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Abstract
Background: Maternal serum uric acid metabolism disorder during pregnancy
is associated with adverse pregnancy outcomes; however, few studies have an-
alyzed and compared the correlation between serum uric acid and serum uric
acid/creatinine levels with adverse pregnancy outcomes.

Objective: To analyze the correlation between serum uric acid and serum uric
acid/creatinine levels in the third trimester of pregnancy with adverse pregnancy
outcomes.

Methods: Based on the occurrence of adverse pregnancy outcomes, data from
singleton pregnant women with live births who underwent routine prenatal care
and delivery at Nanjing University Affiliated Drum Tower Hospital from 2015 to
2022 were collected at a 1:1 ratio. A total of 743 pregnant women were ultimately
included, comprising 344 cases in the normal group and 399 cases in the adverse
outcome group. Serum uric acid and serum uric acid/creatinine were respec-
tively divided into three levels by quartiles: Q1 (serum uric acid ≤ 257 �mol/L),
Q2 (serum uric acid 257–359 �mol/L), Q3 (serum uric acid ≥ 359 �mol/L) and q1
(serum uric acid/creatinine ≤ 5.88), q2 (serum uric acid/creatinine 5.88–7.94),
q3 (serum uric acid/creatinine ≥ 7.94). According to the median maternal age,
pregnant women were divided into the age <30 years group (341 cases) and
age ≥ 30 years group (402 cases). Based on previous parity, pregnant women
were divided into the primipara group (539 cases) and multipara group (194
cases). Multivariate Logistic regression analysis was used to analyze the correla-
tion between serum uric acid and serum uric acid/creatinine levels with adverse
pregnancy outcomes.
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Results: Maternal age, BMI, serum uric acid, serum uric acid/creatinine,
and triglycerides in the adverse outcome group were higher than those in the
normal group (P<0.05). After adjusting for confounding factors, multivari-
ate Logistic regression analysis of the effects of serum uric acid and serum
uric acid/creatinine on adverse pregnancy outcomes showed that, compared
with Q1 level serum uric acid, Q3 level increased the risk of preeclamp-
sia (AOR=4.41, 95%CI=2.16–8.99) and intrauterine growth restriction
(AOR=3.59, 95%CI=1.08–11.96) (P<0.05); compared with q1 level serum uric
acid/creatinine, q2 and q3 levels increased the risk of preeclampsia (AOR=2.33,
95%CI=1.13–4.79; AOR=3.56, 95%CI=1.68–7.56), q3 level increased the risk
of preterm birth (AOR=2.76, 95%CI=1.33–5.71) and intrauterine growth
restriction (AOR=5.15, 95%CI=1.39–19.14), while q3 level decreased the risk
of macrosomia (AOR=0.43, 95%CI=0.19–0.98) and large-for-gestational-age
infants (AOR=0.38, 95%CI=0.15–0.96) (P<0.05). The results of the effects of
serum uric acid and serum uric acid/creatinine on preeclampsia and preterm
birth in different age groups showed that, compared with Q1 level serum uric
acid, Q3 level increased the risk of preeclampsia in both age groups (P<0.05);
compared with q1 level serum uric acid/creatinine, q2 and q3 levels increased
the risk of preeclampsia in pregnant women aged ≥ 30 years (P<0.05). The
results of the effects of serum uric acid and serum uric acid/creatinine on
preeclampsia and preterm birth in different parity groups showed that, com-
pared with Q1 level serum uric acid, Q3 level increased the risk of preeclampsia
in primiparas (P<0.05); compared with q1 level serum uric acid/creatinine, q2
and q3 levels increased the risk of preeclampsia in primiparas, and q3 level
increased the risk of preterm birth in primiparas (P<0.05).

Conclusion: High levels of serum uric acid and serum uric acid/creatinine
both increase the risk of preeclampsia and intrauterine growth restriction, with
preeclampsia occurring mainly in pregnant women aged $�$30 years or prim-
iparas. High level of serum uric acid/creatinine increases the risk of preterm
birth, mainly occurring in primiparas. Serum uric acid/creatinine predicts more
adverse pregnancy outcomes than serum uric acid.
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Abstract

Background
Disorders of serum uric acid metabolism during pregnancy are associated with
adverse pregnancy outcomes, yet few studies have analyzed and compared the
correlation of serum uric acid and uric acid/creatinine ratio levels with adverse
pregnancy outcomes.

Objective
To explore the correlation between serum uric acid and uric acid/creatinine ratio
levels in late pregnancy with adverse pregnancy outcomes.

Methods
Based on the occurrence of adverse pregnancy outcomes, data were collected
from pregnant women with singleton live births who underwent routine prenatal
examinations and delivered at Nanjing Drum Tower Hospital between 2015 and
2022 at a 1:1 ratio. A total of 743 pregnant women were ultimately enrolled,
including 344 in the normal group and 399 in the adverse outcomes group.
Serum uric acid and uric acid/creatinine ratio were divided into three levels
by quartiles: Q1 (serum uric acid ≤ 257 �mol/L), Q2 (serum uric acid 257-
359 �mol/L), Q3 (serum uric acid ≥ 359 �mol/L) and q1 (uric acid/creatinine
ratio ≤ 5.88), q2 (uric acid/creatinine ratio 5.88-7.94), q3 (uric acid/creatinine
ratio ≥ 7.94). According to median maternal age, women were divided into
<30 years (341 cases) and $�$30 years (402 cases) groups. Based on previous
pregnancy and delivery history, they were divided into primiparous (539 cases)
and multiparous (194 cases) groups. Multivariate logistic regression was used to
analyze the correlation between serum uric acid and uric acid/creatinine ratio
levels with adverse pregnancy outcomes.

Results
Women in the adverse outcomes group were older and had higher BMI, serum
uric acid, uric acid/creatinine ratio, and triglyceride levels than those in the
normal group (P < 0.05). After adjusting for confounders, multivariate logis-
tic regression showed that compared with Q1 serum uric acid level, the risk
of preeclampsia (AOR = 4.41, 95% CI = 2.16-8.99) and intrauterine growth
restriction (AOR = 3.59, 95% CI = 1.08-11.96) increased at Q3 level (P <
0.05). Compared with q1 uric acid/creatinine ratio level, the risk of preeclamp-
sia increased at q2 and q3 levels (AOR = 2.33, 95% CI = 1.13-4.79; AOR =
3.56, 95% CI = 1.68-7.56), the risk of preterm birth (AOR = 2.76, 95% CI =
1.33-5.71) and intrauterine growth restriction (AOR = 5.15, 95% CI = 1.39-
19.14) increased at q3 level, while the risk of macrosomia (AOR = 0.43, 95%
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CI = 0.19-0.98) and large-for-gestational-age infant (AOR = 0.38, 95% CI =
0.15-0.96) decreased at q3 level (P < 0.05). Subgroup analyses showed that
compared with Q1 serum uric acid, Q3 level increased preeclampsia risk in both
age groups (P < 0.05). Compared with q1 uric acid/creatinine ratio, q2 and
q3 levels increased preeclampsia risk in women aged $�$30 years (P < 0.05).
Compared with Q1 serum uric acid, Q3 level increased preeclampsia risk in
primiparous women (P < 0.05). Compared with q1 uric acid/creatinine ratio,
q2 and q3 levels increased preeclampsia risk, and q3 level increased preterm
birth risk in primiparous women (P < 0.05).

Conclusion
Elevated serum uric acid and uric acid/creatinine ratio levels are associated
with increased risks of preeclampsia and intrauterine growth restriction, with
preeclampsia occurring mainly in women aged $�$30 years or primiparous
women. High uric acid/creatinine ratio increases preterm birth risk, primarily
in primiparous women. The uric acid/creatinine ratio predicts more adverse
pregnancy outcomes than serum uric acid alone.

Keywords
Pregnant women; Pregnancy outcome; Uric acid; Uric acid/creatinine ratio;
Adverse outcomes; Root cause analysis

Introduction

Uric acid is the end product of purine nucleotide metabolism. Physiological
levels of serum uric acid exert positive effects in antioxidant activity and de-
laying cognitive decline [1-2], whereas excessively high serum uric acid levels
are associated with the development of diabetes, cardiovascular and cerebrovas-
cular diseases [3-4]. Adverse pregnancy outcomes refer to the short-term and
long-term impacts of pregnancy and delivery-related complications on maternal
and fetal health [5-6], which seriously endanger the physical and mental well-
being of mothers and infants, imposing a heavy burden on families and society.
Therefore, early identification of risk factors for adverse pregnancy outcomes
facilitates timely intervention and treatment, promoting better maternal and
child health.

Studies have shown that disorders of serum uric acid metabolism during preg-
nancy may contribute to the development and progression of adverse preg-
nancy outcomes such as preeclampsia, gestational diabetes mellitus, and fetal
growth restriction [7-8]. Disordered serum uric acid metabolism can mediate
oxidative stress injury in vascular endothelial cells, impede placental nutrient
transport, and affect fetal growth and development [9-10]. The metabolism of
serum uric acid is influenced by dietary habits and renal function; therefore,
the serum uric acid/creatinine ratio can minimize interference from renal func-
tion and more stably reflect the body’s uric acid level [11]. Previous studies
have reported that the serum uric acid/creatinine ratio has predictive value in
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metabolic syndrome, hypertension, and chronic kidney disease [11-13]; however,
few studies have compared the predictive value of serum uric acid and serum
uric acid/creatinine ratio for adverse pregnancy outcomes, and research involv-
ing the uric acid/creatinine ratio in adverse pregnancy outcomes is also scarce.
In view of this, this study aims to analyze the correlation between serum uric
acid and serum uric acid/creatinine ratio with adverse pregnancy outcomes and
compare their predictive abilities for such outcomes, providing clinical evidence
for reducing the risk of adverse pregnancy outcomes and improving maternal
and infant prognosis.

Methods

Study Subjects Based on the occurrence of adverse pregnancy outcomes,
women without such outcomes were included in the normal group, while those
with adverse outcomes were included in the adverse outcomes group. Data
were collected from pregnant women with singleton live births who underwent
routine prenatal examinations and delivered at Nanjing Drum Tower Hospital
between 2015 and 2022 at a 1:1 ratio. Exclusion criteria included: (1) com-
bined hepatic or renal insufficiency; (2) hematologic, immunologic diseases, or
coagulation dysfunction; (3) severe diseases involving the lungs, heart, tumors,
or liver; (4) abnormal placental position or function; (5) psychiatric disorders;
and (6) incomplete medical records. A total of 743 pregnant women were ul-
timately enrolled, including 344 in the normal group and 399 in the adverse
outcomes group. This study was approved by the Ethics Committee of Nan-
jing Drum Tower Hospital (2019-284-01), and all participants signed informed
consent forms.

Definitions Adverse pregnancy outcomes is a general term referring to the
short-term and long-term effects of pregnancy and delivery-related complica-
tions on maternal and fetal health [5-6]. The adverse pregnancy outcomes in-
cluded in this study comprised preeclampsia, cesarean delivery, preterm birth,
intrauterine growth restriction, macrosomia, low birth weight infant, large-for-
gestational-age infant, and small-for-gestational-age infant.

Preeclampsia was defined as hypertension [systolic blood pressure ≥ 140 mmHg
(1 mmHg = 0.133 kPa), diastolic blood pressure ≥ 90 mmHg, measured twice
with an interval of ≥ 4 hours] with proteinuria, or without proteinuria but
with end-organ dysfunction after 20 weeks of gestation [14]. Preterm birth was
defined as delivery before 37 weeks of gestation [15]. Low birth weight infant
referred to birth weight < 2,500 g [16]. Macrosomia was defined as birth weight
> 4,000 g [17]. Large-for-gestational-age infant referred to birth weight ≥ the
90th percentile for gestational age [18]. Small-for-gestational-age infant referred
to birth weight ≤ the 10th percentile for gestational age [19].
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Data Collection Relevant information was collected from the electronic med-
ical record system of Nanjing Drum Tower Hospital, including maternal age,
BMI (weight before delivery/height2), menstrual history, obstetric history, past
medical history, oral glucose tolerance test (OGTT) results at 24-28 weeks of
gestation, and serum uric acid, blood lipids, and liver function indicators at
28-32 weeks of gestation.

Serum Uric Acid and Uric Acid/Creatinine Ratio Stratification
Serum uric acid levels were stratified by quartiles into: Q1 (≤ 257 �mol/L),
Q2 (257-359 �mol/L), and Q3 (≥ 359 �mol/L). Serum uric acid/creatinine ratio
levels were stratified by quartiles into: q1 (≤ 5.88), q2 (5.88-7.94), and q3 (≥
7.94).

Statistical Analysis Statistical analysis was performed using SPSS 26.0 soft-
ware. Normally distributed continuous variables were expressed as (mean ±
standard deviation) and compared between groups using independent samples
t-test. Non-normally distributed data were presented as median (P25, P75) and
compared using non-parametric tests. Categorical data were expressed as rela-
tive numbers and compared using �2 test or Fisher’s exact test. Multivariate
logistic regression analysis was used to examine the correlation between serum
uric acid and uric acid/creatinine ratio levels with adverse pregnancy outcomes.
P < 0.05 was considered statistically significant.

Results

Baseline Characteristics There were no statistically significant differences
between the two groups in serum creatinine, alanine aminotransferase, aspar-
tate aminotransferase, fasting glucose, 1-hour glucose, 2-hour glucose, glycated
hemoglobin, total cholesterol, low-density lipoprotein, and high-density lipopro-
tein (P > 0.05). The adverse outcomes group had significantly higher maternal
age, BMI, serum uric acid, serum uric acid/creatinine ratio, and triglycerides
compared to the normal group (P < 0.05), as shown in Table 1 .

Analysis of Adverse Pregnancy Outcomes Among the 399 pregnant
women in the adverse outcomes group, there were 305 cases of cesarean delivery
(76.4%), 107 cases of preeclampsia (26.8%), 70 cases of preterm birth (17.5%),
29 cases of intrauterine growth restriction (7.2%), 57 cases of macrosomia
(14.2%), 26 cases of low birth weight infant (6.5%), 48 cases of large-for-
gestational-age infant (12.0%), and 34 cases of small-for-gestational-age infant
(8.5%).

Multivariate Logistic Regression Analysis Multivariate logistic regres-
sion analysis was performed with each adverse pregnancy outcome as the de-
pendent variable (assignment: yes = 1, no = 2) and different quartiles of serum
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uric acid (assignment: Q1 = 1, Q2 = 2, Q3 = 3) and uric acid/creatinine ratio
(assignment: q1 = 1, q2 = 2, q3 = 3) as independent variables. After adjusting
for confounding factors, the results showed that compared with Q1 serum uric
acid level, the risk of preeclampsia and intrauterine growth restriction increased
at Q3 level (P < 0.05). Compared with q1 uric acid/creatinine ratio level, the
risk of preeclampsia increased at q2 and q3 levels, the risk of preterm birth and
intrauterine growth restriction increased at q3 level, while the risk of macro-
somia and large-for-gestational-age infant decreased at q3 level (P < 0.05), as
shown in Table 2 .

Effects in Different Age Groups Based on the median maternal age, preg-
nant women were divided into the <30 years group (341 cases) and the $�$30
years group (402 cases). Multivariate logistic regression analysis was performed
for different age groups with preeclampsia and preterm birth as dependent vari-
ables (assignment: yes = 1, no = 2) and different quartiles of serum uric acid
and uric acid/creatinine ratio as independent variables (assignment as above).
After adjusting for confounding factors, the results showed that compared with
Q1 serum uric acid level, the risk of preeclampsia increased in both age groups
at Q3 level (P < 0.05). Compared with q1 uric acid/creatinine ratio level, the
risk of preeclampsia increased in women aged $�$30 years at q2 and q3 levels (P
< 0.05), as shown in Table 3 .

Effects in Different Parity Groups Based on previous pregnancy and deliv-
ery history, pregnant women were divided into the primiparous group (539 cases)
and the multiparous group (194 cases). Multivariate logistic regression analysis
was performed for different parity groups with preeclampsia and preterm birth
as dependent variables (assignment as above) and different quartiles of serum
uric acid and uric acid/creatinine ratio as independent variables (assignment as
above). After adjusting for confounding factors, the results showed that com-
pared with Q1 serum uric acid level, the risk of preeclampsia increased in prim-
iparous women at Q3 level (P < 0.05). Compared with q1 uric acid/creatinine
ratio level, the risk of preeclampsia increased in primiparous women at q2 and
q3 levels, and the risk of preterm birth increased in primiparous women at q3
level (P < 0.05), as shown in Table 4 .

Discussion

Uric acid is the end product of purine nucleotide metabolism, and elevated
serum uric acid is associated with adverse maternal and neonatal outcomes.
Due to the unique metabolic state of pregnancy, serum uric acid undergoes
dynamic changes. In early pregnancy, increased estrogen levels, renal blood flow,
and glomerular filtration rate promote uric acid excretion, resulting in lower
serum uric acid levels compared with pre-pregnancy. In the second and third
trimesters, serum uric acid levels gradually increase as renal clearance of uric
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acid decreases with placental maturation and fetal development [20-21]. Since
serum uric acid levels are influenced by renal function and dietary intake, the
serum uric acid/creatinine ratio can standardize renal function and more stably
reflect the body’s uric acid level [11]. However, whether the uric acid/creatinine
ratio can eliminate the influence of dietary factors has not been reported in large-
sample studies. Some studies have found that the uric acid/creatinine ratio has
predictive value for adverse neonatal outcomes, non-alcoholic fatty liver disease,
and chronic kidney disease, but few have involved adverse pregnancy outcomes
[13,22].

This study simultaneously included both serum uric acid and uric
acid/creatinine ratio in the analysis and compared their correlations with
adverse pregnancy outcomes. We found that compared with serum uric acid
alone, the uric acid/creatinine ratio was associated with more adverse preg-
nancy outcomes, suggesting that clinical practice should pay greater attention
to the predictive role of the uric acid/creatinine ratio. The results showed that
high serum uric acid levels increased the risk of preeclampsia and intrauterine
growth restriction, while high uric acid/creatinine ratio levels increased the
risk of preeclampsia, preterm birth, and intrauterine growth restriction, but
decreased the risk of macrosomia and large-for-gestational-age infants.

Previous studies have reported that elevated maternal serum uric acid is cor-
related with increased incidence of preeclampsia [23-25] and can assess disease
severity [26], consistent with our findings. This may be related to oxidative stress
injury and vascular dysregulation caused by disordered uric acid metabolism.
Some scholars believe that uric acid may participate in the development of
preeclampsia by activating inflammatory factors such as adenosine deaminase,
interleukin-1𝛽, tumor necrosis factor-𝛼, and nuclear factor-�B [27-28]. Our study
showed that high uric acid/creatinine ratio increased the risk of preterm birth
and intrauterine growth restriction, suggesting that high uric acid-induced sys-
temic inflammatory responses may reduce placental blood perfusion, impede
maternal-fetal substance transport, and affect fetal growth and development
[29-31]. Previous studies have similarly suggested that high uric acid restricts
fetal growth, but most have analyzed only serum uric acid with less involvement
of the uric acid/creatinine ratio [32]. In fact, advanced maternal age, underly-
ing diseases, multiple pregnancy, and placental dysfunction can all affect fetal
growth [33-34]; therefore, our study considered and excluded these confounding
factors in the inclusion criteria and multivariate regression analysis.

Current research on the relationship between maternal serum uric acid and fetal
birth weight remains controversial. Our results showed that high maternal uric
acid/creatinine ratio decreased the risk of macrosomia and large-for-gestational-
age infants. Hawkins et al. [35] and Akahori et al. [36] found that maternal
serum uric acid was negatively correlated with fetal birth weight, possibly due
to reduced placental amino acid uptake caused by high uric acid levels. An-
other study including 11,580 pregnant women reported that high maternal uric
acid increased the risk of low birth weight and small-for-gestational-age infants,
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which may be related to restricted fetal growth [37]. However, Rothenbacher
et al. [38] found no association between maternal uric acid and neonatal birth
weight, possibly due to confounding factors and regional differences.

To further explore the correlation between the effect of serum uric acid on ad-
verse outcomes and maternal clinical characteristics, this study grouped women
by age and parity. The results showed that in women aged $�$30 years or
primiparous women, serum uric acid and uric acid/creatinine ratio had greater
effects on preeclampsia, and the effect of uric acid/creatinine ratio on preterm
birth mainly occurred in primiparous women. Sheen et al. [39] demonstrated
that women aged 30-54 years accounted for a large proportion of preeclampsia
and related adverse outcomes. Evidence suggests that women with multiple
cesarean deliveries are more prone to preeclampsia [26], which is inconsistent
with our findings and may be related to limited sample size. Currently, there
is scarce research on the relationship between the effects of serum uric acid on
preeclampsia and preterm birth with maternal parity and age, requiring further
large-scale studies for verification.

This study has several limitations. First, as a single-center study, its represen-
tativeness of the general population is limited. Second, the lack of analysis on
pre-pregnancy BMI and gestational weight gain prevented comprehensive explo-
ration of the dynamic changes in serum uric acid throughout pregnancy. Future
studies with larger sample sizes are needed for comprehensive analysis.

In conclusion, high serum uric acid levels increase the risk of preeclampsia and
intrauterine growth restriction, while high uric acid/creatinine ratio levels in-
crease the risk of preeclampsia, preterm birth, and intrauterine growth restric-
tion, but decrease the risk of macrosomia and large-for-gestational-age infants.
Elevated serum uric acid and uric acid/creatinine ratio levels during pregnancy
are associated with adverse maternal and neonatal outcomes, particularly in
women aged $�$30 years or primiparous women, and the uric acid/creatinine ra-
tio can predict more adverse pregnancy outcomes than serum uric acid alone. In
clinical practice, focusing on the uric acid/creatinine ratio in women aged $�$30
years or primiparous women is beneficial for early prevention and improvement
of adverse maternal and neonatal outcomes.
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