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Background: The effect of intrauterine hyperglycemia on fat mass and regional fat proportion of the offspring of mothers with 
gestational diabetes mellitus (OGDM) remains to be determined.
Methods: The body composition of OGDM (n=25) and offspring of normoglycemic mothers (n=49) was compared using dual-
energy X-ray absorptiometry at age 5 years. The relationship between maternal glucose concentration during a 100 g oral glucose 
tolerance test (OGTT) and regional fat mass or proportion was analyzed after adjusting for maternal prepregnancy body mass in-
dex (BMI).
Results: BMI was comparable between OGDM and control (median, 16.0 kg/m2 vs. 16.1 kg/m2). Total, truncal, and leg fat mass 
were higher in OGDM compared with control (3,769 g vs. 2,245 g, P=0.004; 1,289 g vs. 870 g, P=0.017; 1,638 g vs. 961 g, 
P=0.002, respectively), whereas total lean mass was lower in OGDM (15,688 g vs. 16,941 g, P=0.001). Among OGDM, total and 
truncal fat mass were correlated with fasting and 3-hour glucose concentrations of maternal 100 g OGTT during pregnancy (total 
fat mass, r=0.49, P=0.018 [fasting], r=0.473, P=0.023 [3-hour]; truncal fat mass, r=0.571, P=0.004 [fasting], r=0.558, P=0.006 
[3-hour]), but there was no correlation between OGDM leg fat mass and maternal OGTT during pregnancy. Regional fat indices 
were not correlated with concurrent maternal 75 g OGTT values.
Conclusion: Intrauterine hyperglycemia is associated with increased fat mass, especially truncal fat, in OGDM aged 5 years. 
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INTRODUCTION

Maternal hyperglycemia during pregnancy increases the risk 
of adverse pregnancy outcomes including macrosomia, pre-
mature delivery, and preeclampsia [1,2]. Prenatal exposure to 
the diabetic milieu leads to hyperinsulinemia in the fetus that 
may lead to increased adiposity in offspring [3]. Recently, the 
Hyperglycemia and Adverse Pregnancy Outcomes (HAPO) 
follow-up study group reported that gestational diabetes melli-
tus (GDM) identified by International Association of Diabetes 

and Pregnancy Study Group (IADPSG) criteria is associated 
with increased total fat percent, sum of skinfolds, and the inci-
dence of obesity in 10- to 14-year-old offspring, after adjusting 
for maternal body mass index (BMI) during pregnancy [4,5]. 
In that study, maternal glucose concentrations during preg-
nancy showed a linear association with offspring adiposity in-
dices including BMI z-score and body fat percent [4,5]. How-
ever, higher BMI or obesity in offspring of mothers with gesta-
tional diabetes mellitus (OGDM) of prepubertal age were found 
in some [6-8], but not all studies [9,10].
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One reason for the inconsistent findings between maternal 
hyperglycemia during pregnancy and offspring obesity is that 
early studies used BMI or sum of skinfolds as an indicator for 
adiposity, both of which have limitations in assessing total or 
regional fat proportion separately from lean mass [6,9-11]. 
Another reason is that many studies did not adjust for the ef-
fect of maternal obesity [6,9,10] and notably, adjustment for 
maternal BMI attenuated most of these associations [5,7,11, 
12]. Considering the variability of body composition with age 
in children [13,14], the age range of offspring should be nar-
row or stratified in order to observe consistent findings.

In this study, we compared the body composition of OGDM 
with that of offspring of normoglycemic mothers at 5 years of 
age using dual-energy X-ray absorptiometry (DXA). In addi-
tion, we evaluated the correlation between intrauterine hyper-
glycemia and whole body or regional fat proportion in OGDM.

METHODS

Informed consent was obtained from the parents and children 
involved in this study. The Institutional Review Board (IRB) of 
Seoul National University Bundang Hospital approved the 
study protocol (IRB No. B-1007-105-007). This study was con-
ducted according to the World Medical Association’s Declara-
tion of Helsinki [15].

Twenty-five OGDM and 49 age-matched control offspring 
aged 5 years were included in this study. For OGDM, children 
who were born between December 2003 and August 2006 at 
Seoul National University Bundang Hospital and whose moth-
ers had GDM and who have been followed after delivery were 
screened for this study (n=49) [16]. OGDM who did not meet 
the age criteria (n=19), who had a birth weight of <2.5 or >4.0 
kg (n=2), or who did not complete the study (n=3) were ex-
cluded. All 25 OGDM were singleton full-term births. The in-
clusion criteria for control offspring (n=49) were described pre-
viously [17]. In brief, 5-year-old Korean children born to moth-
ers without a history of GDM or pregestational diabetes, without 
chronic disease, not taking medications affecting body composi-
tion, and with a BMI between the 5th and 95th percentile, were 
enrolled in the study between June 2007 and May 2008 (n=50). 
One subject with incomplete data was excluded. All controls 
were born at full-term with birth weights of 2.5 to 4.0 kg.

The screening and diagnosis of GDM in mothers were de-
scribed previously [18]. Briefly, a 50 g glucose challenge test 
was done at 24 to 28 weeks of gestation. A positive screen was 

defined as a 1-hour glucose value of 130 mg/dL or greater. 
Women with a positive screen were given a 3-hour, 100 g oral 
glucose tolerance test (OGTT). Two or more glucose concen-
trations over criteria were diagnosed as GDM (fasting, ≥95 
mg/dL; 1-hour, ≥180 mg/dL; 2-hour, ≥155 mg/dL; 3-hour, 
≥140 mg/dL). In mothers with GDM, the following parame-
ters were also evaluated: maternal prepregnancy BMI, insulin 
treatment during pregnancy, glucose concentrations from the 
100 g OGTT at diagnosis of GDM, and 75 g OGTT at the time 
of this study (postpartum 5 years). The diagnosis of prediabe-
tes and diabetes was based on American Diabetes Association 
criteria (prediabetes: fasting, 100 to 125 mg/dL; 2-hour, 140 to 
199 mg/dL; glycosylated hemoglobin [HbA1c], 5.7% to 6.4%) 
(diabetes: fasting, ≥126 mg/dL; 2-hour, ≥200 mg/dL; HbA1c, 
≥6.5%) [19].

Birth weight and gender were reviewed in all subjects (off-
spring). BMI (kg/m2) was calculated from measured height 
and weight and BMI z-score was assigned according to Korean 
reference values [20]. A whole body DXA was performed us-
ing the Lunar Prodigy advance system with pediatric software 
(GE Lunar Corporation, General Electric, Madison, WI, USA) 
according to the standard procedure. Each scan provided total, 
truncal, and leg fat mass and proportion (%) as well as lean 
mass and bone mineral content. Height-normalized indices of 
body composition (kg/m2) were evaluated as fat mass index 
(FMI), truncal FMI, leg FMI, and lean mass index (LMI) [21]. 
In OGDM, standard OGTT (1.75 g/kg body weight of glucose 
solution [maximum 75 g]) was performed and blood samples 
were obtained at 0, 30, and 120 minutes.

Plasma glucose concentration was measured using the glu-
cose oxidase method (747 clinical chemistry analyzer; Hitachi, 
Tokyo, Japan). Plasma insulin was measured by radioimmuno-
assay (Linco, St. Louis, MO, USA). HbA1c was measured using 
a Bio-Rad Variant II Turbo high-performance liquid chroma-
tography analyzer (Bio-Rad, Hercules, CA, USA).

Insulin sensitivity was assessed using the Matsuda index: 
10,000/√(fasting glucose×fasting insulin×mean glucose× 
mean insulin) [22]. The insulinogenic index was used to esti-
mate insulin secretion: [insulin (30 minutes)–insulin (0 min-
ute)]/[glucose (30 minutes)–glucose (0 minute)] [23]. The dis-
position index was used to evaluate the composite of insulin 
secretion considering the degree of insulin sensitivity: Matsuda 
index×insulinogenic index [24]. The homeostasis model as-
sessment of insulin resistance (HOMA-IR) and β-cell function 
(HOMA-β) were also calculated [25].



Chung HR, et al.

732 Diabetes Metab J 2021;45:730-738  https://e-dmj.org

Statistical analysis
The data were expressed as the median (range) or as the num-
ber of subjects (percentage). Differences between OGDM and 
control were compared using the Mann-Whitney nonpara-
metric U test and the chi-square test or Fisher’s exact test. 
Spearman correlation test and partial correlation test adjusting 
for maternal prepregnancy BMI were performed to evaluate 
the association between body composition of OGDM and ma-
ternal glucose values of the 100 g OGTT. All statistical analyses 
were performed using SPSS software version 21.0 (IBM SPSS 
Inc., Armonk, NJ, USA). P≤0.05 was considered statistically 
significant.

RESULTS

A total of 25 mothers with GDM and their offspring were in-
cluded in the analysis. The median age of mothers with GDM 
at delivery was 33.7 years and maternal prepregnancy BMI was 
22.5 kg/m2. Ten mothers (38.5%) received insulin therapy dur-
ing pregnancy. At the time of study, eight (32.0%) and five 
(20.0%) mothers had prediabetes and overt diabetes, respec-
tively (Table 1).

To investigate whether GDM affects offspring adiposity in ear-
ly childhood, we compared anthropometric phenotypes between 
OGDM and control at age 5 years. Baseline characteristics in-
cluding age, gender, birth weight, BMI, and BMI z-scores were 
comparable between the two groups (Table 2). OGDM had a sig-
nificantly higher total, truncal, and leg fat mass and higher 
height-adjusted indices, but lower lean mass and LMI than con-
trols without significant difference in bone mineral content. 
OGDM whose mothers had insulin treatment during pregnancy 
had higher BMI compared with OGDM whose mothers did not 
receive insulin treatment (Supplementary Table 1).

To evaluate whether the extent of maternal hyperglycemia is 
associated with adiposity in offspring, we analyzed the correla-
tion between maternal glucose concentrations from 100 g 
OGTT during pregnancy and offspring regional fat mass indi-
ces. The correlation was assessed among OGDM because we 
could not obtain 100 g OGTT data from control mothers. In 
the unadjusted analysis, fat mass indices did not correlate with 
maternal prepregnancy BMI or with glucose concentrations in 
the 100 g OGTT (Supplementary Table 2). After adjusting for 
maternal prepregnancy BMI, total and truncal fat mass and 
their proportion were correlated with fasting and 3-hour 100 g 
OGTT glucose concentrations, respectively. Truncal FMI was 

associated with fasting, 1-hour, and 3-hour glucose concentra-
tions, area under the curve (AUC) of 100 g OGTT, and HbA1c 
during pregnancy (Table 3). However, leg fat mass, lean mass, 
and bone mineral content were not correlated with glucose 
concentrations in the 100 g OGTT. Maternal glucose concen-
trations during pregnancy and offspring adiposity indices gen-

Table 1. Metabolic characteristics of mothers with gestational 
diabetes mellitus and their offspring

Characteristic Value

Mother (n=25)

Age at delivery, yr 33.7 (28.7–44.7)

Prepregnancy weight, kg 57.0 (44.0–85.0)

Prepregnancy BMI, kg/m2 22.5 (17.7–32.4)

Gestational weight gain, kg 11.1 (3.4–18.9)

Serum glucose of 50 g GCT, mg/dL 174 (133–241)

AUC during 100 g OGTT, mg/dL/hr 484 (421–688)

HbA1c at diagnosis of GDM, % 5.5 (4.8–7.2)

Insulin treatment during pregnancy 10 (38.5)

Duration of follow-up after delivery, yr 5.6 (5.0–6.7)

HbA1c during follow-up study, % 5.6 (5.1–7.9)

AUC during 75 g OGTT, mg/dL/hr 279 (189–608)

Glucose tolerance status at study

Normal 12 (48.0)

Prediabetes 8 (32.0)

Overt diabetes 5 (20.0)

Offspring (n=25) 

Fasting glucose, mg/dL 79 (56–113)

HbA1c, % 5.3 (4.3–5.9)

Fasting insulin, μIU/mL 10.7 (5.6–20.3)

Glucose tolerance status at study

Normal 22 (88.0)

Prediabetes 3 (12.0)

Overt diabetes 0

Breastfeeding

Duration of absolute breastfeeding, mo 4.5 (0–12)

Duration of total breastfeeding, mo 12 (0–24)

Active exercise, hr/day 1.5 (0.3–3.0)

Media-watching time, hr/day 1.8 (0.0–5.0)

Values are presented as median (range) or number (%). 	
BMI, body mass index; GCT, glucose challenge test; AUC, area under 
the curve; OGTT, oral glucose tolerance test; HbA1c, glycosylated he-
moglobin; GDM, gestational diabetes mellitus.



Adiposity in offspring of mothers with GDM 

733Diabetes Metab J 2021;45:730-738 https://e-dmj.org

erally maintained their correlation after adjusting for gender 
and birth weight. However, no significant correlation between 
offspring fat indices and concurrent maternal glucose concen-
tration of 75 g OGTT was observed (Supplementary Table 3).

Next, subjects were categorized into tertile groups according 
to the maternal glucose concentrations during 100 g OGTT. 
Total fat mass, total fat percentage, and trunk fat percentage 
were higher across increasing tertiles of maternal fasting, 
1-hour, and 3-hour glucose, but not 2-hour glucose (Fig. 1A-
C). These findings suggest that the extent of maternal hyper-
glycemia during pregnancy is associated with whole body and 
central adiposity of offspring.

We investigated whether maternal hyperglycemia affects 
glycemic indices of OGDM. Fasting and 3-hour glucose were 
correlated with HOMA-IR and 3-hour glucose with the Mat-
suda index. Insulinogenic index was also correlated with fast-

ing and 3-hour glucose, but the disposition index was not (Ta-
ble 3). The Matsuda index decreased with increasing tertiles of 
maternal fasting and 3-hour glucose, and compensatory in-
crease in insulinogenic index was also observed (Fig. 1D and E). 
However, no trend could be found in the disposition index 
(Fig. 1F).

Offspring adiposity may contribute to their glycemic indices. 
As expected, total fat mass and proportion were correlated 
with a decreasing Matsuda index and an increasing insulino-
genic index, but not with the disposition index (Supplementa-
ry Table 4). These findings suggest that offspring adiposity in-
fluenced by maternal hyperglycemia may contribute to both 
insulin resistance and compensatory insulin secretion without 
significant change in the composite β-cell function in early 
childhood.

Table 2. Clinical and anthropometric phenotypes between offspring of mothers with gestational diabetes mellitus and control of 5 
years of age

Variable OGDM (n=25) Control (n=49) P value

Sex, male:female 12:13 26:23 0.806

Age at study, yr 5.6 (5.00–6.70) 5.9 (5.00–6.70) 0.087

Birth weight, kg 3.34 (2.81–4.00) 3.15 (2.58–4.00) 0.084

Height, cm 112.9 (101.7–128.0)  114.0 (105.0–128.0) 0.407

Weight, kg 20.5 (14.6–28) 21.1 (17.0–33.9) 0.219

BMI, kg/m2 16.0 (14.1–18.4) 16.1 (13.7–23.1) 0.273

BMI z-score 0.33 (–1.16 to 1.53) 0.37 (–1.57 to 2.96) 0.285

DXA body composition

Total fat mass, g 3,769 (1,600–9,315) 2,245 (1,037–9,795) 0.004a

Total fat, % 18.0 (9.9–36.6) 11.6 (4.7–33.4) <0.001a

FMI, kg/m2 2.68 (1.40–7.28) 1.75 (0.68–7.73) 0.002a

Truncal fat mass, g 1,289 (578–4,615) 870 (314–5,292) 0.017a

Truncal fat, % 16.0 (8.1–40.5) 10.0 (4.0–36.0) 0.002a

Truncal FMI, kg/m2 1.00 (0.49–3.61) 0.67 (0.24–4.22) 0.009a

Leg fat mass, g 1,638 (606–3,674) 961 (333–3,850) 0.002a

Leg fat, % 23.5 (12.9–39.0) 15.4 (4.9–35.7) <0.001a

Leg FMI, kg/m2 1.17 (0.53–2.47) 0.75 (0.22–2.48) 0.001a

Lean mass, g 15,688 (11,291–19,566) 16,941 (14,522–21,943) 0.001a

LMI, kg/m2 12.1 (10.9–13.2) 13.0 (11.6–15.2) <0.001a

BMC, g 675 (488–846) 698 (487–991) 0.081

Values are presented as median (range).
OGDM, offspring of gestational diabetes mellitus mother; BMI, body mass index; DXA, dual-energy X-ray absorptiometry; FMI, fat mass in-
dex; LMI, lean mass index; BMC, bone mineral content.
aP<0.05 by Mann-Whitney nonparametric U test.
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Table 3. Correlation between body composition of offspring of mothers with gestational diabetes mellitus and maternal glycemic 
indices during pregnancy

Variable Value
100 g OGTT

HbA1c
Fasting 1-hr 2-hr 3-hr AUC

Total fat mass, g r 0.49 0.337 –0.074 0.473 0.298 0.371
P 0.018a NC NC 0.023a NC 0.081

Total fat, % r 0.463 0.336 –0.029 0.466 0.313 0.361
P 0.026a NC NC 0.025a NC 0.091

FMI, kg/m2 r 0.524 0.381 0.01 0.504 0.367 0.407
P 0.01a 0.073 NC 0.014a 0.085 0.054

Truncal fat mass, g r 0.571 0.401 0.028 0.558 0.402 0.427
P 0.004a 0.058 NC 0.006a 0.057 0.042a

Truncal fat, % r 0.52 0.397 0.042 0.545 0.397 0.408
P 0.011a 0.061 NC 0.007a 0.061 0.053

Truncal FMI, kg/m2 r 0.593 0.429 0.098 0.582 0.454 0.452
P 0.003a 0.041a NC 0.004a 0.03a 0.03a

Leg fat mass, g r 0.376 0.23 –0.217 0.336 0.141 0.279
P 0.077 NC NC NC NC NC

Leg fat, % r 0.378 0.245 –0.112 0.352 0.197 0.281
P 0.075 NC NC 0.099 NC NC

Leg FMI, kg/m2 r 0.423 0.285 –0.135 0.371 0.216 0.328
P 0.044a NC NC 0.081 NC NC

Lean mass, g r 0.074 –0.141 –0.277 0.077 –0.164 0.122
P NC NC NC NC NC NC

LMI, kg/m2 r 0.071 –0.009 –0.051 –0.094 –0.038 0.191
P NC NC NC NC NC NC

BMC, g r 0.264 0.017 –0.104 0.37 0.074 0.34
P NC NC NC 0.082 NC NC

AUC (1.75 g/kg OGTT) r 0.172 0.171 0.216 0.32 0.228 0.093
P NC NC NC NC NC NC

HOMA-IR r 0.414 0.178 –0.061 0.429 0.28 0.41
P 0.05a NC NC 0.046a NC 0.052

HOMA-β r –0.201 –0.104 –0.064 0.208 –0.045 –0.083
P NC NC NC NC NC NC

Matsuda index r –0.366 –0.225 0.011 –0.504 –0.298 –0.346
P 0.086 NC NC 0.017a NC NC

Insulinogenic index r 0.587 0.269 0.275 0.67 0.475 0.411
P 0.003a NC NC 0.001a 0.025a 0.052

Disposition index r 0.216 0.041 0.226 0.296 0.199 0.213
P NC NC NC NC NC NC

Correlation coefficient was calculated by partial correlation test adjusting for maternal prepregnancy body mass index. 		
OGTT, oral glucose tolerance test; AUC, area under the curve; HbA1c, glycosylated hemoglobin; NC, not correlated; FMI, fat mass index; LMI, 
lean mass index; BMC, bone mineral content; HOMA-IR, homeostasis model assessment value of insulin resistance; HOMA-β, homeostasis 
model assessment value of β-cell function.
aP<0.05; NC refers to P>0.10.
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DISCUSSION

Prenatal exposure to maternal hyperglycemia leads to fetal hy-
perinsulinemia [3]. Offspring born from mothers with GDM 
have a higher incidence of overweight and obesity in some 
studies [4,5], but this finding was inconsistent [9,10,12]. BMI 
consists of both fat and lean mass; therefore, we used DXA 
measurements to compare body composition in OGDM with 
that in controls. The total, truncal, and leg fat mass were higher 
in OGDM than in offspring from normoglycemic mothers. 
Furthermore, the higher the maternal glucose concentrations 
of a 100 g OGTT, the higher the fat mass of OGDM, which was 
significant after adjusting for maternal BMI. In particular, 
truncal fat mass was positively correlated with maternal glu-
cose concentrations of the 100 g OGTT. Also, maternal glucose 
values during pregnancy and adiposity of offspring were posi-
tively associated with offspring’s insulin resistance. Therefore, 

intrauterine hyperglycemia is associated with increased adi-
posity, especially central obesity and insulin resistance in 
OGDM aged 5 years.

Body composition analysis, but not BMI, is required for 
prepubertal metabolic assessment
BMI reaches a nadir between the ages of 5 and 7 years [14]. 
Higher birth weight in OGDM than in controls disappears as 
early as a year after birth [9]. Therefore, it is difficult to detect 
differences in BMI of OGDM in childhood. In fact, previous 
studies showed inconsistent findings on BMI of OGDM (no 
change [3,6,9]; increase in OGDM [7,26]). In the HAPO fol-
low-up study (mean age 11.4 years), maternal hyperglycemia 
during pregnancy was associated with offspring overweight 
and obesity [4,5]. However, no significant association between 
maternal hyperglycemia and obesity could be found in a sub-
group analysis of HAPO data in children aged 5 to 7 years [12]. 

Fig. 1. Offspring adiposity and glycemic indices across categories of maternal glucose levels during pregnancy. (A) Total fat mass, 
(B) total fat %, (C) truncal fat %, (D) Matsuda index, (E) insulinogenic index, and (F) disposition index. Offspring of mothers 
with gestational mellitus diabetes (n=25) were divided into tertiles of maternal glucose concentrations of 100 g oral glucose toler-
ance test (OGTT) during pregnancy. Glucose categories of 100 g OGTT during pregnancy are defined as follows: fasting glucose 
(category 1, <90 mg/dL; category 2, 90 to 101 mg/dL; category 3, >101 mg/dL); 1-hour glucose (category 1, <190 mg/dL; catego-
ry 2, 190 to 209 mg/dL; category 3, >209 mg/dL); 2-hour glucose (category 1, <165 mg/dL; category 2, 165 to 184 mg/dL; catego-
ry 3, >184 mg/dL); 3-hour glucose (category 1, <140 mg/dL; category 2, 140 to 158 mg/dL; category 3, >158 mg/dL). Error bar 
represents standard error of mean.
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Different timing of adiposity measurements may contribute to 
inconsistent findings. In our study (median, 5.6 years old), al-
though the BMIs of OGDM and controls did not differ, fat 
mass and proportions determined by DXA body composition 
analysis were both significantly higher in OGDM. These re-
sults suggest that maternal hyperglycemia during pregnancy 
shifts offspring body composition from muscle to fat without 
affecting body weight.

The presence of GDM and intrauterine hyperglycemia re-
sulted in decreased lean mass irrespective of maternal or off-
spring BMI in this study. This finding is inconsistent with a 
previous study by Chandler-Laney et al. [26] showing the posi-
tive relationship of maternal glucose concentration during 
pregnancy with both fat and lean mass in children aged 5 to 10 
years. Differences in population (OGDM only in our study), 
age, ethnicity, or adjustment for maternal BMI may explain 
this discrepancy. It is noteworthy that the increased fat mass, 
together with decreased lean mass in OGDM in this study rep-
resents a highly disadvantageous metabolic phenotype. Abnor-
mal fat accumulation due to intrauterine hyperglycemia may 
reduce lean mass in OGDM, given that ectopic fat stores lead 
to destruction of muscle [27]. Taken together, these findings 
suggest that BMI may not be a good indicator for assessing ad-
iposity or metabolic risk in prepubertal children.

Ethnic differences in adiposity of Asian children
The BMI (median, 16.1 kg/m2) and percent body fat of control 
offspring (median, 11.6%) in this study represent the upper half 
and the lower 25th percentile of United States children aged 5 
years, respectively [14,28]. These data suggest there is an ethnic 
difference in fat proportion in childhood (lower in Korean), 
and the future metabolic impact of percent body fat in the low-
er range in Asian children warrants further investigation.

Subgroup analysis of HAPO data from Hong Kong reported 
a significant but modest increase in BMI of OGDM at age 7 
years (15.3 kg/m2 in OGDM vs. 15.0 kg/m2 in offspring of nor-
moglycemic mothers) [29]. In our study, no difference in BMI 
between Korean OGDM and control offspring was observed. 
These findings strengthen the conclusion that body composi-
tion analysis or skinfold thickness rather than BMI might bet-
ter predict Asian children at risk of obesity and/or future meta-
bolic disorders.

Strengths and limitations
To our knowledge, this is the first study to evaluate body com-

position of OGDM using DXA among Asian children. The se-
lection of offspring in an age range limited to 5 years allowed 
us to reduce age-related variability in body composition [13, 
14]. Another strength of this study was the exclusion of chil-
dren with low (<2.5 kg) or high (>4.0 kg) birth weight, which 
allowed us to control for the effect of birth weight on early 
childhood adiposity. Furthermore, insulin resistance and β-cell 
function of offspring derived from OGTTs, were evaluated in 
addition to adiposity of offspring. Although we did not find al-
terations in glucose concentrations or composite β-cell func-
tion of offspring, we observed compensatory insulin secretion 
(increase in insulinogenic index) along with an increase in in-
sulin resistance in the presence of higher maternal glucose 
concentrations.

This study has several limitations. First, the small sample size 
cannot exclude potential selection bias. Second, we could not as-
sess the association between maternal glucose concentration 
and adiposity in control offspring due to a lack of maternal 100 g 
OGTT data. Third, only certain glucose concentrations during 
100 g OGTT (i.e., fasting and 3-hour) were associated with off-
spring adiposity indices. The fact that truncal FMI was consis-
tently associated with 1-hour glucose, HbA1c, and AUC of 100 
g OGTT, strengthens our observation that intrauterine hyper-
glycemia is associated with central adiposity of the offspring. 
Fourth, maternal prepregnancy BMI was not adjusted when 
body composition was compared between OGDM and con-
trols in this study. Considering that the mean BMI of healthy 
Korean women aged 30 to 34 years was 22.2 kg/m2 in 2005, 
which was similar to the BMI of GDM women in this study 
(median, 22.5 kg/m2) [30], this limitation may not greatly im-
pact our results. Fifth, we could not determine whether in-
creased fat mass at 5 years of age suggests increased fetal 
growth or early adiposity rebound due to the limitation of the 
cross-sectional design.

In summary, intrauterine hyperglycemia is associated with 
increased body fat composition in OGDM aged 5 years. Future 
mechanistic studies designed to elucidate how in utero expo-
sure to hyperglycemia affects offspring adiposity (i.e., epigene-
tic, metabolomic) would provide additional insights into 
transgenerational heritability of metabolic phenotypes.
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