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Fetal malformations in women with
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To evaluate the risk of fetal malformation in pregnant women with pregestational diabetes mellitus
based on pre-pregnancy fasting plasma glucose (FPG) levels. This cohort study used the Korean Health
Insurance Review and Assessment (HIRA) database, including 5,687 women with pre-pregnancy
diabetes and FPG measurements within one year before conception. Subjects were grouped into

three glycemic level categories: low (FPG <100 mg/dL [<5.5 mmol/L]), moderate (FPG: 100-125 mg/

dL [5.6-6.9 mmol/L]), and high (FPG 2126 mg/dL [27.0 mmol/L]). The low glycemic group was divided
into four subgroups based on FPG levels. The relative risks of fetal malformations were calculated
using multivariable analysis compared to a reference group (FPG <84 mg/dL [< 4.7 mmol/L]). Fetal
malformation rates were 10% in the low, 13.6% in the moderate, and 18.6% in the high glycemic
groups (P <0.001). Teratogenic risks were 1.3 times higher in the moderate glycemic group and 1.8
times higher in the high glycemic group compared to the reference group. The high glycemic group had
2.5 times greater risk of cardiac malformations and 3.3 times greater risk of skeletal malformations.
Preconceptional FPG levels 2100 mg/dL [25.5 mmol/L] in women with pregestational diabetes elevate
the risk of fetal malformations, especially cardiac and skeletal malformations at FPG levels =126 mg/dL
[27.0 mmol/L].
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The worldwide prevalence of diabetes or prediabetes in women of childbearing age has steadily increased in
association with the growing epidemic of obesity, advancing maternal age, and improved detection due to
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expanded screening programs’. In Republic of Korea, it was reported that 3.5% and 7.1% of women in their
respective 30 s and 40 s have diabetes, and 22.5% and 31.7% of women in their 30 s and 40 s have prediabetes.

Pregestational diabetes mellitus (PGDM), which refers to type 1 or 2 diabetes that existed before pregnancy,
is a significant risk factor for congenital malformations, particularly if blood glucose levels are not well managed
during the early stages of pregnancy>*. It has been reported that women with PGDM have an up to nine-fold
greater risk for having babies with malformations, with a prevalence rate of 2.7%-18.6%, compared to the
healthy population, which exhibits a prevalence rate of 2-3%°~8. Importantly, in Korea, the majority of women
with PGDM are reported to have type 2 rather than type 1 diabetes, suggesting that findings based on single
fasting plasma glucose measurements are likely to be more relevant to women with type 2 diabetes’.

In addition to congenital anomalies, maternal diabetes has also been associated with adverse neonatal
outcomes, including abnormal fetal growth and perinatal complications'’. Although the mechanism at play is not
entirely understood, hyperglycemia during embryogenesis could increase oxidative stress, epigenetic changes,
hypoxia, and apoptosis, contributing to DNA damage and a greater risk for congenital malformations!'!~14.
Therefore, embryopathy associated with diabetes can affect various organ systems during fetal development,
although neural tube defects and cardiovascular malformations are the most common and severe congenital
anomalies associated with pregnancies in individuals with diabetes. As it is clear that better glycemic
management is associated with a reduced risk of congenital anomalies?, determining the optimal threshold of
glycemic control, as measured by hemoglobin Alc (HbAlc) level or fasting plasma glucose (FPG), for women
with PGDM planning pregnancy is an ongoing area of research and debate.

The aim of our study was to evaluate both the overall and organ-specific teratogenic risks in women with
PGDM based on pre-pregnancy FPG level and to investigate the target range of pre-pregnancy FPG levels to
decrease those risks.

Methods

Study population

For collection of national big data, the Korean Health Insurance Review and Assessment (HIRA) service
database, which covers a vast majority of the Korean population (approximately 97%) through the National
Health Insurance Service (NHIS), was used. The inclusion of claims data from HIRA allowed a detailed analysis of
healthcare usage patterns and medical history among the study participants. Additionally, the study incorporated
information from the bi-annual National Health Screening Examination (NHSE) provided by the NHIS and
the National Health Screening Program for Infants and Children (NHSP-IC). The NHSE offers insights into
pregestational glucose levels, whereas the NHSP-IC, initiated in 2007, provides valuable information on physical
examinations, anthropometric measurements, and developmental screening results for infants and children.
This study was approved by the Institutional Review Board (IRB) of Korea University (IRB no. 2023GR0242).

Study design

The study population included women with singleton deliveries, between 2013 and 2020, who participated in
the NHSE within one year prior to pregnancy and were diagnosed with any type of diabetes before pregnancy.
Patients lacking detailed clinical information were excluded. Women were additionally excluded from the analysis
of neonatal outcomes if their children had not participated in at least one of the seven consecutive NHSP-IC
health examinations. Women diagnosed with diabetes within one year before conception were identified using
the ICD-10 code (E10-14). Incident cases of type 2 diabetes, defined as pregestational diabetes diagnosed prior
to pregnancy, were defined in accordance with the recommendations of the Korean Diabetes Association'.

National health screening examination before pregnancy and FPG categorization
Pre-pregnancy factors were obtained from the NHSE database, which consists of two main components: health
interviews and health examinations. During the preconception health examination, the participants provided
overnight fasting blood samples, from which their blood glucose concentrations were measured in the clinic.
FPG levels were analyzed using automatic analyzers approved by the Ministry of Food and Drug Safety of Korea
and selected by the local laboratories. Pregestational FPG levels were divided into six groups, as follows: 1)
FPG <84 mg/dL [<4.7 mmol/L] (group 1), 2) FPG 84-89 mg/dL [4.7-4.9 mmol/L] (group 2), 3) FPG 90-95 mg/
dL [5.0-5.2 mmol/L] (group 3), 4) FPG 95-100 mg/dL [5.3-5.5 mmol/L] (group 4), 5) FPG 100-125 mg/
dL [5.6-6.9 mmol/L] (moderate glycemic group, group 5), and 6) 1) FPG>126 mg/dL [>7.0 mmol/L] (high
glycemic group, group 6). Groups 1-4 were designated as the low glycemic groups, with group 1 used as the
reference group in the multivariable analysis.

Pregnancy and neonatal outcomes including congenital anomalies
We used the HIRA database to identify women who had experienced hypertensive disorders during pregnancy,
postpartum hemorrhage, or chronic hypertension and who underwent cesarean section during pregnancy based
on ICD-10 diagnostic codes. Information regarding neonatal outcomes, such as preterm birth and neonatal sex,
was obtained from the NHSP-IC database, as was that about congenital anomalies.

The primary outcomes of this study were any diagnosed neonatal congenital anomalies confirmed within
30 days after birth, based on ICD-10 diagnostic codes (Q11-Q99). Secondary outcomes were organ-specific
congenital anomalies, also based on ICD-10 diagnostic codes; relevant ICD-10 codes for organ-specific anomalies
were as follows: central nervous system (CNS) anomalies (Q00-Q08), face and neck anomalies (Q10-Q18),
cardiovascular anomalies (Q20-Q28), respiratory anomalies (Q30-Q34), gastrointestinal anomalies (Q38-
Q45), genitourinary anomalies (Q50-Q56), musculoskeletal anomalies (Q65-Q79), dermatologic anomalies
(Q80-Q89), and chromosomal anomalies (Q90-Q99).
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Statistical analysis

Continuous variables are described using mean and standard deviation (SD) and were compared using Student’s
t test or analysis of variance for multiple group comparisons. Categorical variables are presented as number
and percentage, and the chi-square test was used for comparisons. Study participants were stratified into six
groups based on pregestational FPG levels. Multivariable logistic regression analysis was conducted to estimate
the adjusted odds ratio (OR) and the corresponding 95% confidence interval (CI). Adjustment variables were
prespecified based on previous literature identifying maternal age, parity, pre-pregnancy body mass index (BMI),
socioeconomic status, smoking history, hypertension, and pregestational diabetes as established risk factors for
adverse perinatal outcomes. These covariates were included to reduce potential confounding and to ensure
that the observed associations reflected the independent contribution of FPG to congenital malformations.
Analyses were performed using SAS software version 9.4 for Windows (SAS Inc., Cary, NC, USA), and statistical
significance was set at P<0.05.

Results

Among 41,858 women diagnosed with diabetes within one year prior to pregnancy, 9,479 women who were
screened within one year before pregnancy were initially considered. After excluding 520 cases of multiple
pregnancies and 3,272 cases with missing data, a total of 5,687 women was finally included in the study (Fig. 1).
The patients were divided into six groups according to pre-pregnancy FPG levels; 1049 patients had FPG < 84 mg/
dL [<4.7 mmol/L] (group 1, 18.4%), 985 patients had FPG 84-89 mg/dL [4.7-4.9 mmol/L] (group 2, 17.3%),
841 patients had FPG 90-94 mg/dL [5.0-5.2 mmol/L] (group 3, 14.8%), 622 patients had FPG 95-99 mg/dL
[5.3-5.5 mmol/L] (group 4, 10.9%), 1157 patients had FPG 100-126 mg/dL [5.6-6.9 mmol/L] (group 5, 20.3%),
and 1033 patients had FPG 2126 mg/dL [>7.0 mmol/L] (group 6, 18.2%).

Table 1 presents maternal baseline characteristics, pregnancy outcomes, and type of congenital malformation
by group according to FPG level. Across the FPG groups, maternal age and BMI tended to be higher in groups
with elevated FPG levels. The proportion of nulliparous women decreased as FPG increased. In terms of
pregnancy outcomes, women in groups with higher FPG levels demonstrated increased rates of cesarean section
deliveries, hypertensive disease during pregnancy, and preterm delivery. In addition, higher FPG levels were
linked to increased neonatal birthweight, a greater rate of low birthweight, and an increased rate of macrosomia.
The rate of any congenital malformation was significantly higher in groups with elevated FPG levels, being
18.6% in the high glycemic group (group 6) and 13.6% in the moderate glycemic group (group 5), compared to
approximately 10% in low glycemic groups with FPG <100 mg/dL [< 5.5 mmol/L] (Fig. 2). When examined by
specific organ system, only the circulatory system showed a significant difference in the rate of malformation
among all patients with an increased frequency of malformations in groups with higher FPG levels.

The results of the regression analysis for the risk of malformation in different groups compared to those with
FPG levels <84 mg/dL [<4.7 mmol/L] as the reference group after adjusting for maternal age, BMI, nulliparity,
chronic hypertension, gestational hypertension, systolic and diastolic blood pressures, fetal sex, and prematurity
are shown in Table 2. The risk of any congenital malformation showed no significant difference between groups
(groups 2-4) with FPG <100 mg/dL [<5.5 mmol/L] compared to the reference group (group 1). However, the
risk was 1.31 times greater in the moderate glycemic group and 1.84 times higher in the high glycemic group
(Fig. 2). For the circulatory system, there was no significantly different risk among groups 2-4, but the risk
was increased by 1.43 times in group 5 and 2.50 times in group 6 compared to the reference group. In the

Women diagnosed with diabetes mellitus within 1 year
of pregnancy (2013-2020) (n=41,858)

Exclusion (n=32,379)
Women who has not undergone NHSE within 1
year before pregnancy

Initial study cohort (n=9,479)

Exclusion (n=3,792)
» 1) Multiple pregnancy
2) Missing data

Final study cohort (n=5,687)

FPG < 84 mg/dL
(n=1,049)

FPG 84-89 mg/dL FPG 90-94 mg/dL FPG 95-99 mg/dL FPG 100-125 mg/dL FPG > 126mg/dL
(n=985) (n=841) (n=622) (n=1,157) (n=1,033)

Fig. 1. Flow chart for study population.
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FPG <84 mg/dL | FPG 84-89 mg/dL | FPG 90-94 mg/dL | FPG 95-99 mg/dL | FPG 100-125 mg/dL | FPG>126 mg/dL

(n=1049) (n=985) (n=841) (n=622) (n=1157) (n=1033) P-value
Maternal age, years 32.76+4.16 33.12+4.19 33.38+4.37 33.93+4.07 34.78+4.41 35.37+4.56 <.0001
Nulliparity 700 (66.73%) 663 (67.31%) 540 (64.21%) 378 (60.77%) 667 (57.65%) 572 (55.37%) <.0001
BMI, kg/m2 21.44+3.41 21.92+£3.76 22.41+3.91 22.77+4 24.63+4.97 27+£5.15 <.0001
Pregnancy outcomes
Neonatal sex, male 543 (51.76%) 488 (49.54%) 439 (52.2%) 323 (51.93%) 584 (50.48%) 520 (50.34%) 0.838
Neonatal birthweight, kg 3.21+£0.96 3.18+0.47 3.21+0.58 324091 3.29+1.01 3.38+0.93 <.0001
Low birth weight (<2.5 kg) 66 (6.29%) 40 (4.06%) 46 (5.47%) 41 (6.59%) 82 (7.09%) 79 (7.65%) 0.0161
Macrosomia (>4 kg) 34 (3.24%) 41 (4.16%) 31 (3.69%) 28 (4.5%) 112 (9.68%) 201 (19.46%) <.0001
Cesarean section 497 (47.38%) 472 (47.92%) 439 (52.2%) 358 (57.56%) 701 (60.59%) 768 (74.35%) <.0001
Hypertensive disorder during pregnancy | 29 (2.76%) 21 (2.13%) 32 (3.8%) 26 (4.18%) 78 (6.74%) 97 (9.39%) <.0001
Preterm birth 26 (2.48%) 13 (1.32%) 18 (2.14%) 16 (2.57%) 37 (3.2%) 52 (5.03%) <.0001
Postpartum hemorrhage 87 (8.29%) 101 (10.25%) 91 (10.82%) 55 (8.84%) 124 (10.72%) 79 (7.65%) 0.06
Type of congenital malformation
Any congenital malformations 105 (10.01%) 101 (10.25%) 77 (9.16%) 63 (10.13%) 157 (13.57%) 192 (18.59%) <.0001
Nervous system (Q00-Q07) 4(0.38%) 4(0.41%) 2 (0.24%) 1(0.16%) 6 (0.52%) 4(0.39%) 0.8654
Face and neck (Q10-Q18) 2(0.19%) 5(0.51%) 3(0.36%) 3 (0.48%) 3(0.26%) 6 (0.58%) 0.6869
Circulatory system (Q20-Q28) 40 (3.81%) 31 (3.15%) 25 (2.97%) 27 (4.34%) 75 (6.48%) 122 (11.81%) <.0001
Respiratory system (Q30-Q34) 3(0.29%) 1(0.1%) 1(0.12%) 1(0.16%) 2(0.17%) 2(0.19%) 0.9432
Digestive system (Q38-Q45) 47 (4.48%) 41 (4.16%) 29 (3.45%) 22 (3.54%) 46 (3.98%) 39 (3.78%) 0.8733
Genital organs (Q50-Q56) 1(0.1%) 1(0.1%) 2 (0.24%) 1(0.16%) 3(0.26%) 4(0.39%) 0.7027
Urinary system (Q60-Q64) 5 (0.48%) 5(0.51%) 9 (1.07%) 4(0.64%) 8 (0.69%) 5 (0.48%) 0.6027
Musculoskeletal system (Q65-Q79) 5 (0.48%) 11 (1.12%) 6 (0.71%) 7 (1.13%) 13 (1.12%) 15 (1.45%) 0.2937
Others (Q80-Q89) 1(0.1%) 1(0.1%) 1(0.12%) 1(0.16%) 6 (0.52%) 4(0.39%) 0.2294
Chromosomal abnormality (Q90-Q99) 1(0.1%) 0 (0%) 1(0.12%) 0 (0%) 2 (0.17%) 3(0.29%) 0.4623

Table 1. Pregnancy outcomes and type of anomalies. Data are presented as proportion (%) or mean + standard
deviation.

Any congenital malformation

20.00%

p <0.001
15.00%
1001% 1025% L
1000% 9.16%
5.00%
0.00%
FBS < 84 84 <FBS <90 90 < FBS < 95
Low
glycemic
groups

95 < FBS < 100 100 < FBS < 126

Moderate
glycemic
group

Any congenital malformation

18.59%

Fasting plasma

Unadjusted OR Adjusted OR*
glucose levels
< 84 mg/dL (REF) (REF)
84-89 mg/dL 1.03 (0.77-1.37) | 1.05 (0.78-1.40)
90-94 mg/dL 0.91 (0.67-1.23) | 0.89 (0.65-1.22)
95-99 mg/dL 1.01(0.73-1.41) | 0.99 (0.71-1.38)

100-125 mg/dL

1.41 (1.09-1.84)

1.31 (1.00-1.73)

FBS > 126

Y

> 126 mg/dL

2.05 (1.59-2.65)

1.84 (1.39-2.43)

High
glycemic
group

*Adjusted for maternal age, BMI, nulliparity, chronic hypertension, gestational
hypertension, systolic blood pressure, diastolic blood pressure, fetal sex, and

prematurity

Fig. 2. Risk of any congenital malformation according to fasting blood glucose levels.

musculoskeletal system, only the high glycemic group (group 6) showed a significantly increased risk, with an
adjusted odds ratio of 3.29. Corresponding unadjusted odds ratios are presented in Supplementary Table 1.

Discussion

Main findings
In this nationwide population-based cohort study of women with PGDM, there were no significant differences
in the overall or organ-specific risks of congenital anomalies among the low glycemic subgroups according to
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FPG <84 mg/dL | FPG 84-89 mg/dL | FPG 90-94 mg/dL | FPG 95-99 mg/dL | FPG 100-125 mg/dL | FPG>126 mg/dL
Outcome category (n=1049) (n=985) (n=841) (n=622) (n=1157) (n=1033)
Nervous system (Q00-Q07) Ref 1.06 (0.26- 4.26) 0.65 (0.12-3.58) 0.42 (0.05-3.81) 1.54 (0.42-5.70 1.31 (0.29-5.91)

Face and neck (Q10-Q18)

2.82 (0.54-14.64)

1.94 (0.32-11.72)

2.53 (0.42-15.32)

1.37 (0.22-8.52

3.25(0.59-17.96)

Circulatory system (Q20-Q28)

0.85 (0.52-1.37)

0.74 (0.44-1.23)

1.08 (0.65-1.79)

2.50 (1.67-3.74)

Respiratory system (Q30-Q34)

0.35 (0.04-3.36)

0.42 (0.04-4.12)

0.59 (0.06-5.73)

0.65 (0.10-4.18

0.81 (0.11-6.10)

Digestive system (Q38-Q45)

0.94 (0.61-1.44)

0.78 (0.48-1.25)

0.81 (0.48-1.37)

)
)
1.43 (0.95-2.16)
)
)

0.95 (0.62-1.46

0.95 (0.59-1.53)

Genital organs (Q50-Q56)

1.09 (0.07-17.48)

1.78 (0.11-28.98)

2.80 (0.27-28.52)

4.42 (0.43-45.55)

Urinary system (Q60-Q64)

1.14 (0.33-3.96)

2.33(0.77-7.02)

1.35 (0.36-5.08)

1.55 (0.49-4.92)

1.03 (0.27-.391)

Musculoskeletal system (Q65-Q79)

2.36 (0.81-6.82)

1.52 (0.46-5.03)

2.42 (0.76-7.69)

246(086 7.07)

3.29 (1.12-9.66)

Others (Q80-Q89)

1.08 (0.07-17.33)

1.42 (0.09-22.88)

1.91 (0.12-30.83)

11 (0.83-60.87)

6.96 (0.71-67.83)

Chromosomal abnormality (Q90-Q99) -

(
(
(
(
2.44 (0.22-27.25)
(
(
(
(

047 (0.02-9.44) | - 0.41 (0.03-6.27) 0.41 (0.03-5.70)

Table 2. Adjusted odds ratios (ORs) with 95% confidence intervals for organ-specific congenital
malformations according to pre-pregnancy FPG levels. Reference group: FPG <84 mg/dL. Adjusted for
maternal age, BMI, nulliparity, chronic hypertension, gestational hypertension, systolic and diastolic blood
pressure, fetal sex, and prematurity.

FPG level. Notably, when preconceptional FPG levels were > 100 mg/dL [>5.5 mmol/L] in women with PGDM,
there was an elevated risk of overall fetal malformations. Especially, preconceptional FPG level>126 mg/
dL [>7.0 mmol/L] is associated not only with overall- but also organ-specific congenital anomalies of the
cardiovascular and musculoskeletal systems.

Interpretation and implications

Congenital anomalies are the second-leading cause of infant mortality after prematurity, accounting for >20%
of infant deaths!®. It has been reported that the prevalence of major congenital anomalies in Republic of Korea,
based on the NHIS database, increased from 336 per 10,000 livebirths in 2008 to 564 per 10,000 livebirths
in 2014". Although the prevalence of congenital malformation can be variably affected by improvement of
prenatal or postnatal diagnosis, parental age; folic acid supplementation; and maternal illnesses and factors
like maternal diabetes, infection, obesity, drug exposure, smoking, drinking alcohol, environmental exposure,
multiple pregnancies, and other maternal sociodemographic characteristics have also been reported to be risk
factors!’~22. In this study, the low glycemic group had an about 10% overall rate of fetal malformations, while
the moderate glycemic group had a 13.6% overall rate, and high glycemic group had an 18.6% overall rate of
fetal malformations. As expected, the risk of congenital malformations in women with PGDM in this study was
considerably higher than the 2%-4% background risk of congenital anomalies in the general population?*-2>. Our
findings suggest that PGDM is a risk factor for congenital anomalies, and high levels of FPG before conception
are associated with increased risk. In addition, the frequency of cardiovascular malformation was 5.6%, and the
risk of cardiovascular malformation in the high glycemic group was 2.5 times greater than that of the group with
FPG levels <84 mg/dL [<4.7 mmol/L]. Consistent with our findings, cardiovascular malformations have been
reported to account for 3%-9% of pregnancies in individuals with diabetes, which is a rate approximately 2.5-10
times greater than that in pregnancies in individuals without diabetes?. Because the incidence of cardiovascular
malformation in the high glycemic group was 11.8% in this study, a detailed antenatal cardiac evaluation in
the first and the second trimesters may be required in women with PGDM who have elevated FPG levels. In
addition, we showed that the incidence of skeletal malformation in the diabetes population in the current
study was 1%, which is greater than in that in the normal population (0.01%-0.1%)**"?%. A recent systematic
review also reported a significant association between maternal diabetes and skeletal malformation, with a 1.9%
(range: 0.07%-5.89%) incidence of skeletal malformation in those with PGDM?. In the present study, women
in the high glycemic group had a 3.3-fold higher risk of skeletal malformations compared with those with FPG
levels <84 mg/dL [<4.7 mmol/L]. Although the pathophysiology is not clear, maternal hyperglycemia before
and during critical periods in early pregnancy may lead to changes in gene expression, resulting in mesodermal
damage and a wide variety of skeletal malformations®. Our findings implicate the importance of preconceptional
care for women with PGDM to reduce or mitigate risks for congenital anomalies in their offspring.

Strengths and limitations
The strengths of this study include its population-based, large-scale sample derived from national databases,
which enabled us to assess associations between FPG categories and subgroups and both overall and organ-
specific malformations without the dilution of risk estimates. The current study was a new attempt to investigate
the impact of pregestational FPG levels on congenital malformations of newborns by categorizing FPG levels
into various ranges. We used FPG rather than postprandial glucose or HbAlc as a primary measure of glycemia
because it is used in many other population-based studies®"*2. It may be limitation that we could not compare
levels of glycemic control between FPG and HbAlc because the data from NHSE do not include HbAlc.
However, by grouping FPG into ranges and examining the relative odds ratios, this study provides valuable
clinical insights into the effects of glycemic control.

This study also has several limitations. Data on induced abortions or miscarriages before 20 weeks" gestation
or stillbirth/termination were not included in this study because our mother-newborn linked dataset was
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limited to live births. Following improved prenatal early detection of malformations in Republic of Korea, the
proportion of fetuses affected by a congenital anomaly that are subsequently aborted might have increased.
However, elective abortion or termination is illegal in Republic of Korea, and information about congenital
anomalies in abortions or terminations was not available in our national database. Our current study did not
distinguish the degree of severity of anomalies, including both major and minor malformations. In addition, we
could not exclude the chances of underestimation of events resulting from incorrect or insufficient diagnostic
code input. Moreover, the difficulty in classifying subtypes of DM hindered distinction between type 1 and type
2 diabetes, and we were unable to obtain information regarding the use of medication. In addition, the exact
timing of FPG measurement in relation to conception could not be determined, as only the most recent health
screening result within one year prior to pregnancy was available. This may have limited the precision of our
assessment of preconceptional glycemic status. Last, considering the retrospective nature of this study, well-
designed prospective studies are needed to address these limitations.

In this study, we categorized pre-pregnancy FPG levels into clinically meaningful groups based on thresholds
suggested in previous literature. This categorical approach was chosen a priori to facilitate clinical interpretation
and to align with established practices in diabetes and obstetric research. While this method provides
straightforward applicability for preconception counseling, we acknowledge that treating FPG as a continuous
variable, particularly to visualize risk trends, and applying methods such as ROC curve analysis, Youden’s index,
or minimum p-value approaches could yield more precise identification of optimal cutoff values. Future large-
scale studies incorporating such analytic techniques will be valuable to further refine the predictive utility of
FPG for congenital malformations.

Preconceptional care for glycemic control in women with PGDM can improve pregnancy outcomes, including
congenital malformation in offspring®**!. However, this study is the first to suggest an optimal range of pre-
pregnancy FPG levels to decrease the risk of congenital malformation as well as the high risk of cardiovascular
and musculoskeletal anomalies in women with PGDM.

Conclusion

Our findings suggest that suboptimal preconception FPG control in women with PGDM is associated with
an increased risk of congenital malformations, especially cardiovascular and musculoskeletal malformations.
This national population-based cohort study demonstrates that maintenance of FPG levels<100 mg/dL
[<5.5 mmol/L] prior to pregnancy can minimize the risk of congenital malformation in the offspring of women
with PGDM. Fetal echocardiography with detailed fetal anatomic evaluation will be strongly required during
antenatal care, especially when the pre-pregnancy FPG level is> 126 mg/dL [>7.0 mmol/L].

Data availability

The datasets analyzed in the current study are not publicly available due to the nature of ethical restriction. All
anonymized data supporting the findings of this study are available within the article and its additional files on
reasonable request.
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