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Background/Aims: The aim was to compare the insulin sensitivity and secretion
index of pregnant Korean women with normal glucose tolerance (NGT), gesta-
tional impaired glucose tolerance (GIGT; only one abnormal value according to
the Carpenter and Coustan criteria), and gestational diabetes mellitus (GDM).
Methods: A cross-sectional study was performed with 1,163 pregnant women with
positive (1-hour plasma glucose = 7.2 mmol/L) in a 50-g oral glucose challenge test
(OGCT). The 100-g oral glucose tolerance test (OGTT) was used to stratify the
participants into three groups: NGT (n = 588), GIGT (n = 294), and GDM (n = 281).
Results: The GDM group had higher homeostasis model assessment of insulin
resistance and lower insulin sensitivity index (ISygrr), quantitative insulin sensi-
tivity check index, homeostasis model assessment for estimation of index p-cell
secretion (HOMA-B), first and second phase insulin secretion, and insulin secre-
tion-sensitivity index (ISSI) than the NGT group (p < o.oo1 for all). Moreover, the
GIGT group had lower IS,qr, HOMA-B, first and second phase insulin secretion,
and ISSI than the NGT group (p < o.oo1 for all). Among the GIGT subjects, the
1-hour plasma glucose abnormal levels group showed significantly greater weight
gain during pregnancy and higher values in the 50-g OGCT than the other two
groups. Moreover, the 1-hour and 2-hour abnormal levels groups had poorer in-
sulin secretion status than the 3-hour abnormal levels group.

Conclusions: Korean women with GDM show impairments of both insulin secre-
tion and insulin sensitivity. In addition, GIGT is associated with both B-cell dys-
function and insulin resistance.
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INTRODUCTION

Gestational diabetes mellitus (GDM) is an abnormal
glucose intolerance status that is discovered during
pregnancy [1]. Although GDM has a relatively high
prevalence (3% to 8%) in Western countries, its preva-
lence in Asian countries is increasing, and ranges
from 1.7% to 3.9% in Korea [2]. An increased risk of
GDM is associated with obesity, age > 30 years, family
history of diabetes, and glucosuria [3].

GDM is not only associated with adverse pregnancy
outcomes, which include macrosomia, dystocia, birth
trauma, and metabolic complications in newborns [4],
but it is also a strong predictor of risk for impaired
glucose tolerance and transitioning to overt type 2
diabetes postpartum [5]. In addition, GDM is similar
to type 2 diabetes in terms of pathophysiology, in that
insulin resistance is the primary factor [6]. Therefore,
the pathophysiology of GDM is important for under-
standing type 2 diabetes and assessing its associated
risk factors.

Recently, Endo et al. [7] found that the insulin sen-
sitivities of overweight women with normal glucose
tolerance (NGT) and women with GDM were lower
than those of normal weight women with NGT, and
that insulin sensitivity in women with GDM worsened
as gestation progressed. Furthermore, Retnakaran et
al. [8] have reported that GDM, or indeed any degree
of abnormal glucose homeostasis in pregnancy, inde-
pendently predicts an increased risk of postpartum
glucose intolerance.

However, there are few reports of the insulin sen-
sitivities and secretion capacities of pregnant women
in Korea. In the present study, we examined the dif-
ferences in the insulin sensitivity and secretion index
between women with NGT, gestational impaired glu-
cose tolerance (GIGT), and GDM. We also evaluated
the clinical and metabolic phenotypes of women with
GIGT in relation to the timing of isolated hyperglyce-
mia during gestation.

METHODS

Study subjects
Between January 2004 and August 2006, all pregnant
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women who visited the Cheil General Hospital &
Women’s Healthcare Center were screened at 24 to 28
weeks of gestation for GDM using a universal two-step
GDM screening program. This study was approved
by the Cheil General Hospital & Women’s Healthcare
Center Ethics Committee and the Institutional Review
Boards at each study site, and written informed con-
sent was obtained from all participants. The study was
performed according to the Good Clinical Practice
guidelines and the Declaration of Helsinki.

The first step was a 50-g glucose challenge test.
Women who had a positive result were followed up
with a 3-hour 100-g oral glucose tolerance test (OGTT)
according to the criteria outlined by Carpenter and
Coustan [g]. Thus, the fasting plasma glucose level was
< 5.3 mmol/L, the 1-hour plasma glucose level was < 10
mmol/L, and the 2-hour and 3-hour plasma glucose
levels were 8.6 and 7.8 mmol/L, respectively.

In total, 1,163 pregnant women were selected for
participation in this study. Based on the OGT'T re-
sults, these selected patients were stratified into the
following three glucose tolerance groups: 1) NGT (no
abnormal value in the 3-hour 100-g OGT'T, as defined
by Carpenter and Coustan); 2) GIGT (only one abnor-
mal value according to the Carpenter and Coustan
criteria); and 3) GDM (at least two abnormal values ac-
cording to the Carpenter and Coustan criteria).

In the GIGT group, there were three heterogeneous
subgroups stratified by the criteria for 1-hour, 2-hour,
and 3-hour abnormal values. Nine women had an ab-
normal fasting glucose value only, but these subjects
were few in number and had heterogeneous metabolic
profiles. Therefore, these patients were excluded from
the subgroup analysis.

Laboratory measurements and assessments

Anthropometric measurements, including prepreg-
nancy body weight, parity, and history of type 2 dia-
betes among first-degree relatives were recorded. The
prepregnancy body mass index (BMI) of each study
subject was calculated as weight/height” (kg/m?). Blood
samples were drawn after a 12-hour overnight fast and
stored at -80°C until laboratory analysis. A glucose oxi-
dase method (YSI 2300-STAT, Yellow Springs Instru-
ment Co., Yellow Springs, OH, USA) was used to deter-
mine plasma glucose levels, and a radioimmunoassay
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kit (Linco Research Inc., St. Louis, MO, USA) was used
to measure insulin levels.

Measurements of insulin secretion and sensitivity
index

Insulin resistance was calculated using the homeosta-
sis model assessment (homeostasis model assessment
of insulin resistance, HOMA-IR) [10,11]. Insulin sensi-
tivity index (ISogrr) values were calculated as described
previously [12]. We also used the quantitative insulin
sensitivity check index (QUICKI) to evaluate insulin
resistance using the mathematical formula described
previously [13]. Homeostasis model assessment for
estimation of index B-cell secretion (HOMA-B), the
index of insulin secretion capacity, was calculated as
follows: HOMA-B = 20 x fasting plasma insulin (pU/
mL) / (fasting plasma glucose [mmol/L] - 3.5).

The total area under curve (AUC) for glucose and
AUC for insulin from premeal to 120 minutes were cal-
culated using the trapezoidal rule. Estimated first and
second phase insulin values were calculated according
to the Stumvoll index, as described previously [14]. We
also calculated the insulin secretion-sensitivity index
(ISSI) for insulin secretion capacity, as described pre-
viously [15]. The formulae used in the calculations are
summarized in Supplementary Table 1 online.

Statistical analysis

Data are expressed as means + SD, medians (interquar-
tile range), or percentages (%). Differences between
groups were assessed using one-way analysis of vari-
ance (ANOVA) or the Kruskal-Wallis test for continu-
ous variables. Tukey’s multiple comparison test and
the Wilcoxon rank-sum test were used for multiple
comparisons. The Bonferroni correction was used to
adjust for multiple comparisons. Fisher’s exact test
or Pearson’s chi-squared test was used to analyze cat-
egorical variables. Data were analyzed using the SPSS
version 12.0 for Windows software (SPSS Inc., Chicago,
IL, USA). A p value < 0.05 was considered to indicate
statistical significance.
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RESULTS

Patients’ characteristics

The clinical and biochemical characteristics of the
study subjects are shown in Table 1. There were 588
(50.5%) NGT subjects, 306 (26.3%) GIGT subjects, and
269 (23.1%) GDM subjects, for a total of 1,163 partici-
pants. The subjects in the GDM group were on aver-
age older than those in the NGT group and they had
significantly higher prepregnancy BMI values than
the other two groups. Furthermore, the subjects in
the GDM group were more likely to have a family his-
tory of diabetes, a higher glucose value in the 50-g oral
glucose challenge test (OGCT), and increased blood
pressure. However, the percentage of nulliparous par-
ticipants was significantly lower in the GDM group.

Metabolic parameters based on the 100-g OGTT

In the 100-g OGTT, the glucose levels showed a grad-
ual increase from the NGT group to the GDM group
(Fig. 1A). However, the insulin levels were significantly
higher in the GIGT group than in the GDM group,
except for fasting insulin (Fig. 1B). The insulin re-
sistance index values were significantly worse in the
GDM group than in the GIGT group; the HOMA-IR
gave the following results: NGT 2.0 (1.5 to 2.6) versus
GIGT 2.3 (1.8 to 3.0) versus GDM 2.3 (1.7 to 2.9) (p < 0.001).
The QUICKI results were similar. The IS, values
were: NGT 5.3 (3.9 to 8.0) versus GIGT 4.6 (3.3 to 6.3)
versus GDM 4.8 (3.2 to 6.7) (p < 0.001).

Moreover, the insulin secretion index values were
significantly lower in the GDM group than in the oth-
er two groups (Table 1). The HOMA-B values, which
reflect B-cell function, were progressively lower in the
order of: NGT, GIGT, GDM (p < o.001). The average
ISSI values were as follows: for the NGT group, 8,766.8
(6,819.9 to 11,398.1); for the GIGT group, 7,255.3 (5,967.7
to 8,851.1); and for the GDM group, 6,131.7 (4,708.2 to
8,000.8) (p < 0.001) (Table 2).

Subjects’ characteristics with respect to one abnor-
mal value on the 100-g OGTT

Among the GIGT subjects, the 2-hour abnormal val-
ues subgroup was the largest (135 subjects, 44% of the
total GIGT subjects). The 1-hour abnormal values
group and the 3-hour abnormal values group had
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similar numbers of subjects. Importantly, the 1-hour
abnormal values group showed a significantly higher
weight gain during pregnancy, and the values of the
50-g OGCT for this group were higher than those for
the other two groups. Although the HOMA-IR values
showed differences between the groups by tests, the
median values for the 1-hour abnormal values group
and 3-hour abnormal values group were the same. The
1-hour and 2-hour abnormal values groups showed
poorer insulin secretion, according to the decreased
HOMA-B, although the first phase insulin values of
the 2-hour abnormal values group were higher than

KJIM™

patients already have deteriorated insulin sensitivity
and decreased insulin secretion. In previous stud-
ies, not only GDM, but also GIGT status resulted in
perinatal complications [16,17]. These results impli-
cated GIGT as an early, albeit serious, condition that
led to neonatal complications and serious perinatal
outcomes. In addition, GIGT has also been proposed
as an important risk factor for type 2 diabetes after de-
livery. Indeed, the 1-hour abnormal values group had
higher weight gain during pregnancy, higher values
in the 50-g OGTT, and higher HOMA-IR values than
the other groups, and the 1-hour and 2-hour abnormal

those of the other two groups (Table 3). values groups had lower HOMA-B values than the
3-hour abnormal values group.

Previously, Buchanan et al. [18] reported on mild
DISCUSSION gestational diabetes characterized by an impairment
of pancreatic 3-cell function, and Ryan and colleagues
To the best of our knowledge, this is the first report of

the insulin sensitivity and secretion index of pregnant

[19] studied 14 women with normal oral glucose toler-
ance who had a history of GDM. Both studies reported
Korean women. The present study shows that GIGT that women who had a history of GDM showed defects
Table 1. Clinical features of pregnant women with normal glucose tolerance, gestational impaired glucose tolerance, and ges-

tational diabetes

NGT GIGT GDM p value
Number 588 (50.5) 306 (26.3) 269 (23.1) -
Age, yr 32.1+3.6" 33.0 £3.5” 33.2£37° <0.001
Weeks of gestation 26.1+1.8 26.2+1.7 263+1.9 0.630
Prepregnancy BMI, kg/m* 21.6 +3.3" 22.5+ 3.3b 227+ 3.2b < 0.001
Weight gain, kg 7.5 £3.0 7.4 %35 7.5£3.5 0.934
Systolic blood pressure, mnmHg 109.4+9.4" 110.0 £10.9" 113.2 +10.6° < 0.001
Diastolic blood pressure, mmHg 66.9 £7.1* 67.9+ 91" 69.2.+8.0° 0.001
Glucose in 50-g oral glucose challenge test, mmol/L 8.5+ 0.8 87+0.8" 9.3 +1.2° <0.001
Smoker, % 3.4 3.9 2.6 0.642
Nulliparity, % 63.8 60.5 54.6 0.012
Family history of diabetes, % 30.0 35.6 46.5 < 0.001

Values are presented as number (%) or mean + SD. The p values represent overall differences across groups, as determined by
ANOVA for continuous variables and Pearson’s chi-squared test for categorical variables.

NGT, normal glucose tolerance; GIGT, gestational impaired glucose tolerance; GDM, gestational diabetes mellitus; BMI, body
mass index.

**Identical letters indicate a lack of statistical significance based on Turkey’s HSD post hoc test.
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Figure 1. (A) Glucose and (B) insulin levels during 100-g oral glucose tolerance tests according to glucose tolerance status
during pregnancy. GIGT, gestational impaired glucose tolerance; GDM, gestational diabetes mellitus. *p <o.05.

Table 2. Metabolic parameters of pregnant women with NGT, GIGT, and GDM

Parameter NGT GIGT GDM pvalue
(n=588) (n=3006) (n=269)
HOMA-IR 2.0 (1.5-2.6)" 23(1.8-3.0) 2.3 (1.7-2.9)° <0.001
ISeems 5.3 (3.9-8.0)" 4.6(3.3-63)° 4.8(3.2-67)° <0.001
QUICKI 0.60 (0.56-0.65)" 0.58 (0.54-0.62)° 059 (0.55-0.63)" <0.001
HOMA-B 257.1 (196.4-349.2)" 212.7 (155.2-285.8)" 165.4 (128.6-225.0)° < 0.001
AUC, o5 10.0 (9.2-10.8)" 117 (11.3-12.1)° 12.9 (12.3-13.6)° <0.001
AUC,, uiin 88.9 (683-119.5)" 111.8 (79.8-143.1) 1013 (71.8-137.9)° <0.001
First phase insulin 1,622.8 (1,410.0-1,880.5)" 1,582.3 (1,305.0-1,922.1)" 1,273.5(995.0-1,646.2)" <0.001
Second phase insulin 374.8 (316.1-452.9)" 383.2 (204.5-481.7)° 304.5 (220.6-421.2)° <0.001
ISST 8,766.8 (6,819.9-11,398.1)" 7,2553 (5,967.7-8,851.1)° 6,131.7 (4,708.2-8,009.8)° < 0.001

Values are presented as medians (interquartile range). The p values represent overall differences across groups as determined
by Kruskal-Wallis’ H-test for continuous variables.

NGT, Normal glucose tolerance; GIGT, gestational impaired glucose tolerance; GDM, gestational diabetes mellitus; HOMA-
IR, homeostasis model assessment of insulin resistance; ISy, insulin sensitivity index; OGT'T, oral glucose tolerance test;
QUICKI, quantitative insulin sensitivity check index; HOMA-B, homeostasis model assessment for estimation of index 3-cell
secretion; AUC, area under curve; ISSI, insulin secretion-sensitivity index.

**Identical letters indicate a lack of statistical significance based on Wilcoxon’s rank-sum test.

in insulin secretion and activity. However, these stud-
ies were conducted after delivery, and few studies have
analyzed insulin secretion, resistance, and sensitivity
during pregnancy. Kwak et al. [20] reported that GDM
recurred in almost 50% of subsequent pregnancies in
Korean women, and that fasting glucose at 2-month
postpartum may be a clinically valuable predictor of
risk for recurrent GDM. They also reported mean
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HOMA-IR values of 2.2 to 3.2 for Korean women who
had a history of GDM,; these values are not markedly
different from those obtained in the present study
(median HOMA-IR of 2.3 in GDM subjects).

As the pathophysiology of GDM is similar to that of
type 2 diabetes, we cautiously suggest that our results
demonstrate that the insulin secretion and sensitiv-
ity capacities of Asian women are different from those
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Table 3. Metabolic parameters of women with gestational impaired glucose tolerance

Parameter 1-Hour abnormal values ~ 2-Hour abnormal values  3-Hour abnormal values  p value
Number 83 135 79

Age, yr 32.0+0.4 33.4%03 32.9 3.5 0.439
Weeks of gestation 26.2£1.9" 26.0+13"" 263+1.8" 0324
Prepregnancy BMI, kg/m* 22.0%3.4 223 %3.1 22.9+3.4 0.218
Weight gain, kg 8.2+3.9" 6.8£2.9° 7.7 £3.8° 0.013
Systolic blood pressure, mmHg 109.4 £11.4 109.0 £10.7 111.4 £10.6 0.282
Diastolic blood pressure, mmHg 67.8 8.6 67.0+ 93 69.0+9.2 0.277
Glucose of 50-g OGCT, mmol/L 8.9+1.0" 8.6+ 07" 87+ 07" 0.014
HOMA-IR 2.4 (1.8-3.2)"" 2.2 (1.7-2.6)" 2.4(2.0-3.0)° 0.040
ISocrr 4.6 (3:3-6.1) 4.8(3.7-7.0) 45(3.1-6.0) 0.139
QUICKI 0.58 (0.54-0.63) 0.58 (0.56-0.63) 0.58 (0.55-0.61) 0.080
HOMA-B 202.5 (156.0-266.7)" 212.2 (149.4-273.6)" 232.9 (166.5-330.5)" 0.049
AUC, 1y cose 11.8 (11.5-12.2)" 11.9 (11.6-12.3)° 11.1 (10.7-11.7)° <0.001
First phase insulin 1,676.4 (1,438.0-1,932.2)  1,457.0 (1,160.1-1,868.1)° 1,621.3 (1,414.1-1,920.3)" 0.007
Second phase insulin 416.4 (322.5-507.3)" 357.5(256.2-473.5)" 380.9 (323.7-465.5)*" 0.005
ISSI 7,187.0 (5,870.7-9,684.4)  7,606.9 (6,208.0-9,045.5)  7,202.0(6,040.3-8,469.2) 0394

Values are presented as means + SD or medians (interquartile range). The p values represent overall differences across groups

as determined by Kruskal-Wallis” H-test for continuous variables.

BMI, body mass index; OGCT, oral glucose challenge test; HOMA-IR, homeostasis model assessment of insulin resistance;

ISogrm insulin sensitivity index; OGTT, oral glucose tolerance test; QUICKI, quantitative insulin sensitivity check index;

HOMA-B, homeostasis model assessment for estimation of index p-cell secretion; AUC, area under curve; ISSI, insulin

secretion-sensitivity index.

**“Identical letters indicate a lack of statistical significance based on Wilcoxon’s rank-sum test.

of women in Western countries. Since even nonobese
Asians were found to exhibit onset of type 2 diabetes at
a younger age, insulin secretion appears to be a major
factor in the development of type 2 diabetes in Asian
populations [21]. In Asians, the pancreatic B-cell mass
is relatively smaller than in Westerners, and insulin
secretion capacity is also lower. In addition, abdominal
obesity is more common in Asians than in Western-
ers with similar body weights. These pathophysiologic
differences with regard to type 2 diabetes may explain
the early onset of impaired glucose tolerance in Asian
countries [21]. In the present study, the GIGT group
had insulin deficiency compared with the NGT group.
There are many pathophysiologic similarities between
gestational glucose impairment and gestational dia-
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betes. However, further studies are warranted to eluci-
date the factors that aggravate glucose tolerance status
in Asians, and more specifically, Koreans.

In the present study, the 1-hour abnormal values
group had significantly higher weight gain during
pregnancy and higher values in the 50-g OGCT than
did the other two groups. Moreover, the 1-hour abnor-
mal values group had worse insulin resistance. This
finding is consistent with that reported in a study con-
ducted by Retnakaran et al. [22]. In 2010, the Interna-
tional Association of Diabetes and Pregnancy Groups
proposed a new set of criteria, based on the incidence
of adverse perinatal outcomes, as assessed in the Hy-
perglycemia and Adverse Pregnancy Outcomes study
[23,24]. According to these criteria, a diagnosis of GDM

www.kjim.org 311



KJIM™

is made if at least one plasma glucose concentration is
equal to or exceeds the thresholds of 92, 180, and 153
mg/dL after fasting, and at 1-hour and 2-hour after
glucose loading, respectively, in the 75-g OGTT [25].
Our findings support the criteria used for the diag-
nosis of GDM, as we show that the 1-hour and 2-hour
abnormal values groups had worsened HOMA-B, and
even the 1-hour abnormal values group had a higher
HOMA-IR value.

The present study has certain limitations. First, we
were unable to analyze perinatal outcomes. Second, a
follow-up to the 75-g OGT'T could not be conducted.
However, our study comprised many gestational sub-
jects and few articles describe insulin secretion and
resistance in GIGT and gestational diabetes and NGT
in Korea. In addition, we intend to study postpartum
glucose tolerance status and other perinatal outcomes
of insulin sensitivity status to this work.

In conclusion, the GDM group showed decreased in-
sulin secretion and increased insulin resistance. Fur-
thermore, the GIGT group already showed p-cell dys-
function and decreased insulin sensitivity, in contrast
to the NGT group. Further studies involving more
patients and follow-up periods of longer duration are
needed to assess the metabolic profiles of GIGT and
GDM patients.

KEY MESSAGE

1. Gestational diabetes mellitus (GDM) is associ-
ated with adverse pregnancy outcomes, meta-
bolic complications in newborn and strong
predictor of risk for impaired glucose toler-
ance and transitioning to overt type 2 diabetes
postpartum.

2. In previous studies, not only GDM but also
gestational impaired glucose tolerance (GIGT)
status resulted in perinatal complications. Our
study also showed that GIGT patients already
had deteriorated insulin sensitivity and de-
creased insulin secretion in Korean women.

Conflict of interest
No potential conflict of interest relevant to this article
is reported.

312 www.kjim.org

The Korean Journal of Internal Medicine Vol. 28, No. 3, May 2013

Acknowledgments

This study was supported by a grant from the Korea
Health 21 R&D Project, Ministry of Health and Wel-
fare, Republic of Korea (Grant no. A102065).

REFERENCES

1. Metzger BE. Summary and recommendations of the
Third International Workshop-Conference on Gesta-
tional Diabetes Mellitus. Diabetes 1991;40 Suppl 2:197-
201.

2. Jang HC. Diagnostic criteria for gestational diabetes in
Korean women: is new ADA criteria appropriate? ] Ko-
rean Diabetes Assoc 2002;26:221-228.

3. Hong EK, Cho YW, Chang HC, Park HK, Cho N. As-
socation of type 2 diabetes development and obesity in
history of gestational diabetes. 14th Spring Congress of
Korea Diabetes Association; 2001 May 18-19; Seoul: Ko-
rea Diabetes Association, 2001: 180.

4. Jacobson JD, Cousins L. A population-based study of
maternal and perinatal outcome in patients with gesta-
tional diabetes. Am J Obstet Gynecol 1989;161:981-986.

5. Kim C, Newton KM, Knopp RH. Gestational diabetes
and the incidence of type 2 diabetes: a systematic re-
view. Diabetes Care 2002;25:1862-1868.

6. Fisher PM, Sutherland HW, Bewsher PD, Campbell A.
The pathophysiology of chemical gestational diabetes.
BJOG 1977;84:234.

7. Endo S, Maeda K, Suto M, et al. Differences in insulin
sensitivity in pregnant women with overweight and
gestational diabetes mellitus. Gynecol Endocrinol
20006;22:343-349.

8. Retnakaran R, Qi Y, Sermer M, Connelly PW, Hanley
AJ, Zinman B. Glucose intolerance in pregnancy and
future risk of pre-diabetes or diabetes. Diabetes Care
2008;31:2026-2031.

9. Carpenter MW, Coustan DR. Criteria for screening
tests for gestational diabetes. Am J Obstet Gynecol
1982;144:768-773.

10. Bonora E, Targher G, Alberiche M, et al. Homeostasis
model assessment closely mirrors the glucose clamp
technique in the assessment of insulin sensitivity: stud-
ies in subjects with various degrees of glucose tolerance
and insulin sensitivity. Diabetes Care 2000;23:57-63.

11. Matthews DR, Hosker JP, Rudenski AS, Naylor BA,

http://dx.doi.org/10.3904/kjim.2013.28.3.306



Yang SJ, et al. Glucose metabolism status in Koreans with GDM and GIGT

12.

13.

14.

15.

16.

17.

Treacher DF, Turner RC. Homeostasis model assess-
ment: insulin resistance and beta-cell function from
fasting plasma glucose and insulin concentrations in
man. Diabetologia 1985;28:412-419.

Matsuda M, DeFronzo RA. Insulin sensitivity indices
obtained from oral glucose tolerance testing: compari-
son with the euglycemic insulin clamp. Diabetes Care
1999;22:1462-1470.

Katz A, Nambi SS, Mather K, et al. Quantitative insulin
sensitivity check index: a simple, accurate method for
assessing insulin sensitivity in humans. J Clin Endocri-
nol Metab 2000;85:2402-2410.

Stumvoll M, Van Haeften T, Fritsche A, Gerich J. Oral
glucose tolerance test indexes for insulin sensitivity and
secretion based on various availabilities of sampling
times. Diabetes Care 2001;24:796-797.

Piche ME, Lemieux S, Corneau L, Nadeau A, Bergeron
J, Weisnagel SJ. Measuring insulin sensitivity in post-
menopausal women covering a range of glucose tol-
erance: comparison of indices derived from the oral
glucose tolerance test with the euglycemic-hyperinsu-
linemic clamp. Metabolism 2007;56:1159-1166.

Yi KW, Jung JW, Shin JH, et al. Perinatal outcomes in
pregnant women with impaired glucose tolerance (IGT)
proven through 100 g oral glucose tolerance test (OGTT).
Korean J Perinatol 2006;17:25-32.

Lee WJ, Ahn SH, Kim HS, et al. Clinical manifesta-
tions and perinatal outcomes of pregnancies compli-
cated with gestational impaired glucose tolerance and
gestational diabetes mellitus. Korean J Obstet Gynecol

2001;44:1033-1039.

http://dx.doi.org/10.3904/kjim.2013.28.3.306

18.

19.

20.

21.

22.

23.

24.

25.

KJIM™

Buchanan TA, Metzger BE, Freinkel N, Bergman RN.
Insulin sensitivity and B-cell responsiveness to glucose
during late pregnancy in lean and moderately obese
women with normal glucose tolerance or mild gesta-
tional diabetes. Am J Obstet Gynecol 1990;162:1008-
1014.

Ryan EA, Imes S, Liu D, et al. Defects in insulin secre-
tion and action in women with a history of gestational
diabetes. Diabetes 1995;44:506-512.

Kwak SH, Kim HS, Choi SH, et al. Subsequent preg-
nancy after gestational diabetes mellitus: frequency and
risk factors for recurrence in Korean women. Diabetes
Care 2008;31:1867-1871.

Yoon KH, Lee JH, Kim JW, et al. Epidemic obesity and
type 2 diabetes in Asia. Lancet 2006;368:1681-1688.
Retnakaran R, Qi Y, Sermer M, Connelly PW, Zinman B,
Hanley AJ. Isolated hyperglycemia at 1 hour on oral glu-
cose tolerance test in pregnancy resembles gestational
diabetes mellitus in predicting postpartum metabolic
dysfunction. Diabetes Care 2008;31:1275-1281.
Lopez-Ridaura R, Willett WC, Rimm EB, et al. Mag-
nesium intake and risk of type 2 diabetes in men and
women. Diabetes Care 2004;27:134-140.

Lambert JM, Moshfegh A, Hainaut P, Wiman KG, Bykov
VJ. Mutant p53 reactivation by PRIMA-1MET induces
multiple signaling pathways converging on apoptosis.
Oncogene 2010;29:1329-1338.

Nielsen TF, Rylander R. Urinary calcium and magne-
sium excretion relates to increase in blood pressure

during pregnancy. Arch Gynecol Obstet 2011;283:443-
447.

www.kjim.org 313



