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Abstract

Background: Preeclampsia (PE) is a common complication of pregnancy and there is currently a lack of valuable diagnostic and predic-
tive methods for it. This study aimed to explore the association between renal function markers, blood lipid levels in late pregnancy and
PE, then assess the combined predictive value for PE. Methods: This was a retrospective case-control study that selected 263 eligible
patients in late pregnancy diagnosed with PE as the case group and 264 healthy parturients as the control group. All participants were
hospitalized from January 2021 to December 2023. The levels of serum renal function [creatinine (Cr), uric acid (UA) and urea] and
blood lipid [total cholesterol (TC), triglycerides (TG) and high-density lipoprotein (HDL)] were compared between two groups. Logistic
regression analysis was used to explore the association between these indicators and PE. Then the receiver operating characteristic (ROC)
curve was drawn to evaluate the predictive value of them for PE. p < 0.05 was considered statistically significant. Results: Univari-
ate analysis showed that the PE group had significantly higher levels of TG, Cr, UA, and urea than the control group [3.56 (3.01–4.38)
mmol/L vs. 2.98 (2.50–3.42) mmol/L, 54.00 (47.00–62.00) µmol/L vs. 46.00 (42.00–51.00) µmol/L, 367.00 (305.50–425.00) µmol/L vs.
278.00 (244.00–306.00) µmol/L, 3.50 (2.75–4.40) mmol/L vs. 2.90 (2.60–3.55) mmol/L respectively]. Multivariable analysis showed
that the serum TG [adjusted odds ratio (AOR) = 1.827 (95% confidence interval (95% CI) = 1.277–2.615)], Cr [AOR = 1.066 (95%
CI = 1.028–1.106)] and UA [AOR = 1.016 (95% CI = 1.011–1.022)] were risk factors for PE (p < 0.001). ROC curves revealed that
areas under the curve (AUC) were 0.703 (95% CI = 0.658–0.747), 0.734 (95% CI = 0.691–0.777) and 0.822 (95% CI = 0.786–0.857)
respectively. The AUC, sensitivity and specificity of the combination of TG, Cr and UA were 0.864 (95% CI = 0.833–0.896), 76.4%,
and 84.8%. Conclusions: The increased levels of serum TG, Cr and UA imply greater possibility of PE, thus they are considered as the
risk factors. And their combination has a certain predictive value for PE, which may offer a fresh, convenient and efficient method for
the diagnosis and treatment of PE.
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1. Introduction
Hypertensive disorder of pregnancy stands as one of

the prevalent complications during pregnancy, especially
preeclampsia (PE), being a particularly serious form that
can profoundly impact both pregnant women and fetuses.
The global incidence rate of PE amounts to 5–8% [1]. Clin-
ically, it is characterized by the emergence of hyperten-
sion, edema, and the presence of urinary protein [2]. These
symptoms tend to progress in pace with the pregnancy ad-
vances, even leading to grave consequences. In severe
instances, it would culminate in terminal organ damage,
seizures, and is a significant contributing factor to mater-
nal and fetal mortality [3].

Previous study has demonstrated that PE will inflict
detrimental effects on numerous organs, encompassing the
brain, kidneys, liver, cardiovascular system, blood system,
uterus, placenta, and more [4]. The fundamental pathologi-
cal and physiological alterations associated with PE involve
systemic small vessel spasms and endothelial injury, stem-
ming from a complex interplay of various factors, mecha-

nisms, and pathways [5]. Despite extensive research, the
precise etiology and pathogenesis of PE remain incom-
pletely understood to this day [6].

The sole effective treatment for preeclampsia is ter-
mination of pregnancy [7]. Accordingly, PE frequently re-
sults in premature delivery, heightening the rate of preterm
birth [8]. Hence, discovering a clinical approach capable
of predicting the onset and progression of PE is crucial
for early identification and timely intervention, ultimately
mitigating adverse outcomes and enhancing perinatal prog-
nosis. Among the commonly employed detection meth-
ods in clinical settings, blood lipid and renal function de-
terminations stand out for their accuracy, swiftness, and
cost-effectiveness [9,10]. Notably, these indicators harbor
a wealth of clinical information. Consequently, this study
aimed to analyze the association between these two types
of laboratory indicators and PE then assess their predictive
value of this disease. This might contribute a novel clini-
cal perspective for the prevention, improved prognosis and
timely treatment of PE.
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Fig. 1. Flow chart of the study population. PE, preeclampsia; COVID-19, coronavirus disease 2019.

2. Materials and Methods
2.1 Participants

All the participants were selected among 31,658 puer-
perants who delivered in Hangzhou Women’s Hospital
(Hangzhou Maternal and Child Health Care Hospital) from
January 2021 to December 2023. All patients with PE were
assessed and diagnosed by seasoned obstetricians who pos-
sessed at least two decades of clinical expertise in obstetrics
and took accountability for these evaluations and diagnoses.
Ultimately a total of 263 patients in late pregnancy diag-
nosed with PE were incorporated into the case group (PE
group), and 264 healthy pregnant women during the same
period randomly selected as the control group (Fig. 1). Ex-
cel data were derived from the hospital information system
(HIS) in the light of the principle of unique matching. This
study employed biological samples and data from individu-
als without any identifying information for research. So an
exemption from the requirement of informed consent was
granted by the ethics committee. The study was approved
by the Ethics Committee of Hangzhou Women’s Hospital
(Medical Ethics Review A: No.2024-096). In addition, the
study was conducted in accordance with the Declaration of
Helsinki.

2.2 Diagnostic and Exclusion Criteria
2.2.1 Diagnostic Criteria for PE

After the 20th week of pregnancy, a systolic blood
pressure≥140mmHg and/or a diastolic blood pressure≥90
mmHg, accompanied by any of the following: (1) urinary

protein levels ≥0.3 g/24 h, or a urine protein-to-creatinine
ratio ≥0.3. (2) a random urine protein test result ≥ (++)
(when quantitative urine protein testing is not feasible). Ad-
ditionally, the following condition is regarded as diagnosis
of PE: proteinuria is absent yet there is involvement of vi-
tal organs such as the heart, lungs, liver, kidneys, abnormal
changes in the blood system, digestive system, nervous sys-
tem or placental fetal involvement [11].

2.2.2 Exclusion Criteria

(1) Presence of hypertension prior to pregnancy.
(2) Coupling with coronary heart disease, liver or kid-

ney disease, diabetes, thyroid disease, autoimmune disease
or any other chronic illnesses.

(3) Complications including viral hepatitis, an active
coronavirus disease 2019 (COVID-19) infection or any
other viral infection status.

(4) Coexisting coagulation dysfunction or recent use
of drugs that affect the coagulation system.

(5) Twin or multiple pregnancies.
(6) Incomplete data.

2.2.3 Inclusion Criteria

(1) Meeting the diagnostic criteria for PE.
(2) Diagnosed and confirmed by a senior obstetrician.
(3) Inconsistent with any one of the above exclusion

criteria.
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2.3 Clinical Data Collection

The demographic data for both the PE group and con-
trol group were collected, encompassing the maternal age,
gestation age, body mass index (BMI), gravidity and par-
ity and baseline blood pressure [tested within 12th weeks
of pregnancy, including systolic blood pressure (SBP) and
diastolic blood pressure (DBP)].

Blood lipid markers [including total cholesterol (TC),
triglycerides (TG), and high-density lipoprotein (HDL)]
and renal function markers [including creatinine (Cr), uric
acid (UA), and urea] were also gathered from both groups
during late pregnancy.

2.4 Instruments and Reagents

All laboratory data was measured by the auto au-
tomatic time-resolved fluorescence immunoassay ana-
lyzer (PerkinElmer, Shelton, CT, USA). TG (Solarbio,
100T/96S; Beijing, China), TC (ZIKER, 96T/48T; Shen-
zhen, Guangdong, China) and HDL (Solarbio, BC5325-
100T/96S; Beijing, China) were detected through enzy-
matic assay. Cr was determined by picric acid method
(bioseth, 50T/24S; Zhenjiang, Jiangsu, China), UA was
measured through uricase method (Solarbio, 50T/24S; Bei-
jing, China), and urea was detected by Urease-GLDH
method (Biosino Bio-Technology And Science Inc, semi-
automatic; Beijing, China). The detection procedure was
carried out according to the instructions.

2.5 Quality Control

All testing and follow-up personnel attended pre-
employment training and obtained qualification certificates
from health institutions. Retest of the remaining sample and
repeated test were conducted as a part of internal quality
control in the laboratories, while external quality auditors
participated in activities of external quality assessment or-
ganized by the Clinical Laboratory Center of Ministry of
Health twice a year and obtained activities certificates.

2.6 Statistical Analysis

Statistical analysis was performed by utilizing SPSS
27.0 (IBM Corp., Armonk, NY, USA) in this study. As
an initial step, Kolmogorow-Smironov test was conducted
to determine the distribution. Median and percentile [M
(P25–P75)] were utilized to describe the skewed distribu-
tion. Mann-Whitney U-test of independent samples was
used to compare the quantitative data between two groups,
while the Chi-square test was employed for univariate anal-
ysis of qualitative data. Furthermore, the binary logistic re-
gression of multivariate analysis was employed to assess
the association between renal function markers, blood lipid
levels, and PE. Finally, the receiver operating characteristic
(ROC) curves of the significant indicators were generated
to evaluate their predictive value for PE by analyzing the
area under the curves (AUC). p < 0.05 signified a statisti-
cally noteworthy difference.

3. Results
3.1 Demographic Comparison between the PE Group and
Control Group

There was no significant statistical disparity in terms
of maternal and gestation age between the PE group and
control group (p > 0.05). However, a notable statistical
difference (p< 0.001) was observed in the BMI, where the
PE group exhibited a higher BMI compared to the control
group (25.75 kg/m2 vs. 27.85 kg/m2, p< 0.001). Addition-
ally, there was also a statistical difference in gravidity and
parity between these groups (χ2 = 4.010, χ2 = 26.166, both
p < 0.05). Despite the baseline blood pressures of these
groups falling within the normal range, the systolic and di-
astolic blood pressures of PE group were higher (109.00
mmHg vs. 122.00 mmHg, 63.50 mmHg vs. 74.00 mmHg,
both p < 0.001, Table 1).

3.2 Comparison of Blood Lipid and Renal Function
between Two Groups

In comparison of blood lipids levels and renal function
markers (Table 2), the PE group exhibited significantly el-
evated levels of TG, Cr, UA and urea compared to the con-
trol group (2.98 mmol/L vs. 3.56 mmol/L, 46.00 µmol/L
vs. 54.00 µmol/L, 278.00 µmol/L vs. 367.00 µmol/L, 2.90
mmol/L vs. 3.50 mmol/L, all p < 0.001). However, no no-
table difference was observed in TC and HDL between the
two groups (p > 0.05).

3.3 Risk Factors Analysis of PE

Taking into account the interconnection of blood lipid
indicators, we incorporated TC and HDL into the logistic
regression analysis, despite they were not significant fac-
tors in the univariate analysis. After adjusting for con-
founding factors such as BMI, gravidity, parity, SBP, and
DBP, the binary logistic regression analysis revealed a sig-
nificant association between TG [β = 0.603, adjusted odds
ratio (AOR) = 1.827 (95% confidence interval (95% CI)
= 1.277–2.615)], Cr [β = 0.064, AOR = 1.066 (95% CI =
1.028–1.106)], UA [β = 0.016, AOR = 1.016 (95% CI =
1.011–1.022)] and PE (p < 0.001). This finding suggested
that these factors were potential risk indicators for PE (Ta-
ble 3).

3.4 Predictive Value of TG, Cr and UA for PE

The ROC curves shown in Fig. 2 indicated that the
area under the curve of TG, Cr, and UA individually for pre-
dicting PE occurrence was 0.703 (95% CI = 0.658–0.747),
0.734 (95% CI = 0.691–0.777) and 0.822 (95% CI = 0.786–
0.857) respectively, meanwhile that of the combination of
these three markers was 0.864 (95% CI = 0.833–0.896).
The sensitivity and specificity of the joint detection of TG,
Cr and UA were 76.4% and 84.8%, showing a good predic-
tive performance (Table 4).
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Table 1. Univariate analysis of demographic data between two groups.

Indicators
Control group PE group

Z/χ2 p
(n = 264) (n = 263)

Maternal age (years) 28.00 (25.00–33.00) 30.00 (25.00–33.00) 1.219 0.269
BMI (kg/m2) 25.75 (22.77–27.67) 27.85 (25.93–30.41) 50.414 <0.0012

Gravidity 4.010 0.0451

1 145 (54.92) 167 (63.50)
≥2 119 (45.08) 96 (36.50)

Parity 26.166 <0.0012

0 173 (65.53) 223 (84.79)
≥1 91 (34.47) 40 (15.21)

Gestation age (weeks) 36.57 (36.14–37.14) 36.43 (35.00–37.00) 6.728 0.090
SBP (mmHg) 109.00 (102.00–117.00) 122.00 (115.00–128.00) 96.432 <0.0012

DBP (mmHg) 63.50 (59.00–70.00) 74.00 (69.00–80.00) 108.433 <0.0012

The quantitative data were expressed by median and percentile [M (P25–P75)], and qualitative data were
expressed by n (%). 1, p < 0.05; 2, p < 0.001. PE, preeclampsia; BMI, body mass index; SBP, systolic
blood pressure; DBP, diastolic blood pressure.

Table 2. Univariate analysis of blood lipid and renal function between two groups.

Indicators
Control group PE group

Z p
(n = 264) (n = 263)

TC (mmol/L) 6.77 (6.02–7.61) 6.77 (5.88–7.96) 0.230 0.632
TG (mmol/L) 2.98 (2.50–3.42) 3.56 (3.01–4.38) 47.970 <0.0011

HDL (mmol/L) 2.06 (1.81–2.33) 2.03 (1.76–2.31) 1.006 0.316
Cr (µmol/L) 46.00 (42.00–51.00) 54.00 (47.00–62.00) 70.884 <0.0011

UA (µmol/L) 278.00 (244.00–306.00) 367.00 (305.50–425.00) 133.253 <0.0011

Urea (mmol/L) 2.90 (2.60–3.55) 3.50 (2.75–4.40) 29.671 <0.0011

The quantitative data were expressed by median and percentile [M (P25–P75)]. 1, p < 0.001. PE,
preeclampsia; TC, total cholesterol; TG, triglycerides; HDL, high-density lipoprotein; Cr, creati-
nine; UA, uric acid.

Table 3. Logistic regression analysis of the clinical data and PE.
Indicators β Standard Error Wald Degrees of freedom p AOR (95% CI)

BMI (kg/m2) 0.180 0.047 14.662 1 <0.0011 1.197 (1.092–1.313)
Gravidity –0.022 0.201 0.012 1 0.914 0.978 (0.659–1.452)
Parity –1.095 0.456 5.771 1 <0.0162 0.335 (0.137–0.817)
SBP (mmHg) 0.053 0.018 8.358 1 0.0042 1.054 (1.017–1.093)
DBP (mmHg) 0.120 0.024 24.254 1 <0.0011 1.127 (1.075–1.182)
TC (mmol/L) 0.269 0.141 3.646 1 0.056 1.308 (0.993–1.724)
TG (mmol/L) 0.603 0.183 10.877 1 <0.0011 1.827 (1.277–2.615)
HDL (mmol/L) –0.303 0.408 0.550 1 0.458 0.739 (0.332–1.645)
Cr (µmol/L) 0.064 0.019 11.924 1 <0.0011 1.066 (1.028–1.106)
UA (µmol/L) 0.016 0.003 35.017 1 <0.0011 1.016 (1.011–1.022)
Urea (mmol/L) 0.266 0.166 2.570 1 0.109 1.304 (0.943–1.805)
1, p < 0.001. 2, p < 0.05. BMI, body mass index; SBP, systolic blood pressure; DBP, diastolic blood pressure; PE,
preeclampsia; TC, total cholesterol; TG, triglycerides; HDL, high-density lipoprotein; Cr, creatinine; UA, uric acid;
AOR, adjusted odds ratio; 95% CI, 95% confidence interval.

4. Discussion
Preeclampsia (PE), a prevalent pregnancy complica-

tion, frequently poses severe implications for both preg-
nant women and fetuses, and its occurrence is currently ex-
hibiting a marked upward trend [12]. Currently, the pre-
cise pathogenesis of PE remains undefined, and an effec-

tive clinical cure has yet to be discovered [13]. The corner-
stone of management revolves around early identification,
prompt intervention, intensified monitoring and timely ter-
mination of pregnancy [14]. Therefore, it is necessary to
explore an efficacious detection method to predict the oc-
currence and progression of PE in its initial stage, which
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Table 4. A predictive value analysis of TG, Cr and UA for the occurrence of PE.
Indicators AUC (95% CI) Standard Error p Cutoff Sensitivity (%) Specificity (%)

TG (mmol/L) 0.703 (0.658–0.747) 0.023 0.000 3.07 72.6 58.3
Cr (µmol/L) 0.734 (0.691–0.777) 0.022 0.000 51.50 61.6 77.3
UA (µmol/L) 0.822 (0.786–0.857) 0.018 0.000 320.50 70.3 84.1
Joint of TG, Cr and UA 0.864 (0.833–0.896) 0.016 0.000 0.498 76.4 84.8
PE, preeclampsia; TG, triglycerides; Cr, creatinine; UA, uric acid; AUC, area under the curves; 95% CI, 95% confidence
interval.

Fig. 2. ROC curves of TG, Cr and UA for predicting PE.ROC,
receiver operating characteristic; TG, triglycerides; Cr, creatinine;
UA, uric acid; PE, preeclampsia.

holds paramount significance in tailoring individualized
treatment strategies and enhancing the prognosis for PE pa-
tients with varying degrees of severity. The main findings
of this study were that TG, Cr and UA demonstrated a pre-
dictive capacity as independent risk factors of PE, and the
combination of these three biomarkers yields the higher pre-
dictive power.

This study showed higher levels of Cr, UA and urea
within the PE group in comparison to the control group,
which aligns with the outcomes reported in previous re-
searches [15]. Notably, kidney damage often manifests in
the early stage of PE, which could be promptly identified
through laboratory testing, commonly characterized by the
presence of urinary protein and abnormal serological mark-
ers [16,17].

The precise mechanism underlying renal injury in PE
remains elusive. Prior investigations have illuminated the
key pathological and physiological alterations, including
damage to glomerular endothelial cells, disruption of the
interaction between endothelial cells and podocytes, base-
ment membrane thickening, and mesangial cell prolifera-
tion [18,19]. These changes are potentially linked to inad-

equate placental perfusion in PE, which triggers the release
of significant amounts of placental factors that compro-
mise the function of endothelial cells and podocytes [20].
Furthermore, immune dysregulation and deposition of im-
munoreactive substances may contribute to endothelial and
basement membrane damage [21]. Multivariate analysis re-
vealed that Cr and UA were independently risk factors for
PE (AOR = 1.066, 1.016 respectively), which aligns closely
with the findings reported in previous studies [22,23].

Previous study indicated a potential association be-
tween abnormal serum lipid metabolism and the likeli-
hood of PE [24]. Specifically, patients with PE exhib-
ited significantly elevated levels of serum TG, TC, low-
density lipoprotein cholesterol (LDL-c), and very low-
density lipoprotein (VLDL) when compared to healthy
pregnant women [25]. In this study, both univariate and
multivariate statistical analyses revealed that the TG level
of PE group were significantly elevated compared to con-
trol group (AOR = 1.827). But no statistically differences
were identified in the levels of TC and HDL between the
two groups.

Drawing upon previous research endeavors, abnormal
lipid metabolism might be implicated in the pathogenesis
of PE, encompassing diminished fatty acid oxidation ca-
pacity in the placenta [26], endothelial damage stemming
from elevated levels of free fatty acids [27], potentiation
of microcirculation coagulation function by lipoprotein-a
[28], enhanced triglyceride synthesis, and the accumulation
of triglyceride-rich lipoproteins [29]. However, the precise
underlying mechanism remains poorly elucidated in exist-
ing literature.

In this study, ROC curves indicated that UA possessed
the most substantial AUC among these three markers (AUC
= 0.822), as reported by Dal et al. [30]. Remarkably, the
joint of TG, Cr, and UA yielded an even larger AUC sur-
passing UA alone in predicting PE (AUC = 0.864) while
maintaining satisfactory specificity and sensitivity (84.8%
and 76.4% respectively). This signified that the joint of TG,
Cr and UA held a certain predictive value for PE.

Additionally, this study uncovered a statistically sig-
nificant increase of BMI in the PE group compared to the
control group, which was consistent with the outcomes re-
ported in a recent cohort study [31]. Despite both groups
exhibiting baseline blood pressures that fell within the nor-
mal range, the systolic and diastolic blood pressures of the
PE group were notably elevated compared to the control
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group. A possible explanation for these findings was that
overweight pregnant individuals exhibit disruptions in lipid
metabolism and abnormal vascular resistance in compari-
son to their normal-weight counterparts, potentially consti-
tuting the underlying pathological and physiological mech-
anisms that precede the subsequent development of PE
[32,33].

However, this study is retrospective and thus inher-
ently bore limitations, including potential selection bias and
incomplete data collection. For instance, individuals who
terminated pregnancy before 28 weeks owing to the sever-
ity of the illness or those who failed to provide fasting blood
samples during late pregnancy due to the rapid disease pro-
gression were excluded from this study. Additionally, this
study is confined to a single center and suffers from a rel-
atively modest sample size, which may limit the generaliz-
ability of the findings. Therefore, the findings of this re-
search need to be further validated through multi-center,
prospective studies with a larger sample size.

5. Conclusions
To sum up, patients with PE exhibit elevated levels

of TG, Cr and UA compared to healthy pregnant women,
which are recognized as independent risk factors for PE.
And these three biomarkers individually possess predic-
tive capabilities for PE, yet their combination significantly
enhances the predictive efficiency, possessing satisfactory
sensitivity and specificity. The results of this study may
offer a promising new avenue in the early diagnosis and
progression prediction of PE, potentially leading to more
timely interventions and improved outcomes.

Availability of Data and Materials
The datasets used and analyzed during this study are

available from the corresponding author on reasonable re-
quest.

Author Contributions
JL contributed to the study conception and design.

Material preparation, data collection and analysis were per-
formed by JZ and PW. The first draft of the manuscript was
written by JZ. All authors contributed to editorial changes
in the manuscript. All authors read and approved the fi-
nal manuscript. All authors have participated sufficiently
in the work and agreed to be accountable for all aspects of
the work.

Ethics Approval and Consent to Participate
The study was conducted in accordance with the Dec-

laration of Helsinki. The study was approved by the
Ethics Committee of Hangzhou Women’s Hospital (Med-
ical Ethics Review A: No.2024-096). This study employed
biological samples and data from individuals without any
identifying information for the purpose of research, adher-
ing to rigorous measures to ensure the utmost protection of

data security. Therefore, the ethics committee has granted
an exemption from the requirement of informed consent.

Acknowledgment
Not applicable.

Funding
This research received no external funding.

Conflict of Interest
The authors declare no conflict of interest.

References
[1] Andronikidi PE, Orovou E, Mavrigiannaki E, Athanasiadou V,

Tzitiridou-Chatzopoulou M, Iatrakis G, et al. Placental and Re-
nal Pathways Underlying Pre-Eclampsia. International Journal
of Molecular Sciences. 2024; 25: 2741. https://doi.org/10.3390/
ijms25052741.

[2] Aziz F, Khan MF, Moiz A. Gestational diabetes mellitus, hy-
pertension, and dyslipidemia as the risk factors of preeclamp-
sia. Scientific Reports. 2024; 14: 6182. https://doi.org/10.1038/
s41598-024-56790-z.

[3] Shen H, Liu X, Chen Y, He B, Cheng W. Associations of lipid
levels during gestation with hypertensive disorders of pregnancy
and gestational diabetes mellitus: a prospective longitudinal co-
hort study. BMJ Open. 2016; 6: e013509. https://doi.org/10.
1136/bmjopen-2016-013509.

[4] Wang T, Jiang R, Yao Y, Xu T, Li N. Anti-hypertensive ther-
apy for preeclampsia: a network meta-analysis and system-
atic review. Hypertension in Pregnancy. 2024; 43: 2329068.
https://doi.org/10.1080/10641955.2024.2329068.

[5] Palmer KR, Tong S. Accurately Predicting the Risk of Serious
Maternal Morbidity in Preterm Preeclampsia: Can It Be Done?
Hypertension (Dallas, Tex.: 1979). 2018; 71: 569–571. https:
//doi.org/10.1161/HYPERTENSIONAHA.117.10442.

[6] Feng W, Luo Y. Preeclampsia and its prediction: traditional ver-
sus contemporary predictive methods. The Journal of Maternal-
fetal & Neonatal Medicine: the Official Journal of the European
Association of Perinatal Medicine, the Federation of Asia and
Oceania Perinatal Societies, the International Society of Peri-
natal Obstetricians. 2024; 37: 2388171. https://doi.org/10.1080/
14767058.2024.2388171.

[7] Mészáros B, Kukor Z, Valent S. Recent Advances in the
Prevention and Screening of Preeclampsia. Journal of Clin-
ical Medicine. 2023; 12: 6020. https://doi.org/10.3390/jc
m12186020.

[8] Deihl TE, Bodnar LM, Parisi SM, Himes KP. Early Gesta-
tional Weight Gain and the Risk of Preeclampsia in Dichorionic
Twin Pregnancies. American Journal of Perinatology. 2023; 40:
1040–1046. https://doi.org/10.1055/s-0043-1764345.

[9] Bainbridge SA, Roberts JM. Uric acid as a pathogenic factor in
preeclampsia. Placenta. 2008; 29 Suppl A: S67–72. https://doi.
org/10.1016/j.placenta.2007.11.001.

[10] Robinson NJ, Minchell LJ, Myers JE, Hubel CA, Crocker IP.
A potential role for free fatty acids in the pathogenesis of
preeclampsia. Journal of Hypertension. 2009; 27: 1293–1302.
https://doi.org/10.1097/hjh.0b013e328329fbfe.

[11] Garovic VD, Dechend R, Easterling T, Karumanchi SA, Mc-
Murtry Baird S, Magee LA, et al. Hypertension in Pregnancy:
Diagnosis, Blood Pressure Goals, and Pharmacotherapy: A Sci-
entific Statement From the American Heart Association. Hyper-
tension (Dallas, Tex.: 1979). 2022; 79: e21–e41. https://doi.or
g/10.1161/HYP.0000000000000208.

6

https://doi.org/10.3390/ijms25052741
https://doi.org/10.3390/ijms25052741
https://doi.org/10.1038/s41598-024-56790-z
https://doi.org/10.1038/s41598-024-56790-z
https://doi.org/10.1136/bmjopen-2016-013509
https://doi.org/10.1136/bmjopen-2016-013509
https://doi.org/10.1080/10641955.2024.2329068
https://doi.org/10.1161/HYPERTENSIONAHA.117.10442
https://doi.org/10.1161/HYPERTENSIONAHA.117.10442
https://doi.org/10.1080/14767058.2024.2388171
https://doi.org/10.1080/14767058.2024.2388171
https://doi.org/10.3390/jcm12186020
https://doi.org/10.3390/jcm12186020
https://doi.org/10.1055/s-0043-1764345
https://doi.org/10.1016/j.placenta.2007.11.001
https://doi.org/10.1016/j.placenta.2007.11.001
https://doi.org/10.1097/hjh.0b013e328329fbfe
https://doi.org/10.1161/HYP.0000000000000208
https://doi.org/10.1161/HYP.0000000000000208
https://www.imrpress.com


[12] Ismailova I, Zame Y, Akhmedzhanova M, Sultanov K,
Tanzharykova G. Pathogenetic role of a number of factors in
the development and progression of preeclampsia with varying
severity in pregnant women. Reproduction, Fertility, and Devel-
opment. 2024; 36: RD23214. https://doi.org/10.1071/RD23214.

[13] Shamshirsaz AA, Haeri S, Ravangard SF, Sangi-Haghpeykar H,
Gandhi M, Ozhand A, et al. Perinatal outcomes based on the
institute of medicine guidelines for weight gain in twin preg-
nancies. The Journal of Maternal-fetal & Neonatal Medicine:
the Official Journal of the European Association of Perinatal
Medicine, the Federation of Asia and Oceania Perinatal Soci-
eties, the International Society of Perinatal Obstetricians. 2014;
27: 552–556. https://doi.org/10.3109/14767058.2013.836177.

[14] Chen Xu J, Coelho Â. Association between Body Mass In-
dex and Gestational Weight Gain with Obstetric and Neonatal
Complications in Pregnant Women with Gestational Diabetes.
Acta Medica Portuguesa. 2022; 35: 718–728. https://doi.org/10.
20344/amp.15896.

[15] Piani F, Agnoletti D, Baracchi A, Scarduelli S, Verde C, Tos-
setta G, et al. Serum uric acid to creatinine ratio and risk of
preeclampsia and adverse pregnancy outcomes. Journal of Hy-
pertension. 2023; 41: 1333–1338. https://doi.org/10.1097/HJH.
0000000000003472.

[16] Herman HG, Barda G, Miremberg H, Gonen N, Torem
M, Kleiner I, et al. Management of pregnancies with sus-
pected preeclampsia based on 6-hour vs 24-hour urine pro-
tein collection-a randomized double-blind controlled pilot trial.
American Journal of Obstetrics & Gynecology MFM. 2021; 3:
100429. https://doi.org/10.1016/j.ajogmf.2021.100429.

[17] Moghaddas Sani H, Zununi Vahed S, Ardalan M. Preeclampsia:
A close look at renal dysfunction. Biomedicine& Pharmacother-
apy = Biomedecine & Pharmacotherapie. 2019; 109: 408–416.
https://doi.org/10.1016/j.biopha.2018.10.082.

[18] Palmer K. Assessing the Circulating Placental-Specific Anti-
angiogenic Protein sFLT-1 e15a in Preeclampsia. Methods in
Molecular Biology (Clifton, N.J.). 2018; 1710: 27–37. https:
//doi.org/10.1007/978-1-4939-7498-6_3.

[19] Gomes HCDS, Cabral ACV, Andrade SP, Leite HV, Teixeira PG,
Campos PP, et al. Cystatin C as an indicator of renal damage in
pre-eclampsia. Hypertension in Pregnancy. 2020; 39: 308–313.
https://doi.org/10.1080/10641955.2020.1766488.

[20] Shenhav S, Harel I, Solt I, Shenhav A, Fytlovich S, Aharoni D,
et al. Fetoplacental unit involvement in uric acid production in
women with severe preeclampsia: a prospective case control pi-
lot study. The Journal of Maternal-fetal & Neonatal Medicine:
the Official Journal of the European Association of Perinatal
Medicine, the Federation of Asia and Oceania Perinatal Soci-
eties, the International Society of Perinatal Obstetricians. 2024;
37: 2399304. https://doi.org/10.1080/14767058.2024.2399304.

[21] Han L, Yang Z, Li K, Zou J, Li H, Han J, et al. Antepartum or
immediate postpartum renal biopsies in preeclampsia/eclampsia
of pregnancy: new morphologic and clinical findings. Interna-
tional Journal of Clinical and Experimental Pathology. 2014; 7:
5129–5143.

[22] Ugwuanyi RU, Chiege IM, Agwu FE, Eleje GU, Ifediorah NM.
Association between SerumUric Acid Levels and Perinatal Out-
come in Women with Preeclampsia. Obstetrics and Gynecology

International. 2021; 2021: 6611828. https://doi.org/10.1155/
2021/6611828.

[23] Luo L, Huang S, Zhuang Z, Mo Y, Guo N, Ge L. The Im-
pact of Serum Uric Acid Levels on Hypertensive Disorders of
Pregnancy in AdvancedMaternal AgeWomen: A Retrospective
Study from a Single Center in China. Medical Science Moni-
tor: International Medical Journal of Experimental and Clinical
Research. 2024; 30: e942629. https://doi.org/10.12659/MSM.
942629.

[24] Hart NR. Paradoxes: Cholesterol and Hypoxia in Preeclamp-
sia. Biomolecules. 2024; 14: 691. https://doi.org/10.3390/biom
14060691.

[25] Inversetti A, Pivato CA, CristodoroM, Latini AC, Condorelli G,
Di Simone N, et al. Update on long-term cardiovascular risk af-
ter pre-eclampsia: a systematic review and meta-analysis. Euro-
pean Heart Journal. Quality of Care & Clinical Outcomes. 2024;
10: 4–13. https://doi.org/10.1093/ehjqcco/qcad065.

[26] Iantorno M, Campia U, Di Daniele N, Nistico S, Forleo GB,
Cardillo C, et al. Obesity, inflammation and endothelial dys-
function. Journal of Biological Regulators and Homeostatic
Agents. 2014; 28: 169–176.

[27] Zaher Y, Rageh I, Morsy A. The Relation between Deregulated
Immune Milieu and Atherogenic Lipids Might Underlie the De-
velopment of Pregnancy-induced Hypertensive Disorders. Evi-
dence Based Women’s Health Journal. 2023; 13: 68–75.

[28] Ozawa R, Iwata H, Kuwayama T, Shirasuna K. Maternal hyper-
tensive condition alters adipose tissue function and blood pres-
sure sensitivity in offspring. Biochemical and Biophysical Re-
search Communications. 2024; 707: 149617. https://doi.org/10.
1016/j.bbrc.2024.149617.

[29] Patar J, Acharjee N. Comparative Study of Serum Lipid Profile
in Pre-Eclampsia and Normal Pregnancy. Scholars Journal of
Applied Medical Sciences. 2022; 12: 2146–2149.

[30] Dal Y, Karaca SG, Akkuş F, Karagün Ş, Nessar AZ, Coşkun
A. Evaluation of the diagnostic value of the HALP score, uric
acid value, and uric acid-creatinine ratio in preeclampsia. Ceska
Gynekologie. 2024; 89: 180–187. https://doi.org/10.48095/cccg
2024180.

[31] Johnson A, Vaithilingan S, Ragunathan L. Association of obe-
sity and overweight with the risk of preeclampsia in pregnant
women: an observational cohort study. Irish Journal of Medical
Science. 2024; 10.1007/s11845–10.1007/s11845–024–03787–
2. https://doi.org/10.1007/s11845-024-03787-2.

[32] Mao JY, Luo S, Wang L, Chen Y, Zhou Q, Yang CY, et al.
Impact factors and obstetric outcomes of preeclampsia in twin
pregnancies by prepregnancy body mass index: a six-year retro-
spective cohort study. The Journal of Maternal-fetal & Neona-
tal Medicine: the Official Journal of the European Associa-
tion of Perinatal Medicine, the Federation of Asia and Oceania
Perinatal Societies, the International Society of Perinatal Obste-
tricians. 2024; 37: 2345294. https://doi.org/10.1080/14767058.
2024.2345294.

[33] Maged AM, Shoab AY, Dieb AS. Antepartum and postpartum
uterine artery impedance in women with pre-eclampsia: a case
control study. Journal of Obstetrics and Gynaecology: the Jour-
nal of the Institute of Obstetrics and Gynaecology. 2019; 39:
633–638. https://doi.org/10.1080/01443615.2018.1563054.

7

https://doi.org/10.1071/RD23214
https://doi.org/10.3109/14767058.2013.836177
https://doi.org/10.20344/amp.15896
https://doi.org/10.20344/amp.15896
https://doi.org/10.1097/HJH.0000000000003472
https://doi.org/10.1097/HJH.0000000000003472
https://doi.org/10.1016/j.ajogmf.2021.100429
https://doi.org/10.1016/j.biopha.2018.10.082
https://doi.org/10.1007/978-1-4939-7498-6_3
https://doi.org/10.1007/978-1-4939-7498-6_3
https://doi.org/10.1080/10641955.2020.1766488
https://doi.org/10.1080/14767058.2024.2399304
https://doi.org/10.1155/2021/6611828
https://doi.org/10.1155/2021/6611828
https://doi.org/10.12659/MSM.942629
https://doi.org/10.12659/MSM.942629
https://doi.org/10.3390/biom14060691
https://doi.org/10.3390/biom14060691
https://doi.org/10.1093/ehjqcco/qcad065
https://doi.org/10.1016/j.bbrc.2024.149617
https://doi.org/10.1016/j.bbrc.2024.149617
https://doi.org/10.48095/cccg2024180
https://doi.org/10.48095/cccg2024180
https://doi.org/10.1007/s11845-024-03787-2
https://doi.org/10.1080/14767058.2024.2345294
https://doi.org/10.1080/14767058.2024.2345294
https://doi.org/10.1080/01443615.2018.1563054
https://www.imrpress.com

	1. Introduction
	2. Materials and Methods
	2.1 Participants
	2.2 Diagnostic and Exclusion Criteria
	2.2.1 Diagnostic Criteria for PE
	2.2.2 Exclusion Criteria
	2.2.3 Inclusion Criteria

	2.3 Clinical Data Collection
	2.4 Instruments and Reagents
	2.5 Quality Control
	2.6 Statistical Analysis

	3. Results
	3.1 Demographic Comparison between the PE Group and Control Group
	3.2 Comparison of Blood Lipid and Renal Function between Two Groups
	3.3 Risk Factors Analysis of PE
	3.4 Predictive Value of TG, Cr and UA for PE

	4. Discussion
	5. Conclusions
	Availability of Data and Materials
	Author Contributions
	Ethics Approval and Consent to Participate
	Acknowledgment
	Funding
	Conflict of Interest

