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Abstract
Background  This study aimed to investigate the potential relationship between the newly defined adiposity metric, 
the Body Roundness Index (BRI), which assesses central obesity, and the development of new-onset hyperuricemia.

Methods  In the Kailuan cohort study from 2006 to 2019, 91,804 eligible participants were included. A multivariate 
Cox regression model was used to test the correlation between BRI and hyperuricemia. At the same time, the 
restricted cubic spline was applied to solve the dose-response relationship between BRI and the risk of hyperuricemia.
Then, stratified analysis was carried out using multivariate Cox regression according to age, sex, hs-CRP level, TG level, 
education level, smoking status and hypertension status.

Results  The results showed that the risk of new-onset hyperuricemia was significantly increased in the highest 
quartile compared with the lowest quartile. After adjusting for confounders, compared with Q1, the HR (95% 
CI) for new-onset hyperuricemia was 1.24 (1.18–1.30), 1.32 (1.25–1.40), and 1.40 (1.29–1.52) for Q2, Q3, and Q4, 
respectively. Restricted cubic spline analysis showed a J-curve relationship between baseline BRI levels and new-onset 
hyperuricaemia. Age, sex, hs-CRP level, TG level, income level, education level, smoking, and hypertension each had a 
multiplicative interaction with BRI at baseline.

Conclusion  We found that elevated BRI increased the risk of developing new-onset hyperuricaemia. In addition, the 
association between elevated BRI and the risk of new-onset hyperuricemia showed dependency on age, sex, hs-CRP 
level, TG level, education level, smoking status and hypertension status.
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Background
The prevalence of hyperuricemia, as a metabolic disorder, 
is increasing significantly. Previous studies have shown 
that the prevalence of hyperuricemia in Chinese adults 
increased from 11.1 to 14.0% between 2015 and 2019 [1]. 
Long-term elevation of serum uric acid (SUA) can trigger 
adverse outcomes such as gouty arthritis, gouty nephrop-
athy and cardiovascular disease, thus increasing the bur-
den of hyperuricemia on society [2–4]. Hyperuricemia is 
usually attributed to chronic high-purine, high-fat and 
high-fructose diets and alcohol abuse [5]. However, stud-
ies have shown that obesity, rather than poor dietary hab-
its, has a more significant effect on hyperuricemia [6, 7]. 
Therefore, a valid and accurate assessment of obesity is 
essential.

A commonly used indicator for obesity assessment in 
clinical practice is body mass index (BMI). However, it 
has some limitations that it confuses the proportion of 
fat and muscle in the human body and cannot accurately 
assess the proportion of fat [8–10]. Normal weight cen-
tral obesity is another independent risk factor for hyper-
uricemia [11]. Specifically, increased visceral fat, the main 
feature of central obesity, significantly raises the risk 
of hyperuricemia [12]. However, CT-based visceral fat 
detection method is so expensive that it cannot be widely 
used in clinical practice. The body roundness index (BRI) 
is a new obesity-related anthropometric index based on 
waist circumference and height, which reflects the ratio 

of body fat to visceral fat and is more economical and 
convenient [13, 14].

However, the correlation between BRI and the risk of 
new-onset hyperuricemia has not been explored. There-
fore, the present study, based on the Kailuan cohort study 
(Registration number: ChiCTR-TNRC-11001489, Reg-
istration Date: 20150719), aimed to investigate the rela-
tionship between BRI and new-onset hyperuricemia.

Methods
Study participants
The Kailuan Study which started in 2006 is a large pro-
spective cohort study of active and retired workers of 
Kailuan Group. For this study, physical examinations 
including measurements of weight, waist circumference, 
height and SUA, were performed every 2 years. Partici-
pant was selected as the observation population for this 
study based on the following inclusion criteria: (1) they 
had a valid health report from the health check-up in 
2006; (2) their data on waist circumference, height and 
SUA were availabe; (3) they agreed to participate in this 
study and signed the informed consent form. Exclusion 
criteria were: (1)they had hyperuricemia at the time 
of physical examination in 2006; (2) they had a history 
of malignant tumor before the health check-up in 2006 
(Fig.  1). This study was approved by the Ethics Com-
mittee of Kailuan General Hospital (approval number: 
200605).

Fig. 1  Flow chart of the selection of study participants
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Data collection
Height, weight and waist circumference: the observa-
tion subjects took off their shoes, hats and light single 
clothes, waist circumference was measured at the mid-
point between the lower edge of the ribs and the upper 
edge of the sternum, and height and weight were mea-
sured using a calibrated RGZ-120 body mass scale.
SUA collection method: 5mL of venous blood from the 
elbow of the examinee was drawn on an empty stomach 
at 07:00–09:00 a.m. on the day of the checkup, and the 
SUA level was measured by Hitachi 7600 automatic bio-
chemical analyzer, using the oxidase method. The SUA 
kit was provided by Shanghai Kewa Bioengineering Co.

Covariates
Anthropometric indicators, biochemical determinations 
and epidemiologic investigations are described in the 
published papers of our team [15, 16]. Anthropometric 
indicators included systolic and diastolic blood pres-
sure. Biochemical indices included fasting blood glucose 
(FBG), triglycerides (TG), total cholesterol (TC), high-
density lipoprotein cholesterol (HDL-C), low-density 
lipoprotein cholesterol (LDL-C), serum creatinine (SCr), 
and ultrasensitive C-reactive protein (hs-CRP). Epidemi-
ological information included demographic information 
(gender, age, education level, income level), health behav-
ioral habits (smoking, alcohol consumption, physical 
activity), disease history (history of hypertension, history 
of diabetes mellitus), and medication history (whether 
or not they were taking antihypertensive, hypoglycemic, 
or lipid-lowering medications). Body mass index (BMI) 
was calculated as weight (kg) divided by height squared 
(m2). Estimated glomerular filtration rate (eGFR) was 
calculated using the Chronic Kidney Disease Epidemiol-
ogy Collaborative Study formula method [17]. Hyperten-
sion was defined as a systolic blood pressure ≥ 140 mmHg 
and/or a diastolic blood pressure ≥ 90 mmHg, or as sys-
tolic blood pressure < 140 mmHg and a diastolic blood 
pressure < 90 mmHg but with a history of definitively 
diagnosed hypertension or current use of antihyperten-
sive medication [18]. Diabetes mellitus was diagnosed 
as fasting blood glucose ≥ 7.0 mmol/L or fasting blood 
glucose < 7.0 mmol/L with a history of clearly diagnosed 
diabetes mellitus or current use of hypoglycemic medi-
cation [19]. Physical activity was defined as exercising at 
least 3 times per week for ≥ 30 min per session. Smoking 
was defined as an average consumption of at least 1 ciga-
rette per day in the past year. Alcohol consumption was 
defined as drinking an average of about 100 ml of alcohol 
(with ≥ 50% alcohol content) per day for at least 1 year in 
the past year.

Variable
BRI = 364.2–365.5 × (1 - [waist circumference (m)/2π]2/
[0.5 × height (m)]2)1/2 [14]. The 25th, 50th, and 75th per-
centile values of BRI were calculated and divided into 
quartile 1 (Q1), quartile 2 (Q2), quartile 3 (Q3), and 
quartile 4 (Q4). Q1: BRI < 2.97; Q2: 2.97 ≤ BRI < 3.65; Q3: 
3.65 ≤ BRI < 4.45; Q4: BRI ≥ 4.45.

Outcome and follow-up time
New-onset hyperuricemia was defined as of SUA > 420 
µmol/L (7.0  mg/dL) for men and SUA > 360 µmol/L 
(6.0  mg/dL) for women at a checkup, as recommended 
in the Uric Acid Right for Heart Health (URRAH) Proj-
ect [20, 21]. Outcomes included new-onset hyperurice-
mia and death. The time of completing the 2006 health 
check-up was used as the starting point for follow-up, the 
time of the first occurrence of hyperuricemia or death 
was used as the endpoint for follow-up. The endpoint for 
follow-up was December 31, 2019 for those who did not 
have an event.

Statistical analysis
Normally distributed measures were expressed as 

mean ± standard deviation (
−
x ̅± s), and comparisons 

between groups were conducted using analysis of vari-
ance (ANOVA). Measures with skewed distribution 
were presented as median (P25, P75), and comparisons 
between groups were conducted using the nonparamet-
ric rank sum test (Kruskal-Wallis). Count data were pre-
sented as frequencies and percentages, and comparisons 
between groups were conducted using the χ2 test.

The cumulative incidence of hyperuricemia across dif-
ferent groups was calculated using the Kaplan-Meier 
method, and comparisons between groups were per-
formed using the Log-rank test. The association of BRI 
on new-onset hyperuricemia was analyzed using a Cox 
proportional hazards regression model using the low-
est quartile of BRI as the reference group. Model 1 was 
adjusted for age (continuous) and sex (male or female); 
Model 2 further adjusted for smoking (yes or no), alco-
hol consumption (yes or no), physical activity (yes or 
no), education (high school and above or below), hyper-
tension (yes or no), diabetes mellitus (yes or no), and 
HDL-C (< 1.16 mmol/L in men and < 1.29 mmol/L in 
women or ≥ 1.16 mmol/L for men and ≥ 1.29 mmol/L for 
women), LDL-C (> 3.12 mmol/L or ≤ 3.12 mmol/L), eGFR 
(< 60 ml/min/1.73 m2 or ≥ 60 ml/min/1.73 m2); Model 3 
Further adjusted for medication use based on Model 2, 
the including antihypertensive drugs (yes or no), hypo-
glycemic drugs (yes or no), and lipid-lowering drugs (yes 
or no). Model 4 further adjusted for height (continuous) 
and waist circumference (continuous) based on Model 3.



Page 4 of 9Cai et al. BMC Public Health          (2025) 25:205 

The dose-response relationship between BRI and risk 
of hyperuricemia was analyzed using restricted cubic 
spline plots (RCS) with nodes placed at the 30th, 60th, 
and 90th percentiles of BRI, respectively.

The multiplicative interactions of age, sex, hs-CRP, 
TG, income level, education level, smoking, and hyper-
tension with BRI were explored using Cox proportional 
hazrds regression models, stratified by age (≥ 60 years or 
< 60 years), sex (male or female), hs-CRP (≥ 3  mg/L or 
< 3 mg/L), TG (≥ 1.70 mmol/L or < 1.70 mmol/ L), educa-
tional status (high school and above or below), smoking 
(yes or no), and hypertension (yes or no).

To test the robustness of the results, we performed 5 
sensitivity analyses: the Cox proportional regression 
model analysis was repeated after (1) excluding those 
who had an event within 2 years of the start of follow-up 
(i.e., either the occurrence of hyperuricemia or death), (2) 
excluding those who used antihypertensive medication, 
(3) excluding those who used lipid-lowering medication, 
(4) excluding those who used glucose-lowering medica-
tion, and (5) further adjusted for the change of BRI (for-
mula: change of BRI = follow-up BRI - baseline BRI).

Data were analyzed using SAS 9.4 (sas Institute, Cary, 
North Carolina) statistical software. Two-sided tests were 
performed with P < 0.05 indicating statistical difference.

Results
Baseline characteristics
A total of 101,510 cases participated in the 2006 health 
check-up of Kailuan Group. After excluding 1647 cases 
with missing data on height, waist circumference and 
SUA, 7730 cases with hyperuricaemia, and 329 cases with 
cancer, 91,804 cases met the inclusion criteria (Fig.  1). 
The mean age of the study subjects was 51.50 ± 12.46 
years, and 73,062 cases (79.58%) being male. With the 
increase of BRI level from Q1 to Q4, age, TC, TG, FBG, 
SBP, BMI, hs-CRP, and waist circumference gradually 
increased, while height, eGFR, and HDL-C gradually 
decreased. The proportions of hypertension, diabetes 
mellitus and individuals taking antihypertensive, hypo-
glycemic, and lipid-lowering drugs showed an increasing 
trend, whereas the proportions of those educated in high 
school level or higher showed a decreasing trend. The dif-
ferences in comparisons between the groups were all sta-
tistically significant (all P values < 0.0001) (Table 1).

The association of BRI on new-onset hyperuricaemia
In this study, the mean follow-up duration was 
10.77 ± 3.21 years, during which 21,302 new-onset hyper-
uricemia events occurred. The incidence rate of new-
onset hyperuricemia in different BRI quartiles were 

Table 1  Baseline characteristics of the study population according to body roundness index quartiles
Overall
n = 91,804

Q1 (< 2.97)
n = 22,753

Q2 (2.97–3.65)
n = 22,949

Q3 (3.65–4.45)
n = 23,151

Q4 (≥ 4.45)
n = 22,951

P value

Age (year) 51.50 ± 12.46 46.72 ± 12.98 50.62 ± 11.71 52.74 ± 11.64 55.88 ± 11.64 <0.0001
Male [n (%)] 73,062 (79.58) 17,120 (75.24) 19,000 (82.79) 19,075 (82.39) 17,867 (77.85) <0.0001
TC (mmol/L) 4.92 ± 1.11 4.81 ± 1.04 4.93 ± 1.10 4.95 ± 1.14 5.01 ± 1.15 <0.0001
TG (mmol/L) 1.24 (0.88–1.87) 0.99 (0.72–1.38) 1.21 (0.88–1.76) 1.36 (0.97–2.05) 1.51 (1.06–2.27) <0.0001
LDL-C (mmol/L) 2.34 ± 0.89 2.36 ± 0.79 2.40 ± 0.83 2.36 ± 0.91 2.25 ± 1.01 <0.0001
HDL-C (mmol/L) 1.55 ± 0.39 1.58 ± 0.38 1.56 ± 0.39 1.54 ± 0.39 1.52 ± 0.41 <0.0001
FBG (mmol/L) 5.47 ± 1.64 5.22 ± 1.31 5.39 ± 1.51 5.54 ± 1.71 5.75 ± 1.92 <0.0001
SBP (mmol/L) 130.59 ± 20.85 122.83 ± 19.12 129.55 ± 19.90 132.78 ± 20.56 137.11 ± 21.12 <0.0001
BMI (kg/m2) 24.93 ± 3.43 22.12 ± 2.59 24.26 ± 2.48 25.66 ± 2.60 27.64 ± 3.39 <0.0001
hs-CRP (mg/L) 0.80 (0.30–2.13) 0.50 (0.20–1.27) 0.70 (0.28–1.70) 0.90 (0.34–2.28) 1.30 (0.50–3.60) <0.0001
eGFR (ml/min/1.73m2) 83.77 ± 22.46 86.73 ± 22.54 83.12 ± 22.98 82.59 ± 21.38 82.66 ± 22.66 <0.0001
WC (cm) 86.71 ± 9.99 75.27 ± 5.33 83.69 ± 3.71 89.21 ± 4.05 98.55 ± 7.43 <0.0001
Height (cm) 167.36 ± 6.96 168.38 ± 6.98 168.20 ± 6.59 167.18 ± 6.76 165.69 ± 7.18 <0.0001
Current smoker [n (%)] 30,397 (33.11) 8090 (35.56) 7959 (34.68) 7799 (33.69) 6549 (28.53) <0.0001
Current drinker [n (%)] 32,065 (35.52) 8618 (37.88) 8536 (37.20) 8433 (36.43) 7018 (30.58) <0.0001
Physical activity [n (%)] 83,169 (90.59) 20,364 (89.50) 20,752 (90.43) 21,018 (90.79) 21,035 (91.65) <0.0001
High school and above [n (%)] 11,024 (12.01) 4404 (19.36) 2624 (11.43) 2304 (9.95) 1692 (7.37) <0.0001
Hypertension [n (%)] 39,823 (43.38) 6281 (27.61) 9537 (41.56) 11,042 (47.70) 12,963 (56.48) <0.0001
Diabetes [n (%)] 8633 (9.40) 1000 (4.40) 1757 (7.66) 2460 (10.63) 3416 (14.88) <0.0001
Antihypertensive drugs [n (%)] 21,859 (23.81) 2923 (12.85) 4649 (20.26) 6245 (26.98) 8042 (35.04) <0.0001
Hypoglycemic drugs [n (%)] 5031 (5.48) 458 (2.01) 893 (3.89) 1519 (6.56) 2161 (9.42) <0.0001
Lipid-lowering drugs [n (%)] 2786 (3.03) 354 (1.56) 578 (2.52) 828 (3.58) 1026 (4.47) <0.0001
Note:

Abbreviation: BMI, body mass index; BRI, body roundness index; eGFR, estimated glomerular filtration rate; FBG, fasting blood glucose; hs-CRP, high sensitivity 
C reactive protein; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol; SBP, systolic blood pressure; TC, total cholesterol; TG, 
triglyceride; WC, waist circumference
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17.15, 20.96, 23.01, and 25.35 per 1000 person-years, 
respectively (Table 2). The cumulative incidence of new-
onset hyperuricemia tended to increase with increasing 
BRI levels, and the difference in the cumulative incidence 
of new-onset hyperuricemia was statistically significant 
(Log-Rank P < 0.001) between the quartiles (Fig. 2).

Cox proportional hazards regression analyses using 
different BRI levels as the independent variable and new-
onset hyperuricemia as the dependent variable showed a 
significantly increased in the highest quartile compared 
with the lowest quartile. After adjusting for confounders, 
the HR (95% CI) for new-onset hyperuricemia was 1.24 
(1.18–1.30), 1.32 (1.25–1.40), and 1.40 (1.29–1.52) for Q2, 
Q3, and Q4, respectively, compared with Q1 (Table  2). 
Restricted cubic spline analysis showed a J-curve rela-
tionship between baseline BRI levels and new-onset 
hyperuricaemia, with significant overall (P < 0.0001) and 
non-linear associations (P < 0.0001) (Fig. 3).

Stratified analyses
Age, sex, hs-CRP, TG, income level, education level, 
smoking, and hypertension each showed a multiplica-
tive interaction with BRI at baseline (all interaction P 
values ≤ 0.001). Cox regression analyses stratified by age 
(≥ 60 years or < 60 years), sex (male or female), hs-CRP 
(≥ 3  mg/L or < 3  mg/L), TG (≥ 1.70 mmol/L or < 1.70 
mmol/L), educational status (high school and above 
or below), smoking (yes or no), and hypertension (yes 
or no) revealed a significant interaction with BRI. The 
effect of elevated BRI on new-onset hyperuricemia was 
more pronounced in those aged ≥ 60 years, female, hs-
CRP ≥ 3  mg/L, TG < 1.70 mmol/L, income level ≥ 800 
yuan/month, high school education or highter, non-
smokers, and non-hypertensive individuals (Table 3).

Sensitivity analyses
To rule out the possibility of reverse causation, medica-
tion effects and impact of change of BRI during follow-
up, the Cox regression analyses described above were 
repeated after excluding those individuals with an event 
within 2 years of follow-up (n = 1998) and those using 
antihypertensive (n = 21859), lipid-lowering (n = 2786), 
glucose-lowering (n = 5031) medications, and further 
adjusted for the change of BRI, respectively. Results were 
consistent with the main findings (Supplement Table 1).

Discussion
In this study, elevated BRI was found to be an indepen-
dent risk factor for new-onset hyperuricaemia. The risk 
of developing new-onset hyperuricemia was significantly 
higher with increasing BRI levels and showed a non-lin-
ear correlation. In addition, the association between ele-
vated BRI and the risk of new-onset hyperuricemia was 
influenced by age, sex, hs-CRP level, TG level, education 
level, smoking status and hypertension status.

The primary finding of this study was that elevated BRI 
independently increased the rist of new-onset hyperuri-
caemia. There was a progressive rise in hyperuricemia 

Table 2  HR and 95%CI of new-onset hyperuricemia according to quartiles of BRI
Case/total Incidence rate

(per 1000 person-years)
Model 1 Model 2 Model 3 Model 4

Q1 4357/22,753 17.15 Ref. Ref. Ref. Ref.
Q2 5243/22,949 20.96 1.37 (1.31–1.43) 1.34 (1.29–1.40) 1.32 (1.27–1.38) 1.24 (1.18–1.30)
Q3 5696/23,151 23.01 1.60 (1.54–1.67) 1.53 (1.47–1.59) 1.48 (1.42–1.54) 1.32 (1.25–1.40)
Q4 6006/22,951 25.35 1.97 (1.89–2.05) 1.77 (1.69–1.85) 1.69 (1.61–1.77) 1.40 (1.29–1.52)
P for trend <0.0001 <0.0001 <0.0001 <0.0001
Note:

Model 1: adjusted for age, gender

Model 2: included variables in model 1 and further adjusted for smoking status, drinking status, physical activity, body mass index,

education level, hypertension, diabetes mellitus, eGFR, HDL-C and LDL-C

Model 3: included variables in model 2 and further adjusted for hypoglycemic drugs, anti-hypertensive drugs and lipid-lowering drugs

Model 4: included variables in model 3 and further adjusted for height and waist circumference at baseline

Abbreviation: BRI, body roundness index; HR, hazard rate; CI, confidence interval

Fig. 2  Kaplan–Meier incidence rate of new-onset hyperuricemia accord-
ing to quartiles of BRI
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risk from Q2 to Q4 compared to Q1, with an increase 
of up to 69% in Q4. Although the risk decreased after 
adjusting for baseline height and waist circumference, 
it still increased by 40%, a result that suggests that the 
association between BRI and the risk of hyperuricemia is 
independent of waist circumference and height. To our 
knowledge, this is the first study that has observed such 
an association of BRI with new-onset hyperuricemia. In 
two previous studies in the United States and Spain, the 
risk of hyperuricemia has been found to increase by 177% 
and 66% in Q4 compared to Q1 [22, 23]. Our results not 
only confirm but also extend these findings.

In addition, we found that the factos of age, sex, hs-
CRP level, TG level, education level, smoking habits, and 
hypertension status interacted with the effects of BRI on 
new-onset hyperuricaemia. Stratified analyses revealed 
that compared to young and middle-aged adults, males, 
low hs-CRP level, high TG level, low education, smok-
ers, and hypertensives, the risk of new-onset hyper-
uricemia due to high BRI was significantly increased in 
older adults, females, high hs-CRP level, low TG level, 
high education, non-smokers and non-hypertensives 
(Table  3). These results suggest that the relationship 
between elevated BRI and the risk of new-onset hyper-
uricemia depends on the factors including age, sex, 

hs-CRP level, TG level, education level, smoking status, 
and hypertension status.

Regarding the potential effects of age, elderly people 
may have a reduced metabolic rate, making them more 
susceptible to an increased risk of new-onset hyperuri-
cemia associated with elevated BRI. As for gender dif-
ferences, females face an increased risk of developing 
hyperuricemia due to the decline in oestrogen levels after 
menopause, which subsequently affects insulin sensitiv-
ity and fat distribution [24]. Hyperuricemia may be exac-
erbated in individuals with high hs-CRP levels due to 
the chronic inflammatory state in the body. In addition, 
highly educated individuals may have an abnormal body 
fat distribution and increased purine intake due to their 
sedentary work environment and high-purine diet, mak-
ing the effect of BRI on their risk of hyperuricemia more 
prominent [25–27]. The risk of new-onset hyperurice-
mia due to high BRI also significantly increased in people 
with low TG levels, non-smokers and no hypertension, 
suggesting that elevated BRI remains a significant inde-
pendent risk factor for new-onset hyperuricemia even in 
individuals with low traditional risk factors.

Although BMI is an important measure of obesity, the 
results of this study showed that BRI was still signifi-
cantly associated with the risk of developing new-onset 

Fig. 3  Multivariable-adjusted hazard ratios for new-onset hyperuricemia based on restricted cubic spines with 3 knots at 30th, 60th and 90th percentiles 
of BRI
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hyperuricaemia, even in models adjusted for BMI. It 
suggests that elevated BRI is an independent risk fac-
tor apart from BMI. In addition, previous studies have 
shown that the use of antihypertensive, lipid-lowering 
and glucose-lowering medications may increase the risk 
of hyperuricemia [28–30]. To exclude the effect of medi-
cations as confounders, we repeated the Cox propor-
tional hazard regression model analysis after separately 
excluding antihypertensive, lipid-lowering and glucose-
lowering medications. However, the results showed 
that these confounders had no significant effect on the 
association between BRI and new-onset hyperuricemia. 
Nevertheless, the risk of new-onset hyperuricemia was 
not reduced by eliminating these associated risk factors. 
These findings suggest that BRI is an independent risk 
factor for new-onset hyperuricemia and is not influenced 
by other risk factors.

Although the underlying mechanism between BRI and 
new-onset hyperuricemia is unclear, relevant studies have 
found that increased BRI reflects abnormal distribution 
and dysfunction of adipose tissue, particularly visceral fat 
accumulation, which leads to increased uric acid secre-
tion and inhibits uric acid excretion. Firstly, excessive vis-
ceral fat deposition affects purine metabolism in the liver 
and increases uric acid production [31]. Secondly, large 
accumulations of visceral fat lead to the release of large 
amounts of pro-inflammatory factors, such as leptin and 

aldosterone, which cause insulin resistance and increase 
the risk of renal damage, thereby affecting the kidney’s 
ability to excrete uric acid [32]. Therefore, in order to 
assess the risk of developing new-onset hyperuricemia, 
an accurate assessment of obesity status is necessary [33]. 
In addition, previous studies have shown that obesity and 
hyperuricemia share several lifestyle-related common 
risk factors, such as sedentary lifestyle and poor dietary 
habits. Prolonged periods of sedentary work or recre-
ational activities significantly reduce daily energy expen-
diture, leading to excess energy and storage in adipose 
tissue, particularly visceral fat. At the same time, a sed-
entary lifestyle lowers the overall metabolic rate, further 
increasing the risk of hyperuricemia. And unhealthy eat-
ing habits, such as high-calorie, high-fat, high-sugar and 
high-purine diets, directly result in energy intake exceed-
ing expenditure, leading to weight gain and fat accumu-
lation. Also, a long-term diet high in sugar and purines 
directly increases the risk of hyperuricemia.

This study reveals that elevated BRI is an independent 
risk factor for new-onset hyperuricemia with clear pub-
lic health implications. Firstly, BRI, as a more compre-
hensive indicator for assessing fat distribution, may help 
to identify people at high risk of new-onset hyperurice-
mia, especially those with normal BMI but abnormal 
body fat distribution. Secondly, previous studies have 
shown that lifestyle interventions in obese populations 

Table 3  Stratified analysis for HR and 95%CI of new-onset hyperuricemia according to quartiles of BRI
Q1 Q2 Q3 Q4 p for interaction
HR(95%CI) HR(95%CI) HR(95%CI) HR(95%CI)

Age (years) <0.0001
  <60 Ref. 1.33 (1.27–1.39) 1.48 (1.42–1.55) 1.69 (1.60–1.77)
  ≥ 60 Ref. 1.41 (1.22–1.62) 1.57 (1.37–1.79) 1.74 (1.52–1.98)
Gender <0.0001
  Female Ref. 1.38 (1.25–1.52) 1.60 (1.45–1.76) 1.79 (1.61–1.98)
  Male Ref. 1.28 (1.22–1.34) 1.41 (1.35–1.48) 1.61 (1.53–1.70)
hs-CRP (mg/L) 0.0007
  <3 Ref. 1.34 (1.28–1.40) 1.47 (1.40–1.54) 1.61 (1.53–1.69)
  ≥ 3 Ref. 1.24 (1.12–1.39) 1.44 (1.30–1.59) 1.72 (1.55–1.91)
TG (mmol/L) 0.0003
  <1.7 Ref. 1.30 (1.24–1.36) 1.44 (1.37–1.52) 1.64 (1.55–1.72)
  ≥ 1.7 Ref. 1.19 (1.10–1.29) 1.27 (1.18–1.37) 1.44 (1.33–1.57)
Education level <0.0001
  Below high school Ref. 1.27 (1.21–1.33) 1.40 (1.34–1.48) 1.66 (1.58–1.75)
  High school and above Ref. 1.45 (1.34–1.56) 1.67 (1.54–1.80) 1.68 (1.52–1.86)
Smoke <0.0001
  No Ref. 1.34 (1.27–1.41) 1.51 (1.43–1.59) 1.77 (1.68–1.88)
  Yes Ref. 1.29 (1.21–1.37) 1.42 (1.33–1.52) 1.52 (1.41–1.65)
Hypertension 0.001
  No Ref. 1.39 (1.32–1.46) 1.53 (1.46–1.62) 1.73 (1.63–1.84)
  Yes Ref. 1.18 (1.10–1.26) 1.34 (1.25–1.43) 1.53 (1.43–1.65)
Note:

Model adjusted for age, gender, smoking status, drinking status, physical activity, body mass index, education level, hypertension, diabetes mellitus, eGFR, HDL-C, 
LDL-C, hypoglycemic drugs, anti-hypertensive drugs and lipid-lowering drugs
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can effectively prevent and/or delay the onset of hyper-
uricemia, as well as reduce the incidence of gout and 
cardiovascular disease and lower all-cause mortality [6, 
34, 35]. Understanding the impact of BRI on new-onset 
hyperuricemia can provide a scientific basis for develop-
ing public health policies that promote healthy lifestyles 
and implement interventions to reduce the incidence and 
associated burden of hyperuricemia. Finally, this study 
found that the association between elevated BRI and the 
risk of new-onset hyperuricemia showed dependency 
on age, gender, hs-CRP level, TG level, education level, 
smoking status and hypertension status dependency, 
emphasizing the importance of individualised prevention 
strategies to provide precise interventions for different 
risk factors and improve the effectiveness of public health 
management.

The present study has several strengths. First, there 
is a lack of large prospective cohort studies exploring 
the association between BRI and the risk of developing 
new-onset hyperuricemia. The present study is the first 
to observe the association. Second, the data in this study 
were obtained from the Kailuan study, a cohort study 
with a large sample size, a long follow-up period, and a 
standardised protocol used for data collection. Finally, 
stratified analyses were performed in this study to ensure 
that the relationship between BRI and new-onset hyper-
uricemia remained stable across populations and to 
ensure that the results were robust.

However, this study also has some limitations that need 
to be noted. Firstly, although confounders were adjusted 
during the multivariate Cox proportional hazard regres-
sion model analysis, potential residual confounders may 
still exist, such as the use of uric acid-lowering medica-
tions and dietary habits. However, the uric acid-lowering 
treatment and detailed dietary information were not col-
lected in our study. Second, the study population con-
sisted of a Chinese community-based population, which 
is not representative of all populations. Given these 
limitations, future studies are needed to take these fac-
tors into consideration. For example, future studies could 
investigate varied populations and explore the impacts 
of uric acid-lowering medication or dietary habits on 
the association between elevated BRI and hyperuricemia 
risks.

Conclusions
In this large community-based prospective study, we 
examined the relationship between BRI and new-onset 
hyperuricaemia. We found that elevated BRI increased 
the risk of developing new-onset hyperuricaemia. In 
addition, the association between elevated BRI and the 
risk of new-onset hyperuricemia showed dependency on 
age, sex, hs-CRP level, TG level, education level, smoking 
status and hypertension status.
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