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Abstract 

Background

Abnormal changes of peripheral blood parameters were observed in women with 

pregnancy induced hypertension (PIH) as indicators of multi-organ involvement, but 

the clinical significance of these promising biomarkers is still debated. This study 

aimed to determine the role of biochemical parameters and platelet indices for PIH 

identification and severity evaluation in Chinese population.

Methods

The clinical data of 837 singleton pregnant women were retrospectively analyzed and 

divided into normotensive control (n = 238), gestational hypertension (n = 213) and 

preeclampsia (n = 386) groups. Fasting blood samples were collected by first-time 

examination after admission for measurements by standard techniques. Multivari-

ate logistic regression was performed to assess independent factors correlated with 

pregnancy induced hypertension. Receiver operating characteristic (ROC) curves 

were constructed to examine diagnostic accuracy. Correlation analysis was used 

to evaluate the association between these parameters and Apgar score and birth 

weight.

Results

The urea, creatinine (Cr), uric acid (UA), aspartate aminotransferase (AST), alanine 

aminotransferase (ALT), gamma-glutamyl transpeptidase (GGT), lactate dehydro-

genase (LDH), mean platelet volume (MPV) and platelet distribution width (PDW) 
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values in the gestational hypertension or preeclampsia groups were significantly 

higher than those in control group, while total protein (TP), albumin (ALB), preal-

bumin (PA) and platelet count (PLT) levels were significantly lower. In multivariate 

regression model, gestational age (GA), body mass index (BMI), UA, ALB, LDH and 

MPV were found to be independent factors associated with gestational hypertension 

and preeclampsia. ROC curve analysis indicated that UA, ALB and LDH had good 

diagnostic performance for preeclampsia with the areas under the curve (AUC) of 

more than 0.7.

Conclusion

UA, ALB, LDH and MPV have been identified as accessible and valuable biomarkers 

in diagnosis, severity assessment and prognosis evaluation for gestational hyperten-

sion and preeclampsia.

Introduction

Pregnancy induced hypertension (PIH) is a pregnancy-specific syndrome of unknown 
etiology, characterized by new-onset hypertension, proteinuria or multisystem dys-
function after the 20th week of pregnancy [1]. Around 5–10% of pregnancies develop 
PIH worldwide,which is recognized as an important cause of substantial perinatal 
mortality and morbidity [2,3]. The consequences of this syndrome include the man-
ifestations of maternal multiorgan disorder and the adverse impacts on fetus, e.g., 
fetal distress, intrauterine growth restriction or even intrauterine death [4,5]. Effective 
and accurate identification of high-risk women requiring intensive monitoring and 
prophylactic intervention is crucial to improve perinatal outcomes.

Traditionally, the quantification of proteinuria, reflecting an increased protein 
excretion due to glomerular endothelial damage, was a most widely recommended 
parameter for making a diagnosis and evaluating the disease severity [6]. However, a 
considerable number of studies have shown that the role of proteinuria in progression 
assessment and adverse outcomes prediction is debatable as some individuals may 
not present with proteinuria in the clinical course [7,8], in addition, the nonstandard 
procedures for 24-hour urine sample collection are prone to preanalytical errors, 
thereby leading to inaccurate results.

So far, biochemical predictors such as AST, ALT, GGT, ALB, Cr, UA and LDH have 
shown potential values for comprehensive assessment of these disorders as their 
alterations represent the pathological status of multiorgan dysfunction and exhibit a 
positive cost-benefit in practical utility [9–11]. A prospective cohort study by Chen et 
al reported that elevated UA, GGT, and ALP in early gestation are independent risk 
factors for gestational hypertension or preeclampsia [12]. Corominas et al investi-
gated uric acid levels throughout gestation to propose that uric acid ratio greater than 
1.5 may be associated with the onset of preeclampsia [13]. Abnormal changes in 
platelet indices including PLT, MPV, PDW and PCT have been observed in women 
diagnosed with PIH and are linked to disease severit [14–16]. The population-based 
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researches suggested that both gestational hypertension and preeclampsia were responsible for a higher risk of poor fetal 
growth and this impact was even more notable in early-onset cases [17,18].

Pregnancy induced hypertension is a progressive and intractable disorder and the effective treatment is to terminate 
pregnancy timely. Previous studies have been conducted focusing on the roles of above serum biomarkers in the diagno-
sis and clinical assessment of preeclampsia, but data of these markers for gestational hypertension is relatively limited. 
Furthermore, most studies have been undertaken in developed countries, interracial and regional differences on these 
issues may contribute to divergent results. The aim of the present study was to investigate the association of available 
peripheral blood parameters in the routine antenatal examination with PIH and perinatal outcomes in Chinese population, 
and to determine the diagnostic efficacy for those parameters, in order to provide experimental evidence in formulating 
policies for standard management.

Materials and methods

Study design and participants

This retrospective case-control study included 837 pregnant women who received routine antenatal examinations and 
delivered at the Obstetrics Department of Chengdu Women’s and Children’s Central Hospital, School of Medicine, Univer-
sity of Electronic Science and Technology of China from March 2021 to March 2023. All study participants were singleton 
pregnancies aged 20–40 years with gestational age above 28 weeks, who had complete medical records and laboratory 
data. Among them, 599 women with confirmed pregnancy induced hypertension were enrolled into the study group and 
further stratified into gestational hypertension (n = 213) and preeclampsia (n = 386) groups. Women with a known history of 
chronic hypertension, hepatic and renal disease, coagulation dysfunction, endocrinologic disorders, infectious etiologies 
and those with other diseases or on anticoagulant/antiplatelet drugs such as aspirin and heparin that may affect the levels 
of evaluated peripheral blood variables were excluded from the study. Furthermore, research subjects complicated with 
diabetes mellitus, intrahepatic cholestasis, reproductive infections, recurrent miscarriage and assisted reproduction were 
also excluded from this analysis. Another 238 normotensive pregnant women without underlying maternal condition during 
the same period were randomly selected as controls group.

Definition of gestational hypertension and preeclampsia

The diagnostic criteria for pregnancy induced hypertension referred to Chinese guideline for diagnosis and treatment of 
hypertensive disorders in pregnancy (2015 Edition) [19]. Gestational hypertension (GH) was defined as blood pressure 
≥140/90 mmHg measured at least twice (4 hours apart) in previously normotensive women after 20 weeks of pregnancy, 
without proteinuria or a sign of multiorgan involvement, severe gestational hypertension was diagnosed as continu-
ous developed blood pressure level ≥ 160/110 mmHg. Preeclampsia (PE) was defined as newly occurring hypertension 
accompanied with significant proteinuria (≥0.3g/24hours, protein/creatinine ratio≥0.3 or strip test≥1+) or in the absence of 
proteinuria but combined with the evidence of multisystem disorder. Preeclampsia patients with any of the following condi-
tion was regarded severe cases: severe hypertension (blood pressure≥160/110 mmHg), liver dysfunction (elevated trans-
aminase twice the norm), impaired renal function (proteinuria ≥ 2g/24hours, oliguria, creatinine>106μmol/L), coagulopathy, 
cerebral or visual disturbances, pulmonary edema, uteroplacental dysfunction and so on. Early-onset preeclampsia was 
case occurring before 34 weeks of gestation and late-onset preeclampsia was case occurring after 34 weeks of gestation.

Data collection and measurements

Data collection was conducted on march 10, 2025 after the approval was obtained from the ethics committee on march 
8, 2025. Detailed clinical features at the time of admission prior to delivery (age, height, weight, nulliparity, systolic blood 
pressure, diastolic blood pressure, gestational age), laboratory findings, mode of delivery, adverse pregnancy outcomes, 
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apgar scores and birth weight were obtained from the electronic medical record of each patient. Body mass index (BMI) 
was calculated as weight (kg) divided by the square of height (m).

Fasting blood samples were collected in vacutainer tubes for the first time measurement after hospitalization 
and detected within 2 hours. Biochemical testing was performed by immunoturbidimetry assay using Hitachi 7600 
automatic analyzer (Hitachi Corporation, Tokyo, Japan). Whole blood counts were measured by Sysmex XN-1000 
hematology analyzer (Sysmex Corporation, Kobe, Japan). Total volume of 24h urine sample (from 8 am to 8 am 
the next day) was accurately recorded for proteinuria assay using Hitachi 7600 automatic biochemical analyzer 
(Hitachi Corporation, Tokyo, Japan). All operations are conducted strictly in accordance with the manufacturer’s 
instructions.

Statistical analysis

All statistical analyses were conducted with SPSS 23.0 software (SPSS Inc., Chicago, IL, USA). Based on the nor-
mality of the data, continuous variables were represented as mean and standard deviation or median and interquartile 
range, the differences between two groups were analyzed by the independent-samples t test or Mann–Whitney U-test, 
and multiple comparisons were performed using one-way ANOVA or Kruskal-Wallis test. The categorical data were 
described in the form of frequency (percentage) and compared by Chi-square test or Fisher exact test. To assess the 
association of maternal serum parameters with PIH prevalence in pregnant women, multivariate logistic regression 
models were performed by calculating the odds ratio(OR) with 95% confidence interval(CI) or P value. Receiver oper-
ating characteristic (ROC) curves were constructed to determine the diagnostic ability of evaluated markers, the area 
under the curve (AUC), cut-off values, sensitivity, and specificity were obtained. Spearman correlation coefficient was 
used to investigate the correlation between individual continuous variables. P-values <0.05 were considered to be sta-
tistically significant.

Ethics statement

This study was conducted after approval was obtained from the ethics committee of Chengdu Women’s and Children’s 
Central Hospital (Lot No.: 2025(38)). The management of patient data in this research strictly conformed to the principles 
of the Helsinki Declaration, confidentiality and anonymity was maintained throughout the study. As it was a retrospective 
study, the ethics committee waived the requirement for informed consent.

Results

Clinical characteristics and laboratory variables of study participants

A total of 837 eligible pregnant women were enrolled in the study, among these, 238 were normotensive pregnancies, 
213 had gestational hypertension and 386 had preeclampsia. The clinical characteristics and laboratory findings of all 
participants are summarized in Table 1. The median age of the control, gestational hypertension and preeclampsia group 
was 29.00(27.00–31.00), 29.00(27.00–32.00), and 30.00 (27.00–32.00) respectively. The median parity of the control, 
gestational hypertension and preeclampsia group was 0.00(0.00,1.00), 0.00(0.00,1.00), 0.00(0.00,1.00). There were no 
significant differences in age, gravidity and parity between these groups. When compared with those in control group, 
the body mass index (BMI), systolic blood pressure, diastolic blood pressure and cesarean rate were significantly higher, 
while gestational age at delivery, birth weight and Apgar scores at 1 minute trended lower in GH and PE groups, espe-
cially in the PE group. Additionally, the incidences of preterm birth, intrauterine growth restriction, neonatal asphyxia were 
found higher in the PE group than those in the control group, although no significant differences in these parameters was 
observed between the control and GH groups. Laboratory parameters including Urea, Cr, UA, ALT, AST, GGT, TP, ALB, 
PA, LDH, PLT, MPV and PDW showed a statistical difference in the univariate analysis across all three groups (p < 0.05). 
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Table 1.  The clinical characteristics and laboratory markers of the normotensive controls, gestational hypertension and preeclampsia cases.

Control
(n = 238)

GH
(n = 213)

PE
(n = 386)

p value P * P** P***

Maternal

Age (years) 29.00(27.00,31.00) 29.00(27.00,32.00) 30.00(27.00,32.00) 0.063

BMI (kg/m2) 26.56(24.77,28.24) 27.89(25.97,29.97) 28.53(26.21,30.62) <0.001 <0.001 <0.001

Gravidity (times) 2.00(1.00,2.00) 2.00(1.00,3.00) 2.00(1.00,2.00) 0.934

Parity (times) 0.00(0.00,1.00) 0.00(0.00,1.00) 0.00(0.00,1.00) 0.053

Systolic blood pressure 
(mmHg)

114.00(108.00,120.00) 131.00(124.00,140.00) 138.00(130.00,146.25) <0.001 <0.001 <0.001 <0.001

Diastolic blood pressure 
(mmHg)

74.00(70.00,79.00) 90.00(84.00,95.00) 93.00(87.00,100.25) <0.001 <0.001 <0.001 0.001

Gestational age at deliver 
(weeks)

39.00(38.00,40.00) 39.00(38.00,39.00) 38.00(36.00,39.00) <0.001 <0.001 <0.001 <0.001

Vaginal delivery (%) 150(63) 84(39.4) 86(22.3) <0.001 <0.05 <0.05 <0.05

Caesarean section (%) 88 (37) 129 (60.6) 300 (77.7)

HELLP syndrome (%) 0(0.0%) 0(0.0%) 6(1.6%) 0.041

Eclampsia (%) 0(0.0%) 0(0.0%) 3(0.8%) 0.343

Laboratory parameters

Gestational age at sam-
pling (weeks)

39.00(38.00,39.00) 38.00(37.00,39.00) 38.00(36.00,39.00) <0.001 <0.001 <0.001 0.012

Urea (mmol/L) 3.23(2.81,3.98) 3.68(3.03,4.46) 4.04(3.33,5.00) <0.001 0.001 <0.001 0.002

Cr (µmol/L) 43.50(38.45,49.20) 44.10(40.40,50.90) 50.00(42.58,58.40) <0.001 <0.001 <0.001

UA (µmol/L) 299.20(261.20,335.00) 348.50(294.00,407.00) 400.30(339.75,487.53) <0.001 <0.001 <0.001 <0.001

ALT (U/L) 12.20(9.00,16.85) 14.00(11.30,19.70) 17.55(12.90,27.00) <0.001 0.001 <0.001 <0.001

AST (U/L) 18.60(15.90,21.85) 18.90(15.10,23.10) 21.35(17.08,28.53) <0.001 <0.001 <0.001

GGT (U/L) 12.30(9.05,19.05) 14.50(10.50,25.60) 17.55(10.98,30.00) <0.001 0.033 <0.001

ALP (U/L) 165.20(139.45,207.45) 160.80(131.60,206.70) 161.25(122.38,195.18) 0.188

TP (g/L) 63.65 ± 3.80 63.52 ± 4.49 60.60 ± 5.59 <0.001 <0.001 <0.001

ALB (g/L) 36.30(34.75,37.60) 35.10(33.30,37.00) 33.45(30.60,35.70) <0.001 0.002 <0.001 <0.001

PA (mg/L) 214.00(196.45,236.15) 215.70(193.90,236.00) 197.05(168.08,226.13) <0.001 <0.001 <0.001

TBA (µmol/L) 3.50(2.50,5.10) 3.60(2.40,5.50) 3.50(2.20,5.73) 0.392

LDH (U/L) 176.00(157.75,195.30) 184.00(164.00,205.80) 205.00(181.85,235.65) <0.001 <0.001 <0.001

PLT (109/L) 185.00(156.50,231.50) 184.00(154.00,225.00) 177.00(141.75,224.00) 0.004 0.007

MPV (fl) 11.40(10.70,12.45) 11.90(11.00,12.80) 12.10(10.98,13.00) <0.001 0.002 <0.001

PDW (fl) 14.10(12.50,17.15) 15.60(12.90,18.60) 15.90(13.20,19.23) <0.001 0.009 <0.001

PCT (%) 0.22(0.19,0.27) 0.22(0.19,0.26) 0.22(0.18,0.25) 0.163

Proteinuria (g/24 h) — 0.10(0.15,0.23) 0.50(1.34,2.21) <0.001

Neonatal

Preterm birth  
< 37 week) (%)

5(2.1%) 14(6.6%) 100(25.9%) <0.001 <0.05 <0.05

Preterm birth < 34 
weeks (%)

1(0.4%) 5(2.3%) 54(14.0%) <0.001 <0.05 <0.05

Intrauterine growth 
restriction (%)

4(1.7%) 8(3.8%) 59(15.3%) <0.001 <0.05 <0.05

Low birth weight (%) 5(2.1%) 19(8.9%) 99(25.6%) <0.001 <0.05 <0.05 <0.05

Neonatal asphyxia (%) 1(0.4%) 7(3.3%) 23(6.0%) 0.002 <0.05

Stillbirth (%) 0(0.0%) 0(0.0%) 7(1.8%) 0.020

(Continued)
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The GH and PE group had significantly higher levels of Urea, UA, ALT, GGT, MPV and PDW than that of control group, 
along with significantly lower ALB and PA levels, moreover, significant differences in the values of Urea, UA, ALT, ALB 
exist between the GH and PE group. In comparison with controls, the Cr, AST and LDH values were higher and TP and 
PLT values were lower in PE group, while there were no significant differences by comparing the five variables between 
GH and control group. No statistically significant differences in alkaline phosphatase (ALP), total bile acid (TBA), and 
plateletcrit (PCT) values were observed between three groups.

Comparison of preeclampsia subcategories

The preeclampsia (PE) group was further stratified into different subgroups according to severity and onset time, the com-
parisons between the preeclampsia subcategories are presented in Table 2. Various clinical parameters were compared 
between women with mild preeclampsia and severe preeclampsia, the rates of caesarean section, HELLP syndrome, 
preterm birth, intrauterine growth restriction, neonatal asphyxia, stillbirth, birth weight, Apgar scores and gestational age 
at delivery were significantly different. The Urea, Cr, UA, ALT, AST, LDH and proteinuria levels were found to be higher as 
the disease progressed, whereas ALP, TP, ALB, PA, PLT, PCT values were significantly decreased. Between early-onset 
and late-onset preeclampsia cases, perinatal complications such as HELLP syndrome, premature, intrauterine growth 
restriction, neonatal asphyxia and stillbirth were more frequent in the early-onset preeclampsia group, along with lower 
birth weight, Apgar scores at 1 and 5 min and gestational age at delivery, laboratory findings showed significantly higher 
Urea, Cr, UA, ALT, AST, GGT, LDH values and lower ALP, TP, ALB, PA levels were observed in the early-onset group in 
comparison to the late-onset group. Maternal general characteristics for age, body mass index, gravidity and parity were 
similar between the subgroups.

Multivariate logistic regression analysis of factors associated with pregnancy induced hypertension

In order to further examine the potential influential variables associated with gestational hypertension and preeclampsia, 
the identified factors with statistical significance in the univariate analysis were enrolled into multivariate logistic regres-
sion analysis. As shown in Table 3, gestational age, BMI, UA, ALB, LDH and MPV were found to be independent factors 
associated with GH (gestational age: OR=0.607, 95% CI = 0.496–0.743; BMI: OR=1.195, 95% CI = 1.099–1.300; UA: 
OR=1.009, 95% CI = 1.005–1.012; ALB: OR=0.905, 95% CI = 0.822–0.996;LDH: OR=1.008, 95% CI = 1.001–1.016; MPV: 
OR=1.245, 95% CI = 1.028–1.509) and PE (gestational age: OR=0.495, 95% CI = 0.403–0.608; BMI: OR=1.268, 95% 
CI = 1.163–1.383; UA: OR=1.012, 95% CI = 1.008–1.016; ALB: OR= 0.814, 95% CI = 0.738–0.898;LDH: OR=1.019, 95% 
CI = 1.011–1.027; MPV: OR=1.272, 95% CI = 1.042–1.552).

Control
(n = 238)

GH
(n = 213)

PE
(n = 386)

p value P * P** P***

Apgar score at 1 min 10.00(10.00,10.00) 10.00(9.00,10.00) 10.00(9.00,10.00) <0.001 <0.001 <0.001

Apgar score at 5 min 10.00(10.00,10.00) 10.00(10.00,10.00) 10.00(10.00,10.00) <0.001 <0.001 <0.001

Birth weight (g) 3310.00(3100.00,3580.00) 3170.00(2950.00,3500.00) 3035.00(2467.50,3380.00) <0.001 <0.001 <0.001 0.001

Non-normally distributed data are expressed as median (interquartile range), normally distributed data are expressed as mean±standard deviation.

GH: gestational hypertension PE: preeclampsia

p value Comparison among groups with control, GH and PE

P * Comparison between control and GH

P** Comparison between control and PE

P*** Comparison between GH and PE

https://doi.org/10.1371/journal.pone.0343337.t001

Table 1.  (Continued)

https://doi.org/10.1371/journal.pone.0343337.t001
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Table 2.  Comparison of preeclampsia subcategories.

Severity P Onset time P

Mild
 (n = 218)

Severe
 (n = 168)

Early onset
 (n = 71)

Late onset
 (n = 315)

Maternal

Age (years) 29.00(27.00,32.00) 30.00(27.00,32.75) 0.327 30.14 ± 4.48 29.66 ± 3.89 0.362

BMI (kg/m2) 28.46 ± 3.06 28.70 ± 3.30 0.457 28.81 ± 3.50 28.51 ± 3.08 0.472

Gravidity (times) 1.00(1.00,2.00) 2.00(1.00,3.00) 0.583 2.00(1.00,3.00) 1.00(1.00,2.00) 0.323

Parity (times) 0.00(0.00,1.00) 0.00(0.00,1.00) 0.826 0.00(0.00,1.00) 0.00(0.00,1.00) 0.665

Systolic blood  
pressure (mmHg)

133.32 ± 11.88 145.33 ± 15.92 <0.001 144.00(134.00,153.00) 136.00(128.00,146.00) <0.001

Diastolic blood  
pressure (mmHg)

91.00(84.75,96.00) 98.00(90.00,105.75) <0.001 99.00(90.00,106.00) 92.00(86.00,99.00) <0.001

Gestational age at 
deliver (weeks)

38.00(38.00,39.00) 37.00(34.00,38.00) <0.001 33.00(30.00,34.00) 38.00(37.00,39.00) <0.001

Vaginal delivery (%) 59(27.1) 27(16.1) 0.010 8(11.3) 78(24.8) 0.014

Caesarean section (%) 159(72.9) 141(83.9) 63(88.7) 237(75.2)

HELLP syndrome (%) 0(0.0%) 6(3.6%) 0.006 4(5.6%) 2(0.6%) 0.012

Eclampsia (%) 0(0.0%) 3(1.8%) 0.082 2(2.8%) 1(0.3%) 0.088

Laboratory 
parameters

Gestational age at 
sampling (weeks)

38.00(37.00,39.00) 37.00(33.00,38.00) <0.001 33.00(30.00,34.00) 38.00(37.00,39.00) <0.001

Urea (mmol/L) 3.90(3.21,4.71) 4.40(3.43,5.42) <0.001 4.73(3.48,5.93) 3.94(3.33,4.88) 0.001

Cr (µmol/L) 46.60(40.78,54.75) 54.05(46.48,62.85) <0.001 56.00(46.70,64.50) 48.80(41.70,56.60) 0.001

UA (µmol/L) 380.95(322.40,456.58) 440.65(377.58,506.95) <0.001 449.00(370.50,533.40) 394.20(333.10,475.00) 0.002

ALT (U/L) 16.50(12.68,24.93) 20.05(13.90,34.75) 0.015 23.40(15.90,47.20) 16.60(12.50,25.60) 0.001

AST (U/L) 20.55(16.50,26.35) 23.80(18.73,31.15) 0.009 25.70(18.50,42.00) 21.00(17.00,27.40) 0.002

GGT (U/L) 17.60(11.00,27.10) 17.00(10.40,33.33) 0.338 27.90(12.80,56.20) 16.50(10.50,26.00) <0.001

ALP (U/L) 169.45(132.55,202.85) 151.90(115.10,186.98) 0.003 139.30(108.00,183.50) 165.00(128.00,202.80) 0.009

TP (g/L) 62.19 ± 4.58 58.53 ± 6.11 <0.001 57.96 ± 5.65 61.19 ± 5.41 <0.001

ALB (g/L) 34.55(32.60,36.20) 31.50(28.50,34.20) <0.001 31.00(28.10,33.30) 34.00(31.50,35.80) <0.001

PA (mg/L) 210.10(175.65,230.53) 187.30(158.43,209.53) <0.001 183.69 ± 39.03 198.36 ± 38.18 0.004

TBA (µmol/L) 3.50(2.40,5.63) 3.50(1.90,6.00) 0.155 2.70(1.60,6.30) 3.60(2.40,5.80) 0.064

LDH (U/L) 197.20(179.00,225.00) 216.05(190.18,271.88) <0.001 231.50(196.30,271.80) 202.30(180.05,228.00) <0.001

PLT (109/L) 176.50(146.75,220.25) 169.50(129.00,218.50) 0.044 174.00(132.00,240.00) 173.00(140.00,215.00) 0.291

MPV (fl) 12.15(11.00,13.00) 12.20(11.00,13.30) 0.540 11.80(10.90,13.00) 12.20(11.00,13.10) 0.338

PDW (fl) 16.15(13.48,19.20) 15.70(13.20,20.08) 0.236 15.10(12.90,18.80) 16.20(13.40,20.00) 0.180

PCT (%) 0.22(0.19,0.26) 0.21(0.17,0.25) 0.041 0.21(0.17,0.28) 0.21(0.18,0.25) 0.401

Proteinuria (g/24 h) 0.90(0.48,1.67) 1.98(0.71,3.47) <0.001 1.54(0.52,2.93) 1.34(0.50,2.09) 0.221

Neonatal

Preterm birth < 37 
week) (%)

21(9.6%) 79(47.0%) <0.001 70(98.6%) 30(9.5%) <0.001

Preterm birth < 34 
weeks (%)

8(3.7%) 46(27.4%) <0.001 54(76.1%) 0(0.0%) <0.001

Intrauterine growth 
restriction (%)

12(5.5%) 47(28.0%) <0.001 37(52.1%) 22(7.0%) <0.001

Low birth weight (%) 21(9.6%) 78(46.4%) <0.001 63(88.7%) 36(11.4%) <0.001

Neonatal asphyxia (%) 3(1.4%) 20(11.9%) <0.001 19(26.8%) 4(1.3%) <0.001

(Continued)
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Diagnostic performance of significant markers for gestational hypertension and preeclampsia

The diagnostic efficacy of UA, ALB, LDH and MPV as potential biomarkers for pregnancy induced hypertension was 
subsequently determined by ROC analysis (Table 4). UA had an area under the curve (AUC) of 0.707 with 68.54% 
sensitivity and 67.65% specificity and were considered as appropriate marker for GH. Although ALB, LDH and MPV 
were identified as significant factors by multivariate logistic analysis, ROC curves of these parameters showed low 
diagnostic values to distinguish GH patients and normotensive pregnancy (AUC < 0.7) (Fig 1). We found that UA which 

Severity P Onset time P

Mild
 (n = 218)

Severe
 (n = 168)

Early onset
 (n = 71)

Late onset
 (n = 315)

Stillbirth (%) 0(0.0%) 7(4.4%) 0.003 7(9.9%) 0(0.0%) <0.001

Apgar score 1 min 10.00(9.00,10.00) 9.00(9.00,10.00) <0.001 8.00(8.00,9.00) 10.00(9.00,10.00) <0.001

Apgar score 5 min 10.00(10.00,10.00) 10.00(9.00,10.00) <0.001 9.00(9.00,10.00) 10.00(10.00,10.00) <0.001

Birth weight (g) 3200.00(2890.00,3542.50) 2625.00(1977.50,3100.00) <0.001 1700.00(1300.00,2050.00) 3120.00(2800.00,3460.00) <0.001

Non-normally distributed data are expressed as median (interquartile range), normally distributed data are expressed as mean±standard deviation.

https://doi.org/10.1371/journal.pone.0343337.t002

Table 3.  Multivariate logistic regression model of factors associated with gestational hypertension and preeclampsia.

B Standard error WALD df Sig. OR (95 CI%)

GH

Intercept 11.639 4.515 6.646 1 0.010

Age −0.029 0.032 0.794 1 0.373 0.971 (0.912-1.035)

Gestational age −0.499 0.103 23.311 1 0.000 0.607 (0.496-0.743)

BMI 0.178 0.043 17.185 1 0.000 1.195 (1.099-1.300)

Urea 0.130 0.120 1.174 1 0.279 1.139 (0.900-1.441)

UA 0.009 0.002 22.168 1 0.000 1.009 (1.005-1.012)

AST −0.025 0.015 2.765 1 0.096 0.975 (0.947-1.005)

GGT 0.013 0.010 1.794 1 0.180 1.013 (0.994-1.033)

ALB −0.100 0.049 4.157 1 0.041 0.905 (0.822-0.996)

LDH 0.008 0.004 4.473 1 0.034 1.008 (1.001-1.016)

MPV 0.219 0.098 5.014 1 0.025 1.245 (1.028-1.509)

PE

Intercept 16.928 4.567 13.736 1 0.000

Age 0.006 0.033 0.032 1 0.857 1.006 (0.943-1.074)

Gestational age −0.703 −0.105 44.61 1 0.000 0.495 (0.403-0.608)

BMI 0.238 0.044 28.735 1 0.000 1.268 (1.163-1.383)

Urea 0.215 0.123 3.034 1 0.082 1.240 (0.973-1.578)

UA 0.012 0.002 39.097 1 0.000 1.012 (1.008-1.016)

AST −0.021 0.014 2.147 1 0.143 0.979 (0.952-1.007)

GGT 0.018 0.010 3.459 1 0.063 1.018 (0.999-1.038)

ALB −0.206 0.050 16.956 1 0.000 0.814 (0.738-0.898)

LDH 0.019 0.004 22.122 1 0.000 1.019 (1.011-1.027)

MPV 0.240 0.102 5.606 1 0.018 1.272 (1.042-1.552)

GH: gestational hypertension PE: preeclampsia

https://doi.org/10.1371/journal.pone.0343337.t003

Table 2.  (Continued)

https://doi.org/10.1371/journal.pone.0343337.t002
https://doi.org/10.1371/journal.pone.0343337.t003
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had the highest AUC of 0.833, along with sensitivity of 65.03% and specificity of 88.66% showed a good diagnostic 
performance in identifying PE from controls, followed by ALB (AUC = 0.745, sensitivity = 56.99%, specificity = 81.09%) 
and LDH (AUC = 0.737, sensitivity = 59.62%, specificity = 78.68%), while MPV showed a weak diagnostic efficacy for 
PE (AUC < 0.70) (Fig 2).

Correlation analysis of laboratory markers with Apgar score and birth weight in pregnancy induced 
hypertension

In this study, association of these significant parameters with birth weight and apgar score in PIH patients was evaluated 
by the Spearman correlation analysis. As shown in Table 5, maternal serum UA and LDH levels were negatively asso-
ciated with neonatal apgar score 1 min, apgar score 5 min and birth weight. On the other hand, the ALB levels showed 
significant positive correlation with birth weight, apgar score 1 min and apgar score 5 min. MPV showed no statistically 
significant correlation with birth weight and apgar score.

Table 4.  Diagnostic efficacy of UA, ALB, LDH and MPV as markers for gestational hypertension and preeclampsia.

AUC (95% CI) P value Cutoff value Sensitivity Specificity Youden index

GH

UA 0.707 (0.663-0.749) < 0.001 319.9 68.54% 67.65% 0.362

ALB 0.601 (0.555-0.647) < 0.001 34.7 45.07% 72.27% 0.173

LDH 0.570 (0.518-0.622) 0.021 177.8 60.74% 51.78% 0.125

MPV 0.592 (0.545-0.638) < 0.001 11.9 49.77% 65.97% 0.157

PE

UA 0.833 (0.802-0.862) < 0.001 367.7 65.03% 88.66% 0.537

ALB 0.745 (0.709-0.779) < 0.001 34.10 56.99% 81.09% 0.381

LDH 0.737 (0.697-0.774) < 0.001 197.4 59.62% 78.68% 0.383

MPV 0.631 (0.592-0.669) < 0.001 11.60 63.47% 58.40% 0.219

GH: gestational hypertension PE: preeclampsia

https://doi.org/10.1371/journal.pone.0343337.t004

Fig 1.  Receiver operating characteristic (ROC) curve of UA, ALB, LDH and MPV in pregnant women with GH.

https://doi.org/10.1371/journal.pone.0343337.g001

https://doi.org/10.1371/journal.pone.0343337.t004
https://doi.org/10.1371/journal.pone.0343337.g001
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Discussion

Pregnancy induced hypertension (PIH), a multisystemic and progressive disorder, includes gestational hypertension and 
preeclampsia, and remains a major problem of maternal and fetal health worldwide. Although the outcomes of gestational 
hypertension are normally good, women with gestational hypertension occurring before 34 gestational weeks may prog-
ress into preeclampsia resulting in severe perinatal complications [20], so early diagnosis and adequate assessment of 
disease severity would facilitate effective management and intervention. The exact mechanisms of PIH have not been 
fully understood, the clinical diagnosis was based on new-onset high blood pressure or proteinuria. Blood pressure mea-
surement is susceptible to interference factors such as patient status, measurement time, position, and equipment. Pro-
teinuria usually appears after renal dysfunction and correlates poorly with maternal–fetal outcomes. In addition, high blood 
pressure and proteinuria is neither specific nor sensitive enough for diagnosis. In recent years, angiogenic factors, placen-
tal growth factor (PIGF), C‑reactive protein (CRP), interleukin‑6 (IL‑6), endothelial cell-specific molecular molecule-1  
(ESM-1) have been proposed to be predictors for preeclampsia, but the clinical value of the above markers are still under 
investigation and their utilization as routine screening procedures is questionable in resource-limited areas. Widely acces-
sibile and cost-effective peripheral blood indices of routinely performed examination characterizing the degree of multior-
gan damage can be effective monitoring indicators to assess the progression of pregnancy-induced hypertension [21,22]. 
In this work, we found that abnormal changes in peripheral blood variables (ALT, AST, GGT, ALP, TP, ALB, PA, LDH, Urea, 
Cr, UA, PLT, MPV, PDW) were closely related to the onset and severity of pregnancy-induced hypertension, GA, BMI, UA, 

Fig 2.  Receiver operating characteristic (ROC) curve of UA, ALB, LDH and MPV in pregnant women with PE.

https://doi.org/10.1371/journal.pone.0343337.g002

Table 5.  Association between laboratory markers in women with pregnancy induced hypertension and Apgar score and birth weight.

Birth weight Apgar score 1 min Apgar score 5 min

r p r p r p

UA −0.203** 0.000 −0.155** 0.000 −0.136** 0.000

ALB 0.186** 0.000 0.118** 0.001 0.212** 0.000

LDH −0.145** 0.000 −0.080* 0.038 −0.188** 0.000

MPV 0.007 0.841 −0.063 0.070 −0.037 0.284

**p < 0.01, * p < 0.05

https://doi.org/10.1371/journal.pone.0343337.t005

https://doi.org/10.1371/journal.pone.0343337.g002
https://doi.org/10.1371/journal.pone.0343337.t005
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ALB, LDH and MPV were independent factors associated with gestational hypertension and preeclampsia in multivariable 
analyses.

Serum ALT, AST, GGT, ALP, TP, ALB, PA, TBA and LDH are known markers for liver dysfunction. Previous studies 
showed that elevated ALT, AST, GGT, ALP and TBA levels were positively associated with new-onset hypertension during 
pregnancy [23–26]. Similar to above studies, we found serum ALT, AST and GGT levels in women with gestational hyper-
tension or preeclampsia was significantly higher than that in normal pregnancie, since hypoxia and systemic inflammatory 
response followed by hypoperfusion may contribute to degeneration and necrosis of hepatocytes and release of liver 
enzymes [27]. But no significant elevation in ALP and TBA values were observed among women diagnosed with PIH in 
this study, which is consistent with Rahman et al’ s study [28]. The disagreement could probably be due to variations in the 
gestational week or exclusion of patients complicated with intrahepatic cholestasis of pregnancy (ICP). Although AST, ALT, 
GGT, TP and PA levels signifcantly changed among hypertensive pregnancie, none of these showed significant associa-
tion with gestational hypertension and preeclampsia in multivariable analyses.

LDH is an intracellular enzyme reflecting cellular damage and dysfunction in a state of hypoxia [29]. It has also been 
proposed as a good predictor of PE severity and an indicator of multiorgan involvemen [30]. We observed that the LDH 
value of PE group was also higher than that of control group, and there was significant difference between GH group and 
PE group, suggesting higher LDH value might have potential values in distinguish patients with PE and GH. Our finding 
demonstrated that the increasing level of LDH was an independent risk factor for pregnancy-induced hypertension and 
the AUC for serum LDH to identify preeclampsia was 0.737, with higher specificity in comparison to other liver enzymes. 
Furthermore, elevated LDH levels had significant correlation with birth weight and apgar score to show adverse outcomes 
associated with preeclampsia.

Dai et al reported that the ALB values of women with preeclampsia and eclampsia during the third trimester were lower 
than those of normal pregnancies [31]. Moreover, this study showed that the levels of ALB and PA in either gestational 
hypertension or preeclampsia group were lower compared to control group, it might be a consequence of plasma proteins 
loss and synthetic function impairment [32]. From the ROC curve analysis, the results suggested that ALB levels might 
be a useful marker of reasonably good sensitivity and high specificity for preeclampsia diagnosis. Furthermore, preg-
nant women with severe proteinuria are prone to hypoproteinemia, which may be closely related to disease severity and 
adverse perinatal complications.

When renal arterioles spasm induced by hypertension results in the decrease of renal blood perfusion, abnormal func-
tion indexes can be detected for monitoring the extent of kidney injury. In the current study, a signifcant elevation in serum 
urea, creatinine, and uric acid levels was observed among women with pregnancy-induced hypertension, similar results 
were reported by Ekun et al [33]. Also, our study revealed that serum UA was an important independent factor associated 
with GH and PE, Corominas et al noted that the elevated uric acid levels precedes the development of hypertension and 
proteinuria in PE [34]. Based on ROC curves, UA level had the largest AUC and a superior diagnostic accuracy among 
those markers to differentiate the severity of pregnancy-induced hypertension. This indicates that UA level is more sen-
sitive and reliable than urea and creatinine in reflecting the renal damage progression in patients with PIH. Therefore, 
Besides known reduced renal excretion, an antioxidant effect on endothelium and the interaction with inflammation 
may be other contributing factors of the increased uric acid levels observed in pregnancy-induced hypertension [35]. As 
observed in study of Ryu et al [36], our results showed maternal serum uric acid level prior to delivery related inversely to 
neonatal birth weight and apgar score.

In pregnancy-induced hypertension, increased platelet activation due to endothelial damage induced platelet aggre-
gation and consumption, which may result in platelet variance in number, volume and activity [37]. Bawore et al found an 
increase of MPV and PDW value and a decrease in PLT and PCT level in PE patients and the differences were statisti-
cally significant [38]. Lin et al reported that increased PLT and PCT during early pregnancy were at higher risk of develop-
ing GH and PE, while higher MPV was associated with GH in propensity score analysis [39]. This discrepancy could be 



PLOS One | https://doi.org/10.1371/journal.pone.0343337  February 18, 2026 12 / 14

explained by the variation in the sample collection time and retention time. In the current study, the MPV and PDW levels 
in GH and PE groups were significantly higher compared to those in the control group and PLT was found significantly 
decreased in the PE group. Moreover, MPV value was an independent factor for PIH, indicating that MPV may be a more 
responsive marker than PLT and PDW to define the enhancement of platelet activity during PIH progression and platelet 
indices should be monitored throughout pregnancy.

Pregnancy induced hypertension (PIH) was reported to have a higher risk of low birth weight and neonatal asphyxia, 
which was consistent with the neonatal birth weight and Apgar score. The results of correlation test showed that UA, ALB 
and LDH were signifcantly correlated with birth weight and Apgar score among PIH pregnancies in this study, which may 
be attributed to the artificial manipulation for severe cases needing to be terminated immediately. Therefore, further large 
cohort studies are required to understand the associations with perinatal outcomes affected by multiple factors and estab-
lish predictive threshold values for individual or composite adverse outcomes in clinical management.

The hematological parameters are primary screening indexes for antenatal investigation with advantages of simplicity 
and feasibility, this study investigated the independent factors for the determination of PIH with exclusion of participants 
with potential confounders which might affect the accuracy of the results. Notably, these results are beneficial for dis-
tinguish GH and PE from controls. However, there are some limitations in this study. Due to the relatively small sample 
size and single-center experience, the selection bias is inevitable, which limits the generalizability of the findings. As an 
observational cross-sectional design, the test results were measured after the onset of pregnancy induced hypertension, 
causality cannot be determined and the time that the examined markers change during the course of the disease was 
unknown. Larger and multicenter prospective studies throughout different trimesters is recommended to confirm the role 
of these parameters in early diagnosis and prognostic assessment for pregnancy induced hypertension. Furthermore, 
some unmeasured confounding factors, such as inflammatory markers should also be incorporated into future research.

Conclusions

The peripheral blood parameters UA, ALB, LDH and MPV can be cost-efective indicators of pregnancy induced hyperten-
sion and had good diagnostic accuracy, especially for preeclampsia. Among them, UA with the highest AUC was the most 
important marker in identification of pregnancy induced hypertension, followed by the ALB and LDH. Our results also show 
that the alterations of UA, ALB and LDH are associated with both severity and pregnancy outcomes. In this regard, mon-
itoring the alterations of the markers above during the second or third trimester of pregnacy as a supplementary, rapid, 
and costeffective procedure for high-risk pregnant women with pregnancy induced hypertension could provide objective 
evidence for appropriate interventions to prevent the progression of the disorder and improve perinatal outcomes in the 
country.

Acknowledgments

The authors appreciate everyone who helped in this study.

Author contributions

Conceptualization: Yahui Li, Yun He, Qianqian Wang, Xueni Wang, Linbo Cheng.

Data curation: Yahui Li, Yun He, Qianqian Wang, Haibo Yao.

Formal analysis: Yahui Li, Yun He, Qianqian Wang, Xueni Wang, Yongqiong Xie, Linbo Cheng.

Funding acquisition: Yahui Li.

Investigation: Yahui Li, Yun He, Xueni Wang.

Methodology: Yahui Li, Yun He, Yongqiong Xie, Linbo Cheng.



PLOS One | https://doi.org/10.1371/journal.pone.0343337  February 18, 2026 13 / 14

Project administration: Yahui Li, Yun He.

Resources: Yahui Li, Yun He.

Software: Yahui Li, Yun He, Qianqian Wang, Haibo Yao.

Supervision: Yahui Li, Yun He.

Validation: Yahui Li, Yun He.

Visualization: Yahui Li, Yun He, Xueni Wang.

Writing – original draft: Yahui Li, Yun He.

Writing – review & editing: Yahui Li, Yun He.

References
	 1.	 Gestational Hypertension and Preeclampsia: ACOG Practice Bulletin, Number 222. Obstet Gynecol. 2020;135(6):e237–60. https://doi.org/10.1097/

AOG.0000000000003891 PMID: 32443079

	 2.	 Say L, Chou D, Gemmill A, Tunçalp Ö, Moller A-B, Daniels J, et al. Global causes of maternal death: a WHO systematic analysis. Lancet Glob 
Health. 2014;2(6):e323–33. https://doi.org/10.1016/S2214-109X(14)70227-X PMID: 25103301

	 3.	 GBD 2015 Maternal Mortality Collaborators. Global, regional, and national levels of maternal mortality, 1990-2015: a systematic analysis for the 
Global Burden of Disease Study 2015. Lancet. 2016;388(10053):1775–812. https://doi.org/10.1016/S0140-6736(16)31470-2 PMID: 27733286

	 4.	 Lin S, Leonard D, Co MAM, Mukhopadhyay D, Giri B, Perger L, et al. Pre-eclampsia has an adverse impact on maternal and fetal health. Transl 
Res. 2015;165(4):449–63. https://doi.org/10.1016/j.trsl.2014.10.006 PMID: 25468481

	 5.	 Steegers EAP, von Dadelszen P, Duvekot JJ, Pijnenborg R. Pre-eclampsia. Lancet. 2010;376(9741):631–44. https://doi.org/10.1016/S0140-
6736(10)60279-6 PMID: 20598363

	 6.	 Association PHGoOaGBoCM. Guidelines for the Diagnosis and Treatment of Hypertensive Disorders Complicating Pregnancy. Chinese Journal of 
Obstetrics and Gynecology. 2012;47(06):476–80. https://doi.org/10.3760/cma.j.issn.0529-567x.2012.06.018

	 7.	 Thangaratinam S, Coomarasamy A, O’Mahony F, Sharp S, Zamora J, Khan KS, et al. Estimation of proteinuria as a predictor of complications of 
pre-eclampsia: a systematic review. BMC Med. 2009;7:10. https://doi.org/10.1186/1741-7015-7-10 PMID: 19317889

	 8.	 Brown MA, Magee LA, Kenny LC, Karumanchi SA, McCarthy FP, Saito S, et al. Hypertensive Disorders of Pregnancy: ISSHP Classification, Diag-
nosis, and Management Recommendations for International Practice. Hypertension. 2018;72(1):24–43. https://doi.org/10.1161/HYPERTENSION-
AHA.117.10803 PMID: 29899139

	 9.	 Benoit J, Rey É. Preeclampsia: should plasma albumin level be a criterion for severity?. J Obstet Gynaecol Can. 2011;33(9):922–6. https://doi.
org/10.1016/s1701-2163(16)35017-4 PMID: 21923989

	10.	 Sun L-J, Xu G-F, Lv M, Zhou H, Huang H-F, Luo Q. Predictive Value of Maternal Serum Biomarkers for Preeclampsia and Birth Weight: A 
Case-Control Study in Chinese Pregnant Women. J Womens Health (Larchmt). 2018;27(12):1519–24. https://doi.org/10.1089/jwh.2017.6793 
PMID: 29920141

	11.	 Jin W-Y, Lin S-L, Hou R-L, Chen X-Y, Han T, Jin Y, et al. Associations between maternal lipid profile and pregnancy complications and perinatal out-
comes: a population-based study from China. BMC Pregnancy Childbirth. 2016;16:60. https://doi.org/10.1186/s12884-016-0852-9 PMID: 27000102

	12.	 Chen Y, Ou W, Lin D, Lin M, Huang X, Ni S, et al. Increased Uric Acid, Gamma-Glutamyl Transpeptidase and Alkaline Phosphatase in Early-
Pregnancy Associated With the Development of Gestational Hypertension and Preeclampsia. Front Cardiovasc Med. 2021;8:756140. https://doi.
org/10.3389/fcvm.2021.756140 PMID: 34722684

	13.	 Corominas AI, Medina Y, Balconi S, Casale R, Farina M, Martínez N, et al. Assessing the Role of Uric Acid as a Predictor of Preeclampsia. Front 
Physiol. 2022;12:785219. https://doi.org/10.3389/fphys.2021.785219 PMID: 35095555

	14.	 AlSheeha MA, Alaboudi RS, Alghasham MA, Iqbal J, Adam I. Platelet count and platelet indices in women with preeclampsia. Vasc Health Risk 
Manag. 2016;12:477–80. https://doi.org/10.2147/VHRM.S120944 PMID: 27920548

	15.	 Walle M, Asrie F, Gelaw Y, Getaneh Z. The role of platelet parameters for the diagnosis of preeclampsia among pregnant women attending at the 
University of Gondar Comprehensive Specialized Hospital antenatal care unit, Gondar, Ethiopia. J Clin Lab Anal. 2022;36(4):e24305. https://doi.
org/10.1002/jcla.24305 PMID: 35202493

	16.	 Kim M-A, Han GH, Kwon J-Y, Kim Y-H. Clinical significance of platelet-to-lymphocyte ratio in women with preeclampsia. Am J Reprod Immunol. 
2018;80(1):e12973. https://doi.org/10.1111/aji.12973 PMID: 29781540

	17.	 Liu Y, Li N, An H, Li Z, Zhang L, Li H, et al. Impact of gestational hypertension and preeclampsia on low birthweight and small-for-gestational-age 
infants in China: A large prospective cohort study. J Clin Hypertens (Greenwich). 2021;23(4):835–42. https://doi.org/10.1111/jch.14176 PMID: 
33507600

https://doi.org/10.1097/AOG.0000000000003891
https://doi.org/10.1097/AOG.0000000000003891
http://www.ncbi.nlm.nih.gov/pubmed/32443079
https://doi.org/10.1016/S2214-109X(14)70227-X
http://www.ncbi.nlm.nih.gov/pubmed/25103301
https://doi.org/10.1016/S0140-6736(16)31470-2
http://www.ncbi.nlm.nih.gov/pubmed/27733286
https://doi.org/10.1016/j.trsl.2014.10.006
http://www.ncbi.nlm.nih.gov/pubmed/25468481
https://doi.org/10.1016/S0140-6736(10)60279-6
https://doi.org/10.1016/S0140-6736(10)60279-6
http://www.ncbi.nlm.nih.gov/pubmed/20598363
https://doi.org/10.3760/cma.j.issn.0529-567x.2012.06.018
https://doi.org/10.1186/1741-7015-7-10
http://www.ncbi.nlm.nih.gov/pubmed/19317889
https://doi.org/10.1161/HYPERTENSIONAHA.117.10803
https://doi.org/10.1161/HYPERTENSIONAHA.117.10803
http://www.ncbi.nlm.nih.gov/pubmed/29899139
https://doi.org/10.1016/s1701-2163(16)35017-4
https://doi.org/10.1016/s1701-2163(16)35017-4
http://www.ncbi.nlm.nih.gov/pubmed/21923989
https://doi.org/10.1089/jwh.2017.6793
http://www.ncbi.nlm.nih.gov/pubmed/29920141
https://doi.org/10.1186/s12884-016-0852-9
http://www.ncbi.nlm.nih.gov/pubmed/27000102
https://doi.org/10.3389/fcvm.2021.756140
https://doi.org/10.3389/fcvm.2021.756140
http://www.ncbi.nlm.nih.gov/pubmed/34722684
https://doi.org/10.3389/fphys.2021.785219
http://www.ncbi.nlm.nih.gov/pubmed/35095555
https://doi.org/10.2147/VHRM.S120944
http://www.ncbi.nlm.nih.gov/pubmed/27920548
https://doi.org/10.1002/jcla.24305
https://doi.org/10.1002/jcla.24305
http://www.ncbi.nlm.nih.gov/pubmed/35202493
https://doi.org/10.1111/aji.12973
http://www.ncbi.nlm.nih.gov/pubmed/29781540
https://doi.org/10.1111/jch.14176
http://www.ncbi.nlm.nih.gov/pubmed/33507600


PLOS One | https://doi.org/10.1371/journal.pone.0343337  February 18, 2026 14 / 14

	18.	 Allen VM, Joseph K, Murphy KE, Magee LA, Ohlsson A. The effect of hypertensive disorders in pregnancy on small for gestational age and still-
birth: a population based study. BMC Pregnancy Childbirth. 2004;4(1):17. https://doi.org/10.1186/1471-2393-4-17 PMID: 15298717

	19.	 Association PHGOaGBoCM. Diagnosis and treatment guideline of hypertensive disorders in pregnancy. Chinese Journal of Perinatal Medicine. 
2016;19(3):161–9. https://doi.org/10.3760/cma.j.issn.1007-9408.2016.03.001

	20.	 Buchbinder A, Sibai BM, Caritis S, Macpherson C, Hauth J, Lindheimer MD, et al. Adverse perinatal outcomes are significantly higher in severe 
gestational hypertension than in mild preeclampsia. Am J Obstet Gynecol. 2002;186(1):66–71. https://doi.org/10.1067/mob.2002.120080 PMID: 
11810087

	21.	 Kasraeian M, Asadi N, Vafaei H, Zamanpour T, Shahraki HR, Bazrafshan K. Evaluation of serum biomarkers for detection of preeclampsia severity 
in pregnant women. Pak J Med Sci. 2018;34(4):869–73. https://doi.org/10.12669/pjms.344.14393 PMID: 30190744

	22.	 Huang K-H, Chen F-Y, Liu Z-Z, Luo J-Y, Xu R-L, Jiang L-L, et al. Prediction of pre-eclampsia complicated by fetal growth restriction and its 
perinatal outcome based on an artificial neural network model. Front Physiol. 2022;13:992040. https://doi.org/10.3389/fphys.2022.992040 PMID: 
36467685

	23.	 Walle M, Getu F, Gelaw Y, Getaneh Z. The Diagnostic Value of Hepatic and Renal Biochemical Tests for the Detection of Preeclampsia Among 
Pregnant Women Attending the Antenatal Care Clinic at the University of Gondar Comprehensive Specialized Hospital, Gondar, Northwest Ethio-
pia. Int J Gen Med. 2022;15:7761–71. https://doi.org/10.2147/IJGM.S382631 PMID: 36249899

	24.	 Wu J, Zhou W, Li Q, Yuan R, Li H, Cui S. Combined use of serum gamma glutamyl transferase level and ultrasonography improves prediction of 
perinatal outcomes associated with preeclamptic pregnancy. Clin Chim Acta. 2017;475:97–101. https://doi.org/10.1016/j.cca.2017.09.018 PMID: 
28964834

	25.	 Cheung BMY, Ong KL, Wong LYF. Elevated serum alkaline phosphatase and peripheral arterial disease in the United States National Health and 
Nutrition Examination Survey 1999-2004. Int J Cardiol. 2009;135(2):156–61. https://doi.org/10.1016/j.ijcard.2008.03.039 PMID: 18572267

	26.	 Song F, Chen Y, Chen L, Li H, Cheng X, Wu W. Association of Elevated Maternal Serum Total Bile Acids With Low Birth Weight and Intrauterine 
Fetal Growth Restriction. JAMA Netw Open. 2021;4(7):e2117409. https://doi.org/10.1001/jamanetworkopen.2021.17409 PMID: 34279647

	27.	 Hassanpour SH, Karami S. Evaluation of hepatic biomarkers in pregnant women with preeclampsia. Gynecol Obstet. 
2018;8(487):2161-0932.1000487.

	28.	 Rahman S, Islam S, Haque T, Kathak RR, Ali N. Association between serum liver enzymes and hypertension: a cross-sectional study in Bangla-
deshi adults. BMC Cardiovasc Disord. 2020;20(1):128. https://doi.org/10.1186/s12872-020-01411-6 PMID: 32160872

	29.	 Mehta M, Parashar M, Kumar R. Serum lactate dehydrogenase: a prognostic factor in pre-eclampsia. Int J Reprod Contracept Obstet Gynecol. 
2019;8(7):2792. https://doi.org/10.18203/2320-1770.ijrcog20193044

	30.	 Garg A, Ansur L, Veena G. Role of serum lactate dehydrogenase as a biochemical prognostic marker for pre-eclampsia: a case control study in a 
tertiary care hospital in South India. J Pregnancy Child Health. 2019;6:4–7.

	31.	 Dai D-M, Cao J, Yang H-M, Sun H-M, Su Y, Chen Y-Y, et al. Hematocrit and plasma albumin levels difference may be a potential biomarker to 
discriminate preeclampsia and eclampsia in patients with hypertensive disorders of pregnancy. Clin Chim Acta. 2017;464:218–22. https://doi.
org/10.1016/j.cca.2016.12.001 PMID: 27919602

	32.	 Gojnic M, Petkovic S, Papic M, Mostic T, Jeremic K, Vilendecic Z, et al. Plasma albumin level as an indicator of severity of preeclampsia. Clin Exp 
Obstet Gynecol. 2004;31(3):209–10. PMID: 15491066

	33.	 Ekun OA, Olawumi OM, Makwe CC, Ogidi NO. Biochemical Assessment of Renal and Liver Function among Preeclamptics in Lagos Metropolis. 
Int J Reprod Med. 2018;2018:1594182. https://doi.org/10.1155/2018/1594182 PMID: 30155474

	34.	 Corominas AI, Balconi SM, Palermo M, Maskin B, Damiano AE. Serum uric acid levels and risk of developing preeclampsia. Medicina (B Aires). 
2014;74(6):462–71. PMID: 25555007

	35.	 Shirasuna K, Karasawa T, Takahashi M. Role of the NLRP3 Inflammasome in Preeclampsia. Front Endocrinol (Lausanne). 2020;11:80. https://doi.
org/10.3389/fendo.2020.00080 PMID: 32161574

	36.	 Ryu A, Cho NJ, Kim YS, Lee EY. Predictive value of serum uric acid levels for adverse perinatal outcomes in preeclampsia. Medicine (Baltimore). 
2019;98(18):e15462. https://doi.org/10.1097/MD.0000000000015462 PMID: 31045822

	37.	 Nooh AM, Abdeldayem HM. Changes in Platelet Indices during Pregnancy as Potential Markers for Prediction of Preeclampsia Development. 
OJOG. 2015;05(12):703–12. https://doi.org/10.4236/ojog.2015.512099

	38.	 Bawore SG, Adissu W, Niguse B, Larebo YM, Ermolo NA, Gedefaw L. A pattern of platelet indices as a potential marker for prediction of  
pre-eclampsia among pregnant women attending a Tertiary Hospital, Ethiopia: A case-control study. PLoS One. 2021;16(11):e0259543. https://doi.
org/10.1371/journal.pone.0259543 PMID: 34752500

	39.	 Lin S, Zhang L, Shen S, Wei D, Lu J, Chen X, et al. Platelet parameters and risk of hypertension disorders of pregnancy: a propensity score 
adjusted analysis. Platelets. 2022;33(4):543–50. https://doi.org/10.1080/09537104.2021.1945569 PMID: 34223796

https://doi.org/10.1186/1471-2393-4-17
http://www.ncbi.nlm.nih.gov/pubmed/15298717
https://doi.org/10.3760/cma.j.issn.1007-9408.2016.03.001
https://doi.org/10.1067/mob.2002.120080
http://www.ncbi.nlm.nih.gov/pubmed/11810087
https://doi.org/10.12669/pjms.344.14393
http://www.ncbi.nlm.nih.gov/pubmed/30190744
https://doi.org/10.3389/fphys.2022.992040
http://www.ncbi.nlm.nih.gov/pubmed/36467685
https://doi.org/10.2147/IJGM.S382631
http://www.ncbi.nlm.nih.gov/pubmed/36249899
https://doi.org/10.1016/j.cca.2017.09.018
http://www.ncbi.nlm.nih.gov/pubmed/28964834
https://doi.org/10.1016/j.ijcard.2008.03.039
http://www.ncbi.nlm.nih.gov/pubmed/18572267
https://doi.org/10.1001/jamanetworkopen.2021.17409
http://www.ncbi.nlm.nih.gov/pubmed/34279647
https://doi.org/10.1186/s12872-020-01411-6
http://www.ncbi.nlm.nih.gov/pubmed/32160872
https://doi.org/10.18203/2320-1770.ijrcog20193044
https://doi.org/10.1016/j.cca.2016.12.001
https://doi.org/10.1016/j.cca.2016.12.001
http://www.ncbi.nlm.nih.gov/pubmed/27919602
http://www.ncbi.nlm.nih.gov/pubmed/15491066
https://doi.org/10.1155/2018/1594182
http://www.ncbi.nlm.nih.gov/pubmed/30155474
http://www.ncbi.nlm.nih.gov/pubmed/25555007
https://doi.org/10.3389/fendo.2020.00080
https://doi.org/10.3389/fendo.2020.00080
http://www.ncbi.nlm.nih.gov/pubmed/32161574
https://doi.org/10.1097/MD.0000000000015462
http://www.ncbi.nlm.nih.gov/pubmed/31045822
https://doi.org/10.4236/ojog.2015.512099
https://doi.org/10.1371/journal.pone.0259543
https://doi.org/10.1371/journal.pone.0259543
http://www.ncbi.nlm.nih.gov/pubmed/34752500
https://doi.org/10.1080/09537104.2021.1945569
http://www.ncbi.nlm.nih.gov/pubmed/34223796

