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Background: We aimed to identify the postpartum metabolic factors that were associated with the development of diabetes in
women with a history of gestational diabetes mellitus (GDM). In addition, we examined the role of the oral glucose tolerance test
(OGTT) in the prediction of future diabetes.

Methods: We conducted a prospective study of 179 subjects who previously had GDM but did not have diabetes at 2 months
postpartum. The initial postpartum examination including a 75-g OGTT and the frequently sampled intravenous glucose toler-
ance test (FSIVGTT) was performed 12 months after delivery, and annual follow-up visits were made thereafter.

Results: The insulinogenic index (IGI30) obtained from the OGTT was significantly correlated with the acute insulin response to
glucose (AIRg) obtained from the FSIVGTT. The disposition indices obtained from the OGTT and FSIVGTT were also signifi-
cantly correlated. Women who progressed to diabetes had a lower insulin secretory capacity including IGI30, AIRg, and disposi-
tion indices obtained from the FSIVGTT and OGTT compared with those who did not. However, the insulin sensitivity indices
obtained from the OGTT and FSIVGTT did not differ between the two groups. Multivariate logistic regression analysis showed
that the 2-hour glucose and disposition index obtained from the FSIVGTT were significant postpartum metabolic risk factors for
the development of diabetes.

Conclusion: We identified a crucial role of -cell dysfunction in the development of diabetes in Korean women with previous
GDM. The 2-hour glucose result from the OGTT is an independent predictor of future diabetes. Therefore, the OGTT is crucial
for better prediction of future diabetes in Korean women with previous GDM.
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INTRODUCTION

It is well known that women with a previous history of gesta-
tional diabetes mellitus (GDM) have an increased risk of de-
veloping type 2 diabetes mellitus (T2DM) [1,2]. Although
most women with GDM return to normal glucose tolerance

when tested several weeks after delivery, increased insulin re-
sistance, and/or impaired insulin secretory function has been
reported in women with previous GDM [3]. In addition, a
substantial proportion of women with previous GDM eventu-
ally develop T2DM [4,5]. A meta-analysis reported that wom-
en with a history of GDM had a 7.4 times higher risk of diabe-
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tes than women without a previous history of GDM [6]. Kore-
an women with previous GDM were also at increased risk for
postpartum diabetes [2,5]: compared with Korean women
without a history of GDM, their odds ratio (OR) of developing
diabetes was 3.7 [7]. Another Korean study showed that ap-
proximately 40% of Korean women with GDM developed
T2DM over 5 years [5].

Several interventional trials to prevent or delay the develop-
ment of postpartum diabetes in women with previous GDM
have been conducted. The Diabetes Prevention Program Out-
comes Study (DPPOS) demonstrated that intensive lifestyle
modification and metformin treatment reduced the cumula-
tive incidence of T2DM in women with previous GDM by 35%
and 40%, respectively, compared with a placebo group [8,9].
The Troglitazone in Prevention of Diabetes (TRIPOD) study
also showed that troglitazone treatment reduced the risk of di-
abetes development in these women by 55% [10]. A recent in-
terventional trial comprising advice on diet and exercise in-
cluded Chinese women with previous GDM who had im-
paired glucose tolerance (IGT) in a postpartum oral glucose
tolerance test (OGTT) [11]. However, lifestyle intervention did
not reduce significantly the incidence of postpartum diabetes
in a 3-year follow-up. It is unclear why lifestyle modification
was not effective in preventing postpartum diabetes in Asian
women. Therefore, it is necessary to identify the clinical and
metabolic risk factors for predicting future diabetes in Asian
women with previous GDM.

Various clinical risk factors for postpartum diabetes in wom-
en with GDM have been reported, including maternal age
[2,12], family history of diabetes [2,13], hyperglycemia during
pregnancy [5,14], early diagnosis of GDM [1,2], insulin treat-
ment during pregnancy [5,15], and prepregnancy and postpar-
tum body mass index (BMI) [1,2,5]. Several metabolic factors
predicting postpartum diabetes have also been identified, in-
cluding indices of B-cell dysfunction (insulinogenic index
[IGI] and disposition index [DI] in pregnancy and postpartum
testing) [4,16] and insulin sensitivity measured by postpartum
hyperinsulinemic clamps [17]. In addition, postpartum weight
change, breast feeding, additional pregnancy, and physical ac-
tivity also affect the incidence of T2DM in women with previ-
ous GDM [18,19].

Postpartum glucose testing has been recommended for
women with GDM to identify their postpartum glucose toler-
ance status. However, clinical guidelines from several health
organizations do not agree about when and how to evaluate
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glucose tolerance in women with previous GDM [20]. Glucose
testing in women with GDM has usually been performed at 6
weeks postpartum to coincide with a postpartum visit and to
allow the transient increases in insulin resistance seen during
pregnancy to return to nonpregnancy levels. After the first
postpartum testing, glucose testing is recommended at inter-
vals from 1 to 3 years depending on glucose tolerance status.
The OGTT will identify additional women with IGT or diabe-
tes compared with fasting glucose testing alone [21,22]. How-
ever, postload glucose levels obtained from the OGTT have
poorer reproducibility than fasting glucose measurements [23].
In this study, we aimed to identify the postpartum metabolic
factors obtained from the OGTT that were associated with the
development of diabetes, and evaluated the contribution of
B-cell dysfunction and insulin resistance to the incidence of
diabetes in women with previous GDM. In addition, we exam-
ined the role of the OGTT in the prediction of future diabetes.

METHODS

Study protocol

We conducted a prospective cohort study of subjects who were
diagnosed with GDM according to the definition of the 4th In-
ternational Workshop and Conference on GDM [24], but who
did not have diabetes 2 months postpartum. Subjects were di-
agnosed with GDM at the Seoul National University Bundang
Hospital from 2004 to 2006. The baseline postpartum evalua-
tion was performed 12 months after delivery, and annual fol-
low-up visits were made thereafter. This study was approved by
the Institutional Review Board of Seoul National University
Bundang Hospital (IRB Number: B-0503/018-001). All sub-
jects participated voluntarily, and informed consent was ob-
tained from each subject.

Subjects

We recruited 183 women with previous GDM who were as-
sessed for diabetes at 2 months postpartum using the 75-g
OGTT and glutamic acid decarboxylase (GAD) antibody test-
ing. Of these, four had diabetes and 74 had an impaired fasting
glucose and/or IGT at the baseline examination. We followed
up 179 subjects after excluding the four with diabetes.

Baseline examination
The detailed procedures for baseline and follow-up examina-
tions have been described previously [5,18]. Briefly, the partici-
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pants’ obstetric history, including their prepregnancy weight,
weight at diagnosis of GDM, and weight gain during pregnan-
cy, was retrieved from medical records. Baseline examination 1
year postpartum was conducted using a standardized ques-
tionnaire on past medical history and family history of diabe-
tes and anthropometric measurements. To evaluate glucose
tolerance status, a 75-g OGTT was performed after an over-
night fast. About 1 week later, the frequently sampled intrave-
nous glucose tolerance test (FSIVGTT) was conducted after an
overnight fast. An intravenous catheter was placed in each of
the subject’s forearms: one for bolus injections of glucose and
the other for rapid, repeated blood sampling for measurement
of glucose and insulin concentrations. After baseline samples
(=30, -15, -1 minutes) were obtained, a bolus of glucose (0.3 g/kg
body weight) was injected over a 60-second period. Human
insulin (0.03 U/kg) was injected 20 minutes later over 30 sec-
onds. Blood was then sampled 29 times over the next 180 min-
utes, with an initial frequency of 1 sample/minute (1, 2, 3, 4, 5,
6,7,8,10, 12, 14, 16, 19, 22, 23, 24, 25, 27, 30, 40, 50, 60, 70, 80,
90, 100, 120, 160, and 180 minutes).

Follow-up examinations

A standard 75-g OGTT was performed at each follow-up visit.
Anthropometric measures including body weight, height, and
blood pressure (BP) were measured at each visit. Body weight
was measured to the nearest 0.1 kg, and height was measured
to the nearest 0.1 cm. Postpartum weight change was calculat-
ed as the difference between initial postpartum weight and that
at the most recent visit. BP was measured three times to the
nearest 2 mm Hg on the left arm by research coordinators us-
ing a mercury sphygmomanometer (Baumanometer; Baum,
Copiague, NY, USA).

Metabolic assessment

The diagnosis of diabetes was based on the criteria of the
American Diabetes Association [25]. The homeostasis model
assessment of B-cell function (HOMA-J) and insulin resistance
(HOMA-IR) were calculated [26]. The IGI30 was defined as
(insulin [30 minutes]-insulin [0 minute])/(glucose [30 min-
utes]-glucose [0 minute]) [27]. The Matsuda index [28] was
also calculated as 10,000/ (fasting glucose x fasting insulinx
mean glucosexmean insulin). The DI obtained from the
OGTT was used to evaluate the composite insulin secretion,
taking into consideration the degree of insulin sensitivity, and
was calculated as Matsuda indexx IGI30.
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Parameters obtained from the FSIVGTT were analyzed us-
ing the MINMOD Millennium program. The insulin sensitivi-
ty index (SI) was defined as the quantitative influence of insu-
lin in enhancing the fractional rate of glucose disappearance
[29]. The acute insulin response to glucose (AIRg) was also
calculated, which is defined as the mean increment above
baseline of the plasma insulin concentration in the first 10
minutes after the administration of glucose. The DI, a measure
of acute pancreatic 3-cell compensation for insulin resistance,
was calculated by multiplying SI by AIRg [17,30].

Plasma glucose was measured enzymatically with an auto-
mated analyzer (YSI 2300-STAT; Yellow Springs Instrument
Co., Yellow Springs, OH, USA) using the glucose oxidase
method. Plasma insulin was measured by radioimmunoassay
(Linco Research Inc., St. Louis, MO, USA). Total cholesterol,
triglycerides, and high density lipoprotein were measured by
enzymatic assay (Beckman analyzer; Beckman Instruments,
Brea, CA, USA).

Statistical analysis

Statistical analyses were performed using SPSS version 22.0
(IBM Co., Armonk, NY, USA). Data are expressed as mean+
standard deviation, % or OR with 95% confidence interval.
The metabolic variables for insulin secretion and resistance
obtained from the OGTT and FSIVGTT were nonnormally
distributed. To analyze the relationship between metabolic
variables obtained via the OGTT and FSIVGTT, we used
Spearmans p correlation test. Subjects were divided into two
groups (nondiabetes and diabetes groups) based on the results
of the 3-year follow-up examination. Differences between
groups were evaluated using Student ¢-test and Mann-Whitney
U test for continuous variables and the chi-square test for cate-
gorical variables. We used multiple logistic regression analysis
to assess the ability of metabolic variables obtained from the
OGTT and FSIVGTT to predict incident diabetes. Differences
were considered significant when P<0.05.

RESULTS

Of the 183 women with previous GDM who did not have dia-
betes at 2 months postpartum, 158 underwent both the 75-g
OGTT and the FSIVGTT at the baseline examination. We ana-
lyzed the relationship of insulin sensitivity and secretion indi-
ces obtained for these subjects from the 75-g OGTT and
ESIVGTT.
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Correlation of insulin sensitivity and secretion indices
obtained from the OGTT and FSIVGTT

The SI calculated from the FSIVGTT correlated significantly
with HOMA-IR and the Matsuda index obtained from the
OGTT (Table 1). AIRg correlated significantly with IGI30, but
not with HOMA-B. However, the DI (Matsuda indexxIGI30)
obtained from the OGTT correlated significantly with the DI
(AIRgxSI) obtained from the FSIVGTT. Fasting and 2-hour
glucose levels were negatively correlated with AIRg and DI
from the FSIVGTT.

Clinical and metabolic characteristics of women who
progress to diabetes

A total of 142 subjects completed follow-up examinations for 3
years but 37 dropped out. There was no significant difference
between the subjects who completed follow-up visits and the
dropouts for clinical characteristics including age, BMI, systol-
ic and diastolic BP, fasting, and postload glucose during preg-
nancy and at the baseline examination (data not shown). Of
the 142 subjects, 34 (23.9%) were diagnosed with diabetes, 23
of whom had impaired fasting glucose and/or IGT at the base-
line examination. Fifty-four women (38%) had impaired fast-
ing glucose and/or IGT.

Table 1. Correlation coefficients of insulin sensitivity, secretion
indices, and glucose levels

OGTT FSIVGTT Pvalue
Insulin sensitivity index (SI)
HOMA-IR -0.300 0.019
Matsuda index 0.391 <0.001
Fasting glucose -0.081 0.361
2-hr glucose -0.038 0.670
Acute insulin response (AIRg)
IGI30 0.566 <0.001
HOMA-B 0.242 0.054
Fasting glucose -0.240 0.006
2-hr glucose -0.326 <0.001
SIxAIRg
Matsuda indexxIGI30 0.520 <0.001
Fasting glucose -0.331 <0.001
2-hr glucose -0.397 <0.001

OGTT, oral glucose tolerance test; FSIVGTT, frequently sampled in-
travenous glucose tolerance test; HOMA-IR, homeostasis model as-
sessment of insulin resistance; HOMA-{, homeostasis model assess-
ment of B-cell function; IGI, insulinogenic index.
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Table 2 shows the clinical and metabolic characteristics of
subjects stratified according to the results of 3 years’ follow-up
examinations. The women who progressed to diabetes did not

Table 2. Clinical characteristics and biochemical parameters at
the baseline examination according to presence of diabetes

Diabetes Nondiabetes

Characteristic (n=34) (n=108) Pvalue
Follow-up duration, yr* 50+1.6 53+1.7 0.335
Age, yr 32.8+3.9 33.5%3.7 0.353
Height, cm 156.9+4.4  158.1x4.9 0.207
BMI, kg/m’ 225+3.0  225+29 0.881
Prepregnancy BMI, kg/m’ 22.8+2.6 22.1%£2.6 0.187
BMI at last follow-up, kg/m2 22.9+2.8 22.7+3.0 0.802
Postpartum weight change, kg”  2.4+11.4  0.3+4.1 0.289
Systolic blood pressure, mm Hg  111+8 112+13 0.690
Diastolicblood pressure, mmHg ~ 71+8 72+8 0.498
Family history of diabetes, % 50 41 0.342
Insulin treatment during 9 5 0.355
pregnancy, %
Fasting glucose, mg/dL 102.4+13.0 92.1+11.1 <0.001
2-hr glucose, mg/dL 144.8+31.4 1251273  0.001
IFG and/or IGT, % 67.6 29.6 <0.001
Fasting insulin, mU/mL 11.0+6.9 10.8+4.8 0.612
Total cholesterol, mg/dL 178+35 180+27 0.662
Triglyceride, mg/dL 125+83 115+73 0.525
HDL-C, mg/dL 48+13 52+19 0.330
HOMA-IR 29+1.3 2.6%1.1 0.506
Matsuda index 446+223  4.66+2.22  0.742
Insulin sensitivity index, 4.87+256 541£2.60  0.328
min/pU/mLx10™
HOMA-B, % 96+49 123+62 0.099
IGI30, pU/mL/mg/dL 0.44+0.24 0.67+0.42 0.033
AIRg, pU/mL xmin 160.7+143.7 302.9+193.4 <0.001
Disposition index (FSIVGTT)  639+526 1,498+1,221  0.001
Disposition index (OGTT) 1.78+1.24 2.83+1.86 0.012

Values are presented as mean+standard deviation unless otherwise
indicated.

BMI, body mass index; IFG, impaired fasting glucose; IGT, impaired
glucose tolerance; HDL-C, high density lipoprotein cholesterol;
HOMA-IR, homeostasis model assessment of insulin resistance;
HOMA-B, homeostasis model assessment of B-cell function; IGI, in-
sulinogenic index; AIRg, acute insulin response to glucose; FSIVGTT,
frequently sampled intravenous glucose tolerance test; OGTT, oral
glucose tolerance test.

“Follow-up duration: from delivery to last examination, "Postpartum
weight change: from 2 months postpartum to last examination.
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differ in age, height, BMI prepregnancy, baseline, and last fol-
low-up examinations, duration of follow-up, systolic and dia-
stolic BP, family history of first-degree relatives with diabetes
or insulin treatment during pregnancy compared with those
who did not develop diabetes. However, women who pro-
gressed to diabetes had higher fasting and 2-hour glucose and
lower IGI30, AIRg, and DIs for the FSIVGTT and OGTT. Fast-
ing insulin concentration, lipid profile, HOMA-IR, Matsuda
index, SI, and HOMA- did not differ between women who
progressed to diabetes and those who did not.

Independent metabolic risk factors for development of
diabetes

We used multiple logistic regression analysis to identify inde-
pendent postpartum metabolic risk factors associated with
progression to diabetes in women who did not have diabetes 1
year postpartum. Metabolic risk factors that differed signifi-
cantly between women who progressed to diabetes and those
who did not were included in model 1 (Table 3). We also in-
cluded the two clinical factors (BMI at 2 months postpartum
and postpartum weight change) that were identified in previous
studies as risk factors in Korean women [5,18]. The DI obtained
from the OGT'T, which is derived from IGI30, was included in-
stead of IGI30 in model 2. The 2-hour glucose from the OGTT
was the only independent metabolic risk factor for the develop-
ment of diabetes in Korean women with previous GDM. We
included the DI obtained from the FSIVGTT instead of AIRg

in model 3, because the DI obtained from the FSIVGTT was
derived from AIRg. The introduction of the DI obtained from
the FSIVGTT attenuated the association between the 2-hour
glucose and the development of diabetes, meaning that the DI
obtained from the FSIVGTT was the only significant metabolic
risk factor for the development of diabetes.

DISCUSSION

This study showed that IGI30, an insulin secretion index ob-
tained from the OGT'T, was significantly correlated with AIRg
obtained from the FSIVGTT. The DI obtained from the OGTT
was also significantly correlated with the DI obtained from the
FSIVGTT. In addition, IGI30 1 year postpartum was signifi-
cantly correlated with IGI30 measured at 2 months postpar-
tum (p=0.644, P<0.001). However, HOMA-f was not corre-
lated with AIRg from the FSIVGTT and did not differ between
women who progressed to diabetes and women who did not.
Thus, IGI30 is a more reliable and reproducible index of B-cell
function than HOMA-f.

Women who progressed to diabetes had lower insulin secre-
tory capacity as measured by IGI30, AIRg, and DIs of the
FSIVGTT and OGTT compared with women who did not
progress to diabetes. However, the insulin sensitivity indices
obtained from the OGTT and FSIVGTT, including HOMA-
IR, Matsuda index, and SI, did not differ between women who
progressed to diabetes and those who did not. These findings

Table 3. Odds ratio of diabetes in relation to postpartum metabolic and clinical variables according to multivariate logistic regres-

sion analysis

Model 1

Model 2 Model 3

OR (95% CI) Pvalue

OR (95% CI) Pvalue OR (95% CI) Pvalue

Clinical risk factors
BMI at 2 months postpartum
Postpartum weight change

Metabolic factors obtained from OGTT

1.07 (0.89-1.28) 0.49
1.12(0.83-1.51) 0.47

Fasting glucose
2-hr glucose
1GI30

Disposition index (OGTT)
Metabolic factors obtained from FSIVGTT
Disposition index (FSIVGTT)

1.00 (0.95-1.06)
1.03 (1.01-1.05)
0.84 (0.49-1.46)

0.89
0.01
0.54

1.06 (0.88-1.28) 0.53
1.15(0.85-1.55) 0.36

1.02 (0.83-1.25) 0.88
1.15 (0.82-1.60) 0.42

1.00 (0.95-1.06)  0.87
1.03(1.01-1.05)  0.01

0.98(0.92-1.04) 047
1.02 (1.00-1.04)  0.09
0.98 (0.88-1.14)  0.86 0.91(0.64-1.28)  0.90

0.98 (0.97-1.00) 0.01

OR, odds ratio; CI, confidence interval; BMIL, body mass index; OGTT, oral glucose tolerance test; IGI, insulinogenic index; FSIVGTT, frequent-
ly sampled intravenous glucose tolerance test; FSIVGTT, frequently sampled intravenous glucose tolerance test.
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differ from those previously reported for Hispanic women
with previous GDM [17]. Xiang et al. [17] reported that both
lower insulin sensitivity and lower insulin secretory capacity
were independently associated with the development of diabe-
tes in Hispanic women with a median BMI of 30.7 kg/m’
whose body weight increased at rate of 0.69 kg/year during fol-
low-up. However, in our study, the mean BMI of the Korean
women with a previous GDM was 22.5 kg/m” at baseline, and
their change in body weight during the 5-year follow-up was
0.8+6.6 kg. Although a direct comparison of SI and AIRg be-
tween the Korean and Hispanic women was not possible, the
median SI was much higher and AIRg was lower in Korean
women compared with Hispanic women (SI and AIRg: 4.95 vs.
1.27 and 226 vs. 509, respectively). Therefore, 3-cell failure is
more important for the development of diabetes in Korean
women with previous GDM. This finding is consistent with the
results of Korean Genome and Epidemiology Study by Ohn et
al. [31], which showed that decreased B-cell function and im-
paired B-cell compensation for decreasing insulin sensitivity
were crucial factors in the development of prediabetes or dia-
betes.

We previously reported that 18 single nucleotide polymor-
phisms associated with T2DM, including CDK5 regulatory
subunit associated protein 1-like 1 (CDKAL1), cyclin depen-
dent kinase inhibitor 2A/2B (CDKN2A/2B), hematopoietical-
ly expressed homeobox (HHEX), insulin-like growth factor-2
mRNA-binding protein 2 (IGF2BP2), solute carrier family 30,
member 8 (SLC30A8), and transcription factor 7-like 2 (TC-
F712), were associated with GDM in Korean women [32]. We
also found that genetic variants in CDKN2A/2B and HHEX
were associated with diabetes early postpartum (<8 weeks)
and variants in CDKALI were associated with late conversion
to diabetes (> 1 year postpartum) [5]. Most of the genetic vari-
ants discovered to be associated with GDM or postpartum dia-
betes in Korean women were functionally associated with
B-cell insulin secretion but not insulin resistance or obesity
[5,32]. These findings support a crucial role for 3-cell dysfunc-
tion in the development of diabetes in Korean women with
previous GDM.

Our findings have clinical implications in terms of preven-
tion of diabetes in women with previous GDM. Lifestyle modi-
fication and treatment with insulin sensitizers including met-
formin and thiazolidinediones may be less effective for pre-
venting diabetes in Korean women than seen in the DPPOS or
TRIPOD studies [9,10]. A lifestyle modification trial [11] con-
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ducted in Chinese women with previous GDM and postpar-
tum IGT failed to reduce incident diabetes, which might sup-
port our speculation. Glucagon-like peptide-1 (GLP-1) recep-
tor agonists or dipeptidyl peptidase-4 (DPP-4) inhibitors may
be more effective for preventing diabetes in Korean women
with previous GDM, but further studies are needed to clarify
their metabolic benefit in this population.

In this study, the incidence of diabetes in women with a pre-
vious history of GDM was 7.9%/year, which is comparable to
that reported previously [5]. We found that among the post-
partum metabolic and clinical factors we evaluated, the DI ob-
tained from the FSIVGTT was the only independent metabolic
risk factor associated with the development of diabetes in Ko-
rean women with previous GDM. This finding corroborates
the role of B-cell dysfunction in the development of diabetes in
this population, and is substantially in agreement with our pre-
vious results [5]. Because the FSIVGTT is not easily performed
in clinical practice, we added the two clinical risk factors and
metabolic risk factors obtained from the OGTT into the multi-
variate logistic regression model; the 2-hour glucose was the
only significant metabolic risk factor for the development of
diabetes. The 2-hour glucose was significantly associated with
the DI obtained from the FSIVGTT (p=-0.397, P<0.001),
AlIRg (p=-0.326, P<0.001), and IGI30 (p=-0.334, P<0.001).
These findings suggest that the OGTT is crucial for better pre-
diction of future diabetes in Korean women with previous
GDM.

This study has certain limitations. Although the clinical
characteristics and metabolic variables including fasting and
postload glucose and indices of insulin sensitivity and B-cell
function at baseline did not differ between the women who
completed all follow-up visits and those did not, the dropout
rate was 20.7%. We could not compare the SI, AIRg, and DI of
the FSIVGTT directly between Hispanic and Korean women,
but the protocol used for the FSIVGTT in this study was very
similar to that used by Xiang et al. [17]. Annual follow-up ex-
aminations may affect the bodyweight changes and health-re-
lated behaviors in women with previous GDM. Our findings
may not be generalizable to all women with GDM, because we
excluded those women who were diagnosed with diabetes ear-
ly postpartum. Finally, we could not determine the interval at
which the OGTT should be performed in Korean women with
GDM after the first postpartum test.

In conclusion, we identified a crucial role of B-cell dysfunc-
tion in the development of diabetes in Korean women with
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previous GDM. The 2-hour glucose obtained from the OGTT
was the only independent predictor of future diabetes. Thus,
the OGTT is crucial for better prediction of future diabetes in
Korean women with previous GDM.

CONEFLICTS OF INTEREST

No potential conflict of interest relevant to this article was re-
ported.

AUTHOR CONTRIBUTIONS

Conception or design: H.C.J., ].S.H., N.-H.C.

Acquisition, analysis, or interpretation of data: T.].O., Y.G.K.,,
H.CJ.

Drafting the work or revising: T..O., Y.G.K,, H.CJ.

Final approval of the manuscript: TJ.O., YG K, S.K,, JH.M,
SHK,SH.C,SL,KSP,H.CJ,JSH,NH.C.

ORCID

Tae Jung Oh https://orcid.org/0000-0002-5078-6123
Yeong Gi Kim https://orcid.org/0000-0002-8703-016X
Hak C. Jang https://orcid.org/0000-0002-4188-6536

ACKNOWLEDGMENTS

This study was supported by a grant from Seoul National Uni-
versity Bundang Hospital (02-2012-009), Korea.

REFERENCES

1. Kim C, Newton KM, Knopp RH. Gestational diabetes and the
incidence of type 2 diabetes: a systematic review. Diabetes Care
2002;25:1862-8.

2. Jang HC. Gestational diabetes in Korea: incidence and risk fac-
tors of diabetes in women with previous gestational diabetes.
Diabetes Metab ] 2011;35:1-7.

3. Lim S, Choi SH, Park Y], Park KS, Lee HK, Jang HC, Cho NH,
Metzger BE. Visceral fatness and insulin sensitivity in women
with a previous history of gestational diabetes mellitus. Diabe-
tes Care 2007;30:348-53.

4. Metzger BE, Cho NH, Roston SM, Radvany R. Prepregnancy
weight and antepartum insulin secretion predict glucose toler-
ance five years after gestational diabetes mellitus. Diabetes Care

348

10.

11.

12.

13.

14.

15.

1993;16:1598-605.

. Kwak SH, Choi SH, Jung HS, Cho YM, Lim S, Cho NH, Kim

SY, Park K§, Jang HC. Clinical and genetic risk factors for type
2 diabetes at early or late post partum after gestational diabetes
mellitus. ] Clin Endocrinol Metab 2013;98:E744-52.

. Bellamy L, Casas JP, Hingorani AD, Williams D. Type 2 diabe-

tes mellitus after gestational diabetes: a systematic review and
meta-analysis. Lancet 2009;373:1773-9.

. Lee H, Jang HC, Park HK, Metzger BE, Cho NH. Prevalence of

type 2 diabetes among women with a previous history of gesta-
tional diabetes mellitus. Diabetes Res Clin Pract 2008;81:124-9.

. Ratner RE, Christophi CA, Metzger BE, Dabelea D, Bennett

PH, Pi-Sunyer X, Fowler S, Kahn SE; Diabetes Prevention Pro-
gram Research Group. Prevention of diabetes in women with a
history of gestational diabetes: effects of metformin and life-
style interventions. ] Clin Endocrinol Metab 2008;93:4774-9.

. Aroda VR, Christophi CA, Edelstein SL, Zhang P, Herman

WH, Barrett-Connor E, Delahanty LM, Montez MG, Acker-
mann RT, Zhuo X, Knowler WC, Ratner RE; Diabetes Preven-
tion Program Research Group. The effect of lifestyle interven-
tion and metformin on preventing or delaying diabetes among
women with and without gestational diabetes: the Diabetes
Prevention Program outcomes study 10-year follow-up. J Clin
Endocrinol Metab 2015;100:1646-53.

Buchanan TA, Xiang AH, Peters RK, Kjos SL, Marroquin A,
Goico J, Ochoa C, Tan S, Berkowitz K, Hodis HN, Azen SP.
Preservation of pancreatic beta-cell function and prevention of
type 2 diabetes by pharmacological treatment of insulin resis-
tance in high-risk hispanic women. Diabetes 2002;51:2796-
803.

Shek NW, Ngai CS, Lee CP, Chan JY, Lao TT. Lifestyle modifi-
cations in the development of diabetes mellitus and metabolic
syndrome in Chinese women who had gestational diabetes
mellitus: a randomized interventional trial. Arch Gynecol Ob-
stet 2014;289:319-27.

Grant PT, Oats JN, Beischer NA. The long-term follow-up of
women with gestational diabetes. Aust N Z J Obstet Gynaecol
1986;26:17-22.

Henry OA, Beischer NA. Long-term implications of gestation-
al diabetes for the mother. Baillieres Clin Obstet Gynaecol
1991;5:461-83.

Coustan DR, Carpenter MW, O’Sullivan PS, Carr SR. Gesta-
tional diabetes: predictors of subsequent disordered glucose
metabolism. Am J Obstet Gynecol 1993;168:1139-44.

Lobner K, Knopft A, Baumgarten A, Mollenhauer U, Marien-

Diabetes Metab ] 2019;43:342-349  http://e-dmj.org



Metabolic risk factors for diabetes after GDM

16.

17.

18.

19.

20.

21.

22.

23.

24.

http://e-dmj.org

feld S, Garrido-Franco M, Bonifacio E, Ziegler AG. Predictors
of postpartum diabetes in women with gestational diabetes
mellitus. Diabetes 2006;55:792-7.

Buchanan TA, Xiang AH, Kjos SL, Trigo E, Lee WP, Peters RK.
Antepartum predictors of the development of type 2 diabetes
in Latino women 11-26 months after pregnancies complicated
by gestational diabetes. Diabetes 1999;48:2430-6.

Xiang AH, Kjos SL, Takayanagi M, Trigo E, Buchanan TA. De-
tailed physiological characterization of the development of
type 2 diabetes in Hispanic women with prior gestational dia-
betes mellitus. Diabetes 2010;59:2625-30.

Moon JH, Kwak SH, Jung HS, Choi SH, Lim S, Cho YM, Park
KS, Jang HC, Cho NH. Weight gain and progression to type 2
diabetes in women with a history of gestational diabetes melli-
tus. ] Clin Endocrinol Metab 2015;100:3548-55.

Moon JH, Kwak SH, Jang HC. Prevention of type 2 diabetes
mellitus in women with previous gestational diabetes mellitus.
Korean ] Intern Med 2017;32:26-41.

Kim C, Chames MC, Johnson TR. Identifying post-partum di-
abetes after gestational diabetes mellitus: the right test. Lancet
Diabetes Endocrinol 2013;1:84-6.

Ferrara A, Peng T, Kim C. Trends in postpartum diabetes
screening and subsequent diabetes and impaired fasting glu-
cose among women with histories of gestational diabetes mel-
litus: a report from the Translating Research Into Action for
Diabetes (TRIAD) Study. Diabetes Care 2009;32:269-74.

Jang HC, Yim CH, Han KO, Yoon HK, Han IK, Kim MY, Yang
JH, Cho NH. Gestational diabetes mellitus in Korea: preva-
lence and prediction of glucose intolerance at early postpar-
tum. Diabetes Res Clin Pract 2003;61:117-24.

Balion CM, Raina PS, Gerstein HC, Santaguida PL, Morrison
KM, Booker L, Hunt DL. Reproducibility of impaired glucose
tolerance (IGT) and impaired fasting glucose (IFG) classifica-
tion: a systematic review. Clin Chem Lab Med 2007;45:1180-5.

Metzger BE, Coustan DR. Summary and recommendations of

Diabetes Metab ] 2019;43:342-349

25.

26.

27.

28.

29.

30.

31.

32.

dmj

the Fourth International Workshop-Conference on Gestation-
al Diabetes Mellitus. The Organizing Committee. Diabetes
Care 1998;21 Suppl 2:B161-7.

American Diabetes Association. Diagnosis and classification of
diabetes mellitus. Diabetes Care 2012;35 Suppl 1:564-71.
Matthews DR, Hosker JP, Rudenski AS, Naylor BA, Treacher
DE Turner RC. Homeostasis model assessment: insulin resis-
tance and beta-cell function from fasting plasma glucose and
insulin concentrations in man. Diabetologia 1985;28:412-9.
Stumvoll M, Mitrakou A, Pimenta W, Jenssen T, Yki-Jarvinen
H, Van Haeften T, Renn W, Gerich J. Use of the oral glucose
tolerance test to assess insulin release and insulin sensitivity.
Diabetes Care 2000;23:295-301.

Matsuda M, DeFronzo RA. Insulin sensitivity indices obtained
from oral glucose tolerance testing: comparison with the eug-
lycemic insulin clamp. Diabetes Care 1999;22:1462-70.

Boston RC, Stefanovski D, Moate PJ, Sumner AE, Watanabe
RM, Bergman RN. MINMOD Millennium: a computer pro-
gram to calculate glucose effectiveness and insulin sensitivity
from the frequently sampled intravenous glucose tolerance
test. Diabetes Technol Ther 2003;5:1003-15.

Bergman RN. Lilly lecture 1989. Toward physiological under-
standing of glucose tolerance. Minimal-model approach. Dia-
betes 1989;38:1512-27.

Ohn JH, Kwak SH, Cho YM, Lim S, Jang HC, Park KS, Cho
NH. 10-Year trajectory of -cell function and insulin sensitivity
in the development of type 2 diabetes: a community-based
prospective cohort study. Lancet Diabetes Endocrinol 2016;4:
27-34.

Cho YM, Kim TH, Lim S, Choi SH, Shin HD, Lee HK, Park
KS, Jang HC. Type 2 diabetes-associated genetic variants dis-
covered in the recent genome-wide association studies are re-
lated to gestational diabetes mellitus in the Korean population.
Diabetologia 2009;52:253-61.

349



