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Objective: To investigate the correlation between uric acid (UA), urinary protein (UP) and umbilical artery blood flow related 
parameters and maternal and infant prognosis in patients with hypertensive disorder complicating pregnancy (HDP).
Methods: A total of 110 hDP patients who underwent prenatal examination and delivered in our hospital from June 2018 to May 2023 
were selected as the HDP group. According to the prognosis of mother and infant, they were divided into normal prognosis group 
(n=80) and poor prognosis group (n=30). In addition, 110 healthy pregnant women who received prenatal examination in the same 
hospital during the same period were randomly selected as healthy control group. The maternal and infant outcomes, UA, 24-h-UP 
level, umbilical artery blood flow pulsation index (PI), resistance index (RI) and systolic and diastolic blood flow velocity ratio (S/D) 
were compared between the two groups. Logistic regression analysis was used to analyze the factors related to the above probability 
and maternal and infant prognosis.
Results: The total incidence of adverse maternal and infants outcome in the HDP group was higher than that of HC (37.5% 
VS16.65%) (P <0.05). The HDP group UA, 24-h-UP and PI, RI, and S / D higher than HC (P <0.05). Logistic regression analysis 
shows that the age of pregnant women and 24-h-UP, PI, RI, S / D are related factors that affect the prognosis of adverse maternal and 
infants outcome (P <0.05).
Conclusion: The UA and UP levels and umbilical artery blood flow-related parameters in HDP patients were significantly increased. 
Maternal age and 24-h-UP, RI, and S/D are all relevant factors that affect the adverse maternal and fetal prognosis of HDP patients.
Keywords: uric acid, urinary protein, umbilical artery blood flow, pregnancy-induced hypertension

Introduction
Hypertensive disorder of pregnancy (HDP) is a systemic disease unique to pregnant women, mainly characterized by 
hypertension, edema and proteinuria. HDP seriously threatens the health and life of mother and child and is one of the 
common obstetric diseases. At present, pregnancy-induced hypertension is summarized into four categories: preeclamp
sia-eclampsia syndrome, chronic hypertension, chronic hypertension superimposed preeclampsia, and gestational hyper
tension. The above conditions may cause complications such as heart disease, kidney damage, cerebral hemorrhage, and 
abnormal coagulation function.1,2 One of the complications is obstruction of umbilical cord blood flow, which may lead 
to neonatal hypoxic-ischemic encephalopathy or intrauterine distress, resulting in adverse perinatal outcomes.3 In the 
past, 24-h urine protein (24-h-UP) quantification was used as a measure of renal injury, but this indicator has major 
limitations. On the one hand, it is affected by subjective factors such as the patient’s diet and exercise. On the other hand, 
the prediction of kidney damage has a lag that cannot be ignored, which is not conducive to early disease intervention.4 
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Therefore, finding reliable prognostic predictors has important clinical significance for patients with hypertensive 
disorders during pregnancy.

Uric acid is produced by the breakdown of purines and is excreted through the kidneys. A normal body has a balance 
between the production and excretion of uric acid. The imbalance of HDP uric acid metabolism leads to an increase in 
uric acid. The mechanism of HDP is mainly divided into two stages. The first stage is the preclinical stage, which is the 
disorder of trophoblast remodeling in the uterine spiral arteries in early pregnancy, leading to placental ischemia and 
hypoxia, and the release of a variety of placental factors. In the second stage, placental factors enter the maternal blood 
circulation and promote the activation of systemic inflammatory response and damage to vascular endothelial cells, 
causing a variety of clinical manifestations. At the same time, placental factors enter the blood, promote inflammatory 
response, and cause damage to vascular endothelial cells. Cell damage and hypoxia lead to increased glycolysis and 
increased lactic acid production, which competitively inhibits the acid excretion ability of the proximal renal tubules and 
reduces uric acid excretion.5 Studies have shown6 that elevated blood uric acid levels in early pregnancy are related to 
HDP and can predict the occurrence of HDP.

In the past, renal function was reflected clinically through creatinine and urea, but glomeruli have substantial 
functional reserves. Creatinine and urea only increase significantly when the glomerular filtration rate reaches below 
50%.7 The levels of creatinine and urea are easily affected by age, gender, muscle mass, blood lipids, inflammation, etc. 
Some literature shows that8 the occurrence of preeclampsia is positively correlated with the increase in cholesterol in 
blood lipids. Blood lipid peroxides cause endothelial cell damage, lead to atherosclerosis, form thrombus, affect placental 
vascular function, thereby increasing the risk of HDP.9

The pathophysiological mechanism of HDP is systemic arteriolar spasm. Hemodynamic monitoring is often 
performed on such patients to determine the intrauterine status of the fetus. Determining the timing of pregnancy 
termination can be a challenge in patients with fetal hemodynamic abnormalities. Gestational age is the main determinant 
of premature neonatal death (death within 28 days of birth), and neonatal mortality increases significantly with 
decreasing gestational age.10 However, continued prolongation of gestational age conflicts with fetal intrauterine 
hypoxia, which may delay treatment and affect pregnancy outcomes. Clinically, domestic and foreign studies mostly 
describe the gestational weeks, neonatal admission rates and the incidence of certain diseases in childhood in such 
patients. It is very important to study the significance of changes in fetal hemodynamic parameters.

Therefore, early preventive screening and diagnostic intervention for HDP using various monitoring indicators can 
effectively avoid the occurrence of various adverse maternal and infant prognosis caused by the disease, and is of great 
significance in improving the pregnancy outcomes of HDP patients.11,12 Uric acid (UA) is mainly excreted through 
various transporters in renal tissue, and is often used together with 24-h-UP quantitative detection for clinical assessment 
of early renal injury and severity.13 Umbilical artery blood flow is an important factor affecting uteroplacental circulation. 
It can assess fetal intrauterine hypoxia and HDP syndrome tendencies, which is beneficial to promoting prenatal and 
postnatal care.14 Previous studies have reported the correlation between UA and albumin and the severity of HDP.15 

However, there are currently relatively few reports on the correlation between UA, UP and umbilical artery blood flow- 
related parameters and maternal and fetal prognosis in HDP patients. This study mainly explores and analyzes the 
changes in UA, UP and umbilical artery blood flow-related parameters in patients with HDP and their relationship with 
maternal and fetal prognosis, aiming to provide a theoretical basis for the clinical diagnosis and treatment of HDP.

Information and Methods
Normal Information
A total of 110 hDP patients who underwent antenatal examination and delivery in our hospital from June 2018 to 
May 2023 were selected as the HDP group. They were divided into a normal prognosis group (n=80) and a adverse 
prognosis group (n=30) according to the maternal and infant prognosis. Among them, adverse outcomes were defined as: 
fetal growth restriction, intrauterine distress, postpartum haemorrhage, placental abruption, neonatal asphyxia or macro
somia. Normal outcome was defined as: If the mother and fetus are healthy.In addition, 110 healthy pregnant women who 
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underwent prenatal examination in the same hospital during the same period were randomly selected as the healthy 
control (HC) group.

Inclusion Criteria
(1) Meets HDP diagnostic criteria: After 20 weeks of pregnancy, systolic blood pressure ≥140 mmHg and/or diastolic blood 

pressure ≥90 mmHg (1 mmHg=0.133 kPa). And accompanied by any of the following: urine protein ≥0.3 g/24 h, or urine 
protein/creatinine ratio ≥0.3, or random urine protein ≥ (+). No proteinuria but accompanied by any of the following organs 
or systems involved, including damage to important organs such as the heart, lungs, liver, and kidneys, abnormal changes 
in the blood system, digestive system, and nervous system, and placenta and fetal involvement.16

(2) Natural conception and singleton pregnancy.
(3) Complete clinical data.

Exclusion Criteria
(1) Essential hypertension.
(2) Combined with diabetes and chronic nephritis.
(3) Have a history of urinary tract infection in the past.
(4) Combined with other pregnancy complications.
(5) Multiple pregnancy.
(6) Suffering from other diseases that cause blood pressure to rise.

Treatment Method
The 110 hDP patients included all received routine HDP treatment and nursing measures.17 Including antispasmodic, 
antihypertensive, sedative and diuretic support and symptomatic treatment. Strictly prevent eclampsia and complications. The 
patient is urged to rest in the left lateral decubitus position, which can relieve venous compression of the lower limbs. Uterine 
artery perfusion was maintained, and diazepam 5 mg was administered at bedtime to maintain sedation. Administer oxygen 
intermittently and closely monitor the status of mother and child. Oral treatment was given with labetalol tablets (Jiangsu 
Desano Pharmaceutical Co., Ltd., national drug approval number H32026119, specification: 100 mg), 100 mg/time, 2 times/d.

Determination of Indicates
The age, parity, and pre-pregnancy body mass index (BMI) of the research subjects were collected. Family history of 
maternal hypertension and serum UA, 24-h-UP levels and umbilical artery blood flow pulsatility index (PI) after 
12 weeks of pregnancy. Umbilical artery blood flow parameters such as resistance index (RI) and systolic to diastolic 
flow velocity ratio (S/D). The follow-up period will be until the end of the patient’s pregnancy, as of May 2023. If the 
pregnancy ends with fetal growth restriction, intrauterine distress, postpartum hemorrhage, placental abruption, neonatal 
asphyxia or macrosomia, the prognosis for maternal and neonatal is adverse. If the mother and fetus are healthy, the 
prognosis for maternal and neonatal is normal.

Statistical Analysis
The data were analyzed by SPSS21.0. Measurement data were measured using t-test and expressed as mean ± standard 
deviation (x ± s). Count data were analyzed using χ2 test and expressed as frequency (percentage) [n (%)]. The data that 
does not meet the normal distribution is tested by non -parameters. Pairwise comparison was carried out by LSD method, 
and the correlation coefficient was obtained by linear regression analysis.

Results
Comparison of Clinical Data
We compared general maternal clinical data between groups (Table 1). The results showed that the two groups were 
comparable in age, pre-pregnancy BMI, parity and gestational age (P>0.05).
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Comparison of Adverse Maternal and Infant Outcomes Between HDP Group and HC 
Group
We tracked the adverse maternal and infant prognosis of the two groups of mothers (Table 2 and Figure 1). As of May 30, 
2023, 30 of the 80 patients with HDP (37.5%) had a prognosis of adverse maternal and infants outcome (37.5%). The 
number of fetal growth in the two groups, fetal growth restriction, fetal distress, postpartum bleeding, placental 
abruption, neonatal asphyxia, and fetal macrosomia are shown in Table 2 for specific details. The total incidence of 
adverse maternal and infants outcome in the HDP group was higher than that of HC (37.5% vs16.65%) (P <0.05).

Comparison of the Two Groups of UA, 24-h-UP Levels and Umbilical Artery Blood 
Flow Parameters
We also compare the levels of UA and 24-h-UP and umbilical artery blood flow parameters of the two groups of 
puerperas. The results showed (Table 3 and Figure 2) that HDP group UA, 24-h-UP levels and PI, RI, S / D are higher 
than HC group and p<0.05.

Analysis of Single Factors Affecting Maternal and Neonatal Outcome of HDP Patients
The prognosis of adverse maternal and infants outcome in HDP patients is related to the age of pregnant women, BMI 
before pregnancy, family history of hypertension and UA, 24-h-UP level, and PI, RI, S/D (P <0.05) (Table 4).

Table 1 Comparison of General Clinical Data of Patients

Index HC Group  
(n=110)

HDP Group  
(n=110)

t/x2 P

Age(years) 29.40±3.47 30.14±5.24 −1.235 0.218

Pre-pregnancy BMI(kg/m2) 22.83±1.56 22.81±1.45 0.063 0.950

Gravidity 1.90±0.31 1.60±0.49* 3.122 0.002

Parity 1.93±0.45 1.94±0.37 −0.119 0.906

Gestational age (weeks) 35.53±1.17 35.51±1.53 0.065 0.948

Notes: Comparison between HDP group and HC group, * P<0.05.

Table 2 Comparison of Each Index Among 2 Groups [n(%)]

Index HC 
Group  

(n=110)

HDP 
Group  

(n=110)

t/x2 P

Fetal growth restriction 1(0.91) 3(2.73) 1.019 0.313

Fetal distress 3(2.73) 7(6.36) 1.676 0.195

Postpartum bleeding 3(2.73) 7(6.36) 1.676 0.195

Placental abruption 1(0.91) 5(4.55) 2.741 0.098

Neonatal asphyxia 2(1.82) 5(4.55) 1.328 0.249

Fetal macrosomia 1(0.91) 3(2.73) 1.019 0.313

Overall adverse maternal and infant 

outcomes rate

11(10.01) 30(27.28)* 10.822 0.001

Notes: Comparison between HDP group and HC group, * P<0.05.
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Logistic Regression Analysis That Affects the Prognosis of HDP Maternal and 
Neonatal
Taking maternal and infant prognosis as the outcome variable, we set relevant assignments (Table 5). Then perform 
logistic analysis. The results showed that maternal age (OR=2.066, P<0.05), 24-h-UP (OR=1.882, P<0.05), PI 
(OR=2.045, P<0.05), RI (OR=2.315, P<0.05) and S/ D (OR=2.741, P<0.05) is a relevant factor affecting adverse 
maternal and infant prognosis in patients with HDP.

Discussion
Hypertension is the most common medical disease during pregnancy, accounting for 5% to 10% of all pregnancies. 
Maternal age over 40, pre pregnancy obesity, excessive weight gain during pregnancy and pregnancy diabetes are all 
related to the increased risk of maternal hypertension.18 HDP often leads to reduced maternal renal tubular reabsorption 
capacity, resulting in abnormal UA and 24-h-UP, causing placental hypoperfusion and ischemia and hypoxia, adversely 
affecting maternal and fetal prognosis.19 Although there are differences between subtypes of HDP, Veerbeek et al’s 
study20 suggests that all types of HDP appear to be associated with high risk. According to reports, gestational 

Figure 1 Comparison of each index among 2 groups.

Table 3 Comparison of the Two Groups of UA, 24HPRO Levels 
and Umbilical Artery Blood Flow Parameters (x ± s)

Index HC Group 
(n=110)

HDP Group 
(n=110)

t/x2 P

UA/(μmol / L) 309.83±27.35 379.68±24.53* −19.941 <0.001

24h PRO/mg 91.43±13.15 327.41±51.85* −47.646 <0.001

PI 0.86±0.09 1.16±0.12* −20.976 <0.001

RI 0.46±0.03 0.66±0.04* −41.952 <0.001

S/D 1.91±0.15 2.15±0.11* −13.532 <0.001

Notes: Comparison between HDP group and HC group, * P<0.05.
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hypertension can increase the risk of future chronic hypertension, cardiovascular disease, coronary heart disease, and 
heart failure.21,22

Urinary microalbumin is a negatively charged macromolecule protein that cannot pass through the glomerular 
filtration membrane. Therefore, trace amounts are present in the urine of healthy people. When renal parenchymal 
damage or capillary permeability increases due to various reasons, urinary microalbumin may enter the urine through the 
glomerular filtration membrane. Some scholars have pointed out in the past that during renal injury, changes in urinary 
microalbumin occur earlier than 24-h urine protein quantification.23,24

The supply of nutrients and the elimination of metabolites required for fetal growth require the blood circulation of 
the umbilical cord to be completed. Stable blood perfusion is the basis for ensuring healthy fetal development.25 During 

Figure 2 Violin plot for Comparison of the two groups of UA, 24HPRO levels and umbilical artery blood flow parameters, **** represents P<0.001.
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Table 4 Analysis of Single Factors Affecting Maternal and Neonatal Outcome of HDP Patients 
[n(%)], (x ± s)

Index Adverse Prognosis 
Group (n=30)

Normal Prognosis 
Group (n=80)

t/x2 P

Age(years) 3.969 0.046

<35 22(73.33) 67(83.75)

≥35 8(26.67) 13(16.25)

Pre-pregnancy BMI(kg/m2) 15.101 <0.001

<25 12(40) 63(78.75)

≥25 18(60) 17(21.25)

Parity 0.764 0.382

<2 16(53.33) 30(37.5)

≥2 14(46.67) 50(62.5)

Family history of 
hypertension

15.244 <0.001

Yes 20(66.67) 21(26.25)

No 10(33.33) 59(73.75)

UA/(μmol / L) 364.46±18.75 332.13±23.75 6.707 <0.001

24h PRO/mg 356.12±46.27 314.59±43.53 4.381 <0.001

PI 1.20±0.14 0.81±0.06 20.5 <0.001

RI 0.76±0.04 0.56±0.03 28.323 <0.001

S/D 2.37±0.13 1.90±0.07 24.36 <0.001

Table 5 Set Relevant Assignments of 
the Factors

Index Assign

Age

<35 0

≥35 1

Pre-pregnancy BMI

<25 0

≥25 1

Parity

<2 0

≥2 1

(Continued)
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pregnancy, the uterine blood flow velocity gradually increases from the original 50 mL/min to 500 ~ 750 mL/min. 
Accompanied by the orderly remodeling of the branches of the uterine arteries at all levels, the uterine cavity is enlarged 
and the elasticity is reduced. To maintain a stable high flow velocity and low resistance state of the umbilical artery to 
meet the needs of fetal growth and development. This process is completed with the help of trophoblast cells and can 
continue until 37 weeks of pregnancy. In patients with gestational hypertension, arterial remodeling is hindered due to 
trophoblast damage, and the extent of remodeling in some patients is limited to the decidual segment. This causes the 
umbilical artery resistance of pregnant women to increase and the flow velocity to decrease, which has been confirmed by 
domestic and foreign scholars.26,27

The increase in uric acid levels indicates an increase in adverse pregnancy outcomes. Studies28,29 have shown that 
high uric acid levels during pregnancy are related to adverse pregnancy and childbirth outcomes, and high uric acid levels 
are an independent risk factor for delivery of low-birth-weight babies. Literature reports30 When the uric acid content is 
>400 μ mol/L, the incidence of intrauterine growth retardation is 46.92%, and perinatal mortality is significantly 
increased.

HDP found that blood uric acid concentration increased at 10 weeks of pregnancy, and in vitro experiments 
suggested31 that high concentrations of uric acid inhibit the apoptosis of uterine spiral artery smooth muscle cells 
and endothelial cells. Interfering with changes in extravillous trophoblast cells within blood vessels, leading to 
impairment of uterine spiral artery remodeling. Uric acid can initiate an immune response and lead to an 
inflammatory response at the maternal-fetal interface.32 Uric acid produces oxygen free radicals that affect 
trophoblast function and lead to shallow placental implantation.33 It causes placental ischemia and hypoxia, 

Table 5 (Continued). 

Index Assign

Family history of hypertension

No 0

Yes 1

UA/(μmol / L)

<333.05μmol / L 0

≥333.05μmol / L 1

24h PRO/mg

<342.7mg 0

≥342.7mg 1

PI

<1.00 0

≥1.00 1

RI

<0.61 0

≥0.61 1

S/D

<2.04 0

≥2.04 1
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which leads to restriction of maternal-fetal interface exchange, affects intrauterine growth and development of the 
fetus, and leads to an increase in adverse pregnancy outcomes such as fetal distress, FGR, premature birth, and 
placental abruption.

Therefore, using simple and highly sensitive indicators to conduct early assessment of maternal and infant prognosis 
in HDP patients is beneficial to the formulation and implementation of clinical treatment decisions, and is of great 
significance in preventing and treating adverse maternal and infant outcomes. PI and RI are commonly used in clinical 
practice as the main parameters of placental hemodynamics and are closely associated with the risk of gestational 
hypertension.34,35 Doppler derived vascular patterns are closely associated with normal and adverse perinatal outcomes, 
and the description of uterine and umbilical S/D ratios should be included as part of the clinical evaluation of all 
hypertensive pregnant women.36

The results of this study show that the total incidence of adverse maternal and infants outcome in the HDP group is 
higher than that of HC (37.5% VS16.65%). UA, 24-h-UP levels and PI, RI, S / D are significantly higher than the HC 
group. Research with37 is basically the same. It shows that patients with HDP are manifested as abnormal renal function, 
abnormal umbilical artery blood flow parameters, and the incidence of adverse maternal and infants outcome is higher. 
Significant increases in systolic and diastolic blood pressure in HDP patients cause systemic small vessel spasm, reduce 
renal blood flow, and significantly increase UA and 24-h-UP levels.38 High UA can cause oxidative stress disorders in 
pregnant women, causing serious damage to vascular endothelial function and placental implantation and perfusion, 
inhibiting fetal growth and development, and increasing the risk of adverse pregnancy outcomes.39 Placental blood flow 
with high blood flow and low impedance is the key to ensuring the normal exchange of nutrients and metabolites during 
fetal growth and development, and can maintain normal fetal growth and development through blood perfusion in the 
placental villous space.40 The increased distal vascular pressure in HDP patients causes abnormal umbilical artery blood 
flow, which is manifested in that umbilical artery blood flow parameters such as PI, RI, and S/D are higher than those in 
normal pregnancies.41 Abnormal placental blood perfusion leads to fetal ischemia and hypoxia, increasing the incidence 
of adverse pregnancy outcomes. In this study, the return analysis of the LOGISTIC regression showed that age and 24- 
h-UP, PI, RI, S / D are related factors that affect the adverse maternal and neonatal in patients with HDP. Similar to the 
results of the42 research results. This shows that UA, UP levels, and PI, RI, S / D have a good predictive effect on the 
prognosis of adverse mother and infants in patients with HDP.

The limitation of this study is that there was no follow-up analysis of the long-term prognosis of neonates with UA, 
UP levels and umbilical artery blood flow-related parameters in HDP patients, and further in-depth research and 
verification with extended observation time are still needed. The clinical sample size is insufficient to serve as 
a practical reference value. A larger sample size is needed to conduct the experiment. The number of measurements 
of umbilical artery blood flow, UA, and 24-h-UP was less than three times. We have not yet analyzed the impact of 
gestational age on the research results. More detailed research is needed in the future. It aims to avoid risk factors in the 
future or prevent adverse reactions in maternal and infant prognosis in advance. Provide a solid foundation for clinical 
targeted therapy.

In summary, UA, UP levels and umbilical artery blood flow-related parameters were significantly increased in 
patients with HDP. Maternal age and 24-h-UP, RI, and S/D are related factors that affect adverse maternal and infant 
prognosis in HDP patients. The monitoring and evaluation of these parameters may help reduce the risk of adverse 
outcomes for both mother and infant.

Data Sharing Statement
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