported
an association between GDM and childhood obesity that was no longer signi�cant after adjusting for the
pre-pregnancy BMI[5]. In this study, GDM was associated with an increased infant WFLZ after adjusting
for maternal BMI and other confounders, indicating an independent association with infant body weight.
Strati�cation of mothers by BMI resulted in a signi�cant association of GDM and WFLZ in
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overweight/obese and normal-weight women, but not in underweight women. The lack of an association
in normal-weight mothers may have resulted from persistence of low triglyceride and cholesterol levels
despite GDM-associated hyperglycemia that provided the fetus a relatively balanced nutritional
environment in the uterus.

In this study, the effect estimate decreased across infancy and was not signi�cant after 6 months of age.
The in�uence of GDM on infant weight status may vary with age. A previous study reported that children
of mothers with GDM had increased weights at birth and at school age but not at 1–3 years of age[44]. In
a study of Pima Indians, the association of GDM with childhood weight status was signi�cant after
9 years of age and not before[45]. Perhaps GDM in�uences childhood lean and fat body masses
differently during early developmental ages. In Project Viva, Oken et al. reported that GDM was
associated with an increased sum of skinfold thicknesses (a direct measure of adiposity) but not with
BMI, which comprises both lean and fat masses[40]. The results of this study are consistent with a
previous Chinese cohort study that reported a signi�cant association between maternal glucose
concentration and WFLZ scores at birth but not later[35]. The rate of rapid weight gain in the �rst
6 months of life is usually slower in infants born to mothers without GDM than in those with GDM, which
may explain the loss of signi�cance[3, 35]. Breastfeeding may also weaken the in�uence of GDM on
childhood weight status, and is considered to protect against childhood obesity[46]. Additional study is
needed to investigate the effect of GDM on the long-term growth trajectory and risk of obesity.

The study strengths include its population-based prospective design, and objective measurement of
maternal blood glucose levels. Repeated standard measures of infant growth at multiple times allows
observation of the trend of the effect of GDM on offspring weight status across infancy. Subgroup
analysis helps to de�ne target GDM populations for interventions to prevent childhood obesity. The study
was conducted in an Asian population with a high prevalence of GDM, a rapidly increasing prevalence of
childhood obesity, and a lack of available study data. The study also has several limitations. First, our
study participants were from urban areas and had relatively high socioeconomic status, which may
explain the high percentage of women with GDM in the study population. Second, the study did not
include measures of infant body composition such as fat mass, but that is planned in the long-term
follow-up of the children in this cohort. Third, the study focused on childhood weight status of during
infancy. There was a trend in the decrease in the estimated effect, but previous studies have reported that
the effect may rebound later in childhood[44]. We were not able to observe that in this study, but follow-up
is ongoing. Fourth, the loss to follow-up may have resulted in bias even though missing data did not
change the signi�cance of the study results. Lastly, there may be residual confounding which was not
accounted for in this analysis.

Conclusions
Maternal GDM status was positively associated with infant WFLZ, but not WFA or LFAZ. The association
between GDM status and WFLZ was more pronounced in women with normal body weight, overweight,
and obesity before pregnancy. The effect estimates of GDM on infant WFLZ was highest at birth and
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decreased across infancy. The study may help to develop interventions and de�ne target populations for
preventing childhood obesity.

Abbreviations
BMI: body mass index; BMIZ: body mass index z-score; CI: con�dence interval; CNY: Chinese Yuan; GDM:
gestational diabetes mellitus; LME: linear mixed effects; LFAZ: length-for-age z-scores; OGTT: oral
glucose tolerance test; OR: odds ratio; SD: standard unit; WFAZ: weight-for-age z-scores; WFLZ: weight-
for-length z-scores.
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Figures

Figure 1

Association between GDM (ref.= non-GDM) with infant sex-speci�c WFLZ (β, 95% CI) from birth to 12
months by pre-pregnancy weight status. Models are adjusted for exact age of children at each
measurement, pre-pregnancy BMI, maternal age, race, parity, education, household income, paternal BMI.
Abbreviations: GDM, gestational diabetes mellitus; CI, con�dence interval; WFLZ, weight-for-length z-
score; BMI, body mass index.
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Figure 2

Association of GDM (ref.= non-GDM) with sex-speci�c WFLZ, WFAZ, FLAZ (β, 95% CI) from birth to 12
months among 945 mother-child pairs. Models are adjusted for, pre-pregnancy BMI, maternal age, race,
parity, education, household income, paternal BMI. Abbreviations: GDM, gestational diabetes mellitus; CI,
con�dence interval; WFLZ, weight-for-length z-score; WFAZ, weight-for-age z-score; LFAZ, length-for-age z-
score; BMI, body mass index.
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