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Background: The severity of gestational diabetes mellitus (GDM) is associated with adverse pregnancy outcomes. We aimed to
generate a risk model for predicting insulin-requiring GDM before pregnancy in Korean women.

Methods: A total of 417,210 women who received a health examination within 52 weeks before pregnancy and delivered between
2011 and 2015 were recruited from the Korean National Health Insurance database. The risk prediction model was created using a
sample of 70% of the participants, while the remaining 30% were used for internal validation. Risk scores were assigned based on
the hazard ratios for each risk factor in the multivariable Cox proportional hazards regression model. Six risk variables were selected,
and a risk nomogram was created to estimate the risk of insulin-requiring GDM.

Results: A total of 2,891 (0.69%) women developed insulin-requiring GDM. Age, body mass index (BMI), current smoking, fasting
blood glucose (FBG), total cholesterol, and y-glutamyl transferase were significant risk factors for insulin-requiring GDM and were
incorporated into the risk model. Among the variables, old age, high BMI, and high FBG level were the main contributors to an in-
creased risk of insulin-requiring GDM. The concordance index of the risk model for predicting insulin-requiring GDM was 0.783
(95% confidence interval, 0.766 to 0.799). The validation cohort’s incidence rates for insulin-requiring GDM were consistent with
the risk model’s predictions.

Conclusion: A novel risk engine was generated to predict insulin-requiring GDM among Korean women. This model may provide
helpful information for identifying high-risk women and enhancing prepregnancy care.
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INTRODUCTION

Gestational diabetes mellitus (GDM) is characterized by high
levels of blood glucose detected or developed during pregnancy.
The prevalence of GDM is increasing worldwide and is expect-
ed to continue to increase [1]. It has also been reported that the
incidence of GDM is higher in Asians [2], and a recent study
using a nationwide claim database in Korea showed that the
prevalence of GDM is increasing annually [3].

GDM is one of the major causes of increasing maternal and
fetal mortality and morbidity. Mothers with GDM are more
likely to develop postpartum type 2 diabetes mellitus (DM),
high blood pressure, preeclampsia, cesarean section, and cardio-
vascular disease [2,4]. Children born to mothers with GDM
have a higher risk of congenital anomalies, neonatal hypoglyce-
mia, and developing type 2 DM in the future [4]. Because the
risk of adverse outcomes for the mother, fetus, and newborn in-
creases [5], it is important to predict GDM in advance to reduce
health-related burden.

Several studies have created risk prediction models to prevent
and treat GDM in advance. Because there is no gold standard
method for diagnosing and predicting GDM, the prediction rate
is different depending on the screening tools used [6,7]. Differ-
ent risk variables were used in separate studies [2,8-12], but
commonly used variables were age, prepregnancy body mass
index (BMI), blood glucose, family history of DM, and previ-
ous history of GDM or macrosomia [13]. Because of the differ-
ences in the study population, risk variables, and methods used,
it is difficult to compare the performance of the risk models di-
rectly and requires further validation. Of note, most previous
models predicted the risk of GDM based on the data obtained in
the first trimester. Therefore, we aimed to establish a risk as-
sessment model for GDM with prepregnancy parameters for
earlier identification of women at risk of severe GDM using an
extensive nationwide population-based cohort database.

METHODS

Data source and study population

The Korean National Health Insurance Service (NHIS) claims
and health examination database were used in this analysis. All
Korean citizens are members of the NHIS, a single government-
run insurer that provides complete healthcare-related data on
behalf of the entire Korean population. The claim database is
composed of an eligibility database (e.g., sex, age, income rank,
disability, type of eligibility, mortality information), a medical
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treatment database (diagnosis statements defined by the Interna-
tional Classification of Disease 10th revision [ICD-10] codes,
general information on specification, prescription statements,
and consultation statements), and an institution database (types
of medical care institutions, equipment, location, and the num-
ber of physicians). The NHIS encourages participants to have
standardized health exams at least every 2 years. This database
comprises questionnaires on lifestyle, behavior, past and family
histories, anthropometric measurements, blood tests, and urinal-
ysis. The NHIS certifies hospitals that provide health screenings
and conducts routine quality control. Information about the
NHIS database is provided elsewhere [14,15].

We selected women who had delivered between 2011 and
2015. The date of conception was deemed to be 280 days prior
to the delivery date [16], and 426,640 women had received
health examinations within the 52 weeks before conception. We
excluded subjects already on antidiabetic medication before
pregnancy (n=3,306), having a fasting blood glucose (FBG)
level of higher than 126 mg/dL at health examination (n=
1,816), and with missing data (n=4,308). The validation and
development cohorts were divided from the final study popula-
tion (n=417,210). To create the risk prediction model, 70% of
the participants (n=292,048) were sampled; the remaining 30%
(n=125,162) were chosen for internal validation using Harrell’s
bootstrap resampling method. This study was approved by the
Institutional Review Board of Seoul St. Mary’s Hospital, The
Catholic University of Korea (No. KC19ZESI0586). As deiden-
tified and anonymized data were utilized for analysis, informed
consent was waived.

Measurement of predictor variables and definitions

Potential risk factors for GDM that are likely to have good pre-
dictive value were selected based on the literature and those
available from the NHIS database. Subjects were categorized
into four age groups: <25, 25-29, 30-34, and =35 years. Weight
in kilograms divided by the square of height in meters was used
to compute BMI. Five groups of obesity were defined according
to the World Health Organization criterion for Asians: <18.5
(underweight), 18.5-22.9 (normal weight), 23-24.9 (over-
weight), 25-29.9 (stage 1 obesity), and =30.0 kg/m? (stage II,
11T obesity). Abdominal obesity was defined by measuring waist
circumference (WC) with a cutoff of 85 cm according to the cri-
terion of the Korean Society for the Study of Obesity [17,18]. A
self-report questionnaire was used to gather information on al-
cohol consumption and smoking habits, and drinking more than
30 g/day of alcohol was considered heavy consumption. Regu-
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lar exercise was defined as performing at least 20 minutes of
strenuous physical activity 3 times/week or at least 30 minutes
of moderate physical activity 5 times/week [18]. FBG levels
(<90, 90-100, 100-110, and 110-125 mg/dL) and total choles-
terol (TC) levels (<160, 160-200, 200-240, and =240 mg/dL)
were categorized into four groups. Triglyceride (TG) and high-
density lipoprotein (HDL) cholesterol levels were dichotomized
at 150 and 50 mg/dL, respectively. y-Glutamyl transferase
(y-GTP) levels were categorized into three groups (<10, 10-20,
and =20 IU/L). Hypertension was defined as at least one claim
with ICD-10 codes 110 or I11 and the prescription of antihyper-
tensive agents or systolic/diastolic blood pressure =140/90 mm
Hg. Insulin-requiring GDM was diagnosed when a prescription
of insulin during the pregnancy period occurred in subjects
without a history of previous diabetes [16].

Statistical analysis

Baseline characteristics according to insulin-requiring GDM are
presented as numbers and frequencies as percentages, and the
chi-squared test was employed to identify differences in cate-
gorical variables. Univariate and multivariate Cox proportional
hazards regression analyses were used to estimate the hazard ra-
tio (HR) and 95% confidence interval (CI) values for insulin-re-
quiring GDM according to the risk group. In the final Cox pro-
portional hazards regression model, we allocated risk scores
based on the HR for each risk factor [19]. Each of the six vari-
ables, including age, BMI, smoking status, FBG, TC, and
v-GTP, was applied with scores of 0 to 100. The risk prediction
model for insulin-requiring GDM was translated into a risk
score nomogram. Each variable was made to correspond to a
specific point by drawing a line straight up the score axis. C-sta-
tistics were applied to evaluate discriminative power and deter-
mine the best risk model. The predicted and observed risks of
insulin-requiring GDM in the development and validation co-
horts were compared by ranking participants into decile groups
of the total risk score. SAS version 9.4 (SAS Institute Inc., Cary,
NC, USA) was used for all statistical analyses. A P value of
<0.05 was considered to be statistically significant.

RESULTS

Baseline characteristics of the study subjects

The clinical characteristics of subjects according to incidental
insulin-requiring GDM in the development and validation co-
horts are presented in Table 1. Among the study participants,
2,891 (0.69%) women had developed insulin-requiring GDM.

Copyright © 2023 Korean Endocrine Society

In both cohorts, subjects with insulin-requiring GDM were old-
er, more obese, and abdominally obese, more likely to be cur-
rent smokers, and hypertensive, and less likely to be primipara.
They were also likely to have higher FBG, TC, TG, and y-GTP
levels and lower HDL-cholesterol levels. However, there were
no differences in alcohol consumption or engagement in regular
exercise between the two groups.

Risk variables for incident insulin-requiring GDM

The univariate and multivariate HRs (95% CI) for insulin-re-
quiring GDM according to risk categories, obtained using the
development cohort, are presented in Table 2. In the univariate
analysis, all the variables in Table 2 were associated with the
development of insulin-requiring GDM. After multivariable ad-
justment, the HRs in the groups aged 25-29, 30-34, and =35
years were 2.02 (95% CI, 1.39 to 2.95), 3.36 (95% CI, 2.32 to
4.87), and 6.18 (95% CI, 4.25 to 9.00), respectively, compared
with the youngest group (age <25 years). Compared with nor-
mal weight subjects, the HRs of women with BMI 23-25, 25—
30, and =30 kg/m* were 1.76 (95% CI, 1.56 to 2.00), 2.36 (95%
CIL, 2.09 to 2.67), and 3.30 (95% CI, 2.73 to 3.98), respectively.
Underweight women had a significantly lower risk of develop-
ing insulin-requiring GDM. There were positive linear relation-
ships between FBG, TC, and y-GTP levels and the risk of inci-
dent insulin-requiring GDM. In particular, impaired fasting glu-
cose status had the most significant impact, with FBG 110 to
125 mg/dL associated with a more than 9-fold higher risk than
those with FBG <90 mg/dL. In addition, current smoking was
associated with a 1.6-fold higher risk of insulin-requiring GDM.

Development and validation of the risk engine for
predicting insulin-requiring GDM
We first tested the predictive performance of various models
with different parameters. The original model that used the pa-
rameters listed in Table 2 showed a high predictive value with an
area under the curve (AUC) of receiver operating characteristic
(ROC) curve value of 0.783 (95% CI, 0.766 to 0.799) (Fig. 1).
Using TG and HDL-cholesterol instead of TC (0.784; 95% CI,
0.768 to 0.800), using WC instead of BMI (0.772; 95% CI, 0.755
to 0.788), or including all of these parameters together (0.785;
95% CI, 0.769 to 0.801) resulted in similar predictive perfor-
mance (data not shown). Therefore, we selected the original
model, the most practical, with easily obtained parameters in
clinical practice.

To calculate the risk of developing insulin- requiring GDM, a
nomogram based on the risk prediction model was developed
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Table 1. Baseline Characteristics of the Study Participants according to Incident Insulin-Requiring Gestational Diabetes in the Develop-
ment and Validation Cohorts
Development cohort (2=292,048) Validation cohort (n=125,162)
Characteristic
GDM (-) GDM (+) P value GDM () GDM (+) P value
Number 290,024 2,024 124,295 867
Age, yr <0.0001 <0.0001
<25 14,395 (5.0) 29 (1.4) 6,193 (5.0) 16 (1.9)
25-29 115,476 (39.8) 447 22.1) 49,452 (39.8) 194 (22.4)
30-34 126,465 (43.6) 946 (46.7) 54,351 (43.7) 413 (47.6)
>35 33,688 (11.6) 602 (29.7) 14,299 (11.5) 244 (28.1)
Smoking status <0.0001 <0.0001
Current 10,310 (3.6) 145(7.2) 4433 (3.6) 68 (7.8)
Alcohol consumption 0.2858 0.5676
None 155,240 (53.5) 1,108 (54.7) 66,568 (53.6) 480 (55.4)
Mild 129,331 (44.6) 872 (43.1) 55,300 (44.5) 371 (42.8)
Heavy 5,453 (1.9) 44(2.2) 2,418 (2.0) 16 (1.9)
Regular exercise 0.1255 0.2342
Yes 28,022 (9.7) 216 (10.7) 11,988 (9.6) 94 (10.8)
Body mass index, kg/m’ <0.0001 <0.0001
<185 45,073 (15.5) 124 (6.1) 19,372 (15.6) 45(5.2)
18.5-22.9 190,175 (65.6) 952 (47.0) 81,273 (65.4) 406 (46.8)
23-249 30,109 (10.4) 355 (17.5) 12,928 (10.4) 141 (16.3)
25-29.9 21,056 (7.3) 443 (21.9) 9,147 (7.4) 198 (22.8)
>30 3,611 (1.3) 150 (7.4) 1,575 (1.3) 77 (8.9)
Waist circumference, cm <0.0001 <0.0001
<85 277,844 (95.8) 1,700 (84.0) 118,999 (95.7) 713 (82.2)
>85 12,180 (4.2) 324(16.0) 5,296 (4.3) 154 (17.8)
Hypertension <0.0001 <0.0001
Yes 3,971 (1.4) 96 (4.7) 1,705 (1.4) 32(3.7)
Fasting blood glucose, mg/dL <0.0001 <0.0001
<90 175,327 (60.5) 637 (31.5) 74,952 (60.3) 262 (30.2)
90-99 88,971 (30.7) 697 (34.4) 38,234 (30.8) 303 (35.0)
100-109 20,823 (7.2) 409 (20.2) 8,954 (7.2) 178 (20.5)
110-125 4,903 (1.7) 281 (13.9) 2,155 (1.7) 124 (14.3)
Total cholesterol, mg/dL <0.0001 <0.0001
<160 83,330 (28.7) 415 (20.5) 35,633 (28.7) 148 (17.1)
160-199 149,028 (51.4) 925 (45.7) 64,102 (51.6) 417 (48.1)
200-239 49,805 (17.2) 527 (26.0) 21,140 (17.0) 233 (26.9)
=240 7,861 (2.7) 157 (7.8) 3,420 (2.8) 69 (8.0)
Triglyceride, mg/dL <0.0001 <0.0001
<150 274,301 (94.6) 1,619 (80.0) 117,688 (94.7) 702 (81.0)
>150 15,723 (5.4) 405 (20.0) 6,607 (5.3) 165 (19.0)
HDL-cholesterol, mg/dL <0.0001 <0.0001
<50 44,461 (15.3) 602 (29.7) 19,150 (15.4) 237(27.3)
=50 245,563 (84.7) 1,422 (70.3) 105,145 (84.6) 630 (72.7)
v-GTP, IU/L <0.0001 <0.0001
<10 34,424 (11.9) 121 (6.0) 14,628 (11.8) 40 (4.6)
10-19 202,386 (69.8) 1,110 (54.8) 86,658 (69.7) 451 (52.0)
=20 53,214 (18.4) 793 (39.2) 23,009 (18.5) 376 (43.4)
Primiparity 222,767 (76.8) 1,422 (70.2) <0.0001 95,347 (76.7) 618 (71.3) <0.0001
Values are expressed as number (%).
GDM, gestational diabetes mellitus; HDL, high-density lipoprotein; y-GTP, y-glutamyl transferase.
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Table 2. Hazard Ratios (95% Confidence Intervals) for Insulin-Requiring Gestational Diabetes according to Risk Categories

Univariate

Multivariate®

1 (reference)
1.92 (1.32-2.80)
3.71(2.57-5.38)
8.87 (6.11-12.88)

0.55 (0.46-0.66)

1 (reference)
2.36 (2.08-2.66)
4.20(3.75-4.71)
8.30(6.97-9.89)

1 (reference)
2.10(1.77-2.48)

1 (reference)
2.16 (1.94-2.40)
541 (4.77-6.13)

15.77 (13.67-18.20)

1 (reference)
1.25(1.11-1.40)
2.13(1.87-2.42)
4.01(3.33-4.83)

1 (reference)
1.56 (1.29-1.88)
4.24 (3.50-5.14)

1 (reference)
2.02(1.39-2.95)
3.36(2.32-4.87)
6.18 (4.25-9.00)

0.64 (0.53-0.77)

1 (reference)
1.76 (1.56-2.00)
2.36(2.09-2.67)
3.30(2.73-3.98)

1 (reference)
1.62 (1.36,1.93)

1 (reference)
1.82 (1.63-2.03)
3.72(3.27-4.23)
9.15 (7.88-10.64)

1 (reference)
1.02 (0.91-1.15)
1.26 (1.10-1.44)
1.62 (1.34-1.97)

1 (reference)
1.37 (1.13-1.65)
2.17 (1.78-2.65)

Variable No. of events (%)
Age, yr
<25 29(0.2)
25-29 447 (0.39)
30-34 946 (0.74)
=35 602 (1.76)
Body mass index, kg/m’
<185 124 (0.27)
18.5-22.9 952 (0.5)
23-24.9 355 (1.17)
25-29.9 443 (2.06)
=30 150 (3.99)
Smoking status
No 1,879 (0.67)
Current 145 (1.39)
Fasting blood glucose, mg/dL
<90 637 (0.36)
90-99 697 (0.78)
100-109 409 (1.93)
110-125 281 (5.42)
Total cholesterol, mg/dL
<160 415(0.5)
160-199 925 (0.62)
200-239 527 (1.05)
=240 157 (1.96)
y-GTP, IU/L
<10 121 (0.35)
10-19 1,110 (0.55)
=20 793 (1.47)
y-GTP, y-glutamy] transferase.
*Adjusted for age, smoking, body mass index, fasting blood glucose, total cholesterol, and y-GTP.

(Fig. 2). The total risk score, the sum of the scores for six vari-
ables, ranged from 0 to 335 (Table 3). Among the variables, old
age, high BMI, and high FBG level were the main contributors
to an increased risk of insulin-requiring GDM. For example, a
nonsmoking (0 points) 34-year-old (55 points) woman who had
a BMI of 29.0 kg/m? (59 points), FBG level of 116 mg/dL (100
points), TC level of 220 mg/dL (10 points), and y-GTP level of
24 TU/L (35 points) would have a total risk score of 259. This
score corresponds to an 11.5% incidence probability of insulin-
requiring GDM (Fig. 3). For more user-friendly clinical applica-
tions, an interactive web-based platform that evaluates risk au-
tomatically is available at http://connect.koobian.com/gdm. We

Copyright © 2023 Korean Endocrine Society

compared the incidence rate of insulin-requiring GDM in accor-
dance with the decile groups of the total risk score for the inter-
nal validation of the created risk model. The incidence rates of
insulin-requiring GDM in the validation cohort matched those
anticipated by the risk model (Fig. 4).

DISCUSSION

This study developed a model for predicting GDM during the
prepregnancy period in Korean women by using the Korean
NHIS claims and health examination database. Among the vari-
ables, old age, high BMI, and a high FBG level before pregnan-
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cy were the main contributors to an increased risk of insulin-re-
quiring GDM. Additionally, an easily applicable web-based risk
calculator was generated. A simple model-based on clinical
characteristics and laboratory measurements commonly avail-
able at health checkups could identify women at risk of devel-

1.00

AUC of ROC
=0.783 (95% CI, 0.766—0.799) /
4
0.75
z
2
= 050
8
n
0.25
0 J
0.25 0.50 0.75 1.00
1-Specificity

Fig. 1. Predictive value of the risk model represented by the area
under the curve (AUC) of receiver operating characteristic (ROC)
curve.

oping GDM, especially GDM requiring insulin therapy.

It is well known that elevated glucose may be a significant
driving force for the progression of glucose dysregulation in
subjects with prediabetes [20,21]. In the current study, we ob-
served that high FBG before pregnancy was the most substantial
risk factor for developing severe GDM. The risk of GDM in
women with FBG 110 to 125 mg/dL was 9.2 times higher than
that in women with FBG <90 mg/dL. The risk of GDM in
women with FBG 90 to 99 mg/dL was also 1.8 times higher
than that in women with FBG <90 mg/dL. Alterations in glu-
cose metabolism precede pregnancy, even at the levels of hyper-
glycemia below overt DM [22]. It was reported that FBG levels
at the start of pregnancy, first trimester, were independently and
continuously related to the risk of GDM and large for gestational
age [23]. Both International Association of Diabetes and Preg-
nancy Study Groups and the World Health Organization have
proposed using FBG levels at the first prenatal visit =92 and
<126 mg/dL for the diagnosis of early GDM [24]. However, the
diagnosis of GDM in early pregnancy by FBG levels is still a
matter of debate. According to the gestational week, specific
glucose cutoffs should be defined since metabolic changes in
pregnancy result in a decrease in glucose levels of approximate-
ly 2 mg/dL between 6 and 10 weeks [25]. Our study is unique in
that the risk of developing GDM is predicted according to the
FBG levels measured at a health checkup before pregnancy.

0 10 20 30 40 50 60 70 80 90 100
Points L 1 " " 1 " 1 " 1 " " 1 " " " 1 " " " 1 " " " 1 " " " 1 " " 1
25-29 2|35
Age 55 30-34
18.5-22.9 25-29.9
BMI <185 23249 >30
Yes
Smoking T !
No
10-19
y-GTP s =20
9(%IIOO 11(L|125
Glucose < '90 100I—1 10
1607200 >2.40
Total cholesterol < 1' 0 20 Ol2 40
Total points L T — T — T T T — T T —1
0 50 100 150 200 250 300 350 400
Linear predictor 8 T R T 5 T B 0 3 T ) T 0 B
Predicted value r T T T 1
0.005 0.105 0.205 0.305 0.405

Fig. 2. A nomogram for the prediction of insulin-requiring gestational diabetes. Each of the six variables was applied with scores from 0 to
100. Each variable corresponds to a specific point by drawing a line straight up to the score axis. The total score, the sum of the scores for
each of the six variables at the bottom of the nomogram, ranges from 0 to 335. BMI, body mass index; y-GTP, y-glutamyl transferase.
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Table 3. Scoring for Each Risk Factor Category
Categories Score
Age, yr
<25 0
25-29 32
30-34 55
=35 82
Body mass index, kg/m?
<185 0
18.5-22.9 20
23-24.9 46
25-29.9 59
>30 74
Smoking status
No 0
Current 22
Fasting blood glucose, mg/dL
<90 0
90-99 27
100-109 59
110-125 100
Total cholesterol, mg/dL
<160 0
160-199 1
200-239 10
>240 22
y-GTP, IU/L
<10 0
10-19 14
=20 35
v-GTP, y-glutamy] transferase.

Obesity is well known to increase the risk of GDM by influ-
encing insulin resistance, maternal metabolism, and the produc-
tion of an inflammatory response in pregnant women. Our study
was consistent with previous studies in that the incidence of
GDM increased as BMI increased [26-28]. In our study, the risk
of GDM in women with a BMI of 23 to 25 kg/m* (overweight
range in Koreans) was 1.76 times higher than that in women
with normal weight. Additionally, the risk of GDM in women
with BMI 25-30 and =30 kg/m” was 2.36 times and 3.30 higher
than that in women with normal weight, respectively. BMI crite-
ria were set differently in other studies, such as 25, 27, or 30 kg/m?.
Still, one study [27] assigned a cutoff for BMI 23 kg/m? as a risk

Copyright © 2023 Korean Endocrine Society
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Fig. 3. Incidence probability of insulin-requiring gestational diabe-
tes mellitus (GDM) according to the total risk score.
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Il Development cohort
I Validation cohort

(98]
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T
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Incidence rate
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(=)
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0-61  62-67 68-79 80-8) 90-93 94-110 111-116 117-136 137-156 =157

Fig. 4. Incidence rate (per 1,000 person-years) based on the decile
groups of the total risk score in the development and validation co-
horts. The numbers on the x-axis represent the range of the total risk
score according to each decile group.

factor for GDM, which shows that GDM risk increases with in-
creasing BMI, not only in obesity but also in overweight wom-
en. The results of our study encompass the results of previous
studies by giving risk factor weighted scores through BMI strat-
ification.

It was recently reported that elevated y-GTP, alanine amino-
transferase levels, or both before pregnancy were independent
risk factors for GDM in a subsequent pregnancy [29]. Recent
evidence suggests that nonalcoholic fatty liver disease (NAFLD)
in early pregnancy is an independent risk factor for GDM and
that GDM is a substantial risk marker for future NAFLD [30].
Because y-GTP has an antioxidant property by catabolizing ex-
tracellular glutathione, the levels may be elevated to produce
more glutathione in response to oxidative stress, which is the
condition of increased free radical activity and high lipid oxida-
tion that induces insulin resistance in peripheral tissues and im-
pairs insulin secretion from pancreatic B-cells [31]. In our study,
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a positive linear relationship between y-GTP levels and the risk
of incident insulin-requiring GDM was found, which is consis-
tent with other studies [32].

During pregnancy, TC, low-density lipoprotein, and very low-
density lipoprotein increase overall. Although hyperlipidemia is
thought to result in a stable nutrient supply to the fetus, it is still
debated whether these changes are physiological or pathological
[33]. Many studies have shown an association between TG lev-
els and GDM [33,34]. In our study, we used TC as a predictor,
and a linear relationship with GDM was shown. When TG and
HDL-cholesterol levels were used instead of TC, the predictive
performance was similar, consistent with other studies showing
TG and GDM relationships.

The average age of new mothers is rising, and several studies
have revealed that there are various obstetric complications and
GDM according to the mother’s age through meta-analysis [35,
36]. Consistent with other studies, advanced maternal age was a
strong risk factor for GDM requiring insulin during pregnancy.

Although numerous risk factors for GDM have been identi-
fied as described, the ability to accurately identify women at
risk for developing GDM before or early in pregnancy remains
limited. Previous models primarily rely on prior history of
GDM as the strongest predictor of subsequent GDM, which
does not apply to earlier pregnant women [2,10,37]. One study
made a prediction model using mid-upper arm circumference
(MUAC), previous stillbirth, and family history of type 2 DM,
but this information may not be readily identifiable [8]. There
was a similar prediction model made with four variables in Chi-
nese women, which used a nomogram. The predictive power of
that study was 0.70, and our study had a higher C-statistic value
[9]. Our risk model has strength in that we could predict the risk
of GDM before pregnancy, which allows more preemptive in-
tervention to minimize the development of GDM in high-risk
women. We focused on insulin-requiring GDM, which needs
much more attention and intensive care than mild GDM and
will aid in identifying women who need immediate manage-
ment. Our model was generated using a large-sized database of
the general population, allowing application to a wide range of
subjects. However, some limitations should be acknowledged.
First, a direct comparison was not possible because the variables
used in the model are not identical to other models. However,
internal validation was performed to confirm that the actual in-
cidence rate was similar to the predicted value. Second, this
model was created based on the data of Korean women, and ad-
ditional verification is needed to confirm it applies to other
countries or ethnic groups. Third, other predictive models used
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the history of GDM as an important predictor, but we did not
have information on this parameter.

In conclusion, our risk model with six basic factors will help
predict patients with insulin-requiring GDM before pregnancy.
Estimating a woman’s risk for GDM requiring insulin treatment
during pregnancy through model-based incorporation of risk
factors accurately identifies those at high-risk who could benefit
from preventive intervention encouraging immediate incorpora-
tion of this tool into preconception and prenatal care. This risk
assessment approach would improve the quality of care for
women preparing for pregnancy and ultimately reduce adverse
maternal or fetal outcomes.
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