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1. Abstract 

1.1 Background: Visceral adiposity index is a new type of indica- 

tor that accurately reflects distribution and function of visceral fat. 

The relation between VAI and new-onset hyperuricemia remains 

largely understudied. 

1.2. Purpose: This study sought to further investigate the pros- 

pective association between VAI and the risk of hyperuricemia by 

examining possible effect modifies in hypertensive patients. 

1.3. Methods: We enrolled 11,622 hypertensive patients with 

normal uric acid (UA) concentrations [<360 μmol/L (6 mg/dL)] 

who participated the UA Sub-study of the China Stroke Primary 

Prevention Trial (CSPPT). Our primary outcome was new-onset 

hyperuricemia, which was defined as a UA concentration ≥420 

μmol/L (7 mg/dL) in men or ≥360 μmol/L (6 mg/dL) in women 

at the exit visit. 

1.4. Results: Over a median follow-up of 4.4 years, 741 (16.9%) 

participants developed new-onset hyperuricemia in the male 

and 1216 (16.8%) in the female.participants were stratified into 

quintiles according to VAI (per SD increment; quintile 1, lowest; 

quintile 5, highest). And when we used the lowest quintile 1 (Q1: 

<0.43) as a reference, the ORs for the second (Q2: 0.43-0.65), third 

(Q3: 0.65-0.92), fourth quintiles (Q4: 0.92-1.36) and fifth quintiles 

(Q5: ≥1.36) of (95%CI) for participants were 1.37 (1.15,1.64), 

1.65 (1.39,1.97), 1.89 (1.58,2.25) and 2.75 (2.30,3.28), respec- 

tively (P for trend < 0.001). 

1.5. Conclusion: There was a positive relationship between base- 

line VAI and the risk of new-onset hyperuricemia in a sample of 

Chinese hypertensive individuals. 

2. Introduction 

In recent years, an increasing trend in the prevalence of hyperuri- 

cemia has been observed in epidemiological studies [1-2]. Patients 

with hyperuricemia sustained increasing risk of gout, cardiovas- 

cular diseases (CVD), diabetes and chronic kidney disease (CKD) 

[3-6]. Hence, the discovery of more modifiable risk factors related 

to hyperuricemia is important for preventing hyperuricemia and 

reducing the risk of its related diseases. Obesity is a major global 

health challenge and is also an important risk factor for cancer, 

diabetes and CKD [7-9]. Several studies have suggested that it is 

not the extent of obesity but the distribution of adiposity tissue 

that plays a decisive role in the impact of obesity on these diseases 

[10,11]. In addition, previous study has found that an increase in 

visceral adiposity is associated with the higher risk prevalence 

of hyperuricemia [12]. There are several traditional methods like 

body mass index (BMI), waist-to-height ratio, waist circumference 

(WC), waist-to-hip ratio, but none of these can measure visceral 

adiposity accurately [13]. The visceral adiposity index (VAI) is as 

accurate as magnetic resonance imaging (the gold standard me- 

thod) in measuring visceral adiposity [14], and therefore, can be 
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used as a valuable indicator of lipid accumulation and visceral adi- 

pose function for its convenience and accuracy. However, several 

cross-sectional studies [15,16] and only one prospective study [17] 

have evaluated the association between VAI and hyperuricemia, 

and reported inconsistent findings. Furthermore, few studies have 

been conducted in hypertensive population, who are proved to be 

at high risk for hyperuricemia [18]. 

To address the aforementioned gaps in the existing literature, we 

aimed to further investigate the prospective association between 

VAI and the risk of hyperuricemia by examining possible effect 

modifies in hypertensive patients who joined the UA Sub-study of 

the China Stroke Primary Prevention Trial (CSPPT) [19]. 

3. Methods 

3.1. Study design and population 

The study procedures has been described in previous studies [19- 

23], and are therefore only briefly explained here. The CSPPT was 

a multi-community, randomized, double-blind controlled trial with 

20,702 hypertensive adults in 32 communities in Jiangsu and An- 

hui provinces of China, which was conducted from May 19, 2008 

to August 24, 2013. The UA sub-study of the CSPPT enrolled 

15,364 eligible participants with complete data on UA and without 

the usage of UA-lowering drugs at baseline from 20 communities 

in Jiangsu province. The current study is a post-hoc analysis of the 

UA Sub-study. The flow of the participants is presented in (Sup- 

plemental Figure 1). 

 

 

 
 

Supplemental Figure 1: Flow chart of study participants 

3.2. Intervention and follow-up 

Eligible participants were randomly assigned, in a 1:1 ratio, to one 

of two treatment groups: a daily oral dose of one tablet containing 

10mg enalapril and 0.8mg folic acid (single pill combination, the 

enalapril-folic acid group), or a daily oral dose of one tablet contai- 

ning 10mg enalapril only (the enalapril group). Participants were 

scheduled for followed up every three months. At each follow-up 

visit, BP was measured; study drug adherence, concomitant medi- 

cation use, adverse events and possible endpoint events were do- 

cumented by trained research staff and physicians. During the trial 

period, if blood pressure (BP) was not adequately controlled, other 

classes of anti-hypertensive medications, mostly nitrendipine or 

hydrochlorothiazide, could be prescribed concomitantly. At the 

exit visit, final blood samples were collected and assessed. 

3.3. Anthropometric Measurements 

Height was measured without shoes to the nearest 0.1 cm on a por- 

table stadiometer. Weight was measured in light indoor clothing 

without shoes to the nearest 0.1 kg. BMI was calculated as weight 

(kilograms)/height (meters) squared. WC was measured as the mi- 

nimum circumference between the inferior margin of the ribcage 
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and the crest of the ileum [24-26] . 

3.4. Laboratory assays 

Serum concentrations of UA, fasting glucose, total homocysteine 

(tHcy) and lipids were measured with automatic analyzers (Beck- 

man Coulter) at the core laboratory of the National Clinical Re- 

search Center for Kidney Disease, Nanfang Hospital, Guangzhou, 

China. The estimated glomerular filtration rate (eGFR) was calcu- 

lated using the Chronic Kidney Disease Epidemiology Collabora- 

tion (CKD-EPI) equation [27] . 

3.5. Outcomes 

The primary outcome was new-onset hyperuricemia in hyperten- 

sive participants with normal UA concentrations [<360μmol/L 

(6mg/dL)] at baseline. Hyperuricemia was defined as a UA concen- 

tration ≥420μmol/L (7mg/dL) in men or ≥360μmol/L (6mg/dL) in 

women [19,28,29]. 

3.6. Major definitions 

The VAI, a reliable index based on WC, BMI, TG and HDL-C, was 

calculated using the following formulas [14]: 

tests for continuous variables or chi-square tests for categorical 

variables. 

The relationship of baseline VAI with primary was examined using 

multivariable logistic regression models, respectively, without and 

with adjustment for covariates including age, fasting glucose, total 

homocysteine (tHcy), estimated glomerular filtration rate (eGFR), 

SBP, smoking and drinking status, treatment group, as well as 

mean SBP during treatment period in Adjusted Model. As additio- 

nal exploratory analysis, possible modifications on the association 

between VAI and new-onset hyperuricemia were also evaluated by 

stratified analyses and interaction testing. 

A two-tailed P<0.05 was considered to be statistically significant 

in all analyses. Statistical analyses were performed using R sof- 

tware, version 3.6.3 (http://www. R-project.org/). 

4. Results 

4.1. Study participants and baseline characteristics 

A total of the 11,622 participants with complete data on baseline 

VAI and exit UA, who were not using UA lowering drugs during 

the follow up period, as well as whose baseline UA levels were 
 WC   TG     1.52  <360μmol/L (6mg/dL) in the UA Sub-study of CSPPT (Supple- 

Females :VAI  36 .58  1.89  BMI 
 

0.81  HDL  C mental Figure 1) were included in the final analysis. 


 WC 

 
  TG 

 
    1.31 



 
Baseline characteristics of the study participants by sex are shown 

Males :VAI  39 .68  1.88  BMI 


1.03  HDL  C in (Table 1).   In the female, new-onset hyperuricemia patients 



3.7. Statistical analyses 

     were more likely to be older; tend to be current smoker; had higher 

BMI, WC, TG, TC, and tHcy levels, as well as higher time-ave- 

raged SBP during the treatment period; lower eGFR levels; higher 
Baseline characteristics of study population are expressed as mean 

± standard deviation (SDs) for continuous variables and as fre- 

quencies and percentages for categorical variables, respectively. 

To assess whether there were significant differences in baseline le- 

vels of participants by VAI quartiles, we used analysis of variance 

frequency usage of antihypertensive drugs at baseline. In the male, 

new-onset hyperuricemia patients tend to be current alcohol drin- 

ker; had higher BMI, WC, TG, TC, and tHcy levels, as well as hi- 

gher time-averaged SBP during the treatment period; lower eGFR 

 

Table 1: Baseline characteristics by sex 

† Values are presented as median (IQR). 
 

 

 
Variables 

Female Male 

 
Overall 

 

non new-onset 

hyperuricemia 

 

new-onset 

hyperuricemia 

 
P value 

 
Overall 

 

non new-onset 

hyperuricemia 

 

new-onset 

hyperuricemia 

 
P value 

N 7247 6031 1216  4375 3634 741  

 

Age, y 
 

58.8 ±7.3 
 

58.5 ±7.2 
 

60.3 ±7.5 
 

<0.001 
 

60.6 ±7.5 
 

60.6 ±7.4 
 

60.7 ±7.8 
 

0.670 

 

Waist circumference, cm 
 

85.0 ±9.4 
 

84.6 ±9.3 
 

87.3 ±9.4 
 

<0.001 
 

85.4 ±9.6 
 

84.9 ±9.6 
 

87.5 ±9.4 
 

<0.001 

 

Body mass index, kg/m2 
 

25.9 ±3.6 
 

25.7 ±3.5 
 

27.0 ±3.7 
 

<0.001 
 

24.8 ±3.2 
 

24.7 ±3.2 
 

25.6 ±3.1 
 

<0.001 

Group (%)    0.030    0.819 

enalapril only 3600 (49.7) 2961 (49.1) 639 (52.5)  2218 (50.7) 1839 (50.6) 379 (51.1)  

enalapril+folic acid 3647 (50.3) 3070 (50.9) 577 (47.5)  2157 (49.3) 1795 (49.4) 362 (48.9)  

http://www/
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Visceral adiposity index 

† 

 

2.2 (1.5, 3.4) 
 

2.2 (1.4, 3.3) 
 

2.5 (1.7, 3.8) 
 

<0.001 
 

1.3 (0.8, 2.1) 
 

1.3 (0.8, 2.0) 
 

1.5 (1.0, 2.4) 
 

<0.001 

Smoking status, No. (%) 
   

0.002 
   

0.371 

no 6906 (95.3) 5770 (95.7) 1136 (93.4)  1355 (31.0) 1115 (30.7) 240 (32.4)  

Former 96 (1.3) 70 (1.2) 26 (2.1)  715 (16.3) 587 (16.2) 128 (17.3)  

Current 244 (3.4) 190 (3.2) 54 (4.4)  2305 (52.7) 1932 (53.2) 373 (50.3)  

Alcohol drinking, No. 

(%) 

   
0.849 

   
0.008 

no 6847 (94.5) 5698 (94.5) 1149 (94.5)  1494 (34.1) 1275 (35.1) 219 (29.6)  

Former 160 (2.2) 135 (2.2) 25 (2.1)  542 (12.4) 453 (12.5) 89 (12.0)  

Current 236 (3.3) 194 (3.2) 42 (3.5)  2339 (53.5) 1906 (52.4) 433 (58.4)  

 

Baseline SBP 
 

169.5 ±20.8 
 

168.2 ±20.0 
 

175.8 ±23.1 
 

<0.001 
 

167.4 ±20.9 
 

166.5 ±20.5 
 

171.7 ±22.3 
 

<0.001 

 

Baseline DBP 
 

94.2 ±11.5 
 

93.8 ±11.2 
 

96.1 ±12.4 
 

<0.001 
 

97.0 ±12.5 
 

96.5 ±12.3 
 

99.7 ±12.8 
 

<0.001 

Total cholesterol, 

mmol/L† 

 

5.7 (5.0, 6.5) 
 

5.7 (5.0, 6.4) 
 

5.9 (5.2, 6.7) 
 

<0.001 
 

5.5 (4.8, 6.2) 
 

5.4 (4.8, 6.2) 
 

5.6 (4.9, 6.2) 
 

0.015 

Folate, ng/mL 8.2 ±3.2 8.2 ±3.3 8.0 ±2.9 0.209 6.8 ±3.0 6.8 ±3.0 6.8 ±2.9 0.832 

Fasting glucose, mmol/L 

† 
5.6 (5.2, 6.3) 5.6 (5.2, 6.3) 5.7 (5.2, 6.3) 0.079 5.6 (5.2, 6.2) 5.6 (5.2, 6.3) 5.6 (5.1, 6.1) 0.194 

 

Triglycerides, mmol/L † 
 

1.5 (1.1, 2.1) 
 

1.5 (1.1, 2.1) 
 

1.7 (1.3, 2.3) 
 

<0.001 
 

1.3 (0.9, 1.8) 
 

1.3 (0.9, 1.8) 
 

1.5 (1.1, 2.0) 
 

<0.001 

 

HDL-C, mmol/L 
 

1.3 ±0.3 
 

1.3 ±0.3 
 

1.3 ±0.3 
 

<0.001 
 

1.4 ±0.4 
 

1.4 ±0.4 
 

1.3 ±0.4 
 

0.132 

 

eGFR, mL/min/1.73m2 † 
97.4 (89.9, 

103.2) 

97.8 (90.8, 

103.6) 

94.3 (85.2, 

101.1) 

 

<0.001 
94.8 (87.4, 

101.5) 

95.1 (88.0, 

101.6) 

93.1 (84.5, 

100.7) 

 

<0.001 

Total homocysteine, 

μmol/L † 

 

11.3 (9.6, 13.8) 
 

11.2 (9.5, 13.7) 
11.9 (10.1, 

14.5) 

 

<0.001 
14.0 (11.8, 

17.9) 

13.9 (11.7, 

17.7) 

14.4 (12.0, 

18.7) 

 

0.010 

SBP during treatment 

period 

 

139.2 ±10.9 
 

138.7 ±10.7 
 

141.5 ±11.4 
 

<0.001 
 

139.5 ±10.8 
 

139.3 ±10.8 
 

140.5 ±10.6 
 

0.004 

DBP during treatment 

period 

 

82.8 ±6.9 
 

82.6 ±6.8 
 

83.5 ±7.1 
 

<0.001 
 

84.5 ±7.6 
 

84.3 ±7.5 
 

85.4 ±7.9 
 

<0.001 

 

levels at baseline. 

4.2. Relationship of VAI level with study outcome 

During a median follow-up duration of 4.4 years, 741 (16.9%) par- 

ticipants developed new-onset hyperuricemia in the male and 1216 

(16.8%) in the female. 

Overall, there was a significant positive association between ba- 

seline VAI and the risk of new-onset hyperuricemia (per SD in- 

crement; odds ratio [OR], 1.32; 95% CI, 1.24, 1.41; (Figure 1). 

Subsequently, participants were stratified into quintiles according 

to VAI (per SD increment; quintile 1, lowest; quintile 5, highest). 

And when we used the lowest quintile 1 (Q1: <0.43) as a reference, 

the ORs for the second (Q2: 0.43-0.65), third (Q3: 0.65-0.92), 

fourth quintiles (Q4: 0.92-1.36) and fifth quintiles (Q5: ≥1.36) of 

(95%CI) for participants were 1.37 (1.15,1.64), 1.65 (1.39,1.97), 

1.89 (1.58,2.25) and 2.75 (2.30,3.28), respectively (P for trend < 

0.001). Similar results were found in males and females (Tables 

2). Adjusted Model: Adjusted for age, sex, fasting glucose, total 

homocysteine (tHcy), estimated glomerular filtration rate (eGFR), 

systolic blood pressure (SBP), smoking and drinking status, treat- 

ment group, and mean SBP during the treatment period in the total 

population; Adjusted for age, fasting glucose, total homocysteine 

(tHcy), estimated glomerular filtration rate (eGFR), systolic blood 

pressure (SBP), smoking and drinking status, treatment group, and 

mean SBP during the treatment period in the males and females. 
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Figure 1: Smoothing curves illustrating the association between visceral adiposity index and new-onset hyperuricemia in the total population. 
 

Table 2: The association between baseline visceral adiposity index and new-onset hyperuricemia 
 

 

Visceral adiposity index/SD 
 

N 
 

Event(%) 
Crude Model Adjusted Model 

OR(95%CI) P value OR(95%CI) P value 

Continuous 11622 1957(16.8) 1.20(1.14,1.27) <0.001 1.32(1.24,1.41) <0.001 

Overall       

Quintiles       

Q1 (<0.43) 2325 290(12.5) ref  ref  

Q2 (0.43~0.65) 2324 347(14.9) 1.23(1.04,1.46) 0.015 1.37(1.15,1.64) <0.001 

Q3 (0.65~0.92) 2324 396(17.0) 1.44(1.22,1.70) <0.001 1.65(1.39,1.97) <0.001 

Q4 (0.92~1.36) 2324 414(17.8) 1.52(1.29,1.79) <0.001 1.89(1.58,2.25) <0.001 

Q5 (≥1.36) 2325 510(21.9) 1.97(1.68,2.31) <0.001 2.75(2.30,3.28) <0.001 

P for trend    <0.001  <0.001 

Male       

Continuous 4375 741(16.9) 1.41(1.26,1.57) <0.001 1.57(1.39,1.77) <0.001 

Quintiles       

Q1 (<0.43) 1635 220(13.5) ref  ref  

Q2 (0.43~0.65) 980 170(17.3) 1.35(1.09,1.68) 0.007 1.48(1.18,1.85) <0.001 

Q3 (0.65~0.92) 774 140(18.1) 1.42(1.13,1.79) 0.003 1.56(1.23,1.98) <0.001 

Q4 (0.92~1.36) 553 101(18.3) 1.44(1.11,1.86) 0.006 1.71(1.30,2.23) <0.001 

Q5 (≥1.36) 433 110(25.4) 2.19(1.69,2.84) <0.001 2.84(2.15,3.74) <0.001 

P for trend    <0.001  <0.001 

Female       

Continuous 7247 1216(16.8) 1.16(1.08,1.24) <0.001 1.23(1.14,1.32) <0.001 

Quintiles       

Q1 (<0.43) 690 70(10.1) ref  ref  

Q2 (0.43~0.65) 1344 177(13.2) 1.34(1.00,1.80) 0.049 1.29(0.96,1.74) 0.095 

Q3 (0.65~0.92) 1550 256(16.5) 1.75(1.32,2.32) <0.001 1.67(1.25,2.22) <0.001 

Q4 (0.92~1.36) 1771 313(17.7) 1.90(1.44,2.50) <0.001 1.88(1.42,2.50) <0.001 

Q5 (≥1.36) 1892 400(21.1) 2.37(1.81,3.11) <0.001 2.63(1.98,3.47) <0.001 

P for trend    <0.001  <0.001 
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4.3. Stratified Analyses by Potential Effect Modifiers 

We further performed stratified analyses to assess the relationship 

of baseline VAI (per SD increment) with the risk of new-onset 

hyperuricemia in various subgroups (Table 3). Significant group 

differences were observed among participants with different ba- 

seline age (<59.2 years: OR, 1.21; 95% CI, 1.12-1.32; versus 

≥59.2 years: OR, 1.46; 95% CI, 1.32-1.61; P for interaction < 

0.001), sex (male: OR, 1.57; 95% CI, 1.39-1.77; versus female: 

OR, 1.23; 95% CI, 1.14-1.32; P for interaction < 0.001) and total 

homocysteine (<12.3 μmol/L: OR, 1.21; 95% CI, 1.11-1.32; ver- 

sus ≥12.3 μmol/L: OR, 1.47; 95% CI, 1.34-1.61; P for interaction 

= 0.003; (Table 3). If not stratified, adjusted for sex, age, fasting 

glucose, total homocysteine (tHcy), estimated glomerular filtration 

rate (eGFR), systolic blood pressure (SBP), smoking and drinking 

status, treatment group, and mean SBP during the treatment period. 

Table 3: Stratified analysis of the impact of visceral adiposity index on new-onset hyperuricemia in the total population 

Subgroup No. of Events(%) OR(95%CI) P for interaction 

Age(median), y   0.001 

<59.2 5810(15.1) 1.21(1.12,1.32)  

≥59.2 5812(18.6) 1.46(1.32,1.61)  

Sex, n (%)   0.001 

Male 4375(16.9) 1.57(1.39,1.77)  

Female 7247(16.8) 1.23(1.14,1.32)  

Fasting glucose(median), mmol/L   0.054 

<5.6 5678(16.4) 1.24(1.12,1.37)  

≥5.6 5771(17.4) 1.36(1.25,1.47)  

Total homocysteine, μmol/L   0.003 

<15 8446(15.9) 1.24(1.16,1.34)  

≥15 3087(19.7) 1.63(1.43,1.86)  

Baseline SBP(median)   0.557 

<165.3 5731(13.6) 1.36(1.24,1.49)  

≥165.3 5891(20.0) 1.28(1.18,1.40)  

SBP during treatment period(median)   0.471 

<138.3 5811(14.6) 1.40(1.27,1.53)  

≥138.3 5811(19.1) 1.26(1.16,1.38)  

Center, n (%)   0.090 

ANQ 5818(17.5) 1.40(1.28,1.53)  

LYG 5804(16.2) 1.25(1.15,1.37)  

5. Discussion 

The current study demonstrates that baseline VAI was positively 

associated with the risk of new-onset hyperuricemia during a me- 

dian follow-up of 4.4 years in Chinese hypertensive patients. The 

positive relationship was independent of VAI components (BMI, 

WC, TG and HDL-C). Moreover, baseline age, tHcy and sex were 

significant modifiers of the association between VAI and new- 

onset hyperuricemia. 

To our knowledge, inconsistent results have been reported re- 

garding the relationship of VAI with hyperuricemia in several 

cross-sectional studies. Dong et al found that there was a signifi- 

cant positive relation of the VAI with hyperuricemia in the Chinese 

populations [15]. In contrast, Liu et al reported that VAI was not 

associated with the prevalence of hyperuricemia among Chinese 

population [16]. Only a prospective cohort study of 1936 healthy 

workers aged 6 to 82 years in Mexico had been conducted to exa- 

mine the association between VAI and the risk of hyperuricemia, 

and showed that individuals in the highest VAI quartile had hi- 

gher odds for hyperuricemia compared with individuals from the 

lowest quartile [17]. However, this study only adjusted for age, 

alcohol consumption, smoking status and physical activity, and did 

not consider the effect of other important confounders. As such , 

the study could not provide an accurate measurement for the in- 

dependent relation of VAI with hyperuricemia. Similarly, our re- 

sults suggest that there is the positive association between VAI and 

new-onset hyperuricemia among male and female. 

The potential mechanisms by which higher VAI increases the risk 

of hyperuricemia is unclear, but it is biologically plausible. Many 

studies have shown that pathological visceral adipose tissue is 

considered to be metabolically active. In this condition, adipose 

tissue abnormally releases cytokines such as leptin and adipo- 

nectin [15,30,31]. Abnormal release of these adipocytokines may 

cause insulin resistance which may enhance renal proximal tubular 

reabsorption of UA with a subsequent increase in serum UA levels 

[32,33]. The increase in visceral adiposity accumulation provides 

excess free fatty acids - products of fatty breakdown - that may be 

associated with purine synthesis, which may accelerate UA pro- 

duction 34. Third, the visceral fat volume may be more accurate 

in reflecting the visceral fat accumulation. Further research is re- 

quired to identify mechanisms underlying an association between 
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VAI and new-onset hyperuricemia. 

In our study, the significant group differences were observed 

among participants with different baseline age, tHcy levels or 

different sex. In accordance with previous studies, age was confr- 

med as a signifcant risk factor for hyperuricemia in previous stu- 

dies, the prevalence of hyperuricemia increased from the age of 60 

years, and reached a plateau afer the age of 70 years [35-37]. As 

such, we found ≥59.2years and VAI levels could jointly increase 

the risk of hyperuricemia. In a study by Cohen et al, hyperhomo- 

cysteinemia had a significant association with hyperuricemia [38], 

and in another study, was highly prevalent in gout patients [39]. 

Previous studies have suggested that higher tHcy may result in 

parallel increases in intracellular S-adenosylhomocysteine, which 

could induce marked DNA damage, release purine nucleotides, 

and lead to UA synthesis [40-43]. Therefore, we speculate that VAI 

levels and higher tHcy levels could jointly increase DNA damage, 

and thereby increase the risk of hyperuricemia. Consistently, the 

stronger positive association was found in those male participants, 

and these participants also had a relatively higher hyperuricemia 

burden44. The SUA level was reported to be higher among men 

than among women, therefore we found VAI levels and male could 

jointly increase the risk of hyperuricemia. 

Indeed, several limitations in our study that merit emphasis. First, 

in this post-hoc analysis, many covariates had been adjusted in the 

regression models; however, residual confounding from unmea- 

sured or unrecorded factors may work. Second, this post-hoc ana- 

lysis focused on Chinese hypertensive participates, so the genera- 

lizability of these findings to other types of populations remains to 

be unknown. Third, serum UA levels were measured only at ba- 

seline and exit visits. More frequent measurements of serum uric 

acid levels are needed to more accurately assess the relationship 

between VAI and new-onset hyperuricemia in the duration. Al- 

though there are many limitations, our results serve as the basis for 

future relevant randomized trials. 

6. Conclusion 

In conclusion, our results suggest that higher VAI is significant- 

ly associated with increased risk of new-onset hyperuricemia in 

Chinese hypertensive patients, independent of single VAI compo- 

nents. VAI can be easily measured and applied to clinical practice. 

Thus, VAI has important implications for primary prevention and 

early detection of new-onset hyperuricemia. 

7. Contributors 

7.1. Study conception and design: Binyan Wang, Xiping Xu, 

Shaojie Zhang; 

7.2. Acquisition of data: Binyan Wang; 

7.3. Analysis and interpretation of data: Shaojie Zhang; 

7.4. Drafting of the manuscript: Shaojie Zhang; 

All authors critically revised the manuscript, gave final approval 

and agree to be accountable for all aspects of work ensuring inte- 

grity and accuracy. 

8. Funding 

None. 

9. Competing Interests 

None. 

10. Ethics approval 

The present study was approved by the Ethics Committee of the 

Institute of Biomedicine, Anhui Medical University, Hefei, China 

(FWA assurance number: FWA00001263). 

References 

1. Liu R, Han C, Wu D. Prevalence of Hyperuricemia and Gout in 

Mainland China from 2000 to 2014: A Systematic Review and Me- 

ta-Analysis. Biomed Res Int. 2015; 2015: 762820. 

2. Kumar AUA, Browne L. Temporal trends in hyperuricaemia in the 

Irish health system from 2006-2014: A cohort study. PLoS One. 

2018; 13:e0198197. 

3. Dalbeth N, Merriman TR, Stamp LK. Gout. The Lancet. 2016; 388: 

2039-2052. 

4. Braga F, Pasqualetti S, Ferraro S. Hyperuricemia as risk factor for 

coronary heart disease incidence and mortality in the general popu- 

lation: a systematic review and meta-analysis. Clin Chem Lab Med. 

2016; 54(1): 7-15. 

5. Zhou C, Liu M, Zhang Z. Positive association of serum uric acid 

with new-onset diabetes in Chinese women with hypertension in a 

retrospective analysis of the China Stroke Primary Prevention Trial. 

Diabetes Obes Metab. 2020; 22(9): 1598-1606. 

6. Maruhashi T, Hisatome I, Kihara Y. Hyperuricemia and endothelial 

function: From molecular background to clinical perspectives. Ath- 

erosclerosis 2018; 278: 226-231. 

7. Himbert C, Delphan M, Scherer D. Signals from the Adipose Mi- 

croenvironment and the Obesity-Cancer Link-A Systematic Review. 

Cancer Prev Res (Phila). 2017; 10(9): 494-506. 

8. Nathan DM. Diabetes: Advances in Diagnosis and Treatment. 

JAMA. 2015; 314(10): 1052-1062. 

9. Liu M, Zhang Z, Zhou C. Relationship of Body Mass Index and 

Waist Circumference With Risk of New-Onset Proteinuria in Hyper- 

tensive Patients. J Clin Endocrinol Metab. 2020; 105. 

10. Pischon T, Boeing H, Hoffmann K. General and Abdominal Adi- 

posity and Risk of Death in Europe. N Engl J Med. 2008; 358(20): 

2105-2120. 

11. Amato MC, Guarnotta V, Giordano C. Body composition assessment 

for the definition of cardiometabolic risk. J Endocrinol Invest. 2013; 

36(7): 537-543. 

12. Yamada A, Sato KK, Kinuhata S. Association of Visceral Fat and 

Liver Fat with Hyperuricemia. Arthritis Care Res (Hoboken). 2016; 

68(4): 553-561. 

13. Biswas E, Choudhury AK, Amin MR. Visceral Adiposity Index 

Score is the Better Predictor of Clinical and Coronary Angiographic 

Severity Assessment than Other Adiposity Indices in Patients with 

https://pubmed.ncbi.nlm.nih.gov/26640795/
https://pubmed.ncbi.nlm.nih.gov/26640795/
https://pubmed.ncbi.nlm.nih.gov/26640795/
https://pubmed.ncbi.nlm.nih.gov/29852506/
https://pubmed.ncbi.nlm.nih.gov/29852506/
https://pubmed.ncbi.nlm.nih.gov/29852506/
https://pubmed.ncbi.nlm.nih.gov/26351943/
https://pubmed.ncbi.nlm.nih.gov/26351943/
https://pubmed.ncbi.nlm.nih.gov/26351943/
https://pubmed.ncbi.nlm.nih.gov/26351943/
https://pubmed.ncbi.nlm.nih.gov/32363743/
https://pubmed.ncbi.nlm.nih.gov/32363743/
https://pubmed.ncbi.nlm.nih.gov/32363743/
https://pubmed.ncbi.nlm.nih.gov/32363743/
https://pubmed.ncbi.nlm.nih.gov/30326405/
https://pubmed.ncbi.nlm.nih.gov/30326405/
https://pubmed.ncbi.nlm.nih.gov/30326405/
https://pubmed.ncbi.nlm.nih.gov/28864539/
https://pubmed.ncbi.nlm.nih.gov/28864539/
https://pubmed.ncbi.nlm.nih.gov/28864539/
https://pubmed.ncbi.nlm.nih.gov/26348754/
https://pubmed.ncbi.nlm.nih.gov/26348754/
https://pubmed.ncbi.nlm.nih.gov/31976527/
https://pubmed.ncbi.nlm.nih.gov/31976527/
https://pubmed.ncbi.nlm.nih.gov/31976527/
https://pubmed.ncbi.nlm.nih.gov/19005195/
https://pubmed.ncbi.nlm.nih.gov/19005195/
https://pubmed.ncbi.nlm.nih.gov/19005195/
https://pubmed.ncbi.nlm.nih.gov/23612318/
https://pubmed.ncbi.nlm.nih.gov/23612318/
https://pubmed.ncbi.nlm.nih.gov/23612318/
https://pubmed.ncbi.nlm.nih.gov/26414410/
https://pubmed.ncbi.nlm.nih.gov/26414410/
https://pubmed.ncbi.nlm.nih.gov/26414410/
https://pubmed.ncbi.nlm.nih.gov/31086155/
https://pubmed.ncbi.nlm.nih.gov/31086155/
https://pubmed.ncbi.nlm.nih.gov/31086155/


Volume 6 Issue 4-2022 Research Article 

clinandmedimages.com 8 

 

 

Acute Coronary Syndrome. Mymensingh Med J. 2019; 28(2): 382- 

388. 

14. Amato MC, Giordano C. Visceral adiposity index: an indicator of 

adipose tissue dysfunction. Int J Endocrinol. 2014; 2014: 730827. 

15. Dong H, Xu Y, Zhang X. Visceral adiposity index is strongly asso- 

ciated with hyperuricemia independently of metabolic health and 

obesity phenotypes. Sci Rep. 2017; 7: 8822. 

16. Liu XZ, Li HH, Huang S. Association between hyperuricemia and 

nontraditional adiposity indices. Clin Rheumatol 2019; 38(4): 1055- 

1062. 

17. Rivera-Paredez B, Macias-Kauffer L, Fernandez-Lopez JC, et al. 

Influence of Genetic and Non-Genetic Risk Factors for Serum Uric 

Acid Levels and Hyperuricemia in Mexicans. Nutrients 2019; 11(6): 

1336. 

18. Redon P, Maloberti A, Facchetti R. Gender-related differences in 

serum uric acid in treated hypertensive patients from central and east 

European countries: findings from the Blood Pressure control rate 

and CArdiovascular Risk profilE study. J Hypertens. 2019; 37(2): 

380-388. 

19. Qin X, Li Y, He M. Folic acid therapy reduces serum uric acid in 

hypertensive patients: a substudy of the China Stroke Primary Pre- 

vention Trial (CSPPT). Am J Clin Nutr. 2017; 105(4): 882-889. 

20. Qin X, Spence JD, Li J. Interaction of serum vitamin B12 and fo- 

late with MTHFR genotypes on risk of ischemic stroke. Neurology 

2020; 94(11): e1126-e36. 

21. Qin X, Shen L, Zhang R. Effect of folic acid supplementation on 

cancer risk among adults with hypertension in China: A randomized 

clinical trial. Int J Cancer. 2017; 141(4): 837-847. 

22. Qin X, Li J, Zhang Y. Effect of folic acid supplementation on risk of 

new-onset diabetes in adults with hypertension in China: Findings 

from the China Stroke Primary Prevention Trial (CSPPT). J Diabe- 

tes 2016; 8(2): 286-294. 

23. Wang B, Wu H, Li Y. Effect of long-term low-dose folic acid supple- 

mentation on degree of total homocysteine-lowering: major effect 

modifiers. Br J Nutr. 2018; 120(10): 1122-1130. 

24. He M, Qin X, Cui Y. Prevalence of unrecognized lower extremity 

peripheral arterial disease and the associated factors in chinese hy- 

pertensive adults. Am J Cardiol. 2012; 110(11): 1692-1698. 

25. Qin X, Li J, Zhang Y. Prevalence and associated factors of diabetes 

and impaired fasting glucose in Chinese hypertensive adults aged 45 

to 75 years. PLoS One 2012; 7(8): e42538. 

26. Qin X, Zhang Y, Cai Y. Prevalence of obesity, abdominal obesity 

and associated factors in hypertensive adults aged 45-75 years. Clin 

Nutr. 2013; 32(3): 361-367. 

27. Stockman JA. A New Equation to Estimate Glomerular Filtration 

Rate. Ann Intern Med. 2009; 50(9): 604-612. 

28. Cao J, Zhang J, Li Q. Serum Phosphate and the Risk of New-Onset 

Hyperuricemia in Hypertensive Patients. Hypertension. 2019; 74: 

102-110. 

29. Feig DI KD, Johnson RJ. Uric acid and cardiovascular risk. N Engl 

J Med. 2008; 359(17): 1811-1821. 

30. 

Goodpaster BH KS, Resnick H, Kelley DE. Association between 

regional adipose tissue distribution and both type 2 diabetes and im- 

paired glucose tolerance in elderly men and women. Diabetes Care. 

2003; 26(2): 372-379. 

31. Kanaya AM HT, Goodpaster BH, Tylavsky F. Adipocytokines atten- 

uate the association between visceral adiposity and diabetes in older 

adults. Diabetes Care. 2004; 27(6): 1375-1380. 

32. Ibrahim MM. Subcutaneous and visceral adipose tissue: structural 

and functional differences. Obes Rev. 2010; 11(1): 11-18. 

33. Facchini F CY, Hollenbeck CB, Reaven GM. Relationship be- 

tween resistance to insulin-mediated glucose uptake, urinary uric 

acid clearance, and plasma uric acid concentration. JAMA 1991; 

266(21): 3008-3011. 

34. Stepien M, Stepien A, Banach M. New obesity indices and adi- 

pokines in normotensive patients and patients with hypertension: 

comparative pilot analysis. Angiology. 2014; 65(4): 333-342. 

35. Kuo CF, Grainge MJ, Zhang W, Doherty, M. Global epidemiology 

of gout: prevalence, incidence and risk factors. Nature reviews rheu- 

matology. 2015; 11(11): 649-662. 

36. Zhu Y, Pandya BJ, Choi HK. Prevalence of gout and hyperurice- 

mia in the US general population: the National Health and Nutrition 

Examination Survey 2007–2008. Arthritis Rheum. 2011; 63(10): 

3136–3141. 

37. Liu H, Zhang XM, Wang YL, Liu BC. Prevalence of hyperurice- 

mia among Chinese adults: a national cross-sectional survey using 

multistage, stratifed sampling. Journal of nephrology. 2014; 27(6): 

653-658. 

38. Cohen E, Levi A, Vecht-Lifshitz SE, Goldberg E, Garty M, Krause I, 

et al. Assessment of a possible link between hyperhomocysteinemia 

and hyperuricemia. J Investig Med. 2015; 63(3): 534–538. 

39. Slot O. Homocysteine, a marker of cardiovascular disease risk, is 

markedly elevated in patients with gout. Ann Rheum Dis. 2013; 72: 

457. 

40. Maiuolo J, Oppedisano F, Gratteri S, Muscoli C, Mollace V. Reg- 

ulation of uric acid metabolism and excretion. Int J Cardiol. 2016; 

213: 8-14. 

41. James SJ, Melnyk S, Pogribna M, Pogribny IP, Caudill MA. Ele- 

vation in S-adenosylhomocysteine and DNA hypomethylation: po- 

tential epigenetic mechanism for homocysteine-related pathology. J 

Nutr. 2002; 132(8 suppl): 2361S–2366S. 

42. Lin PY, Yang TH, Lin HG, Hu ML. Synergistic effects of S-adeno- 

sylhomocysteine and homocysteine on DNA damage in a murine 

microglial cell line. Clin Chim Acta. 2007; 379(1): 139-144. 

43. Lin HC, Song TY, Hu ML. S-Adenosylhomocysteine enhances DNA 

damage through increased β-amyloid formation and inhibition of the 

DNA-repair enzyme OGG1b in microglial BV-2 cells. Toxicology. 

2011; 290(2-3): 342-349. 

44. Simiao T, Yazhuo L, Ao F. Sex-Specific Differences in the Associ- 

ation of Metabolically Healthy Obesity With Hyperuricemia and a 

Network Perspective in Analyzing Factors Related to Hyperurice- 

mia. Front Endocrinol (Lausanne). 2020; 11: 573452. 

https://pubmed.ncbi.nlm.nih.gov/31086155/
https://pubmed.ncbi.nlm.nih.gov/31086155/
https://pubmed.ncbi.nlm.nih.gov/24829577/
https://pubmed.ncbi.nlm.nih.gov/24829577/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5562916/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5562916/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5562916/
https://pubmed.ncbi.nlm.nih.gov/30498873/
https://pubmed.ncbi.nlm.nih.gov/30498873/
https://pubmed.ncbi.nlm.nih.gov/30498873/
https://pubmed.ncbi.nlm.nih.gov/31207883/
https://pubmed.ncbi.nlm.nih.gov/31207883/
https://pubmed.ncbi.nlm.nih.gov/31207883/
https://pubmed.ncbi.nlm.nih.gov/31207883/
https://pubmed.ncbi.nlm.nih.gov/30074564/
https://pubmed.ncbi.nlm.nih.gov/30074564/
https://pubmed.ncbi.nlm.nih.gov/30074564/
https://pubmed.ncbi.nlm.nih.gov/30074564/
https://pubmed.ncbi.nlm.nih.gov/30074564/
https://pubmed.ncbi.nlm.nih.gov/28148501/
https://pubmed.ncbi.nlm.nih.gov/28148501/
https://pubmed.ncbi.nlm.nih.gov/28148501/
https://pubmed.ncbi.nlm.nih.gov/31932513/#%3A~%3Atext%3DOver%20a%20median%20of%204.5%2Cgenotype%20(wild%2Dtype)%20(
https://pubmed.ncbi.nlm.nih.gov/31932513/#%3A~%3Atext%3DOver%20a%20median%20of%204.5%2Cgenotype%20(wild%2Dtype)%20(
https://pubmed.ncbi.nlm.nih.gov/31932513/#%3A~%3Atext%3DOver%20a%20median%20of%204.5%2Cgenotype%20(wild%2Dtype)%20(
https://pubmed.ncbi.nlm.nih.gov/26991917/
https://pubmed.ncbi.nlm.nih.gov/26991917/
https://pubmed.ncbi.nlm.nih.gov/26991917/
https://pubmed.ncbi.nlm.nih.gov/26455512/
https://pubmed.ncbi.nlm.nih.gov/26455512/
https://pubmed.ncbi.nlm.nih.gov/26455512/
https://pubmed.ncbi.nlm.nih.gov/26455512/
https://pubmed.ncbi.nlm.nih.gov/30401001/
https://pubmed.ncbi.nlm.nih.gov/30401001/
https://pubmed.ncbi.nlm.nih.gov/30401001/
https://pubmed.ncbi.nlm.nih.gov/23146365/
https://pubmed.ncbi.nlm.nih.gov/23146365/
https://pubmed.ncbi.nlm.nih.gov/23146365/
https://pubmed.ncbi.nlm.nih.gov/22880024/
https://pubmed.ncbi.nlm.nih.gov/22880024/
https://pubmed.ncbi.nlm.nih.gov/22880024/
https://pubmed.ncbi.nlm.nih.gov/23084742/
https://pubmed.ncbi.nlm.nih.gov/23084742/
https://pubmed.ncbi.nlm.nih.gov/23084742/
https://pubmed.ncbi.nlm.nih.gov/19414839/
https://pubmed.ncbi.nlm.nih.gov/19414839/
https://pubmed.ncbi.nlm.nih.gov/18946066/
https://pubmed.ncbi.nlm.nih.gov/18946066/
https://pubmed.ncbi.nlm.nih.gov/12547865/
https://pubmed.ncbi.nlm.nih.gov/12547865/
https://pubmed.ncbi.nlm.nih.gov/12547865/
https://pubmed.ncbi.nlm.nih.gov/12547865/
https://pubmed.ncbi.nlm.nih.gov/12547865/
https://pubmed.ncbi.nlm.nih.gov/15161791/
https://pubmed.ncbi.nlm.nih.gov/15161791/
https://pubmed.ncbi.nlm.nih.gov/15161791/
https://pubmed.ncbi.nlm.nih.gov/19656312/
https://pubmed.ncbi.nlm.nih.gov/19656312/
https://pubmed.ncbi.nlm.nih.gov/1820474/
https://pubmed.ncbi.nlm.nih.gov/1820474/
https://pubmed.ncbi.nlm.nih.gov/1820474/
https://pubmed.ncbi.nlm.nih.gov/1820474/
https://pubmed.ncbi.nlm.nih.gov/23636856/
https://pubmed.ncbi.nlm.nih.gov/23636856/
https://pubmed.ncbi.nlm.nih.gov/23636856/
https://pubmed.ncbi.nlm.nih.gov/26150127/
https://pubmed.ncbi.nlm.nih.gov/26150127/
https://pubmed.ncbi.nlm.nih.gov/26150127/
https://pubmed.ncbi.nlm.nih.gov/21800283/
https://pubmed.ncbi.nlm.nih.gov/21800283/
https://pubmed.ncbi.nlm.nih.gov/21800283/
https://pubmed.ncbi.nlm.nih.gov/21800283/
https://pubmed.ncbi.nlm.nih.gov/24687401/
https://pubmed.ncbi.nlm.nih.gov/24687401/
https://pubmed.ncbi.nlm.nih.gov/24687401/
https://pubmed.ncbi.nlm.nih.gov/24687401/
https://pubmed.ncbi.nlm.nih.gov/25646870/
https://pubmed.ncbi.nlm.nih.gov/25646870/
https://pubmed.ncbi.nlm.nih.gov/25646870/
https://pubmed.ncbi.nlm.nih.gov/26316329/
https://pubmed.ncbi.nlm.nih.gov/26316329/
https://pubmed.ncbi.nlm.nih.gov/26316329/
https://pubmed.ncbi.nlm.nih.gov/12163693/
https://pubmed.ncbi.nlm.nih.gov/12163693/
https://pubmed.ncbi.nlm.nih.gov/12163693/
https://pubmed.ncbi.nlm.nih.gov/12163693/
https://pubmed.ncbi.nlm.nih.gov/17300772/
https://pubmed.ncbi.nlm.nih.gov/17300772/
https://pubmed.ncbi.nlm.nih.gov/17300772/
https://pubmed.ncbi.nlm.nih.gov/22064374/
https://pubmed.ncbi.nlm.nih.gov/22064374/
https://pubmed.ncbi.nlm.nih.gov/22064374/
https://pubmed.ncbi.nlm.nih.gov/22064374/
https://pubmed.ncbi.nlm.nih.gov/33123092/
https://pubmed.ncbi.nlm.nih.gov/33123092/
https://pubmed.ncbi.nlm.nih.gov/33123092/
https://pubmed.ncbi.nlm.nih.gov/33123092/

	Zhang S1,2 and Wang B1,2,3
	Keywords:
	Copyright:
	Citation:
	1. Abstract
	2. Introduction
	3.  Methods
	3.1. Study design and population
	3.2. Intervention and follow-up
	3.3. Anthropometric Measurements
	3.4. Laboratory assays
	3.5. Outcomes
	3.6. Major definitions

	4. Results
	4.1. Study participants and baseline characteristics

	    1.52
	36
	 
	
	    1.31
	39
	  (1)
	 (1)
	   
	4.2. Relationship of VAI level with study outcome
	4.3. Stratified Analyses by Potential Effect Modifiers
	6. Conclusion
	7. Contributors
	8. Funding
	9. Competing Interests
	10. Ethics approval
	References


