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and obesity—does central obesity play
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Abstract

Background Our objective was to evaluate how various measures of obesity, such as body mass index(BMI), body
roundness index(BRI), and weigh adjusted waist index(WWI), influence urate levels, prevalence of gout and to
compare the disparities among these obesity indicators.

Methods By analyzing the 2001-2018 National Health and Nutrition Examination Survey (NHANES), we assessed
the relationship between BMI, WWI, and BRI indices and urate levels, hyperuricemia, and the prevalence of gout.
Smoothed curve fitting was used to determine whether there was a nonlinear relationship between BMIWWI, and
BRI indices and urate levels, hyperuricemia, and the prevalence of gout, and threshold effects analysis was used to
test this relationship. We also used ROC curves to determine the diagnostic efficacy of BMI, WWI, and BRI on the
prevalence of hyperuricemia and gout.

Results The study incorporated a total of 29,310 participants aged over 20 years, out of which 14,268 were male.
Following the adjustment for the pertinent confounding factors, it was observed that higher levels of BMI, WWI,
and BRI were significantly associated with a gradual and dose-dependent increase in urate levels. In the sensitivity
analysis, each unit increment in BMI, WWI, and BRI levels exhibited an 8%, 72%, and 26% respective elevation in the
risk of hyperuricemia, as well as a 5%, 31%, and 15% respective increase in the risk of gout. Dose-response curves
provided evidence of a linear positive correlation between BMI, WWI, BRI, and urate levels, as well as the prevalence
of hyperuricemia and gout. Based on the response from the ROC curve, overall, the diagnostic efficacy of BRI for
hyperuricemia and gout surpasses that of BMI.

Conclusion The central obesity indices WWI and BRI levels are superior to BMI in detecting the prevalence of urate
levels, hyperuricemia, and gout, and although a clear causal relationship has not yet been established, it is important
to recognize the impact of central obesity on uric acid levels and to give it due attention.
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Introduction

Urate represents the final outcome of purine metabolism.
Hyperuricemia is distinguished by the presence of abnor-
mally elevated concentrations of urate in the bloodstream
and is recognized as an antecedent to the development of
gout. Gout, characterized as a clinical manifestation aris-
ing from the deposition of crystalline monosodium urate
(MSU), stands as the prevailing form of inflammatory
arthritis in the adult population. It affects an estimated
global populace of approximately 41 million individuals,
with its prevalence showing an upward trend worldwide
[1]. Notably, while hyperuricemia is more prevalent, it
should be distinguished from the distinct condition of
gout [2]. Despite a comprehensive understanding of the
disease’s underlying mechanisms and the availability of
treatments, the burden of gout continues to be signifi-
cant, and the management of gout falls short of optimal
standards [3]. Patients with gout commonly experience
a combination of various underlying health conditions,
such as hypertension, chronic kidney disease (CKD), obe-
sity, and cardiovascular disease (CVD). These conditions,
when present alongside gout, further exacerbate the bur-
den of the disease and are associated with a higher risk of
morbidity and mortality [4]. Moreover, patients with gout
have an elevated incidence of metabolic syndrome, which
increases the likelihood of developing “type 2” diabetes
[5, 6], CKD [7], aortic stenosis [8], end-stage renal failure
[9], ischemic stroke, and peripheral vascular disease [10].
Hyperuricemia is also linked to an increased frequency
of cardiovascular death [11], coronary heart disease [12],
heart failure, atrial fibrillation [13], and stroke [14]. It
can lead to hypertension [15] and, when associated with
hyperuricemia [16, 17], renal failure [18], type 2 diabetes
[19], and metabolic syndrome [20], treating hyperten-
sion becomes more challenging. Therefore, it is crucial to
comprehend the risk factors contributing to the develop-
ment of gout and hyperuricemia in order to prevent and
reduce costs associated with these conditions.

Obesity represents a significant global health chal-
lenge, with a staggering number of 1.9 billion adults
reported to be overweight or obese [21], and this
number continues to rise. Obesity stands as a primary
contributor to numerous life-threatening diseases,
including type II diabetes, hypertension, stroke, myo-
cardial infarction, sleep apnea, and heart disease. It is
a complex chronic disease influenced by various fac-
tors such as genetics, behavior, diet, socioeconomic
status, and environment [22]. Multiple studies have
consistently demonstrated the association between
obesity and an increased risk of hyperuricemia and
gout [23]. Weight has consistently been identified as a

key determinant of serum urate levels [24], and weight
loss has the potential to mitigate the risk of developing
gout [25]. A study conducted in 2019 involving over
5,000 patients revealed that three months after under-
going bariatric surgery, the mean decrease in serum
urate levels was 0.73 mg/dL, and this reduction contin-
ued to be 1.91 mg/dL at the three-year postoperative
mark [26]. Furthermore, the prevalence of abdominal
obesity is higher among gout patients compared to
those without gout [27], and the risk of gout increases
with obesity [25].

When it comes to defining obesity, the most com-
monly utilized anthropometric measure in clinical
and epidemiological studies is body mass index (BMI)
[28-30]. The World Health Organization (WHO) also
recommends the use of BMI for defining obesity and
overweight [31]. However, in recent years, there have
been the emergence of new obesity indices. Two such
indices are the body roundness index (BRI) [32] and
the weight-adjusted waist circumference index (WW1I)
[33]. BRI and WWI primarily assess central obe-
sity, similar to BMI, but from a different perspective,
reflecting the level of obesity in the body. It has been
demonstrated that central obesity exhibits a stronger
association with insulin resistance, diabetes, and car-
diovascular disease (CVD) compared to general obe-
sity [34].

However, in the context of hyperuricemia and gout,
the majority of published clinical literature tends
to focus on obesity alone, neglecting the attention
towards individuals who may not be generally obese
but exhibit central obesity. Anthropometry is a widely
utilized, cost-effective, and straightforward technique.
It holds crucial clinical and public health implications
to identify the anthropometric indicators that are most
strongly associated with elevated urate levels, hyper-
uricemia, and gout.

This study presents a nationally representative sur-
vey employing data from adult participants in the
NHANES survey spanning from 2007 to 2018. The
objective of this study was to conduct a detailed
assessment of the role and relationship of various obe-
sity indices in evaluating urate levels and gout. We
compared the correlation between different anthro-
pometric indices in terms of baseline measurements
and changes over time, as well as the disparity between
BMI and central obesity indices regarding their impact
on urate levels and incidence of gout. This study
stands as the first to distinguish the potential correla-
tion between general obesity and central obesity with
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an increased risk of elevated urate levels, hyperurice-
mia, and the prevalence of gout.

Materials and methods

Study population

For this study, we chose to analyze data from six survey
cycles of NHANES, covering the years 2007 to 2018, in
a cross-sectional manner. 59,842 people completed the
survey. The NHANES survey employs a complex multi-
stage sampling technique to gather its data. It covers
various aspects, including sociodemographics, dietary
intake, health behaviors, medical history, physiology,
and laboratory tests. All protocols of NHANES strictly
adhere to the U.S. Department of Health and Human
Services (HHS) Human Research Subject Protection
Policy. Ethical approval for this study was obtained from
the National Center for Health Statistics (NCHS), and all
participants provided both oral and written consent. It
is important to note that all data used in this study were
made available by NHANES free of charge and did not
require additional authorization or ethical review.

Data collection and definition

The body roundness index (BRI) serves as an exposure
variable and is calculated using the formula BRI = 364.2-
365.5 x {1 - [(WC/2m)/(0.5 x height)] ? } *>(WC = waist
circumference). The BMI is calculated as the individual’s
weight in kilograms divided by the square of their height
in meters. For each participant, the WWT is determined
by taking the square root of the waist circumference in
centimeters divided by the weight in kilograms. Skilled
examiners at the mobile examination center obtained
basic anthropometric measurements, including weight,
height, and waist circumference, using standardized
techniques and equipment. urate concentrations were
measured using the Beckman Unicel DxC 800 Synchron
Clinical System. Hyperuricemia was defined as a serum
urate concentration of 7.0 mg/dL or higher in men and
6.0 mg/dL or higher in women [35]. Given that urate
(MSU) crystallizes after exceeding 7 mg/dL, potentially
advancing to gout, we have established this threshold
as the critical value for hyperuricemia. In our analy-
sis, we conducted a sensitivity analysis to explore the
impact of various obesity indices on the occurrence of
hyperuricemia.Questionnaires were also administered
to collect information on the presence or absence of
gout(participants who answered “yes” explicitly were rec-
ognized as having gout), and serum urate, hyperuricemia,
and gout occurrence were designated as the outcome
variables in the study.

We considered several potential covariates that could
influence the relationship between the obesity index and
urate levels, and these were accounted for in a multi-
variate adjusted model. The covariates included sex, age,
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race, education level, poverty to income ratio (PIR), mari-
tal status, alcohol consumption, physical activity level,
cholesterol level (mg/dL), triglyceride level (mg/dL), fast-
ing glucose level (mg/dL), smoking status, presence of
hypertension, diabetes, coronary heart disease, cancer,
and various dietary intake factors such as energy intake,
fat intake, sugar intake, and water intake. Detailed infor-
mation on the measurement procedures for these study
variables can be found on the public website www.cdc.
gov/nchs/nhanes.

Treatment of missing values: A few numerical variables
in our data include a high number of missing values. To
solve this problem, we transformed these variables into
categorical variables and represented the missing values
as independent sets of dummy variables.

Statistical methods

We utilized the provided sampling weights, stratification,
and clustering from the NHANES study to account for
the complex, multistage sampling design used in select-
ing a representative noninstitutionalized U.S. popula-
tion. Continuous variables were presented as weighted
survey means with 95% confidence intervals, while cat-
egorical variables were presented as weighted surveys
with 95% confidence intervals. To examine the relation-
ship between the obesity index and urate, we employed
linear regression analysis according to the guidelines. For
assessing the association between the obesity index and
hyperuricemia and gout, we utilized multivariate logistic
regression analysis. To evaluate the independent effects
of the covariates on the dependent variables, we gener-
ated three models with different adjusted covariates.
Model 1 involved no adjustment for covariates, Model
2 included adjustment for age, sex, race, marriage, and
education level, and Model 3 encompassed adjustment
for all covariates listed in Table 1. We performed gener-
alized weighted smoothed curve fitting analysis to deter-
mine if there existed a nonlinear relationship between
obesity and urate levels. This analysis was further vali-
dated through threshold effect analysis to identify sig-
nificant inflection points. In threshold effect analysis, a
log-likelihood ratio (LLR) less than 0.05 indicated a non-
linear correlation between the independent and depen-
dent variables. To assess the diagnostic efficacy of BMI,
WWI, and BRI in predicting hyperuricemia and gout, we
employed dichotomous ROC curve analysis. A p-value
of less than 0.05 was considered statistically significant,
indicating a significant difference.

Results

General participant characteristics

The demographic characteristics of the participants
included in this study are presented in Table 1. Figure 1
illustrates the population screening process. Specifically,
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Table 1 Weighted characteristics in male subjects based on serum urate quartiles

Serum urate (mg/dL) Q1(0.4-4.4) Q2(4.4-5.3) Q3(5.3-7.3) Q4(7.3-18) P-value
Age(years) 45.14(44.59,45.69) 46.29 (45.65,46.94) 48.36 (47.73,48.98) 48.85 (48.30,49.40) <0.0001
Serum Cholesterol(mg/dl) 191.49(190.10,192.87) 192.77 (191.21,194.33) 194.06 (192.36,195.76) 197.17 (195.70,198.64) < 0.0001
Serum Glucose(mg/dl) 97.37 (96.33,9841) 9846 (97.35,99.57) 99.52 (98.67,100.38) 102.26 (101.33,103.18) < 0.0001
Serum Triglycerides(mg/dl) 120.94 (117.50,124.39) 140.25 (136.06,144.44) 160.88 (155.57,166.20) 186.21 (181.80,190.63) <0.0001
BM\(kg/mz) 2641 (26.20,26.62) 2832 (28.08,28.55) 29.69 (29.46,29.93) 31.37(31.12,31.62) < 0.0001
WWI Index 10.85 (10.82,10.89) 10.94 (10.91,10.97) 11.00(10.97,11.03) 11.11(11.08,11.13) <0.0001
BRI Index 464 (4574.71) 9(5.11,5.28) 5.58 (5.49,5.66) 6.09 (6.00,6.19) <0.0001
Gender(%) < 0.0001
Male 14.38 (13.20,15.64) 37.70 (36.08,39.36) 61.52 (60.28,62.75) 77.02 (75.80,78.19)

Female 85.62 (84.36,36.80) 62.30 (60.64,63.92) 3848 (37.25,39.72) 22.98(21.81,24.20)

Race(%) < 0.0001
Mexican American 9.91 (8.18,11.96) 3(7.63,10.88) 8.40 (7.00,10.06) 742 (6.07,9.05)

White 72.06 (69.47,74.50) 80 (69.03,74.42) 73.58 (70.97,76.03) 73.28 (70.76,75.66)

Black 1047 (9.09,12.03) 10.59 (9.19,12.18) 10.01 (8.62,11.61) 11.39(9.92,13.05)

Other Race 7.57 (6.74,849) 848(7.389.72) 8.01(6.96,9.20) 7.90 (6.97,8.96)

Education Level(%) < 0.0001
Less than high school 4(13.76,16.64) 1561 (14.12,17.23) 15.83 (14.29,17.50) 15.50 (14.26,16.83)

High school 20.44 (18.92,22.06) 21.90 (20.46,23.42) 23.86(22.43,25.36) 24.94 (23.27,26.68)

More than high school 64.41 (61.90,66.84) 62.49 (60.17,64.76) 60.31 (58.09,62.48) 59.56 (57.41,61.67)

Marital Status(%) 0.1501
Cohabitation 64.72 (62.92,66.47) 62.66 (61.09,64.20) 64.01 (62.30,65.68) 64.55 (62.70,66.36)

Solitude 35.28 (33.53,37.08) 37.34(35.80,38.91) 35.99 (34.32,37.70) 35.45 (33.64,37.30)

Kidney Stone (%) <0.0001
No 91.73 (90.90,92.50) 91.07 (90.01,92.02) 89.34 (88.28,90.32) 88.53 (87.59,89.42)

Yes 8.27 (7.50,9.10) 8.93(7.98,9.99) 10.66 (9.68,11.72) 1147 (10.58,12.41)

Alcohol (%) < 0.0001
Yes 55.02 (52.87,57.15) 5895 (56.62,61.23) 63.65 (61.71,65.55) 65.99 (64.32,67.61)

No 21.54(20.01,23.16) 20.05 (18.46,21.74) 17.24 (15.89,18.69) 15.83(14.52,17.23)

Unclear 2344 (21.59,25.40) 21.00(19.10,23.05) 19.11 (17.55,20.76) 18.18 (17.00,19.43)

High Blood Pressure (%) < 0.0001
Yes 21.32(19.88,22.83) 26.69 (25.23,28.20) 32.63(30.91,34.40) 43.54 (41.73,45.38)

No 78.68(77.17,80.12) 73.31(71.80,74.77) 67.37 (65.60,69.09) 56.46 (54.62,58.27)

Diabetes(%) < 0.0001
Yes 7.50 (6.78,8.30) 8.94 (8.03,9.95) 9.02 (8.14,9.99) 11.92 (10.95,12.96)

No 92.50(91.70,93.22) 91.06 (90.05,91.97) 90.98 (90.01,91.86) 88.08 (87.04,89.05)

Smoked (%) < 0.0001
Yes 39.15(37.19,41.15) 42.52 (40.52,44.54) 45.15 (43.46,46.86) 49.33 (47.84,50.83)

No 60.85 (58.85,62.81) 5748 (55.46,59.48) 54.85 (53.14,56.54) 50.67 (49.17,52.16)

Physical Activity(%) < 0.0001
Never 27.95 (26.14,29.83) 26.86 (25.38,28.40) 24.84 (23.43,26.31) 26.04 (24.57,27.56)

Moderate 35.21(33.38,37.09) 3041 (28.93,31.92) 31.49 (30.05,32.97) 30.69 (29.29,32.12)

Vigorous 36.84 (35.08,38.64) 42.73 (41.03,44.45) 43,67 (42.15,45.20) 43.28 (41.62,44.94)

Asthma(%) 0.6941
Yes 85.10 (84.01,86.12) 84.83 (83.65,85.95) 85.28(83.99,86.48) 85.73 (84.56,86.83)

No 14.90 (13.88,15.99) 15.17 (14.05,16.35) 14.72 (13.52,16.01) 14.27 (13.17,15.44)

Coronary Artery Disease(%) < 0.0001
Yes 2.10(1.65,2.67) 249(1.993.12) 3.88(3.254.62) 490 (4.21,5.69)

No 97.90 (97.33,98.35) 97.51(96.88,98.01) 96.12 (95.38,96.75) 95.10 (94.31,95.79)

Cancers(%) 0.0438
Yes 9.90 (9.02,10.87) 8.91(8.09,9.81) 10.82 (9.75,12.00) 10.13(9.28,11.04)

No 90.10 (89.13,90.98) 91.09 (90.19,91.91) 89.18(88.00,90.25) 89.87 (88.96,90.72)

Gout(%) <0.0001
Yes 1.88(1.49,2.37) 2.08(1.65,2.61) 3.15 (2.68,3.70) 8.26(7.42,9.19)
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Table 1 (continued)

Serum urate (mg/dL) Q1(0.4-4.4) Q2(4.4-5.3) Q3(5.3-7.3) Q4(7.3-18) P-value
No 98.10 (97.61,98.49) 97.83(97.28,98.28) 96.82 (96.26,97.29) 91.67 (90.73,92.52)

PIR(%) 0.0285
<13 06 (19.46,22.76) 20.04 (18.53,21.64) 989( 8.39,21.49) 18.78 (17.52,20.10)

>1.3<35 0(30.57,33.67) 33.48(31.71,35.30) 90 (30.03,33.83) 33.58(31.93,35.27)

>35 38.75 (36.48,41.08) 3941 (37.01,41.87) 35 (39.04,43.70) 4046 (38.25,42.71)

Unclear 8.08(7.12,9.16) 7.08 (6.21,8.05) 6.86 (5.99,7.84) 7.18(6.31,8.16)

Total Kcal(%) < 0.0001
Lower 46.93 (45.16,48.71) 41.67 (40.00,43.37) 36.28 (34.64,37.94) 3269 (31.41,34.01)

Higher 3842 (36.72,40.15) 43,61 (41.86,45.38) 49.03 (47.21,50.85) 52.51(50.89,54.12)

Unclear 14.65 (13.28,16.13) 14.71 (13.44,16.09) 14.70 (13.46,16.02) 14.80 (13.72,15.94)

Total Sugar(%) 0.0279
Lower 37.67 (36.14,39.22) 36.23 (34.53,37.96) 36.39 (34.96,37.85) 35.79(34.17,37.44)

Higher 34.64(33.18,36.12) 37.86 (36.08,39.67) 38.07 (36.48,39.67) 38.07 (36.58,39.58)

Unclear 27.69 (26.38,29.05) 2591 (24.19,27.71) 25.54 (24.29,26.83) 26.14 (24.68,27.65)

Total Water(%) < 0.0001
Lower 45.69 (44.05,47.35) 39.62 (37.98,41.28) 36.36 (34.75,37.99) 33.87(32.42,35.35)

Higher 39.66 (37.96,41.38) 45,67 (44.05,47.30) 48.95 (47.11,50.78) 51.33(49.74,52.93)

Unclear 14.65 (13.28,16.13) 14.71 (13.44,16.09) 14.70 (13.46,16.02) 14.80 (13.72,15.94)

Total Fat(%) < 0.0001
Lower 45.69 (44.05,47.35) 39.62 (37.98/41.28) 36.36 (34.75,37.99) 33.87(32.42,35.35)

Higher 39.66 (37.96,41.38) 45.67 (44.05,47.30) 48.95 (47.11,50.78) 51.33(49.74,52.93)

Unclear 14.65 (13.28,16.13) 14.71 (13.44,16.09) 14.70 (13.46,16.02) 14.80 (13.72,15.94)

For continuous variables: survey-weighted mean (95% Cl), P-value was by survey-weighted linear regression (svyglm)

For categorical variables: survey-weighted percentage (95% Cl), P-value was by survey-weighted Chi-square test (svytable)

BMI: body mass index; BRI: body roundness index; WWI: weigh adjusted waist index; PIR:ratio of family income to poverty

The number of participants (n=59842) ‘

Deleting age<20 years (n=25072)

Missing information about uric acid (n=3501)

Deleting information about BMI, BRI and WWI (n=1617)

Missing education level (n=28)

Missing marital information (n=10)

NI |

Missing triglyceride (n=12)

l Missing active information (n=21)

Missing hypertention information (n=35)

Missing information about diabetes (n=18)

Missing information about cancer (n=20)

Missing coronary heart disease (n=91)

Missing information about smoking (n=16)

Missing information about asthma (n=20)

L |

h 4

Missing kidney stone (n=71)

‘ Incorporate the number of the studies (n=29310)

Fig. 1 Flow chart for participants

we first excluded minors under 20 years of age (n =
25,072) because the survey only involved adults. We
then excluded participants with missing urate (n = 3501)
and missing BMI/BRI/WWTI index (n = 1617). We also
excluded missing information on education level, mari-
tal status, triglycerides, physical activity, and smoking
(n = 87). For self-report, we excluded participants with

missing information on several diseases such as hyper-
tension, diabetes, coronary heart disease, asthma, can-
cer, and kidney stones (n = 255). After applying these
exclusion criteria, we ended up with a study sample of
29,310 participants, which included 5,882 participants
with hyperuricemia and 1,324 participants with self-
reported gout. The weighted characteristics were divided
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into quartiles based on urate levels: Q1 (0.4—4.4 mg/dL),
Q2 (4.4-5.3 mg/dL), Q3 (5.3-7.3 mg/dL), and Q4 (7.3—-
18 mg/dL). Baseline characteristics showed significant
differences among the urate quartiles, except for marital
status. Individuals in the highest urate quartiles tended
to be older and had higher levels of cholesterol, triglyc-
erides, fasting glucose, BMI, BRI, WW]I, a higher preva-
lence of kidney stones, diabetes, hypertension, coronary
heart disease, and a higher proportion of alcohol and
tobacco users.

Relationship between obesity-related indices and urate
levels

We used multiple linear regression analysis to exam-
ine the relationship between obesity-related indices and
urate levels. The results, presented in Table 2, demon-
strate that in the fully adjusted model, elevated BMI (
= 0.06, 95% CI: 0.05, 0.06), WWTI ( = 0.35, 95% CI: 0.33,
0.37), and BRI (f = 0.17, 95% CI: 0.16, 0.17) were posi-
tively associated with higher urate levels. As BMI, WWTI,
and BRI increased, urate levels exhibited a significant
and gradual increase in a dose-dependent manner (p for
trend < 0.01). To further investigate this association, we
conducted fitted curve analysis, which confirmed a dose-
response relationship between the three obesity markers
and urate levels. The analysis also revealed that the asso-
ciation between the obesity markers and urate followed a
linear positive correlation (Fig. 2).

Page 6 of 12

Association between obesity-related indices and
hyperuricaemia and gout

Table 3 presents the results of logistic regression analyz-
ing the impact of three obesity indices on the prevalence
of hyperuricemia and gout. Regarding hyperuricemia, we
observed a positive association between elevated BMI
(OR = 1.08, 95% CI: 1.08, 1.09), WWI (OR = 1.72, 95%
CL 1.64, 1.80), BRI (OR = 1.26, 95% CI: 1.25, 1.28) and
an increased prevalence of hyperuricemia. When hyper-
uricemia was defined with a cutoft value of 7 mg/dl for
urate, logistic regression analysis of the effects of mul-
tiple obesity indices on hyperglycemia remained highly
significant with essentially the same values (see Supple-
mentary Table 1).Participants in the highest BMI tertile
exhibited a 2.57-fold increase (OR = 3.57, 95% CI: 3.27,
3.88) in the prevalence of hyperuricemia compared to
the lowest tertile. Similarly, individuals in the highest
WWTI tertile had a 1.45-fold higher risk (OR = 2.45, 95%
CI: 2.24, 2.69) of hyperuricemia compared to the refer-
ence group. For those in the highest BRI tertile, there
was a 2.77-fold increased risk (OR = 3.77, 95% CI: 3.45,
4.12) of developing hyperuricemia compared to the ref-
erence group. Smoothing curve fitting illustrated a lin-
ear positive correlation between BMI, WWTI, BRI levels,
and the prevalence of hyperuricemia (Fig. 3). Next, we
obtained ROC curves to evaluate the diagnostic effi-
cacy of the three obesity indices for hyperuricemia. The
analysis indicated that BMI, WWI, and BRI all exhibited

Table 2 Weighted multiple linear regression analysis of the obesity index on serum urate levels

Characteristic

BMI 0.05 (0.05, 0.06)

Tertiles of BMI
Lower(13.18-25.69) 0
Middle(25.70-30.88)

Model 1 3(95%Cl) Model 2 3(95%Cl) Model 3
B(95%Cl)
0.06 (0.06, 0.06) 0.06 (0.05, 0.06)
0 0
0.54 (0.50, 0.58) 045 (0.41,0.48) 0.39(0.35,042)

Higher(30.89-84.87) 0.85(0.81,0.89) 0.93(0.89,0.96) 0.84 (0.80,0.88)
P for trend <0.001 <0.001 <0.001

WWI Index 0.20(0.18,0.22) 040 (0.38,042) 0.35(0.33,0.37)
Tertiles of WWI

Lower(8.11-10.70) 0 0 0
Middle(10.71-11.44) 0.23(0.19,0.27) 0.33(0.30,0.37) 0.27 (0.24,0.31)
Higher(11.44-15.39) 040 (0.36,0.44) 0.68 (0.64,0.72) 0.58 (0.54,0.63)
P for trend <0.001 <0.001 <0.001

BRI Index 0.14(0.13,0.14) 0.18(0.17,0.18) 0.17 (0.16,0.17)
Tertiles of BRI

Lower(1.05-4.32) 0 0 0
Middle(4.32-6.14) 046 (042, 0.50) 045 (042,0.49) 0.39(0.35,0.42)
Higher(6.14-23.48) 0.77 (0.73,0.81) 0.95 (0.91,0.99) 0.87(0.83,0.90)
P for trend <0.001 <0.001 <0.001

Model 1 was adjusted for no covariates;
Model 2 was adjusted for age,gender,race,marital status and education;

Model3 was adjusted for covariates in Model 2 + diabetes,blood pressure,PIR,total water,total kcal,total sugar,total fat,smoked,physical activity,alcohol use,serum
cholesterol,kidney stone,coronary artery disease,serum glucose,asthma,serum triglycerides and cancers were adjusted

BMI: body mass index; BRI: body roundness index; WWI: weigh adjusted waist index;
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Fig. 2 A The graph depicts the density dose-response relationship between BMI and serum urate levels. B. The graph illustrates the density dose-re-
sponse relationship between WWI and serum urate levels. C. The graph showcases the density dose-response relationship between BRI and serum urate
levels. The shaded area between the upper and lower dashed lines represents the 95% confidence interval. Each data point represents the magnitude of

the index and is connected to form a continuous line. The analysis was adjusted for all covariates except the effect modifier

Table 3 Weighted multiple logistic regression analysis of the effect of obesity index on the prevalence of hyperuricemia

Characteristic Model 1 Model 2 Model 3
OR(95%Cl) OR(95%Cl) OR(95%Cl)
BMI 1.08 (1.08,1.09) 1.09 (1.09, 1.10) 1.08 (1.08, 1.09)

Tertiles of BMI
Lower(13.18-25.69)
Middle(25.70-30.88)
Higher(30.89-84.87)
P for trend

WWI Index

Tertiles of WWI
Lower(8.11-10.70)
Middle(10.71-11.44)
Higher(11.44-15.39)
P for trend

BRI Index

Tertiles of BRI
Lower(1.05-4.32)
Middle(4.32-6.14)
Higher(6.14-23.48)
P for trend

1
2.15(1.98,2.34)
3.86 (3.57,4.17)
<0.001

1.68 (1.62,1.74)

1

1.76 (1.63, 1.90)
2.70(2.50,2.91)
<0.001

1.26 (1.24,1.27)

1
227(2.09,247)
4.16 (3.84,4.50)
< 0.001

1
2.11(1.94,2.30)
4.20 (3.87,4.56)
< 0.001

1.86 (1.78,1.94)

1
1.82(1.68,1.98)
2.94 (2,69, 3.20)
<0.001

1.29 (1.27,1.30)

1
2.24(2.05,2.44)
446 (4.10,4.86)
< 0.001

1

1.90 (1.75,2.07)
3.57(3.27,3.88)
< 0.001
1.72(1.64, 1.80)

1

1.63 (150, 1.77)
245 (2.24,2.69)
<0.001

1.26 (1.25,1.28)

1

1.99 (1.82,2.18)
3.77(345,4.12)
<0.001

Model 1 was adjusted for no covariates;
Model 2 was adjusted for age,gender,race,marital status and education;

Model3 was adjusted for covariates in Model 2 + diabetes,blood pressure,PIR,total water,total kcal,total sugar,total fat,smoked,physical activity,alcohol use,serum

cholesterol,kidney stone,coronary artery disease,serum glucose,asthma,serum triglycerides and cancers were adjusted

BMI: body mass index; BRI: body roundness index; WWI: weigh adjusted waist index;

statistically significant diagnostic efficacy for hyperuri-
cemia (AUC > 0.5, P < 0.05) using dichotomous logistic
regression analysis ( Fig. 4a; Table 4). Furthermore, BRI
displayed a higher area under the ROC curve than BMI
(AUC = 0.669).The optimal cut-off values for BML,WW1I
and BRI for hyperuricaemia were 27.54, 10.91 and 5.42
respectively(Table 4).

In the group with a history of gout, the fully adjusted
model revealed a positive association between BMI,
WWI, and BRI with gout prevalence. Each unit increase
in BMI, WWI, and BRI was associated with a 5% (OR =

1.05, 95% CI: 1.04, 1.06), 31% (OR = 1.31, 95% CI: 1.19,
1.43), and 15% (OR = 1.15, 95% CI: 1.12, 1.18) increase
in gout prevalence, respectively. The trend test further
confirmed a dose-dependent effect of BMI, WWI, and
BRI on the increased prevalence of gout (p for trend <
0.05), as shown in Table 5. Smoothing curve fitting illus-
trated a linear positive correlation between BMI, WWT1,
BRI levels, and gout prevalence (Fig. 5). After perform-
ing dichotomous logistic regression analysis, the results
indicated that BMI, WWI, and BRI all obtained statisti-
cally significant diagnostic efficacy for gout (AUC > 0.5, p
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Table 4 Diagnostic efficacy of ROC analysis of obesity-related indices for hyperuricemia

Test ROC area(AUC) 95%Cl low 95%Cl upp Best threshold Specificity Sensitivity
BMI 0.6635 0.656 06711 27.535 05114 0.7307
WWI 0.6222 0.6144 0.63 109142 04643 0.7115

BRI 0.6692 0.6617 0.6766 54202 0.5967 0.6498
BMI: body mass index; BRI: body roundness index; WWI: weigh adjusted waist index;

< 0.05) (Fig. 4b; Table 6). Moreover, WWI (AUC = 0.646) Discussion

and BRI (AUC = 0.644) displayed a higher area under the
ROC curve compared to BMIL.The optimal thresholds for
BMI, WWI and BRI for gout were 27.90, 11.19 and 5.22
according to Table 6.

This study is a comprehensive nationwide investigation
examining the impact of various obesity indices on urate
levels, hyperuricemia, and gout. Our findings reveal that
BMI, BRI, and WWI exhibited positive associations with
elevated urate levels, hyperuricemia, and gout incidence,
respectively. Notably, BRI and WW!I, which specifically
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Table 5 Weighted multiple logistic regression analysis of the effect of obesity index on the prevalence of gout

Characteristic Model 1 OR(95%CI) Model 2 OR(95%CI) Model 3
OR(95%Cl)

BMI 1.05 (1.04, 1.05) 1.07 (1.06, 1.08) 1.05 (1.04, 1.06)

Tertiles of BMI

Lower(13.18-25.69) 1 1 1

Middle(25.70-30.88) 1.77 (1.51,2.07) 1.54(1.31,1.82) 1.33(1.12,1.57)

Higher(30.89-84.87) 2.57 (222,299 3.01(2.58,3.53) 2.16(1.83,2.54)

P for trend <0.001 <0.001 <0.001

WWI Index 1.80(1.69, 1.92) 1.58 (1.45,1.72) 1.31(1.19,1.43)

Tertiles of WWI

Lower(8.11-10.70) 1 1 1

Middle(10.71-11.44) 2.36(1.99, 2.80) 1.65(1.38,1.97) 1.38(1.15,1.65)

Higher(11.44-15.39) 3.64(3.09,4.27) 2.24(1.86,2.69) 1.56 (1.29, 1.88)

P for trend <0.001 <0.001 <0.001

BRI Index 1.18 (1.15,1.20) 1.21(1.19,1.24) 1.15(1.12,1.18)

Tertiles of BRI
Lower(1.05-4.32) 1 1 1

Middle(4.32-6.14) 2.18(1.85, 2.58) 157(1.32,1.87) 1.32(1.10,1.57)
Higher(6.14-23.48) 347 (2.96, 4.06) 293 (2.48, 3.46) 2.02(1.70,241)
P for trend <0.001 <0.001 <0.001

Model 1 was adjusted for no covariates;
Model 2 was adjusted for age,gender,race,marital status and education;

Model3 was adjusted for covariates in Model 2 + diabetes,blood pressure,PIR,total water,total kcal,total sugar,total fat,smoked,physical activity,alcohol use,serum
cholesterol,kidney stone,coronary artery disease,serum glucose,asthma,serum triglycerides and cancers were adjusted

BMI: body mass index; BRI: body roundness index; WWI: weigh adjusted waist index;
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Fig. 5 A.The graph illustrates the density dose-response relationship between BMI and the prevalence of gout. B. The graph displays the density dose-
response relationship between WWI and the prevalence of gout. C. The graph demonstrates the density dose-response relationship between BRI and the
prevalence of gout. The shaded area between the upper and lower dashed lines represents the 95% confidence interval. Each data point represents the
magnitude of the index and is connected to form a continuous line. The analysis was adjusted for all covariates except the effect modifier

Table 6 Diagnostic efficacy of ROC analysis of obesity-related indices for gout

Test ROC area(AUC) 95%Cl low 95%Cl upp Best threshold Specificity Sensitivity
BMI 06112 0.5963 0.626 27.895 0.4922 0.6873
WWI 0.6457 0.6321 0.6593 11.1863 0.5609 0.6609
BRI 0.6436 0.6295 0.6577 52234 0.5226 0.7092

BMI: body mass index; BRI: body roundness index; WWI: weigh adjusted waist index;

measure central obesity, demonstrated higher sensitivity = 1.9 billion individuals classified as overweight or obese
in predicting these conditions compared to BMI alone. (Obesity and overweight Factsheet). Numerous previ-

Obesity is a widespread global issue, affecting a  ous studies have convincingly demonstrated a strong
significant number of adults worldwide, with over correlation between obesity and the development of
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hyperuricemia and gout. For instance, higher body
mass index (BMI) has been consistently linked to an
elevated risk of hyperuricemia and gout [23], while
weight loss has been shown to reduce the likelihood
of developing gout [25]. Moreover, weight gain has
been identified as a prominent factor associated with
an excessive rise in serum urate levels [36]. Our study,
consistent with previous research, once again high-
lights the significant role of obesity in the prevalence
of elevated urate, hyperuricemia, and gout. Moreover,
our study reveals an independent and positive corre-
lation between obesity-related indices (BMI, BRI, and
WWI) and the prevalence of hyperuricemia and gout
in a dose-dependent manner. Further analysis using
logistic regression indicates that BRI exhibits a higher
area under the ROC curve compared to BMI in pre-
dicting hyperuricemia. Similarly, in the case of gout,
WWI demonstrates higher area under the ROC curve
compared to BMI. Based on some previous studies,
we believe that such results should be correct. The
study by Takahashi et al. revealed a positive correla-
tion between visceral obesity, quantified by visceral
fat area (VFA), and uric acid (UA) metabolism. Inter-
estingly, VFA demonstrated a stronger association
with increased UA levels than body mass index (BMI),
implying a potentially detrimental impact of visceral
obesity on UA levels [37]. In a similar vein, Matsuura
et al. emphasized the influence of visceral fat accu-
mulation on hyperuricemia, highlighting its superi-
ority over BMI as a contributing factor [38]. Further
supporting these findings, a Japanese cross-sectional
study discovered that central obesity, particularly in
normal-weight individuals with central obesity, exhib-
ited associations with hyperuricemia in both men and
women [39]. Huang et als research indicated that the
waist-to-height ratio, an indicator of central obesity,
outperformed BMI as an independent predictor of
hyperuricemia [40]. These consistent outcomes were
also evident in a cross-sectional study involving 699
Korean subjects with diabetes [41].While these stud-
ies align with the present study’s findings, it is crucial
to note the necessity for additional clarification and
exploration of the underlying mechanisms. Future
multicenter prospective cohort studies can provide
a more comprehensive understanding of the intricate
relationships identified in these studies and offer valu-
able insights into the implications of visceral obesity
on UA metabolism.

Limited reports currently exist regarding the impact
of obesity on urate metabolism, and the precise under-
lying mechanisms remain unclear. Pathophysiologi-
cally, individuals with obesity exhibit an imbalance
between calorie intake and energy expenditure, result-
ing in the excessive accumulation of abdominal and
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visceral fat. This heightened adiposity contributes to
an augmented overall nucleic acid metabolism, sub-
sequently fostering uric acid synthesis through purine
metabolism [42]. Furthermore, obesity may induce
aberrations in glomerular hemodynamics and provoke
the overactivation of the renin-angiotensin-aldoste-
rone system, potentially leading to obesity-associated
nephropathy. Prolonged exposure to these effects may
contribute to glomerular atherosclerosis, ultimately
reducing renal uric acid excretion [43, 44]. Insulin
resistance, a common consequence of obesity [45], can
further complicate urate metabolism by influencing
the renal excretion of uric acid [46, 47]. Additionally,
certain adipocytokines associated with obesity, such as
adiponectin and leptin, have been reported to corre-
late with the development of hyperuricemia [48, 49].
While these observations shed light on the potential
links between obesity and urate metabolism, further
research is warranted to elucidate the intricate mecha-
nisms involved in this relationship.

Our study possesses several notable strengths.
Firstly, the NHANES study protocol that we strictly
adhered to addresses important considerations such
as sample weighting, ensuring the generalizability of
our findings to the broader US population. Addition-
ally, our large sample size provides robustness to our
results and allows for validation. However, it is impor-
tant to acknowledge certain limitations in our study.
Firstly, the study design was primarily cross-sectional,
confining our analysis to investigating the correlation
between three distinct obesity indices (BMI, BRI, and
WWTI) and the prevalence of elevated urate, hyperuri-
cemia, and gout. We did not scrutinize additional obe-
sity-related indices, nor did we establish causative links
or delve into the underlying mechanisms. Secondly, we
were unable to access information on the history of
pertinent medication use, including medications with
a potential urate-raising effect (such as diuretics) or a
urate-lowering effect (such as allopurinol). This limita-
tion could potentially impact the robustness and reli-
ability of the results. Lastly, it is worth noting that our
assessment of gout relied on a questionnaire, which
introduces the possibility of recall bias.

Conclusion

This study indicates a potential link between obe-
sity and increased urate levels, hyperuricemia, and
the prevalence of gout. It suggests that managing
obesity, as evaluated through obesity indices, could
have positive implications for overall physical health.
Additionally, the findings suggest that central obe-
sity, which encompasses more than just pure obesity,
may provide valuable insights for the management of
urate and gout. However, it is important to note that



Mao et al. Diabetology & Metabolic Syndrome (2024) 16:24

further studies are required to validate and confirm
our findings.
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