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Abstract

Background The association between several novel adiposity indices and hyperuricemia is inconclusive. Therefore, we aimed to
investigate this association so as to provide theoretical support for the management of hyperuricemia in overweight/obese
individuals.

Methods A cross-sectional study was carried out among 174,698 adults. The values of body adiposity index (BAI), conicity
index (CI), a body shape index (ABSI), body roundness index (BRI), visceral adiposity index (VAI), lipid accumulation product
(LAP) index, and cardiometabolic index (CMI) were divided into four quartiles, and multivariate logistic analysis was used to
analyze the association between them and hyperuricemia. Receiver operating characteristic curve and area under curve (AUC)
were used to evaluate the power of predictions for hyperuricemia.

Results After adjusting for confounding variables, LAP and CMI exhibited stronger association with hyperuricemia than other
indices. The odd ratio (OR) for hyperuricemia in the highest quartile of the LAP and CMI was 2.049 (CI 95% = 1.824-2.302) and
4.332(CI195% =3.938-4.765). The AUC value of LAP was 0.632 (95% CI = 0.626-0.637), p < 0.001; and the AUC value of CMI
was 0.687 (95% CI =0.682-0.692), p <0.001. The optimal cutoff values of LAP and CMI were 26.21 and 0.485, respectively.
Conclusions LAP and CMI, combination of WC and lipid parameters and reliable visceral adiposity indices, were strongly
associated with hyperuricemia than other indices. So they could be potential monitoring indicators for hyperuricemia manage-
ment in overweight/obese individuals.
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Introduction

Hyperuricemia has been a major public health problem world-
wide. In addition to contributing gout and nephrolithiasis, hy-
peruricemia is also related to diabetes, metabolic syndrome,
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and cardiovascular diseases [1-3]. Like other chronic meta-
bolic diseases, hyperuricemia is the result of the interaction of
genetic and extragenetic factors. Among these factors, obesity
is considered to be a common risk factor for hyperuricemia.
So some recommendations for the management of hyperuri-
cemia and gout emphasized the beneficial effects of weight
loss for hyperuricemia or gout patients with overweight/
obesity [4, 5].

Some traditional anthropometric indices, such as body mass
index (BMI), waist circumference (WC), waist to hip ratio
(WHR), and waist height ratio (WHtR), are commonly used
as weight management indicators. But they also have some
drawbacks. BMI can only identify the general obesity and
has weak capacity to distinguish between muscle and fat ac-
cumulation [6, 7]. Although WC, WHR, and WHtR are con-
sidered to be specific alternatives to assess abdominal obesity
[8], they cannot fully distinguish visceral fat, which is more
closely related to hyperuricemia from subcutaneous fat [9].

To compensate for these deficiencies of traditional indices,
several novel adiposity indices (body adiposity index (BAI),
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conicity index (CI), a body shape index (ABSI), body round-
ness index (BRI), visceral adiposity index (VAI), lipid accu-
mulation product (LAP) index, and cardiometabolic index
(CMI)) have been explored and proven to be more correlated
with metabolic abnormality than traditional anthropometric
indices [10, 11]. However, there are currently few comprehen-
sive studies to assess the relationship between these nontradi-
tional adiposity indices and hyperuricemia. Therefore, this
large-scale cross-sectional study was designed to compare
the relative strength of associations between hyperuricemia
and these new indices, which may provide a theoretical basis
for the precise management of overweight/obese individuals
with hyperuricemia.

Methods
Participants

In China, many enterprises and institutions organize em-
ployees every year to conduct routine physical examination,
which is used as a way to guarantee the health of employees
and some kind of welfare. This cross-sectional study was
based on the data of subjects who received routine physical
examination between November 2015 and June 2018 in
China’s Yangtze River Delta region. There were a total of
174,698 adults with complete data in this study. Ethical ap-
proval was obtained from the local ethics committee.

Anthropometric and biochemical measurements

Height and weight were measured with participants barefoot
and in light clothing on electronic scales. WC and hip circum-
ference (HC) were measured by well-trained nurses. WC was
obtained with an inelastic tape at the middle point of the lower
costal rib and the top of the iliac crest. HC was obtained at the
point of the maximum circumference of the buttocks.

Systolic and diastolic blood pressures (SBP/DBP) were
measured using automatic blood pressure monitor (HEM-
1000, OMRON). The blood samples of participants were col-
lected after a minimum of 8 h of overnight fasting. Serum
levels of fasting plasma glucose (FPG), plasma uric acid
(UA), liver enzymes (alanine aminotransferase (ALT), aspar-
tate aminotransferase (AST), alkaline phosphatase (ALP), to-
tal cholesterol (TC), triglyceride (TG), low-density lipoprotein
cholesterol (LDL-C), high-density lipoprotein cholesterol
(HDL-C), and serum creatinine (Scr) were measured by a
biochemical autoanalyzer.

Definitions

Hyperuricemia diagnosis for men and postmenopausal wom-
en was serum UA >420 pmol/L, and it was >350 pumol/L

@ Springer

in premenopausal women. The estimated glomerular filtration
ratio (eGFR) was calculated using the Chronic Kidney
Disease-Epidemiology Collaboration equation [12]. New ad-
iposity indices were calculated as following formulas:
BAI= (HC (cm)=Height'> (m))-18; CI= WC=

(0.100 x percliel); ABST = WC =+ (BME x height!):

BRI = 364.2-365.5 x \/1—(‘2V—§)2 + (0.5 x height)’; VAI

(males) = (39.68+(\1Y§8><BMI)) x (fos) % (abie): VAL (fe-

_ C G 152.
males) = (36458+(\{Y89><BMI)> * (os1) % (mrs): LAP

(males) = (WC — 65) x TG; LAP (females) =(WC —58) x

TG; CMI =752 x WHIR.

Statistical analysis

Data are expressed as numbers (percentage) or means + SD.
Statistical analysis was performed using SPSS 18.0 (SPSS
Inc.). Categorical variables were analyzed using the chi-
squared test, and ¢ test was used to test differences for contin-
uous variables. Partial correlation and logistic regression anal-
yses were applied to examine the association between new
body fat distribution indices and hyperuricemia. Partial corre-
lation was adjusted for age. When performing logistic regres-
sion analyses, the new body fat distribution indices were di-
vided into four quartiles and the first quartile was used as a
reference. Model 1 was with each new body fat distribution
indices along; model 2 was adjusted for age and gender; and
model 3 was adjusted for age, gender, traditional anthropo-
metric indices, biochemical indicators, eGFR, smoking status,
basic diseases, and medication (statins, diuretics, and hypo-
glycemic agents).

Receiver operating characteristic (ROC) analyses and the
area under ROC curves (AUC) were then used to evaluate the
predictive ability of the new adiposity indices for identifying
hyperuricemia and to identify the optimal cutoff values of
each new indices. The optimal cutoff value was determined
by the maximized Youden index value (SEN + SPE-1). p
value< 0.05 was considered statistically significant.

Results
The basic characteristics

Characteristics of 174,698 participants are summarized in
Table 1. The prevalence of hyperuricemia was 20.7%.
Compared with study population with normal UA level, indi-
viduals with hyperuricemia were more likely to be older, male,
non-smokers, and with significantly higher biomarkers except
DBP and eGFR. There were no significant statistical differ-
ences in traditional anthropometric indices except WC
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Table 1 Basic characteristics of

the participants Variable Total Normal UA High UA p value
No., n (%) 174,698 138,457 (79.3) 36,241 (20.7)
Age, year 45.0+12.5 45.1+12.5 44.7+124 <0.001
Male, n (%) 60.2% 59.8% 61.8% <0.001
Current smoking (%) 29.1% 30.1% 25.6% <0.001
Diabetes (%) 6.4% 6.6% 6.8% 0.426
Statin use (%) 0.23% 0.18% 0.2% 0.329
Antihypertensive treatment (%) 7.8% 7.8% 8.1% 0.061
BMI (kg/m?) 23.6+33 23.7+33 235+32 0.066
WC (cm) 79.4+10.1 79.5+£10.1 79.3+£10.0 <0.001
WHR 0.845+£0.072 0.845+0.072 0.846+£0.072 0.437
WHR 0.478 £0.055 0.478 +0.055 0.476 £0.053 0.513
SBP (mmHg) 124.5+£31.2 121.7+15.1 123.4+£16.9 <0.001
DBP (mmHg) 759+11.5 759+11.6 76.0£11.5 0.259
FPG (mmol/L) 570+1.18 5.62+1.20 5.85+1.08 <0.001
TC (mmol/L) 4.75+0.89 4.76£0.87 491+0.94 <0.001
TG (mmol/L) 1.51+1.27 1.35+1.07 2.10+1.73 <0.001
HDLc (mmol/L) 1.49+0.34 1.53+0.34 1.36+0.29 <0.001
LDLc (mmol/L) 2.68+0.76 2.66+0.75 2.77+0.79 <0.001
UA (umol/L) 339.8+£88.6 307.3+£62.6 463.9+59.0 <0.001
¢GFR (mL/min/1.73 m?) 69.8+£21.3 70.4£22.5 69.8 £20.7 0.173
ALT (U/L) 273+21.6 25.0+19.1 36.2+27.4 <0.001
AST (U/L) 21.8+£10.7 21.0+£9.9 24.8+12.7 <0.001
ALP (U/L) 65.2+18.6 64.5+18.7 67.8+17.9 <0.001
BAI 25.8+33 25.9+3.38373 25.6+3.14716 0.158
CI 18.6+1.2 18.6+1.3 18.6+1.2 0.831
ABSI 0.075+£0.004 0.074 +£0.004 0.075+0.004 0.198
BRI 3.01+£1.00 3.02+1.01 2.98+0.97 <0.001
VAI 1.85+£2.29 1.85+£2.34 1.87+2.09 0.147
LAP 26.7+7.8 24.1+13.8 36.2+17.39 <0.001
CMI 0.606 £0.690 0.528 +£0.584 0.867+£0.914 <0.001

UA, plasma uric acid; BMI, body mass index; WC, waist circumference; WHR, waist to hip ratio; WHIR, waist
height ratio; SBP, systolic blood pressure; DBP, diastolic blood pressure; FPG, fasting plasma glucose; 7C, total
cholesterol; TG, triglyceride; HDLc, high-density lipoprotein cholesterol; LDLc, low-density lipoprotein choles-
terol; eGFR, estimated glomerular filtration rate; AL7, alanine aminotransferase; AS7, aspartate aminotransferase;
ALP, alkaline phosphatase; BAI, body adiposity index; CI, conicity index; ABSI, a body shape index; BRI, body
roundness index; VA, visceral adiposity index; LAP, lipid accumulation product index; CMI, cardiometabolic

index

(p<0.001) in the two groups of individuals. Among the seven
new body fat distribution indices, only BRI, LAP, and CMI
(all p<0.001) were significantly higher in subjects with
hyperuricemia.

The relationship between new indices and UA level

The partial correlation among new indices (BAI, CI, ABSI,
BRI, VAIL LAP, CMI) and UA level is shown in Table 2. After
controlling for age, only LAP and CMI (»r=0.251, 0.276,
respectively; all p <0.001) showed positive correlations with
UA level. For men, high correlations were identified between
LAP and CMI (r=0.262, 0.283, respectively; all p <0.001)

and the levels of UA; for women, LAP and CMI (r=0.235,
0.264, respectively; all p<0.001) showed relatively lower
correlations with UA level than that of men.

The association between new indices
and hyperuricemia

The logistic regression analysis results are shown in Table 3.
After fully adjusting (model 3), only LAP and CMI but no
other new indices were significantly associated with hyperuri-
cemia. Compared with the first quartile, the other three quar-
tiles of LAP and CMI were strongly associated with hyperuri-
cemia. The ORs for hyperuricemia in the upper quartile of the

@ Springer



1058

Clin Rheumatol (2019) 38:1055-1062

Table 2 Partial correlations coefficients between new body fat
distribution indices and UA level

Total Men Women

r p values r p values r p values
BAI  —-0.003 0.544 0.001 0.943  —0.005 0.485
CI 0.001 0.815 —0.001 0.811 0.005 0.458
ABSI 0.006 0.164 0.006 0.271 0.005 0.421
BRI 0.004 0.327 0.004 0.444 0.004 0.601
VAI 0.005 0.231 0.009 0.074  —0.001 0.898
LAP 0251 <0.001 0262 <0.001 0235 <0.001
CMI 0276  <0.001 0283 <0.001 0264 <0.001

All adjusted for age; BAI body adiposity index; CI, conicity index; ABSI,
a body shape index; BRI, body roundness index; VAZ visceral adiposity
index; LAP, lipid accumulation product index; CMI, cardiometabolic
index

LAP were 2.049 (CI 95% =1.824-2.302) and p <0.001; the
ORs for hyperuricemia in the upper quartile of the CMI were
4.332(C1 95% = 3.938-4.765) and p < 0.001.

The AUC and optimal cutoff values of new indices

The ROC curves for the hyperuricemia incidence for new
indices are shown in Fig. 1. Among them, only LAP and
CMI were significant predictors for the risk of hyperuricemia.
The ability and optimal cutoff values of LAP and CMI to
predict hyperuricemia are summarized in Table 4. The AUC
value of LAP was 0.632 (95% CI=0.626-0.637), p <0.001,
and the cutoff value was 26.21 (Youden index =20%); for
men, the AUC value was 0.641 (95% CI=0.634-0.647),
»<0.001, and the cutoff value was 26.02 (Youden index =
21.5%); for women, the AUC value was 0.624 (95% Cl=
0.615-0.633), p<0.001, and the cutoff value was 19.42
(Youden index = 19%). The AUC value of CMI was 0.687
(95% CI=0.682-0.692), p<0.001, and the cutoff value was
0.485 (Youden index =27.8%); for men, the AUC value was
0.691 (95% CI=0.685-0.698), p < 0.001, and the cutoff value
was 0.497 (Youden index =28.7%); for women, the AUC
value was 0.682 (95% CI=0.674-0.690), p <0.001, and the
cutoff value was 0.485 (Youden index =26.6%).

Discussion

To our knowledge, this is the first large-scale cross-sectional
study comparing the association between seven new adiposity
indices (BAIL CI, ABSI, BRI, VAI, LAP, CMI) and hyperuri-
cemia. The present study demonstrated that LAP and CMI,
incorporating the WC and lipid parameters and reliable vis-
ceral adiposity indices, had stronger association with hyper-
uricemia than that of other indices. This result provides a new

@ Springer

idea for the comprehensive management of overweight/obese
individuals with hyperuricemia.

The overall prevalence of hyperuricemia was 16.6% in
Australia, 21% in the USA, and 25% in Irish [13-15]. With
the rapid economic development and changes in the lifestyle,
the incidence of hyperuricemia is also rapidly rising in China
(from 1.4% in the 1980s, to 8.4% in the year 2009-2010) [16,
17]. A recent study reported that the incidence rate of hyper-
uricemia was 32.6% the southeast coastal region [18]. In this
study, the prevalence of hyperuricemia was 20.7%. Although
the prevalence of hyperuricemia varies significantly in differ-
ent regions, hyperuricemia has been a public health burden.

The positive relationship of excess body fat, especially vis-
ceral fat, with hyperuricemia has been well established. In
daily clinical practice, anthropometric indices are simple, con-
venient, and cost-effective assessment tool in the evaluation of
body mass, size, and shape, which are used in screening of
obesity and excess body fat. The relationship with hyperuri-
cemia of traditional anthropometric markers such as BMI,
WC, and WHIR has been explored [19, 20]. But these tradi-
tional indicators still have some shortcomings. In recent years,
some new adiposity indices have been proposed and consid-
ered predictors of metabolic abnormality.

So far, there was only one study that explored the relation-
ship between BAI and hyperuricemia, and showed a strong
association of hyperuricemia with BAI [10]. Contrary to the
existing research result, we did not find a significant associa-
tion between them in the present study. The contradiction may
result from the regional differences in subjects. BAI is an
alternative to BMI in determining the general obesity [21],
which has a weaker ability to distinguish fat distribution. So
the association found between BAI and cardiovascular disease
(CVD) or metabolic abnormality is inconsistent in different
races, genders, and regions [22, 23].

The accumulated fat in the abdominal region is related
to higher risks of obesity-related comorbidities [24].
Compared with BMI, WC can better describe abdominal
adiposity. Three new anthropomorphic indices (CI, ABSI,
and BRI), standardized WC for height or BMI, have been
proposed as useful index of abdominal obesity. And the
association between them and some metabolic diseases
has been established [25, 26]. But no prior work has ex-
plored the relationship between them and hyperuricemia. In
this study, the three new anthropomorphic indices were
negatively associated with hyperuricemia. The mechanisms
may be related to the characteristics of the WC itself.
Although the WC can reflect the accumulation of fat in
the abdomen, it has no ability to distinguish whether these
abdominal fats are subcutaneous adipose tissue (SAT) or
VAT which prospectively linked to hyperuricemia risk [9,
27]. This shortcoming of WC may exist in the new indica-
tors that evolved from it and explain the negative associa-
tion between them and hyperuricemia.
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Table 3  Logistic regression analysis for association between new body fat distribution indices and hyperuricemia
Ql Q2 Q3 Q4
OR (95% C.L.) p values OR (95% C.L) p values OR (95% C.1.) p values

BAI <23.64 23.64-25.69 25.69-27.92 >27.92

Model 1 1.000 (ref) 1.0259 (0.990-1.061) 0.163 1.052 (1.016-1.088) 0.004 0.772 (0.744-0.800) <0.001
Model 2 1.000 (ref) 0.981 (0.924-1.042) 0.535 0.971 (0.909-1.039) 0.397 0.936 (0.862-1.015) 0.109
Model 3 1.000 (ref) 0.959 (0.900-1.022) 0.199 0.930 (0.863-1.001) 0.053 0.895 (0.815-0.984) 0.021
CI <17.76 17.76-18.55 18.55-19.40 >19.40

Model 1 1.000 (ref) 0.971 (0.938-1.006) 0.100 0.994 (0.960-1.029) 0.736 0.978 (0.944-1.013) 0.207
Model 2 1.000 (ref) 0.998 (0.938-1.062) 0.954 1.053 (0.981-1.132) 0.155 1.144 (1.045-1.252) 0.003
Model 3 1.000 (ref) 0.931 (0.870-0.995) 0.035 0.943 (0.869-1.025) 0.168 0.966 (0.866-1.077) 0.535
ABSI <0.071 0.071-0.074 0.074-0.077 >0.077

Model 1 1.000 (ref) 1.014 (0.979-1.050) 0.428 0.998 (0.964-1.034) 0918 0.997 (0.963-1.033) 0.886
Model 2 1.000 (ref) 0.877 (0.820-0.938) <0.001 0.857 (0.788-0.932) <0.001 0.805 (0.722-0.897) <0.001
Model 3 1.000 (ref) 0.885 (0.824-0.950) 0.001 0.879 (0.803-0.963) 0.006 0.835 (0.741-0.941) 0.003
BRI <227 2.27-2.92 2.92-3.63 >3.63

Model 1 1.000 (ref) 0.956 (0.923-0.989) 0.010 0.949 (0.917-0.983) 0.003 0.880 (0.849-0.911) <0.001
Model 2 1.000 (ref) 0.815 (0.760-0.875) <0.001 0.724 (0.663-0.791) <0.001 0.658 (0.588-0.736) <0.001
Model 3 1.000 (ref) 1.287 (0.504-3.286) 0.598 1.162 (0.559-2.413) 0.688 1.083 (0.916-1.281) 0.350
VAI <0.83 0.83-1.31 1.31-2.13 >2.13

Model 1 1.000 (ref) 1.038 (0.995-1.084) 0.087 1.042 (0.998-1.088) 0.059 1.053 (1.009-1.099) 0.018
Model 2 1.000 (ref) 1.013 (0.958-1.072) 0.645 0.994 (0.939-1.053) 0.847 1.008 (0.949-1.070) 0.797
Model 3 1.000 (ref) 1.021 (0.964-1.080) 0.480 1.006 (0.949-1.066) 0.853 1.024 (0.963-1.088) 0.453
LAP <11.28 11.28-19.46 19.46-32.34 >32.34

Model 1 1.000 (ref) 1.171 (1.124-1.219) <0.001 1.673 (1.610-1.738) <0.001 3.170 (3.056-3.288) <0.001
Model 2 1.000 (ref) 1.195 (1.107-1.289) <0.001 1.422 (1.300-1.555) <0.001 1.846 (1.655-2.059) <0.001
Model 3 1.000 (ref) 1.247 (1.153-1.348) <0.001 1.537 (1.400-1.688) <0.001 2.049 (1.824-2.302) <0.001
CMI <0.269 0.269-0.429 0.429-0.694 >0.694

Model 1 1.000 (ref) 2.087 (1.971-2.210) <0.001 3.72 (3.529-3.932) <0.001 6.901 (6.548-7.274) <0.001
Model 2 1.000 (ref) 1.881 (1.743-2.031) <0.001 2.865 (2.641-3.109) <0.001 4.552 (4.150-4.993) <0.001
Model 3 1.000 (ref) 1.844 (1.708-1.992) <0.001 2.763 (2.543-3.001) <0.001 4.332 (3.938-4.765) <0.001

Model 1 was crude; model 2 was adjusted for age and gender; model 3 was adjusted for age, gender, traditional anthropometric indices, biochemical
indicators, eGFR, smoking status, basic diseases, and medication (statins, diuretics, and hypoglycemic agents); OR, odds ratio; C.I., confidence interval;
BAI, body adiposity index; CI, conicity index; ABSI, a body shape index; BRI, body roundness index; VAI, visceral adiposity index; LAP, lipid

accumulation product index; CMI, cardiometabolic index; Q, quartile

Compared with SAT, VAT has a stronger lipolysis and can
secrete more pro-inflammatory factors, which contributes to
more cardiovascular risk [28]. And some studies had proven
the significant association between CT-measured visceral fat
area (VFA) and hyperuricemia [29, 30]. The most accurate
measurements of visceral adiposity are imaging techniques.
But they are difficult to apply in clinical practice due to their
price, equipment requirements, and radiation exposure. So, ob-
tainable and accurate anthropometric indicators that can better
capture VAT are needed to be explored. The new indicators of
VAL LAP, and CMI, combination of WC, and lipid parameters
have been established to distinguish VAT from SAT. Previous
studies have found a significant association between these new
indicators and CVD risk or metabolic disease [22, 31, 32].

So far, there have been three studies on the correlation
between VAI and hyperuricemia, and all found that the
association of the VAI with hyperuricemia was significant
[11, 33, 34]. But we found negative association between
VAI and hyperuricemia in this study. These discrepancies
may be related to the ethnic and regional differences of
study samples. Until now, only one study has explored
the association between hyperuricemia and LAP and
CMI, and showed that LAP and CMI were responsible
for increased risk of hyperuricemia [10]. In the present
study, we also observed a strong association between hy-
peruricemia and LAP (OR =2.049) and CMI (OR =4.332).
But the AUC values of the LAP and CMI were not high
(0.632 and 0.687, respectively). After all, this is a cross-
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ROC Curve

ROC Curve
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Fig. 1 Receiver operating characteristic (ROC) curves of BAI, CI, ABSI,
BRI, VAL LAP, and CMI to identify subjects with hyperuricemia. BAI,
body adiposity index; CI, conicity index; ABSI, a body shape index; BRI,

sectional study and the optimal cutoff points need further
tests through longitudinal studies.

Several mechanisms have been proposed to explain the
stronger association of hyperuricemia with LAP and CML
To our knowledge, LAP and CMI are reliable visceral adipos-
ity parameters that can assess VAT. So the mechanism must be
discussed from the relationship between excess VAT and hy-
peruricemia. First, insulin resistance caused by excess VAT
may affect renal excretion and reabsorption of uric acid [35].
Second, stronger lipolysis of VAT can increase the flow of free
fatty acids (FFA) to the liver, which in turn affects the metab-
olism of purine [36]. Increased production of uric acid and
decreased excretion are the key pathophysiological causes of
hyperuricemia.

Weight loss from either surgery or diet is associated
with a decrease in UA levels [37, 38]. So, several major
guidelines recommended weight loss for gout or hyperuri-
cemia management in overweight/obese individuals [39,
40]. However, there is currently no research to determine
the optimal magnitude and intensity of weight loss [41].

1 - Specificity

T T T
06 08 10

1 - Specificity

body roundness index; VAI, visceral adiposity index; LAP, lipid
accumulation product index; CMI, cardiometabolic index

The main reason is the heterogeneity of obesity caused by
the difference in body fat distribution. For example, even
though some Asians’ BMI within the normal range, they
may already have excess visceral fat and insulin resistance
[42]. Therefore, the results of this study suggest that LAP
and CMI (monitor of excess VAT) could be potential mon-
itoring indicators for hyperuricemia management in
overweight/obese individuals.

Our study has several limitations. Since this study was nota
strict epidemiological investigation, we could not generalize
the findings to the wider Chinese population. Secondly, this is
only a cross-sectional study, so it cannot show a causal asso-
ciation between hyperuricemia and new body fat distribution
indices.

In conclusion, our results showed that LAP and CMI, as
hallmarks of excess VAT, were strongly positively associated
with hyperuricemia. In clinical practice, LAP and CMI which
are obtainable and cost-effective could be potential monitor-
ing indicators for hyperuricemia management in overweight/
obese individuals.

Table 4 The AUC with its 95% C.I. and cutoff values for predicting hyperuricemia by LAP and CMI

AUC (95% C.1.) p values Cutoff Sensitivity (%) Specificity (%) Youden index (%) PPV (%) NPV (%) LR+ LR

LAP

Total  0.632 (0.626-0.637) <0.001 2621  53.5 66.5 20 46.3 83.4 1.59 0.69

Men  0.641 (0.634-0.647) <0.001 26.02 59.5 21.5 31.3 83.9 1.55 0.65
Women 0.624 (0.615-0.633) <0.001 19.42 599 59.1 19 28.7 84.2 1.46 0.68
CMI

Total  0.687 (0.682-0.692) <0.001 0.485 65.8 27.8 352 86 1.73  0.55

Men  0.691 (0.685-0.698) <0.001 0.497 66.2 62.5 28.7 35.6 85.8 1.76  0.54
Women 0.682 (0.674-0.690) < 0.001 0485 62.7 63.9 26.6 35.1 85.9 1.74  0.58

AUC, area under the receiver operating characteristic curve; C.I., confidence interval; LAP, lipid accumulation product index; CMI, cardiometabolic
index; PPV, positive predictive value; NPV, negative predictive value; LR+, positive likelihood ratio; LR—, negative likelihood ratio

@ Springer



Clin Rheumatol (2019) 38:1055-1062

1061

Acknowledgments In the preparation and implementation of this study,
we get a lot of selfless help. All of our authors thank all those who have
helped us.

Funding information This study was supported by grants from Shanghai
Changning District Health Planning Commission Project (20144Y007)
and National Natural Science Foundation of China (81671595).

Compliance with ethical standards

Ethical approval was obtained from the local ethics committee.

Disclosures None.

Publisher’s Note Springer Nature remains neutral with regard to juris-
dictional claims in published maps and institutional affiliations.

References

10.

11.

12.

Kawada T (2018) Hyperuricaemia and type 2 diabetes mellitus.
Clin Exp Pharmacol Physiol 45(8):870

von Lueder TG, Girerd N, Atar D, Agewall S, Lamiral Z, Kanbay
M et al (2015) High-risk myocardial infarction database initiative
investigators. Serum uric acid is associated with mortality and heart
failure hospitalizations in patients with complicated myocardial in-
farction: findings from the high-risk myocardial infarction database
initiative. Eur J Heart Fail 17(11):1144-1151

Peng TC, Wang CC, Kao TW, Chan JY, Yang YH, Chang YW et al
(2015) Relationship between hyperuricemia and lipid profiles in US
adults. Biomed Res Int 2015:127596

Qaseem A, Harris RP, Forciea MA, Clinical Guidelines Committee
of the American College of Physicians (2017) Management of
acute and recurrent gout: a clinical practice guideline from the
American College of Physicians. Ann Intern Med 166(1):58—68
Hamburger M, Baraf HS, Adamson TC, Basile J, Bass L, Cole B
et al (2011) 2011 recommendations for the diagnosis and manage-
ment of gout and hyperuricemia. Phys Sportsmed 39(4):98-123
Nevill AM, Stewart AD, Olds T, Holder R (2006) Relationship
between adiposity and body size reveals limitations of BMI. Am J
Phys Anthropol 129(1):151-156

Bray GA, Smith SR, de Jonge L, Xie H, Rood J, Martin CK et al
(2012) Effect of dietary protein content on weight gain, energy
expenditure, and body composition during overeating: a random-
ized controlled trial. JAMA 307(1):47-55

Gu Z, Li D, He H, Wang J, Hu X, Zhang P et al (2018) Body mass
index, waist circumference, and waist-to-height ratio for prediction
of multiple metabolic risk factors in Chinese elderly population. Sci
Rep 8(1):385

Yamada A, Sato KK, Kinuhata S, Uehara S, Endo G, Hikita Y et al
(2016) Association of visceral fat and liver fat with hyperuricemia.
Arthritis Care Res (Hoboken) 68(4):553-561

Wang H, Sun Y, Wang S, Qian H, Jia P, Chen Y et al (2018 May 16)
Body adiposity index, lipid accumulation product, and cardiomet-
abolic index reveal the contribution of adiposity phenotypes in the
risk of hyperuricemia among Chinese rural population. Clin
Rheumatol. https://doi.org/10.1007/s10067-018-4143-x.

Gu D, Ding Y, Zhao Y, Miao S, Qu Q (2018) Positively increased
visceral adiposity index in hyperuricemia free of metabolic syn-
drome. Lipids Health Dis 17(1):101

Levey AS, Stevens LA, Schmid CH, Zhang YL, Castro AF,
Feldman HI et al (2009) A new equation to estimate glomerular
filtration rate. Ann Intern Med 150(9):604-612

13.

14.

15.

17.

18.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

Ting K, Gill TK, Keen H, Tucker GR, Hill CL (2016) Prevalence
and associations of gout and hyperuricaemia: results from an
Australian population-based study. Intern Med J 46(5):566-573
Zhu Y, Pandya BJ, Choi HK (2011) Prevalence of gout and hyper-
uricemia in the US general population: the National Health and
Nutrition Examination Survey 2007-2008. Arthritis Rheum
63(10):3136-3141

Kumar AU, Browne LD, Li X, Adeeb F, Perez-Ruiz F, Fraser AD
et al (2018) Temporal trends in hyperuricaemia in the Irish health
system from 2006-2014: a cohort study. PLoS One 13(5):¢0198197
Lai SW, Tan CK, Ng KC (2000) Epidemiology of hyperglycemia in
elderly persons. J Gerontol A Biol Sci Med Sci 55(5):M257-M259
Liu H, Zhang XM, Wang YL, Liu BC (2014) Prevalence of hyper-
uricemia among Chinese adults: a national cross-sectional survey
using multistage, stratified sampling. J Nephrol 27(6):653-658
Yang X, Xiao Y, Liu K, Jiao X, Lin X, Wang Y et al (2018)
Prevalence of hyperuricemia among the Chinese population of the
southeast coastal region and association with single nucleotide
polymorphisms in urate-anion exchanger genes: SLC22A12,
ABCG2 and SLC2A9. Mol Med Rep 18(3):3050-3058

Chen JH, Pan WH, Hsu CC, Yeh WT, Chuang SY, Chen PY et al
(2013) Impact of obesity and hypertriglyceridemia on gout devel-
opment with or without hyperuricemia: a prospective study.
Arthritis Care Res (Hoboken). 65(1):133-140

You L, Liu A, Wuyun G, Wu H, Wang P (2014) Prevalence of
hyperuricemia and the relationship between serum uric acid and
metabolic syndrome in the Asian Mongolian area. J Atheroscler
Thromb 21(4):355-365

Bergman RN, Stefanovski D, Buchanan TA, Sumner AE, Reynolds
JC, Sebring NG et al (2011) A better index of body adiposity.
Obesity (Silver Spring) 19(5):1083-1089

Marcadenti A, Fuchs FD, Moreira LB, Gus M, Fuchs SC (2017)
Adiposity phenotypes are associated with type-2 diabetes: LAP
index, body adiposity index, and neck circumference.
Atherosclerosis 266:145-150

Rost S, Freuer D, Peters A, Thorand B, Holle R, Linseisen J et al
(2018) New indexes of body fat distribution and sex-specific risk of
total and cause-specific mortality: a prospective cohort study. BMC
Public Health 18(1):427

Bowman K, Atkins JL, Delgado J, Kos K, Kuchel GA, Ble A et al
(2017) Central adiposity and the overweight risk paradox in aging:
follow-up of 130,473 UK Biobank participants. Am J Clin Nutr
106(1):130-135

Zhang J, Fang L, Qiu L, Huang L, Zhu W, Yu Y (2017) Comparison
of the ability to identify arterial stiffness between two new anthro-
pometric indices and classical obesity indices in Chinese adults.
Atherosclerosis 263:263-271

Chen X, Liu Y, Sun X, Yin Z, Li H, Deng K et al (2018)
Comparison of body mass index, waist circumference, conicity
index, and waist-to-height ratio for predicting incidence of hyper-
tension: the rural Chinese cohort study. J] Hum Hypertens 32(3):
228-235

Kim TH, Lee SS, Yoo JH, Kim SR, Yoo SJ, Song HC et al (2012)
The relationship between the regional abdominal adipose tissue
distribution and the serum uric acid levels in people with type 2
diabetes mellitus. Diabetol Metab Syndr 4(1):3

Britton KA, Fox CS (2011) Ectopic fat depots and cardiovascular
disease. Circulation 124(24):e837—e841

Takahashi S, Yamamoto T, Tsutsumi Z, Moriwaki Y, Yamakita J,
Higashino K (1997) Close correlation between visceral fat accumu-
lation and uric acid metabolism in healthy men. Metabolism 46(10):
1162-1165

Hikita M, Ohno I, Mori Y, Ichida K, Yokose T, Hosoya T (2007)
Relationship between hyperuricemia and body fat distribution.
Intern Med 46(17):1353-1358

@ Springer


https://doi.org/10.1007/s10067-018-4143-x.

1062

Clin Rheumatol (2019) 38:1055-1062

31

32.

33.

34.

35.

36.

37.

Janghorbani M, Aminorroaya A, Amini M (2017) Comparison of
different obesity indices for predicting incident hypertension. High
Blood Press Cardiovasc Prev 24(2):157-166

Wakabayashi I, Daimon T (2015) The “cardiometabolic index” as a
new marker determined by adiposity and blood lipids for discrim-
ination of diabetes mellitus. Clin Chim Acta 438:274-278
Krajcoviechova A, Tremblay J, Wohlfahrt P, Bruthans J, Tahir MR,
Hamet P et al (2016) The impact of blood pressure and visceral
adiposity on the association of serum uric acid with albuminuria
in adults without full metabolic syndrome. Am J Hypertens 29(12):
1335-1342

Dong H, Xu Y, Zhang X, Tian S (2017) Visceral adiposity index is
strongly associated with hyperuricemia independently of metabolic
health and obesity phenotypes. Sci Rep 7(1):8822

Facchini F, Chen YD, Hollenbeck CB, Reaven GM (1991)
Relationship between resistance to insulin-mediated glucose up-
take, urinary uric acid clearance, and plasma uric acid concentra-
tion. JAMA 266(21):3008-3011

Seyed-Sadjadi N, Berg J, Bilgin AA, Grant R (2017) Visceral fat
mass: is it the link between uric acid and diabetes risk? Lipids
Health Dis 16(1):142

Dessein PH, Shipton EA, Stanwix AE, Joffe BI, Ramokgadi J
(2000) Beneficial effects of weight loss associated with moderate

@ Springer

38.

39.

40.

41.

42.

calorie/carbohydrate restriction, and increased proportional intake
of protein and unsaturated fat on serum urate and lipoprotein levels
in gout: a pilot study. Ann Rheum Dis 59(7):539-543

Fan J, Xu JH, Wang J, Wang GZ, Zhang YQ, Liu XZ (2014) Effects
of laparoscopic adjustable gastric banding on weight loss, metabo-
lism, and obesity-related comorbidities: 5-year results in China.
Obes Surg 24(6):891-896

Richette P, Doherty M, Pascual E, Barskova V, Becce F et al (2017)
Castafieda-Sanabria J, 2016 updated EULAR evidence-based rec-
ommendations for the management of gout. Ann Rheum Dis 76(1):
29-42

Dalbeth N, Bardin T, Doherty M, Lioté F, Richette P, Saag KG et al
(2017) Discordant American College of Physicians and internation-
al theumatology guidelines for gout management: consensus state-
ment of the Gout, Hyperuricemia and Crystal-Associated Disease
Network (G-CAN). Nat Rev Rheumatol 13(9):561-568

Nielsen SM, Bartels EM, Henriksen M, Wahrens EE, Gudbergsen
H, Bliddal H et al (2017) Weight loss for overweight and obese
individuals with gout: a systematic review of longitudinal studies.
Ann Rheum Dis 76(11):1870-1882

Deurenberg P, Deurenberg-Yap M, Guricci S (2002) Asians are
different from Caucasians and from each other in their body mass
index/body fat per cent relationship. Obes Rev 3(3):141-146



	Association between hyperuricemia and nontraditional adiposity indices
	Abstract
	Abstract
	Abstract
	Abstract
	Abstract
	Introduction
	Methods
	Participants
	Anthropometric and biochemical measurements
	Definitions
	Statistical analysis

	Results
	The basic characteristics
	The relationship between new indices and UA level
	The association between new indices and hyperuricemia
	The AUC and optimal cutoff values of new indices

	Discussion
	References


