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ABSTRACT Background and Aims: To investigate the relationship between elevated
serum uric acid (SUA) levels and blood pressure (BP).
Methods and Results: Based on the Beijing Health Management Cohort, 5276 health
examination people were enrolled. Cross-lagged model was used to explore the
relationship between SUA levels and blood pressure. The results showed: 1) increased
SUA and increased systolic blood pressure (SBP): ① The path coefficients from
baseline SUA to follow-up SBP were statistically significant in both the general
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population (β=0.034, P<0.05) and men (β=0.048, P<0.05). The path coefficients from
baseline SBP to follow-up SUA were not statistically significant in either the general
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population (β=0.010, P>0.05) or men (β=0.011, P>0.05). ② The path coefficients from
baseline SUA to follow-up SBP and from baseline SBP to follow-up SUA were not
statistically significant in women with BMI≥25 kg/m2 and BMI<25 kg/m2. 2) Increased
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SUA and diastolic blood pressure (DBP): ① There was no statistical significance
between the path coefficients from baseline DBP to follow-up SUA and the path
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coefficients from baseline SUA to follow-up DBP. ② In men and women, BMI≥25
kg/m2 and BMI<25 kg/m2, the path coefficients from baseline DBP to follow-up SUA and
from baseline SUA to follow-up DBP were not statistically significant.
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Conclusions: SUA can increase blood pressure in the general male population; no reverse
time sequence relationship was found. The temporal relationships between SUA levels
and SBP abnormalities were different in the sex and BMI subgroups. No bidirectional
causal temporal relationship was found between SUA elevation and DBP abnormality.

Keywords: serum uric acid; hyperuricemia; blood pressure; causal correlation; crosslagged panel model

Abbreviations: SBP, Systolic blood pressure; DBP, Diastolic blood pressure; SUA,
Serum uric acid; BMI, Body Mass Index; HUA, Hyperuricemia; WC, Waist

circumference; HC, Hip circumference; TG, Triglyceride; TC, Total cholesterol; HDL-C,
High-density lipoprotein cholesterol; LDL-C, Low-density lipoprotein cholesterol; FPG,
Fasting plasma glucose; SCr, Serum creatinine; BUN, Blood urea nitrogen; ALT, Alanine
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aminotransferase; eGFR, Estimated glomerular filtration rate; IQR, Interquartile range.

1.Introduction
Uric acid is the final product of purine metabolism in humans. Under normal
conditions, uric acid synthesis and excretion are dynamically balanced. Disorder of purine
metabolism leads to increased serum uric acid and hyperuricemia (HUA). HUA
characterizes abnormal metabolism of uric acid caused by a purine metabolism disorder.
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An increasing number of people worldwide suffer from HUA. HUA prevalence in
American men and women was 20.2% and 20.0%, respectively [1]. The age-standardized
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prevalence of hyperuricemia in the general South Korean population is 11.4% (17.0% in
men and 5.9% in women) [2]. The prevalence of hyperuricemia in mainland China is 13.3%
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(19.4% in men and 7.9% in women) [3].
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Studies have shown that elevated SUA levels are strongly associated with
hypertension. A cross-sectional study of 4,817 participants in a National Health and
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Nutrition Survey, positively correlated for SUA levels and prehypertension, independent
of smoking, BMI, diabetes, kidney function, and other confounding factors [4]. A metaanalysis of 55, 607 subjects in 18 prospective cohort studies showed a 13% increase in
hypertensive events for every 1 mg/dL increase in SUA levels [5]. In a longitudinal cohort
of healthy subjects, baseline SUA levels greater than 6.5 mg/dL were associated with a
25% increased risk of hypertension [5].
In addition, high blood pressure can also affect SUA levels. Tao et al. investigated
the prevalence of HUA in 15,706 residents from nine provinces and cities in China, and
the results showed that the odds ratio (OR) of hypertension to HUA was 1.17 [6]. In

patients with essential hypertension, both systolic and diastolic blood pressure related to
HUA, with OR values of 1.132 and 1.153, respectively [7].
Using a cross-lagged panel model, our study explored the relationship between SUA
levels and blood pressure anomalies. The cross-lagged panel model is an analytical
method to explore the temporal sequence relationships between interrelated variables.

direction and magnitude of causality [8,9].
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The estimated path coefficients have a clear time-sequence relationship, determining the
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However, most previous studies have only focused on the correlation between
baseline SUA and blood pressure, ignoring the effect of changes in SUA on blood pressure.
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Furthermore, the bidirectional causality between elevated SUA levels and abnormal blood
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pressure remains uncertain. Based on the design of the cohort study, our study aimed to
analyze the causal time sequence relationship between increased SUA and abnormal
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blood pressure by using a cross-lagged panel model to explore the bidirectional causal
relationship or causal time sequence relationship between SUA and blood pressure.
Overweight and obesity are major risk factors for hyperuricemia and hypertension.
Therefore, we explored the impact of BMI on this study according to the WHO criteria
for BMI, with 25 as the limit, we divided BMI into normal and overweight at the 25
threshold.
2.Methods
2.1 Study Cohort
This study used data from the Beijing Health Management Cohort (BHMC) from

January 2013 to December 2018. Follow-up was performed once a year, with 2013 as the
baseline and 2018 as the endpoint of follow-up. The researchers conducted questionnaires,
physical examinations, and blood tests.
The questionnaire was formulated uniformly after several rounds of expert
demonstration. A pre-survey was conducted in the physical examination population
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before the formal survey to ensure the reliability and validity of the questionnaire. At the

unified calibration.
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same time, they were trained to operate the equipment according to unified standards and

We included 8616 physical examinations at baseline. We eventually included 5276
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participants after excluding 3340 patients with missing baseline and follow-up
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information, patients with kidney-related diseases other than HUA, patients taking
antihypertensive drugs and/or uric-lowering drugs, and lost visitors.
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The inclusion criteria were as follows: ① Consent to participate in the project and
signed informed consent. Assist in filling out questionnaires, performing physical
examinations, and taking blood samples with unique identification codes; ② Age ≥18
years; ③ Data from baseline and follow-up at two time points were available, and
information on SUA and blood pressure indicators was complete. The following
exclusion criteria were applied: ① Baseline or follow-up of patients with kidney-related
diseases; ② Patients who took uric-lowering drugs at baseline or during follow-up; ③
Lost visitors; ④ Patients taking antihypertensive drugs at baseline or during follow-up.
The 8th Ethics Committee approved this study of the Capital Medical University

(No.2019SY088). All subjects in this study provided informed consent for the survey.
2.2 Measurements
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According to WHO diagnostic criteria: the cut-off point for BMI is 25kg/m2,
less than 25kg/m2 is normal, and greater than or equal to 25 25kg/m2 is
overweight. Diagnosis of HUA: According to multidisciplinary Expert
Consensus on Diagnosis and Treatment of Hyperuricemia Related Diseases
in China (2017), SUA>420μmol/L in men and 360μmol/L in women were
diagnosed as HUA. Elevated blood pressure was diagnosed in patients with
systolic blood pressure ≥130mmHg and/or diastolic blood pressure
≥85mmHg or who used blood pressure medications.
After sitting and resting for 5 minutes, BP levels were measured in the participants'
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right arm, placed on a table at heart level. The researchers recorded SBP and DBP and
used the mean values of the two readings for analysis.

lP

Medical staff collected 5 ml fasting peripheral vein blood in the morning, placed it
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into a dry anticoagulant tube, and sent it to the laboratory within 2 hours by special
personnel. SUA values were determined using a Beckman LX20 automatic biochemical
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analyzer (Beckman LX20, USA).
2.3 Statistical Methods

The cross-lagged panel model is an analytical method that can explore the temporal
sequence relationships among interrelated variables. It can calculate six coefficients,
including two autocorrelation coefficients, two synchronous correlation coefficients and
two cross-lagged path coefficients. The autocorrelation coefficient refers to the
correlation coefficient of the same variable at different time points. Synchronous
correlation coefficient refers to the correlation coefficient between different variables at
the same time. Cross-lagged path coefficient refers to the correlation coefficient between

different variables at different time points. After controlling for autocorrelation and
synchronous correlation, the time order relationship was determined by comparing the
cross-lagged path coefficients. [8,9]
This study used SUA, SBP, and DBP to construct cross-lagged panel models. We
used residual analysis to construct a regression equation for study variables with sex, age,
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BMI, HC, TC, LDL-C, BUN, eGFR, ALT, SBP increase, DBP increase, FPG increase,
TG increase, HDL-C decrease, antihypertensive drugs, lipid-regulating drugs,
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hypoglycemic drugs, smoking, alcohol consumption, diet, education, exercise, and
follow-up years at baseline and follow-up. The corresponding residuals were retained for
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logarithmic conversion to conform to the normal distribution, and normalized by Z
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conversion (mean =0; standard deviation =1). We evaluated the model using the root mean
square residual (RMR) and the comparative fitness index (CFI). The model fit was good
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when the model fitting parameters were RMR<0.05, and CFI>0.90.
Sex and BMI are important influencing factors for SUA. Therefore, stratification
was conducted by sex (men, women) and BMI (<25 kg/m2, ≥25 kg/m2) to explore the
chronological relationship between the increase in SUA in different populations and the
abnormality of blood pressure.
Epidata 3.02 software was used to establish the database, data was entered by two
people, and the quality control team checked the outliers and missing values. SAS 9.4
software was used for data consolidation and data cleaning according to the unique
identification code. The Proc MI process step of SAS software was used to fill in the

missing values. The researchers used the bootstrap method to estimate the confidence
intervals of the parameters, and to verify the stability of the parameter estimation of the
cross-lagged panel model. We used SPSS 22.0 and AMOS for the statistical analysis.
3.Results
Among the 5276 subjects, there were 2982 men and 2294 women, with a median

oo
f

follow-up period of 47 (IQR: 35–59) months. Group differences in baseline indicators
were compared according to gender, as shown in Table 1. There were significant
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differences in age, BMI, WC, HC, SBP, DBP, TG, TC, HDL-C, LDL-C, FPG, SUA, SCr,
BUN, ALT, eGFR, smoking, alcohol intake, eating habits, exercise level, and the
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proportion of hypoglycemic medication users between men and women (all P values
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<0.01).

Figure 1 shows the cross-lagged path analysis of SUA and SBP in the general
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population. After adjusting for sex, age, BMI, HC, TC, LDL-C, BUN, eGFR, ALT,
INCREASED WC, increased DBP, increased FPG, decreased HDL-C, hypoglycemic
drugs, lipid-regulating drugs, smoking, alcohol consumption, diet, education, exercise,
and follow-up years, the path coefficient from baseline SUA to the follow-up SBP
(β2=0.034, 95% CI: 0.011–0.058) was significantly greater than the path coefficient from
baseline SBP to the follow-up SUA (β1=−0.010, 95% CI: -0.011 to 0.033), with P<0.05,
for the difference between β1 and β2. The autocorrelation coefficients of SUA and SBP
were 0.660 and 0.504, respectively, and the baseline synchronization correlation
coefficients were 0.061, both of which were statistically significant. The RMR and CFI

were 0.007 and 0.999, respectively, indicating a good fit to the observed data according
to the criteria of RMR<0.05 and CFI>0.90.
Stratified analyses were performed based on sex and BMI. Except for stratified
factors, other covariables were the same as those in the general population, as shown in
figure 2. After adjusting for covariates, the autocorrelation coefficients of SUA and SBP

oo
f

were 0.673 and 0.496; for men, 0.629 and 0.481 for women, 0.667 and 0.459 for BMI≥25
kg/m2, and 0.646 and 0.521 for BMI<25 kg/m2, respectively. The baseline
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synchronization correlation coefficients of SUA and SBP were 0.057, 0.049, 0.074, and
0.057 in men and women, BMI≥25 kg/m2, and BMI<25 kg/m2, respectively, which were
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statistically significant. In men, the path coefficient from baseline SUA to follow-up SBP
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was 0.048, while the path coefficient from baseline SBP to follow-up SUA was 0.011,
suggesting a chronological relationship between SUA and SBP. In women with BMI≥25
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kg/m2 and BMI<25 kg/m2, the path coefficients from baseline SUA to the follow-up SBP
were 0.003, 0.030, and 0.023, respectively. The path coefficients from baseline SBP to
follow-up SUA were 0.001, 0.020, and -0.001, respectively, suggesting there was no time
sequence relationship between SUA elevation and SBP elevation. The model fit of each
subgroup was good, with RMR values less than 0.050 and CFI values greater than 0.900.
Figure 3 presents the cross-lagged path analysis models of SUA and DBP in the
general population. The autocorrelation coefficients of SUA and DBP were 0.659 and
0.466, respectively, and the baseline synchronization correlation coefficient was 0.039,
both statistically significant. There was no statistically significant difference between the

path coefficients (β1=-0.010; 95% CI: -0.030 to 0.010) from baseline DBP to follow-up
SUA, and the path coefficients (β2=-0.003; 95% CI: -0.028 to 0.023) from baseline SUA
to follow-up DBP. The RMR and CFI were 0.007 and 0.999 respectively, indicating that
the model fit well.
Stratified analyses were performed based on sex and BMI. Except for stratified
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factors, other covariables were the same as those in the general population, as shown in
figure 4. After adjusting for covariates, the autocorrelation coefficients of SUA and DBP
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were 0.670 and 0.476 for men, 0.629 and 0.442 for women, 0.667 and 0.466 for BMI≥25
kg/m2, and 0.644 and 0.458 for BMI<25 kg/m2, respectively. The correlation coefficients
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of baseline synchronization between SUA level and DBP were 0.034, 0.041, 0.040, and
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0.037 in men, women, BMI≥25 kg/m2, and BMI<25 kg/m2, respectively, which were
statistically significant. In men and women with BMI≥25 kg/m2 and BMI<25 kg/m2, the
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path coefficients from baseline DBP to follow-up SUA and 95% CI were -0.003 (-0.029
to 0.024), -0.014 (-0.046 to 0.015), -0.003 (-0.033 to 0.026), and -0.011 (-0.038 to 0.015),
respectively. The path coefficients from baseline SUA to follow-up DBP and 95% CI were
0.004 (-0.030 to 0.036), -0.015 (-0.051 to 0.022), 0.010 (-0.030 to 0.049), and -0.019 (0.050 to 0.012), respectively; there was no statistical significance. A time sequence
relationship between the DBP increase and SUA increase was not found. The model fit of
each subgroup was good, with RMR values less than 0.050 and CFI values greater than
0.900.
4.Discussion

The temporal relationship between HUA and elevated blood pressure remains
unclear. Research has shown that patients with hypertension with long-term diuretic use
may have elevated uric acid levels. Using loop diuretics and thiazide diuretics can
increase the risk of gout [10]. The mechanism may be that long-term use of diuretics
reduces blood volume and increases reabsorption of uric acid or increases in lactate
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production competitively inhibits uric acid [11]. However, a 5-year follow-up cohort
study showed elevated SUA was a strong risk factor for developing prehypertension to
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hypertension, with an OR of 1.101 for men and 1.242 for women [12]. Kansui et al.
showed that compared with the lowest quartile of SUA, people in the highest quartile of
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SUA had an increased risk of hypertension, with an odds ratio of 1.65 [13]. However,
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randomized controlled trials have shown that propofol or allopurinol to reduce uric acid
levels for 8 weeks had no effect on renal specificity or mean SBP [14]. Endothelial
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dysfunction is a potential mechanism underlying hypertension. Another randomized,
double-blind, placebo-controlled trial showed that lowering uric acid did not affect
endothelial function in overweight, obese, and non-hypertensive individuals with high
SUA [15].
This study is based on a cross-lagged panel model and considers the bidirectional
relationship between an increase in SUA and abnormal blood pressure. According to the
results, in the general male population, the cross-lagged path coefficients from baseline
SUA to follow-up of increased SBP were statistically significant, while the cross-lagged
path coefficients from baseline SBP to follow-up SUA were not significant, suggesting

that there is a one-way relationship between them.
Experimental studies have shown that HUA can inhibit nitric oxide production and
activate the renin-angiotensin system, leading to hypertension [13,16]. Increased serum
insulin levels can lead to sympathetic inhibition, which leads to increased plasma
norepinephrine concentrations, resulting in a corresponding increase in blood pressure
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[17]. SUA acts directly on fat cells to induce an inflammatory response. Although uric
acid is an antioxidant, SUA can be converted into an oxidant and is directly involved in
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adipocyte proliferation and oxidative stress in obesity, especially in excess abdominal fat.
Obesity - induced inflammation and oxidative stress may make individuals more
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susceptible to hypertension [18].
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In addition, previous studies have shown that women with HUA have a higher risk
of hypertension, which may be due to the increased oxidation activity of xanthine results
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in reactive oxygen species (ROS) production. The increased oxidation activity of xanthine
results in the production of reactive oxygen species (ROS). These reactive oxygen species
bind to nitric oxide and prevent vascular dilation [19-21]. However, in the female
population, BMI<25 kg/m2 and BMI≥25 kg/m2, the cross-lagged path coefficients from
the increase in baseline SUA to the increase in follow-up SBP, and the cross-lagged path
coefficients from the increase in baseline SBP to the increase in follow-up SUA were not
statistically significant. This result suggests we did not find a time sequence relationship
between the elevation of SBP and SUA in these populations.

In the study by McMullan

et al., uric acid was reduced for 8 weeks with either pensulfonamide or allopurinol in 149

overweight or obese adults, which showed no effect on average SBP, supporting the
results of this study.
Furthermore, in the analysis of the general population and subgroups, the crosslagged path coefficients from the elevation of DBP at baseline to the elevation of SUA at
follow-up, and from the elevation of SUA at baseline to the elevation of DBP at follow-
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up were not statistically significant, suggesting that a time sequence relationship between
DBP abnormalities and SUA elevation has not been found. Through a genome-wide
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association study and Mendelian randomization study, Yang Q et al. found a close
correlation with uric acid genetic score, SUA, and gout, but not with DBP [22]. However,
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the study participants were all Caucasian, and the results may not generalize to other races.
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There are also various limitations to this study. First, this study did not consider the
influence of inflammatory states, menopausal women, genes, and other factors on the
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study results, and there may be residual confounding. Second, this study only recruited
Chinese adults. Therefore, the study results may not be generalizable to other ethnic
populations. Third, in Chinese cohort studies [23], a higher SUA level was significantly
associated with higher blood pressure in participants aged 41–50 years. However, there
was no association between SUA levels and blood pressure in the other age groups.Our
study did not conduct stratified age analysis, and we did not discuss the relationship
between the age of onset of HUA and hypertension. Our study did not explore the
correlation between UA and systolic blood pressure according to pre-and postmenopausal women, which is also one of the limitations of this paper. We hope to

supplement the corresponding investigation and analysis in future studies.
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TABLE 1 Baseline Characteristics of Subjects in Cross-lagged Analysis (n=5276)
Total (n=5276)

Men (n=2982)

Age, y

41.0 (33.0, 50.0)

42.0 (34.0, 51.0)

40.0 (32.0, 47.0)

<0.001

BMI (kg/m2)

24.5 (22.2, 26.8)

25.6 (23.6, 27.7)

22.8 (21.0, 25.0)

<0.001

WC (cm)

83.0 (75.0, 90.0)

89.0 (83.0, 94.0)

75.0 (70.0, 80.0)

<0.001

HC (cm)

96.0 (92.0, 100.0)

98.0 (94.0.0, 101.0)

94.0 (90.0, 97.0)

<0.001
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Women (n=2294)

Pa

Variable

119.0 (110.0, 129.0)

124.0 (116.0, 133.0)

111.0 (104.0, 120.0)

<0.001

DBP (mmHg)

69.0 (63.0, 77.0)

72.0 (66.0, 79.0)

66.0 (60.0, 72.0)

<0.001

TG (mmol/L)

1.1 (0.8, 1.7)

1.4 (1.0, 2.0)

0.9 (0.7, 1.2)

<0.001

TC (mmol/L)

4.6 (4.1, 5.3)

4.7 (4.2, 5.3)

4.5 (4.0, 5.2)

<0.001

HDL-C (mmol/L)

1.3 (1.1, 1.6)

1.2 (1.0, 1.4)

1.5 (1.3, 1.7)

<0.001

3.0 (2.5, 3.5)

3.1 (2.6, 3.6)

2.8 (2.3, 3.3)

<0.001

5.1 (4.8, 5.4)

5.2 (4.9, 5.6)

5.0 (4.7, 5.2)

<0.001

310.0 (252.0, 376.0)

360.0 (313.8, 413.0)

250.0 (213.0, 287.0)

<0.001

SCr (μmol/L)

71.8 (59.5, 83.8)

81.1 (71.5, 89.6)

58.8 (50.5, 68.9)

<0.001

BUN (mmol/L)

5.0 (4.0, 6.0)

5.0 (4.0, 6.0)

4.0 (4.0, 5.0)

<0.001

ALT (U/L)

17.0 (13.0, 26.0)

22.0 (16.0, 31.0)

13.0 (10.0, 18.0)

<0.001

eGFR (mL/min/1.73m2)

93.6 (80.7, 112.3)

91.0 (80.4,105.9)

99.6 (81.6, 120.0)

<0.001

Smoking, n (%)

1254 (23.8)

1009 (33.8)

245 (10.7)

<0.001

drinking, n (%)

2876 (54.5)

1889 (63.3)

987 (43.0)

<0.001

SUA (μmol/L)

Eating habits, n (%)
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FPG (mmol/L)
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LDL-C (mmol/L)
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SBP (mmHg)

0.008

Meat diet

165 (3.1)

112 (3.8)

53 (2.3)

Vegetarian diet

1217 (23.1)

697 (23.4)

520 (22.7)

balanced diet

3894 (73.8)

2173 (72.9)

1721 (75.0)

Education, n (%)

0.099
743 (14.1)

444 (14.9)

299 (13.0)

Specialist or undergraduate

3721 (70.5)

2071 (69.5)

1650 (71.9)

Postgraduate and above

812 (15.4)

467 (15.7)

990 (18.8)
2858 (54.2)

Medium

1165 (22.1)

ur
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Light
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Never

Heavy

263 (5.0)

Jo

Treatment, n (%)

345 (15.0)

498 (16.7)

492 (21.4)

1520 (51.0)

1338 (58.3)
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Exercise, n (%)

oo
f

High school and below

773 (25.9)

392 (17.1)

191 (6.4)

72 (3.1)

<0.001

Use lipid-lowering drugs

55 (1.0)

32 (1.1)

23 (1.0)

0.803

Use hypoglycemic drugs

164 (3.1)

135 (4.5)

29 (1.3)

<0.001

a

Baseline characteristics were described by median (interquartile) or number of cases (%) and P values

were calculated by Kruskal -Wallis rank-sum test or Chi-square test.

Figure Legends
Figure 1: Cross-lagged path analysis of systolic blood pressure (SBP) and serum uric
acid (SUA) adjusted for sex, age, body mass index, hip circumference, total cholesterol,
low-density lipoprotein cholesterol, urea nitrogen, estimated glomerular filtration rate,
cereal third transaminase levels, waist circumference, elevated systolic blood pressure,

oo
f

high fasting blood glucose, triglycerides, high-density lipoprotein cholesterol, fat,
diabetes, smoking, alcohol intake, eating, education, sports, and follow-up years. β1 and

re
-p
r

β2 are cross-lagged path coefficients; r1 is the synchronization correlation coefficient; r2
and r3 are autocorrelation coefficients; * P<0.05.

lP

Figure 2: β1 and β2 are cross-lagged path coefficients; r1 is the synchronization
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correlation coefficient; r2 and r3 are autocorrelation coefficients; *P<0.05.
Figure 3: β1 and β2 are cross-lagged path coefficients; r1 is the synchronization

Jo

correlation coefficient; r2 and r3 are autocorrelation coefficients; *P<0.05.
Figure 4: β1 and β2 are cross-lagged path coefficients; r1 is the synchronization
correlation coefficient; r2 and r3 are autocorrelation coefficients; *P<0.05
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1. SUA can increase blood pressure in the general male population. However, no
reverse time sequence relationship was found.
2. The temporal relationships between SUA levels and SBP abnormalities were
different in the sex and BMI subgroups.
3. No bidirectional causal temporal relationship was found between SUA elevation
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and DBP abnormality.

