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Objective: Although obesity is a known risk for hyperuricemia (HUA), the

associations between adiposity indices and incident HUA and whether sex-

specific differences exist is still unknown. We aimed to investigate

the associations between adiposity indices and incident HUA in a

longitudinal study.

Methods: Data from the China Health and Retirement Longitudinal Study

(CHARLS) in 2011–2012 and 2015–2016 were used to conduct a cohort study.

Participants aged ≥45 years without HUA at baseline were included in this study.

Adiposity indices, including body mass index (BMI), waist circumference (WC),

waist-to-height ratio body roundness index (BRI), conicity index (CI), lipid

accumulation product (LAP) index, waist-to-height ratio (WHtR), visceral

adiposity index (VAI), and Chinese visceral adiposity index (CVAI), were

calculated. Logistic analysis was used to analyze the association between

adiposity indices and incident HUA risk stratified by gender. Receiver operating

characteristic curve analysis was performed to evaluate the power of predictions

for incident HUA.

Results: Of 5,873 participants aged 59.0 ± 8.7 years enrolled in this study, 578

(9.8%) participants developed HUA during the 4-year follow-up period. After

adjusting for confounding variables, LAP, VAI, and CVAI showed significant

association with incident HUA. BMI, WC, WHtR, BRI, and CI were significantly

associated with incident HUA in women but not in men. LAP had the highest

area under the curve (AUC) (0.612) followed by CVAI (0.596) in men, while CVAI

had the highest AUC (0.707) followed by LAP (0.691) in women. All indices

showed better predictive ability in women than in men.
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Conclusion: Our findings indicated that adiposity indices were effective

predictors of incident HUA and showed better predictive power in women

than men. In clinical practice, adiposity indices could be used to assess and

prevent incident HUA among Chinese middle-aged and older adults.
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Introduction

Uric acid is the end enzymatic product of purine metabolism

(1). Hyperuricemia (HUA) is the elevation of serum uric acid (SUA)

concentrations, usually resulting from excessive production or

reduced urinary excretion of uric acid (1, 2). In recent years,

HUA has become a critical public health issue worldwide. It was

reported that 14.0% of Chinese adults had HUA during 2018–2019

according to a nationwide study (3), and approximately 20% of

American adults had HUA according to the National Health and

Nutrition Examination Survey (4). HUA is a known risk factor for

gout, diabetes, chronic kidney disease, hypertension, cardiovascular

diseases, and all-cause mortality (5–7). Given the increasing

number of people with HUA, it is important to understand the

modifiable risk factors and well-predictive indicators for HUA in

clinical practice.

Although the impact of uric acid on metabolic syndrome has

been thoroughly studied (8), only a few studies to date have linked

obesity to serum uric acid and incident HUA (9–12). Accumulating

evidence demonstrates obesity, especially visceral obesity, is positively

associated with SUA levels and HUA (9). Obesity is highly related to

metabolic disorders, which is a major risk of HUA. Ryu et al. reported

that obesity was a primary determinant risk factor of HUA inmiddle-

aged South Korean men (13). Moreover, obese individuals, especially

those with abdominal obesity, displayed a significantly increased risk

of HUA (9–11). In recent years, many adiposity indices have been

developed to evaluate obesity status, body fat distribution, and

visceral adiposity proportions (14). The associations between these

adiposity indices and HUA have been explored in cross-sectional

studies (11, 15, 16). However, these studies yielded inconsistent

results. Furthermore, some traditional adiposity indices without

lipid parameters such as body mass index (BMI), waist

circumference (WC), waist-to-height ratio (WHtR), and body

roundness index (BRI) reported inconsistent associations in

different studies, especially in different genders (11, 15, 16).

However, several novel adiposity indices containing lipid

parameters such as lipid accumulation product (LAP) index and

visceral adiposity index (VAI), which have shown stronger

correlations with metabolic abnormality, consistently show a

positive association with HUA (9, 11). In addition, previous studies

reported the effect of cumulative burden of abnormal VAI, and its
02
components were more pronounced in women (17), and several

adiposity indices showed higher predictive power for HUA in women

(15, 16), which suggested that there might be gender differences in

relationships between adiposity indices and HUA.

Although several cross-sectional studies have explored the

associations between adiposity indices and HUA, the results were

still mixed, and longitudinal evidence was lacking (9, 11, 12, 18).

Therefore, we aimed to investigate the relationship between

adiposity indices and incident HUA in a cohort of Chinese

middle-aged and older adults, which may provide the basis for

individuals to prevent the incidence of HUA.
Methods

Study population

Data used in this study were from the China Health and

Retirement Longitudinal Study (CHARLS), an ongoing national

representative survey conducted in China. Details of the study could

be found elsewhere (19). Briefly, this survey recruited participants

from 450 urban communities and rural areas in 28 provinces of

China from 2011 to 2012 (Wave 1). They were followed up every 2

years subsequently. In the present study, data collected at Wave 1

and Wave 3 (2015 to 2016) were used because data on laboratory

blood samples were only available in the two waves.

Of 17,708 participants, we excluded 6,053 participants with

missing data on SUA, 243 participants aged <45 years, 2,031

participants in whom all the eight adiposity indices were unable

to be calculated, 101 participants with missing data on other blood

tests such as blood urea nitrogen (BUN) and plasma creatinine, and

528 participants with HUA at baseline in Wave 1. We further

excluded 2,879 participants lost to follow-up in Wave 3. Finally, we

included a total of 5,873 participants in the present study. Details

regarding the study population selection are provided in Figure 1.
Anthropometric and
laboratory measurements

Face-to-face interviews were performed to collect data on

demographic information. Participants reported their age, gender,
frontiersin.org
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educational levels (primary school or below, middle school, and high

school or above), places of residence (rural and urban), marital status,

and history of smoking and alcohol drinking. Their height, weight, and

WC were measured by trained investigators using standard methods.

Fasting blood samples were collected to measure the blood

biochemical indices, including SUA, fasting plasma glucose (FPG),

glycosylated hemoglobin (HbA1c), total cholesterol (TC), triglyceride

(TG), high-density lipoprotein-cholesterol (HDL), low-density

lipoprotein-cholesterol (LDL), C-reactive protein (CRP), blood urea

nitrogen, and serum creatinine. SUA was measured using the UA

plus method. FPG, TG, TC, HDL, and LDL were measured using an

enzymatic colorimetric test method. The HbA1c assay was performed

using the boronate-affinity high-performance liquid chromatography

(HPLC) method. BUN was measured using the enzymatic

ultraviolet method with urease. CRP was measured using an

immunoturbidimetric assay. Serum creatinine was measured by

rate-blanking and compensated Jaffe creatinine method.
Definitions of HUA and adiposity indices

According to a previous study, HUA was defined as SUA ≥7.0

mg/dL in men and ≥6.0 mg/dL in women (20, 21).

Adiposity indices were calculated using formulas in Table 1 and

were then categorized into quantiles (14, 22, 23).

Hypertension was defined as self-reported hypertension,

systolic blood pressure (SBP) ≥140 mmHg, and/or diastolic blood

pressure (DBP) ≥90 mmHg.
Statistical analysis

Continuous data are presented as means ± SD, and categorical

data are presented as frequency (percentage). The differences

between continuous variables and categorical variables were

compared using t-test and chi-squared test, respectively. Logistic
Frontiers in Endocrinology 03
regression analyses were performed to examine the association

between adiposity indices and incident HUA using three models.

Model 1 was unadjusted. Model 2 was adjusted for age, educational

levels, places of residence, drinking status, smoking status, marital

status, and SBP. Model 3 was further adjusted for BMI, WC, BRI,

WHtR, and conicity index (CI) and for LAP, VAI, and Chinese

visceral adiposity index (CVAI), without TG. In addition, a

sensitivity analysis was performed under the definition that HUA

was defined as SUA ≥ 7.0 mg/dL in men and women.

The area under the curve (AUC) was calculated by receiver

operating characteristic (ROC) curve analysis to compare the

predictive ability of different adiposity indices for incident HUA.

The cutoff value of adiposity indices calculated by ROC curve

analysis was determined using the maximized Youden index value

(24). Finally, chi-squared tests were used to determine differences in

the incidence of HUA based on the cutoff values obtained by ROC

analysis, and then Cramer’s V was applied to determine the

interpreted effect size (23, 25). All data analyses were performed

using SPSS version 24.0 (IBM Corp., Armonk, NY, USA) and R

software (version 4.1.0, http://www.r-project.org). A two-sided p-

value < 0.05 was considered statistically significant.
Results

Of 5,873 participants (mean age, 59.0 ± 8.7 years) without HUA at

baseline enrolled in this study, 2,669 (45.4%) were men. During the 4-

year follow-up period, 578 (9.8%) participants developed HUA, with

296 (11.1%) in male participants and 282 (8.8%) in female participants.
Baseline characteristics

The baseline characteristics of participants are summarized in

Table 2. Compared to those without incident HUA, male
FIGURE 1

Flowchart of study population.
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participants with incident HUA had a higher prevalence of

hypertension; higher SBP, DBP, SUA, serum creatinine, TC, and

TG; and lower HDL. Female participants with incident HUA had

higher age; higher prevalence of hypertension; higher SBP, DBP,

SUA, CRP, serum creatinine, TC, TG, FPG, HbA1c, and BUN; and

lower HDL. Regarding the adiposity indices, participants with

incident HUA had higher levels of all eight adiposity indices than

those without incident HUA in both male and female participants.
Associations between adiposity indices
with incident HUA stratified by gender

The associations between adiposity indices with incident HUA

in men are shown in Table 3. After adjusting for potential

covariates, LAP, VAI, and CVAI were significantly associated

with incident HUA. Compared with the first quartile, the hazard

ratio (HR) of incident HUA in the highest quartile of the LAP was

1.821 (95%CIs, 1.18 to 2.852); the HR in the highest quartile of the

VAI was 1.735 (95%CIs, 1.162 to 2.617); the HR in the highest

quartile of the CVAI was 1.547 (95%CIs, 1.023 to 2.360).

The associations between adiposity indices with incident HUA

in women are shown in Table 4. After adjusting for potential

covariates, all adiposity indices were significantly associated with

incident HUA. Compared with the first quartile, the HRs for HUA

in the highest quartile of the adiposity indices were 3.550 (95%CIs,

2.173 to 5.989) for CVAI, 2.099 (95%CIs, 1.396 to 3.204) for VAI,

3.616 (95%CIs, 2.258 to 5.996) for LAP, 3.370 (95%CIs, 2.136 to

5.485) for BMI, 2.596 (95%CIs, 1.668 to 4.136) for WC, 3.206 (95%

CIs, 1.976 to 5.391) for WHtR, 3.206 (95%CIs, 1.976 to 5.391) for

BRI, and 1.673 (95%CIs, 1.089 to 2.602) for CI. The sensitivity
Frontiers in Endocrinology 04
analyses showed a similar association with the primary analyses in

that all adiposity indices except CI were significantly associated with

incident HUA (Supplementary Table 1).
Predictive ability of the adiposity indices to
identify incident HUA stratified by gender

Results from the ROC analysis and AUCs for the eight indices

are shown in Figure 2. Results of the ROC analysis of the adiposity

indices to identify incident HUA in male and female participants

are shown in Tables 5, 6, respectively. In male participants, LAP had

the highest AUC (0.612), followed by CVAI (0.596), VAI (0.593),

BRI (0.592), WHtR (0.592), BMI (0.586), WC (0.579), and CI

(0.563). In female participants, CVAI had the highest AUC

(0.707), followed by LAP (0.691), BRI (0.669), WHtR (0.669),

VAI (0.664), WC (0.664), BMI (0.644), and CI (0.616) (all p <

0.001). The sensitivity analyses showed similar AUCs to the

primary analyses (Supplementary Table 2).
Incidence of HUA according to
adiposity indices

Compared with their counterparts, participants with high levels

of adiposity indices had a significantly higher risk of HUA in both

men and women. All eight adiposity indices had higher Cramer’s V

to identify HUA in women than in men (Figures 3, 4).
Discussion

In this nationally prospective study, we investigated the

relationships of adiposity indices with HUA risk in 5,873 Chinese

middle-aged and older adults during 4 years of follow-up. The

present study demonstrated that high visceral adiposity levels were

positively associated with a higher risk of HUA among Chinese

adults. All adiposity indices showed significant association with

incident HUA in female participants, while only LAP, VAI, and

CVAI, which contained lipid parameters, were significantly

associated with incident HUA in male participants. Furthermore,

all the adiposity indices showed better predictive power for incident

HUA in women than men. CVAI had the highest AUC for the

prediction of incident HUA, followed by LAP and VAI in the

female participants, while LAP had the highest AUC for the

prediction of incident HUA, followed by VAI in male

participants. The results suggested that adiposity indices

containing lipid parameters had stronger predictive power for

incident HUA than other indices in both genders. In this study,

the cumulative incidence of HUA was 9.8% in total, with 11.1% in

men and 8.8% in women. Different HUA incidences have been

reported in previous studies. For example, Zhang et al. showed that

the cumulative incidence of hyperuricemia was 20.2% in total

participants, with 21.3% in men and 16.6% in women, in an 8-
TABLE 1 Formulas of adiposity indices.

Adiposity
index

Formula

BMI weight(kg)/height
2
(m

2
)

WHtR WC(m)/height(m)

CI (WC(m)) ×0.109
−1 × (weight(kg)/height(m))

−1/2

BRI 364.2 – 365.5 × [1 − [(WC/2p)/(0.5 × height)]2]1/2

LAP TG(mmol/L) × (WC[cm] − 65) (men)

TG(mmol/L) × (WC[cm] − 58) (women)

VAI [(WC(cm)/[39.68 + (1.88 × BMI)]] × (TG(mmol/L)/1.03) × (1.31/
HDL(mmol/L)) (men)

[(WC(cm)/[36.58 + (1.889 × BMI)]] × (TG(mmol/L)/0.81) ×
(1.52/HDL(mmol/L)) (women)

CVAI −267.93 + 0.68 × age + 0.03 × BMI + 4 × WC + 22 × logTG

(mmol/L) − 16.32 × HDL (mmol/L) (men)

−187.32 + 1.71 × age + 4.23 × BMI + 1.12 × WC + 39.76 ×
logTG (mmol/L) − 11.66 × HDL (mmol/L) (women)
BMI, body mass index; WC, waist circumference; WHtR, waist-to-height ratio; BRI, body
roundness index; CI, conicity index; LAP, lipid accumulation product index; VAI, visceral
adiposity index; CVAI, Chinese visceral adiposity index.
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TABLE 2 Baseline characteristics of the study participants were classified by the presence of different genders and incident HUA.

Male (N = 2,669) Female (N = 3,204)

Not incident
HUA (N = 2,373)

Incident
HUA (N = 296)

p-Value
Not incident

HUA (N = 2,922)
Incident

HUA (N = 282)
p-Value

Age, year 60.0 ± 8.7 60.5 ± 9.0 0.341 57.9 ± 8.6 60.3 ± 9.4 <0.001

Smoking, n (%) 1,801 (75.9) 217 (73.3) 0.329 205 (7.0) 27 (9.6) 0.113

Drinking, n (%) 1,332 (56.1) 176 (59.5) 0.276 342 (11.7) 36 (12.8) 0.598

Marriage status, n (%) 0.410 0.064

Married 2,154 (90.8) 273 (92.2) 2,558 (87.5) 236 (83.7)

Not married 219 (9.2) 23 (7.8) 364 (12.5) 46 (16.3)

Places of residence, n (%) 0.143 0.183

Rural 2,032 (85.6) 244 (82.4) 2,433 (83.3) 226 (80.1)

Urban 341 (14.4) 52 (17.6) 489 (16.7) 56 (19.9)

Educational level, n (%) 0.526 0.988

Primary school and lower 1,449 (61.0) 190 (64.1) 2,321 (79.4) 225 (79.8)

Middle school 630 (26.6) 75 (25.4) 424 (14.5) 40 (14.2)

High school and above 294 (12.4) 31 (10.5) 177 (6.1) 17 (6.0)

Hypertension, n (%) 880 (37.1) 156 (52.7) <0.001 1,150 (39.4) 162 (57.4) <0.001

SBP 129.0 ± 19.7 134.7 ± 22.5 <0.001 129.4 ± 22.5 136.0 ± 22.1 <0.001

DBP 75.6 ± 12.2 78.2 ± 12.9 <0.001 75.1 ± 11.8 78.4 ± 12.3 <0.001

HDL (mmol/L) 1.32 ± 0.42 1.25 ± 0.41 <0.001 1.35 ± 0.37 1.20 ± 0.36 <0.001

LDL (mmol/L) 2.9 ± 0.9 3.0 ± 0.9 0.125 3.1 ± 0.9 3.1 ± 1.1 0.548

TG (mmol/L) 1.4 ± 1.0 1.7 ± 1.3 <0.001 1.5 ± 1.0 2.0 ± 1.2 <0.001

TC (mmol/L) 4.8 ± 0.9 5.0 ± 0.9 <0.001 5.1 ± 1.0 5.2 ± 1.1 0.017

FPG (mmol/L) 6.1 ± 2.0 6.2 ± 2.0 0.556 6.1 ± 1.9 6.3 ± 2.1 0.033

HbA1c, % 5.2 ± 0.7 5.3 ± 0.8 0.672 5.3 ± 0.8 5.4 ± 1.0 0.007

Creatinine (mg/dL) 0.8 ± 0.2 0.9 ± 0.2 <0.001 0.7 ± 0.1 0.7 ± 0.1 <0.001

CRP 2.7 ± 8.1 2.7 ± 5.5 0.911 2.2 ± 5.8 3.2 ± 7.5 0.007

BUN (mg/dL) 16.4 ± 4.4 16.4 ± 4.0 0.798 14.8 ± 4.2 15.2 ± 3.9 0.014

SUA (mg/dL) 4.6 ± 1.0 5.7 ± 0.9 <0.001 3.8 ± 0.8 4.8 ± 0.7 <0.001

BMI 23.1 ± 11.2 23.8 ± 3.3 0.277 23.9 ± 4.0 25.8 ± 4.0 <0.001

WC 84.6 ± 9.4 87.4 ± 9.9 <0.001 85.3 ± 10.0 91.1 ± 9.6 <0.001

CI 1.27 ± 0.08 1.28 ± 0.08 <0.001 1.30 ± 0.09 1.33 ± 0.09 <0.001

WHtR 0.52 ± 0.07 0.53 ± 0.06 <0.001 0.56 ± 0.07 0.60 ± 0.06 <0.001

BRI 3.8 ± 1.8 4.1 ± 1.2 <0.001 4.6 ± 1.4 5.4 ± 1.3 <0.001

LAP 29.3 ± 35.2 40.3 ± 41.8 <0.001 42.9 ± 37.3 66.3 ± 47.2 <0.001

VAI 1.6 ± 2.3 2.3 ± 3.6 <0.001 2.7 ± 3.1 4.0 ± 4.4 <0.001

CVAI 91.6 ± 42.8 105.9 ± 44.9 <0.001 97.1 ± 34.3 122.2 ± 33.1 <0.001
F
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HUA, hyperuricemia; SBP, systolic blood pressure; DBP, diastolic blood pressure; TG, triglycerides; HDL, high-density lipoprotein; TC, total cholesterol; LDL, low-density lipoprotein; FPG,
fasting plasma glucose; HbA1c, glycosylated hemoglobin; CRP, C-reactive protein; BUN, blood urea nitrogen; SUA, serum uric acid; BMI, body mass index; WC, waist circumference; WHtR,
waist-to-height ratio; BRI, body roundness index; CI, conicity index; LAP, lipid accumulation product index; VAI, visceral adiposity index; CVAI, Chinese visceral adiposity index.
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year follow-up study (20), and 20.3% in total participants, with

27.7% in men and 13.2% in women in a prospective study

performed in Tianjin, China, from 2013 to 2019 (26). The main

reason for the lower incidence of HUA in our study compared with

other studies was the shorter follow-up time. Consistent with
Frontiers in Endocrinology 06
previous studies, our study also demonstrated that men had a

greater risk of developing HUA than women. This observation

may be partially attributed to the fact that men typically exhibit

higher baseline levels of uric acid compared to women (27).

Moreover, men were more likely to drink alcohol, which had
TABLE 3 Association between adiposity indices with incident hyperuricemia multivariate logistic regression analysis in male participants.

Model 1 Model 2 Model 3

HR (95%CIs) p-Value HR (95%CIs) p-Value HR (95%CIs) p-Value

BMI Q1 (<20.525) 1 (Ref) 1 (Ref) 1 (Ref)

Q2 (20.525–22.540) 1.501 (1.013, 2.240) 0.044 1.419 (0.959, 2.115) 0.082 1.378 (0.902, 2.117) 0.140

Q3 (22.540–24.972) 2.029 (1.390, 2.994) <0.001 1.843 (1.261, 2.721) 0.002 1.481 (0.979, 2.258) 0.065

Q4 (>24.972) 2.487 (1.707, 3.672) <0.001 2.099 (1.429, 3.119) <0.001 1.421 (0.924, 2.204) 0.113

WC Q1 (<78.00) 1 (Ref) 1 (Ref) 1 (Ref)

Q2 (78.00–84.00) 1.184 (0.804, 1.750) 0.393 1.130 (0.767, 1.668) 0.537 1.267 (0.835, 1.929) 0.267

Q3 (84.00–91.20) 1.513 (1.046, 2.205) 0.029 1.376 (0.950, 2.008) 0.094 1.122 (0.747, 1.696) 0.581

Q4 (>91.20) 2.123 (1.484, 3.067) <0.001 1.818 (1.263, 2.641) 0.001 1.326 (0.877, 2.018) 0.184

WHtR Q1 (<0.477) 1 (Ref) 1 (Ref) 1 (Ref)

Q2 (0.477–0.513) 1.293 (0.869, 1.933) 0.207 1.214 (0.817, 1.815) 0.339 1.140 (0.744, 1.753) 0.548

Q3 (0.513–0.557) 1.845 (1.269, 2.709) 0.002 1.670 (1.147, 2.454) 0.008 1.295 (0.861, 1.962) 0.217

Q4 (>0.557) 2.468 (1.718, 3.593) <0.001 2.109 (1.457, 3.089) <0.001 1.449 (0.959, 2.207) 0.081

BRI Q1 (<2.945) 1 (Ref) 1 (Ref) 1 (Ref)

Q2 (2.945–3.615) 1.293 (0.869, 1.933) 0.207 1.214 (0.817, 1.815) 0.339 1.140 (0.744, 1.753) 0.548

Q3 (3.615–4.482) 1.845 (1.269, 2.709) 0.002 1.670 (1.147, 2.454) 0.008 1.295 (0.861, 1.962) 0.217

Q4 (>4.482) 2.468 (1.718, 3.593) <0.001 2.109 (1.457, 3.089) <0.001 1.449 (0.959, 2.207) 0.081

CI Q1 (<1.222) 1 (Ref) 1 (Ref) 1 (Ref)

Q2 (1.222–1.271) 1.314 (0.906, 1.915) 0.152 1.292 (0.890, 1.885) 0.180 1.110 (0.741, 1.669) 0.614

Q3 (1.271–1.321) 1.485 (1.032, 2.151) 0.034 1.413 (0.981, 2.049) 0.065 1.180 (0.793, 1.765) 0.416

Q4 (>1.321) 1.783 (1.247, 2.572) 0.002 1.626 (1.132, 2.353) 0.009 1.280 (0.858, 1.919) 0.229

LAP Q1 (<11.211) 1 (Ref) 1 (Ref) 1 (Ref)

Q2 (11.211–20.227) 1.828 (1.206, 2.807) 0.005 1.715 (1.134, 2.627) 0.012 1.65 (1.059, 2.599) 0.028

Q3 (20.227–37.687) 2.715 (1.829, 4.105) <0.001 2.462 (1.659, 3.718) <0.001 1.957 (1.274, 3.051) 0.003

Q4 (>37.687) 3.337 (2.259, 5.029) <0.001 2.919 (1.970, 4.407) <0.001 1.821 (1.180, 2.852) 0.008

VAI Q1 (<0.690) 1 (Ref) 1 (Ref) 1 (Ref)

Q2 (0.690–1.132) 1.352 (0.912, 2.015) 0.135 1.398 (0.945, 2.081) 0.095 1.254 (0.821, 1.925) 0.297

Q3 (1.132–1.949) 1.949 (1.349, 2.849) <0.001 1.601 (1.091, 2.369) 0.017 1.286 (0.847, 1.965) 0.240

Q4 (>1.949) 2.354 (1.645, 3.414) <0.001 2.575 (1.795, 3.743) <0.001 1.735 (1.162, 2.617) 0.008

CVAI Q1 (<61.339) 1 (Ref) 1 (Ref) 1 (Ref)

Q2 (61.339–88.559) 1.396 (0.939, 2.089) 0.101 1.345 (0.906, 2.009) 0.144 1.425 (0.933, 2.191) 0.103

Q3 (88.559–122.368) 2.013 (1.384, 2.962) <0.001 1.827 (1.255, 2.689) 0.002 1.637 (1.091, 2.481) 0.019

Q4 (>122.368) 2.466 (1.705, 3.612) <0.001 2.137 (1.471, 3.143) <0.001 1.547 (1.023, 2.36) 0.040
fro
Abbreviations are the same as in Table 1. HR, hazard ratio; CIs, confidence intervals.
Model 1 was unadjusted. Model 2 was adjusted for age, educational levels, places of residence, drink history, smoke history, marital status, and SBP. Model 3 was further adjusted for history of
hypertension, LDL, CRP, creatinine, BUN, FPG, TG, and SUA for BMI, WC, BRI, WHtR, and CI and for LAP, VAI, and CVAI, without TG.
ntiersin.org

https://doi.org/10.3389/fendo.2024.1336471
https://www.frontiersin.org/journals/endocrinology
https://www.frontiersin.org


Liu et al. 10.3389/fendo.2024.1336471
been significantly associated with HUA (28). Thus, more

interventions should be taken to change the risk factors for HUA,

especially in men.

The present study showed that several adiposity indices

containing lipid parameters, such as CVAI, VAI, and LAP, were

positively associated with incident HUA in both genders. Our
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results were consistent with several previous studies (11, 22, 23).

Liu et al. reported that LAP was positively associated with HUA in

China’s Yangtze River Delta region population (11), and Kahaer

et al. found that LAP and VAI were positively associated with HUA

in the Chinese Xinjiang population (16). Huang et al. reported that

evaluated VAI increased the risk of hyperuricemia, independently
TABLE 4 Association between adiposity indices with incident hyperuricemia multivariate logistic regression analysis in female participants.

Model 1 Model 2 Model 3

HR (95%CIs) p-Value HR (95%CIs) p-Value HR (95%CIs) p-Value

BMI Q1 (<21.436) 1 (Ref) 1 (Ref) 1 (Ref)

Q2 (21.436–23.766) 2.390 (1.542, 3.793) <0.001 2.664 (1.707, 4.254) <0.001 2.196 (1.368, 3.604) 0.001

Q3 (23.766–26.440) 2.549 (1.652, 4.032) <0.001 2.846 (1.827, 4.541) <0.001 1.948 (1.211, 3.203) 0.007

Q4 (>26.440) 4.554 (3.036, 7.046) <0.001 5.162 (3.387, 8.107) <0.001 3.089 (1.949, 5.026) <0.001

WC Q1 (<78.50) 1 (Ref) 1 (Ref) 1 (Ref)

Q2 (78.50–86.00) 1.788 (1.150, 2.830) 0.011 1.807 (1.160, 2.867) 0.010 1.539 (9.580, 2.513) 0.079

Q3 (86.00–92.60) 2.571 (1.679, 4.022) <0.001 2.471 (1.608, 3.881) <0.001 1.821 (1.145, 2.951) 0.013

Q4 (>92.60) 4.581 (3.090, 6.991) <0.001 4.232 (2.834, 6.502) <0.001 2.596 (1.668, 4.136) <0.001

WHtR Q1 (<0.515) 1 (Ref) 1 (Ref) 1 (Ref)

Q2 (0.515–0.560) 2.348 (1.441, 3.944) <0.001 2.333 (1.430, 3.924) <0.001 2.015 (1.201, 3.475) 0.009

Q3 (0.560–0.606) 4.228 (2.691, 6.913) <0.001 3.994 (2.534, 6.547) <0.001 3.091 (1.902, 5.205) <0.001

Q4 (>0.606) 5.844 (3.767, 9.462) <0.001 5.207 (3.327, 8.494) <0.001 3.206 (1.976, 5.391) <0.001

BRI Q1 (<3.636) 1 (Ref) 1 (Ref) 1 (Ref)

Q2 (3.636–4.544) 2.348 (1.441, 3.944) <0.001 2.333 (1.430, 3.924) <0.001 2.015 (1.201, 3.475) 0.009

Q3 (4.544–5.565) 4.228 (2.691, 6.913) <0.001 3.994 (2.534, 6.547) <0.001 3.091 (1.902, 5.205) <0.001

Q4 (>5.565) 5.844 (3.767, 9.462) <0.001 5.207 (3.327, 8.494) <0.001 3.206 (1.976, 5.391) <0.001

CI Q1 (<1.240) 1 (Ref) 1 (Ref) 1 (Ref)

Q2 (1.240–1.300) 1.375 (0.905, 2.107) 0.138 1.356 (0.890, 2.083) 0.159 1.137 (0.724, 1.797) 0.578

Q3 (1.300–1.357) 2.170 (1.477, 3.238) <0.001 2.027 (1.372, 3.040) <0.001 1.548 (1.015, 2.392) 0.045

Q4 (>1.357) 2.902 (2.005, 4.278) <0.001 2.420 (1.636, 3.642) <0.001 1.673 (1.089, 2.602) 0.020

LAP Q1 (<20.866) 1 (Ref) 1 (Ref) 1 (Ref)

Q2 (20.866–33.892) 1.649 (1.008, 2.749) 0.049 1.592 (0.971, 2.658) 0.069 1.42 (0.845, 2.427) 0.191

Q3 (33.892–56.491) 3.034 (1.945, 4.881) <0.001 2.884 (1.842, 4.654) <0.001 2.150 (1.336, 3.556) 0.002

Q4 (>56.491) 6.313 (4.173, 9.920) <0.001 5.918 (3.881, 9.363) <0.001 3.37 (2.136, 5.485) <0.001

VAI Q1 (<1.168) 1 (Ref) 1 (Ref) 1 (Ref)

Q2 (1.168–1.895) 1.369 (0.928, 2.031) 0.115 0.829 (0.515, 1.326) 0.435 0.66 (0.399, 1.085) 0.102

Q3 (1.895–3.133) 1.585 (1.086, 2.332) 0.018 2.009 (1.359, 3.013) <0.001 1.560 (1.021, 2.415) 0.042

Q4 (>3.133) 2.570 (1.809, 3.702) <0.001 3.424 (2.371, 5.042) <0.001 2.099 (1.396, 3.204) <0.001

CVAI Q1 (<74.526) 1 (Ref) 1 (Ref) 1 (Ref)

Q2 (74.526–96.724) 1.702 (1.024, 2.888) 0.043 1.653 (0.991, 2.812) 0.058 1.420 (0.832, 2.469) 0.204

Q3 (96.724–122.642) 3.246 (2.055, 5.307) <0.001 3.081 (1.935, 5.074) <0.001 2.115 (1.294, 3.561) 0.004

Q4 (>122.642) 7.156 (4.678, 11.419) <0.001 6.587 (4.191, 10.758) <0.001 3.550 (2.173, 5.989) <0.001
fro
Abbreviations are the same as in Table 1. HR, hazard ratio; CIs, confidence intervals.
Model 1 was unadjusted. Model 2 was adjusted for age, educational levels, places of residence, drink history, smoke history, marital status, and SBP. Model 3 was further adjusted for history of
hypertension, LDL, CRP, creatinine, BUN, FPG, TG, and SUA for BMI, WC, BRI, WHtR, and CI and for LAP, VAI, and CVAI, without TG.
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of BMI and waist circumference, among middle-aged and elderly

Chinese adults (21). Previous studies demonstrated that adiposity

indices containing lipid parameters showed a better ability to

identify obesity and the distribution of adipose tissue, especially

visceral adiposity tissue (VAT), than those that did not contain lipid
Frontiers in Endocrinology 08
parameters (11, 14, 22). It was indicated that the distribution of

adipose tissue instead of the amount had major effects on

metabolism (29). Previous studies suggested that uric acid and

metabolic syndrome were closely related and that such an

association might be bidirectional (8). Some possible mechanisms
A B

FIGURE 2

Comparison of the predictive value of eight adiposity indices for diagnosis of incident HUA in (A) men and (B) women. HUA, hyperuricemia.
TABLE 5 Area under the curve (AUC), cutoff value, sensitivity, specificity, and Youden index of eight adiposity indices in male participants.

Adiposity indices AUC (95%CIs) p-Value Cutoff value Sensitivity Specificity Youden index

BMI 0.586 (0.552, 0.619) <0.001 22.443 0.639 0.504 0.143

WC 0.579 (0.545, 0.614) <0.001 84.050 0.605 0.530 0.135

WHtR 0.592 (0.558, 0.626) <0.001 0.519 0.611 0.555 0.166

BRI 0.592 (0.558, 0.626) <0.001 3.728 0.611 0.555 0.166

CI 0.563 (0.529, 0.597) <0.001 1.303 0.453 0.676 0.129

LAP 0.612 (0.579, 0.645) <0.001 23.553 0.605 0.584 0.189

VAI 0.596 (0.562, 0.630) <0.001 1.372 0.537 0.617 0.154

CVAI 0.593 (0.559, 0.627) <0.001 88.454 0.642 0.515 0.157
Abbreviations are the same as in Table 1. CIs, confidence intervals.
TABLE 6 Area under the curve (AUC), cutoff value, sensitivity, specificity, and Youden index of eight adiposity indices in female participants.

Adiposity indices AUC (95%CIs) p-Value Cutoff value Sensitivity Specificity Youden index

BMI 0.644 (0.611, 0.678) <0.001 24.881 0.592 0.638 0.230

WC 0.664 (0.632, 0.696) <0.001 84.850 0.766 0.483 0.249

WHtR 0.669 (0.638, 0.700) <0.001 0.576 0.652 0.617 0.269

BRI 0.669 (0.638, 0.700) <0.001 4.890 0.652 0.617 0.269

CI 0.616 (0.583, 0.650) <0.001 1.316 0.603 0.588 0.191

LAP 0.691 (0.660, 0.723) <0.001 46.747 0.610 0.694 0.304

VAI 0.664 (0.630, 0.697) <0.001 2.331 0.663 0.639 0.302

CVAI 0.707 (0.676, 0.737) <0.001 109.471 0.663 0.657 0.320
Abbreviations are the same as in Table 1. CIs, confidence intervals.
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might explain the effect of metabolic disorders on HUA. First,

increased VAT accumulation caused the free flow of free fatty acids

to the liver and the overproduction of very-low-density lipoprotein

(VLDL) and TG. The increase in lipid synthesis increased the need

for NADPH and then accelerated the pentose phosphate pathway,

which led to the de novo purine synthesis, thus increasing the

production of UA (20, 30). Second, the elevation of TG and/or TC
Frontiers in Endocrinology 09
lipid metabolism disorders may impair kidney function and result

in decreased renal blood flow and reduction of the excretion and

reabsorption of uric acid (31, 32). Third, previous studies

demonstrated that VAT-induced adiponectin and leptin were

significantly associated with insulin resistance, which could affect

kidney functions, increase reabsorption of uric acid, decrease

excretion of uric acid, and lead to hyperuricemia (33, 34).
A B

C D

E F

G H

FIGURE 3

Incidence of HUA according to adiposity index cutoff values in men and women. (A, B) BMI. (C, D) WC. (E, F) WHtR. (G, H) BRI. HUA, hyperuricemia;
BMI, body mass index; WC, waist circumference; WHtR, waist-to-height ratio; BRI, body roundness index.
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Our results showed that several adiposity indices, including

BMI, WC, WHtR, BRI, and CI, displayed gender-specific

associations with incident HUA between men and women. The

significant associations between these incidences and incident HUA

were observed exclusively in women. Furthermore, all adiposity

indices in the present study showed a higher predictive ability of

HUA in women than in men. Previous studies reported inconsistent
Frontiers in Endocrinology 10
results on the association between these indices and HUA. Kahaer

et al. reported that BMI, WC, WHtR, and BRI exhibited no

significant association with HUA in both men and women (16),

while Zhang et al. reported that BRI, WHtR, BMI, and WC were

associated with HUA in both genders (15). Several previous studies

also demonstrated that the adiposity indices had a greater predictive

ability of HUA in women than men in longitudinal and cross-
A B

C D

E F

G H

FIGURE 4

Incidence of HUA according to adiposity index cutoff values in men and women. (A, B) CI. (C, D) LAP. (E, F) VAI. (G, H) CVAI. HUA, hyperuricemia;
CI, conicity index; LAP, lipid accumulation product; VAI, visceral adiposity index; CVAI, Chinese visceral adiposity index.
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sectional studies (15, 16). The gender variation regarding the

association between adiposity indices with HUA and the

predictive ability may be explained by biological differences

between men and women. Middle-aged and older women showed

age-related increases in serum uric acid levels, while such a trend

was not found in men (35). In the present study, the female

participants were generally in perimenopause and menopause.

Their estrogen levels decreased with aging (36, 37), thus reducing

the renal clearance of urate and resulting in increased SUA levels

(36). Furthermore, a clinical study reported that sex hormone

replacement therapy can reduce SUA concentrations and decrease

the risk of gout flare in postmenopausal women. This suggested that

the decreased estrogen levels in postmenopausal women could

increase the risk of HUA (38). Taken together, these physiological

changes may cause women to be more sensitive to metabolic

changes and thus more likely to develop HUA. In addition, the

associations were explored in 4-year folloe-up study.

The present study has several strengths. The data in this study

came from a population-based nationwide prospective survey,

which provides a representative sample of the population. Then, a

longitudinal study was conducted, whose evidence power was

stronger than that of previous cross-sectional studies.

Furthermore, the predictive ability of a total of eight adiposity

indices with HUA was investigated, and for the first time, the

associations between several adiposity indices (such as CVAI, VAI,

and LAP) and incident HUA were reported in a longitudinal survey.

In addition, we also proposed optimal cutoff values for these indices

by ROC curve analysis and further verified the effectiveness in the

diagnosis of HUA. Nevertheless, there are several limitations in this

study. First, although we have adjusted for several potential

confounding variables, we did not include data on variables that

could potentially influence uric acid levels, such as dietary factors

(consumption of dairy, meat, and micronutrients). Second, the use

of uric acid-lowering drugs, such as allopurinol, was not available in

the study, which may cause diagnostic bias. Third, the participants

were Chinese adults aged ≥45 years, which may limit the

generalizability of our results to the younger population and other

ethnic groups.

In conclusion, our study provided strong evidence that the

adiposity indices were effective predictors of incident HUA in

general middle-aged and older Chinese adults. Furthermore, some

indices, including BMI, WC, WHtR, BRI, and CI, displayed gender-

specific associations with incident HUA, with a significant

association observed exclusively in women. All adiposity indices

showed better predictive ability for incident HUA in women than

men. For the preventive prospect and clinical practice, adiposity

indices, especially those containing lipid parameters, were

obtainable and cost-effective and could be used in HUA

prevention among Chinese middle-aged and older adults.
Data availability statement

The datasets presented in this study can be found in online

repositories. The names of the repository/repositories and accession

number(s) can be found below: http://charls.pku.edu.cn/.
Frontiers in Endocrinology 11
Author contributions

ZL: Conceptualization, Writing – original draft. QZ:

Conceptualization, Methodology, Writing – original draft. YT:

Writing – original draft. JL: Writing – original draft. QC:

Funding acquisition, Methodology, Writing – original draft. HY:

Conceptualization, Formal analysis, Methodology, Software,

Writing – original draft. SZ: Formal analysis, Funding acquisition,

Writing – original draft.
Funding

The author(s) declare financial support was received for the

research, authorship, and/or publication of this article. This work

was granted by the Science and Technology Research Program of

Chongqing Municipal Education Commission (Grant No.

KJQN202200908), National Administration of Traditional Chinese

Medicine. Innovation in Traditional Chinese Medicine: Team and

Talent Support Program project (No: ZYYCXTD-D-202203),

Natural Science Foundation of Hubei Province (2023AFD138) and

Key Research and Development Project of Hubei Provincial

Department of Science and Technology (No.2020BCB015).
Acknowledgments

We thank the CHARLS research team for providing the data.

All authors contributed to the manuscript.
Conflict of interest

The authors declare that the research was conducted in the

absence of any commercial or financial relationships that could be

construed as a potential conflict of interest.
Publisher’s note

All claims expressed in this article are solely those of the authors

and do not necessarily represent those of their affiliated

organizations, or those of the publisher, the editors and the

reviewers. Any product that may be evaluated in this article, or

claim that may be made by its manufacturer, is not guaranteed or

endorsed by the publisher.
Supplementary material

The Supplementary Material for this article can be found online

at: https://www.frontiersin.org/articles/10.3389/fendo.2024.1336471/

full#supplementary-material
frontiersin.org

http://charls.pku.edu.cn/
https://www.frontiersin.org/articles/10.3389/fendo.2024.1336471/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fendo.2024.1336471/full#supplementary-material
https://doi.org/10.3389/fendo.2024.1336471
https://www.frontiersin.org/journals/endocrinology
https://www.frontiersin.org


Liu et al. 10.3389/fendo.2024.1336471
References
1. Cheang C, Law S, Ren J, Chan W, Wang C, Dong Z. Prevalence of hyperuricemia
in patients with severe obesity and the relationship between serum uric acid and severe
obesity: A decade retrospective cross-section study in Chinese adults. Front Public
Health (2022) 10:986954. doi: 10.3389/fpubh.2022.986954

2. Maiuolo J, Oppedisano F, Gratteri S, Muscoli C, Mollace V. Regulation of uric
acid metabolism and excretion. Int J Cardiol (2016) 213:8–14. doi: 10.1016/
j.ijcard.2015.08.109

3. Zhang M, Zhu X, Wu J, Huang Z, Zhao Z, Zhang X, et al. Prevalence of
hyperuricemia among chinese adults: findings from two nationally representative
cross-sectional surveys in 2015-16 and 2018-19. Front Immunol (2021) 12:791983.
doi: 10.3389/fimmu.2021.791983

4. Zhu Y, Pandya BJ, Choi HK. Prevalence of gout and hyperuricemia in the US
general population: the National Health and Nutrition Examination Survey 2007-2008.
Arthritis Rheum (2011) 63:3136–41. doi: 10.1002/art.30520

5. Choi BG, Kim DJ, Baek MJ, Ryu YG, Kim SW, Lee MW, et al. Hyperuricaemia
and development of type 2 diabetes mellitus in Asian population. Clin Exp Pharmacol
Physiol (2018) 45:499–506. doi: 10.1111/1440-1681.12911

6. Eren M. The association between serum uric acid level and heart failure and
mortality in the early period of STEMI. Turk Kardiyol Dern Ars (2014) 42:509–10.
doi: 10.5543/tkda.2014.15729

7. Chang JB, Chen YL, Hung YJ, Hsieh CH, Lee CH, Pei D, et al. The role of uric acid
for predicting future metabolic syndrome and type 2 diabetes in older people. J Nutr
Health Aging (2017) 21:329–35. doi: 10.1007/s12603-016-0749-3

8. Borghi C, Fogacci F, Piani F. Not all the eggs and the chickens are the same: The
case of uric acid and metabolic syndrome. Eur J Intern Med (2022) 103:36–7.
doi: 10.1016/j.ejim.2022.07.006

9. Dong H, Xu Y, Zhang X, Tian S. Visceral adiposity index is strongly associated
with hyperuricemia independently of metabolic health and obesity phenotypes. Sci Rep
(2017) 7:8822. doi: 10.1038/s41598-017-09455-z

10. Rospleszcz S, Dermyshi D, Muller-Peltzer K, Strauch K, Bamberg F, Peters A.
Association of serum uric acid with visceral, subcutaneous and hepatic fat quantified by
magnetic resonance imaging. Sci Rep (2020) 10:442. doi: 10.1038/s41598-020-57459-z

11. Liu XZ, Li HH, Huang S, Zhao DB. Association between hyperuricemia and
nontraditional adiposity indices. Clin Rheumatol (2019) 38:1055–62. doi: 10.1007/
s10067-018-4374-x

12. Zhou Z, Li K, Li X, Luan R, Zhou R. Independent and joint associations of body
mass index, waist circumference, waist-height ratio and their changes with risks of
hyperuricemia in middle-aged and older Chinese individuals: a population-based
nationwide cohort study. Nutr Metab (Lond) (2021) 18:62. doi: 10.1186/s12986-021-
00590-z

13. Ryu S, Chang Y, Zhang Y, Kim SG, Cho J, Son HJ, et al. A cohort study of
hyperuricemia in middle-aged South Korean men. Am J Epidemiol (2012) 175:133–43.
doi: 10.1093/aje/kwr291

14. Lee WC, Wu PY, Huang JC, Tsai YC, Chiu YW, Chen SC, et al. Sex difference in
the associations among obesity-related indices with incident hypertension in a large
Taiwanese population follow-up study. J Pers Med (2022) 12. doi: 10.3390/jpm12060972

15. Zhang N, Chang Y, Guo X, Chen Y, Ye N, Sun Y. A Body Shape Index and Body
Roundness Index: Two new body indices for detecting association between obesity and
hyperuricemia in rural area of China. Eur J Intern Med (2016) 29:32–6. doi: 10.1016/
j.ejim.2016.01.019

16. Kahaer M, Zhang B, ChenW, Liang M, He Y, Chen M, et al. Triglyceride glucose
index is more closely related to hyperuricemia than obesity indices in the medical
checkup population in Xinjiang, China. Front Endocrinol (Lausanne) (2022) 13:861760.
doi: 10.3389/fendo.2022.861760

17. Tian X, Chen S, Xu Q, Zhang Y, Wu S, Wang A, et al. Cumulative burden of
abnormal visceral adiposity index and its components on the risk of hyperuricemia.
Nutr Metab Cardiovasc Dis (2023) 33:340–49. doi: 10.1016/j.numecd.2022.11.016

18. Su SY, Lin TH, Liu YH, Wu PY, Huang JC, Su HM, et al. Sex difference in the
associations among obesity-related indices with hyperuricemia in a large Taiwanese
population study. Nutrients (2023) 15. doi: 10.3390/nu15153419

19. Zhao Y, Hu Y, Smith JP, Strauss J, Yang G. Cohort profile: the China health and
retirement longitudinal study (CHARLS). Int J Epidemiol (2014) 43:61–8. doi: 10.1093/
ije/dys203
Frontiers in Endocrinology 12
20. Zhang Y, Zhang M, Yu X, Wei F, Chen C, Zhang K, et al. Association of
hypertension and hypertriglyceridemia on incident hyperuricemia: an 8-year
prospective cohort study. J Transl Med (2020) 18:409. doi: 10.1186/s12967-020-
02590-8

21. Huang X, Jiang X, Wang L, Chen L, Wu Y, Gao P, et al. Visceral adipose
accumulation increased the risk of hyperuricemia among middle-aged and elderly
adults: a population-based study. J Transl Med (2019) 17:341. doi: 10.1186/s12967-019-
2074-1

22. Wu J, Gong L, Li Q, Hu J, Zhang S, Wang Y, et al. A Novel Visceral Adiposity
Index for Prediction of Type 2 Diabetes and Pre-diabetes in Chinese adults: A 5-year
prospective study. Sci Rep (2017) 7:13784. doi: 10.1038/s41598-017-14251-w

23. Ramirez-Velez R, Perez-Sousa MA, Gonzalez-Ruiz K, Cano-Gutierrez CA,
Schmidt-RioValle J, Correa-Rodriguez M, et al. Obesity- and lipid-related parameters
in the identification of older adults with a high risk of prediabetes according to the
american diabetes association: an analysis of the 2015 health, well-being, and aging
study. Nutrients (2019) 11. doi: 10.3390/nu11112654

24. Fluss R, Faraggi D, Reiser B. Estimation of the Youden Index and its associated
cutoff point. Biom J (2005) 47:458–72. doi: 10.1002/bimj.200410135

25. McHugh ML. The chi-square test of independence. Biochem Med (Zagreb)
(2013) 23:143–49. doi: 10.11613/bm.2013.018

26. Zhang T, Gan S, Ye M, Meng G, Zhang Q, Liu L, et al. Association between
consumption of ultra-processed foods and hyperuricemia: TCLSIH prospective cohort
study. Nutr Metab Cardiovasc Dis (2021) 31:1993–2003. doi: 10.1016/
j.numecd.2021.04.001

27. Lin YK, Lin YP, Lee JT, Lin CS, Wu TJ, Tsai KZ, et al. Sex-specific association of
hyperuricemia with cardiometabolic abnormalities in a military cohort: The CHIEF
study. Med (Baltimore) (2020) 99:e19535. doi: 10.1097/MD.0000000000019535

28. Hong F, Zheng A, Xu P, Wang J, Xue T, Dai S, et al. High-protein diet induces
hyperuricemia in a new animal model for studying human gout. Int J Mol Sci (2020) 21.
doi: 10.3390/ijms21062147

29. Pischon T, Boeing H, Hoffmann K, Bergmann M, Schulze MB, Overvad K, et al.
General and abdominal adiposity and risk of death in Europe. N Engl J Med (2008)
359:2105–20. doi: 10.1056/NEJMoa0801891

30. Tanaka K, Ogata S, Tanaka H, Omura K, Honda C, Hayakawa K. The
relationship between body mass index and uric acid: a study on Japanese adult
twins. Environ Health Prev Med (2015) 20:347–53. doi: 10.1007/s12199-015-0473-3

31. Seyed-Sadjadi N, Berg J, Bilgin AA, Grant R. Visceral fat mass: is it the link
between uric acid and diabetes risk? Lipids Health Dis (2017) 16:142. doi: 10.1186/
s12944-017-0532-4

32. Facchini F, Chen YD, Hollenbeck CB, Reaven GM. Relationship between
resistance to insulin-mediated glucose uptake, urinary uric acid clearance, and
plasma uric acid concentration. Jama (1991) 266:3008–11. doi: 10.1001/
jama.1991.03470210076036

33. Adnan E, Rahman IA, Faridin HP. Relationship between insulin resistance,
metabolic syndrome components and serum uric acid. Diabetes Metab Syndr (2019)
13:2158–62. doi: 10.1016/j.dsx.2019.04.001

34. McCormick N, O'Connor MJ, Yokose C, Merriman TR, Mount DB, Leong A,
et al. Assessing the causal relationships between insulin resistance and hyperuricemia
and gout using bidirectional mendelian randomization. Arthritis Rheumatol (2021)
73:2096–104. doi: 10.1002/art.41779

35. Akizuki S. Serum uric acid levels among thirty-four thousand people in Japan.
Ann Rheum Dis (1982) 41:272–74. doi: 10.1136/ard.41.3.272

36. Anton FM, Garcia PJ, Ramos T, Gonzalez P, Ordas J. Sex differences in uric acid
metabolism in adults: evidence for a lack of influence of estradiol-17 beta (E2) on the
renal handling of urate. Metabolism (1986) 35:343–48. doi: 10.1016/0026-0495(86)
90152-6

37. Guan S, Tang Z, Fang X, Wu X, Liu H, Wang C, et al. Prevalence of
hyperuricemia among Beijing post-menopausal women in 10 years. Arch Gerontol
Geriatr (2016) 64:162–66. doi: 10.1016/j.archger.2016.02.002

38. Hak AE, Choi HK. Menopause, postmenopausal hormone use and serum uric
acid levels in US women–the Third National Health and Nutrition Examination
Survey. Arthritis Res Ther (2008) 10:R116. doi: 10.1186/ar2519
frontiersin.org

https://doi.org/10.3389/fpubh.2022.986954
https://doi.org/10.1016/j.ijcard.2015.08.109
https://doi.org/10.1016/j.ijcard.2015.08.109
https://doi.org/10.3389/fimmu.2021.791983
https://doi.org/10.1002/art.30520
https://doi.org/10.1111/1440-1681.12911
https://doi.org/10.5543/tkda.2014.15729
https://doi.org/10.1007/s12603-016-0749-3
https://doi.org/10.1016/j.ejim.2022.07.006
https://doi.org/10.1038/s41598-017-09455-z
https://doi.org/10.1038/s41598-020-57459-z
https://doi.org/10.1007/s10067-018-4374-x
https://doi.org/10.1007/s10067-018-4374-x
https://doi.org/10.1186/s12986-021-00590-z
https://doi.org/10.1186/s12986-021-00590-z
https://doi.org/10.1093/aje/kwr291
https://doi.org/10.3390/jpm12060972
https://doi.org/10.1016/j.ejim.2016.01.019
https://doi.org/10.1016/j.ejim.2016.01.019
https://doi.org/10.3389/fendo.2022.861760
https://doi.org/10.1016/j.numecd.2022.11.016
https://doi.org/10.3390/nu15153419
https://doi.org/10.1093/ije/dys203
https://doi.org/10.1093/ije/dys203
https://doi.org/10.1186/s12967-020-02590-8
https://doi.org/10.1186/s12967-020-02590-8
https://doi.org/10.1186/s12967-019-2074-1
https://doi.org/10.1186/s12967-019-2074-1
https://doi.org/10.1038/s41598-017-14251-w
https://doi.org/10.3390/nu11112654
https://doi.org/10.1002/bimj.200410135
https://doi.org/10.11613/bm.2013.018
https://doi.org/10.1016/j.numecd.2021.04.001
https://doi.org/10.1016/j.numecd.2021.04.001
https://doi.org/10.1097/MD.0000000000019535
https://doi.org/10.3390/ijms21062147
https://doi.org/10.1056/NEJMoa0801891
https://doi.org/10.1007/s12199-015-0473-3
https://doi.org/10.1186/s12944-017-0532-4
https://doi.org/10.1186/s12944-017-0532-4
https://doi.org/10.1001/jama.1991.03470210076036
https://doi.org/10.1001/jama.1991.03470210076036
https://doi.org/10.1016/j.dsx.2019.04.001
https://doi.org/10.1002/art.41779
https://doi.org/10.1136/ard.41.3.272
https://doi.org/10.1016/0026-0495(86)90152-6
https://doi.org/10.1016/0026-0495(86)90152-6
https://doi.org/10.1016/j.archger.2016.02.002
https://doi.org/10.1186/ar2519
https://doi.org/10.3389/fendo.2024.1336471
https://www.frontiersin.org/journals/endocrinology
https://www.frontiersin.org

	Sex-specific differences in the associations between adiposity indices and incident hyperuricemia among middle-aged and older adults: a nationwide longitudinal study
	Introduction
	Methods
	Study population
	Anthropometric and laboratory measurements
	Definitions of HUA and adiposity indices
	Statistical analysis

	Results
	Baseline characteristics
	Associations between adiposity indices with incident HUA stratified by gender
	Predictive ability of the adiposity indices to identify incident HUA stratified by gender
	Incidence of HUA according to adiposity indices

	Discussion
	Data availability statement
	Author contributions
	Funding
	Acknowledgments
	Conflict of interest
	Publisher’s note
	Supplementary material
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /sRGB
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


