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Summary

Background: Preeclampsia is a pregnancy-specific hyper-
tensive disorder characterized by systemic endothelial
dysfunction, metabolic disturbances, and inflammatory
activation. However, comprehensive biochemical and
inflammatory biomarker profiles associated with disease
severity, particularly severe preeclampsia, remain in-
sufficiently defined. This study aimed to investigate serum
biochemical and inflammatory markers in preeclampsia
and to evaluate their clinical predictive value for severe
disease.

Methods: In this retrospective case-control study, pregnant
women were classified into severe preeclampsia (n=30),
mild preeclampsia (n=30), and normal pregnancy
control groups (n=30). Serum biochemical parameters,
including alanine aminotransferase, aspartate amino-
transferase, lactate dehydrogenase (LDH), uric acid,
creatinine, albumin, total bilirubin, triglycerides, and
total cholesterol, were measured. Inflammatory markers,
including C-reactive protein (CRP), interleukin-6 (IL-6),
interleukin-8, tumor necrosis factor-o, procalcitonin,
neutrophil-to-lymphocyte ratio, and platelet-to-lympho-
cyte ratio, were analyzed. Group comparisons, Spearman
correlation analyses, multivariable logistic regression, and
receiver operating characteristic (ROC) curve analyses
were performed.

Results: Both biochemical and inflammatory markers
showed significant stepwise alterations across the three
groups, with the most pronounced abnormalities ob-
served in severe preeclampsia (P < 0.05). LDH, uric acid,
CRP IL-6, and albumin were significantly associated with

Address for correspondence:

Fan Yang, BM.

Department of Nursing, Yichun Maternal and Child Health
Hospital, No.1 Aiying Road, Yuanzhou District, Yichun,
Jiangxi 336000, China

Tel: 860795-3562008

e-mail: 2579469@qq.com

Kratak sadriaj

Uvod: Preeklampsija je hipertenzivni poremecaj specifi¢an
za trudnodu koji karakteriSe sistemska endotelna dis-
funkcija, metaboli¢ki poremecaji i inflamatorna aktivaci-
ja. Medutim, sveobuhvatni biohemijski i inflamatorni
biomarkeri povezani sa tezinom bolesti, posebno teske
preeklampsije, ostaju nedovoljno definisani. Cilj ove studi-
je bio je da se ispitaju serumski biohemijski i inflamatorni
markeri kod preeklampsije i da se proceni njihova klini¢ka
prediktivna vrednost za teSku bolest.

Metode: U ovoj retrospektivnoj studiji slu¢aj-kontrola, trud-
nice su klasifikovane u grupe sa teskom preeklampsijom
(n=30), blagom preeklampsijom (n=30) i kontrolnom
grupom sa normalnom trudno¢om (n=30). Mereni su
serumski biohemijski parametri, ukljucujuéi alanin amino-
transferazu, aspartat aminotransferazu, laktat dehidro-
genazu (LDH), mokraénu kiselinu, kreatinin, albumin,
ukupni bilirubin, trigliceride i ukupni holesterol. Analizira-
ni su inflamatorni markeri, ukljuéujuci C-reaktivni protein
(CRP), interleukin-6 (IL-6), interleukin-8, faktor tumorske
nekroze-a, prokalcitonin, odnos neutrofila i limfocita i
odnos trombocita i limfocita. lzvr§ena su poredenja grupa,
Spirmanove korelacione analize, multivarijantna logisti¢ka
regresija i analize ROC krive (recover operating character-
istic).

Rezultati: | biohemijski i inflamatorni markeri pokazali
su znacajne postepene promene u sve tri grupe, sa na-
jizrazenijim abnormalnostima primeéenim kod teske
preeklampsije (P < 0,05). LDH, mokra¢na kiselina, CRP,
IL-6 i albumin bili su znacajno povezani sa tezinom bolesti.
Multivarijantna logisticka regresija identifikovala je povisen
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disease severity. Multivariable logistic regression identified
elevated LDH, uric acid, CRP, IL-6, and reduced albumin
as independent predictors of severe preeclampsia. ROC
analysis demonstrated that the combined biomarker mod-
el achieved good discriminative performance, with an
area under the curve of 0.89 (95% Cl: 0.81-0.96).
Conclusions: Severe preeclampsia is characterized by dis-
tinct serum biochemical and inflammatory biomarker pro-
files. An integrated biomarker-based model may serve as
a practical tool for early identification and risk stratification
of severe preeclampsia.

Keywords: preeclampsia, disease severity, biochemical
indicators, inflammatory response, risk prediction

Introduction

Preeclampsia is a pregnancy-specific hyperten-
sive disorder that typically occurs after 20 weeks of
gestation and remains a leading cause of maternal
and perinatal morbidity and mortality worldwide (1,
2). The condition is clinically heterogeneous, rang-
ing from mild forms to severe preeclampsia charac-
terized by multi-organ dysfunction, including hepat-
ic injury, renal impairment, metabolic disturbances,
and systemic inflammation (3, 4). Despite advances
in obstetric management, the early identification of
patients at risk for severe disease progression re-
mains a major clinical challenge (1, 2).

Accumulating evidence suggests that pre-
eclampsia is hot merely a disorder of blood pressure
regulation but a complex systemic disease involving
endothelial dysfunction, altered metabolic homeo-
stasis, and immune-inflammatory activation. Serum
biochemical abnormalities, such as elevated liver
enzymes, increased uric acid and creatinine levels,
dyslipidemia, and reduced albumin, reflect organ
involvement and metabolic stress during disease
progression (5, 6). In parallel, inflammatory me-
diators — including proinflammatory cytokines and
acute-phase reactants — have been implicated in
the exaggerated maternal inflammatory response
observed in preeclampsia (7, 8). These alterations
collectively indicate that circulating biochemical and
inflammatory markers may capture important mo-
lecular features of disease severity.

Previous studies have investigated individual
biomarkers in preeclampsia; however, results have
often been inconsistent, and many reports have
focused on single parameters or limited patient
populations (9). Moreover, comparative analyses
across different clinical severities — particularly be-
tween mild and severe preeclampsia — remain in-
sufficient (10, 11). From the perspective of medical
biochemistry, an integrated evaluation of routinely
available serum biochemical indices together with
inflammatory markers may provide a more compre-
hensive and clinically applicable characterization of
disease-related molecular changes.

LDH, mokraénu kiselinu, CRP, IL-6 i smanjeni albumin kao
nezavisne prediktore teske preeklampsije. ROC analiza je
pokazala da je kombinovani model biomarkera postigao
dobre diskriminativne performanse, sa povr$inom ispod
krive od 0,89 (95% CI: 0,81-0,96).

Zakljuéak: Te$ku preeklampsiju karakteri$u razli¢iti se-
rumski biohemijski i inflamatorni biomarkerski profili. Inte-
grisani model zasnovan na biomarkerima moze posluziti
kao praktican alat za ranu identifikaciju i stratifikaciju
rizika od teske preeklampsije.

Kljuéne reéi: preeklampsija, te¥ina bolesti, biohemijski
indikatori, inflamatorni odgovor, predvidanie rizika

Importantly, there is growing interest in trans-
lating biomarker findings into predictive tools that
can support clinical decision-making. Receiver oper-
ating characteristic analysis and multivariable logis-
tic regression models allow the assessment of both
individual and combined biomarker performance for
disease prediction (12-14). However, data regard-
ing the combined predictive value of biochemical
and inflammatory indicators for severe preeclampsia
are still limited.

Therefore, the present retrospective case—con-
trol study aimed to systematically analyze serum bio-
chemical and inflammatory biomarker profiles in pa-
tients with severe preeclampsia, mild preeclampsia,
and normal pregnancies. Furthermore, we sought
to evaluate the clinical predictive value of selected
biomarkers and their combinations for identifying
severe preeclampsia, thereby providing biochemical
evidence to support risk stratification and early clin-
ical intervention.

Materials and Methods
Study Design and Participants

This retrospective case—control study was con-
ducted at a tertiary medical center. Clinical and lab-
oratory data were collected from pregnant women
who delivered during the study period. Participants
were classified into three groups according to estab-
lished diagnostic criteria: severe preeclampsia, mild
preeclampsia, and normal pregnancy controls. Each
group included approximately 30 participants.

Preeclampsia was diagnosed according to in-
ternational guidelines as new-onset hypertension
(2140/90 mmHg) after 20 weeks of gestation ac-
companied by proteinuria or end-organ dysfunction.
Severe preeclampsia was defined by severe hyper-
tension (=160/110 mmHg) and/or evidence of sig-
nificant organ involvement, including hepatic, renal,
neurological, or hematological complications (15).
Women with normal blood pressure and no obstetric
or medical complications served as controls.
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Exclusion criteria included pre-existing chron-
ic hypertension, renal or hepatic disease, diabetes
mellitus, autoimmune disorders, acute or chronic
infections, multiple gestations, malignancy, and in-
complete clinical or laboratory data.

Data Collection

Demographic and clinical information, includ-
ing maternal age, gestational age at delivery, and
relevant obstetric data, were obtained from elec-
tronic medical records. Venous blood samples were
collected after overnight fasting prior to delivery and
processed according to standard laboratory proce-
dures.

Serum Biochemical Measurements

Serum biochemical parameters were measured
using routine automated analyzers (Roche Cobas
8000, Roche Diagnostics, Mannheim, Germany) in
the hospital’s central laboratory. The assessed bio-
chemical indices included alanine aminotransferase
(ALT), aspartate aminotransferase (AST), lactate de-
hydrogenase (LDH), uric acid (UA), creatinine (Cr),
albumin (ALB), total bilirubin (TBIL), triglycerides
(TG), and total cholesterol (TC). All assays were
performed following the manufacturers’ instructions
and internal quality-control procedures.

Inflammatory Marker Assessment

Serum inflammatory markers, including C-re-
active protein (CRP), interleukin-6 (IL-6), interleu-
kin-8 (IL-8), tumor necrosis factor-o. (TNF-at), and
procalcitonin (PCT), were measured using stan-
dardized immunoassays. Hematological parameters
were obtained from routine complete blood counts.
The neutrophil-to-lymphocyte ratio (NLR) and plate-
let-to-lymphocyte ratio (PLR) were calculated as de-
rived inflammatory indices.

Statistical Analysis

Statistical analyses were performed using stan-
dard statistical software. Continuous variables were
assessed for normality using the Shapiro-Wilk test.
Normally distributed data are presented as mean +

Table I Baseline Characteristics of study participants.

standard deviation, while non-normally distributed
data are expressed as median (interquartile range).
Comparisons among the three groups were con-
ducted using one-way analysis of variance or the
Kruskal-Wallis test, as appropriate. Categorical vari-
ables were compared using the chi-square test.

Correlation analyses were performed to eval-
uate associations between serum biomarkers and
disease severity. Variables showing significant as-
sociations in univariate analyses were entered into
multivariable logistic regression models to identify
independent predictors of severe preeclampsia.
Multicollinearity was assessed prior to model con-
struction. Receiver operating characteristic (ROC)
curve analysis was used to evaluate the predictive
performance of individual biomarkers and com-
bined models. The area under the ROC curve
(AUC) with corresponding 95% confidence intervals
was calculated. All included participants had com-
plete datasets for the analyzed variables; therefore,
no missing-data imputation was required. Variables
demonstrating associations with severe preeclamp-
sia at P < 0.10 in univariate analyses were consid-
ered candidate predictors and entered into multi-
variable logistic regression models after assessment
of multicollinearity using variance inflation factors. A
two-sided P value < 0.05 was considered statistical-
ly significant.

Results
Baseline Clinical Characteristics

A total of approximately 90 pregnant wom-
en were included in the study, comprising patients
with severe preeclampsia, mild preeclampsia, and
normal pregnancy controls (approximately 30 per
group). Baseline demographic and obstetric charac-
teristics are summarized in Table I. No significant
differences were observed among the three groups
in terms of maternal age or gestational age at de-
livery (P > 0.05), indicating comparability between
groups.

Comparison of Serum Biochemical Markers
Among Groups

Significant differences in multiple serum
biochemical parameters were observed among

Variable Control (n=30) Mild PE (n=30) Severe PE (n=30) P value
Age (years) 30.4 £ 4.2 311+ 4.6 30.8 £4.9 0.72
Gestational age (weeks) 38.2 11 37613 36.9 15 0.08
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Table Il Serum biochemical parameters.

Marker Control Mild PE Severe PE P
CRP (mg/L) 3.2 (2.1-4.6) 6.9 (4.8-9.2) 12.4 (9.1-16.8) <0.001
IL-6 (pg/mL) 6.1+2.0 128 4.3 21.6 = 6.8 <0.001
IL-8 (pg/mL) 9.4 + 31 16.2 +4.9 248 +7.2 <0.001
TNF-a. (pg/mL) 8726 141 =38 20.3 £ 5.1 <0.001
PCT (ng/mL) 0.04 = 0.02 0.09 = 0.04 0.18 = 0.07 <0.001
NLR 23 +0.6 3.6 =09 51+12 <0.001
PLR 118 = 34 162 = 41 214 £ 56 <0.001
Table Il Inflammatory markers.
Marker Control Mild PE Severe PE P
ALT (U/L) 18.6 + 5.2 284 +7.6 459 = 121 <0.001
AST (U/L) 201+ 4.8 30.2 6.9 52.3 £ 14.5 <0.001
LDH (U/L) 176 = 32 238 = 45 362 = 68 <0.001
UA (umol/L) 258 = 41 328 = 53 412 + 67 <0.001
Cr (umol/L) 58 £ 9 71 =12 92 + 18 <0.001
ALB (g/L) 39.6 34 348 £ 3.9 29.7 £ 41 <0.001
TG (mmol/L) 2104 28 +0.5 34 +0.6 <0.001
TC (mmol/L) 46 0.7 53+0.8 6.1+ 0.9 <0.001

the three groups (Table I). Compared with normal
pregnancy controls, patients with preeclampsia —
particularly those with severe disease — exhibited
markedly elevated levels of ALT, AST, LDH, uric acid,
and creatinine (all P < 0.05). Serum albumin levels
were significantly reduced in severe preeclampsia
compared with both mild preeclampsia and controls
(P < 0.01).

Lipid metabolism parameters also showed sig-
nificant alterations. Triglyceride and total cholesterol
levels were progressively increased from controls to
mild preeclampsia and were highest in the severe
preeclampsia group (P < 0.05). These findings in-
dicate increasing metabolic and organ dysfunction
with disease severity.

Comparison of Inflammatory Markers Among
Groups

Inflammatory biomarkers demonstrated pro-
nounced differences across the three groups

(Table Il). Serum levels of CRP IL-6, IL-8, TNF-a,
and PCT were significantly elevated in patients
with preeclampsia compared with controls, with
the highest concentrations observed in severe
preeclampsia (all P < 0.01).

Derived inflammatory indices, including
NLR and PLR, were also significantly increased
in preeclamptic patients, showing a stepwise
elevation from normal pregnancy to mild and severe
preeclampsia (P < 0.05). These results reflect
an enhanced systemic inflammatory response
associated with disease severity.

Correlation Between Biomarkers and Disease
Severity

Correlation analysis revealed that several
biochemical and inflammatory markers were
significantly associated with preeclampsia severity.
LDH, uric acid, CRP IL-6, and NLR showed moderate
to strong positive correlations with disease severity
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Table IV Multivariable logistic regression for severe preeclampsia.

ROC Curves for Predicting Severe Preeclampsia

True Positive Rate (Sensitivity)

- —— LDH (AUC = 0.78)
0.2 27 — =
. CRP (AUC = 0.81)
Pid — IL-6 (AUC = 0.82)
- —— Combined model (AUC = 0.89)
a® === Reference

0.0 0.2 0.4 0.6 0.8 1.0
False Positive Rate (1 — Specificity)

Figure 1 Baseline characteristics of study participants.

(Spearman r ranging from 0.42 to 0.61, P < 0.01),
whereas serum albumin was negatively correlated (r

= —0.48, P < 0.01).

Logistic Regression and Predictive Performance

Variables demonstrating significant associations
in univariate analyses were entered into multivariable
logistic regression models. Elevated LDH, uric acid,
CRP and IL-6, along with decreased albumin levels,
were identified as independent predictors of severe
preeclampsia (Table V).

Receiver operating characteristic analysis
demonstrated that individual biomarkers showed
moderate predictive value for severe preeclampsia,
with AUCs ranging from 0.70 to 0.82. Notably,
a combined model incorporating LDH, uric
acid, albumin, CRP and IL-6 achieved superior
discriminative performance, with an AUC of 0.89
(95% Cl: 0.81-0.96), indicating good predictive
accuracy (Figure 7).

Variable OR 95% ClI P
LDH 1.012 1.006-1.019 <0.001
UA 1.008 1.003-1.014 0.002
ALB 0.86 0.78-0.94 0.001
CRP 1.21 1.08-1.36 0.002
IL-6 1.15 1.06-1.26 <0.001

Discussion

In the present retrospective case—control
study, we systematically characterized serum
biochemical and inflammatory biomarker profiles
across normal pregnancy, mild preeclampsia, and
severe preeclampsia. Our findings demonstrate that
severe preeclampsia is associated with pronounced
disturbances in liver and renal biochemical indices,
lipid metabolism, and systemic inflammatory
markers. Importantly, we further showed that a
combined biomarker-based model integrating
biochemical and inflammatory indicators provides
good predictive performance for identifying severe
preeclampsia.

One of the key observations of this study is
the progressive alteration of serum biochemical
markers with increasing disease severity. Elevated
levels of ALT, AST, and LDH in severe preeclampsia
reflect hepatocellular injury and widespread
cellular stress, consistent with previous reports
indicating hepatic involvement as a hallmark of
severe disease. Increased uric acid and creatinine
levels further suggest impaired renal function and
altered purine metabolism, which are closely linked
to endothelial dysfunction and oxidative stress. In
contrast, the significant reduction in serum albumin
observed in severe preeclampsia may reflect both
decreased hepatic synthesis and increased vascular
permeability, contributing to intravascular volume
dysregulation.  Collectively, these biochemical
abnormalities underscore the multi-organ nature
of severe preeclampsia and highlight their value as
accessible indicators of disease burden.

In parallel, our results demonstrate a marked
activation of systemic inflammation in preeclampsia,
particularly in its severe form. Proinflammatory
cytokines, including IL-6, IL-8, and TNF-a, were
significantly elevated and exhibited stepwise
increases from normal pregnancy to mild and
severe preeclampsia (16-18). These cytokines are
known mediators of endothelial activation, vascular
permeability, and immune dysregulation, which are
central to the pathophysiology of preeclampsia.
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Elevated CRP and PCT levels further reflect an
amplified acute-phase response, while increased
NLR and PLR indicate a shift toward innate immune
dominance. Together, these findings support the
concept that severe preeclampsia represents a state
of exaggerated inflammatory activation rather than
a simple extension of mild disease.

Importantly, correlation analyses revealed
that several biochemical and inflammatory markers
were significantly associated with disease severity,
reinforcing their potential clinical relevance. Among
these, LDH, uric acid, CRP IL-6, and albumin
showed particularly strong associations, suggesting
that they capture complementary aspects of tissue
injury, metabolic stress, and inflammation. Building
on these observations, multivariable logistic
regression identified a subset of these markers as
independent predictors of severe preeclampsia. The
combined predictive model demonstrated superior
discriminative ability compared with individual
biomarkers, as reflected by the ROC analysis. This
finding highlights the advantage of integrating
multiple biochemical dimensions rather than relying
on single parameters.

From a medical biochemistry perspective, the
strength of this study lies in its integrated approach.
All included biomarkers are routinely measurable in
clinical laboratories, making the proposed model
potentially applicable in real-world settings. Unlike
studies focusing on novel or experimental molecular
markers (19, 20), our findings emphasize the clinical
value of conventional biochemical and inflammatory
indices when interpreted collectively. Such an
approach may facilitate early risk stratification, closer
monitoring, and timely intervention for patients at
risk of severe disease progression.

Nevertheless, several limitations should be
acknowledged. First, the retrospective design may
introduce selection bias and limits causal inference.
Second, the relatively modest sample size may restrict
statistical power and preclude extensive subgroup
analyses. Potential confounding by gestational age
at sampling and peripartum clinical interventions
cannot be fully excluded. Although gestational
age did not differ significantly between groups and

blood samples were uniformly collected prior to
delivery, inflammatory markers such as CRP and
PCT may be influenced by subclinical inflammatory
conditions. Patients with clinically evident infection
were excluded; however, residual confounding
remains possible and should be considered when
interpreting the findings. In addition, although
multicollinearity was assessed and the number of
predictors was deliberately restricted to reduce the
risk of overfitting, internal validation techniques
such as bootstrapping or cross-validation were not
performed due to sample size limitations. Finally,
dynamic changes in biochemical and inflammatory
biomarkers throughout pregnancy were not
assessed, as only pre-delivery measurements were
analyzed. Future prospective studies with larger
cohorts and longitudinal sampling are warranted to
validate, refine, and externally validate the proposed
predictive model.

Conclusion

In conclusion, severe preeclampsia s
characterized by distinct and integrated alterations
in serum biochemical and inflammatory markers.
Combined biomarker-based models demonstrate
promising predictive performance for severe disease
and may serve as practical tools for clinical risk
assessment. These findings provide biochemical
evidence supporting the clinical utility of integrated
serum markers in the management of preeclampsia.
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