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Abstract 

Background Gestational diabetes mellitus (GDM) and pregnancy‑induced hypertension (PIH) are known risk factors 
for postpartum diabetes mellitus (DM) and hypertension, respectively. This study aimed to examine the association 
between the co‑occurrence of GDM and PIH and the subsequent development of diabetes mellitus (DM), hyperten‑
sion, and metabolic syndrome.

Methods A cohort study was conducted using data from the Taiwan National Health Insurance Research Database 
(TNHIRD). The study population included 2,297,613 pregnant women with no history of certain medical conditions 
who gave birth between 2004 and 2015. The women were classified into four cohorts based on their medical history: 
GDM cohort, PIH cohort, both GDM and PIH cohort, and normal cohort (without GDM and PIH).

Results The GDM cohort had a higher risk of developing DM, hypertension, and metabolic syndrome than the nor‑
mal cohort, with hazard ratios of 7.07, 1.54, and 2.51, respectively. The PIH cohort also had an increased risk for these 
conditions compared with the normal cohort, with hazard ratios of 3.41, 7.26, and 2.68, respectively. The cohort 
with both GDM and PIH had the highest risk of developing postpartum DM, hypertension, and metabolic syndrome, 
with hazard ratios of 21.47, 8.02, and 5.04, respectively, compared with the normal cohort.

Conclusion The cohort of patients with both GDM and PIH had the highest impact on developing postpartum DM 
compared with either condition alone cohort. Furthermore, the co‑occurrence of both conditions increases the risk, 
with a higher likelihood of developing postpartum DM than hypertension or metabolic syndrome.
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Metabolic syndrome
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Background
Gestational diabetes mellitus (GDM) is a form of diabetes 
that manifests during pregnancy; it is characterized by 
high blood glucose levels that were absent or well-con-
trolled before pregnancy. On the other hand, pregnancy-
induced hypertension (PIH), also known as gestational 
hypertension, refers to the development of high blood 
pressure after 20  weeks of gestation in previously nor-
motensive women [1, 2]. Both GDM and PIH can have 
significant implications for the health and well-being of 
both the mother and the developing fetus. In Taiwan, the 
prevalence of diabetes mellitus (DM), hypertension, and 
metabolic syndrome among pregnant women is reported 
to be 8.8%, 25%, and 12.0%, respectively [3–5]. Therefore, 
these issues require considerable research attention.

GDM is a condition characterized by impaired glu-
cose tolerance, insulin resistance, and dysfunction of 
pancreatic β-cells [6]. It can result in fetal macrosomia, 
hyperinsulinemia, and an increased risk of childbirth 
complications [7]. Furthermore, women with GDM are 
also at a higher risk of developing type 2 DM and car-
diovascular/cerebrovascular diseases postpartum [8, 9]. 
A study has shown that 15–60% of women with GDM 
develop type 2 DM within 5–15 years of pregnancy [10]. 
Additionally, women with GDM are diagnosed with type 
2 DM approximately 7.7  years earlier (95% confidence 
interval [CI]: 5.8–9.6) than those without pregnancy 
complications. GDM is associated with a threefold higher 
risk (hazard ratio [HR]: 3.68, 95% CI: 2.77–4.90) of type 
2 DM later in life [11]. A systematic review revealed that 
women with a history of GDM have a significantly ele-
vated risk of developing type 2 DM (weighted relative 
risk [RR]: 13.2) and cardiovascular disease (weighted RR: 
2.0) compared with those without GDM [12]. Another 
study demonstrated that women with GDM have a two-
fold increased risk of future cardiovascular events, inde-
pendent of concurrent type 2 DM. These risks manifest 
within the first decade of pregnancy [9].

PIH is recognized worldwide as a significant cause of 
maternal and perinatal mortality [13]. Moreover, hyper-
tension during pregnancy may lead to long-term meta-
bolic and vascular abnormalities, thereby increasing the 
risk of cardiovascular disease [14]. Studies have estab-
lished that PIH increases the risk of chronic hypertension 
(RR: 2.3–11), subsequent development of type 2 DM (RR: 
1.8), and cardiovascular death (RR: 2.1) [15]. Another 
study indicated that PIH increased the risk of subsequent 
hypertension by 5.31 times and the risk of developing 
type 2 DM by 3.12 times [16]. Additionally, PIH has been 
found to significantly increase the likelihood of vari-
ous health conditions, including ischemic heart disease 
(HR: 1.44), myocardial infarction (HR: 1.75), myocardial 
infarct death (HR: 3.00), heart failure (HR: 1.78), ischemic 

stroke (HR: 1.59), kidney disease (HR: 1.91), and diabetes 
mellitus (HR: 1.52) [17]. Furthermore, a study discovered 
that women who experienced hypertensive disorders 
of pregnancy (HDP) had elevated blood pressure levels 
2.5  years after giving birth. Another study showed that 
1513 women faced a heightened risk of hypertension five 
years after delivery, even after accounting for confound-
ing factors (odds ratio [OR]: 7.1) [18, 19].

Few studies have explored the relationship between 
the coexistence of GDM and PIH and the risk of devel-
oping type 2 DM, hypertension, or metabolic syndrome 
after pregnancy, despite the individual risks [20]. There-
fore, the primary aim of this study was to examine the 
impact of GDM and PIH on the development of these 
conditions following childbirth, with a specific focus on 
the combined effects of GDM and PIH. The objective of 
this study was to provide healthcare providers with valu-
able insights for developing effective postpartum follow-
up plans and facilitating early detection and treatment of 
these conditions.

Materials and methods
Data source
As per regulations in Taiwan, birth attendants are 
required to report relevant information within seven days 
of birth, which is recorded in the Birth Certificate Appli-
cation linked to the Taiwan National Health Insurance 
Research Database (TNHIRD). This application includes 
important fields such as maternal background (nation-
ality and residence), pregnancy details (risk factors and 
procedures), newborn information (weight and anoma-
lies), and paternal information (nationality and registra-
tion). In this study, the diagnoses of GDM and PIH were 
obtained from pregnancy-related details recorded in 
Birth Certificate Applications between 2004 and 2015. In 
Taiwan, GDM is detected through an oral glucose toler-
ance test after the 20th week of pregnancy, whereas PIH 
is diagnosed by monitoring blood pressure readings of at 
least 140/90 mmHg, taken at least four hours apart [1, 2].

In addition, the data used in this study were obtained 
from the TNHIRD, which covers over 99% of the medi-
cal reimbursement claims made under the Taiwan NHI 
program. The database used in this study includes all 
outpatient and inpatient medication records. TNHIRD 
encrypts patient identity data to protect patient privacy 
and security. Diagnosis and drug coding were based on 
the International Classification of Diseases, Ninth or 
Tenth Revision, Clinical Modification (ICD-9-CM or 
ICD-10-CM, respectively). This study received approval 
from the Institutional Review Board of the E-DA Hospi-
tal (EMRP-108–061). Informed consent was waived by 
the Institutional Review Board of the E-DA Hospital as 
the study only utilized encrypted data from TNHIRD and 
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did not involve direct contact with the study participants. 
All methods were conducted in adherence to applicable 
guidelines.

Subject selection
To enhance the homogeneity of the study population and 
minimize confounding factors, patients with pre-existing 
illnesses such as type 1 DM, type 2 DM, essential hyper-
tension, secondary hypertension, hyperlipidemia, severe 
psychosis, mood disorders, metabolic syndrome, any 
severe illness certified in the registry before pregnancy, 
toxemia of pregnancy, and missing data were excluded 
from the study. This exclusion strategy enabled a more 
accurate assessment of the association between GDM, 
PIH, and the outcomes of interest. The study population 
was categorized into the GDM cohort, PIH cohort, both 
GDM and PIH cohort, and the normal cohort (without 
GDM and PIH) according to the Birth Certificate Appli-
cation. Mothers from the GDM cohort, PIH cohort, both 
GDM and PIH cohort were matched individually with 
mothers from the normal cohort at a ratio of 1:4, based 
on age, index day, and gestational age. The end of the 
follow-up period was defined as the day of diagnosis of 
type 2 DM, hypertension, metabolic syndrome, or death, 
or 31 December 2017. This variation in the follow-up 
period was accounted for in the study design to ensure a 
minimum of two years of follow-up data for all included 
mothers.

Statistical analysis
The statistical analysis for this study initially involved 
analyzing the baseline characteristics and birth records 
of all the cohorts. The cohorts with GDM, PIH, and both 
GDM and PIH were compared with their corresponding 
normal cohorts to assess the varying risks of developing 
type 2 DM, hypertension, and metabolic syndrome. To 
evaluate these risks, a stratified Cox regression hazard 
model was used, which was adjusted for maternal age, 
nationality, mode of delivery, gestational week, and resi-
dential area. All data management and HR calculations 
were performed using SAS software for Windows (ver-
sion 9.4; SAS Institute, Cary, NC, USA).

Results
In this study we identified 2,297,613 pregnant women 
without a history of type 1 or 2 DM, essential hyper-
tension, secondary hypertension, hyperlipidemia, 
severe psychosis or mood disorder, metabolic syn-
drome, serious illness certified in the registry prior to 
pregnancy, or toxemia during pregnancy, and no miss-
ing data. Of these women, 16,618 were diagnosed with 
GDM, 10,116 with PIH, 678 with both GDM and PIH, 
and 2,270,201 had no history of GDM or PIH (control 

cohort). To ensure comparability, the three cohorts 
were individually matched with the control cohort at a 
ratio of 1:4, based on age, gestational age, and index day 
(Fig. 1).

After matching, the study included 16,182 women 
with GDM and 64,728 healthy controls. Comparisons of 
baseline characteristics between the GDM and control 
cohorts showed no significant differences in age, gesta-
tional age, nationality, and mode of delivery. However, 
the GDM cohort had a significantly higher likelihood 
of developing DM (6.40% vs. 0.99%, P < 0.05), hyperten-
sion (2.99% vs. 2.12%, P < 0.05), and metabolic syndrome 
(6.57% vs. 2.76%, P < 0.05) than the control cohort. For 
the PIH cohort, there were 9,707 matched cases and 
38,828 controls. Comparisons of baseline characteristics 
between the PIH and control cohorts showed no sig-
nificant differences in age or gestational age. However, 
the PIH cohort had a significantly higher likelihood of 
developing DM (3.99% vs. 1.27%, P < 0.05), hypertension 
(18.69% vs. 2.82%, P < 0.05), and metabolic syndrome 
(8.76% vs. 3.63%, P < 0.05) than did the control cohort. 
Finally, the study included 653 women with both GDM 
and PIH and 2,612 control. Baseline characteristic com-
parisons between the both GDM and PIH cohort and the 
control cohort showed no significant differences in age, 
infant sex, gestational age, and nationality. However, the 
cohort with both GDM and PIH had a higher likelihood 
of developing DM (16.85% vs. 0.96%, P < 0.05), hyperten-
sion (18.99% vs. 2.87%, P < 0.05), and metabolic syndrome 
(14.09% vs. 3.37%, P < 0.05) than the control cohort 
(Table 1).

A stratified Cox regression hazards model analysis 
was conducted to determine whether GDM or PIH was 
the primary risk factor for developing postpartum DM, 
hypertension, and metabolic syndrome. The HR of the 
GDM cohort developing DM was 7.07 (95% CI:6.40–
7.82, P < 0.05); the HR of developing hypertension was 
1.54 (95% CI:1.39–1.71, P < 0.05); and the HR of devel-
oping metabolic syndrome was 2.51 (95% CI:2.32–2.71, 
P < 0.05). Compared with caesarean section, vaginal 
delivery had a significantly lower HR for developing DM, 
hypertension, and metabolic syndrome. Additionally, 
older mothers had a significantly higher HR for develop-
ing DM, hypertension, or metabolic syndrome (Table 2).

For the PIH cohort, the HR of developing DM was 
3.41 (95% CI:2.98–3.91, P < 0.05); the HR of develop-
ing hypertension was 7.26 (95% CI:6.73–7.84, P < 0.05); 
and the HR of developing metabolic syndrome was 2.68 
(95% CI:2.46–2.93, P < 0.05), compared with the control 
cohort. Similar to the GDM cohort, the PIH cohort had 
a significantly lower risk of developing DM, hyperten-
sion, and metabolic syndrome with vaginal delivery than 
with caesarean section. Moreover, older mothers were at 
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a significantly higher risk of developing these conditions 
(Table 3).

In both GDM and PIH cohort, the HRs for developing 
DM, hypertension, and metabolic syndrome compared 
with the control cohort were 21.47 (95% CI:13.8–33.4, 
P < 0.05), 8.02 (95% CI:5.99–10.74, P < 0.05), and 5.04 
(95% CI:3.74–6.80, P < 0.05), respectively. Taken together, 
these results indicate that women in both GDM and PIH 
cohorts had the highest likelihood of developing DM, 
hypertension, and metabolic syndrome after pregnancy, 
as shown in Table 4.

Discussion
This study demonstrated that pregnant women with 
GDM face a higher risk of developing type 2 DM 
(adjusted HR: 7.07, 95% CI: 6.40–7.82) than that of 
hypertension and metabolic syndrome after pregnancy 
when compared to the control cohort. These results are 
consistent with those of a previous Danish study that 
reported that women with GDM had a six-fold higher 

risk of developing DM than those without GDM (RR: 
6, 95% CI: 4–11), with a particularly high incidence rate 
observed 15 years after pregnancy and beyond the age of 
40 [21]. The risk of developing metabolic syndrome and 
subsequently DM is nearly tripled in GDM women after 
6  years of pregnancy or after the age of 40 when com-
pared with non-diabetic women [22]. Furthermore, a sys-
tematic review and meta-analysis confirmed that women 
with GDM have a substantially elevated risk of develop-
ing type 2 DM (RR: 7.43, 95% CI: 4.79–11.51) compared 
to women with normal blood glucose levels during preg-
nancy [23]. Another systematic review demonstrated that 
women who experienced GDM were significantly more 
likely to develop type 2 DM compared to those without 
a history of GDM (weighted RR: 13.2, 95% CI: 8.5–20.7) 
[12]. Similarly, a Netherlands study indicated that women 
with a history of GDM face a 4.0-fold increased risk of 
developing type 2 DM compared to those without GDM 
(HR: 3.68, 95% CI: 2.77–4.90) [11]. The collective evi-
dence from these studies, including this one, consistently 

Fig.1 Flow chart of the study design based on data from the Taiwan National Health Insurance Research Database
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highlights a significant association between GDM and 
the subsequent development of type 2 DM in women. 
Furthermore, our study also identified an association 
between pregnant women with GDM and the subsequent 
risk of hypertension and metabolic syndrome, albeit with 
lower adjusted HRs than those for type 2 DM. Similar 
findings have been reported in Asian studies, which iden-
tified GDM as a significant independent risk factor for 
both DM and metabolic syndrome [24–26].

This study found that pregnant women with PIH 
have a significantly higher susceptibility to developing 

hypertension (adjusted HR: 7.26, 95% CI: 6.73–7.84) 
than the occurrence of type 2 DM and metabolic syn-
drome after pregnancy compared to the control cohort. 
These findings are consistent with those of previous stud-
ies, including an investigation that reported a signifi-
cant increase in the risk of hypertension for the cohort 
with HDP/non-GDM, relative to the reference group 
(adjusted HR: 11.2, 95% CI: 8.19–15.2). Similarly, the 
HDP/non-GDM cohort demonstrated an elevated risk 
of developing type 2 DM compared to the compari-
son cohort (adjusted HR: 3.15, 95% CI: 2.55–3.89) [20]. 

Table 2 Prediction for occurrence of postpartum diabetes, hypertension and metabolic syndrome in gestational diabetes mellitus 
cohort

HR Hazard ratio, DM Diabetes mellitus, HTN Hypertension, MS Metabolic syndrome, GDM Gestational diabetes mellitus, NSD Normal spontaneous delivery, CS 
Caesarean section, REF. Reference

Event Develop DM p-value Develop HTN p-value Develop MS p-value
Adjusted HRs Adjusted HRs Adjusted HRs

GDM vs. Control cohort 7.07 (6.40–7.82)  < 0.001 1.54 (1.39–1.71)  < 0.001 2.51 (2.32–2.71)  < 0.001

Age of mother 1.04 (1.02–1.05)  < 0.001 1.09 (1.08–1.11)  < 0.001 1.06 (1.05–1.07)  < 0.001

Nationality 0.99 (0.89–1.10)  > 0.05 0.90 (0.81–0.99)  < 0.05 0.98 (0.90–1.06)  > 0.05

NSD vs. CS 0.76 (0.69–0.84)  < 0.001 0.68 (0.62–0.75)  < 0.001 0.75 (0.70–0.81)  < 0.001

Gestational age 0.90 (0.88–0.92)  < 0.001 0.89 (0.88–0.91)  < 0.001 0.94 (0.92–0.96)  < 0.0001

Residential area

 Northern Taiwan 0.54 (0.43–0.68)  < 0.001 0.60 (0.47–0.76)  < 0.001 0.74 (0.61–0.89)  < 0.05

 Northern‑Central Taiwan 0.51 (0.40–0.64)  < 0.001 0.69 (0.54–0.88)  < 0.05 0.66 (0.54–0.81)  < 0.001

 Central Taiwan 0.64 (0.50–0.82)  < 0.05 0.73 (0.57–0.94)  < 0.05 0.63 (0.51–0.77)  < 0.001

 Southern‑Central Taiwan 0.62 (0.48–0.81)  < 0.05 0.70 (0.54–0.91)  < 0.05 0.81 (0.65–0.99)  < 0.05

 Southern Taiwan 0.63 (0.49–0.80)  < 0.05 0.78 (0.60–1.00)  < 0.05 0.70 (0.57–0.87)  < 0.05

 Eastern Taiwan REF. REF. REF.

Table 3 Prediction for occurrence of postpartum diabetes, hypertension and metabolic syndrome in pregnancy‑induced 
hypertension cohort

HR Hazard ratio, DM Diabetes mellitus, HTN Hypertension, MS Metabolic syndrome, PIH Pregnancy-induced hypertension, NSD Normal spontaneous delivery, CS 
Caesarean section, REF. Reference

Event Develop DM p-value Develop HTN p-value Develop MS p-value
Adjusted HRs Adjusted HRs Adjusted HRs

PIH vs. Control cohort 3.41 (2.98–3.91)  < 0.0001 7.26 (6.73–7.84)  < 0.0001 2.68 (2.46–2.93)  < 0.0001

Age of mother 1.05 (1.04–1.07)  < 0.0001 1.06 (1.06–1.07)  < 0.0001 1.06 (1.05–1.07)  < 0.0001

Nationality 0.94 (0.82–1.08)  > 0.05 0.92 (0.85–0.99)  > 0.05 1.00 (0.91–1.09)  > 0.05

NSD vs. CS 0.64 (0.56–0.74)  < 0.0001 0.78 (0.72–0.84)  < 0.0001 0.75 (0.69–0.82)  < 0.0001

Gestational age 0.93 (0.91–0.95)  < 0.0001 0.94 (0.93–0.95)  < 0.0001 0.95 (0.93–0.96)  < 0.0001

Residential area

 Northern Taiwan 0.69 (0.51–0.93)  < 0.05 0.66 (0.56–0.77)  < 0.0001 0.85 (0.70–1.03)  > 0.05

 Northern‑Central Taiwan 0.66 (0.48–0.92)  < 0.05 0.75 (0.63–0.89)  < 0.05 0.75 (0.61–0.92)  < 0.05

 Central Taiwan 0.81 (0.59–1.10)  > 0.05 0.76 (0.65–0.89)  < 0.05 0.75 (0.61–0.91)  < 0.05

 Southern‑Central Taiwan 0.77 (0.56–1.07)  > 0.05 0.71 (0.60–0.85)  < 0.05 0.78 (0.63–0.96)  < 0.05

 Southern Taiwan 0.83 (0.60–1.14)  > 0.05 0.86 (0.73–1.02)  > 0.05 0.78 (0.63–0.96)  < 0.05

 Eastern Taiwan REF. REF. REF.
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Additionally, a Danish study provided evidence support-
ing the association between gestational hypertension and 
subsequent hypertension risk (5.31-fold increased risk, 
range: 4.90 to 5.75), as well as the risk of subsequent type 
2 DM (3.12-fold increased risk, range: 2.63 to 3.70) [16]. 
Furthermore, a retrospective cohort study conducted 
in Taiwan reported that the incidence rate of DM after 
PIH was five times higher than that in non-PIH women 
[27], which is consistent with our study’s 3.4-fold HR. A 
review article emphasized the increased risk of chronic 
hypertension (2.3 to 11-fold) and subsequent type 2 DM 
(1.8-fold) associated with PIH [15]. These findings align 
with those of our research, highlighting the substantial 
risk of developing hypertension and type 2 DM follow-
ing gestational hypertension. Notably, the risk of devel-
oping hypertension was higher than developing type 2 
DM (adjusted HRs: 7.2 versus 3.14). Furthermore, our 
study identified an association between pregnant women 
with PIH and the subsequent risk of metabolic syndrome, 
albeit with a slightly lower risk than that of type 2 DM. In 
addition, a Korean study revealed that PIH increases the 
risk of developing metabolic syndrome in the future with 
a shorter time to development than in the general popu-
lation [28]. Therefore, our study adds to the existing body 
of evidence on the association among PIH, hypertension, 
type 2 DM, and metabolic syndrome in pregnant women.

Few studies have investigated the combined effects of 
GDM and PIH on the development of type 2 DM, hyper-
tension, and metabolic syndrome. One study found that 
women with both HDP and GDM have a significantly 
higher risk of developing type 2 DM than those with 

hypertension, although both risks are elevated com-
pared to women without these complications. In the 
general population, the incidence of type 2 DM is higher 
than that of hypertension. The adjusted HRs for subse-
quent type 2 DM and hypertension were similar among 
women with both HDP and GDM, with values up to 
16.8 (95% CI: 11.8–24.1) and 16.2 (95% CI: 13.2–19.9), 
respectively [20]. Moreover, younger women may expe-
rience a more pronounced combined effect of HDP and 
GDM on the risk of postpartum incident diabetes mel-
litus, which may be attributed to underlying metabolic 
and vascular conditions rather than specific pregnancy 
complications [20]. In contrast to the previous studies, 
our research demonstrated that maternal age had mini-
mal impact on the future risk of postpartum incident 
diabetes. Additionally, in our study, pregnant women 
with both GDM and PIH had a significantly higher likeli-
hood of developing type 2 DM after pregnancy (adjusted 
HR: 21.5, 95% CI: 13.8–33.4) than the risks of develop-
ing hypertension and metabolic syndrome. Furthermore, 
our study showed that the risk of developing post-preg-
nancy DM is significantly higher in women with both 
GDM and PIH than in those with only GDM (adjusted 
HRs: 21.5 versus 7.07), whereas the risk of developing 
post-pregnancy hypertension was only slightly higher in 
women with both GDM and PIH than in those with PIH 
only (adjusted HRs:8.02 versus 7.26). Hence, our find-
ings enhance the understanding of the combined effects 
of GDM and PIH on health outcomes, emphasizing the 
importance of considering both conditions in clinical 
management and follow-up care.

Table 4 Prediction for occurrence of postpartum diabetes, hypertension and metabolic syndrome in both gestational diabetes 
mellitus and pregnancy‑induced hypertension cohort

HR Hazard ratio, DM Diabetes mellitus, HTN Hypertension, MS Metabolic syndrome, GDM Gestational diabetes mellitus, PIH Pregnancy-induced hypertension, NSD 
Normal spontaneous delivery, CS Caesarean section, REF. Reference

Event Develop DM p-value Develop HTN p-value Develop MS p-value
Adjusted HRs Adjusted HRs Adjusted HRs

GDM&PIH vs. Control cohort 21.5 (13.8–33.4)  < 0.0001 8.02 (5.99–10.7)  < 0.0001 5.04 (3.74–6.80)  < 0.0001

Age of mother 0.99 (0.96–1.03)  > 0.05 1.05 (1.02–1.08)  < 0.05 1.04 (1.01–1.07)  < 0.05

Nationality 0.73 (0.50–1.06)  > 0.05 0.73 (0.54–0.99)  < 0.05 0.76 (0.55–1.04)  > 0.05

NSD vs. CS 0.68 (0.48–0.98)  < 0.05 0.82 (0.61–1.09)  > 0.05 0.77 (0.57–1.04)  > 0.05

Gestational age 0.91 (0.86–0.98)  < 0.05 0.93 (0.88–0.99)  < 0.05 0.95 (0.89–1.01)  > 0.05

Residential area

 Northern Taiwan 0.80 (0.42–1.51)  > 0.05 0.61 (0.36–1.03)  > 0.05 0.76 (0.42–1.36)  > 0.05

 Northern‑Central Taiwan 0.70 (0.36–1.39)  > 0.05 0.50 (0.28–0.90)  < 0.05 0.68 (0.36–1.27)  > 0.05

 Central Taiwan 0.57 (0.27–1.19)  > 0.05 0.41 (0.22–0.76)  < 0.05 0.46 (0.23–0.90)  < 0.05

 Southern‑Central Taiwan 0.73 (0.35–1.50)  > 0.05 0.65 (0.36–1.18)  > 0.05 0.81 (0.42–1.55)  > 0.05

 Southern Taiwan 0.83 (0.40–1.72)  > 0.05 0.73 (0.41–1.32)  > 0.05 0.45 (0.22–0.93)  < 0.05

 Eastern Taiwan REF. REF. REF.
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In this study, a lower likelihood of developing DM, 
hypertension, or metabolic syndrome after pregnancy 
was observed in women who underwent vaginal deliv-
ery than in those who underwent caesarean section. 
This difference may be attributed to obstetricians’ ten-
dency to choose caesarean sections for high-risk cases. 
Additionally, the results showed that delivery at a later 
gestational age was associated with a decreased risk of 
developing DM, hypertension, or metabolic syndrome 
after pregnancy. This observation may be attributed to 
the fact that individuals with severe PIH or GDM often 
require early delivery, which increases their vulnerability 
to developing type 2 DM and hypertension during fol-
low-up period [11, 29].

Nationality did not appear to have a significant influ-
ence on the development of DM, hypertension, or met-
abolic syndrome after pregnancy in this study, likely 
because the majority of the participants were Taiwanese. 
However, geographical location was found to affect the 
likelihood of developing these conditions, with women 
residing in eastern Taiwan exhibiting higher HRs. This 
may be attributed to the limited availability of medical 
and educational resources, as well as the comparatively 
poorer socioeconomic environment in this mountainous 
and remote region.

The use of the Birth Certificate Application to identify 
pregnant women with GDM and PIH, along with a large 
sample size from the TNHIRD, enhanced the study’s 
robust methodology and generalizability. This study con-
tributes significantly to the existing literature by high-
lighting the fact that GDM and PIH are significant risk 
factors for postpartum type 2 DM, hypertension, and 
metabolic syndrome. Importantly, this study revealed a 
higher risk of developing type 2 DM in pregnant women 
with both GDM and PIH than in those with only one of 
these condition.

Limitations
This study has some limitations. First, it did not include 
information on personal factors, such as dietary hab-
its, lifestyle, education level, body weight, and socio-
economic status of pregnant women. Second, the study 
lacked laboratory data and information on compliance 
with GDM and PIH treatment during pregnancy, which 
could affect the development of DM, hypertension, and 
metabolic syndrome later in life [30, 31]. Third, preg-
nant women who were included closer to 2015 had a 
limited follow-up period of only two years. Finally, a 
family history of DM, hypertension, or metabolic syn-
drome among pregnant women was not considered in 
this study.

Conclusion
This study highlights GDM and PIH as significant risk 
factors for postpartum DM, hypertension, and meta-
bolic syndrome. Pregnant women with both GDM and 
PIH are at a higher risk of developing DM than either 
condition cohort. Furthermore, the risk is further ele-
vated in those with both conditions, with DM being 
more likely than hypertension or metabolic syndromes. 
Hence, maintaining healthy habits during pregnancy 
can help prevent GDM and PIH. Adequate postpartum 
care is suggested for women with both conditions to 
minimize the risk of DM.
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