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Abstract: Objective: This study aims to explore the association between serum creatinine (Scr), uric acid (UA), D-
dimer (D-D) levels and disease severity in patients with hypertensive disorders of pregnancy (HDP), and to establish 
a nomogram model for risk stratification and prediction of adverse pregnancy outcomes (APO). Methods: We retro-
spectively analyzed 230 HDP patients, categorizing them into two groups based on the occurrence of APO: the APO 
group (n=75) and the non-APO group (n=155). The predictive value of biomarkers for disease severity was evalu-
ated, and a composite risk model incorporating both severity and biomarkers was constructed to assess APO risk. 
Then we checked different clinical indicators between the two groups to find which ones might be linked to APO. We 
used this information to make a nomogram model that showed the risk of APO in HDP patients. We tested how well 
the model worked. Results: Out of 230 HDP patients, 75 had bad pregnancy results (32.61%). The univariate logistic 
regression analysis showed several factors linked to APO: maternal age, disease severity, D-D levels, Scr, and UA (all 
P<0.05). Further multivariate logistic regression identified four independent risk factors: disease severity, D-D, Scr, 
and UA (all P<0.05). Using these, we built a nomogram model. The model exhibited good calibration and goodness-
of-fit (P=0.230). A receiver operating characteristic analysis showed the model worked well, with an area under the 
curve of 0.888 (95% confidence interval: 0.844-0.932). The model had a sensitivity of 89.0%, a specificity of 74.7%, 
and an overall accuracy of 84.35%. A decision curve analysis showed that the model was helpful for doctors in mak-
ing clinical decisions. Conclusion: We developed a nomogram model to help predict APO in women with HDP. The 
results showed that the model performed well in terms of accuracy and consistency.
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Introduction

Hypertensive disorders of pregnancy (HDP) are 
a common group of complicating problems dur-
ing pregnancy, affecting about one in ten preg-
nant women [1, 2]. HDP includes several sub-
types, such as gestational hypertension, pre- 
eclampsia, and eclampsia. Once the condition 
worsens, especially when it progresses to pre-
eclampsia or eclampsia, pregnant women may 
experience severe symptoms like convulsions, 
altered consciousness, or even coma. Clinical 
observations have shown that these severe 
symptoms often indicate a series of adver- 
se pregnancy outcomes (APO), including fetal 

growth restriction (FGR), placental abruption, 
preterm birth, and even stillbirth [3]. As such, 
identifying key risk factors associated with APO, 
detecting high-risk patients early, and applying 
timely, evidence-based interventions are es- 
sential for improving maternal and fetal safety 
in clinical settings.

HDP can cause serious problems for both moth-
er and baby. There are many reasons for these 
problems, which involve a number of changes in 
the body’s functioning. One of the main prob-
lems is that blood vessels remain too constrict-
ed for long periods of time. This reduces the 
oxygen and blood supply to the placenta. Re- 
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cent studies have found that this blood flow 
impairment may be related to abnormal expres-
sion of angiotensin II receptors and dysregula-
tion of their downstream signaling pathways 
[4]. Patients with HDP usually present with mul-
tiorgan involvement, including ischemia, hypox-
ia, and edema in vital organs such as the heart, 
brain, liver, and kidneys. In severe cases, these 
symptoms can progress to organ damage and 
even organ failure [5]. A hallmark of preeclamp-
sia is defective remodeling of the uterine spiral 
arteries [6]. Under normal conditions, extravil-
lous trophoblasts invade and transform these 
arteries into low-resistance, high-capacitance 
vessels to ensure adequate placental perfu-
sion. However, when maternal immune regula-
tion is altered, particularly involving uterine 
natural killer cells, trophoblast differentiation 
may be impaired. This limits arterial transfor-
mation, resulting in chronic placental hypoxia 
and restricted blood flow [7]. This situation is 
very likely to lead to a series of pregnancy 
complications.

It has been suggested that the age of the moth-
er, as well as the severity of the condition, may 
be associated with the occurrence of APO [8, 
9]. To improve the detection of these risks, 
recent studies have explored the combined use 
of multiple biomarkers instead of relying on a 
single indicator [10]. Among them, uric acid 
(UA), as an end product of purine metabolism, 
has received attention for its association with 
vascular endothelial damage and decreased 
placental function [11]. Serum creatinine (Scr), 
which indicates kidney filtration capacity, is 
another important marker. In women with HDP, 
declining renal function often results in elevat-
ed Scr, which can worsen blood pressure con-
trol and raise the risk of organ damage [12, 13]. 
Similarly, higher levels of D-dimer (D-D) may 
suggest a prothrombotic state that could im- 
pair placental blood flow [14]. Therefore, dyna- 
mic monitoring of UA, Scr, and D-D levels can 
help clinicians identify high-risk patients earli-
er. However, the current combined multi-indica-
tor prediction model still faces some problems, 
such as insufficient sensitivity, poor reproduc-
ibility, and the stability of clinical application 
needs to be further verified.

This study focused on exploring the association 
between UA, Scr and D-D levels and APO in 
HDP patients. A nomogram model was devel-

oped for the study. Subsequently, the predic-
tive effect of the model was evaluated using 
calibration curve, receiver operating character-
istic curve and decision curve analysis (DCA). 
The results of the study are expected to inform 
clinical work and assist healthcare profession-
als in more effectively identifying high-risk HDP 
patients and developing individualized inter-
vention strategies to optimize maternal and 
infant outcomes.

Materials and methods

General information

Clinical data were retrospectively collected 
from 230 patients with HDP who were treated 
at Peking University First Hospital Ningxia 
Women and Children’s Hospital (Ningxia Hui 
Autonomous Region Maternal and Child Health 
Hospital) between June 2021 to June 2024. 
Inclusion criteria: (1) diagnosis of HDP; (2) sin-
gleton pregnancy; (3) post-diagnosis antihyper-
tensive treatment with good adherence; (4) 
gestational age ≥28 weeks at delivery. Exclu- 
sion criteria: (1) communication difficulties or 
psychiatric disorders, including anxiety, depres-
sion, or schizophrenia; (2) severe cardiac, he- 
patic, or renal dysfunction; (3) coexisting preg-
nancy-related complications; (4) incomplete 
medical records. This study was approved by 
the Ethics Committee of Peking University First 
Hospital Ningxia Women and Children’s Hos- 
pital (Ningxia Hui Autonomous Region Maternal 
and Child Health Hospital).

Basic data collection

Patient data were collected, including age, pre-
pregnancy body mass index, educational back-
ground, number of pregnancies, gestational 
week, pre-conception screening, disease se- 
verity, history of miscarriage, family history of 
hypertension, fetal presentation, delivery meth-
od, and consistent folic acid supplementation 
during early pregnancy. APO were defined in 
this study according to the 2009 World Health 
Organization maternal near-miss criteria and 
the Pre-eclampsia Integrated Risk Score mo- 
del proposed by Von Dadelszen et al. [15]. APO 
was characterized by the presence of one or 
more conditions during pregnancy or postpar-
tum: maternal death, disseminated intravascu-
lar coagulation, acute heart failure, hemolytic 
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anemia, hemolysis, elevated liver enzymes, 
and low platelets syndrome, placental abrupti-
on, posterior reversible encephalopathy syn-
drome, exudative retinal detachment, non-car-
diogenic acute pulmonary edema, acute liver 
failure, FGR, intrauterine fetal death, stillbirth, 
preterm birth (<37 weeks), low birth weight 
(<2500 g), neonatal asphyxia, or neonatal 
intensive care unit admission.

Clinical data collection

On the second day after admission, 6 mL of 
fasting peripheral venous blood was collected 
from all patients for the assessment of various 
laboratory parameters, including high-density 
lipoprotein, low-density lipoprotein, triglycer-
ides, total cholesterol, D-D, Scr, UA, platelet 
count, and hemoglobin.

Statistical analysis

Data analysis was conducted using SPSS ver-
sion 22.0. The normality of continuous vari-
ables was assessed with the Kolmogorov-
Smirnov test. Normally distributed data were 
expressed as 

_
x±s, and intergroup comparisons 

were performed using the t-test. For non-nor-
mally distributed data, results were expressed 
as [M (Q1, Q3)], and comparisons were con- 
ducted using the Mann-Whitney U test. Cate- 
gorical variables were presented as frequen-
cies and percentages [n (%)], with group differ-
ences assessed by the χ2 test or Fisher’s exact 
test. Predictive model variables were selected 
through univariate logistic regression analysis, 
while independent predictors were identified 
using multivariate logistic regression analysis. 
A two-tailed significance level of α=0.05 was 
applied, with P<0.05 considered statistically 
significant. A nomogram prediction model was 
developed based on multivariate logistic re- 
gression analysis. The model’s diagnostic accu-
racy and clinical utility were evaluated through 
calibration curve, receiver operating character-
istic curve analysis, and DCA.

Results

Comparison of basic data

This study included 230 patients, among whom 
75 experienced APO, resulting in an incidence 
rate of 32.61% (75/230). The mean age in the 
APO group was 30.43±3.15 years, which was 

significantly higher than that in the non-APO 
group (29.58±2.81 years; P<0.05). A statisti-
cally significant difference was observed in the 
distribution of disease severity between the 
two groups (P<0.001). No significant differenc-
es were found in other baseline characteristics 
(all P>0.05) (Table 1).

Comparison of clinical data

The D-D level in the APO group was 0.93 (0.72, 
1.09) mg/L, which was significantly higher than 
the 0.67 (0.51, 0.79) mg/L observed in the 
non-APO group (P<0.001). The Scr level in the 
APO group was 49.39±11.43 μmol/L, signifi-
cantly higher than 42.85±10.15 μmol/L in the 
non-APO group (P<0.001). Similarly, the UA 
level was 361.38±55.39 μmol/L in the APO 
group, significantly exceeding the 315.19± 
61.47 μmol/L recorded in the non-APO group 
(P<0.001). No significant differences were fo- 
und in other clinical parameters between the 
two groups (all P>0.05) (Table 2).

Univariate logistic regression analysis of fac-
tors associated with APO in patients with HDP

For variable assignment in the regression anal-
ysis, continuous variables including age, body 
mass index, number of pregnancies, gestation-
al week, high-density lipoprotein, low-density 
lipoprotein, triglycerides, total cholesterol, D-D, 
Scr, UA, platelet count, and hemoglobin were 
entered using their actual measured values. 
Categorical variables were assigned as follows: 
educational background was coded as 0 for pri-
mary school, 1 for middle and high school, and 
2 for college. Pre-conception screening, history 
of miscarriage, family history of hypertension, 
and consistent folic acid supplementation dur-
ing early pregnancy were coded as 0 for no and 
1 for yes. Fetal presentation was coded as 0 for 
cephalic presentation and 1 for breech presen-
tation. Delivery method was coded as 0 for 
vaginal birth and 1 for cesarean delivery. In 
order to reflect clinical progression of HDP, the 
diagnostic categories of gestational hyperten-
sion, preeclampsia, and eclampsia were con-
solidated into a categorical variable labeled 
“the severity of the disease” (Table 3). A uni-
variate logistic regression analysis was con-
ducted using the occurrence of APO in HDP 
patients as the dependent variable and va- 
rious clinical indicators as independent vari-
ables. The analysis revealed that age (odds 
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Table 1. Comparison of basic data (
_
x±s)/[n (%)]

APO (n=75) Non-APO (n=155) t/χ2 P
Age 30.43±3.15 29.58±2.81 2.057 0.041
Pre-pregnancy BMI (kg/m2) 21.48±2.01 20.96±2.15 1.751 0.081
Educational background 0.656 0.721
    Primary school 15 (20.00) 27 (17.42)
    Middle and high school 26 (34.67) 49 (31.61)
    College 34 (45.33) 79 (50.97)
Number of pregnancies 1.65±0.51 1.79±0.53 1.906 0.058
Gestational week 37.51±1.21 37.78±1.48 1.390 0.166
Pre-conception screening 2.189 0.139
    No 21 (28.00) 30 (19.35)
    Yes 54 (72.00) 125 (80.65)
Disease severity - <0.001a

    Gestational hypertension 37 (49.33) 114 (73.55)
    Preeclampsia 34 (45.33) 40 (25.81)
    Eclampsia 4 (5.33) 1 (0.65)
History of miscarriage 1.524 0.217
    No 63 (84.00) 139 (89.68)
    Yes 12 (16.00) 16 (10.32)
Family history of hypertension 1.204 0.273
    No 59 (78.67) 131 (84.52)
    Yes 16 (21.33) 24 (15.48)
Fetal presentation 0.457 0.499
    Cephalic presentation 65 (86.67) 139 (89.68)
    Breech presentation 10 (13.33) 16 (10.32)
Delivery method 1.078 0.299
    Vaginal birth 56 (74.67) 125 (80.65)
    Cesarean delivery 19 (25.33) 30 (19.35)
Consistent folic acid supplementation during early pregnancy 3.426 0.064
    No 21 (28.00) 27 (17.42)
    Yes 54 (72.00) 128 (82.58)
Note: APO, adverse pregnancy outcomes; BMI, body mass index; aFisher’s exact tests.

Table 2. Comparison of clinical data (
_
x±s)/[M (Q1, Q3)]

APO (n=75) Non-APO (n=155) t/Z P
HDL (mmol/L) 1.85±0.34 1.94±0.35 1.899 0.059
LDL (mmol/L) 3.70±0.53 3.60±0.80 0.917 0.360
TG (mmol/L) 3.94±1.24 3.83±1.05 0.752 0.453
TC (mmol/L) 5.94±0.64 5.84±0.68 1.065 0.266
D-D (mg/L) 0.93 (0.72, 1.09) 0.67 (0.51, 0.79) 6.539 <0.001
Scr (μmol/L) 49.39±11.43 42.85±10.15 4.401 <0.001
UA (μmol/L) 361.38±55.39 315.19±61.47 5.515 <0.001
PLT (×109/L) 233.85±41.62 222.37±43.59 1.901 0.059
Hb (g/L) 124.69 (116.79, 137.56) 123.05 (113.38, 133.43) 1.502 0.133
Note: APO, adverse pregnancy outcomes; HDL, high-density lipoprotein; LDL, low-density lipoprotein; TG, triglycerides; TC, total 
cholesterol; D-D, D-dimer; Scr, Serum creatinine; UA, uric acid; PLT, platelet count; Hb, hemoglobin.
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ratio [OR]=1.104, 95% confidence interval [CI]: 
1.003-1.215, P=0.042), preeclampsia (OR= 
2.619, 95% CI: 1.454-4.718, P=0.001), ec- 
lampsia (OR=12.324, 95% CI: 1.335-113.754, 
P=0.027), D-D (OR=115.701, 95% CI: 25.542-
524.103, P<0.001), Scr (OR=1.061, 95% CI: 
1.031-1.091, P<0.001), and UA (OR=1.014, 
95% CI: 1.008-1.019, P<0.001) were signifi-
cant predictors of APO in HDP patients (Table 
4).

Multivariate logistic regression analysis of fac-
tors associated with APO in patients with HDP

Using the occurrence of APO in patients with 
HDP as the dependent variable, variables with 
P<0.05 from the univariate logistic regression 
analysis (Table 4) were included as indepen-
dent variables in the multivariate logistic re- 
gression analysis to further identify indepen-
dent risk factors for APO. The results showed 
that preeclampsia (OR=2.443, 95% CI: 1.116-
5.348, P=0.025), eclampsia (OR=44.086, 95% 
CI: 1.706-1139.549, P=0.023), D-D (OR= 
410.744, 95% CI: 55.268-3052.610, P<0.001), 
Scr (OR=1.099, 95% CI: 1.057-1.142, P<0.001), 
and UA (OR=1.021, 95% CI: 1.013-1.029, P< 

0.001) were identified as independent risk fac-
tors for APO in HDP patients (Table 5).

Construction of nomogram prediction model

A nomogram prediction model was developed 
based on the independent risk factors for APO 
in patients with HDP identified through multi-
variate logistic regression analysis, including 
disease severity, D-D, Scr, and UA (Figure 1). 
Each predictive factor was assigned a score 
according to its contribution to the outcome. 
The total score can then be used to estimate 
the risk of APO in HDP patients. Figure 1 visu-
ally represents the contribution of each predic-
tor to the total risk score. Each variable is 
aligned with a corresponding point scale, and 
the cumulative total points can be mapped to 
an estimated probability of APO at the bottom 
of the chart. This tool allows for intuitive bed-
side risk estimation.

Calibration analysis

The Hosmer-Lemeshow test indicated that the 
nomogram model demonstrated satisfactory 
goodness-of-fit and calibration (P=0.230), sug-

Table 3. Assignment of each factor
Assignment

Age Enter the actual value
Pre-pregnancy BMI Enter the actual value
Educational background 0= Primary school, 1= Middle and high school, 2= College
Number of Pregnancies Enter the actual value
Gestational week Enter the actual value
Pre-conception screening 0= no, 1= yes
The severity of the disease 0= Gestational hypertension, 1= Preeclampsia, 2= Eclampsia
History of miscarriage 0= no, 1= yes
Family history of hypertension 0= no, 1= yes
Fetal presentation 0= Cephalic presentation, 1= Breech presentation
Delivery method 0= Vaginal birth, 1= Cesarean delivery
Consistent folic acid supplementation during early pregnancy 0= no, 1= yes
HDL Enter the actual value
LDL Enter the actual value
TG Enter the actual value
TC Enter the actual value
D-D Enter the actual value
Scr Enter the actual value
UA Enter the actual value
PLT Enter the actual value
Hb Enter the actual value
Note: BMI, body mass index; HDL, high-density lipoprotein; LDL, low-density lipoprotein; TG, triglycerides; TC, total cholesterol; D-D, D-dimer; Scr, 
Serum creatinine; UA, uric acid; PLT, platelet count; Hb, hemoglobin.
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gesting that the model accurately represents 
the actual data distribution (Figure 2).

Diagnostic performance evaluation

The area under the curve for the model was 
0.888 (95% CI: 0.844-0.932), indicating strong 
discriminative capacity (Figure 3). The model 
demonstrated a sensitivity of 0.890, a specific-

ity of 0.747, and an overall accuracy of 84.35%, 
highlighting its high diagnostic efficacy.

Clinical utility evaluation

The DCA, which plots net benefit on the y-axis 
and threshold probability on the x-axis, demon-
strated that the net benefit remained above 
zero when the threshold probability ranged 

Table 4. Univariate logistic regression analysis of factors associated with APO in patients with HDP
B SE P OR (95% CI)

Age 0.099 0.049 0.042 1.104 (1.003-1.215)
Pre-pregnancy BMI (kg/m2) 0.133 0.072 0.064 1.143 (0.992-1.316)
Educational background
    Primary school Reference
    Middle and high school 0.061 0.407 0.881 1.063 (0.478-2.361)
    College -0.186 0.388 0.631 0.830 (0.388-1.776)
Number of Pregnancies -0.511 0.271 0.059 0.600 (0.353-1.020)
Gestational week -0.144 0.104 0.166 0.866 (0.707-1.061)
Pre-conception screening
    No Reference
    Yes -0.483 0.328 0.141 0.617 (0.325-1.173)
The severity of the disease
    Gestational hypertension Reference
    Preeclampsia 0.963 0.300 0.001 2.619 (1.454-4.718)
    Eclampsia 2.512 1.134 0.027 12.324 (1.335-113.754)
History of miscarriage
    No Reference
    Yes 0.504 0.411 0.220 1.655 (0.739-3.703)
Family history of hypertension
    No Reference
    Yes 0.392 0.359 0.274 1.480 (0.733-2.991)
Fetal presentation
    Cephalic presentation Reference
    Breech presentation 0.290 0.430 0.500 1.337 (0.575-3.106)
Delivery method
    Vaginal birth Reference
    Cesarean delivery 0.346 0.334 0.301 1.414 (0.734-2.723)
Consistent folic acid supplementation during early pregnancy
    No Reference
    Yes -0.612 0.333 0.066 0.542 (0.282-1.042)
HDL (mmol/L) -0.791 0.421 0.061 0.454 (0.199-1.036)
LDL (mmol/L) 0.181 0.197 0.359 1.198 (0.814-1.763)
TG (mmol/L) 0.096 0.127 0.451 1.101 (0.858-1.412)
TC (mmol/L) 0.248 0.223 0.266 1.281 (0.828-1.983)
D-D (mg/L) 4.751 0.771 <0.001 115.701 (25.542-524.103)
Scr (μmol/L) 0.059 0.014 <0.001 1.061 (1.031-1.091)
UA (μmol/L) 0.014 0.003 <0.001 1.014 (1.008-1.019)
PLT (×109/L) 0.006 0.003 0.060 1.006 (1.000-1.013)
Hb (g/L) 0.016 0.010 0.132 1.016 (0.995-1.037)
Note: APO, adverse pregnancy outcomes; HDP, hypertensive disorders of pregnancy; OR, odds ratio; CI, confidence interval; SE, standard error; 
BMI, body mass index; HDL, high-density lipoprotein; LDL, low-density lipoprotein; TG, triglycerides; TC, total cholesterol; D-D, D-dimer; Scr, Serum 
creatinine; UA, uric acid; PLT, platelet count; Hb, hemoglobin.
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Table 5. Multivariate logistic regression analysis of factors associated with APO in patients with HDP
B SE P OR (95% CI)

The severity of the disease
    Gestational hypertension Reference
    Preeclampsia 0.893 0.400 0.025 2.443 (1.116-5.348)
    Eclampsia 3.786 1.659 0.023 44.086 (1.706-1139.549)
D-D (mg/L) 6.018 1.023 <0.001 410.744 (55.268-3052.610)
Scr (μmol/L) 0.094 0.020 <0.001 1.099 (1.057-1.142)
UA (μmol/L) 0.021 0.004 <0.001 1.021 (1.013-1.029)
Note: APO, adverse pregnancy outcomes; HDP, hypertensive disorders of pregnancy; OR, odds ratio; CI, confidence interval; SE, 
standard error; D-D, D-dimer; Scr, Serum creatinine; UA, uric acid.

Figure 1. Nomogram prediction model. Note: Scr, Serum creatinine; UA, uric 
acid.

Discussion

HDP are one of the most com-
mon complications during pre- 
gnancy and a significant con-
tributor to APO. In this study, 
the incidence of APO among 
HDP patients was found to be 
32.61%, which closely aligns 
with the 37.5% reported by  
Yan et al. [16]. This consisten-
cy highlights the elevated risk 
of APO in HDP patients. Iden- 
tifying the main risk factors 
and building practical tools for 
early prediction plays a critical 
role in improving both mater-
nal and neonatal outcomes. 
We analyzed the clinical data 
of 230 HDP patients and gr- 
ouped them based on whether 
they experienced APO. We us- 
ed multivariate logistic regres-
sion and found that disease 
severity, D-D, Scr, and UA we- 
re all independently linked to 
APO. Nomograms built on the- 
se variables excel in accuracy 
and clinical utility. They offer a 
robust tool for early identifica-
tion of high-risk patients and 
support the development of 
personalized intervention stra- 
tegies to enhance maternal 
and neonatal health outcom- 
es.

Figure 2. Calibration curves.

from 0.1 to 1. This finding suggested that the 
nomogram risk prediction model possessed 
favorable clinical utility (Figure 4).

As the disease progresses, the hemodynamic 
regulation of vital maternal organs and the pla-
centa deteriorates, significantly increasing the 
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Figure 3. ROC curves. Note: ROC, receiver operating characteristic; AUC, 
area under curve; CI, confidence interval.

Figure 4. DCA. Note: DCA, decision curve analysis.

risk of APO. Our findings indicated that the pro-
gression of HDP was closely linked to an increa- 
sed risk of pregnancy-related complications. In 
preeclamptic patients, endothelial dysfunction 
was especially pronounced. Endothelial cells 
pumped out too many inflammatory signals, 

setting off body-wide inflam-
mation. This made blood ves-
sels leaky, causing familiar 
problems like swelling and hi- 
gh blood pressure [17]. Fur- 
thermore, in preeclampsia, a 
localized chronic inflammatory 
state of the placenta might 
interfere with normal blood 
flow regulation mechanisms by 
disrupting vascular endothelial 
integrity, ultimately leading to 
reduced placental perfusion. 
This disrupted normal perfu-
sion to the placenta and ma- 
ternal organs, ultimately con-
tributes to placental dysfunc-
tion. Poor placental blood flow, 
in turn, was closely linked to 
FGR, placental abruption, and 
higher rates of perinatal death 
[4, 18]. Burwick et al. report- 
ed that the risk of perinatal 
death was noticeably higher in 
women with severe preeclamp-
sia compared to those with 
milder forms of the condition 
[19]. Razaz et al. [20] further 
emphasized that disrupted re- 
gulation of cerebral blood ves-
sels during eclamptic seizures 
could cause sharp increases  
in perfusion pressure. This led 
to brain swelling and hemor-
rhage, two major contributors 
to maternal death in eclam- 
psia.

To better understand how dis-
ease progression affects preg-
nancy outcomes through blood 
function disorders, it is neces-
sary to focus on the impact of 
coagulation abnormalities in 
patients with HDP. Previous 
research has demonstrated 
that elevated blood pressure 
could easily damage the vas-
cular endothelium. Once this 

protective barrier was compromised, normal 
coagulation balance was often disturbed as 
well [13]. In this study, we observed that D-D 
levels were significantly elevated in patients 
with APO. D-D is widely recognized as a marker 
of hypercoagulability, and its elevation may 
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also signal the early formation of microthrombi. 
Although the shift may appear minor, it carries 
real risks for both maternal and fetal health. In 
addition, platelet activation and impaired fibri-
nolysis in preeclampsia significantly increase 
the risk of thrombosis, further worsening pla-
cental perfusion disorders [21]. Several studies 
have also linked elevated D-D levels to the 
severity of preeclampsia, suggesting an increa- 
sed risk of thromboembolic complications as 
the disease progresses [14, 22]. These find- 
ings emphasized the critical role of hemody-
namic instability and impaired organ perfusion 
in the progression of HDP. Together with endo-
thelial dysfunction and increased vascular re- 
sistance, these factors appear to drive the 
development of APO. Therefore, monitoring and 
managing disease progression in patients with 
HDP is essential to improve maternal and neo-
natal prognosis.

It is worth noting that the OR for both D-D and 
eclampsia in our multivariate model were ex- 
ceptionally high, with wide CIs. This may indi-
cate a degree of instability in the risk estimat- 
es, particularly for eclampsia, where the sam-
ple size is very limited. As such, the predictive 
value of eclampsia in the model should be 
interpreted with caution. This statistical limita-
tion has been acknowledged as a potential 
source of reduced robustness in the model and 
highlights the need for validation in larger and 
more diverse patient populations.

This study demonstrated that Scr and UA were 
strongly associated with APO in patients with 
HDP, and supported the idea that attention to 
these markers during pregnancy could help 
identify potential risks in a timely manner. UA is 
a product of purine metabolism and is excreted 
mainly through the renal tubules [23]. In pre-
eclampsia, prolonged arterial constriction aff- 
ects placental blood supply, leading to hypoxia 
and metabolic disturbances and elevated lac-
tate levels [24]. Increased lactate decreases 
the acid-excretory capacity of the renal tubules, 
making it difficult to excrete UA, ultimately 
resulting in elevated serum UA concentrations 
[25]. Ahmed et al. reported that elevated UA 
induced inflammatory responses and hyperac-
tivated the immune system, thereby worsening 
systemic maternal inflammation and signifi-
cantly increasing the risk of APO [26]. Natural 
killer cells are essential in early pregnancy, 

where they regulate immune balance and pro-
mote spiral artery remodeling through tropho-
blast invasion, ensuring adequate placental 
perfusion [27]. Elevated UA levels, however, 
may impair natural killer cell function and re- 
duce their numbers, disrupting the remodeling 
process and exacerbating placental blood flow 
impairments [28]. This mechanism is thought 
to play a critical role in the pathogenesis of 
both HDP and preeclampsia. Scr serves as a 
key indicator of glomerular filtration rate, pri-
marily excreted through glomerular filtration 
[12]. During normal pregnancy, Scr levels typi-
cally demonstrate a physiological decline due 
to increased blood volume and elevated glo-
merular filtration rate [29]. However, in patients 
with HDP, especially those with preeclampsia 
or eclampsia, renal function is often impaired 
to varying degrees, and Scr levels tend to be 
elevated [30]. Rising Scr values generally re- 
flect reduced glomerular filtration capacity, po- 
tentially stemming from multiple pathological 
mechanisms, including renal ischemia, vascu-
lar endothelial damage, and microangiopathy 
[31, 32]. Previous studies have found that 
reduced renal perfusion in preeclampsia could 
lead to glomerular injury, which in turn lead  
to excretory dysfunction and accumulation of 
metabolic waste products [33, 34]. Further- 
more, persistently elevated Scr may signify 
chronic hypertension-induced kidney damage 
[35]. Kang et al. demonstrated that increased 
Scr was significantly correlated with organ fail-
ure risk in preeclampsia patients, establishing 
it as an independent predictor of APO [36]. 
Thus, combined monitoring of Scr, D-D, and UA 
levels enables dynamic assessment of disease 
progression in HDP patients.

This study affirms that APO are closely linked  
to the severity of HDP and elevated levels of 
D-D, UA, and Scr. Based on these variables, we 
established a nomogram model that may serve 
as a useful clinical tool for early risk detection 
and tailoring individualized treatment strate-
gies. Nonetheless, several limitations should 
be acknowledged. First, the selected biomark-
ers are limited in scope, primarily reflecting he- 
matologic and renal functions, while ignoring 
placental indicators such as blood flow and  
perfusion. This exclusion may have led to the 
omission of important pathological mecha-
nisms associated with APO. Incorporating imag-
ing or Doppler studies in future research may 
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offer a more layered understanding. Second, 
the number of patients with eclampsia in our 
dataset is very small, which may have led to 
overestimated ORs and wide CIs in the regres-
sion model. This limitation affects the stability 
and generalizability of the predictive value 
associated with eclampsia. Next-phase re- 
search is expected to recruit larger, multi-cen-
ter cohorts across different regions. Splitting 
data into training and validation sets will prove 
crucial information for building reliable tools 
that work for all populations.

Disclosure of conflict of interest

None.

Address correspondence to: Qin Fang, Department 
of Gynecology, Women’s Hospital of Nanjing Medical 
University (Nanjing Women and Children’s Health- 
care Hospital), No. 123 Mochou Road, Nanjing 
210004, Jiangsu, China. Tel: +86-025-52226777; 
E-mail: fqin5577@163.com

References

[1]	 Bajpai D, Popa C, Verma P, Dumanski S and 
Shah S. Evaluation and management of hyper-
tensive disorders of pregnancy. Kidney360 
2023; 4: 1512-1525.

[2]	 Palmrich P, Haase N, Sugulle M, Kalafat E, 
Khalil A and Binder J. Maternal haemodynam-
ics in hypertensive disorders of pregnancy un-
der antihypertensive therapy (HyperDiP): study 
protocol for a prospective observational case-
control study. BMJ Open 2023; 13: e065444.

[3]	 Xavier IM, Simões ACZ, Oliveira R, Barros YE, 
Sarmento ACA, Medeiros KS, Costa APF, 
Korkes H and Gonçalves AK. Maternal-fetal 
outcomes of women with hypertensive disor-
ders of pregnancy. Rev Assoc Med Bras (1992) 
2023; 69: e20230060.

[4]	 Clark CR and Khalil RA. Regulation of vascular 
angiotensin II type 1 and type 2 receptor and 
angiotensin-(1-7)/MasR signaling in normal 
and hypertensive pregnancy. Biochem Phar-
macol 2024; 220: 115963.

[5]	 Yu JH, Jung YJ, Kim MS, Cho SR and Kim YH. 
Differential expression of NME4 in trophoblast 
stem-like cells and peripheral blood mononu-
clear cells of normal pregnancy and pre-
eclampsia. J Korean Med Sci 2023; 38: e128.

[6]	 Hao W, Chang Z, Dou B, Li F, Qiao Z and Zhang 
L. The relationship between vitamin A and E 
levels and the severity of disease and oxidative 
stress injury in patients with preeclampsia. Am 
J Transl Res 2024; 16: 4601-4611.

[7]	 Li Q, Sharkey A, Sheridan M, Magistrati E, Aru-
tyunyan A, Huhn O, Sancho-Serra C, Anderson 
H, McGovern N, Esposito L, Fernando R, Gard-
ner L, Vento-Tormo R, Turco MY and Moffett A. 
Human uterine natural killer cells regulate dif-
ferentiation of extravillous trophoblast early in 
pregnancy. Cell Stem Cell 2024; 31: 181-195, 
e9.

[8]	 Khan SS, Petito LC, Huang X, Harrington K, Mc-
Neil RB, Bello NA, Bairey Merz CN, Miller EC, 
Ravi R, Scifres C, Catov JM, Pemberton VL, 
Varagic J, Zee PC, Yee LM, Ray M, Kim JK, 
Lane-Cordova AD, Lewey J, Theilen LH, Saade 
GR, Greenland P and Grobman WA; NICHD nu-
MoM2b and NHLBI nuMoM2b Heart Health 
Study Networks. Body mass index, adverse 
pregnancy outcomes, and cardiovascular dis-
ease risk. Circ Res 2023; 133: 725-735.

[9]	 Lin L, Guo YN, Xu X, Huang LP, Yang QP and 
Yan JY. Analysis of maternal and fetal out-
comes and establishment of prediction model 
of vaginal delivery in pregnant women with 
pre-eclampsia complicated with fetal growth 
restriction. Eur Rev Med Pharmacol Sci 2023; 
27: 9947-9954.

[10]	 Zhou Y, Xiao C and Yang Y. Pre-pregnancy body 
mass index combined with peripheral blood 
PLGF, DCN, LDH, and UA in a risk prediction 
model for pre-eclampsia. Front Endocrinol 
(Lausanne) 2024; 14: 1297731.

[11]	 Samaha II, Donayeva A and Abdelazim IA. The 
relation between serum uric acid and severity 
of preeclampsia in pregnant women: a cross-
sectional study. Prz Menopauzalny 2023; 22: 
130-134.

[12]	 Baral S, Uprety AB and Kshetri R. Serum uric 
acid to creatinine ratio with estimated glomer-
ular filtration rate in type 2 diabetes patients. J 
Nepal Health Res Counc 2023; 21: 271-276.

[13]	 Zhu W, Wang H, Chen Y, Qiu L and Cui S. Role 
of coagulation indices in assessinghyperten-
sive disorders in pregnancy and predicting de-
livery outcomes. Am J Transl Res 2024; 16: 
5856-5864.

[14]	 Chen Y, Chen Y, Wang X, Chu X, Ning W, Gu L, Li 
L, Xie Z and Wen C. Second trimester maternal 
serum D-dimer combined with alpha-fetopro-
tein and free β-subunit of human chorionic go-
nadotropin predict hypertensive disorders of 
pregnancy: a systematic review and retrospec-
tive case-control study. J Transl Med 2021; 19: 
94.

[15]	 von Dadelszen P, Payne B, Li J, Ansermino  
JM, Broughton Pipkin F, Côté AM, Douglas MJ, 
Gruslin A, Hutcheon JA, Joseph KS, Kyle PM, 
Lee T, Loughna P, Menzies JM, Merialdi M, Mill-
man AL, Moore MP, Moutquin JM, Ouellet AB, 
Smith GN, Walker JJ, Walley KR, Walters BN, 
Widmer M, Lee SK, Russell JA and Magee LA; 

mailto:fqin5577@163.com


Adverse pregnancy outcomes in patients with hypertensive disorders of pregnancy

10006	 Am J Transl Res 2025;17(12):9996-10007

PIERS Study Group. Prediction of adverse ma-
ternal outcomes in pre-eclampsia: develop-
ment and validation of the fullPIERS model. 
Lancet 2011; 377: 219-227.

[16]	 Yan M, Wang J and Li L. The correlation be-
tween uric acid, urinary protein and umbilical 
artery blood flow related parameters and ma-
ternal and infant prognosis in patients with 
gestational hypertension. J Inflamm Res 2024; 
17: 10651-10661.

[17]	 Ozmen A, Nwabuobi C, Tang Z, Guo X, Larsen 
K, Guller S, Blas J, Moore M, Kayisli UA, Lock-
wood CJ and Guzeloglu-Kayisli O. Leptin-medi-
ated induction of IL-6 expression in hofbauer 
cells contributes to preeclampsia pathogene-
sis. Int J Mol Sci 2023; 25: 135.

[18]	 Westerberg AC, Degnes ML, Andresen IJ, Ro-
land MCP and Michelsen TM. Angiogenic and 
vasoactive proteins in the maternal-fetal inter-
face in healthy pregnancies and preeclampsia. 
Am J Obstet Gynecol 2024; 231: 550.e1-550.
e22.

[19]	 Burwick RM and Rodriguez MH. Angiogenic 
biomarkers in preeclampsia. Obstet Gynecol 
2024; 143: 515-523.

[20]	 Razaz N, Igland J, Bjørk MH, Joseph KS, Dreier 
JW, Gilhus NE, Gissler M, Leinonen MK, Zoega 
H, Alvestad S, Christensen J and Tomson T. 
Risk of perinatal and maternal morbidity and 
mortality among pregnant women with epilep-
sy. JAMA Neurol 2024; 81: 985-995.

[21]	 Lin SS, Wang CR, Wei DM, Lu JH, Chen XJ, 
Chen QZ, Xia XY, He JR and Qiu X. Incremental 
predictive value of platelet parameters for pre-
eclampsia: results from a large prospective 
cohort study. BMC Pregnancy Childbirth 2023; 
23: 387.

[22]	 Arslanoğlu T, Kurt-Bilirer K, Çallıoğlu N, Aydın-
Şenel S, Turan-Bakırcı I, Koç-Erol İN, Kar E, 
Bayram Z and Polat I. Can platelet activation 
markers predict preeclampsia and/or its se-
verity? Cir Cir 2024; 92: 52-58.

[23]	 Chen Z, Xue X, Ma L, Zhou S, Li K, Wang C, Sun 
W, Li C and Chen Y. Effect of low-purine diet on 
the serum uric acid of gout patients in differ-
ent clinical subtypes: a prospective cohort 
study. Eur J Med Res 2024; 29: 449.

[24]	 Shen XY, Huang J, Chen LL, Sha MT, Gao J and 
Xin H. Blocking lactate regulation of the Grhl2/
SLC31A1 axis inhibits trophoblast cuproptosis 
and preeclampsia development. J Assist Re-
prod Genet 2024; 41: 3201-3212.

[25]	 de Mendonça ELSS, da Silva JVF, Mello CS and 
de Oliveira ACM. Serum uric acid levels associ-
ated with biochemical parameters linked to 
preeclampsia severity and to adverse perina- 
tal outcomes. Arch Gynecol Obstet 2022; 305: 
1453-1463.

[26]	 Ahmed MM, Saad NE, Abbas SM, El Azizi  
TMS and El Sayed I. Elevated uric acid in  
gestational diabetes and its risk on pre- 
gnancy outcomes. SAGE Open Med 2024; 12: 
20503121241241934.

[27]	 Massri N, Loia R, Sones JL, Arora R and Doug-
las NC. Vascular changes in the cycling and 
early pregnant uterus. JCI Insight 2023; 8: 
e163422.

[28]	 Afrose D, Johansen MD, Nikolic V, Karadzov 
Orlic N, Mikovic Z, Stefanovic M, Cakic Z, Hans-
bro PM and McClements L. Evaluating oxida-
tive stress targeting treatments in in vitro mod-
els of placental stress relevant to preeclampsia. 
Front Cell Dev Biol 2025; 13: 275204734.

[29]	 Agampodi SB, Agampodi TC, Amarasinghe GS, 
Warnasekara JN, Hettiarachchi AU, Jayasinghe 
IU, Koralegedara IS, Abeyrathna P, Srimantha 
S, de Silva FN, Gunarathne SP and Wickrama-
singhe ND. Serum creatinine and estimated 
glomerular filtration rate (eGFR) in early preg-
nancy and changes during the pregnancy. 
PLOS Glob Public Health 2023; 3: e0000443.

[30]	 Dines V, Suvakov S, Kattah A, Vermunt J, Na-
rang K, Jayachandran M, Abou Hassan C, Nor-
by AM and Garovic VD. Preeclampsia and the 
kidney: pathophysiology and clinical implica-
tions. Compr Physiol 2023; 13: 4231-4267.

[31]	 Rodríguez-Rodríguez R, Hornum M, Rodríguez 
Rodríguez AE, Bevc S, Trevisani F, Fernández G, 
Hojs R, Fernández-Fernández B, Cases Corona 
CM, Cruzado JM, Quero M, Díaz MN, Bettiga A, 
Moreso F, Carro CG, Khazim K, Ghanem F, Iber-
nón M, Laranjinhia I, Mendonça L, Vieira MB, 
Feldt-Rasmussen B, Ortiz A, Bagi P, Sorensen 
CA, Morales E and Porrini E; DIABESITY work-
ing group of the European Renal Association. 
Renal disease in metabolic syndrome: the hid-
den role of intrarenal ischemia. Kidney Int Rep 
2024; 9: 1419-1428.

[32]	 Fischetti I, Pellicano C, DI Virgilio EM, Mastro-
manno L, Gattamelata A, Simoncelli E, Villa M, 
Colafrancesco S, Conti F, Rosato E, Gigante A 
and Priori R. AB0847 kidney involvement and 
progression in patients with systemic sclerosis 
and isolated sjögren’s syndrome. Annals of the 
Rheumatic Diseases 2024; 83: 1722-1723.

[33]	 Mistry HD, Kurlak LO, Gardner DS, Torffvit O, 
Hansen A, Broughton Pipkin F and Strevens H. 
Evidence of augmented intrarenal angioten-
sinogen associated with glomerular swelling in 
gestational hypertension and preeclampsia: 
clinical implications. J Am Heart Assoc 2019; 
8: e012611.

[34]	 Kinshella MW, Omar S, Scherbinsky K, Vidler 
M, Magee LA, von Dadelszen P, Moore SE and 
Elango R; PRECISE Conceptual Framework 
Working Group. Maternal nutritional risk fac-
tors for pre-eclampsia incidence: findings from 



Adverse pregnancy outcomes in patients with hypertensive disorders of pregnancy

10007	 Am J Transl Res 2025;17(12):9996-10007

a narrative scoping review. Reprod Health 
2022; 19: 188.

[35]	 Huang J, Li H, Yang X, Qian C, Wei Y and Sun M. 
The relationship between dietary inflammatory 
index (DII) and early renal injury in population 
with/without hypertension: analysis of the Na-
tional health and nutrition examination survey 
2001-2002. Ren Fail 2024; 46: 2294155.

[36]	 Kang J, Hwang S, Lee T, Ahn K, Seo DM, Choi 
SJ and Uh Y. Prediction model for Pre-eclamp-
sia using gestational-age-specific serum creat-
inine distribution. Biology (Basel) 2023; 12: 
816.


