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Hip circumference has independent 
association with the risk of hyperuricemia 
in middle-aged but not in older male patients 
with type 2 diabetes mellitus
Wenyi Lu1, Xuan Zhao1, Jinye Sheng1, Xuelin Zhao1, Qingya Tang1, Hongmei Zhang2*, Yi Feng1,3* and 
Yang Niu1,3* 

Abstract 

Background Obesity and type 2 diabetes mellitus (T2DM) are risk factors for hyperuricemia. However, which anthro-
pometric indices can better predict incident hyperuricemia in patients with T2DM remains inconsistent. This study 
aimed to examine the associations between hyperuricemia and different anthropometric indices in middle-aged 
and older male patients with T2DM.

Methods In this retrospective study, a total of 1447 middle-aged (45—65 years, n = 791) and older (≥ 65 years, 
n = 656) male patients with T2DM were collected from December 2015 to January 2020 at Shanghai Xinhua Hospital. 
Hyperuricemia was defined as a serum uric acid level above 7.0 mg/dL. Weight, height, waist circumference (WC) 
and hip circumference (HC) were measured by trained nurses at visit.

Results The median uric acid level of subjects was 5.6 (interquartile ranges: 4.7—6.7) mg/dl, and 279 (19.3%) were 
hyperuricemia, with 146 (18.5%) in the middle-aged group, and 133 (20.3%) in the older group. After adjusting for age, 
duration of T2DM, fasting plasma glucose and insulin, homeostasis model assessment-β, aspartate aminotransferase, 
triglycerides, high-density lipoprotein cholesterol and estimated glomerular filtration rate, body mass index (BMI), 
WC, HC, and waist-to-height ratio (WHtR) were associated with a higher risk of hyperuricemia in both middle-aged 
and older group (P < 0.05). After further adjusting for BMI and WC, HC still showed a positive relationship with the risk 
of hyperuricemia (Odds Ratio = 1.51, 95% confidence intervals: 1.06—2.14) in the middle-aged group, but such rela-
tionship was not found in the older group. Moreover, according to receiver operating characteristic analysis, the opti-
mal cutoff value was 101.3 cm of HC for hyperuricemia screening in the middle-aged male patients with T2DM.

Conclusion In middle-aged male patients with T2DM, more attention should be paid to HC with the cutoff value 
of 101.3 cm in clinical practice for early recognition of individuals with a high risk of hyperuricemia for targeted guid-
ance on disease prevention, such as community screening.
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Introduction
Type 2 diabetes mellitus (T2DM) is considered as a pub-
lic health problem worldwide. 537 million adults are liv-
ing with diabetes, according to the latest report in the 
International Diabetes Federation Diabetes Atlas [1]. 
Over the past three decades, the prevalence of diabetes 
in China has a sharp increase, resulting in its being the 
most populous country with an estimated 109.6 million 
adults with diabetes [2]. Accumulated studies have dem-
onstrated that hyperuricemia (HUA), defined as the pres-
ence of an increased serum uric acid (UA) concentration, 
is common in patients with T2DM.

UA is a metabolite derived from the oxidation of purine 
compounds, and it is also an important biological regula-
tor. Although the previous study showed no evidence of 
clinically meaningful benefits of serum urate reduction 
on kidney outcomes among patients with early-tomoder-
ate diabetic kidney disease [3]. The level of UA exceeding 
the physiological level has been suggested as an impor-
tant role in the development of metabolic diseases and 
cardiovascular disease. One prospective cohort study 
found that HUA was positively associated with all-cause 
mortality and cardiovascular disease mortality in patients 
with diabetes [4]. Another prospective cohort study of 
123,238 Chinese patients showed that participants with 
the highest quintile of serum urate had 1.91‐fold higher 
risk of atrial fibrillation [5]. HUA is also an independent 
risk factor for hypertension [6]. Some studies suggested 
that the pathogenesis is related to the redox-dependent 
signaling and oxidative stress induced by HUA in adipo-
cytes, and oxidative stress in the adipose tissue has been 
recognized as a major cause of insulin resistance and car-
diovascular disease [7]. Therefore, it is important to find 
out a simple and rapid detection method for early recog-
nition of individuals with high risk of HUA for targeted 
guidance on disease prevention, such as community 
screening.

Although growing evidence has found that HUA is 
associated with obesity and body mass index (BMI) 
[8–10], the role of body fat distribution in UA metabo-
lism is still ambiguous. BMI as an overall evaluation 
of general obesity, cannot distinguish between muscle 
and fat accumulation, which means it cannot compre-
hensively assess the metabolic differences. And several 
studies have shown that lower body circumference is 
inversely associated with metabolic diseases, such as 
diabetes, cardiovascular diseases, and total mortality, 
unlike upper body circumference [11–14]. Some stud-
ies suggested that the pattern of body fat distribution 

is a more important determinant of disease risk than 
BMI. A standardized case–control study of acute myo-
cardial infarction showed that the population-attrib-
utable risks of myocardial infarction for increased 
waist-to-hip ratio (WHR) in the top two quintiles was 
24.3% compared with only 7.7% for the top two quin-
tiles of BMI [15]. In another study of 2,683 post-men-
opausal women, after adjustment for cardiovascular 
risk factors, both elevated trunk fat and reduced leg fat 
were associated with increased risk of cardiovascular 
disease, whereas neither whole-body fat mass nor fat 
percentage showed significant associations [16]. Due 
to the advantages of convenience, simplicity, harm-
lessness, and low cost, anthropometric measurements, 
especially circumferences, are useful options for esti-
mating fat distribution and body composition, particu-
larly in large-scale population-based studies.

Accordingly, this study aimed to examine the relation-
ship between different anthropometric indices, includ-
ing BMI, waist circumference (WC), hip circumference 
(HC), WHR, and waist-to-height ratio (WHtR), and the 
risk of HUA in patients with T2DM. Furthermore, con-
sidering the age- and gender-specific differences in the 
prevalence and risk factors of hyperuricemia have been 
reported [17–19], the current study focused on the mid-
dle-aged and older male subjects.

Materials and methods
Study population
A retrospective cross-sectional study was conducted at 
Xinhua Hospital, School of Medicine, Shanghai Jiao Tong 
University. Male patients with T2DM, diagnosed accord-
ing to American Diabetes Association 2013 criteria [20], 
aged 45 years and above were included, from December 
2015 to January 2020. The current study excludes patients 
with a treatment of HUA, missing data of anthropomet-
ric indices, and patients with terminal diseases, such 
as organ failure (Fig.  1). This study was approved by 
the Ethics Committee of Xinhua Hospital affiliated to 
Shanghai Jiao Tong University School of Medicine (No. 
XHEC-D-2022–091).

Data collections
Anthropometric assessments
Weight and height were measured by trained nurses at 
visit with indoor clothing and without shoes. WC and 
HC were measured using a measuring tape in a stand-
ing position. For the WC measurement, the tape was 
wrapped at mid-height between the lower edge of the 
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last rib and the upper edge of the iliac crest. And HC was 
measured by applying the measuring tape at the most 
prominent part of the buttocks. All measurements were 
performed in duplicate and averaged. All anthropometric 
indices were recorded to the nearest 0.1 cm or kg.

WHR and WHtR were calculated as the WC (cm) 
divided by the HC (cm) and height (cm), respectively.

Definition of HUA
HUA was defined as a serum UA level above 7.0  mg/
dL [21]. Subjects were divided into HUA group 
(UA ≥ 7.0 mg/dL) and non-HUA group (UA < 7.0 mg/dL) 
according to the serum UA level. And UA was measured 
in overnight fasting state and detected by the uricase 
method using a Hitachi 7600 automatic biochemical ana-
lyzer (Hitachi, Tokyo, Japan).

Covariates
The essential information was collected from hospital 
electronic records, including sex, age and previous medi-
cal history. Blood Pressure (BP) was measured with an 
automated electronic device (Omron J710; Omron Com-
pany, Kyoto, Japan) after the subjects sat down and rested 
quietly for > 5 min. Peripheral venous blood samples were 
collected after 10 h of overnight fasting and sent to the 
Clinical Laboratory Center for laboratory test. Serum 

concentrations of creatinine, triglycerides (TG), high-
density lipoprotein cholesterol (HDL-C), low-density 
lipoprotein cholesterol (LDL-C) and total cholesterol 
(TC) were measured by an enzymatic colorimetric assay 
(Type 7600; Hitachi, Tokyo, Japan). Fasting plasma glu-
cose (FPG), alanine aminotransferase (ALT) and aspar-
tate aminotransferase (AST) levels were measured by 
using an automated analyzer. Fasting insulin (FINS) 
was estimated by chemiluminescence method (Abbott 
ARCHITECT i2000R, Chicago, USA).

Homeostasis model assessment (HOMA) models were 
used to estimate insulin resistance (HOMA-IR) and β-cell 
function (HOMA-β, %), which were calculated by the fol-
lowing simplified equations: HOMA-IR = (FINS × FPG) / 
22.5, and HOMA-β = (20 × FINS) / (FPG—3.5) [22, 23]. 
The value of estimated glomerular filtration rate (eGFR) 
was calculated with the following equation: eGFR (mL/
min/1.37m2) = 175 ×  creatinine−1.234 ×  age−0.179, where 
creatinine is in mg/dl and age is in years [24].

Statistical analysis
The characteristics of patients were presented as the 
means ± standard deviation (SD) or medians (interquar-
tile ranges [IQR]). For the categorical variables, they 
were presented as numbers and percentages (%). Com-
parisons among the difference between HUA group and 

Fig. 1 Flow chart of collecting data. Abbreviation: T2DM, type 2 diabetes mellitus; HUA, hyperuricemia
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non-HUA group were conducted using the independent 
two-tailed t-tests or Wilcoxon signed-rank tests. The 
association between potential covariates and UA levels 
was assessed through Spearman correlation analysis. 
Logistic regression models were used to evaluate the 
impacts of different anthropometric indices on the risk 
of HUA, including BMI, each SD increase in WC, HC, 
WHR, and WHtR.

Baseline covariates with P < 0.05 from the univariate 
analysis were subsequently included stepwise logistic 
regression analysis, and odds ratios (OR) and 95% confi-
dence intervals (CI) were calculated. In further multiple 
logistic regression analysis, Model 1 was an unadjusted 
regression; Model 2 was a regression with FPG, FINS, 
HOMA-β, AST, TG, HDL-C and eGFR adjusted; Model 3 
was a regression with BMI adjusted building upon Model 
2; Model 4 was a regression with WC adjusted building 
upon Model 3.

Because of the independent association between 
HC and HUA shown in the full adjusted model in the 
middle-aged group, we further performed the receiver 
operating characteristic (ROC) analysis and the area 
under ROC curves (AUC) to evaluate the predictive 
power and optimal cutoff value of HC for identify-
ing HUA in this age group. The optimal cutoff value 
was determined by the maximized Youden index value 
(Sensitivity + Specificity—1).

All analyses were performed using IBM SPSS Statistics 
version 25 (IBM Corp., Armonk, NY, USA). Two-sided P 
value < 0.05 was considered statistically significant.

Results
Characteristics of subjects
A total of 1447 subjects aged 45 to 91  years old were 
included in this study, 791 (54.7%) being middle-aged 
(aged 45—64  years old) and 656 (45.3%) being older 
(aged 65  years old and above). The median UA level 
was 5.6 (IQR: 4.7—6.7) mg/dl. HUA was observed in 
279 (19.3%) of the study population. The prevalence 
of HUA was no statistical difference between the mid-
dle-aged group and the older group (18.5% vs. 20.3%, 
respectively; P = 0.383).

Table  1 summarized the characteristics of study sub-
jects between the HUA and non-HUA groups. Subjects 
in the HUA group were more likely to be with a higher 
FINS, HOMA-β, TG, and a lower HDL-C and eGFR level 
than those in the non-HUA group in both middle-aged 
group and older group (all P < 0.05). In addition, the HUA 
group had a longer duration of T2DM and a lower FPG 
in the middle-aged group (all P < 0.05). Compared with 
non-HUA subjects, BMI, WC, HC, and WHtR of subjects 
with HUA were higher in both middle-aged and older 
group (all P < 0.05).

Different anthropometric indices and the risk 
of hyperuricemia
As can be seen in Table  2, BMI, WC, HC, WHR and 
WHtR showed positive correlations with UA levels 
(r = 0.224, 0.184, 0.153, 0.129, 0.183, respectively; all 
P < 0.001), although there was no significant difference in 
WHR between HUA and non-HUA groups in the total 
subjects (median [IQR], 0.96 [0.93—1.00] vs. 0.96 [0.92—
0.99], P > 0.05).

In the middle-aged group (Table 3), logistic regression 
results showed that higher BMI (Model 1: OR = 1.10, 
95%CI: 1.05—1.17; Model 2: OR = 1.07, 95%CI: 1.01—
1.14), and each SD increase in WC (Model 1: OR = 1.39, 
95%CI: 1.16—1.65; Model 2: OR = 1.27, 95%CI: 1.04—
1.56), HC (Model 1: OR = 1.48, 95%CI: 1.23—1.78; Model 
2: OR = 1.40, 95%CI: 1.14—1.72) and WHtR (Model 1: 
OR = 1.36, 95%CI: 1.14—1.63; Model 2: OR = 1.25, 95%CI: 
1.01—1.54) were positively associated with the risk of 
HUA in the unadjusted model and after adjusting for 
age, duration of T2DM, FPG, FINS, HOMA-β, AST, TG, 
HDL-C and eGFR (Model 2). After further adjusting for 
BMI in Model 3 and WC in Model 4, each SD increase in 
HC was still associated with a significantly increased risk 
of HUA (Model 3: OR = 1.36, 95%CI: 1.07—1.74; Model 
4: OR = 1.51, 95%CI: 1.06—2.14), while other anthropo-
metric indices showed no significant associations.

In the older group (Table  4), the BMI, and each SD 
increase in WC, HC, and WHtR were also positively 
associated with the risk of HUA in Model 1 and Model 
2 (all P < 0.05). However, after further adjusting for BMI 
in Model 3 and WC in Model 4, there was no association 
between HC and risk of HUA (all P > 0.05).

The AUC and optimal cutoff value of HC
The ROC curve of HC for HUA in the middle-aged group 
was shown in Fig. 2. For detection of HUA, the optimal 
cutoff value was 101.3 cm of HC with an AUC of 0.607 
(95%CI: 0.556—0.659; P < 0.001), giving a sensitivity of 
44.5% and specificity of 75.0%.

Discussion
In this study, BMI, WC, HC, and WHtR were positively 
associated with the risk of HUA in middle-aged and older 
male patients with T2DM. Moreover, HC also exhibited 
a significant association with a higher risk of HUA in the 
middle-aged group, independent of BMI and WC. And 
importantly, HC > 101.3 cm can be considered a potential 
predictor in HUA screening in middle-aged male patients 
with T2DM.

In our study, the prevalence of HUA in middle-aged 
and older male patients with T2DM was in line with the 
previous findings that HUA is more common in patients 
with T2DM than in middle-aged and older Chinese men 
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general (19.3% vs. 7.8%) [17, 25, 26]. Some studies have 
demonstrated the association between high UA and insu-
lin resistance (IR). An epidemiologic study [27] reported 
that high UA levels had a positive correlation with FINS 
levels. Regarding the mechanism involved, hyperin-
sulinemia may decrease UA clearance by the kidneys, 
because of the effects of insulin on proximal tubular urate 
transport of the kidney [28–30]. Similar findings were 
observed in this study that FINS levels were higher in 
HUA group than in non-HUA group.

The current study also showed a significant relation-
ship between BMI and the risk of HUA. In line with 
our findings, a cross-sectional study conducted among 
T2DM patients in Southwestern Ethiopia exhibited that 
the study participants with obesity were 7.84 times more 
likely (OR = 7.84, 95%CI: 2.01—30.67) to develop HUA 
compared with underweight individuals [31]. In con-
trast, the prevalence of HUA was no significant differ-
ence between obese and non-obese Saudi Arabian adults 

T2DM patients (P = 0.791) [32]. These conflicting results 
may partly be explained by which BMI is an index of gen-
eral obesity, unable to distinguish between central and 
peripheral fat.

Some studies suggested that the pattern of body fat dis-
tribution is more sensitive than BMI in predicting multiple 
diseases, since an accumulation of fat in abdominal viscera 
has been reported to be strongly related to IR independent 
of total adiposity [33]. As a marker of abdominal fat accu-
mulation and visceral adiposity, higher WC and WHtR 
were positively associated with a higher risk of HUA in our 
population. This finding confirms the results from Huang’s 
study, which reported that male adults in the highest WC 
and WHtR groups had the highest HUA risks (OR = 1.76, 
95%CI: 1.11—2.93]; OR = 2.57, 95%CI: 1.67—3.94; respec-
tively) [34]. As for the mechanism, IR may play a mediator 
role in the relationship between obesity and HUA, as insu-
lin has been identified as a cause of hyperuricemia by inhib-
iting uric acid excretion [35]. While there was no significant 

Table 1 Characteristics of study subjects

Abbreviations: HUA Hyperuricemia, T2DM Type 2 diabetes mellitus, BMI Body mass index, WC Waist circumference, HC Hip circumference, WHR Waist-to-hip ratio, WHtR 
Waist-to-height ratio, UA Uric acid, FPG Fasting plasma glucose, FINS Fasting insulin, ALT Alanine aminotransferase, AST Aspartate aminotransferase, TG Triglycerides, TC 
Total cholesterol, HDL-C High-density lipoprotein cholesterol, LDL-C Low-density lipoprotein cholesterol, eGFR Estimated glomerular filtration rate, SBP Systolic blood 
pressure, DBP Diastolic blood pressure
* Significance between HUA and non-HUA groups with T2DM (P < 0.05)
** Significance between HUA and non-HUA groups with T2DM (P < 0.001)

Variable Total (n = 1447) Middle-Aged Group (n = 791) Older Group (n = 656)

HUA (n = 279) Non-HUA (n = 1168) HUA (n = 146) Non-HUA (n = 645) HUA (n = 133) Non-HUA (n = 523)

Age, y 64.0 (59.0–69.0) 63.0 (58.0–69.0) 59.5 (55.0–62.0) 59.0 (55.0–62.0) 69.0 (67.0–73.5) 70.0 (67.0–75.0)

Duration 
of T2DM, y

11.0 (6.0–19.0) 10.0 (4.0–16.0)** 10.0 (5.0–15.3) 9.0 (4.0–13.0)* 14.0 (8.0–20.0) 12.0 (5.0–20.0)

BMI, kg/m2 25.7 (24.0–27.5) 24.5 (22.5–26.4)** 25.8 (24.2–27.8) 24.6 (22.6–26.8)** 25.6 (23.6–27.4) 24.4 (22.3–26.1)**

WC, cm 96.0 (90.0–100.2) 92.0 (87.0–98.0)** 96.0 (89.8–102.0) 92.0 (87.0–98.0)** 96.0 (90.0–100.0) 92.0 (87.0–98.0)*

HC, cm 100.0 (94.0–104.0) 97.0 (92.0–101.8)** 100.0 (94.0–104.3) 97.0 (92.0–101.5)** 100.0 (95.0–103.5) 97.0 (92.0–102.0)*

WHR 0.96 (0.93–1.00) 0.96 (0.92–0.99) 0.96 (0.93–1.00) 0.96 (0.93–0.99) 0.96 (0.93–0.99) 0.96 (0.91–0.99)*

WHtR 0.56 (0.53–0.59) 0.54 (0.51–0.58)** 0.55 (0.52–0.59) 0.54 (0.51–0.57)** 0.57 (0.53–0.60) 0.54 (0.51–0.58)*

UA, mg/dl 7.7 (7.3–8.4) 5.3 (4.5–6.0)** 7.8 (7.4–8.5) 5.3 (4.5–6.1)** 7.6 (7.2–8.4) 5.3 (4.6–6.0)**

FPG, mg/dl 125.8 (106.7–155.1) 136.6 (110.1–172.5)** 125.9 (107.1–157.9) 142.0 (113.5–178.6)** 123.1 (104.3–152.8) 132.3 (106.8–167.4)

FINS, μIU/mL 9.7 (6.2–15.1) 8.4 (5.3–12.6)* 9.3 (5.8–13.9) 8.0 (5.0–12.0)* 10.7 (6.4–17.7) 9.1 (5.6- 13.3)*

HOMA-IR 3.0 (1.8–5.4) 2.9 (1.7–4.8) 2.9 (1.8–4.5) 2.9 (1.7–4.6) 3.2 (1.9–6.1) 3.0 (1.7–4.9)

HOMA-β 55.0 (34.4–101.0) 41.1 (23.1–75.6)** 50.2 (34.0–86.7) 36.7 (22.2–65.3)** 59.9 (34.9–130.8) 48.1 (25.0–93.9)*

ALT, U/L 19.0 (14.0–29.0) 18.0 (13.0–26.0) 21.0 (15.0–32.0) 19.0 (14.0–28.0) 18.0 (12.0–26.0) 17.0 (13.0–25.0)

AST, U/L 19.0 (16.0–24.0) 18.0 (15.0–23.0)* 19.0 (16.0–25.0) 18.0 (15.0–24.0) 20.0 (16.0–24.0) 18.0 (15.0–23.0)

TG, mg/dl 174.3 (123.0–268.1) 123.0 (87.6–183.2)** 187.6 (132.5–281.9) 132.7 (94.7–194.7)** 155.8 (113.7–238.9) 113.3 (81.4–162.0)**

TC, mg/dl 164.9 (135.1–190.3) 160.6 (136.7–188.8) 162.0 (136.7–191.1) 166.8 (141.9–195.4) 169.1 (134.2–188.2) 154.4 (129.3–180.0)

HDL-C, mg/dl 40.2 (35.1–46.3) 43.6 (37.5–51.1)** 40.0 (34.4–45.2) 43.6 (37.5–51.0)** 40.2 (35.7–47.1) 43.2 (37.5–51.4)*

LDL-C, mg/dl 96.5 (75.3–117.4) 92.3 (72.6–115.1) 97.1 (76.1–118.1) 96.9 (76.4–118.0) 96.5 (68.1–116.6) 88.4 (67.2–110.8)

eGFR, mL/
min/1.37m2

93.5 (72.9–118.2) 119.7 (98.9–142.7)** 103.6 (76.7–122.4) 125.6 (106.6–149.7)** 87.0 (67.4–107.5) 112.2 (90.6–131.6)**

SBP, mm Hg 134.0 (126.0–149.0) 131.0 (125.0–146.0) 133.0 (125.0- 149) 130.0 (123.0–143.0) 135.0 (127.0–150.0) 134.0 (126.0–149.0)

DBP, mm Hg 75.0 (70.0–85.0) 75.0 (70.0–85.0) 77.0 (70.0–87.0) 78.0 (70.0–86.0 72.0 (70.0–83.0) 73.0 (69.0–81.0)
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difference in WHR between HUA and non-HUA groups, it 
may be accounted that obese and lean individuals can have 
equal values in WHR [36]. And the current study has con-
firmed that WHR has limitations as a ratio index [37].

In addition to BMI, WC, and WHtR, many studies have 
raised the concerns on HC. In the present study, we also 
observed the positive association between HC and HUA 
in middle-aged male patients with T2DM but not in older, 
independent of BMI and WC, which was the highlight 
findings of this study. Moreover, the OR for HUA in the 
middle-aged group was significantly increased in HC (1.40) 
compared with WC (1.27), WHtR (1.25), and BMI (1.07), 
suggesting that subjects in this group seemed to be more 
sensitive to HC in terms of risk of HUA. Earlier studies 
performed by Yang, et al. and Eljaaly et al. also suggested 
that HC was positively related to the risk of HUA, although 
these two studies did not take the confounding effect of 
BMI and WC into consideration and did not perform fur-
ther analysis in specific age groups [32, 38]. In addition, fur-
ther ROC analysis yielded a cutoff value of 101.3 cm of HC 
for the detection of HUA in the middle-aged group.

The potential mechanisms that account for high prev-
alence of HUA with large HC are not clear, but there 
are several possibilities. First, larger HC may indicate a 
higher femoral and gluteal muscle mass in the middle-
aged adults. Previous studies have shown some consistent 
findings regarding on the linkage between muscle mass 
and HUA. A cross-sectional study conducted among 
older adults aged from 50 to 85 years found that SUA lev-
els were positively associated with muscle strength [39]. 
And another cross-sectional study performed on kidney 
transplant patients demonstrated that the UA levels were 
significantly associated with the muscle mass, fat-free 
mass, appendicular muscle mass, muscle mass index and 
appendicular muscle mass index [40], which was similar 
to our earlier findings in obese children and adolescents 

Table 2 Correlation analysis of potential covariates associated 
with UA levels

Abbreviations: UA Uric acid, T2DM Type 2 diabetes mellitus, BMI Body mass index, 
WC Waist circumference, HC Hip circumference, WHR Waist-to-hip ratio, WHtR 
Waist-to-height ratio, UA Uric acid, FPG Fasting plasma glucose, FINS Fasting 
insulin, ALT Alanine aminotransferase, AST Aspartate aminotransferase, TG 
Triglycerides, TC Total cholesterol, HDL-C High-density lipoprotein cholesterol, 
LDL-C Low-density lipoprotein cholesterol, eGFR Estimated glomerular filtration 
rate, SBP Systolic blood pressure, DBP Diastolic blood pressure
a r = Spearman’s correlation coefficient
* P values are two-tailed. Values are unadjusted

Ra P value *

Age -0.001 0.956

Duration of T2DM 0.077 0.003

BMI 0.224  < 0.001

WC 0.184  < 0.001

HC 0.153  < 0.001

WHR 0.129  < 0.001

WHtR 0.183  < 0.001

FPG -0.125  < 0.001

FINS 0.124  < 0.001

HOMA-IR 0.057 0.031

HOMA-β 0.168  < 0.001

ALT 0.054 0.04

AST 0.070 0.007

TG 0.307  < 0.001

TC 0.044 0.094

HDL-C -0.188  < 0.001

LDL-C 0.047 0.074

eGFR -0.385  < 0.001

SBP 0.055 0.036

DBP 0.003 0.914

Table 3 Associations between different anthropometric indices and the risk of HUA in the middle-aged group (n = 791)

Abbreviations: HUA Hyperuricemia, BMI Body mass index; WC Waist circumference, HC Hip circumference, WHR Waist-to-hip ratio, WHtR Waist-to-height ratio, OR Odds 
ratio, CI Confidence interval
a Model 1: Crude model
b Model 2: Adjusted for age, duration of T2DM, fasting plasma glucose, fast insulin, HOMA-β, aspartate aminotransferase, triglycerides, high-density lipoprotein 
cholesterol and estimated glomerular filtration rate
c Model 3: Further adjusted for BMI
d Model 4: Further adjusted for WC

Model 1a Model 2b Model 3c Model 4d

Variable OR (95%CI) P value OR (95%CI) P value OR (95%CI) P value OR (95%CI) P value

BMI 1.10 (1.05–1.17)  < 0.001 1.07 (1.01–1.14) 0.032

Each SD increase in WC 1.39 (1.16–1.65)  < 0.001 1.27 (1.04–1.56) 0.022 1.18 (0.91–1.53) 0.221

Each SD increase in HC 1.48 (1.23–1.78)  < 0.001 1.40 (1.14–1.72) 0.001 1.36 (1.07–1.74) 0.014 1.51 (1.06–2.14) 0.022

Each SD increase in WHR 1.05 (0.88–1.26) 0.594 0.94 (0.76–1.17) 0.589 0.85 (0.68–1.08) 0.184

Each SD increase in WHtR 1.36 (1.14–1.63) 0.001 1.25 (1.01–1.54) 0.041 1.13 (0.86–1.49) 0.377
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[41]. As is known to us, UA is the final oxidation prod-
uct of purine catabolism. And 80% of purine compounds 
are derived from endogenous (nucleic acids and internal 

pool of purines) of the body [42]. Furthermore, muscle 
mass is considered as the largest source of purine in the 
body [43]. During the process of its growth, depletion of 

Table 4 Associations between different anthropometric indices and the risk of HUA in the older group (n = 656)

Abbreviations: HUA Hyperuricemia, BMI Body mass index, WC Waist circumference, HC Hip circumference, WHR Waist-to-hip ratio, WHtR Waist-to-height ratio, OR Odds 
ratio, CI Confidence interval
a Model 1: Crude model
b Model 2: Adjusted for age, duration of T2DM, fasting plasma glucose, fast insulin, HOMA-β, aspartate aminotransferase, triglycerides, high-density lipoprotein 
cholesterol and estimated glomerular filtration rate
c Model 3: Further adjusted for BMI
d Model 4: Further adjusted for WC

Model 1a Model 2b Model 3c Model 4d

Variable OR (95%CI) P value OR (95%CI) P value OR (95%CI) P value OR (95%CI) P value

BMI 1.12 (1.05–1.18)  < 0.001 1.11 (1.04–1.18) 0.003

Each SD increase in WC 1.41 (1.16–1.72)  < 0.001 1.30 (1.05–1.62) 0.018 1.11 (1.85–1.46) 0.430

Each SD increase in HC 1.37 (1.12–1.68) 0.002 1.29 (1.04–1.61) 0.023 1.12 (0.87–1.44) 0.382 1.09 (0.76–1.55) 0.651

Each SD increase in WHR 1.18 (0.98–1.41) 0.082 1.11 (0.89–1.38) 0.356 1.01 (0.80–1.23) 0.926

Each SD increase in WHtR 1.39 (1.15–1.68) 0.001 1.32 (1.06–1.64) 0.012 1.14 (0.87–1.49) 0.341

Fig. 2 Receiver Operating Characteristic (ROC) Curve of Hip Circumference for Identifying Hyperuricemia in the Middle-Aged Male Patients 
with Type 2 Diabetes Mellitus. For detection of hyperuricemia, a cutoff value of 101.3 cm of hip circumference had a sensitivity of 44.5% 
and specificity of 75.0% with an area under the ROC curve of 0.607 (95%CI: 0.556—0.659; P < 0.001)
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muscle cells or metabolism of adenosine triphosphate 
results in releasing plenty of nucleic acids and purines, 
and increased production of UA [42, 44]. Therefore, it is 
reasonable that an increase in muscle mass leads to an 
increase in serum UA level. Although previous studies 
suggested that adipose tissue is associated with UA secre-
tion because of UA transporter URAT1 and abundant 
activity of xanthine oxidase in adipose tissue [7, 45]. In 
our opinion, this does not conflict with the notion that 
muscle affects uric acid production as a source of purine. 
Second, Tsushima et al. provided the evidence that mus-
cle has higher xanthine oxidase activity in obese mice 
than in C57 mice, which may lead to an increase in the 
secretion of UA [45]. And it is worth noting that skeletal 
muscle mass is the main tissue target for insulin action 
and therefore a major site for IR [46]. It would be neces-
sary to conduct experiments to elucidate the connection 
between UA and IR in muscle in the future study.

As for the inconsistent results of the relationship 
between HC and HUA in the middle-aged and older 
group, we hypothesized that the correlation between 
HC and muscle mass was lower in the older group than 
in the middle-aged group, because the older individuals 
have more loss and less synthesis of muscle mass occur-
ring in aging [47]. According to the skeletal muscle mass 
measured by magnetic resonance imaging in a large and 
heterogeneous sample of 468 men and women, the skel-
etal muscle mass in 40–49  years old, 50–59  years old, 
60–69  years old, and above 70-years old in men was 
33.5 ± 5.5 kg, 31.4 ± 4.8 kg, 30.2 ± 3.1 kg, and 27.8 ± 3.4 kg, 
respectively [48].

Strengths and limitations
The strengths of our study include the relatively large 
sample size of the associations between different anthro-
pometric indices and HUA among middle-aged and older 
male patients with T2DM, the use of logistic regression 
model with BMI and WC further adjusted, and calcu-
lating the cutoff value of HC for HUA screening. To our 
best knowledge, this is the first study that showed the 
cutoff value of HC for identifying HUA in middle-aged 
male patients with T2DM.

Of course, our study also had some limitations. First, 
the single-center retrospective design has some limita-
tions with regard to interpreting the causality of asso-
ciations. Second, the WC and HC may not reflect actual 
abdominal obesity and gluteal muscle mass, respectively. 
Third, because the present study focused on the relation-
ship between anthropometric indices and HUA, rather 
than lifestyle, the smoking and drinking status was not 
collected, which may confound the outcomes. There-
fore, it would be planned to acquire the data such as the 
smoking and drinking status, and the actual amount and 

size of abdominal adipocyte and gluteal muscle mass 
measured using bioelectrical impedance analyses or dual 
energy X-ray absorptiometry in the following study. Last, 
as the predictive power of anthropometric measures for 
chronic disease risk is population-dependent and varies 
from race to race [11, 36, 49, 50], the findings in current 
study should be cautious to generalize to other ethnic 
groups.

Conclusions
In this study, the findings indicated that HC was a 
stronger predictor of HUA in middle-aged but not in 
older male patients with T2DM, independent of BMI 
and WC. Considering the physical and economic burden 
of HUA, more attention should be paid to HC with the 
cutoff value of 101.3 cm in clinical practice to reduce the 
risk of HUA in middle-aged male patients with T2DM. 
Further prospective studies with more and larger sample 
sizes should be conducted to provide stronger evidence 
on this association and the cutoff value of HC.
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