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Background: This study investigated postpartum metabolic abnormality in women with
previous gestational diabetes mellitus (GDM) and predictive factors for post-
partum glucose intolerance.

Methods: From March 2001 to February 2003, 127 prior-GDM women underwent a
75g oral glucose tolerance test (OGTT) and metabolic assessment at least six
weeks after delivery. To identify the predictors, clinical variables obtained at
the time of GDM were compared.

Results: The cumulative incidence rates of diabetes mellitus (DM) and abnormal glu-
cose tolerance (AGT) i.e. impaired fasting glucose or impaired glucose toler-
ance, in women with previous GDM were 13.4% and 29.1%, respectively.
Postpartum body mass index (BMI), total cholesterol, HDL cholesterol,
triglycerides, blood pressure, waist-to-hip ratio and fasting C-peptide were
not significantly different among DM, AGT and normal glucose tolerance
(NGT) women. However, the C-peptide/glucose score was lower in DM than
in AGT and NGT women (p < 0.01). DM or AGT women had higher
prepregnancy BMI and fasting glucose level for 100g OGTT than NGT
women (p < 0.05) at the time of GDM. The fasting glucose value was an
independent risk factor. The cutoff point of three abnormal values in 100g
OGTT provided 86% sensitivity and 43% specificity for the prediction of
postpartum DM or AGT.

Conclusions: High prepregnancy BMI and increased glycemic deterioration at the time of
GDM are found in women developing postpartum DM and AGT. The fasting
glucose value for 100g OGTT is an independent risk factor and more than
three abnormal glucose values offers good diagnostic efficacy in predicting
postpartum glucose intolerance.
(Chang Gung Med J 2005;28:794-800)

Key words: gestational diabetes mellitus, postpartum, insulin resistance, beta-cell function, meta-
bolic syndrome.

Gestational diabetes mellitus (GDM) is any glu-
cose intolerance with onset or first recognition

during pregnancy.(1) Women with GDM have been

found to be at risk of diabetes mellitus (DM),
impaired glucose tolerance (IGT) and even metabol-
ic syndrome, at postpartum follow-up.(2–7) The inci-
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dence of DM among women with a history of GDM
has been shown to range from 6% to 62%.(8) The pre-
dominant sources of difference in reported incidence
rates may be ethnic variation, length of follow-up,
diversity in selection and diagnostic criteria for
GDM. Numerous predictors for diabetes after a
GDM pregnancy have been identified; prepregnancy
obesity and GDM severity are the most important
factors.(6,9,10) The local GDM data is limited and the
incidence of GDM in Taiwan is reported to be 1% to
3%.(11) However, there is a lack of studies, especially
from longitudinal investigations, identifying charac-
teristics of prior-GDM women who are at risk of glu-
cose intolerance postpartum in the Taiwanese popu-
lation. This study attempts to determine the postpar-
tum metabolic abnormalities and predictive factors
for subsequent diabetes in prior-GDM women in
Taiwan.

METHODS

Study samples
From March 2001 to February 2003, 235

women diagnosed with GDM at Taipei Chang-Gung
Memorial Hospital were enrolled in this prospective
study. No women had a history of DM before preg-
nancy. Subjects were screened at 24-28 weeks of
gestation and diagnosis of GDM was based on a 50g
glucose challenge test of one-hour plasma glucose
level 140 mg/dl, followed by at least two abnor-
mal values in a 100g oral glucose tolerance test
(OGTT). Women with documented GDM fulfilled
the Carpenter and Coustan modification of the
National Diabetes Data Group (NDDG) criteria
(requiring at least two of the following: fasting glu-
cose 95, 1-hour 180, 2-hour 155, 3-hour 
140 mg/dl).(1,12) All women were recalled for postpar-
tum metabolic assessments. Among the 235 women,
127 prior-GDM women returned at follow-up
between 6 weeks to 2 years postpartum. Informed
consent was obtained from each subject.

Measurements
Age, diabetic family history, body mass index

(BMI) before and after pregnancy and weight gain
during pregnancy were prospectively examined.
Following a 75g OGTT the 127 prior-GDM subjects
were divided into three groups: normal glucose toler-
ance (NGT); abnormal glucose tolerance (AGT) i.e.

impaired fasting glucose or impaired glucose toler-
ance; DM based on American Diabetes Association
(ADA) criteria.(13) Postpartum fasting plasma C-pep-
tide and insulin levels were measured. Other meta-
bolic assessments were as follows: fasting plasma
triglyceride; total and high-density lipoprotein
(HDL) cholesterol concentrations; waist-to-hip ratio;
systolic and diastolic blood pressures. Metabolic
syndrome is defined by 2001 Adult Treatment Panel
(ATP) III guidelines.(14)

Plasma glucose was determined by the glucose
dehydrogenase method (Olympus AU-640, Japan).
Plasma total cholesterol, HDL-cholesterol and
triglyceride concentrations were determined by com-
mercial enzymatic methods (Cholesterol kit, Wako,
Japan; HDL-C kit, Daiichi, Japan; Triglyceride kit,
Roche, USA) on an automated analyzer (Hitachi
7600-210, Japan). HbA1c values were measured by
high-performance liquid chromatography (Primus
CLC385, USA). C-peptide (DSL-7000 RIA Kit,
Diagnostic Systems Laboratories, Inc. USA) and
insulin (125 Tubes, Linco Research, Inc. USA) levels
were determined by radioimmunoassay. The within
and between assay variations of insulin measure-
ments are 3.1% and 6.0% at an insulin value of 8
µU/ml. The within and between assay variations of
C-peptide measurements are 3.3% and 5.3% at a C-
peptide value of 1.80 and 1.68 ng/mL, respectively.

The C-peptide/glucose score was calculated as
the ratio of C-peptide (ng/ml) to glucose (mg/dl) x
100.(6) Based on the homeostatic model assessment
(HOMA),(15) the β-cell function (HOMAbeta) was
calculated as 20 x fasting plasma insulin (FPI, mU/l)
/ fasting plasma glucose (FPG, mmol/l) - 3.5; insulin
resistance (HOMAir) was measured by FPI / 22.5 x
e-lnFPG.(16)

Statistical analysis was conducted by SPSS
V12.0 software. Differences in continuous variables
between groups were tested with either ANOVA or
independent-samples Student’s t-test when appropri-
ate. Multiple comparisons of least significant differ-
ence (LSD) were performed for significant ANOVA.
Differences in proportions were evaluated by 2 or
Fisher’s exact test. Multiple logistic regression
analysis was applied to discern the independent risk
factors of subsequent DM or AGT. Results were
expressed as means SD or %. A p-value of 0.05
or less was considered statistically significant.
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RESULTS

Of the 235 prior-GDM subjects, 127 (54%)
returned to attend the postpartum metabolic assess-
ment at 1.0 to 19.0 (mean 3.3) months after delivery.
One woman, for her convenience, returned at 1
month postpartum. Table 1 presents the baseline clin-
ical characteristics of these 235 women. Women with
or without postpartum follow-up had similar demo-
graphic and biochemical profiles. However, women
who attended the follow-up program had more com-
mon diabetic family history (69.3 vs. 38.9%, p <
0.001) and lower prepregnancy BMI (22.4 3.7 vs.
23.5 4.2 kg/m2, p = 0.04) than women without fol-
low-up.

Table 2 shows 17 patients (13.4%) were diag-
nosed with DM, 37 (29.1%) had AGT and 73
(57.5%) had NGT. Comparison of the following
postpartum clinical variables showed no significant
differences among DM, AGT and NGT women: age,
postpartum BMI, total cholesterol, HDL-cholesterol,
triglycerides, waist-to-hip ratio, systolic and diastolic

Table 1. Clinical and Obstetric Characteristics of 235 Prior-GDM Women

Prior-GDM women

With follow-up Without follow-up
p value

N (%) 127 (54.0) 108 (46.0) -

Age (years) 33.7 4.1 33.5 4.3 0.83

Parity 1.7 0.9 1.7 0.9 0.60

Family history of DM 69.3% 38.9% < 0.001

Prepregnancy BMI (kg/m2) 22.4 3.7 23.5 4.2 0.04

Weight gain during pregnancy (kg) 12.4 4.5 12.7 4.4 0.65

50 g OGTT
1-hour plasma glucose (mg/dl) 179.5 25.9 175.4 23.7 0.22

100 g OGTT
fasting plasma glucose (mg/dl) 98.8 22.7 94.4 13.2 0.07

1-hour 207.5 30.0 202.8 26.5 0.21

2-hour 191.6 38.3 189.4 25.9 0.60

3-hour 152.3 39.5 145.8 33.1 0.19

Abbreviations: Women with or without follow-up represent those who did or
did not attend postpartum assessment. N: number; DM: diabetes mellitus; GDM:
gestational diabetes mellitus; BMI: body mass index; OGTT: oral glucose toler-
ance test.

Table 2. Comparison of Postpartum Clinical Variables Among the 127 Prior-GDM Women According to the Glucose Tolerance by 75g
OGTT

Postpartum glucose tolerance
Postpartum variables

DM AGT (IGT or IFG) NGT
p value

N (%) 17 (13.4%) 37 (29.1%) 73 (57.5%) -
Age (years) 34.0 4.6 34.0 4.2 33.8 4.0 0.938
Postpartum BMI (kg/m2) 24.2 3.0 24.9 4.0 23.3 5.2 0.226
Total cholesterol (mg/dL) 213.2 44.5 211.7 34.0 203.2 34.4 0.422
HDL cholesterol (mg/dL) 56.1 13.3 52.1 10.2 56.8 12.6 0.194
Triglycerides (mg/dL) 174.4 185.4 161.8 123.0 121.1 68.3 0.087
Waist-to-hip ratio 0.81 0.03 0.81 0.04 0.80 0.05 0.099
Systolic BP (mmHg) 119.5 21.2 114.2 11.5 111.0 10.7 0.057
Diastolic BP (mmHg) 71.5 17.0 68.1 11.4 68.1 9.3 0.531
Metabolic syndrome 23.5% 8.1% 2.7% 0.010
HbA1c (%)* 6.6 1.9 5.3 0.4 5.2 0.3 < 0.001
Fasting C-peptide level (ng/ml) 2.77 1.10 3.02 1.39 2.99 1.05 0.777
C-peptide/glucose score* 2.08 0.87 3.06 1.38 3.22 1.12 0.004

HOMAbeta†
127.03 42.20 112.40 43.90 160.99 74.04

0.024
(n = 4) (n = 21) (n = 36)

HOMAir*
5.89 4.17 2.80 2.19 2.99 1.56

0.021
(n = 4) (n = 21) (n = 36)

Abbreviations: BP: blood pressure; IGT: impaired glucose tolerance; IFG: impaired fasting glucose; AGT: abnormal glucose tolerance;
NGT: normal glucose tolerance; C-peptide/glucose score: (C-peptide [ng/ml]/glucose [mg/dl]) x 100; HbA1c: hemoglobin A1c; HOMA:
homeostatic model assessment; HOMAbeta: 20 x fasting plasma insulin (FPI, mU/l)/fasting plasma glucose (FPG, mmol/l) -3.5; HOMAir:
FPI / 22.5 x e-lnFPG.
* Significant differences in DM vs. AGT and DM vs. NGT in multiple comparisons of LSD (p < 0.01).
† Significant differences in AGT vs. NGT (p < 0.01).
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blood pressures, and fasting C-peptide level.
However, the prevalence of metabolic syndrome (p =
0.01), HbA1c levels (p < 0.001) and the C-
peptide/glucose score (p = 0.004) were significantly
different among the three groups. Multiple compar-
isons of LSD showed the C-peptide/glucose score
was lower in DM than AGT and NGT women (p <
0.01). Of 127 prior-GDM women, 61 had measure-
ments of fasting insulin levels. The calculated
HOMAbeta and HOMAir were also significantly dif-
ferent among the three groups (p = 0.024 and 0.021,
respectively). Multiple comparisons of LSD revealed
that HOMAbeta was lower in AGT women than in
NGT women (112.40 43.90 vs. 160.99 74.04,
p < 0.01) but not in DM women (p = 0.68). The DM
women, although a relatively small sample (n = 4),
had higher HOMAir levels than those of AGT and
NGT women (5.89 4.17 vs. 2.80 2.19 and 2.99

1.56 respectively, p < 0.01). Multiple compar-
isons of LSD showed no difference between AGT
and NGT women in HOMAir (p = 0.73). The esti-
mates of HOMAbeta and HOMAir suggested the
existence of beta-cell dysfunction and insulin resis-
tance in the women with postpartum glucose intoler-
ance.

To identify risk factors for subsequent DM or
AGT, the clinical variables during pregnancy were
compared among three different glucose tolerance
groups (Table 3). Prepregnancy BMI; fasting, 1-hour,
2-hour, and 3-hour glucose levels of 100g OGTT; the

number of abnormal values in the 100g OGTT were
significantly different among three groups. Multiple
comparisons of LSD showed that women with post-
partum DM or AGT had significantly higher
prepregnancy BMI (p < 0.05), a greater number of
abnormal glucose values in 100g OGTT (p < 0.01)
and higher 100g OGTT glucose values on fasting (p
< 0.01) than NGT women. In addition, DM women
had higher glucose values than NGT women at 1-
hour (p < 0.001), 2-hours (p < 0.001) and 3-hours (p
< 0.001) of the 100g OGTT. Multiple logistic regres-
sion analysis demonstrated that the fasting glucose
values of 100g OGTT in pregnancy was an indepen-
dent risk factor of subsequent DM or AGT (odds
ratio 1.03, 95% CI 1.00-1.07, p = 0.03). DM and
AGT women had on average more than three abnor-
mal glucose values for 100g OGTT (3.73 0.70
and 3.11 0.63, respectively). Furthermore, setting
the critical number of abnormal values at three
showed that the percentage of abnormal numbers 
three was higher for DM and AGT than for NGT
women (86.7% and 85.7% vs. 57.5% respectively, p
= 0.004). The cutoff point of three abnormal values
in the 100g OGTT achieved 86% sensitivity and
43% specificity in the prediction of postpartum DM
or AGT. Four abnormal glucose values in the 100g
OGTT as the cut-off point provided sensitivity of
only 44% and specificity of 86% in the prediction of
postpartum DM or AGT. It was not better than three
abnormal glucose values as the cut-off point in the

Table 3. Correlation Between Clinical Variables During Pregnancy and Postpartum Glucose Tolerance

Postpartum glucose tolerance
Variables during pregnancy

DM AGT (IFG or IGT) NGT
p value

N 17 37 73 -
Family history of diabetes 70.6% 67.6% 69.9% 0.963
Prepregnancy BMI (kg/m2)‡ 23.7 2.9 23.5 4.7 21.6 3.2 0.011
Weight gain during pregnancy (kg) 11.2 3.1 11.7 4.2 13.0 4.8 0.160
100g OGTT
fasting plasma glucose (mg/dl)* 125.3 40.1 100.2 16.1 91.8 11.9 < 0.001
1-hour† 229.6 43.7 209.3 30.8 200.9 22.5 0.001
2-hour† 244.9 60.5 190.3 27.0 180.9 27.5 < 0.001
3-hour† 199.6 60.0 151.7 25.0 142.4 33.5 < 0.001
Number of abnormal values in 100 g OGTT* 3.73 0.70 3.11 0.63 2.71 0.70 < 0.001
Numbers of abnormal values in 100 g OGTT 3 86.7% 85.7% 57.5% 0.004

Abbreviations: IFG: impaired fasting glucose; AGT: abnormal glucose tolerance; NGT: normal glucose tolerance.
* Significant differences in DM vs. NGT, AGT vs. NGT and DM vs. AGT in multiple comparisons of LSD (p < 0.01).
† Significant differences in DM vs. AGT (p < 0.05) and DM vs. NGT (p < 0.001).
‡ DM vs. NGT and AGT vs. NGT (p < 0.05).
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prediction of postpartum DM or AGT.

DISCUSSION

The women who attended the postpartum fol-
low-up examinations comprised 54.0% of the total
prior-GDM women in this prospectively two-year
study. This response rate is similar to that obtained in
previous studies in Spain (55.2%) and Singapore
(62.9%).(6,17) More common diabetic family history
existed in women who participated in the postpartum
assessment. Therefore, these women may be more
prone to postpartum DM. However, the women with-
out postpartum follow-up had higher pregnancy BMI
which is also a well-known risk factor for DM.

Albareda et al. reported cumulative incidence
rates of DM and IGT (based on World Health
Organization (WHO) criteria) as 13.8% and 28.6%,
respectively, after 11 years postpartum.(9) For short-
term postpartum follow-up, in a Korean study, Jang
et al. reported the rates of 15.1% and 23.2% for DM
and IGT, respectively (based on WHO criteria) at six
to eight weeks postpartum.(10) In another early post-
partum assessment at three to six months after a
GDM pregnancy in Spain, Pallardo et al. reported
rates of 5.4% and 20.0% for DM and AGT, respec-
tively (based on ADA criteria).(6) The different
lengths of postpartum assessment and ethnic varia-
tion may contribute to the diversity of incidence
rates. A systemic review by Kim et al. noted that
prior-GDM women appeared to progress to diabetes
at similar rates in different studies after adjustment
for various lengths of follow-up and testing rates.(18)

In our population, the incidence rate by ADA criteria
is also in agreement with previous reports. Current
ADA guidelines recommend glycemic status assess-
ment in GDM women at least six weeks postpartum
and reassessment annually in AGT women and every
three years in NGT women.(19) More frequent testing
may be required for prior-GDM women with high
risk.

Although no significant difference existed in
fasting C-peptide levels among DM, AGT and NGT
women with prior-GDM, the C-peptide/glucose
score was significantly lower in DM than in AGT
and NGT women. These findings imply impaired β-
cell function in these women. The significantly lower
HOMAbeta levels in AGT women compared to NGT

women also supports this view. In addition, insulin
resistance in DM women is noted by increased
HOMAir. However, there are some limitations to
these results. Firstly, the DM subgroup with insulin
measurements is too small for a firm conclusion.
Secondly, the HOMA assessment is not as valid as
euglycemic insulin clamp.(20) Nevertheless, these ana-
lytical results demonstrate, at least in part, that post-
partum glucose intolerance is composed of both
insulin resistance and beta-cell dysfunction. It has
been proposed that GDM represents the transient
unmasking of a latent metabolic syndrome that mani-
fests later in life as diabetes.(21) In this present study,
the prevalence of metabolic syndrome is significant-
ly higher in postpartum DM women than AGT and
NGT women. According to previous reports,(22,23)

these prior-GDM women may have a high risk of
developing cardiovascular events apart from dia-
betes.

The central role of obesity has been shown to
mediate a systemic inflammatory response with
potential downstream insulin resistance and glucose
dysregulation.(24,25) Compatible with other
reports,(6,9,10,18) our study shows that prepregnancy
rather than postpartum BMI plays a critical role in
the subsequent development of diabetes.

Kim et al. noted that an elevated fasting glucose
level during pregnancy is the risk factor most com-
monly associated with future risk of type 2 DM.(18)

Our study’s data indicate that the fasting glucose
value of the 100g OGTT is the exclusive indepen-
dent risk factor for DM or AGT. We also found that
more than three abnormal values for 100g OGTT in
pregnancy is a good predictor of postpartum DM or
AGT and may help primary prevention of diabetes in
high-risk women.

In conclusion, prior-GDM women in Taiwan
have an increased risk of developing diabetes and
abnormal glucose tolerance. The prevalence of meta-
bolic syndrome is also high in postpartum glucose
intolerant women. The predictive risk factors of post-
partum glucose intolerance, high prepregnancy BMI
and severity of GDM, are recognized. The fasting
glucose value of 100g OGTT is identified as the
independent risk factor and more than three abnor-
mal glucose values in the 100g OGTT offers good
diagnostic efficacy in predicting postpartum diabetes
or abnormal glucose tolerance.
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