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Abstract
Objective: The aim of this study was to evaluate the independent relationship between Serum uric acid
(SUA) and blood pressure. Methods: A cross-sectional study was conducted based on a sample of 6035
employees (3605 males and 2430 females). Multivariable regression analysis was performed to identify
the association between risk factors for metabolic disorders and hypertension.

Results: The SUA levels were closely and independently related to hypertension even after adjusting for
age, sex, lipids and glucose.

Conclusions: We veri�ed that uric acid was associated with hypertension independent of other metabolic
risk factors and that the presence of other risk factors with uric acid had an additive effect on blood
pressure.

Introduction
Hypertension is a disease with a high prevalence and low control rate in China [1, 2]. In addition to heart
involvement, patients with hypertension have an increased prevalence of obesity [3], hyperuricemia [4, 5],
renal impairment and stroke [6]. Uric acid, as the end-product of purine metabolism, is excreted primarily
through the kidneys and is associated with the occurrence of gout. Endogenous synthesis of uric acid
accounts for approximately 80% of uric acid in the body [7]. Although the prevalence of hyperuricemia in
China is not as high as that in developed countries, there is an increasing trend [8, 9]. Several
epidemiological studies have indicated that hyperuricemia is associated with hypertension[10, 11]. Some
studies have drawn different conclusions [12]. The mechanism between uric acid and hypertension has
not been thoroughly studied. The aim of this study was to investigate the association between uric acid
and hypertension and explore the combined power of other factors of metabolic disorders on blood
pressure in a Chinese population.

Patients And Methods

Study population
This was a cross-sectional study. In 2018, the Health Room was established to serve the on-the-job staff
of Dongfeng Commercial Vehicle Company in the urban area of Shiyan, Hubei Province, China. They were
trying to comprehensively reduce the incidence of cardiovascular events, and hypertension management
was a part of that. Management and individual therapy were administered to patients who were screened
for hypertension. We included 6035 adults (3605 males and 2430 females) who were successfully
measured for blood pressure, routine blood tests, SUA, fasting glucose and lipid pro�les. This study was
reviewed and approved by the ethics committee of the Sinopharm Dongfeng General Hospital (LW-2022-
004), the A�liated Dongfeng Hospital, Hubei University of Medicine. Informed consent was provided by
all study participants.
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Data Collection
Data collection was performed at the physical examination center. A standard questionnaire was
designed to collect demographic, medical and medication history. Systolic and diastolic blood pressure
(SBP and DBP) were measured with a standard mercury sphygmomanometer after the participant had
rested for 10 min and calculated as the mean value of three measurements on a single occasion. Body
mass index (BMI) was calculated by dividing the current weight in kilograms by the square of height
(kg/m2). Fasting blood samples were collected from each subject after a 12-h overnight fast by trained
nurses. Blood specimens were assayed for serum uric acid (SUA), fasting blood glucose (FBG), total
cholesterol (TC), high-density lipoprotein (HDL) cholesterol, low-density lipoprotein (LDL) cholesterol and
triglycerides (TGs) with a biochemistry analyzer.

Diagnostic Criteria
In the present study, hypertension was de�ned as SBP/DBP ≥ 140/90 mmHg, current intake of
antihypertensive medication, or a history of hypertension [13]. Hyperuricemia was de�ned as an SUA
concentration > 416.4 µmol/L (7.0 mg/dL) in males or > 356.9 µmol/L (6.0 mg/dL) in females [14]. We
used quartile-based analysis by dividing serum uric acid levels into four quartiles. The cutoff levels for
serum uric acid level quartiles were as follows: Q1 < 274 µmol/L, 274 µmol/L ≤ Q2 ≥ 333 µmol/L, 334
µmol/L ≤ Q3 ≥ 397 µmol/L and Q4 > 397 µmol/L. Diabetes mellitus was de�ned by a medical history
report and/or fasting blood glucose (FBG) ≥ 7 mmol/L or a glycosylated hemoglobin value ≥ 6.5%. An
elevated TG was de�ned as TG ≥ 1.7 mmol/L. Hypercholesterolemia was de�ned as a blood cholesterol
level of ≥ 5.2 mmol/L[15]. Low HDL cholesterol (HDL-C) was de�ned as HDL-C ≤ 1.03 mmol/L for males
and ≤ 1.29 mmol/L for females[16]. High LDL-C was identi�ed as LDL-C ≥ 3.4 mmol/L. Obesity was
identi�ed as having a body mass index (BMI) equal to or more than 25, according to the recommendation
for Asians.

Statistical analysis
All statistical analyses were performed by IBM SPSS statistics version 21. Data are expressed as the
mean ± standard derivation (SD), median (interquartile range) or counts or frequencies as a percentage.
Comparisons between two means were tested using Student’s t-test for normally distributed variables.
Multiple comparisons between groups were assessed using one-way analysis of variance. The χ2 test
was performed for proportions or categorical parameters. All statistical tests were two-tailed, and
analyses were considered statistically signi�cant with p values of < 0.05.

Results

Baseline characteristics of the population
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Table 1 shows the basic characteristics of all participants. Of the 6035 subjects, 59.73% were males, and
40.27% were females. The mean SBP and DBP in males were signi�cantly higher than those in females
(p < 0.001). A signi�cant difference was also observed for the average levels of serum SUA (p < 0.001), TC
(p = 0.037), TG (p < 0.001), HDL-C (p < 0.001), LDL-C (p < 0.001), FBG (p < 0.001), and WBC (p < 0.001)
between the sex groups.

Table 1
Baseline characteristics of the participants.

  Male(n = 3605) Female(n = 2430) p value

Age (years) 47.19 ± 8.28 45.46 ± 5.27 < 0.001

SBP (mmHg) 126.47 ± 16.95 118.59 ± 16.1 < 0.001

DBP (mmHg) 79.28 ± 12.22 73.13 ± 11.34 < 0.001

Pulse 74.24 ± 18.22 77.23 ± 13.96 < 0.001

BMI (kg/m2) 24.69 ± 3.21 22.85 ± 3.07 < 0.001

SUA(µmol/L) 382.38 ± 80.42 276.91 ± 63.46 < 0.001

TC (mmol/L) 4.72 ± 0.91 4.67 ± 0.90 0.037

TG (mmol/L) 1.79 ± 1.53 1.19 ± 1.01 < 0.001

HDL (mmol/L) 1.05 ± 0.23 1.23 ± 0.26 < 0.001

LDL (mmol/L) 2.86 ± 0.80 2.73 ± 0.72 < 0.001

FBG (mmol/L) 5.59 ± 1.57 5.06 ± 0.80 < 0.001

WBC (×109/L) 6.13 ± 1.51 5.7 ± 1.42 < 0.001

Values are presented as the mean ± SD. P values were obtained from the independent sample t-test.

Prevalence Of Hyperuricemia Among The Participants
In our study, SUA levels > 416.4 µmol/L for males and > 356.9 µmol/L for females were considered
hyperuricemia. Based on the diagnostic criteria, there were 1314 hyperuricemic patients, including 1068
males and 246 females. The overall prevalence of hyperuricemia was 21.77%, with 29.63% in males and
10.12% in females. The average values of SUA were 478.97 ± 55.03 µmol/L (max 736 µmol/L) and
404.57 ± 41.98 µmol/L (max 596 µmol/L) in the male hyperuricemic and female hyperuricemic groups,
respectively. Males had higher uric acid levels and a higher risk of hyperuricemia than females (p < 
0.001). Additionally, the hyperuricemic group had higher SBP, DBP, BMI, lipids (HDL-C, which showed a
decreasing trend), FBG and WBC than the nonhyperuricemia group. There was no signi�cant difference in
age between the two groups (Table 2).
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Table 2
Comparison of baseline characteristics between nonhyperuricemic and

hyperuricemic subjects.

  Nonhyperuricemia Hyperuricemia p value

Male 2537 1068  

SUA (µmol/L) 341.72 ± 48.32 478.97 ± 55.03 < 0.001

Female 2184 246  

SUA (µmol/L) 262.53 ± 47.32 404.57 ± 41.98 < 0.001

Age (years) 46.51 ± 6.97 46.42 ± 8.27 0.725

SBP (mmHg) 121.58 ± 16.5 129.46 ± 17.6 < 0.001

DBP (mmHg) 75.51 ± 11.82 81.47 ± 12.62 < 0.001

Pulse 75.6 ± 16.09 74.9 ± 18.72 0.219

BMI (kg/m2) 23.45 ± 3.06 25.75 ± 3.43 < 0.001

TC (mmol/L) 4.64 ± 0.88 4.91 ± 0.94 < 0.001

TG (mmol/L) 1.38 ± 1.2 2.16 ± 1.75 < 0.001

HDL-C (mmol/L) 1.15 ± 0.27 1.02 ± 0.22 < 0.001

LDL-C (mmol/L) 2.77 ± 0.75 2.94 ± 0.81 < 0.001

FBG (mmol/L) 5.34 ± 1.37 5.5 ± 1.23 < 0.001

WBC (×109/L) 5.86 ± 1.46 6.29 ± 1.53 < 0.001

Baseline characteristics of the study subjects according to SUA quartiles

As shown in Table 3, all participants were divided into four groups according to SUA levels (Q1 < 274;
Q2:274–333, Q3: 334–397 and Q4 > 397 µmol/L). With elevated serum uric acid levels, the proportion of
males, SBP, DBP, BMI, TC, TG, LDL-C FBG and WBC tended to increase gradually (p < 0.001 for all
analyses). Upon further analysis, we found that the effect of elevated uric acid on blood pressure (both
SBP and DBP) was more pronounced in females (Fig. 1).
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Table 3
Characteristics of the subjects according to SUA (µmol/L) quartiles.

  Q1 Q2 Q3 Q4    

  < 274 274–333 334–397 > 397 F/x2 p
value

Number 1506 1526 1509 1494    

SUA
(µmol/L)

231.97 ± 
29.29

303.93 ± 
17.27

364.25 ± 18.2 460.89 ± 
56.16

12223.6 < 
0.001

Gender(m/f) 218/1288 803/723 1210/299 1374/120 2222.43 < 
0.001

Age (years) 45.91 ± 5.13 46.84 ± 7.00 46.67 ± 7.95 46.53 ± 8.53 4.68 0.003

BMI (kg/m2) 22.31 ± 2.71 23.49 ± 3.08 24.32 ± 3.08 25.69 ± 3.28 326.88 < 
0.001

SBP (mmHg) 117.33 ± 
15.72

122.17 ± 16.5 124.51 ± 
16.33

129.24 ± 
17.48

135.27 < 
0.001

DBP (mmHg) 72.5 ± 10.96 75.79 ± 11.97 77.52 ± 11.85 81.47 ± 12.45 149.64 < 
0.001

TC (mmol/L) 4.55 ± 0.84 4.66 ± 0.92 4.7 ± 0.88 4.89 ± 0.95 38.16 < 
0.001

TG (mmol/L) 1.08 ± 0.99 1.37 ± 1.11 1.62 ± 1.32 2.14 ± 1.75 171.88 < 
0.001

HDL
(mmol/L)

1.25 ± 0.27 1.14 ± 0.26 1.07 ± 0.24 1.01 ± 0.22 267.42 < 
0.001

LDL
(mmol/L)

2.64 ± 0.72 2.79 ± 0.74 2.86 ± 0.77 2.94 ± 0.81 43.13 < 
0.001

FBG
(mmol/L)

5.19 ± 1.35 5.40 ± 1.48 5.41 ± 1.25 5.52 ± 1.24 16.04 < 
0.001

WBC
(×109/L)

5.55 ± 1.38 5.89 ± 1.53 6.10 ± 1.43 6.29 ± 1.51 72.11 < 
0.001

Association Of Sua With The Prevalence Of Hypertension
We compared systolic and diastolic blood pressure between two groups according to the critical value of
TC (5.2 mmol/L), TG (1.7 mmol/L), HDL (1.03 mmol/L for males and 1.29 mmol/L for females), LDL-C
(3.4 mmol/L), FBG (7 mmol/L), BMI (25 kg/m2), WBC(7×109/L). The patients had higher SBP and DBP in
the group above the threshold (Fig. 2). After adjusting for the confounding variable of age, sex, BMI, FBG,
TC, TG, HDL-C, LDL-C and WBC, binary logistic regression analysis implicated SUA as an independent risk
factor associated with the hypertension (P < 0.01, Table 4). Figure 3 shows the relationship between blood
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pressure and the number of factors of metabolic disorders in the population. SBP and DBP proved to be
higher with more factors of metabolic disorders. Patients with �ve or six factors of metabolic disorders
showed signi�cantly higher SBP and DBP than those with no or one factor of metabolic disorders.

Table 4
Univariate and multivariate logistic regression analyses were used to evaluate the association between

quartiles of SUA and hypertension.

  Serum uric acid, mmol l/L (in quartiles) p values for trend

  Q1 Q2 Q3 Q4

Model 1 1.0 1.68(1.38–2.06) 1.92(1.58–2.34) 3.31(2.74–3.99) < 0.001

Model 2 1.0 1.39(1.12–1.72) 1.44(1.15–1.81) 2.41(1.92–3.03) < 0.001

Model 3 1.0 1.18(0.95–1.47) 1.09(0.86–1.38) 1.43(1.12–1.83) < 0.01

Model 1: unadjusted, Model 2: adjusted for age and sex, Model 3: adjusted for factors in Model 2 and
BMI, FBG, TC, TG, HDL-C, LDL-C and WBC.

Discussion
Type 2 diabetes mellitus and hypertension are two important public health challenges, and both are
linked to an increased risk of cardiovascular events. There is compelling evidence that hyperuricemia has
been found to be positively related to the risk of atherosclerosis, hypertension and metabolic syndrome.
However, controversy remains in epidemiological population studies. In this study, we found that SUA
levels were higher in males than in females, which is comparable with the �ndings of other authors. We
also found that males had higher levels of other factors associated with metabolic disorders, such as
glucose and lipids. The association between hypertension and SUA was independent of other factors.
This independent association also included sex, BMI, WBC, TG and HDL, excluding TC and LDL (data not
shown).

Based on prospective cohort studies involving 55607 subjects, hypertension risk was found to increase
by 13% for every 1 mg/dL increase in serum SUA level[17]. Elevated blood uric acid was observed in 89%
of adolescents with primary hypertension in the early stage [18]. Another later study also had a similar
�nding [19]. A randomized double-blind clinical study found that allopurinol (an inhibitor of uric acid
synthesis in vivo) reduces blood pressure in asymptomatic hyperuricemia [20]. This indicates that
hyperuricemia may increase cardiovascular risk during asymptomatic periods. Therefore, whether
asymptomatic hyperuricemia needs treatment is an urgent problem to be solved in the future
management of hypertension. Further studies are needed to determine whether there is a threshold for the
effect of serum urate on blood pressure.

In this study, according to the quartile analysis of uric acid, it was found that the levels of TC, TG, LDL-C
FBG and WBC were also higher with an increase in uric acid. The change in HDL showed an obviously
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opposite trend. SBP and DBP proved to be higher with more factors of metabolic disorders. This evidence
indicated that uric acid might increase the risk for metabolic syndrome. In addition, a cross-sectional
study involving 4053 patients demonstrated that individuals with hyperuricemia were also accompanied
by a higher risk of insulin resistance and diabetes. The risk of cardiovascular disease due to
hyperuricemia may be a secondary effect of uric acid, which presents as a higher BMI, TG and fasting
insulin and lower HDL-C[21]. Of course, some studies do not fully support this view. A clinical study
including 3508 subjects without clinical cardiovascular disease revealed that high SUA levels were
associated with increased triacylglycerol/high-density lipoprotein and hepatic steatosis, independent of
metabolic syndrome and obesity [22]. Choi et al. found that uric acid promoted fat synthesis in the liver in
an ER stress-induced manner [23]. Uric acids have also been suggested to play a role in hyperglycemia.
Rats with oxyacid-induced hyperuricemia have an increased metabolic response to fructose and
increased blood glucose, blood pressure and kidney damage [24]. Another study also reported that
hyperuricemic rats exhibited increased liver fat accumulation through elevated hepatic aldose reductase
expression [25].

Urate may induce the occurrence and development of hypertension through a variety of potential
underlying mechanisms. Several recent studies mentioned the observation of urate crystal deposits in the
joints of the majority of asymptomatic hyperuricemic patients, which may promote chronic in�ammation
[26]. Soluble uric acid activates the NLRP3 in�ammasome and the assembly of NLRP3 and apoptosis-
associated speck-like protein in macrophages, even at low concentrations of 300 µmol/L. In addition,
then, the level of IL-1β increases [27]. The stimulation of urate increases the expression of c-reactive
protein in human umbilical vein endothelial cells and smooth muscle cells [28]. Another study found that
soluble urate induced reactive oxygen species increases in human umbilical vein endothelial cells [29].
Urate may promote endothelial dysfunction by nitric oxide inhibition and increasing oxidative stress.
Meanwhile, urate stimulates proliferation, angiotensin II production and oxidative stress mediated by the
MAP kinase pathway in vascular smooth muscle cells [30]. This proliferative effect may be involved in
vascular remodeling. Animal model studies of hyperuricemia have revealed that hyperuricemic rats show
proteinuria and reduced renal function microvascular injury and macrophage in�ltration[31, 32].

We noted some limitations to our study. First, we do not seem to know for sure whether uric acid was the
"cause" of hypertension because this was a cross-sectional study. Second, almost all the research
subjects were employees of the Dongfeng Commercial Vehicle Company and of Han nationality.
Therefore, our �ndings may not apply to other ethnic groups with different genetic backgrounds. More
prospective cohort studies need to be performed to con�rm the cause-effect relationship between SUA
and hypertension. Basic research on urate and its in�uencing mechanism on hypertension is still a matter
of debate in this �eld.

In conclusion, we veri�ed that uric acid was associated with hypertension independent of other metabolic
risk factors. However, the presence of other risk factors with uric acid had an additive effect on blood
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pressure. Therefore, routine control of SUA is recommended in the management of hypertension to
reduce long-term risk.
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Figures

Figure 1
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Prevalence of SBP and DBP between the SUA quartiles. *P <0.05 and **P <0.001 when compared with Q1.

Figure 2

Correlation between blood pressure and TC (A), TG (B), HDL-C (C), LDL-C (D), FBG (E), BMI (F), and WBC
(G). *P <0.001 and #P <0.005.
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Figure 3

The relationship between blood pressure and the number of factors of metabolic disorders in the
population. *P <0.05 and **P/▲P <0.001 when compared with subjects who exhibited no factors of
metabolic disorders.


