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Summary

Background: We aimed to evaluate the relationship of body mass index (BMI) and waist circumference (WC) with the risk of
new-onset hyperuricemia, and examine possible effect modifies in general hypertensive patients.
Methods: A total of 10 611 hypertensive patients with normal uric acid (UA) concentrations (<357 lmol/l) at baseline were
included from the UA sub-study of the China Stroke Primary Prevention Trial. The primary outcome was new-onset
hyperuricemia, defined as a UA concentration �417 lmol/l in men or �357 lmol/l in women at the exit visit.
Results: During a median follow-up duration of 4.4 years, 1663 (15.7%) participants developed new-onset hyperuricemia.
When analyzed separately, increased BMI (�25 kg/m2, quartile 3–4; OR, 1.46; 95% CI: 1.29–1.65), or increased WC (�85 cm for
females, quartile 3–4; OR, 1.24; 95% CI: 1.08–1.42; and �84 cm for males, quartile 3–4; OR, 1.30; 95% CI: 1.01–1.67) were each
significantly associated with higher risk of new-onset hyperuricemia. When WC was forced into the model with BMI
simultaneously, its significant association with new-onset hyperuricemia disappeared in females (<85 vs. �85 cm; OR, 0.96,
95% CI: 0.81–1.13) or males (�84 vs. <84 cm; OR, 1.13; 95% CI: 0.84–1.52); however, BMI was still significantly related with
new-onset hyperuricemia (�25 vs. <25 kg/m2; OR, 1.48; 95% CI: 1.27–1.73). Moreover, the positive BMI & new-onset
hyperuricemia association was more pronounced in participants with higher time-averaged on-treatment systolic blood
pressure (median: <138.3 vs. �138.3 mmHg; P-interaction ¼ 0.041).
Conclusions: Higher BMI, but not WC, is significantly and independently associated with an increased risk of new-onset
hyperuricemia among hypertensive patients.
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Introduction

Over the past few decades, hyperuricemia has become an
increased public health concern, and the prevalence of hyperur-
icemia in China is estimated to be 13.3%.1 Hyperuricemia is
associated with gout, chronic kidney disease (CKD), stroke, car-
diovascular diseases (CVD) and mortality.2–5 Therefore, a better
understanding of more modifiable risk factors of hyperuricemia
is important to the management of hyperuricemia and its asso-
ciated disease burden.

Obesity is also a worldwide public health challenge because
of its high burden of comorbidity (diabetes, CVD, CKD, etc.).6–8

To date, some cross-sectional studies9–14 have assessed the re-
lationship of general obesity, defined by body mass index (BMI),
and abdominal obesity, defined by waist circumference (WC),
with the prevalence of hyperuricemia, and reported inconsist-
ent results. However, only a few previous studies15,16 have
assessed the prospective association between BMI and risk of
hyperuricemia only in males aged 30–59 years, but not in
females. Overall, the relationship of BMI and WC with the risk
of new-onset hyperuricemia remains uncertain. At the same
time, this type of research has not been conducted in hyperten-
sive patients, who have been reported to be at a high risk for
developing hyperuricemia.17 More importantly, the potential
modifiers on the relation of BMI and/or WC with new-onset
hyperuricemia have not been comprehensively investigated in
previous studies.

To address this aforementioned knowledge gap, our current
study aimed to evaluate the relationship of BMI and WC with
the risk of new-onset hyperuricemia, and examine possible ef-
fect modifiers among hypertensive patients, using data from
the uric acid (UA) sub-study of the China Stroke Primary
Prevention Trial (CSPPT).18

Material and methods
Study design and participants

The detailed methods and major findings of CSPPT and the UA
sub-study of the CSPPT have been reported previously else-
where.18–22 Briefly, the CSPPT was a multi-community, random-
ized, double-blind, actively controlled trial conducted from 19
May 2008 to 24 August 2013 with 20 702 hypertensive adults in
32 communities in Jiangsu and Anhui provinces of China.
Eligible participants were men and women from 45 to 75 years
old who had hypertension, defined as seated, resting systolic
blood pressure (SBP) of 140 mmHg or higher, or diastolic blood
pressure (DBP) of 90 mmHg or higher at both the screening and
recruitment visits or, who were taking antihypertensive medi-
cation. The major exclusion criteria included a history of
physician-diagnosed stroke, myocardial infarction, heart fail-
ure, coronary revascularization or congenital heart disease.

The UA sub-study of the CSPPT included 15 364 eligible par-
ticipants with the UA measurements and without the usage of
UA-lowering drugs at baseline from 20 communities in Jiangsu
province. This study is a post hoc analysis of the UA sub-study.
The flow of the participants is presented in Supplementary
Figure 1.

The parent study (the CSPPT) and this study were approved
by the Ethics Committee of the Institute of Biomedicine, Anhui
Medical University, Hefei, China (FWA assurance number:
FWA00001263). All participants provided written informed
consent.

Intervention and follow-up

In the CSPPT, eligible participants were randomly assigned, in a
1:1 ratio, to one of two treatment groups: a daily oral dose of
one tablet containing 10 mg enalapril and 0.8 mg folic acid (the
enalapril-folic acid group), or a daily oral dose of one tablet con-
taining 10 mg enalapril only (the enalapril group).

Participants were followed up every 3 months. At each
follow-up visit, blood pressure (BP) was measured; study drug
compliance, concomitant medication use, adverse events and
possible endpoint events were documented by trained research
staff and physicians. At the exit visit, final blood samples were
collected and assessed.

Anthropometric and BP measurements

Anthropometric measurements, including height, weight and
WC were taken using the standard operating procedures. Height
was measured without shoes to the nearest 0.1 cm on a portable
stadiometer. Weight was measured on a weight scale with sub-
jects wearing light indoor clothing without shoes to the nearest
0.1 kg. BMI was calculated as weight (kg)/height (m2). WC was
measured as the minimum circumference between the inferior
margin of the ribcage and the crest of the ileum.7,8,23

Seated BP was measured by trained research staff using a
mercury manometer after participants had rested for 10 min,
following the standard method and with appropriately sized
cuffs. Triplicate measurements on the same arm were taken,
with at least 2 min between readings. The average of the three
independent measures was used in the analyses. BP measure-
ments were taken at baseline, randomization and every
3 months thereafter. Time-averaged on-treatment BP was calcu-
lated for each participant using all post baseline results up to
the last visit (number of BP measurements during the treat-
ment: median, 16; interquartile range, 12–18).

Laboratory assays

Blood samples of all participants were collected at both the
baseline and the exit visits. Serum concentrations of UA, fasting
glucose, creatinine, total homocysteine (tHcy) and lipids were
measured using automatic analyzers (Beckman Coulter) at the
core laboratory of the National Clinical Research Center for
Kidney Disease, Nanfang Hospital, Guangzhou, China. The esti-
mated glomerular filtration rate (eGFR) was calculated by the
Chronic Kidney Disease Epidemiology Collaboration equation.24

Outcomes

The primary outcome was new-onset hyperuricemia in partici-
pants with normal UA concentrations [<357 lmol/l (6 mg/dl)] at
baseline. Hyperuricemia was defined as a UA concentration
�417 lmol/l (7 mg/dl) in men or �357 lmol/l (6 mg/dl) in
women.18,25,26

The secondary outcome was change in UA concentrations,
defined as UA concentrations at the exit visit minus that at
baseline.

Statistical analyses

Baseline characteristics are expressed as mean6standard devi-
ation (SD) for continuous variables or percentages for categoric-
al variables. Differences in population characteristics by
baseline BMI quartiles were compared using analysis of vari-
ance tests, or chi-square tests, accordingly.
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Multivariable logistic regression models and generalized lin-
ear regression models were used to examine the relationship of
baseline BMI and WC with primary and secondary outcomes, re-
spectively. To evaluate and compare the relation of BMI and WC
with study outcomes, BMI and WC were first individually and
then simultaneously entered into the multivariable regression
models without and with adjustment for treatment group, age,
sex, UA, fasting glucose, total cholesterol (TC), triglycerides (TG),
tHcy, high-density lipoprotein cholesterol (HDL-C), eGFR, smok-
ing and drinking status, use of antihypertensive drugs, SBP at
baseline and time-averaged on-treatment SBP. As additional ex-
ploratory analyses, possible modifications on the association
between BMI and new-onset hyperuricemia were also evaluated
by stratified analyses and interaction testing.

A two-tailed P < 0.05 was considered to be statistically sig-
nificant in all analyses. Statistical analyses were conducted
using R software, version 3.6.3 (http://www. R-project.org/).

Results
Characteristics of study participants

As illustrated in the flow chart (Supplementary Figure 1), a total
of 10 611 participants with complete data on baseline BMI and
WC measurements and exit UA, who were not using UA-
lowering drugs during the follow-up period, as well as whose

baseline UA levels were <357 lmol/l (6 mg/dl) in the CSPPT UA
sub-study, were included in the final analysis.

Baseline characteristics of the participants stratified by base-
line BMI quartiles are summarized in Table 1. Participants with
higher baseline BMI were less likely to be current smokers and
alcohol drinkers; tended to be female; had higher WC, SBP, DBP,
TC, TG, fasting glucose, eGFR, UA levels, younger age, and lower
HDL-C, tHcy levels; higher frequency usage of antihypertensive
drugs, lipid-lowering drugs, glucose-lowering drugs and antipla-
telet drugs; higher prevalence of self-reported diabetes and
hyperlipidemia at baseline; as well as higher time-averaged on-
treatment SBP and DBP.

In addition, during the treatment period, participants with
higher baseline BMI levels had a higher frequency in the use of
glucose-lowering drugs, calcium channel blockers and diuretics
(Supplementary Table 1).

Association between BMI and study outcomes

During a median follow-up of 4.4 years (interquartile range: 4.2–
4.6 years), 1663 (15.7%) participants developed new-onset
hyperuricemia.

Overall, there was a significantly positive association be-
tween baseline BMI and the risk of new-onset hyperuricemia
(per SD increment; adjusted OR, 1.22; 95% CI: 1.15–1.30) (Figure 1
and Table 2). Consistently, a significantly higher risk of new-
onset hyperuricemia was found in participants with baseline

Table 1. Characteristics of study participants according to quartiles of BMIa

BMI, kg/m2 P-value

Q1 (<23)
(n¼2651)

Q2 (23 to <25)
(n¼2653)

Q3 (25 to <28)
(n¼2641)

Q4 (�28)
(n¼2666)

Age, year 61.267.4 59.867.4 58.867.3 57.967.2 <0.001
Male, n (%) 1109 (41.8) 933 (35.2) 754 (28.5) 552 (20.7) <0.001
BMI, kg/m2 21.361.4 24.260.6 26.460.7 30.162.2 <0.001
Waist circumference, cm 75.666.4 82.365.8 87.365.9 94.467.5 <0.001
Current smoking, n (%) 798 (30.1) 523 (19.7) 412 (15.6) 308 (11.6) <0.001
Current alcohol drinking, n (%) 663 (25.0) 544 (20.5) 448 (17.0) 319 (12.0) <0.001
Self-reported hyperlipidemia, n (%) 36 (1.4) 59 (2.2) 74 (2.8) 123 (4.6) <0.001
Self-reported diabetes, n (%) 73 (2.8) 94 (3.5) 116 (4.4) 130 (4.9) <0.001
Enalapril only treatment, n (%) 1331 (50.2) 1352 (51.0) 1333 (50.5) 1306 (49.0) 0.521
Blood pressure, mmHg

Baseline SBP 167.9620.3 168.7620.8 169.1620.8 169.9621.3 0.006
Baseline DBP 92.4611.8 94.3611.6 95.6611.5 97.5611.8 <0.001
Time-averaged on-treatment SBP 138.8611.0 139.1611.0 139.1610.5 140.0610.8 <0.001
Time-averaged on-treatment DBP 81.567.1 83.067.1 83.566.7 84.967.1 <0.001

Laboratory results
Total cholesterol, mmol/l 5.661.2 5.761.1 5.761.2 5.861.2 <0.001
Triglycerides, mmol/l 1.360.7 1.660.8 1.861.0 2.062.1 <0.001
HDL-C, mmol/l 1.560.4 1.460.3 1.360.3 1.260.3 <0.001
Fasting glucose, mmol/l 6.061.9 6.061.7 6.261.9 6.261.8 <0.001
Total homocysteine, lmol/l 14.668.9 14.268.5 13.867.8 13.668.0 <0.001
eGFR, ml/min/1.73 m2 93.7611.7 94.8611.5 95.9611.5 96.4612.1 <0.001
Uric acid, lmol/l 258.0653.0 262.6651.6 265.6652.5 273.6649.7 <0.001

Medication use, n (%)
Antihypertensive drugs 1058 (39.9) 1222 (46.1) 1310 (49.6) 1477 (55.4) <0.001
Lipid-lowering drugs 11 (0.4) 21 (0.8) 25 (0.9) 32 (1.2) 0.016
Glucose-lowering drugs 37 (1.4) 48 (1.8) 53 (2.0) 67 (2.5) 0.028
Antiplatelet drugs 68 (2.6) 89 (3.4) 112 (4.2) 121 (4.5) <0.001

aVariables are presented as mean6SD or n (%).

BMI, body mass index; DBP, diastolic blood pressure; eGFR, estimated glomerular filtration rate; HDL-C, high-density lipoprotein cholesterol; SBP, systolic blood

pressure.
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BMI�25 kg/m2(median) (vs. <25 kg/m2; OR, 1.46; 95% CI: 1.29–
1.65). Of note, further adjustment for baseline WC did not sub-
stantially affect the positive association between BMI and new-
onset hyperuricemia (�25 vs. <25 kg/m2; OR, 1.48; 95% CI: 1.27–
1.73) (Table 2). Moreover, further adjustment for concomitant
use of glucose-lowering drugs, calcium channel blockers and
diuretics during the treatment period also did not significantly
change the results (Supplementary Table 2).

Similar results were found for the change in UA concentra-
tions (Supplementary Table 3).

Association between WC and study outcomes

When WC was assessed as quartiles, a significantly higher risk
of new-onset hyperuricemia was found in male participants in
quartile 3–4 (�84 cm) compared with those in quartiles 1–2
(<84 cm; OR, 1.30; 95% CI: 1.01–1.67). Among female partici-
pants, there was an increased risk of new-onset hyperuricemia
in those in quartiles 3–4 (�85 cm) compared with those in quar-
tile 1–2 (<85 cm; OR, 1.24; 95% CI: 1.08–1.42) (Table 3). Similar

results were found for the change in UA concentrations
(Supplementary Table 4).

However, after further adjustment for the baseline BMI, the
positive association between WC and new-onset hyperuricemia
was attenuated and became insignificant both in males (<84 vs.
�84 cm; OR, 1.13; 95% CI: 0.84–1.52) and in females (<85 vs.
�85 cm; OR, 0.96, 95% CI: 0.81–1.13) (Table 3). Consistently, in
the stratified analysis by the BMI strata (�25 or <25 kg/m2),
there were no significant association between WC and new-
onset hyperuricemia both in males (<84 vs. �84 cm; <25 kg/m2:
OR, 1.03; 95% CI: 0.72–1.49; �25 kg/m2: OR, 0.85; 95% CI: 0.51–
1.42) and in females (<85 vs. �85 cm; <25 kg/m2: OR, 1.01; 95%
CI: 0.77–1.32; �25 kg/m2: OR, 1.06; 95% CI: 0.85–1.31)
(Supplementary Table 5). Similar results were also found when
separated the patients in the normal-weight (BMI <25 kg/m2)
and overweight (BMI�25 kg/m2) group based on the subgroup
WC quartiles (Supplementary Table 6).

Accordingly, in the joint effect of BMI and WC on new-onset
hyperuricemia, compared with participants with both lower

Figure 1. Relationship of BMI with new-onset hyperuricemia (A) and change in UA concentrations (B)a. aAdjusted for treatment group, age, sex, uric acid (UA), fasting

glucose, total cholesterol, triglycerides (TG), total homocysteine (tHcy), high-density lipoprotein cholesterol (HDL), estimated glomerular filtration rate (eGFR), smoking

and drinking status, use of antihypertensive drugs, SBP at baseline and time-averaged on-treatment SBP during treatment period.

Table 2. Association between BMI and new-onset hyperuricemia

BMI, kg/m2 Events/N (%) Crude model Model 1 Model 2

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

Per SD increment 1663/10 611 (15.7) 1.42 (1.35, 1.49) <0.001 1.22 (1.15, 1.30) <0.001 1.36 (1.23, 1.49) <0.001
Quartiles

Q1 (<23) 276/2651 (10.4) ref. ref. ref.
Q2 (23 to <25) 327/2653 (12.3) 1.21 (1.02, 1.43) 0.028 1.01 (0.84, 1.21) 0.907 1.04 (0.86, 1.26) 0.685
Q3 (25 to <28) 472/2641 (17.9) 1.87 (1.60, 2.20) <0.001 1.41 (1.18, 1.68) <0.001 1.48 (1.21, 1.82) <0.001
Q4 (�28) 588/2666 (22.1) 2.43 (2.09, 2.84) <0.001 1.52 (1.28, 1.82) <0.001 1.65 (1.30, 2.11) <0.001
P for trend <0.001 <0.001 <0.001

Medians
Q1–Q2 (<25) 603/5304 (11.4) ref. ref. ref.
Q3–Q4 (�25) 1060/5307 (20.0) 1.95 (1.75, 2.17) <0.001 1.46 (1.29, 1.65) <0.001 1.48 (1.27, 1.73) <0.001

Model 1: Adjusted for treatment group, age, sex, uric acid (UA), fasting glucose, total cholesterol, triglycerides (TG), total homocysteine (tHcy), high-density lipoprotein

cholesterol (HDL), estimated glomerular filtration rate (eGFR), smoking and drinking status, use of antihypertensive drugs, SBP at baseline and time-averaged on-treat-

ment SBP during treatment period.

Model 2: Adjusted for the variables in Model 1 plus waist circumference.
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BMI (<25 kg/m2) and lower WC (WC<84 cm for males and
<85 cm for females), a significantly increased risk of new-onset
hyperuricemia was found in those with higher BMI alone (OR,
1.40; 95% CI, 1.14–1.73) or with both higher BMI and higher WC
(OR, 1.47; 95% CI, 1.28–1.69), but not in those with higher WC
alone (OR, 1.01; 95% CI, 0.82–1.25) (Supplementary Table 7).

Stratified analyses by potential effect modifiers

Stratified analyses were performed to further assess the rela-
tionship of baseline BMI as a binary variable (�25 vs. <25 kg/m2)
with new-onset hyperuricemia. A stronger, positive association
was found among participants with higher time-averaged on-
treatment SBP (median: <138.3; OR, 1.28; 95% CI: 1.07–1.52; vs.
�138.3 mmHg; OR, 1.63; 95% CI: 1.38–1.92; P-interaction¼ 0.041)
(Figure 2).

None of the other variables, including sex, age, WC, treat-
ment group, current smoking, current drinking, baseline SBP,
TC, tHcy, UA, eGFR levels, diabetes at baseline, as well as diu-
retics usage during the treatment period significantly modified
the association between baseline BMI (median, <25 vs. �25 kg/
m2) and the risk of new-onset hyperuricemia (P-values for all
interactions >0.05) (Figure 2).

Discussion

Our study demonstrates that higher BMI is associated with an
increased risk of new-onset hyperuricemia among hypertensive
patients without hyperuricemia, especially in those with higher
time-averaged on-treatment SBP. This association was inde-
pendent of WC and other major covariates. However, there was
no significant association between WC and the new-onset
hyperuricemia after further adjustment for BMI.

Few prospective studies15,16 have assessed the association
between BMI and the risk of hyperuricemia. Ryu et al.15 reported

that there was a significantly positive association between BMI
and hyperuricemia in middle-aged South Korean male workers
aged 30–59 years. Consistently, in a cohort of 1312
hyperuricemia-free male office workers aged 30–52 years in
Japan, Nakanishi et al.16 found that higher BMI was related to
increased risk of hyperuricemia. Of note, previous studies main-
ly examined the BMI-hyperuricemia relation in males aged 30–
59 years. Our study offered a chance to investigate the dose-
response relation of BMI or WC with new-onset hyperuricemia
in hypertensive patients by leveraging the well-established
CSPPT, with high quality baseline and follow-up epidemiologic-
al and clinical data, and a comprehensive analysis of many im-
portant risk factors or confounders of hyperuricemia.

Our current study has contributed to several new insights.
First, BMI was associated with increased risk of hyperuricemia
in males and/or females, independent of WC and other import-
ant covariates. Our findings seem to be biologically plausible
based on the available evidence. Insulin resistance, as a conse-
quence of overweight and obesity, may enhance the reabsorp-
tion of UA into the proximal renal tubules and subsequently
increase UA levels.27 Moreover, obese adipose tissue is hypoxic
and that hypoxia causes adipose tissue dysfunction; then hyp-
oxic induces an increase in xanthine oxidoreductase activity,
leading to increased UA production.28

Second, it is worth noting that, in our current study, the sig-
nificant association between WC and new-onset hyperuricemia
in both men and women was attenuated and became insignifi-
cant with further adjustment for BMI. Consistently, Ishizaka
et al.29 found that change in BMI was, but change in WC was
not, significantly and positively associated with the change in
serum UA levels in multiple linear regression in postmeno-
pausal women and men in Japan. Generally, BMI is strongly
associated with subcutaneous fat area, and WC has a stronger
relation with visceral fat area.30 However, because Asian popu-
lation are relatively lean, subcutaneous fat has a relatively

Table 3. Association between WC and new-onset hyperuricemia

WC, cm Events/N (%) Crude model Model 1 Model 2

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

Male
Quartiles

Q1 (<78) 60/812 (7.4) ref. ref. ref.
Q2 (78 to <84) 82/772 (10.6) 1.49 (1.05, 2.11) 0.025 1.38 (0.96, 1.98) 0.084 1.26 (0.87, 1.84) 0.219
Q3 (84 to <91) 120/883 (13.6) 1.97 (1.42, 2.73) <0.001 1.62 (1.14, 2.30) 0.007 1.38 (0.94, 2.04) 0.101
Q4 (�91) 121/881 (13.7) 2.00 (1.44, 2.76) <0.001 1.49 (1.03, 2.16) 0.033 1.11 (0.68, 1.81) 0.670

Categories
Q1–Q2 (<84) 142/1584 (9.0) ref. ref. ref.
Q3–Q4 (�84) 241/1764 (13.7) 1.61 (1.29, 2.00) <0.001 1.30 (1.01, 1.67) 0.039 1.13 (0.84, 1.52) 0.425

Female
Quartiles

Q1 (<79) 216/1756 (12.3) ref. ref. ref.
Q2 (79 to <85) 263/1731 (15.2) 1.28 (1.05, 1.55) 0.013 1.03 (0.84, 1.27) 0.758 0.87 (0.70, 1.08) 0.217
Q3 (85 to <91) 349/1841 (19.0) 1.67 (1.39, 2.00) <0.001 1.22 (1.00, 1.50) 0.050 0.92 (0.73, 1.15) 0.451
Q4 (�91) 452/1935 (23.4) 2.17 (1.82, 2.59) <0.001 1.29 (1.06, 1.57) 0.012 0.77 (0.59, 1.01) 0.064

Categories
Q1–Q2 (<85) 479/3487 (13.7) ref. ref. ref.
Q3–Q4 (�85) 801/3776 (21.2) 1.69 (1.49, 1.91) <0.001 1.24 (1.08, 1.42) 0.003 0.96 (0.81, 1.13) 0.611

Model 1: Adjusted for treatment group, age, sex, uric acid (UA), fasting glucose, total cholesterol, triglycerides (TG), total homocysteine (tHcy), high-density lipoprotein

cholesterol (HDL), estimated glomerular filtration rate (eGFR), smoking and drinking status, use of antihypertensive drugs, SBP at baseline and time-averaged on-treat-

ment SBP during treatment period.

Model 2: Adjusted for the variables in Model 1 plus BMI.
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greater influence on WC. Therefore, BMI may possibly be a
more appropriate index of total and abdominal fat in Asian
population.30,31 Accordingly, Retnakaran et al.32 reported that
BMI has a much greater effect on insulin resistance in preg-
nancy in Asian women than in Caucasians. Sakamoto et al.33

further found that the significantly positive BMI & insulin
sensitivity association was independent of WC. However,
the positive WC & insulin sensitivity relation did not remain
significant after controlling BMI. Since insulin resistance
has potential to increase the UA levels,27 we speculate that
the different effect between BMI and WC on new-onset
hyperuricemia might derive from the difference in insulin re-
sistance between BMI and WC. Nevertheless, the detailed
underlying mechanisms still need to be further examined in
more studies.

Third, in our study, the stronger positive BMI and new-onset
hyperuricemia association is found in those participants with
higher time-average on-treatment SBP. Ryu et al.15 demon-
strated that high BP was significantly associated with the devel-
opment of hyperuricemia in middle-aged South Korean men.
Consistently, Kuwabara et al.34 also found that hypertension
was one of the most important risk factors for hyperuricemia in
Japanese adults. The possible explanation is that hypertension
may cause renal vascular resistance, along with decreased renal
blood flow. When renal blood flow decreases, proximal sodium
and UA absorption increase, which may contribute to raising
serum UA levels.35 As such, we speculate that higher BMI and
higher time-average on-treatment SBP could jointly increase
the risk of hyperuricemia. Therefore, the combination of
controlled BP and lower BMI may be a better strategy for the

Figure 2. Stratified analyses of the association between BMI (<25 vs. �25 kg/m2) and new-onset hyperuricemiaa. aAdjusted for, if not stratified, treatment group, age,

sex, uric acid (UA), fasting glucose, total cholesterol, triglycerides (TG), total homocysteine (tHcy), high-density lipoprotein cholesterol (HDL), estimated glomerular fil-

tration rate (eGFR), smoking and drinking status, use of antihypertensive drugs, SBP at baseline and time-averaged on-treatment SBP during treatment period.

Diabetes was defined as self-reported physician-diagnosed diabetes or the use of glucose-lowering drugs or fasting glucose concentrations �7.0 mmol/l at baseline.
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prevention of new-onset hyperuricemia in hypertensive
patients. However, more studies are needed to verify this hy-
pothesis and further investigate the underlying mechanisms.

Inevitably, the study has some limitations. First, serum UA
levels of the study participants were only assessed at the base-
line and exit visits. More frequent measurements of serum UA
levels would allow for a more accurate assessment of the BMI
and new-onset hyperuricemia. Second, the CSPPT was con-
ducted in Chinese hypertensive participants, the generality of
the results to other populations remains to be determined.
Third, our study is a post hoc analysis. We cannot exclude any
potential residual confounding from unrecorded or unmeasured
risk factors.

In conclusion, our study found that higher BMI, but not WC,
is significantly and independently associated with a higher risk
of new-onset hyperuricemia in Chinese hypertensive popula-
tion without hyperuricemia at baseline, especially in those with
higher SBP during the treatment period. If further confirmed,
BMI measurements along with other known risk factors, would
further help identify hypertensive patients at high risk of devel-
oping hyperuricemia.
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