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Body adiposity index, lipid accumulation product, and cardiometabolic
index reveal the contribution of adiposity phenotypes in the risk
of hyperuricemia among Chinese rural population
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Abstract
Adiposity phenotypes, estimated by higher body adiposity index (BAI), lipid accumulation product (LAP), and cardiometabolic
index (CMI), has conferred increasedmetabolic risk. The relative contribution of BAI, LAP, and CMI in hyperuricemia, however,
is unknown. We hypothesized that these obesity indicators would refine identification of hyperuricemia. Information on serum
uric acid (SUA), fasting lipid profiles, and body adiposity measures (BAI, LAP, and CMI) were recorded in a cross-sectional
population-based sample of 11,102 participants (≥ 35 years old) from China. BAI, LAP, and CMI were strong independent
predictors of SUA in both sexes after correction for potential confounders. In multivariable models, odds ratio (OR) for
hyperuricemia for 1 SD increment in BAI, LAP, and CMI were 1.361 (95% CI, 1.224–1.513), 1.393 (95% CI, 1.273–1.525),
and 1.332 (95% CI, 1.224–1.448) in females, respectively. For males, these adiposity indices corresponded to an increased
hyperuricemia risk of 14, 47, and 33%, respectively. Additionally, compared to the bottom category, females with the top quartile
of BAI, LAP, and CMI showed higher adjusted odds of having hyperuricemia, with ORs of 2.064, 7.500, and 4.944, respectively.
ORs for hyperuricemia were statistically significant in the fourth quartile of BAI (1.622 [1.258–2.091]), LAP (5.549 [3.907–
7.880]), and CMI (3.878 [2.830–5.313]) of male subgroup. Accumulation of ectopic adiposity in general (quantified by increased
BAI), and of visceral adipose tissue in particular (reflected by elevated LAP and CMI), provided important insight regarding
hyperuricemia risk and might potentially shed further light on our understanding of the metabolic sequelae of obesity.
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Introduction

Hyperuricemia is a major public health burden worldwide due
to its high prevalence and clinical significance influence on a

cluster of cardiometabolic abnormalities including diabetes,
dyslipidemia, and hypertension [1, 2]. It also represents a
key characteristic of gout and a strong predictor of cardiovas-
cular disease (CVD) such as coronary heart disease, stroke,
and heart failure [3, 4]. As a consequence of either urate over-
production or, more frequently, insufficient excretion from
kidney, hyperuricemia has been identified as a mediator of
insulin resistance, endothelial dysfunction, and vascular in-
flammation, all of which are clearly involved in the pathogen-
esis of CVD mortality and all-cause mortality [2, 4, 5]. In the
view of its important pathophysiological role, the modifiable
determinants of hyperuricemia need to be better understood
for the early detection and aggressive prevention.

There is a wealth of evidence showing that obesity favors a
spectrum of metabolic disorders in which the risk of develop-
ing adiposity-related hyperuricemia is aggravated. The posi-
tive association of excess body fat with impaired uric acid
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(UA) metabolism, or even particularly hyperuricemia, was
attributable to its unfavorable impact on overproduction and
poor excretion of UA [6, 7]. The value of body mass index
(BMI), waist circumference (WC), and waist-to-height ratio
(WHtR) as obesity indicators for evaluating the risk of hyper-
uricemia has been investigated [8–11]. Current evidence has
revealed that the clinical risk attributable to obesity depends
not simply on the extent, but importantly, the distribution of
the excess adiposity [12, 13]. Ectopic fat depots viscerally
contribute to obesity-mediated hyperuricemia and are now
regarded as a heterogeneous condition, with increased risk
for developing UA metabolism disorders despite similar
BMI among individuals [6, 14–16]. The incapability of these
anthropometric indices to distinguish between visceral adi-
pose tissue (VAT) and subcutaneous adiposity tissue (SAT)
and the increasing recognition of the differential metabolic
characteristics between these two fat depots have stimulated
interest in exploring some nontraditional anthropometric indi-
cators that can better capture visceral obesity and related
dysmetabolic state independently of total adiposity [17, 18].

Recently, the body adiposity index (BAI), calculated from
measurements of the hip circumference and height, has been
recently proposed byBergman et al. as a newmethod intended
to substitute BMI to estimate the percentage of body fat and
SAT [19, 20]. There has been no consensus on whether BAI is
validated in its ability to determine the emerging cardiometa-
bolic risk factors seen in adiposity [20–24]. The superior clin-
ical utility and prognostic value of BAI in the context of
obesity-related CVD were not firm enough to recommend
[20, 21], whereas other studies still favored BAI in the evalu-
ation of cardiovascular risk [22–24]. The cardiometabolic in-
dex (CMI) was posited as a new VAT distribution and dys-
function indicator to assess the presence of diabetes and ath-
erosclerotic progression using triglyceride (TG)/high-density
lipoprotein cholesterol (HDL-C) andWHtR [25–27]. As such,
a novel sex-specific index based on WC and TG, termed lipid
accumulation product (LAP), has been characterized as a
pathogenic fat depot of VAT and suggested to detect insulin
resistance, metabolic syndrome, and incident cardiovascular
events [28–30]. Taken together, incorporating the concomitant
of anthropometric and lipid parameters into a clinically simple
and reproducible marker such as CMI and LAP, seems to be
potentially able to discriminate the visceral compartment and
cardiometabolic disease. Notably, knowledge of the properties
of VAT and specific role of anthropometric indices has the
potential to further our understanding of the hyperuricemia
risk conferred by obesity. The prime effect of obesity on the
development of hyperuricemia has been steadily established,
but which parameters of adiposity that reflect the site-specific
fat accumulation can underpin this association is unclear.

In this regard, it is likely to use indices of adiposity esti-
mated as BAI, LAP, and CMI in larger epidemiological stud-
ies for that matter to gain mechanistic insight of

hyperuricemia. However, no prior work has examined this
premise comprehensively. Hence, the primary purpose of this
study was to explore whether BAI, LAP, and CMI would
provide incremental information on hyperuricemia risk in a
large population-based sample of Chinese adults.

Materials and methods

Study population

This study was part of a large cross-sectional population-
based epidemiological investigation that described the preva-
lence, incidence, and natural history of cardiovascular risk
factors among 11,956 permanent residents (≥ 35 years of
age) in rural areas of China from January 2012 to August
2013. The full details regarding the design and rationale of
the study were extensively described elsewhere [31, 32].
Briefly, the study adopted a multistage, stratified random
cluster-sampling scheme. In the first stage, three counties
(Dawa, Zhangwu, and Liaoyang County) were selected from
the eastern, southern, and northern region of Liaoning prov-
ince. In the second stage, one town was randomly selected
from each county (a total of three towns). In the third stage,
8 to 10 rural villages from each town were randomly selected
(a total of 26 rural villages). The Ethics Committee of China
Medical University (Shenyang, China) approved the study
protocol. Subjects who passed the initial screening examina-
tion were enrolled in our study after providing written in-
formed consent and the whole data and procedures conformed
to the principles of ethical standards. In this report, 379 sub-
jects with missing information on the variables analyzed in the
study and 475 individuals with chronic kidney disease were
excluded, leaving the eligible dataset of 11,102 participants.

Data collection and measurements

Prior reports have described the data collection and methods
selection in detail [31, 32]. In brief, before the survey was
performed, we invited all eligible investigators to attend an
organized training session. The training included the purpose
of this study, how to administer the questionnaire, the standard
method of measurement, the importance of standardization,
and the study procedures. A strict test was administered after
this training, and only those who scored perfectly on the test
were accepted as investigators in this study. Structured ques-
tionnaires were used to collect information regarding demo-
graphic characteristics, dietary habits, family income, sleep
duration, health-related behaviors, and history of CVD (coro-
nary heart disease, arrhythmia, and heart failure) by cardiolo-
gists and trained nurses during the interview.

Study participants waited for at least 5 min in a relaxed and
sitting position. Then, blood pressure (BP) was measured by a
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standardized automatic electronic sphygmomanometer
(HEM-907; Omron, Kyoto, Japan) using an appropriately
sized cuff with the arm supported at the level of the heart.
The mean readings of three replicate measurements were re-
corded for the present analysis.

Anthropometrics such as height, weight, hip circumfer-
ence, and waist circumference were collected in all partici-
pants while lightly dressed. Briefly, their weight was quanti-
fied to the nearest 0.1 kg in the utility of a calibrated digital
scale. A portable stadiometer was used for height measure-
ment (rounded to the nearest 0.1 cm) in a standing position.
After full expiration, WC was measured using a plastic mea-
suring tape from the horizontal line at 1 cm above the belly
button and hip circumference (HC) was measured at the max-
imum extension of the buttocks. Anthropometric indices were
measured twice and then averaged. BMI was calculated as
weight per height squared (kg/m2). WHtR was calculated as
the ratio of WC divided by height in centimeters.

The subjects were reminded of keeping an overnight
fasting with 12 h before the investigation. Venous blood spec-
imens were designed to be obtained for assessing total choles-
terol (TC), TG, low-density lipoprotein cholesterol (LDL-C),
HDL-C, fasting plasma glucose (FPG), blood urea nitrogen
(BUN), serum creatinine (SCr), and serum uric acid (SUA). A
full description of comprehensive storage process and stan-
dard laboratory measurement methods has been published in
prior reports [31, 32]. Estimated glomerular filtration (eGFR)
was calculated by virtue of the Chronic Kidney Disease
Epidemiology Collaboration (CKD-EPI) equation [33].

Definition

Adiposity phenotypes can be detected by anthropometric in-
dexes such as BAI, LAP, and CMI. CMI was calculated using
the equation suggested by Ichiro Wakabayashi et al.: CMI =
TG/HDL-C ×WHtR [25]. LAP was determined from WC
(cm) plus TG (mmol/L) for men [(WC-65) × TG] and women
[(WC-58) × TG] [28]. BAI was developed according to the
formula proposed by Bergman et al.: BAI = [HC (cm)/height
(m)1.5] − 18 [19]. The diagnosis of hypertension was
established as BP level of at least 140/90 mmHg, individuals
who were on antihypertensive medications or a prior diagnosis
of hypertension. Diabetes was defined as the patient’s self-
reported history of diabetes, use of diabetes medications, or a
fasting plasma glucose ≥7mmol/L. Hyperuricemia was defined
as SUA ≥ 360μmol/L for females and ≥ 420μmol/L for males.

Statistical analyses

Descriptive statistics for all covariates were sex-specific strat-
ified by hyperuricemia and summarized as mean (SD) or me-
dian (interquartile range), when appropriate, for continuous
variables and frequency (percentage) for categorical variables.

Stratified by sex, demographic, biochemical, and clinical char-
acteristics between the study subgroups (hyperuricemia vs.
non-hyperuricemia) were analyzed using unpaired Student’s
t test to compare mean values and the chi-squared test to
evaluate differences in prevalence rates. Data sets that did
not have equal variances were examined using the nonpara-
metric Mann–Whitney test. Pearson’s Correlation was used to
explore correlation among anthropometric indicators. To test
linear trends of variables across the BAI, LAP, and CMI quar-
tiles, one-way analysis of variance (ANOVA) was used for
mean SUA level and Cochran Armitage trend test was used
for proportion of hyperuricemia. We constructed sex-specific
multivariable linear regression models predicting changes in
SUA. Both nonstandardized (B) with 95% confidence interval
(CI) and standardized (β) coefficient estimates are given per 1
SD increment in BAI, LAP, and CMI. The proportion of ex-
plained variability incremental to each measure of adiposity
(BAI, LAP, and CMI) was estimated by the change inR2. Both
categorical (quartiles) and continuous analyzes were carried
out. BAI, LAP, and CMI were standardized by dividing each
adiposity index by its own distribution-specific SD.
Multivariable logistic regression models were constructed to
compute standardized odds ratios (ORs) with 95% CIs for 1
SD increase in BAI, LAP, and CMI and for sex-specific adi-
posity exposure categories from BAI, LAP, and CMI with
prevalent hyperuricemia as outcome. The analyses were per-
formed first in an unadjusted model (model 1), then adjusting
for age, race, educational status, family annual income, phys-
ical activity, diet score, sleep duration, cigarette smoking, and
alcohol consumption (model 2), and then further adjusting for
BMI, BUN, eGFR, diabetes, hypertension, and history of
CVD (model 3). For avoiding over adjustment, we did not
include BMI in the multivariable analysis of BAI and hyper-
uricemia because both BAI and BMI are indicators of overall
adiposity. SPSS 21.0 software (IBM Corp) was applied for all
calculations, and statistical significance was assessed for a
two-tailed P < 0.05.

Results

Of the 11,102 eligible participants, the mean age was
53.5 years and 53.5% were females (Table 1). The prevalence
of hyperuricemia was given to 5.4% of females and 13.1% of
males, respectively. Regardless of sex, anthropometric indices
of obesity, including BMI, WC, HC, WHtR, BAI, LAP, and
CMI, were dramatically increased in the hyperuricemia group
(all P < 0.001). Concordantly, adults with hyperuricemia ex-
hibited higher levels of systolic BP and diastolic BP together
with increased FPG, BUN, SCr, and SUA, as well as de-
creased eGFR, with the exception of systolic BP, FPG, and
BUN in males, which were unaltered (P < 0.01 for all cases).
Regarding lipid profiles, TC, TG, LDL-C, and TG/HDL-C
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were remarkably augmented in hyperuricemia females and
males compared with their counterparts, while HDL-C con-
centrations were greatly reduced in hyperuricemic subjects
(all P < 0.001). As expected, participants with hyperuricemia
constituted a higher percentage of hypertension and history of
CVD relative to the non-hyperuricemia ones.

In sex-specific quartile analysis, there was a graded dose-
response observed relationships of BAI, LAP, and CMI with
the mean values of SUA and risk of developing hyperuricemia
(Fig. 1 and Fig. 2). In females, the rates of hyperuricemia were
1.9-, 11.5-, and 9.3-fold higher across quartiles of BAI, LAP,
and CMI, respectively. We found that among males, in

Table 1 Basic characteristics of the study sample stratified by sex and hyperuricemia status

Variables Females (n = 5937) Males (n = 5165)
Non-hyperuricemia
(n = 5618)

Hyperuricemia
(n = 319)

P value Non-hyperuricemia
(n = 4490)

Hyperuricemia
(n = 675)

P value

Age (years) 52.82 ± 10.03 55.82 ± 9.93 < 0.001 54.40 ± 10.64 52.27 ± 10.51 0.001

Race (Han) (%) 5332 (94.7) 309 (96.9) 0.094 4247 (94.6) 644 (95.4) 0.376

Primary school or below (%) 3124 (55.6) 200 (62.7) 0.010 1874 (41.7) 265 (39.3) 0.066

Family annual income > 20,000
CNY/year (%)

1872 (33.3) 106 (33.2) 0.980 1471 (32.8) 245 (36.3) 0.164

Moderate physical activity (%) 3332 (59.3) 183 (57.4) 0.742 3271 (72.9) 475 (70.4) 0.012

Cigarette smoking (%) 912 (16.2) 49 (15.4) 0.680 2619 (58.3) 357 (52.9) 0.008

Alcohol consumption (%) 162 (2.9) 11 (3.4) 0.560 2019 (45.0) 357 (52.9) < 0.001

Diet score 2.15 ± 1.11 2.07 ± 1.16 0.213 2.54 ± 1.10 2.64 ± 1.11 0.035

Sleep duration (h/day) 7.14 ± 1.74 6.98 ± 1.67 0.116 7.44 ± 1.64 7.40 ± 1.57 0.482

Height (m) 1.56 ± 0.06 1.56 ± 0.06 0.155 1.66 ± 0.06 1.68 ± 0.06 < 0.001

Hip circumference (cm) 95.27 ± 7.36 98.17 ± 8.81 < 0.001 95.82 ± 6.98 98.27 ± 7.55 < 0.001

Body mass index (kg/m2) 24.74 ± 3.72 26.84 ± 3.87 < 0.001 24.47 ± 3.42 26.40 ± 3.85 < 0.001

Waist circumference (cm) 80.81 ± 9.56 87.37 ± 9.87 < 0.001 82.92 ± 9.45 89.00 ± 9.74 < 0.001

Waist-to-height ratio 0.52 ± 0.06 0.56 ± 0.07 < 0.001 0.50 ± 0.06 0.53 ± 0.06 < 0.001

Systolic blood pressure
(mmHg)

139.45 ± 23.74 143.77 ± 24.59 0.002 143.06 ± 22.45 144.83 ± 22.11 0.056

Diastolic blood pressure
(mmHg)

80.31 ± 11.32 83.57 ± 12.50 < 0.001 83.12 ± 11.54 87.29 ± 12.32 < 0.001

Blood urea nitrogen (mmol/L) 5.19 ± 2.01 5.81 ± 3.43 < 0.001 5.84 ± 1.70 5.89 ± 1.45 0.435

Serum creatinine (mmol/L) 63.71 ± 10.12 72.00 ± 9.34 < 0.001 77.66 ± 10.91 84.76 ± 12.05 <0.001

Estimated glomerular
filtration rate (ml/min/1.73m2)

93.50 ± 14.64 81.70 ± 13.71 < 0.001 95.55 ± 13.82 90.57 ± 16.43 < 0.001

Serum uric acid (μmol/L) 244.22 ± 53.51 406.34 ± 47.59 < 0.001 309.79 ± 58.18 478.60 ± 56.81 < 0.001

Fasting plasma glucose (mmol/L) 5.83 ± 1.58 6.14 ± 1.46 0.001 5.95 ± 1.70 5.92 ± 1.29 0.752

Total cholesterol (mmol/L) 5.25 ± 1.08 5.80 ± 1.26 < 0.001 5.12 ± 1.01 5.46 ± 1.15 < 0.001

Triglyceride (mmol/L) 1.22 (0.88–1.81) 2.08 (1.38–2.98) < 0.001 1.15 (0.83–1.76) 1.78 (1.22–2.86) < 0.001

Low-density lipoprotein
cholesterol (mmol/L)

2.94 ± 0.83 3.24 ± 0.88 < 0.001 2.86 ± 0.78 2.99 ± 0.83 < 0.001

High-density lipoprotein
cholesterol (mmol/L)

1.42 ± 0.34 1.28 ± 0.28 < 0.001 1.42 ± 0.43 1.31 ± 0.37 < 0.001

Triglyceride/high-density
lipoprotein cholesterol ratio

0.89 (0.58–1.44) 1.65 (1.03–2.61) < 0.001 0.85 (0.54–1.45) 1.41 (0.87–2.54) < 0.001

Body adiposity index 31.15 ± 4.23 32.44 ± 5.42 < 0.001 26.77 ± 3.61 27.32 ± 3.80 < 0.001

Lipid accumulation product
(cm mmol/L)

26.72 (15.52–47.07) 60.63 (37.09–93.41) < 0.001 19.44 (9.84–38.23) 42.93 (23.94–78.12) < 0.001

Cardiometabolic index 0.46 (0.29–0.78) 0.98 (0.57–1.49) < 0.001 0.42 (0.26–0.75) 0.77 (0.44–1.38) < 0.001

Diabetes (%) 553 (9.8) 66 (20.7) < 0.001 436 (9.7) 64 (9.5) 0.851

Hypertension (%) 2643 (47.0) 198 (62.1) < 0.001 2348 (52.3) 408 (60.4) < 0.001

History of cardiovascular diseasea (%) 639 (11.4) 62 (19.4) < 0.001 308 (6.9) 69 (10.2) 0.002

Data are expressed as mean ± standard deviation or median (interquartile range) for continuous variables, and frequencies (percentages) for categorical
variables
a Including coronary heart disease, arrhythmia, and heart failure
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comparison with the top versus bottom quartiles of adiposity
phenotypes, the probability of hyperuricemia increased by
1.6-fold in BAI, 5.8-fold in LAP, and 5.0-fold in CMI.

All anthropometric parameters presented positive and sta-
tistically significant associations detected by Pearson’s coeffi-
cients with the strongest relationship observed between BAI
and BMI in females andmales (Table 2). Although significant,
LAP and CMI had lower correlation with BMI and WC, and
there were no differences among females and males.

As listed in Table 3, in the univariate linear regression
model (model 1), the strong positive associations of BAI,
LAP, and CMI with SUA were noted. After multivariable
adjustment (model 2), BAI, LAP, and CMI consistently
remained as robust and independent determinants of SUA
among both sexes (β 0.118, 0.206, and 0.175 in females; β
0.043, 0.203, and 0.164 in males, respectively; all P < 0.001).
For females, per 1 SD increment in BAI, SUA increased on
average 7.61 μmol/L, whereas CMI and LAP were 11.30 and
13.28 μmol/L higher. Likewise, the magnitude of the

association of the average SUA increase per 1 SD increment
in LAP was larger than that for CMI and BAI (16.51 versus
13.32 and 3.51 μmol/L, respectively) in males. Indeed, the
proportion of hyperuricemia variability that can be attributed
to the variation in the adiposity measures was 3.1% for LAP,
2.6% for CMI, and 1.3% for BAI in females. For males, the
variability by the measures of adiposity was 3.2% for LAP,
2.3% for CMI, and 0.2% for BAI.

ORs and 95% CI for prevalent hyperuricemia according to
sex-specific BAI, LAP, and CMI quartiles and BAI, LAP, and
CMI as continuous variables were shown in Table 4. It was
worthy of noting that raised BAI, LAP, and CMI, either
expressed as sex-specific quartiles or expressed as a continu-
ous variable, had significantly greater risks of hyperuricemia
in all of the models. There was a significant linear trend
among the four BAI, LAP, and CMI groups for hyperuricemia
even after multivariable adjustment (allP < 0.001). In the fully
adjusted multivariable model (model 3), the risk of prevalent
hyperuricemia increased robustly with higher CMI, LAP, and

Fig. 2 The prevalence of hyperuricemia by quartiles of BAI, LAP, and
CMI. The proportion of prevalent hyperuricemia demonstrated a
significant trend with stepwise increase across ascending quartiles of

BAI, LAP, and CMI (all P for linear trend < 0.001). BAI, body
adiposity index; LAP, lipid accumulation product; CMI, cardiometabolic
index

Fig. 1 Sex-specific mean values (± SD) of serum uric acid (SUA) strat-
ified by quartiles of BAI, LAP, and CMI. Data are presented as means ±
SDs. SUA demonstrated a significant increasing trend among the four

BAI, LAP, and CMI quartiles (all P for trend < 0.001). BAI, body adipos-
ity index; LAP, lipid accumulation product; CMI, cardiometabolic index;
SUA, serum uric acid. *P < 0.001; **P < 0.05
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BAI quartiles (> 206%, 750%, and 494% increase in OR from
the 1st to the 4th BAI, LAP, and CMI quartile, respectively) in
females. For males, the odds of hyperuricemia increased 1.62,
5.55, and 3.88 times at the 75th percentile of BAI (OR 1.622,
95% CI 1.258–2.091), LAP (OR 5.549, 95% CI 3.907–
7.880), and CMI (OR 3.878, 95% CI 2.830–5.313). When

BAI, LAP, and CMI were entered as a continuous variable
in the adjusted model above (model 3), we revealed a 36%,
39 and 33% higher risk for hyperuricemia with each SD in-
crement in BAI, LAP, and CMI levels in females, respectively.
Similar results were acquired for the independent effect of
BAI, LAP, and CMI on hyperuricemia in males (ORs for each
BAI, LAP, and CMI SD increase 1.141 [1.045–1.245], 1.469
[1.347–1.601], and 1.327 [1.231–1.431], respectively).

Discussion

Novel findings in our study highlighted that BAI, LAP, and
CMI could be applied to assess body composition as such or
to derive some insight into the risk of hyperuricemia linked
with either excess adiposity or specific patterns of adipose
tissue distribution. This study may further support the promi-
nent role of VAT (quantified by LAP and CMI) that is intrin-
sically different than overall adiposity (indicated by BMI) in
the manifestation of cardiometabolic disease such as

Table 2 Pearson’s correlation (r) among adiposity indices in females
and males a

Females Males

BAI LAP CMI BAI LAP CMI

BMI 0.68b 0.44b 0.30b 0.67b 0.44b 0.32b

WC 0.54b 0.54b 0.35b 0.50b 0.52b 0.34b

BMI, body mass index; WC, waist circumference; BAI, body adiposity
index; LAP, lipid accumulation product; CMI, cardiometabolic index
a The correlation analyzes between men and women were performed for
BMI and BAI (P value 0.334), LAP (P value 0.472), CMI (P value
0.245), as well as for WC and BAI (P value: 0.004), LAP (P value:
0.144), CMI (P value: 0.551)
bP < 0.001

Table 3 Sex-specific linear
regression models predicting
change in serum uric acid per SD
increase in BAI, LAP, and CMI

Variables Serum uric acid (μmol/L)

R2 Standardized β B (95% CI) Partial R2 P value

Females

BAI

Model 1 0.013 0.115 7.409 (5.777–9.041) < 0.001

Model 2a 0.168 0.118 7.610 (6.030–9.191) 0.013 < 0.001

LAP

Model 1 0.095 0.308 19.901 (18.338–21.464) < 0.001

Model 2 0.234 0.206 13.278 (11.602–14.954) 0.031 < 0.001

CMI

Model 1 0.074 0.271 17.505 (15.924–19.086) < 0.001

Model 2 0.229 0.175 11.300 (9.727–12.873) 0.026 < 0.001

Males

BAI

Model 1 0.002 0.047 3.803 (1.589–6.017) < 0.001

Model 2a 0.128 0.043 3.505 (1.353–5.657) 0.002 0.001

LAP

Model 1 0.072 0.268 21.787 (19.652–23.923) < 0.001

Model 2 0.187 0.203 16.505 (14.223–18.787) 0.032 < 0.001

CMI

Model 1 0.050 0.224 18.177 (16.017–20.338) < 0.001

Model 2 0.179 0.164 13.316 (11.154–15.478) 0.023 < 0.001

Models constructed with serum uric acid as dependent variables and BAI, LAP, and CMI as independent vari-
ables. Nonstandardized (B) and standardized correlation coefficients (β) are per 1 SD increase in BAI, LAP, and
CMI. Model 1: unadjusted; model 2: adjusted for age, race, educational status, family annual income, physical
activity, diet score, sleep duration, cigarette smoking, alcohol consumption, bodymass index, blood urea nitrogen,
estimated glomerular filtration rate, diabetes, hypertension, and history of cardiovascular disease. 95% CI, 95%
confidence interval; BAI, body adiposity index; LAP, lipid accumulation product; CMI, cardiometabolic index
a The model did not include body mass index in the multivariate analysis of BAI and serum uric acid
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hyperuricemia. Therapeutic strategies targeting at the modifi-
able adiposity indices, such as BAI, LAP, and CMI, may have
a beneficial effect in preventing or delaying the future devel-
opment of hyperuricemia.

Obesity constitutes a global health issue and is increasingly
recognized as a heterogeneous condition with a cluster of
metabolic derangements postulated to explain its association
with hyperuricemia and CVD [8–11]. Anthropometric
markers of obesity, as proxies for more direct measurement
of total body fat (BMI) and fat stored in specific body depots

(WC andWHtR), such as the abdomen, have been the subjects
of numerous previous studies to interpret the influences of
obesity on hyperuricemia risk [8–11, 34]. However, BMI is
criticized for its single estimate of the degree of body adipose
tissue and does neither differentiate between a higher body fat
content and increased lean mass nor fully reflect the amount
and distribution of body fat, among which VAT is correlated
with several deleterious pathophysiological processes
resulting in a dysfunctional cardiometabolic phenotype than
SAT [35, 36]. Additionally, given that Asians have an

Table 4 Odds ratios and 95% CIs for hyperuricemia according to sex-specific BAI, LAP, and CMI as continuous variables and quartiles

Variables Quartile 1 Quartile 2 Quartile 3 Quartile 4 P for trend and
SD increment

Females

BAI ≤ 28.61 28.61–30.92 30.92–33.51 > 33.51

Model 1 1.000 (reference) 1.176 (0.826–1.673) 1.265 (0.894–1.791) 1.981 (1.436–2.731) < 0.001

Model 2 1.000 (reference) 1.155 (0.811–1.646) 1.205 (0.848–1.712) 1.812 (1.302–2.532) < 0.001

Model 3a 1.000 (reference) 1.227 (0.852–1.767) 1.371 (0.952–1.974) 2.064 (1.456–2.926) < 0.001

Per SD increment (model 3)a 1.361 (1.224–1.513) < 0.001

LAP ≤ 16.00 16.00–27.78 27.78–50.25 > 50.25

Model 1 1.000 (reference) 2.025 (1.126–3.641) 4.464 (2.620–7.606) 13.074 (7.920–21.582) < 0.001

Model 2 1.000 (reference) 1.972 (1.095–3.550) 4.274 (2.500–7.307) 12.407 (7.476–20.593) < 0.001

Model 3 1.000 (reference) 1.617 (0.887–2.946) 3.038 (1.721–5.363) 7.500 (4.238–13.274) < 0.001

Per SD increment (model 3) 1.393 (1.273–1.525) < 0.001

CMI ≤ 0.29 0.29–0.47 0.47–0.82 > 0.82

Model 1 1.000 (reference) 2.119 (1.240–3.620) 3.376 (2.040–5.589) 10.522 (6.595–16.786) < 0.001

Model 2 1.000 (reference) 2.071 (1.211–3.542) 3.220 (1.939–5.347) 9.981 (6.217–16.026) < 0.001

Model 3 1.000 (reference) 1.525 (0.884–2.630) 1.920 (1.136–3.244) 4.944 (2.983–8.193) < 0.001

Per SD increment (model 3) 1.332 (1.224–1.448) < 0.001

Males

BAI ≤ 24.66 24.66–26.68 26.68–28.99 > 28.99

Model 1 1.000 (reference) 1.368 (1.070–1.749) 1.470 (1.153–1.874) 1.747 (1.379–2.214) < 0.001

Model 2 1.000 (reference) 1.349 (1.053–1.728) 1.433 (1.121–1.832) 1.779 (1.396–2.268) < 0.001

Model 3a 1.000 (reference) 1.301 (1.009–1.679) 1.346 (1.043–1.737) 1.622 (1.258–2.091) < 0.001

Per SD increment (model 3)a 1.141 (1.045–1.245) 0.003

LAP ≤ 10.63 10.63–21.80 21.80–43.34 > 43.34

Model 1 1.000 (reference) 1.459 (1.034–2.060) 3.848 (2.840–5.213) 7.487 (5.596–10.018) < 0.001

Model 2 1.000 (reference) 1.449 (1.026–2.047) 3.733 (2.751–5.067) 7.180 (5.354–9.628) < 0.001

Model 3 1.000 (reference) 1.326 (0.928–1.893) 3.060 (2.192–4.272) 5.549 (3.907–7.880) < 0.001

Per SD increment (model 3) 1.469 (1.347–1.601) < 0.001

CMI ≤ 0.27 0.27–0.45 0.45–0.82 > 0.82

Model 1 1.000 (reference) 1.765 (1.283–2.428) 3.120 (2.320–4.195) 6.218 (4.694–8.238) < 0.001

Model 2 1.000 (reference) 1.867 (1.355–2.573) 3.254 (2.414–4.385) 6.361 (4.783–8.461) < 0.001

Model 3 1.000 (reference) 1.538 (1.108–2.135) 2.319 (1.697–3.168) 3.878 (2.830–5.313) < 0.001

Per SD increment (model 3) 1.327 (1.231–1.431) < 0.001

Model 1: unadjusted; model 2: adjusted for age, race, educational status, family annual income, physical activity, diet score, sleep duration, cigarette
smoking, alcohol consumption; model 3: adjusted for all the factors in model 2 and bodymass index, blood urea nitrogen, estimated glomerular filtration
rate, diabetes, hypertension, and history of cardiovascular disease.OR, odd ratio; 95%CI, 95% confidence interval;BAI, body adiposity index; LAP, lipid
accumulation product; CMI, cardiometabolic index
a The model did not include body mass index in the multivariate analysis of BAI and hyperuricemia
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apparently Bhealthy^ body weight yet are predisposed to vis-
ceral fat accumulation and insulin resistance than Western
populations, it was conceivable that BMI was not suitable
for diagnosing metabolic disorders, especially in Asians
[37]. As well, WC and WHtR are imprecise parameters be-
cause they are functions of both the SAT and VAT compart-
ments [17, 18]. Therefore, it is important to find obtainable
and accurate clinical tools for determination of total body
adipose tissue masses and diagnosis of visceral obesity in
the setting of the variation in metabolic risk among obese
subjects. It is worth mentioning that a better understanding
of the risks linked with distinct adipose depots facilitates the
explanation of obesity heterogeneity.

At present, BAI has the advantage of being applicable in
the assessment of total body fat percentage and SAT, as well as
performs well as a useful predictor of obesity [19, 20].
Considerable evidence has raised uncertainties regarding the
performance of BAI in evaluating metabolic and cardiovascu-
lar health risk, with results both for and against the predictive
utility of BAI on diabetes, hypertension, and all-cause and
cardiovascular disease mortality [20–24]. Whether BAI can
accurately characterize the impact of adiposity on hyperurice-
mia has not previously been explored. Our study showed for
the first time that BAI was responsible for increased risk of
hyperuricemia, whereas denoted an inferior predictability than
other screening tools. Nevertheless, our study makes signifi-
cant advances to the current literature by the extending the
value of BAI as an alternative to established body adiposity
measures for detecting the presence of hyperuricemia, partic-
ularly when a weight measurement is not available.

The heterogeneity of biological and clinical manifestations
of obesity may result from the difference in adipose tissue
distribution [12, 13]. It is evident that different fat compart-
ments may be causally related to differential metabolic risk.
The visceral fat component, the most metabolically active fat
depot, warrants closer concern than general fat mass, in terms
of affecting cardiometabolic profiles [13, 38]. There is grow-
ing evidence that VAT represents a pathological adipose tissue
depot and has been prospectively linked to hyperuricemia risk
[6, 14–16]. For instance, in a cross-sectional study of 699
Korean participants with diabetes, Kim et al. advocated that
the mechanism of hyperuricemia in obesity was affected by
the visceral fat area but not by the subcutaneous fat area [14].
Data from the Ohtori study concurred with the above results
[15], where greater amounts of visceral fat measured by com-
puted tomography (CT) were shown to be strongly correlated
with hyperuricemia independently of other adipose depots. It
was worth mentioning that methods for an exact quantifica-
tion of body composition and fat distribution like CT and
magnetic resonance imaging are not readily available in large
epidemiological studies owing to a financial and time expen-
diture. In fact, there is an ongoing controversy as to which
parameter of central obesity supposed to be used in everyday

clinical practice to assess excess visceral deposition of body
fat-related hyperuricemia risk [34, 39, 40]. The attempt to
identify reliable visceral adiposity parameters able to assess
VAT has fostered a growing enthusiasm. Lately, a novel pa-
rameter, named CMI, has been put forward by Ichiro
Wakabayashi to assess the degree of body fat deposited vis-
cerally and provide a more complete understanding of viscer-
ally obese individuals at risk for diabetes and atherosclerotic
progression [25–27], yet no information exists on its conse-
quences of hyperuricemia. Conceptually, LAP is emerging as
a valuable tool for health screening purposes, which has of-
fered mechanistic insight into a well-known relation among
the quantity of visceral fat and its physiopathological effects in
the cardiometabolic system given its independent relationship
with metabolic syndrome and incident cardiovascular events
[28–30]. To the best of our knowledge, no study to date has
addressed whether the specific mechanism behind the associ-
ation of the influential adipose depot with the development of
hyperuricemia is specifically accounted for by LAP. It should
be noticed that much of the obesity-related risk for hyperuri-
cemia was mainly mediated through ectopic visceral adiposity
because adjustment for BMI basically could not eliminate the
LAP and CMI-correlated hyperuricemia risk. In this sense,
assessment of hyperuricemia could be improved with nontra-
ditional indexes (LAP and CMI) associated with VAT.

In light of recent data about BAI, LAP, and CMI, the predict-
ability of these tools in clinical practice for the quantitative eval-
uation of fat mass and for assessing excess visceral deposition of
body fat subjects at risk for hyperuricemia would be of great
public benefit. Under this scenario, our aims in a population-
based design were to explore whether there exist corresponding
differential relationships of these adiposity markers (BAI, LAP,
and CMI) reflective to different degrees of abdominal obesity
with the prevalence of hyperuricemia cross-sectionally. Due to
metabolic differences in abdominal (particularly visceral) fat vs.
general fat, it was known that body fat distribution, rather than
the degree of overall adiposity, contributed to more cardiovascu-
lar risk [12, 13]. This was in accordance with our current find-
ings, where the stronger association of hyperuricemia with LAP
and CMI as compared to BAI indicated the hypothesized role of
visceral fat as a unique, pathogenic fat depot. Our research built
on previous investigations by reporting the intriguing patterns of
LAP and CMI with hyperuricemia that are associated with VAT.
Higher visceral fat accumulation, expressed by elevated LAP and
CMI, had a greater influence on the uric acidmetabolism than the
less-specific BMI measure that included subcutaneous fat accu-
mulation, suggesting that VAT was a primary driver in the pro-
cess leading to hyperuricemia. Collectively, measurements of
LAP, CMI, and BAI offered conceivable pathophysiologic ex-
planations for the relationship of adiposity-related risks for
hyperuricemia.

It remains a matter of considerable interest as to the mech-
anisms of the responsible drivers (BAI, LAP, and CMI) for
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hyperuricemia in this context. First, owing to its role as an
endocrine organ secreting adipocytokines such as leptin and
adiponectin, which contribute to inflammation, insulin resis-
tance, and the risk of developing poor metabolic traits, the
VATcompartment has been assumed to be a unique pathogenic
fat depot [12, 41]. The manifestation of hyperuricemia associ-
ated with ectopic visceral adiposity is the effect of insulin on
proximal tubular urate transport of the kidney [2]. It is consid-
ered that altered renal handling of uric acid due to insulin resis-
tance or hyperinsulinemia effect, characterizing a state of in-
creased uric acid and sodium reabsorption from the renal tu-
bules which in turn can reduce urinary uric acid excretion, is
one of the pathophysiological causes for the existence of hy-
peruricemia [42, 43]. This hypothesis is supported by a
population-based study showing a causal positive association
of weight and fat mass explained by genetic variants with SUA
both in females and males, while no evidence to suggest that
SUA causally impacts on adiposity [44]. Thus, it is possible
that elevated SUA is a result of rather than a cause of adiposity.
Furthermore, lipogenesis and lipolysis are frequent findings in
persons with raised visceral abdominal fat accumulation in
which high content of free fatty acids (FFA) may flow into
the liver through the portal vein, a process that involves the
overproduction of very low-density lipoprotein and enhance-
ment of TG synthesis, resulting in hypertriglyceridemia [6].
The increased need for NADPH attributable to the excessive
inflow of FFA could mediate de novo purine synthesis by
means of the pentose phosphate pathway, an effect that is pos-
sibly related to the acceleration in hepatic production of uric
acid [45, 46]. This explanation is concordant with prior find-
ings, which disclose the association between VAT fat mass and
serum TG levels was significant and positive. As expected, a
statistically positive relationship is observed between TG and
SUA levels after adjustment for age, sex and other con-
founders, which mirrors the value of TG synthesis in the con-
text of UA production attributed to VAT [14, 45].

Some limitations should be acknowledged when
interpreting this study. Due to the cross-sectional nature
of our study, we are unable to assign causality to our
findings. Further studies are needed to determine whether
modification of adipose tissue distribution (quantified by
BAI, LAP, and CMI) can lead to improvement of diag-
nostic and therapeutic strategies for hyperuricemia. Also,
given that our results are predominantly applicable to
Chinese adults, generalizability to other racial or ethnic
populations is limited. Moreover, in the absence of uri-
nary uric acid data, the extent to which adiposity pheno-
types affect uric acid metabolism or the type of hyper-
uricemia could not be analyzed in the current study.
Despite these limitations, our study had important clini-
cal and public health implications.

This is the first large-scale study to reveal that BAI, LAP,
and CMIwere robust independent predictors of hyperuricemia

in the general population. Indeed, the hyperuricemia risk
worsened with a greater degree of BAI, supporting the idea
that early accumulation of overall adiposity was associated
with an adverse orientation of metabolic profile. Our results
also underlined the implications of LAP and CMI, measures
of adiposity that take into account the function of VAT com-
partments, in the aggregation of cardiovascular risk factors
that ultimately drive the occurrence of hyperuricemia. In this
sense, a more precise identification of the hyperuricemia state
together with the function and expansion capacity of adipose
tissue, getting insight into the broad cluster of adiposity phe-
notypes (BAI, LAP, and CMI), is of paramount importance for
early and effective prevention of chronic metabolic diseases. It
should be stressed that the adiposity–hyperuricemia pathway,
evaluated by three different indices, may be a key target for
efforts to compress CVD mortality on the basis of the adverse
health and functional consequences of hyperuricemia.

Conclusion

Our findings provided a unique, novel framework by which to
interpret hyperuricemia risk associated with raised BAI, LAP,
and CMI, as hallmarks of percent body fat and visceral ab-
dominal fat, and thereby add further impetus to understand the
heterogeneity of clinical outcomes in obesity. This study may
be clinically relevant in terms of primary preventive strategies
for hyperuricemia which may necessitate the need to monitor
excess VAT fat mass or whole body fat, namely higher LAP,
CMI, and BAI as potential predictive factors.
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