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Aims/Background Pregnant women with gestational diabetes mellitus (GDM) are at an increased risk
of developing preeclampsia, a condition that not only threatens maternal and fetal safety but also com-
promises organ function. This study aimed to determine the prevalence of preeclampsia among pregnant
women with GDM in China and to identify its associated risk factors.

Methods A total of 212 GDM patients who underwent prenatal care and delivery at Beilun District
People’s Hospital between September 2020 and September 2024 were included in the study. Partici-
pants were divided into a preeclampsia group (PE group) and a non-preeclampsia group (Non-PE group)
based on the presence or absence of preeclampsia. Clinical and demographic data were extracted from
the medical record system and compared between the two groups. Univariate and multivariate analy-
ses were conducted to identify factors influencing the occurrence of preeclampsia. Receiver operating
characteristics (ROC) curves were used to evaluate the predictive efficacy of statistically different indi-
cators.

Results Among the 212 GDM patients, 60 developed preeclampsia (PE group), while 152 did not (Non-
PE group), resulting in a preeclampsia prevalence of 28.30% (60/212). Multivariate logistic regression
analysis identified high systolic blood pressure (SBP) (» < 0.001), high diastolic blood pressure (DBP)
(»=0.002), elevated body mass index (BMI) (p < 0.001), increased glycated hemoglobin (HbAlc) (p =
0.007), and high blood urea nitrogen (BUN) (p = 0.017) as independent risk factors for preeclampsia in
GDM npatients. The predictive value for preeclampsia was assessed using ROC curve analysis. When
BMI was >23.205 kg/m2, the area under the curve (AUC) was 0.695 [p < 0.001, 95% CI (0.612,
0.778)], with a sensitivity of 0.683 and specificity of 0.632. For HbAlc >5.550%, the AUC was 0.665
[p < 0.001, 95% CI (0.583, 0.747)], with a sensitivity of 0.617 and specificity of 0.658. When BUN
was >4.250 mmol/L, the AUC was 0.692 [p < 0.001, 95% CI (0.612, 0.772)], with a sensitivity of
0.550 and specificity of 0.763; The combined prediction model of these three parameters yielded an
AUC of 0.826 [p < 0.001, 95% CI (0.759, 0.892)], with a sensitivity of 0.783 and specificity of 0.803.
Conclusion The prevalence of preeclampsia was significantly higher among patients with GDM. In
addition to blood pressure, BMI, HbAlc, and BUN levels are key factors associated with preeclampsia
risk and may be used together to assist in predicting GDM patients with preeclampsia. It is necessary to
pay more attention to the high-risk groups of preeclampsia and formulate targeted health management
strategies to reduce the risk of preeclampsia and improve maternal and neonatal outcomes.
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Introduction
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Preeclampsia is primarily characterized by maternal hypertension and protein-

uria and is one of the most common hypertensive diseases during pregnancy. It
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is considered a severe obstetric complication (Jung et al, 2022; Rana et al, 2019).
Globally, the incidence of preeclampsia ranges from approximately 1.5 to 16.7%,
with significant variations across different countries and regions. Additionally,
preeclampsia causes approximately 60,000 maternal deaths and over 500,000 preterm
births annually, making it one of the leading causes of maternal and neonatal mortal-
ity (Ma’ayeh and Costantine, 2020; Overton et al, 2022). With advancing research,
our understanding of preeclampsia has significantly improved, and a large num-
ber of scholars have investigated its risk factors (Muldoon et al, 2023; Wheeler et
al, 2022; Yang et al, 2021). Although some researchers have developed screening
algorithms for predicting preeclampsia based on these risk factors, their clinical
implementation remains limited (MacDonald et al, 2022). Consequently, effective
strategies for the prevention and management of preeclampsia remain challenging
(Ives et al, 2020).

Gestational diabetes mellitus (GDM) is a condition characterized by hyper-
glycemia resulting from abnormal glucose tolerance and impaired insulin secretion
during pregnancy. It encompasses diabetes, impaired glucose tolerance, and el-
evated fasting blood glucose (Sweeting et al, 2022; Al-Rawi et al, 2024). As a
common pregnancy-related complication, GDM and preeclampsia are associated
with an increased risk of adverse pregnancy outcomes (Weiner et al, 2018; Ye et
al, 2022). Recent studies have demonstrated a positive correlation between GDM
and preeclampsia (Mistry et al, 2021), with the risk of preeclampsia in pregnant
women with GDM being 1.3 times higher than those with normal blood glucose
levels (Hornova et al, 2023). When GDM coexists with preeclampsia, it poses a
direct threat to maternal and neonatal outcomes and impairs organ functions, exac-
erbating the physiological burden on mother and child.

While previous studies have confirmed that GDM increases the risk of preeclamp-
sia, they have not explored its risk factors. To address this research gap in China,
the present study investigated the prevalence of preeclampsia among 212 GDM pa-
tients in China by analyzing their clinical data. Through a retrospective analysis of
general characteristics and clinical indicators of GDM patients, this study aimed to
identify risk factors associated with preeclampsia in this population to provide a sci-
entific basis for developing health management programs to mitigate preeclampsia
risk and improve maternal and neonatal outcomes.

Methods

Study Participants

A total of 212 patients with GDM who underwent antenatal examination and
delivery at Beilun District People’s Hospital were selected as the study participants
from September 2020 to September 2024. Inclusion criteria: (1) Meeting the diag-
nostic criteria for GDM recommended by the International Association of Diabetes
and Pregnancy Study Group (IADPSG) (International Association of Diabetes and
Pregnancy Study Groups Consensus Panel et al, 2010). Patients underwent an oral
glucose tolerance test (OGTT) between 24 and 28 weeks of gestation, following
at least 8 hours of fasting. Fasting blood glucose (FBG), 1-hour fasting blood glu-
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cose (1-h FBG), and 2-hour fasting blood glucose (2-h FBG) levels were measured.
GDM was diagnosed if FBG >5.1 mmol/L, 1-h FBG >10.0 mmol/L, or 2-h FBG
>8.5 mmol/L; (2) Age between 18 and 45 years; (3) Complete general clinical
data and laboratory examination records; (4) Non-smoker and no excessive alcohol
consumption; (5) Local residents with spontaneous pregnancies.

Exclusion criteria: (1) Other hypertensive disorders during pregnancy; (2) Twin
or multiple pregnancies; (3) Fetal malformations; (4) Coexisting rheumatic or im-
mune system diseases; (5) Presence of other severe pregnancy complications; (6)
Severe mental illnesses; (7) Diagnosis of malignant tumors.

Procedures

The 212 GDM patients were divided into a preeclampsia group (PE group, n =
60) and a non-preeclampsia group (Non-PE group, n = 152) based on the presence
or absence of preeclampsia.

Preeclampsia was diagnosed according to the criteria established by Brown et
al (2018): Pregnant women beyond 20 weeks of gestation with systolic blood pres-
sure (SBP) >140 mmHg and/or diastolic blood pressure (DBP) >90 mmHg for the
first time, accompanied by urinary protein >0.3 g/24 h, a urinary protein/creatinine
ratio >0.3, or random positive urinary protein test. General information such as
age, body mass index (BMI), gestational age, gravidity, parity, history of sponta-
neous abortion, history of recurrent abortion, prenatal examination interval, car-
diovascular and cerebrovascular diseases, hypertension, and diabetes, as well as
clinical indicators of late pregnancy (>28 weeks) were collected from the medi-
cal records of the two groups. The clinical indicators included SBP, DBP, FBG,
2-h FBG, glycated hemoglobin (HbAc), triglyceride (TG), total cholesterol (TC),
low-density lipoprotein cholesterol (LDL-C), high-density lipoprotein cholesterol
(HDL-C), hemoglobin (Hb), hematocrit (Hct), platelet count (PLT), D-dimer (D-
D), prothrombin time (PT), activated partial thromboplastin time (APTT), throm-
bin time (TT), fibrinogen (Fib), alanine aminotransferase (ALT), aspartate transam-
inase (AST), lactate dehydrogenase (LDH), serum creatinine (Scr), blood urea ni-
trogen (BUN), and uric acid (UA). These parameters were compared between the
two groups. All the biochemical markers were measured using an automatic bio-
chemical analyzer (LABOSPECT 008AS, Hitachinaka, Ibaraki Prefecture, Japan).

Statistical Analysis

Statistical analyses were conducted using SPSS v23.0 (IBM SPSS Corp., Ar-
monk, NY, USA). Categorical variables (gravidity, parity, history of spontaneous
abortion, history of recurrent abortion, time interval of prenatal examination, cardio-
vascular and cerebrovascular diseases, hypertension, and diabetes) were analyzed
using the Chi-square test, continuity correction, or Fisher’s exact tests, as appropri-
ate, and expressed as counts (n). The Shapiro-Wilk normality test was performed
to assess the distribution of continuous variables. Data following a normal distri-
bution (age, BMI, gestational age, SBP, DBP, FBG, 2-h FBG, HbAlc, TG, TC,
LDL-C, HDL-C, Hb, Hct, PLT, PT, APTT, TT, Fib, AST, LDH, Scr, BUN, and
UA) were expressed as mean + standard deviation (¥ £ s) and compared using
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an independent sample #-test. Non-normally distributed data (D-D and ALT) were
expressed as median (min, max) and analyzed using the Mann-Whitney U test.

Univariate analysis and multivariate logistic regression analysis were conducted
to identify risk factors for preeclampsia in GDM patients. Receiver operating char-
acteristics (ROC) curves were generated to assess the predictive efficacy of statisti-
cally significant indicators in GDM patients with preeclampsia. A p-value < 0.05
was considered statistically significant.

Results

Prevalence of Preeclampsia in Patients With GDM

Among the 212 patients diagnosed with GDM in this survey, 60 developed
preeclampsia (PE group), while 152 did not (Non-PE group), resulting in a preeclamp-
sia prevalence of 28.30% (60/212).

Univariate Analysis of Preeclampsia in GDM Patients

Participants were categorized into preeclampsia (n = 60) and non-preeclampsia
(n = 152) groups based on the presence or absence of preeclampsia. There was no
significant difference (p > 0.05) between the two groups in terms of baseline char-
acteristics, including age, gestational age, gravidities, parity, history of spontaneous
abortion, history of recurrent miscarriage, cardiovascular and cerebrovascular dis-
eases, hypertension, and diabetes. However, the univariate analysis identified BMI,
time interval of prenatal examination, SBP, DBP, FBG, HbAlc, TG, Hb, AST,
LDH, Scr, BUN, and UA as significant risk factors influencing preeclampsia in
GDM patients (p < 0.05, Table 1).

Multivariate Logistic Regression Analysis of Preeclampsia in GDM Patients

A multivariate logistic regression model was constructed with preeclampsia
prevalence as the dependent variable, while BMI, time interval of prenatal exami-
nation (1 week = 0, 2—4 weeks = 1), SBP, DBP, FBG, HbAlc, TG, Hb, AST, LDH,
Scr, BUN, and UA were included as independent variables based on their statistical
significance in Table 1. The analysis revealed that elevated systolic blood pressure
(p < 0.001) and higher diastolic blood pressure (p = 0.002) were independent risk
factors for preeclampsia in GDM patients. Additionally, high BMI (p < 0.001),
increased HbA1c levels (p = 0.007), and elevated BUN (p = 0.017) are also inde-
pendent risk factors for preeclampsia in patients with GDM (Table 2).

Predictive Efficacy of BMI, HbAlc, BUN, and Their Combination for
Preeclampsia in GDM Patients

ROC curve analysis revealed that when BMI >23.205 kg/m?, the AUC for
predicting preeclampsia in GDM patients were 0.695 [p < 0.001, 95% CI (0.612,
0.778)], with a sensitivity of 0.683 and a specificity of 0.632, respectively. For
HbAlc >5.550%, the AUC was 0.665 [p < 0.001, 95% CI (0.583, 0.747)], with a
sensitivity of 0.617 and a specificity of 0.658. For BUN >4.250 mmol/L, the AUC
was 0.692 [p < 0.001, 95% CI (0.612, 0.772)], with a sensitivity of 0.550 and
specificity of 0.763. When BMI, HbAlc, and BUN were combined for prediction,
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Table 1. Univariate analysis of risk factors for preeclampsia in patients with GDM.

Variable n PE group (n=60) Non-PE group (n=152) #/Z/x* p-value
Age (years) 31.73 £5.06 31.34 +£4.78 0.528 0.598
BMI (kg/m?) 25.61 £4.89 22.56 £ 3.35 5.208 <0.001
Gestational age (weeks) 38.63 £ 0.99 38.80 £ 1.10 1.025 0.306
Gravidities (n) 2.884 0.089

1-3 times 148 47 101

4-7 times 64 13 51
Parity (n) 0.006  0.939

0-1 time 176 50 126

24 times 36 10 26
H15t0}*y of spontaneous 0265 0.607
abortion (n)

Yes 40 10 30

No 172 50 122
Hl‘story'of recurrent i 1.000
miscarriage (n)

Yes 3 1 2

No 209 59 150
Time .1nte'rva1 of prenatal 5695 0017
examination (n)

1 week 190 49 141

2-4 weeks 22 11 11
Cardiovascular and

: - 1.000

cerebrovascular diseases (n)

Yes 1 0 1

No 211 60 151
Hypertension (n) 0.582 0.445

Yes 26 9 17

No 186 51 135
Diabetes (n) 2.278  0.131

Yes 17 8 9

No 195 52 143
SBP (mmHg) 148.33 £ 11.20 119.03 + 10.01 18.557 <0.001
DBP (mmHg) 95.53 4+ 7.64 76.18 4+ 7.02 17.643 <0.001
FBG (mmol/L) 5.16 £ 0.63 4.85+0.59 3.411  0.001
2-h FBG (mmol/L) 8.53 £ 1.58 8.42 £ 1.44 0.518 0.605
HbAlc (%) 5.85 £ 0.76 5.45 £ 0.50 4469 <0.001
TG (mmol/L) 475 + 1.84 4.19 + 1.62 2.169 0.031
TC (mmol/L) 6.10 £ 1.42 579 £ 1.11 1.691 0.092
LDL-C (mmol/L) 2.75+1.03 2.83 £ 0.88 0.551 0.582
HDL-C (mmol/L) 1.71 £ 0.45 1.75 £ 0.39 0.645 0.519
Hb (g/L) 119.75 £ 13.77 123.88 + 11.79 2.186  0.030
Hct (%) 0.36 4+ 0.04 0.37 +0.03 1.467 0.144
PLT (x10%/L) 202.12 4+ 58.63 197.39 £+ 50.51 0.585 0.559
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Table 1. Continued.

Variable n PE group (n=60)  Non-PE group (n=152) #/Z/x>  p-value
D-D (mg/L) 1.808 (1.425,2.661) 1.640 (1.223,2.363)  0.156 0.118
PT (s) 10.12 £+ 0.76 10.28 4 0.58 1.624 0.106
APTT (s) 27.07 4+ 2.54 27.48 + 2.04 1.250 0.213
TT (s) 13.51 £+ 1.08 13.35 £ 0.95 1.027 0.306
Fib (g/L) 4.63 £ 0.91 4.55 £ 0.76 0.670 0.504
ALT (U/L) 11.000 (8.000, 17.000)  9.000 (8.000, 13.750)  1.807 0.071
AST (U/L) 18.55 4+ 6.84 16.32 +4.77 2.691 0.008
LDH (U/L) 201.07 + 44.62 178.39 + 35.57 3.880  <0.001
Scr (wmol /L) 50.25 + 12.19 42.93 + 8.69 4900  <0.001
BUN (mmol/L) 4.50 £ 1.31 3.65 £ 1.07 4.878  <0.001
UA (umol /L) 369.41 4+ 99.52 318.02 4+ 79.91 3.925  <0.001

Notes: GDM, gestational diabetes mellitus; PE, preeclampsia; BMI, body mass index; SBP, systolic
blood pressure; DBP, diastolic blood pressure; FBG, fasting blood glucose; 2-h FBG, 2-hour fast-
ing blood glucose; HbAlc, glycated hemoglobin; TG, triglyceride; TC, total cholesterol; LDL-C,
low-density lipoprotein cholesterol; HDL-C, high-density lipoprotein cholesterol; Hb, hemoglobin;
Hct, hematocrit; PLT, platelet count; D-D, D-dimer; PT, prothrombin time; APTT, activated par-
tial thromboplastin time; TT, thrombin time; Fib, fibrinogen; ALT, alanine aminotransferase; AST,
aspartate transaminase; LDH, lactate dehydrogenase; Scr, serum creatinine; BUN, blood urea nitro-
gen; UA, uric acid.

the AUC increased to 0.826 [p < 0.001, 95% CI (0.759, 0.892)], with a sensitivity
of 0.783 and a specificity of 0.803 (Table 3, Fig. 1).

1.0
0.8
2
S 0.6
# :
7} / BMI
S 0.4 —HbA1c
n | —BUN
— Combined
0.2{1] — Diagonal baseline

0'8.0 02 04 06 08 10
1 - Specificity

Fig. 1. Receiver operating characteristics (ROC) curve for BMI, HbAlc, BUN, and their com-
bined prediction of preeclampsia in GDM patients.
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Table 2. Multivariate logistic regression analysis of preeclampsia in patients with GDM.

0

Variable B Standard error  Wald  p-value Odds ratio 95% Cl

Lower Upper
BMI (kg/m?) 0.168 0.045 14.042 <0.001 1.183 1.084 1.292
Time interval of prena- 0.875 0.512 2917  0.088 2.399 0.879 6.546
tal examination (n)
SBP (mmHg) 0.375 0.093 16.112 <0.001 1.455 1.211  1.747
DBP (mmHg) 0.257 0.081 10.026  0.002 1.293 1.103  1.517
FBG (mmol/L) -0.007 0.023 0.089  0.765 0.993 0.950 1.038
HbAlc (%) 0.956 0.352 7.381  0.007 2.601 1.305 5.184
TG (mmol/L) 0.167 0.099 2.875  0.090 1.182 0974 1.434
Hb (g/L) —0.021 0.014 2.045  0.153 0.980 0.952  1.008
AST (U/L) 0.118 0.082 2.089  0.148 1.125 0.959 1.321
LDH (U/L) 0.008 0.014 0370  0.543 1.008 0.982 1.036
Ser (umol/L) 0.040 0.020 3.779  0.052 1.040 1.000 1.083
BUN (mmol/L) 0.389 0.163 5714 0.017 1.475 1.073  2.029
UA (umol/L) 0.003 0.002 2499 0.114 1.003 0.999 1.007
Constant —-5.430 0.990 30.079 <0.001 0.004

Table 3. Predictive efficacy of BMI, HbAlc, BUN, and their combination for preeclampsia in
GDM patients.

Variable AUC p-value Cut-off Sensitivity Specificity Youden index

95% CI

Lower Upper

BMI 0.695 <0.001 23205  0.683 0.632 0.315 0.612 0.778

HbAlc 0.665 <0.001  5.550 0.617 0.658 0.275 0.583  0.747

BUN 0.692 <0.001 4.250 0.550 0.763 0.313 0612 0.772

Combined 0.826 <0.001 ; 0.783 0.803 0.586 0.759  0.892
Discussion

In this study, we observed significant differences between the PE group and the
Non-PE group in clinical characteristics such as BMI, time interval of prenatal ex-
amination, and levels of SBP, DBP, FBG, HbAlc, TG, Hb, AST, LDH, Scr, BUN,
and UA. To minimize potential confounding effects, multivariate logistic regres-
sion analysis was applied to assess the influence of various independent variables
on the occurrence of preeclampsia. First, we examined the influence of basic mater-
nal characteristics on preeclampsia. BMI and time interval of prenatal examination
were gradually introduced into the regression model, and the findings showed that
BMI is an independent risk factor for preeclampsia in GDM patients. Next, after
adjusting for blood pressure, blood glucose and lipid profiles, the analysis demon-
strated that SBP, DBP, and HbA 1c were independent risk factors for preeclampsia
in GDM patients. Subsequently, we evaluated liver and renal function, and after ad-
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justing for the above factors, we established that BUN is an independent risk factor
for preeclampsia in GDM patients.

At present, multiple studies have investigated the prevalence of preeclamp-
sia across various populations. Yang et al (2021) surveyed Swedish and Chinese
pregnant women and reported a preeclampsia prevalence of 2.9% (16,068/555,446)
and 2.3% (1803/79,243), respectively. Similarly, Guida et al (2022) conducted a
systematic review and found that the prevalence of preeclampsia among Brazil-
ian pregnant women is 6.7%. Ma’ayeh and Costantine (2020) estimated that the
prevalence of preeclampsia in pregnant women in the United States ranges from
3 to 8%, whereas Mou et al (2021) reported an overall prevalence of 14.4% in
Bangladeshi pregnant women. In Ghana, Anto et al (2023) randomly selected 1174
pregnant women and observed a prevalence of 8.8%. A Norwegian study by Sole
et al (2022) documented a decrease in preeclampsia prevalence from 4.3% (1999—
2002) to 2.7% (2015-2018). Sutan et al (2022) investigated a maternity hospital in
Malaysia, reporting a preeclampsia prevalence of 1.6%, while Kokori et al (2024),
through an electronic database search, estimated that preeclampsia prevalence in
Nigeria was 4.51%.

Although these studies highlight regional variations in the prevalence of preecla-
mpsia, the prevalence in most countries (except Bangladesh) is relatively low. In
this survey, the incidence of preeclampsia in GDM patients was 28.30% (60/212),
which is significantly higher than the prevalence rates reported in previous studies,
suggesting an increased risk of preeclampsia in GDM patients. Earlier studies have
primarily reported a positive correlation between GDM and preeclampsia (Hornova
et al, 2023; Mistry et al, 2021), but the specific incidence of preeclampsia in GDM
pregnant women was not well documented. Our findings emphasize the impor-
tance of early identification and intervention to mitigate preeclampsia risk in GDM
patients.

BMI is a widely used indicator for measuring underweight or obesity (Bray,
2023). Robillard et al (2019) reported a linear relationship between increased BMI
and the occurrence of delayed preeclampsia. Similarly, Gong et al (2022) investi-
gated 117,738 pregnant women from 150 maternity hospitals in China and found
that high pre-pregnancy BMI and rapid gestational weight gain were risk factors
for preeclampsia, with a synergistic effect. This conclusion was further confirmed
by Shao et al (2017). In the present study, GDM patients with preeclampsia ex-
hibited significantly higher BMI, consistent with the findings of previous research.
The underlying mechanisms may be attributed to several factors (Bodnar and Kauf-
man, 2004; Cnossen et al, 2007; Poorolajal and Jenabi, 2016). Firstly, excessive
BMI may disrupt blood lipid metabolism and alter uterine artery hemodynamics,
resulting in increased blood pressure. Secondly, a significant increase in excessive
BMI may lead to elevated levels of oxidative stress and inflammatory factors in the
placenta, which may induce vascular endothelial damage, thereby increasing the
risk of preeclampsia. Additionally, high BMI (obesity) is associated with varying
degrees of insulin resistance, and studies have demonstrated that hyperinsulinemia
can elevate blood pressure through multiple mechanisms. In this study, HbAlc was
identified as an independent risk factor for preeclampsia in GDM patients, whereas
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FBG and 2-h FBG were not. This discrepancy may be attributed to GDM patients
being treated with insulin, making single-time blood glucose detection inadequate
for assessing long-term glucose metabolism. However, HbAlc is unaffected by
acute changes in blood glucose, meal interval, or insulin use and offers the advan-
tages of high reproducibility and stability. As a result, HbAlc is widely accepted
as a reliable indicator for monitoring blood glucose control in diabetes mellitus
(Tanaka and Node, 2021).

In recent years, studies have highlighted the critical role of HbAlc in hyper-
tension and related diseases. Heianza et al (2015) investigated a Japanese cohort
and found that HbA 1c levels can be an independent risk factor for the development
of hypertension. Au Yeung et al (2020) observed that HbA1c level was positively
correlated with SBP, although its correlation with DBP remained unclear. Mi et
al (2020) analyzed 1777 Chinese individuals and reported that the hemoglobin gly-
cosylation index (HGI) was independently correlated with the risk of hypertension.
At present, the mechanism underlying the relationship between HbAlc and blood
pressure has not been fully elucidated. Han et al (2024) suggested that the influence
of increased HbA 1c on blood pressure may involve two key mechanisms. First, an
increase in HbAlc reflects a persistent hyperglycemic state, which may promote
oxidative stress, activate protein kinases, and disrupt the stability and homeostasis
of endothelial and smooth muscle cells by inducing the formation of advanced gly-
cation end products (AGEs), leading to an increase in blood pressure. Additionally,
higher HbA 1c levels often reflect insulin resistance, which may increase the risk of
hypertension by promoting the release of inflammatory factors, inducing endothe-
lial dysfunction, and enhancing sympathetic tension. This study is among the first
to report such findings in patients with GDM.

BUN reflects renal excretory function and is a routine indicator for evaluating
renal function. A previous study reported that, elevated BUN levels are associated
with an increased risk of adverse maternal and neonatal outcomes (Wu et al, 2022).
Recent studies have also established a strong correlation between BUN levels and
preeclampsia. Liet al (2016) observed a significant elevation in BUN levels among
preeclampsia patients, while Kavak et al (2025) identified a close association be-
tween BUN levels and the presence and severity of preeclampsia. Han et al (2020)
analyzed biochemical indicators in 568 pregnant women and found that BUN inde-
pendently predicted the risk of preeclampsia. Fang et al (2024) investigated GDM
patients and identified BUN as an independent risk factor for the occurrence of
preeclampsia, a finding consistent with the results of this study.

Limitations: (1) This study is a retrospective, single-center study analysis with
relatively small sample size. The study population comprised only GDM patients
from a single region in a recent time frame, which may limit the generalizability
of the findings due to temporal and geographical factors; (2) The etiology of GDM
complicated by preeclampsia is complex. Although the study design accounted for
several relevant factors, the potential influence of unmeasured or unknown residual
confounding factors, such as lifestyle and dietary habits, cannot be entirely ruled
out; (3) The biochemical indicators used in this study were primarily routine indi-
cators such as those related to glucose and lipid metabolism, as well as liver and
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kidney function. Other relevant biomarkers, such as inflammatory indicators, were
not assessed. In addition, all biochemical indicators were derived from blood sam-
ples collected during late pregnancy, and the expression levels of these indicators
across different gestational stages were not explored. In future research, we aim to
expand the sample size, extend the study period and region, and incorporate addi-
tional variables to comprehensively assess the factors contributing to the occurrence
of preeclampsia in patients with GDM.

Conclusion

The incidence of preeclampsia among GDM patients was as high as 28.30%
(60/212), significantly exceeding the reported prevalence of preeclampsia in the
general population. In addition, the occurrence of preeclampsia in patients with
gestational diabetes is influenced not only by blood pressure but also by BMI,
HbAlc, and BUN levels. The combination of these three factors may serve as
a valuable predictor of preeclampsia risk in this population. Therefore, in clini-
cal practice, attention should be given to high-risk groups, especially patients with
high BMI, HbAlc, and BUN levels. Preventive measures should include ensuring
adequate rest, dietary modifications, appropriate physical activity, regular prenatal
examinations, enhanced fetal monitoring, and adherence to prescribed medications
when necessary. Additionally, for pregnant women with pre-existing hypertension,
chronic kidney disease, or diabetes, it is recommended that these chronic diseases
be optimized before conception to reduce the risk of preeclampsia.

e The incidence of preeclampsia among GDM patients was significantly
higher than the reported prevalence in the general population.

e Univariate analysis identified BMI, time interval of prenatal examination,
SBP, DBP, FBG, HbAlc, TG, Hb, AST, LDH, Scr, BUN, and UA as
factors associated with preeclampsia in GDM patients.

e Multivariate logistic regression analysis determined that elevated SBP,
DBP, BMI, HbAlc, and BUN are independent risk factors for preeclamp-
sia in GDM patients.

e The combination of BMI, HbAlc, and BUN demonstrates high diagnostic
efficiency in predicting preeclampsia in patients with GDM.
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