
112 www.e-enm.org

Endocrinol Metab 2022;37:112-123
https://doi.org/10.3803/EnM.2021.1276
pISSN 2093-596X  ·  eISSN 2093-5978

Original
Article

Risk and Risk Factors for Postpartum Type 2 Diabetes 
Mellitus in Women with Gestational Diabetes: A Korean 
Nationwide Cohort Study
Mi Jin Choi1, Jimi Choi2, Chae Weon Chung3

1Department of Nursing, Chodang University, Muan; 2Division of Endocrinology and Metabolism, Department of Internal 
Medicine, Korea University College of Medicine; 3College of Nursing, Seoul National University, Seoul, Korea

Background: There are differences in risk and risk factor findings of postpartum type 2 diabetes mellitus (T2DM) after gestational 
diabetes depending on study design and subjects of previous studies. This study aimed to assess these risk and risk factors more ac-
curately through a population-based study to provide basic data for prevention strategies.
Methods: This open retrospective cohort included data of 419,101 women with gestational diabetes and matched 1,228,802 control 
women who delivered between 2004 and 2016 from the South Korea National Health Information Database of the National Health 
Insurance Service. Following 14 (median 5.9) years of follow-up, the incidence and hazard ratio (HR) of postpartum T2DM were 
evaluated using Kaplan-Meier curves and Cox proportional regression models.
Results: The incidence and HR of postpartum T2DM in women with gestational diabetes (compared to women without gestational 
diabetes) after the 14-year follow-up was 21.3% and 2.78 (95% confidence interval [CI], 2.74 to 2.82), respectively. Comorbid obe-
sity (body mass index [BMI] ≥25 kg/m2) increased postpartum T2DM risk 7.59 times (95% CI, 7.33 to 7.86). Significant risk fac-
tors for postpartum T2DM were fasting glucose level, BMI, age, family history of diabetes, hypertension, and insulin use during 
pregnancy. 
Conclusion: This population-based study showed higher postpartum T2DM risk in women with gestational diabetes than in those 
without, which was further increased by comorbid obesity. BMI and fasting glucose level were important postpartum risk factors. 
The management of obesity and glycemic control may be important strategies to prevent the incidence of diabetes after delivery.
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INTRODUCTION

Gestational diabetes, a risk factor for postpartum type 2 diabetes 

mellitus (T2DM), threatens women’s health [1-3]. The preva-
lence of obesity, a known risk factor for gestational diabetes, 
has increased, and a further increase in the incidence of gesta-
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tional diabetes and postpartum T2DM is expected [4-6]. The in-
cidence of diabetes in Asians, especially in age groups younger 
than 40 years, has escalated [4,7,8], and the onset of diabetes at 
a young age increases the chances of long-term complications 
and decreased quality of life [9]. Therefore, increased interest in 
women with gestational diabetes who have a high risk of diabe-
tes is essential to prevent diabetes, particularly in young women.

Previous studies have reported postpartum T2DM incidence 
rates of 2.6% to 70% in women with gestational diabetes [10-
12]. The prevalence of gestational diabetes and incidence of dia-
betes can differ by race and geographic region, and Asian wom-
en are known to have a higher risk of developing postpartum 
T2DM [1,13,14]. In a recent meta-analysis of T2DM after ges-
tational diabetes, the highest incidence rate (45.96/1,000 person-
years) was in Asian women, whereas the incidence rates in four 
Korean studies ranged from 10.51 to 78.33 per 1,000 person-
years [1]. Additionally, the postpartum T2DM incidence rate 
differs according to the follow-up period, with a relatively high-
er risk in studies with longer observation periods [3]. Hospital-
based cohort studies are limited because of biased recruitment, 
limited subjects, and drop-outs during follow-up. These may 
overestimate the incidence of postpartum T2DM since women 
with pregestational diabetes may be included [11,15,16]. There-
fore, it is necessary to conduct a population-based study with a 
large representative sample of women with gestational diabetes, 
excluding pregestational diabetes and a long observation period.

Postpartum screening tests and healthy lifestyles are recom-
mended to prevent and manage postpartum T2DM in women 
with gestational diabetes [17-19]. However, the recommended 
performance level of health behaviors is often not achieved [20]. 
The key obstacle for why women with gestational diabetes have 
suboptimal health behavior performance is because they do not 
perceive themselves to be at an increased risk of postpartum 
T2DM [21]. Therefore, identifying individualized risk levels ac-
cording to individual risk factors is an important first step in the 
prevention and management of T2DM. When identifying risk 
factors, the timing of diabetes onset is essential. The risk and 
risk factors differ in the early and late (greater than 1 year fol-
low-up) postpartum periods [15,22], and defects in beta-cell 
function, partly explained by genetic predisposition, are more 
remarkable in early converters [15]. Risk factors of postpartum 
T2DM across the perinatal period include pre-pregnancy obesi-
ty, gestational diabetes diagnostic test results during pregnancy, 
postpartum metabolism tests results, and obesity [22-27]. Given 
the potential for prevention strategy and usefulness of postpar-
tum counseling for women with gestational diabetes, it is neces-

sary to focus on late-onset postpartum T2DM and modifiable 
factors in the postpartum period. Therefore, more comprehen-
sive risk factor assessments, including postpartum fasting glu-
cose level, body mass index (BMI), healthy behaviors, type of 
breastfeeding, as well as known pre-pregnancy and pregnancy 
risk factors of T2DM 1-year postpartum, are needed.

In this study, the long-term incidence of postpartum T2DM in 
postpartum women, including those with gestational diabetes, 
was assessed using data from the National Health Information 
Database (NHID) of the National Health Insurance Service 
(NHIS), South Korea. This study aimed to assess the incidence 
of diabetes according to the presence of gestational diabetes and 
comorbid obesity and to identify risk factors, including postpar-
tum factors, for the incidence of T2DM 1 year after delivery.

METHODS

Data source
This nationwide population-based cohort study used data from 
the NHIS–NHID, South Korea. The NHIS is the single insurer 
of the nation and covers the entire population of the country 
(52,922,000 persons as of September 2021; health insurance 
subscribers, 51,398,000 [97.1%]; and medical aid beneficiaries, 
1,524,000 [2.9%]) [28]. The NHIS manages insurance eligibility 
and insurance contributions, receives claims of medical treat-
ments from health care institutions, and pays medical expenses 
[29,30]. The data systematically collected through these process-
es, which are stored in the NHID, include information on the 
medical service usage (including disease and drug codes) from 
the medical treatment and prescription databases, bio-clinical 
measurements and behavioral health information from the health 
screening database, and socio-demographics from the eligibility 
database (Supplemental Fig. S1). Moreover, breastfeeding infor-
mation was utilized from the health screening database of in-
fants, which was identified by the mother-child identical health 
insurance number and the same index delivery year of mother 
and birth year of the child. For research purposes, the NHID data 
were anonymized according to strict confidentiality guidelines 
and regulations by the NHIS, and details of the utilization and 
validity of the NHID are described elsewhere [29,30]. This study 
was granted an exemption from ethics approval by the Institu-
tional Review Board (IRB) of Chodang University (2018-06) 
and approved by the NHIS review board (NHIS-2019-1-044), 
and the requirement of informed consent was waived by the IRB 
due to the use of de-identified secondary data.
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Study subjects
The study subjects were pregnant women with and without ges-
tational diabetes mellitus who were identified using delivery 
claim codes (the Korean Standard Classification of Diseases 7th 
Revision reflects the International Statistical Classification of 
Diseases and Related Health Problems 10th Revision [ICD-10] 
Z32.1, Z33, Z34, Z35, and O00-99) between 2004 and 2016 in 
the NHIS–NHID. Women with gestational diabetes were identi-
fied as having gestational diabetes mellitus (ICD-10 O24.4 
code) during the second and third trimesters of pregnancy. The 
American Diabetes Association’s gestational diabetes definition 
(diabetes diagnosed in the second or third trimester of pregnan-
cy that is not clearly overt diabetes) [17] was applied in this 
study as part of an effort to rule out pregestational diabetes. We 
strictly excluded those with pre-existing diabetes by excluding 
those with diabetes ICD-10 codes E10-E14 and O24 before and 
during the first trimester of pregnancy and those with pregesta-
tional or unspecified gestational diabetes with ICD-10 codes 
O24.0, O24.1, O24.2, O24.3, and 24.9, at any time. Women 
with a history of gestational diabetes in any delivery were in-
cluded in the gestational diabetes group, and the index date was 
defined as the first delivery date when gestational diabetes was 
identified. The control group included subjects who had not 
been diagnosed with gestational diabetes in all pregnancies. 
This study was an open cohort study with a long enrollment pe-
riod and some subjects had several deliveries during the study 
period. There were differences in the prevalence of gestational 
diabetes and the incidence of postpartum T2DM according to 
the year of delivery and age (Supplemental Fig. S2: results of 
further analysis in this dataset showing the difference in risk of 
incidence of postpartum T2DM according to the year of deliv-
ery and advanced maternal age) [10,31], and advanced maternal 
age and multiparty were associated with incidence of postpar-
tum T2DM in women with gestational diabetes (advanced ma-
ternal age: relative ratio [RR], 1.20; 95% confidence interval 
[CI], 1.09 to 1.34; and multiparity: RR, 1.23; 95% CI, 1.01 to 
1.50) [22]. Therefore, matching was performed to establish a 
comparable control group. Women in the gestational diabetes 
group were randomly matched with two to five controls by in-
dex year, age (±3 years), and order of index delivery (first, sec-
ond, and ≥third delivery). To determine the risk factors for dia-
betes incidence after delivery in the gestational diabetes group, 
we excluded subjects who were diagnosed with diabetes within 
1 year after index delivery, or who had no data related to the in-
fant or health examination. This is because we focused on the 
incidence of diabetes in the late postpartum period (1 year after 

delivery) and the factors after delivery.

Outcomes and covariates
Postpartum T2DM occurring at least 6 weeks after delivery was 
defined as one of the following: two or more claims with T2DM 
code (ICD-10 E11-14), claims for any insulin or oral hypogly-
cemic agents, or fasting glucose ≥126 mg/dL [32,33]. Covari-
ates included age (years at the end day of index year); type of 
insurance (self-employed, employee, and Medicaid); employ-
ment (“yes” and “no”); hypertension (ICD-10 I10-I15); cardio-
vascular disease (ICD-10 I20-I25, I60-I69); pregnancy-induced 
hypertensive disorders (ICD-10 O13-O15); multiple births 
(ICD-10 Z37.2-Z37.7); family history of diabetes mellitus (par-
ents and siblings; “yes” and “no”); physical activity (0, 1–4, and 
≥5 times/week; sum of the number of exercises per week [a 
sweaty exercise, 20, 30, and 30 minutes of vigorous, moderate, 
and walking exercise, respectively]); smoking (“never,” “ever,” 
and ”current”); alcohol consumption (“no,” ≤average 1 glass/
day, and >average 1 glass/day), BMI (kg/m2); fasting glucose 
(mg/dL); systolic blood pressure (mm Hg); total cholesterol 
(mg/dL); and high-density lipoprotein cholesterol (HDL-C, mg/
dL). For risk factor analysis, some variables were added and 
categorized based on their clinical significance: age (<30, 30–
34, 35–39, and ≥40 years); history of insulin treatment (active 
ingredient code 170130BIJ and 29 other codes); waist circum-
ference (<77, 77–84.9, and ≥85 cm); BMI (<23, 23–24.9, 25–
29.9, and ≥30 kg/m2); fasting glucose (<100, 100–109.9, and 
≥110 mg/dL); systolic blood pressure (<140 and ≥140 mm 
Hg); HDL-C (<35, 35–49.9, and ≥50 mg/dL); and type of 
feeding (exclusive breastfeeding, mixed feeding, and formula 
feeding).

Statistical analysis
The characteristics of women in the gestational diabetes group 
and matched controls are reported as means and standard devia-
tions (SDs) for continuous variables and numbers and percent-
ages (%) for categorical variables. The absolute standardized 
mean differences (ASMDs) were calculated to compare the dis-
tribution of baseline characteristics between the two groups, and 
a value >0.1 was considered a significant difference. Statistics 
for the incidence of T2DM after delivery were reported as Ka-
plan-Meier curves and incidence rates per 1,000 person-years. A 
Cox proportional regression model with a robust variance esti-
mator was used to compare the risk of T2DM between the ges-
tational diabetes group and matched controls, and the results 
were reported as hazard ratios (HRs) and corresponding 95% 
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CIs. Two multivariable Cox proportional regression models 
were performed according to the adjusted covariates. Model 1 
included age, type of insurance, employment, hypertension, car-
diovascular disease, pregnancy-induced hypertensive disorders, 
and multiple births as covariates. Model 2 included family his-
tory of diabetes mellitus, physical activity, smoking, alcohol 
consumption, BMI, fasting glucose, systolic blood pressure, and 
total cholesterol as covariates in addition to those in the previ-
ous model. By stratifying according to obesity category (BMI 
≥25 and <25 kg/m2), sub-group analysis was performed to 
compare the risk of T2DM between the gestational diabetes 
group and matched controls. The multivariable Cox proportion-
al regression model with or without stepwise selection was per-
formed to identify the risk factors for 1 year postpartum T2DM 
in the gestational diabetes group. SAS Enterprise Guide soft-
ware version 7.1 (SAS Institute, Cary, NC, USA) and R version 
4.0.1 (R Foundation for Statistical Computing, Vienna, Austria) 
were used to perform the statistical analyses. Statistical signifi-
cance was defined as a two-sided P value <0.05.

RESULTS

Study subjects
From January 1, 2004, to December 31, 2016, a total of 
5,628,882 deliveries by 3,763,143 women were confirmed in 
South Korea. Of these, 419,101 women with gestational diabetes 
were included in the gestational diabetes group and 1,228,802 
women without gestational diabetes in the control group, with a 
total of 1,647,903 subjects in the cohort (Fig. 1). The mean age 
of subjects in gestational diabetes and control groups was 32.4±

3.9 and 32.1±3.9 years, respectively. The BMI (21.5±3.2 kg/m2 
vs. 21.0±2.8 kg/m2; ASMD, 0.146) and fasting glucose level 
(87.6±12.1 mg/dL vs. 85.8±10.5 mg/dL; ASMD, 0.156) were 
slightly higher in the gestational diabetes group than in the con-
trols (Table 1). Results of additional analysis for changes in fast-
ing glucose values during the follow-up period were presented 
in Supplemental Table S1. The longest follow-up period was 14 
years (median, 5.9; interquartile range, 3.5 to 8.4). Overall, 686 
(0.2%) and 3,436 (0.8%) subjects in the gestational diabetes 

Fig. 1. Study subjects were identified for the analysis of risk of and risk factors for incident type 2 diabetes mellitus after delivery.

Total deliveries between January 1, 2004 and December 31, 2016
(n=3,763,143)

(5,628,882 deliveries)

Excluded (n=783,203)
 •  Women with pre-existing diabetes  

(before pregnancy or during first trimester) (n=169,961)
 •  Women with non-specific gestational diabetes codes or 

diabetes mellitus codes  
(during 2nd or 3rd trimester) (n=613,242)

Women with gestational diabetes
(n=419,120)

1:2−5 matching based on index year, age (± 3 years), order of index delivery

Women with gestational diabetes
(n=5,781)

Women with gestational diabetes
(n=419,101)

Excluded (additional identification of subjects for analysis of risk factors)
 • Incident diabetes within 1 year after delivery
 • Not taking health examination between 6 weeks and 1 year after delivery
 • Not available data on offspring’s health examination results

(n=413,339)

Women without gestational diabetes
(n=2,560,820)

Matched control
(n=1,228,802)
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group and 3,082 (0.3%) and 18,236 (1.5%) in the control group 
were censored due to death and exclusion from the list of eligible 
health insurance subscribers, respectively. 

There were 5,781 women with gestational diabetes included 

in the risk factor analysis for 1 year postpartum T2DM (Fig. 1, 
Supplemental Table S2). During the follow-up period of a maxi-
mum of 8.5 years (median, 3.9), T2DM occurred in 302 of 
5,781 women (14.1 cases per 1,000 person-year).

Table 1. Characteristics of Women with or without Gestational Diabetes

Characteristic Control 
(n=1,228,802)

Gestational diabetes group 
(n=419,101) ASMDa

Age, yr 32.1±3.9 32.4±3.9 0.069

Order of index delivery 0.056

   1st 848,401 (69.0) 279,520 (66.7)

   2nd 333,029 (27.1) 119,166 (28.4)

   ≥3rd 47,372 (3.9) 20,415 (4.9)

Enrollment type of insurance 0.151

   Self-employed 321,506 (26.2) 99,388 (23.7)

   Employee 900,416 (73.3) 317,823 (75.8)

   Medicaid 6,880 (0.6) 1,890 (0.5)

Income classification 11 (7–15) 12 (8–15) 0.030

Employment 438,108 (35.7) 157,891 (37.7) 0.042

Hypertension 14,690 (1.2) 7,448 (1.8) 0.048

Cardiovascular diseases 8,730 (0.7) 3,409 (0.8) 0.012

PIHD 6,842 (0.6) 3,955 (0.9) 0.045

Multiple birth 525 (0.04) 272 (0.06) 0.010

Body mass index, kg/m2 21.0±2.8 21.5±3.2 0.146

Waist circumference, cm 71.2±8.6 72.1±9.1 0.099

Family history of diabetes mellitus 255,456 (42.8) 106,579 (47.4) 0.092

Physical activity, times/week 0.076

   0 406,891 (63.2) 146,211 (60.1)

   1–4 201,040 (31.3) 80,766 (33.2)

   ≥5 35,564 (5.5) 16,478 (6.8)

Ever smoker 55,580 (8.7) 24,695 (10.2) 0.052

Alcohol consumption, unit/day 0.103

   No 387,941 (64.1) 143,039 (62.0)

   ≤average 1 glass/day 99,087 (16.4) 32,415 (14.1)

   >average 1 glass/day 118,197 (19.5) 55,179 (23.9)

Fasting glucose, mg/dL 85.8±10.5 87.6±12.1 0.156

Systolic blood pressure, mm Hg 110.1±11.0 110.8±11.4 0.066

Diastolic blood pressure, mm Hg 69.1±8.3 69.5±8.5 0.051

Triglycerides, mg/dL 92.4±67.8 97.5±72.8 0.072

HDL-C, mg/dL 65.2±14.7 64.4±14.8 0.054

Total cholesterol, mg/dL 180.2±35.9 183.0±35.9 0.078

Values are expressed as mean±standard deviation, number (%), or median (interquartile range).
ASMD, absolute standardized mean difference; PIHD, pregnancy-induced hypertensive disorder; HDL-C, high-density lipoprotein cholesterol.
aThe ASMD was checked to determine the balance between the two groups after matching. If the value of the ASMD is less than 0.1, it is judged that the 
characteristics between the two groups are balanced.
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Table 2. Risk of Type 2 Diabetes Mellitus after Delivery among Women with or without Gestational Diabetes 

Variable
Total subjects Body mass index ≥25 kg/m2 Body mass index <25 kg/m2

P value for 
interactionControl Gestational 

diabetes group P value Control Gestational 
diabetes group P value Control Gestational 

diabetes group P value

Number of 
events

41,966 30,383 3,405 4,440 13,717 9,516

Incidence rate, 
/1,000 PY

5.2 14.1 10.3 32.7 4.0 9.5

Crude HR 
(95% CI)

1 (reference) 2.81 (2.77–2.85) <0.001 1 (reference) 3.26 (3.12–3.41) <0.001 1 (reference) 2.43 (2.37–2.50) <0.001 <0.001

Adjusted HRa 
(95% CI)

1 (reference) 2.78 (2.74–2.82) <0.001 1 (reference) 3.21 (3.07–3.36) <0.001 1 (reference) 2.40 (2.34–2.47) <0.001 <0.001

Adjusted HRb 
(95% CI)

1 (reference) 2.59 (2.52–2.65) <0.001 1 (reference) 2.84 (2.70–2.98) <0.001 1 (reference) 2.31 (2.24–2.37) <0.001 <0.001

PY, person-years; HR, hazard ratio; CI, confidence interval.
aAdjustment variables for total subjects: age, enrollment type of insurance, employment, hypertension, cardiovascular disease, pregnancy-induced hyper-
tensive disorders, multiple births; bAdjustment variables for subjects with health check-up data: age, enrollment type of insurance, income classification 
for insurance premiums, employment, hypertension, cardiovascular disease, pregnancy-induced hypertensive disorders, multiple births, family history of 
diabetes mellitus, physical activity, smoking, alcohol consumption, body mass index, fasting glucose, systolic blood pressure, and total cholesterol.

Fig. 2. Cumulative incidence rate of type 2 diabetes mellitus after delivery was evaluated by Kaplan-Meier curves according to gestational 
diabetes (A), gestational diabetes and obesity (B). CI, confidence interval.

A

B

Risk and risk factors for postpartum type 2 diabetes 
mellitus
During the 14-year observation period, 30,383 of the 419,101 
subjects in the gestational diabetes group and 41,966 of the 
1,228,802 subjects in the control group developed postpartum 
T2DM (Table 2). The incidence of T2DM in the gestational dia-
betes group increased rapidly during the early postpartum peri-
od, and the 1-year postpartum cumulative incidence rate was 
2.2%, which then increased at a constant rate thereafter (Fig. 
2A). In contrast, the incidence of T2DM in the control group in-
creased at a relatively constant rate and was less than half of that 

in the gestational diabetes group. The cumulative 14-year inci-
dence rate of postpartum T2DM was 21.3% and 10.1% in ges-
tational diabetes and control groups, respectively.

Postpartum T2DM was observed in 14.1 and 5.2 women per 
1,000 person-years in gestational diabetes and control groups, 
respectively (Table 2). The HR of T2DM was still high at 2.78 
(95% CI, 2.74 to 2.82; P<0.001) in the gestational diabetes 
group after adjusting for covariates in model 1. In addition, the 
HR of T2DM in the gestational diabetes group was 2.59 (95% 
CI, 2.52 to 2.65; P<0.001) after additional covariates adjust-
ment in model 2. 
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When analyzed by the obesity group, the interaction between 
obesity (BMI 25 kg/m2) and gestational diabetes was statistical-
ly significant (P<0.001), and those with gestational diabetes 
had a higher risk of T2DM in the obese group (HR, 2.84; 95% 
CI, 2.70 to 2.98; P<0.001) than in the non-obese group (HR, 
2.31; 95% CI, 2.24 to 2.37; P<0.01) (Table 2). Those with both 
obesity and gestational diabetes showed a 7.59-times (95% CI, 
7.33 to 7.86; P<0.001) greater risk of developing postpartum 
T2DM compared to those without both obesity and gestational 
diabetes (Fig. 2B). Those with only obesity or gestational diabe-
tes showed differences in the cumulative incidence of postpar-
tum T2DM over time. A low incidence rate of postpartum 
T2DM was observed initially in those with obesity only, which 
increased steeply afterward. Conversely, a high incidence rate 
was observed in the early postpartum period in those with ges-
tational diabetes only, which increased at a lower rate thereafter. 
As a result, the cumulative incidence rate, which was higher in 
the gestational diabetes group than in the obesity group, was re-
versed at 5 years, and the rate was higher in the obesity group 

afterward (Fig. 2B).
The significant risk factors for postpartum T2DM were BMI 

of 25–29.9 and >30 kg/m2 (HR, 1.46; 95% CI, 1.03 to 2.08; 
P=0.034; and HR, 2.47; 95% CI, 1.59 to 3.85; P<0.001, re-
spectively), compared to those with BMI of 23–24.9 kg/m2 (Fig. 
3) and fasting glucose level of 100–109.9 and >110 mg/dL (HR, 
2.39; 95% CI, 1.79 to 3.19; P<0.001; and HR, 4.89; 95% CI, 
3.51 to 6.81; P<0.001, respectively), compared to those with a 
fasting glucose level of <100 mg/dL. Other factors such as age 
(35–39 years: HR, 1.61; 95% CI, 1.08 to 2.42; P=0.021; >40 
years: HR, 1.70; 95% CI, 1.10 to 2.61; P=0.016, compared to 
those aged <30 years); family history of diabetes (HR, 1.31; 
95% CI, 1.03 to 1.67; P=0.031); diagnosis of hypertension (HR, 
2.21; 95% CI, 1.34 to 3.65; P=0.002); and insulin treatment 
during pregnancy (HR, 9.83; 95% CI, 5.78 to 16.74; P<0.001); 
significantly increased the risk of postpartum T2DM. The fac-
tors that were excluded from the stepwise selection method are 
shown in Supplemental Table S3. 

Fig. 3. A forest plot showed significant risk factors for incident type 2 diabetes mellitus 1 year after delivery among women with gestational 
diabetes. CI, confidence interval; BMI, body mass index.
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DISCUSSION

The cumulative incidence of postpartum T2DM in women diag-
nosed with gestational diabetes during a follow-up period of up 
to 14 years (median, 5.9) was 21.3%. This is similar to the cu-
mulative incidence rate of 18.9% reported by Feig et al. [10], 
using Canadian population-based data for up to 9 years (median, 
5.4); 21,823 of 633,449 women who delivered had gestational 
diabetes. The cumulative incidence rate observed in our study 
was also higher than the 8.4% reported in an 8-year survey 
study, using population-based data in Korea, of 2,962 women 
with gestational diabetes who delivered in 2004 [34]. In another 
5-year study of women with gestational diabetes in Korea, a 
40% incidence rate of postpartum diabetes was predicted, based 
on the results of hospital-based prospective cohort studies [11]. 
This incidence rate was remarkably greater than that in our 
study. It was observed that the incidence rate tends to be lower 
in population-based studies with a long follow-up period for a 
large number of subjects than in hospital-based studies with a 
short follow-up period for a small number of subjects [1].

The incidence rate of postpartum T2DM was slightly higher 
in the early postpartum period and increased at a constant rate. 
The cumulative incidence rate in the first year after delivery was 
2.2%. Our finding is lower than the incidence rate of 10% to 
15% observed in other Korean hospital-based cohort studies 
[11,15,35,36], which may not have excluded pregestational dia-
betes. Failure to exclude pregestational diabetes can lead to an 
overestimation of the incidence rate in the early postpartum pe-
riod. By strictly excluding pregestational diabetes in our study, a 
relatively lower risk of diabetes was observed.

In women with gestational diabetes, a HR of 2.59 to 2.78 was 
observed after adjusting for other variables. The HR observed in 
our study is lower than the HR of 3.5 to 4.5 reported in cohort 
studies on Korean women [11,16], and the relative risk ratios of 
7.43 and 7.76 in meta-analysis studies, which included cohort 
studies on women from various regions or races [2,3]. The stud-
ies included in these meta-analyses are highly heterogeneous, 
such that the relative risk reported in the studies varied from 
1.48 to 86.41 [2,3]; thus, generalizing the results to specific re-
gions or populations would be limited. The results of our study 
differ from those of previous studies that reported that Asian 
women with gestational diabetes have a higher risk of develop-
ing postpartum T2DM in general [13,14]. This finding suggests 
that it is necessary to assess the incidence risk through popula-
tion-based studies, considering the differences in specific re-
gions and races.

Fasting glucose level and BMI were identified as the main 
postpartum risk factors for the incidence of T2DM 1 year after 
delivery; these may be important for a prevention strategy for 
T2DM, as they can be monitored and controlled. In this study, 
the risk of diabetes significantly increased as the fasting glucose 
level increased, even if the level was below 126 mg/dL, the di-
agnostic criterion for diabetes. Similarly, in two other prospec-
tive studies that followed women with gestational diabetes for 4 
and 7 years, respectively, the groups with and without diabetes 
showed significant differences in fasting glucose at the postpar-
tum baseline, even within the normal range (100.8±14.4 mg/dL 
vs. 90.0±9.0 mg/dL, P<0.05; 97.9±2.5 vs. 86.0±0.9, P<0.05) 
[37,38]. Tura et al. [38] reported that the HR for each SD in-
crease in fasting glucose was 2.99 (95% CI, 1.96 to 4.57). These 
findings suggest that the fasting glucose level can be used as an 
indicator of diabetes risk within the normal range before reach-
ing the diagnostic level. Additionally, we observed that women 
with both obesity and gestational diabetes had a much higher 
risk of developing postpartum T2DM, indicating that they re-
quire more attention to prevent diabetes. BMI at postpartum 
was a significant risk factor for postpartum T2DM in this study, 
and the HR per 1 SD for postpartum BMI was 2.19 (95% CI, 
1.54 to 3.13) in another study [38]. Previous studies reported 
that pre-pregnancy, pregnancy, and postpartum weight were sig-
nificant risk factors for postpartum T2DM [26], and Cho et al. 
[39] reported that postpartum obesity parameters, such as waist 
circumference, body fat weight, BMI, and weight, significantly 
increased the risk. Longitudinal studies showed that postpartum 
weight gain or BMI change increased the risk even further after 
adjusting for postpartum weight or BMI [40,41]. In a study of 
418 Korean women, Moon et al. [40] reported that the incidence 
of diabetes increased to 8.6%, 12.6%, and 16.9% (P=0.039) 
along three groups categorized by postpartum BMI change (the 
lowest tertile [mean –1.8 kg/m2], the middle tertile [mean –0.2 
kg/m2], and the highest tertile [mean 1.6 kg/m2], respectively) 
[40]. Women in the highest tertile had an approximately 2-fold 
increase in risk compared to those in the lowest tertile after ad-
justing for initial postpartum BMI and age [40]. Bao et al. [41] 
reported through a study with over 18 years of follow-up that 
there was a 27% increase in the risk of T2DM for every 5 kg in-
crease in weight after gestational diabetes (adjusted HR, 1.27; 
95% CI, 1.04 to 1.54). Even the HR was elevated to 43.19 (95% 
CI, 13.60 to 137.11) among women who had a ≥30 kg/m2 BMI 
at baseline and ≥5 kg weight gain after gestational diabetes as 
compared to women with a <25 kg/m2 BMI and <5 kg weight 
gain [41]. Therefore, this evidence suggests that postpartum 
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weight management may be an effective prevention strategy 
that can lower the risk of postpartum T2DM.

This study had issues related to the identification of gestation-
al diabetes and postpartum T2DM subjects. First, it was difficult 
to confirm the method and diagnostic criteria used for the diag-
nosis of gestational diabetes because the NHID data do not in-
clude oral glucose tolerance test (OGTT) results. Referring to 
Korean ‘Treatment Guidelines for Diabetes’ during the study 
period [42], universal screening at 24 to 28 weeks for gestation-
al diabetes and two-step approach (if over 140 mg/dL [over 130 
mg/dL in case of high risk] in 50 g OGTT, and then 100 g 
OGTT) were recommended and diagnostic criteria were 
changed from the National Diabetes Data Group (NDDG) crite-
ria (100 g OGTT, at least 2 of the following: fasting ≥105 mg/
dL, 1-hour ≥190 mg/dL, 2-hour ≥165 mg/dL, and 3-hour ≥
145 mg/dL) to the Carpenter-Coustan (C-C) criteria (100 g 
OGTT, at least 2 of the following: fasting ≥95 mg/dL, 1-hour 
≥180 mg/dL, 2-hour ≥155 mg/dL, and 3-hour ≥140 mg/dL) 
in the 3rd guideline of 2007. Since the 4th guideline of 2011, 
one-step approach with the International Association of the Dia-
betes and Pregnancy Study Group (IADPSG) criteria (75 g 
OGTT, at least 1 of the following: fasting ≥92 mg/dL, 1-hour 
≥180 mg/dL, and 2-hour ≥153 mg/dL) was also recommended 
in addition to a previous two-step approach. The prevalence of 
gestational diabetes is affected by the applied diagnostic criteria. 
The prevalence of gestational diabetes increased by 50% to 
60% when the C-C criteria were applied instead of the NDDG 
criteria [43,44], and it was twice as high when the one-step ap-
proach with IADPSG criteria was applied compared to the two-
step approach with the C-C criteria [45]. Therefore, it is neces-
sary to consider applied diagnostic criteria and their impacts on 
the prevalence of gestational diabetes and further incidence of 
postpartum T2DM. To consider the impact of changes of diag-
nostic criteria over time and multiple recommended criteria, our 
study compared the incidence risk by matching subjects with 
the same year of delivery. Nonetheless, careful interpretation of 
our results is needed due to the lack of information on applied 
criteria to each subject for the diagnosis of gestational diabetes. 
Second, verification of T2DM by diagnosis or drug codes may 
be different from the real incidence. Studies for validation of 
identification of diabetes using diagnosis codes showed that the 
sensitivity and specificity changed according to the operational 
definition [46,47]. More complex criteria for the identification 
of diabetes than more simplified ones were related to relatively 
lower sensitivity and higher specificity [46,47]. The level of 
sensitivity and specificity could affect the incidence estimation: 

low sensitivity leads to underestimation through false negatives, 
and low specificity leads to overestimation through false posi-
tives. Thus, an appropriate condition of an operational definition 
is required in consideration of the sensitivity and specificity of 
the tradeoff relationship. Identification of diabetes through two 
or more relevant diabetes ICD codes, as one criterion in this 
study, showed fair validity (sensitivity 88.4% to 92.3%, speci-
ficity 96.9% to 99%, positive predictive value [PPV] 77.2% to 
94%) [47-49]. Lipscombe et al. [47] recommended diagnosis 
code ‘AND’ drug/fee code combination (“one hospitalization or 
physician claim for diabetes AND either one prescription for an 
anti-diabetic medication or one physician claim with a diabetes-
specific fee code” [sensitivity 84.2%, specificity 99.2%, PPV 
92.5%]) as the best definition than diagnosis code ‘OR’ drug 
code combination (“one hospitalization or 2 physician claims 
for diabetes OR one prescription for an anti-diabetic medication 
within 2 years” [sensitivity 90.7%, specificity 97.5%, PPV 
98.9%]). Although there may be concerns about the possibility 
of overestimation due to the ‘OR’ combination used in this 
study, it is assumed that overestimation was not serious enough 
to concern because the incidence rate in our study was lower 
than that of the clinical studies and similar to that of other popu-
lation-based studies [10].

This study minimized the effects of recruitment bias and 
drop-outs during follow-up and long-term follow-up by using a 
large-scale nationally representative sample of female subjects. 
Additionally, this study tried to overcome the limitations of het-
erogeneous or unconfirmed regions or races observed in other 
studies by using homogenous Korean national data (above 95% 
estimated as Korean). Moreover, subjects with pregestational 
diabetes were strictly excluded by confirming that there was no 
diagnosis of diabetes before inclusion in the study (using data 
until index pregnancy since 2002, which ranged from 1 to 13 
years depending on the subject’s inclusion date). The control 
group was established by matching the gestational diabetes 
group. The effects of confounding variables were adjusted to 
accurately assess the risk of postpartum T2DM. Furthermore, 
comprehensive factors were included in the assessment of risk 
factors during the postpartum period to help develop strategies 
that can prevent postpartum T2DM.

There were some limitations to this study. As a retrospective 
cohort study, we could not preplan subjects’ identification and 
data measurements and had limited control of them [50]. First, 
there are concerns about accuracy and validity in the identifica-
tion of subjects through diagnosis or drug codes in the NHID. 
For example, there may be inaccuracy while entering the diag-
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nosis code, and the medication may be prescribed for purposes 
other than for diabetes treatment. For these reasons, in this 
study, postpartum diabetes was defined based on diagnosis 
codes that were entered twice over different treatment days. For 
the hypoglycemic agent metformin, considering the possibility 
that it could be used for other purposes, postpartum diabetes 
was only defined when the drug and the diabetes diagnosis 
codes existed together. However, discrepancies between record-
ed codes and actual subjects’ medical diagnoses could still exist. 
Second, due to the incompleteness of existing data, there is a 
limit to the availability of important variables. For example, 
clinical information on disease severity such as OGTT values at 
diagnosis, treatment and control of glucose levels during preg-
nancy, and recurrence of gestational diabetes was not available. 
Moreover, hemoglobin A1c (HbA1c) of 6.5% (48 mmol/mol) 
or higher may be used to diagnose diabetes [32,33]; however, 
HbA1c was not one of the health screening items of the NHID 
and could not be used in our study.

This population-based cohort study assessed the risk and risk 
factors for postpartum T2DM in women with gestational diabe-
tes. The findings of this study may be used to increase the risk 
awareness of subjects and provide motivation for prevention ac-
tions by notifying the subjects with more accurate individual-
ized risks. Additionally, results of health examinations may also 
be used to identify groups with a high risk of diabetes in clinical 
settings and increase the likelihood of active intervention or ear-
ly diagnosis. 
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