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Prevalence and determinants of hyperuricemia in
type 2 diabetes mellitus patients with central obesity
in Guangdong Province in China
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This study investigated the prevalence and determinants of hyperuricemia in Chinese type 2 diabetes mellitus
(T2DM) patients with central obesity. A multicentric hospital-based cross-sectional study was carried out in
Guangdong Province between August 2011 and March 2012. At each hospital, Chinese T2DM patients with cen-
tral obesity who were aged over 20 years, whose serum uric acid levels were measured, and who had lived in
Guangdong Province for >1 year, were recruited. Hyperuricemia was defined as serum uric acid >420 pmol/L in
men and >360 pmol/L in women. Binary logistic regression was used to assess associated risk factors for hyperu-
ricemia. A total of 2,917 T2DM patients with central obesity took part. The overall prevalence of hyperuricemia
was 32.6% (36.1% for women, 28.4% for men). Binary logistic regression analyses demonstrated that women
(OR: 1.576; 95% confidence interval (CI): 1.231, 2.018), high BMI (OR: 1.228; 95% CI: 1.094, 1.379), waist cir-
cumference (OR: 1.135; 95% CI: 1.009, 1.276), hypertension (OR: 1.603; 95% CI: 1.263, 2.035), high total cho-
lesterol (OR: 1.133; 95% CI: 1.002, 1.281), triglycerides (OR: 1.134; 95% CI: 1.069, 1.203), low HDL-
cholesterol (OR: 0.820; 95% CI: 0.677, 0.995) and low estimated glomerular filtration rate (OR: 0.840; 95% CI:
0.815, 0.866) were risk factors associated with hyperuricemia. Hyperuricemia is prevalent in Chinese T2DM pa-
tients with central obesity and is significantly positively associated with women, cardiovascular risk factors such
as obesity, hypertension and dyslipidemia, and low eGFR.
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INTRODUCTION

Uric acid is the end product of human purine metabolism.
Hyperuricemia is a condition in which the subject has
increased serum uric acid levels. Studies have noted that
an elevated level of uric acid predicts the development of
diabetes, obesity, hypertension and the metabolic syn-
drome." Uric acid levels tend to decrease with increasing
plasma glucose levels in patients with type 2 diabetes
mellitus (T2DM).”> Some cardiovascular risk factors, in-
cluding obesity, hypertension, dyslipidemia and the met-
abolic syndrome, are more prevalent in patients with
T2DM than in those without T2DM.? The prevalence of

hyperuricemia in patients with T2DM is high. Ogbera et
al reported a 25% prevalence of hyperuricemia in Nigeri-
an patients with T2DM.*
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T2DM is a chronic metabolic disease that is a major
public health problem around the world. With rapid eco-
nomic growth, increases in life expectancy and changes in
lifestyle, the incidence of diabetes mellitus has increased
from 0.67% in 1980 to 9.7% in 2008 among the Chinese.’
Obesity and weight gain are recognized causes of T2DM,;
approximately 63% of patients with T2DM are over-
weight or obese in China.® Diabetes mellitus is considered
a cardiovascular risk equivalent, and cardiovascular dis-
ease is the most common cause of death in patients with
diabetes mellitus.’

Hyperuricemia has recently gained attention as it has
been reported that it not only plays an important role in
the development of metabolic diseases but is also a cardi-
ovascular risk factor.”'* In China, the world’s most popu-
lous nation with approximately 92 million patients with
diabetes, central obesity is a characteristic of Chinese
obesity.!! However, the prevalence of hyperuricemia and
associated risk factors in Chinese diabetic patients with
central obesity has not been investigated. Therefore, this
study was conducted to assess the prevalence of hyperu-
ricemia and associated risk factors in Chinese T2DM pa-
tients with central obesity.

MATERIALS AND METHODS

The study was a hospital-based multicentric cross-
sectional study in Guangdong Province, China. Guang-
dong Province is divided into four districts according to
their administration: 1) Pearl River Delta, with good eco-
nomic conditions; 2) East of Guangdong, with medium
economic conditions; 3) West of Canton, with relatively
poor economic conditions; and 4) North of Guangdong,
with poor economic conditions. A total of 60 hospitals
were included in the study; 46 in Pearl River Delta, 6 in
East of Guangdong, 3 in West of Canton, and 5 in North
of Guangdong. Compared with the other three districts,
Pearl River Delta has the largest population, the best eco-
nomic conditions and a sufficiently high level of medical
infrastructure. Therefore, the majority of hospitals includ-
ed in the study are located in Pearl River Delta.

At each hospital, Chinese T2DM patients with central
obesity, aged over 20 years, whose serum uric acid level
had been measured, and who had lived in Guangdong
Province for >1 year, were recruited between August
2011 and March 2012. Subjects with cancer, or who were
pregnant, had severe psychiatric disturbances, hepatic
failure or end-stage renal failure, were excluded. The Eth-
ics Committee at each participating institution approved
the study protocol. Written informed consent was ob-
tained from each participant before data collection. And
nurses and doctors, who participated in this present study,
were unified trained.

For each participant, detailed demographic data includ-
ing age, gender, address, education and occupation were
recorded. History of any chronic disease including diabe-
tes mellitus, hypertension, cerebrovascular disease and
coronary artery disease were recorded. Information re-
garding regular diet (yes/no), regular physical activity
(yes/no), current smoking pattern (yes/no) and current
drinking pattern (yes/no) were also recorded.

All patients underwent a comprehensive medical exam-
ination, which included height, weight, waist circumfer-

ence and blood pressure measurements. After anthropo-
metric and blood pressure had been measured, fasting
venous blood samples (drawn from the antecubital vein
after at least an 8-hour overnight fast) were collected to
determine serum uric acid, blood glucose, glycated he-
moglobin (HbAlc), serum creatinine and serum lipid lev-
els.

Anthropometric and laboratory measurements

Weight was measured using a balanced-beam scale with
clothing. Height was measured using the clinic stadiome-
ter, with the Frankfort plane held horizontal. The BMI
was calculated as weight (kg) divided by squared height
(m?). Blood pressure was the average of three measure-
ments obtained by a sphygmomanometer at five minute
intervals in one day.

Waist circumference was measured at the midpoint be-
tween the lowest rib margin and the iliac crest. In order to
obtain accurate measurement data, patients were advised
to take their normal breath, not to hold breath or take a
deep breath. With appropriate tension, the tape was
placed parallel to the floor depending on the metric unit at
the midpoint between the lowest rib margin and the iliac
crest.

Blood samples were measured at each hospital’s re-
spective clinical laboratory department. Serum uric acid
levels were measured by the uricase method. Fasting
plasma glucose (FPG) and HbAlc levels were measured
by the glucose oxidase method and high-performance
liquid chromatography, respectively. Serum creatinine,
total cholesterol (TC), triglycerides (TG), HDL-
cholesterol and LDL-cholesterol were measured by the
enzymatic method. Plasma glucose, serum creatinine, uric
acid, TC, TG, HDL-cholesterol and LDL-cholesterol
were measured using the Abbott Laboratories fully auto-
matic biochemical analyzer. Estimated glomerular filtra-
tion rate (¢GFR) was calculated with an equation devel-
oped by adaptation of the Modification of Diet in Renal
Disease (MDRD) equation on the basis of data from Chi-
nese chronic kidney disease patients.'

Definitions and preferred cut-off values

The diagnostic criteria of DM were based on the 1999
WHO diagnostic criteria."”> The Chinese BMI cut-off
points'* were used to define overweight and obesity:
overweight (24 < BMI <28) and obese (BMI >28). Cen-
tral obesity was defined as waist circumference >90 ¢cm in
men and >85 cm in women."> Hyperuricemia was defined
as serum uric acid >420 umol/L in men and >360
pmol/L in women, respectively.'

Hypertension was defined as systolic blood pressure
(SBP) >130 mmHg or diastolic blood pressure (DBP) >
80 mmHg at examinations, and also defined if the partici-
pant had a previous physician diagnosis. Dyslipidemia
based on the recommendations for the prevention and
treatment of dyslipidemia in China and the NECP-ATP
III criteria,'®"” which was defined by one or more of the
following conditions: TC >5.7 mmol/L, TG >1.7 mmol/L,
LDL-cholesterol >3.6 mmol/L, HDL-cholesterol <1.29
mmol/l in women and <1.03 mmol/L in men.
Dyslipidemia was also defined as a history of specific
treatment for this lipid abnormality.
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Alcohol drinking was defined as people who had drunk
at least 30 g of hard liquor, or 360 g of beer, or 103 g of
grape wine or 103 g rice wine at least once a week for 6
months or more."® Smoking was defined as people who
had smoked at least one cigarette per day for more than
half one year."” Regular physical activity was defined as
participation in 30 or more minutes of moderate or vigor-
ous activity per day at least 3 days per week.

Statistical analyses

Statistical analyses was performed using SPSS version
13.0 software. Quantitative data normality was assessed
with the Kolmogorov—Smirnov test and is expressed as
mean+SD. Categorical variables are expressed as per-
centages. Comparisons between quantitative data were
conducted using independent-sample t tests and categori-
cal variables were analyzed using chi-square tests. Binary
logistic regression analyses were used to identify risk
factors that were significantly associated with hyperu-
ricemia in diabetic patients with central obesity. Data are
presented as odds ratios (OR) with 95% confidence inter-
vals (CI). A value of p<0.05 was considered statistically
significant.

RESULTS
Study population
A total of 2,917 T2DM patients with central obesity were
included in the study. Two underweight patients and 22
patients with end-stage renal failure were excluded.
Among the 2,917 patients with T2DM, 2,896 patients
were of Han nationality and 21 patients were of a minori-
ty nationality (one Chao Xian nationality, four Man na-
tionality, two Hui nationality, 12 Yao nationality, one Li
nationality, one Zang nationality). The mean age of pa-
tients was 59.6+£13.2 years (20-90 years), and 1,317
(45.1%) patients were men and 1,600 (54.9%) were
women.

The demographic and clinical features of patients strat-

ified by gender are presented in Table 1. There was no
significant difference in BMI, FPG, HbAlc and eGFR
levels between genders. The duration of diabetes mellitus
was significantly higher in women than men.

Some cardiovascular disease risk factors, for example,
older age, higher waist circumference, smoking, drinking
and family history of diabetes, were more prevalent in
men, but hypertension, hypercholesterolemia, low blood
HDL-cholesterol and high blood LDL-cholesterol were
more prevalent in women.

Demographic and clinical features of patients with and
without hyperuricemia

Table 2 shows the demographic and clinical features of
patients with and without hyperuricemia. Compared with
patients without hyperuricemia, patients with hyperu-
ricemia were older, had a higher ratio of women, a longer
duration of diabetes mellitus, lower HbAlc and FPG,
higher waist circumferences and BMI, higher prevalence
of hypertension and dyslipidemia, higher serum creatinine,
lower eGFR, and a higher ratio of smokers and drinkers
(Table 2).

Prevalence of hyperuricemia

The overall prevalence of hyperuricemia was 32.6%, and
was significantly higher in women than in men (36.1% vs
28.4%, p<0.001) (Figure 1). The prevalence of hyperu-
ricemia increased with increasing BMI in both sexes
(»<0.001 in women, p=0.001 in men), and was signifi-
cantly higher in women than in men (Figure 1).

The total prevalence of hyperuricemia significantly in-
creased with BMI (p<0.001). The prevalence of hyperu-
ricemia in patients with HbAlc <7% was significantly
higher than in patients with HbAlc >7% (p<0.001). The
prevalence of hyperuricemia in patients with hypertension
was significantly higher than in patients without hyper-
tension (p<0.001). The prevalence of hyperuricemia in
patients with dyslipidemia was also significantly higher

Table 1. The demographic and clinical features of the patients by gender

Men (n=1317) Women (n=1600) p value*
Age (years) 56.5£14.3 62.2£11.6 <0.001
College or high level of education (%) 25.1 8.5 <0.001
Family history of DM (%) 30.3 26.4 0.028
Duration of DM (years) 5.94+6.03 7.81+6.94 <0.001
Regular physical activity (%) 40.6 38.7 0.326
Smoking (%) 452 2.7 <0.001
Drinking (%) 27.7 1.5 <0.001
Body mass index (kg/m?) 27.3+2.90 27.1+3.30 0.079
Waist circumference (cm) 99.5+7.69 95.2+8.19 <0.001
Hypertension (%) 83.7 86.7 <0.025
Fasting plasma glucose (mmol/L) 8.93+4.06 8.94+3.46 0.915
HbAlc (%) 8.95+2.59 8.87+2.34 0.392
Hypercholesterolemia (%) 29.0 38.0 <0.001
Hypertriglyceridemia (%) 55.6 55.9 0.904
High blood LDL- cholesterol (%) 243 30.3 <0.001
Low blood HDL- cholesterol (%) 47.4 60.1 <0.001
Dyslipidemia (%) 80.7 87.0 <0.001
¢GFR (mL/min/1.73 m%) 92.6+38.1 90.2+37.3 0.104

DM, diabetes mellitus; eGFR, estimated glomerular filtration rate.

*Independent-sample t tests for continuous variables (mean+SD) and chi-square tests for categorical variables (%)
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Table 2. The demographic and clinical features of the patients with and without hyperuricemia

without HU with HU p value*
Age (years) 59.0£13.0 60.9+13.6 <0.001
Gender <0.001
Men (%) 48.0 39.3
Women (%) 52.0 60.7
College or high level of education (%) 16.6 14.5 0.168
Family history of DM (%) 28.5 27.6 0.641
Duration of DM (years) 6.62+6.30 7.67+7.14 <0.001
Regular physical activity (%) 40.5 37.6 0.146
Smoking (%) 23.6 18.3 0.002
Drinking (%) 14.4 11.1 0.018
Hypertension (%) 83.5 89.2 <0.001
Fasting plasma glucose (mmol/L) 9.11£3.72 8.58+3.78 <0.001
HbAlc (%) 9.11+2.48 8.49+2.35 <0.001
Total cholesterol (mmol/L) 5.17+1.35 5.50+1.82 <0.001
Triglycerides (mmol/L) 2.23+£2.30 2.73+2.48 <0.001
HDL-cholesterol (mmol/L) 1.27+0.73 1.20+0.67 0.027
LDL-cholesterol (mmol/L) 2.99+1.00 3.12£1.37 0.009
Dyslipidemia (%) 81.3 90.0 <0.001
Creatinine (umol/L) 81.1+51.9 108.6+89.4 <0.001
eGFR (mL/min/1.73 m?) 98.3+36.4 76.8+36.0 <0.001

HU, hyperuricemia; DM, diabetes mellitus; eGFR, estimated glomerular filtration rate
*Independent-sample t tests for continuous variables (mean£SD) and chi-square tests for categorical variables (%).
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Figure 1. Prevalence of hyperuricemia by BMI categories and gender, values represent percentages

Table 3. Prevalence of hyperuricemia in subgroups

Prevalence of

hyperuricemia (%) P value!
Body mass index <0.001
Normal weight 23.9 (64/268)
Overweight 30.2 (508/1684)
Obesity 39.3(371/943)
Hypertension <0.001
No 24.3(101/416)
Yes 34.3 (832/2428)
HbAlc <0.001
<7% 39.0(249/639)
>7% 30.3 (635/2094)
Dyslipidemia <0.001
No 20.6 (94/456)
Yes 35.0 (845/2417)

Tby chi-square test

than in patients without dyslipidemia (p<0.001) (Table 3).

Risk factors for hyperuricemia

We carried out binary logistic analyses to evaluate the
risk factors for hyperuricemia. The presence of hyperu-
ricemia was a dependent parameter. Independent parame-
ters were associated with the presence of hyperuricemia
in bivariate analyses with a p value of <0.05 (Table 2).
All the independent parameters were pooled into the
analysis together and adjusted ORs were calculated with
enter method. As shown in Table 4, the results revealed
that the presence of hyperuricemia was significantly asso-
ciated with women, high BMI and waist circumference,
high TC and TG, low HDL-cholesterol, and low eGFR.

DISCUSSION
Among Chinese T2DM patients with central obesity, the
results of the current study showed prevalence of hype-
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Table 4. Associations between risk factors and hyperuricemia among patients assessed by a binary logistic regression

analysis

Oddsratio  95% confidence interval p value
Age (years) 0.994 0.985, 1.003 0.189
Gender (women vs. men) 1.568 1.224,2.009 <0.001
Duration of diabetes mellitus (years) 1.004 0.988, 1.020 0.663
Current smoking (yes vs no) 0.862 0.638, 1.163 0.330
Current drinking (yes vs no) 1.014 0.717, 1.434 0.939
Body mass index, per 3.1 kg/m’ increase 1.248 1.112, 1.401 <0.001
Waist circumference, per 8.2 cm increase 1.136 1.011, 1.277 0.033
Hypertension (yes vs no) 1.209 0.883,1.654 0.236
HbAlc (%) 0.928 0.884, 0.973 0.002
Fasting plasma glucose (mmol/L) 0.962 0.932, 0.994 0.021
eGFR, per 10 mL/min/1.73 m” increase 0.836 0.811, 0.862 <0.001
Total cholesterol (mmol/L) 1.134 1.003, 1.282 0.045
Triglycerides (mmol/L) 1.133 1.068, 1.201 <0.001
HDL-cholesterol (mmol/L) 0.822 0.679, 0.995 0.044
LDL-cholesterol (mmol/L) 1.036 0.901, 1.192 0.619

eGFR, estimated glomerular filtration rate

ruricemia in women as 36.1% and in men as 28.4%. Liu
et al”® systematically analyzed the prevalence of hyperu-
ricemia in general Chinese populations using the meta-
analysis method, and reported that the prevalence in
women was 8.6% and 21.6% in men. The prevalence of
hyperuricemia in Chinese T2DM patients with central
obesity as observed in the current study is dramatically
higher than in general Chinese general populations as
reported by Liu et al.*’

Previous studies have reported that men had a higher
percentage of hyperuricemia compared with women.?**!
Inconsistent with these reports, the findings of the current
study suggest the prevalence of hyperuricemia in women
was significantly higher than in men (36.1% vs 28.3%,
p<0.001). There are several possible reasons that may
explain these conflicting results. First, the mean age of
women was significantly higher than that of men (62.2+
11.6 vs 56.5£14.3 years, p<0.001) in the present study.
83.8% of women patients were older than 50 years and it
is possible that the majority of them were menopausal.
Although serum uric acid increases with advancing age,*
this increasing trend is more obvious especially after at-
tainment of menopause;>** menopausal women have
higher serum uric acid levels than premenopausal wom-
en.”” In this study, the prevalence of hyperuricemia in
menopausal women was dramatically higher than in
premenopausal women (37.7% vs 26.0%, p=0.001). Es-
trogen is known to promote excretion of serum uric acid.
Studies have shown that estrogen could reduce serum uric
acid levels, and reduce the prevalence of hyperuricemia in
postmenopausal women with hyperuricemia by hormone
replacement therapy.”*’ Second, the current study sug-
gests that higher TC (OR, 1.134), higher TG (OR, 1.133)
and lower HDL-cholesterol (OR, 0.822) are risk factors
associated with hyperuricemia. The prevalence of
dyslipidemia in women was dramatically higher than in
men (87.0% vs 80.7%, p<0.001). In addition, higher waist
circumference was also a risk factor associated with
hyperuricemia, and waist circumference was more signif-
icantly associated with serum uric acid in women than in

men (r,=0.167, p<0.001 in women; r,=0.103, p<0.001 in
men). Further studies are needed to clarify these findings.

The current study examined T2DM patients with cen-
tral obesity with a mean BMI of 27.2 kg/m* and a mean
waist circumference of 97.2 c¢m, and revealed that the
total prevalence of hyperuricemia was 32.6%. This preva-
lence is much higher than the 25% prevalence reported in
a study examining Nigerian patients with T2DM with a
median BMI of 28.3 kg/m* and a mean waist circumfer-
ence of 93.5 cm.* However, the prevalence is much lower
than the 44.6% prevalence reported in another study ex-
amining obese Indian patients with a median BMI of 44.1
kg/m® !

Studies have reported that the prevalence of hyperu-
ricemia was positively associated with BMI and waist
circumference.'??"2%3 Consistent with these studies,
the current study revealed that the risk of hyperuricemia
increased 1.248-fold and 1.136-fold for every 3.1 kg/m?
increase in BMI and every 8.2 cm increase in waist cir-
cumference, respectively. Higher BMI and waist circum-
ference are associated with higher leptin production and
insulin resistance,”’?! and both have been shown to be
inversely correlated with renal clearance of urate. The
differences in BMI and waist circumference between our
study and other studies*?' may partly explain the different
prevalence of hyperuricemia.

Nan et al reported that serum uric acid levels tended to
decrease with increasing plasma glucose levels in patients
with T2DM.? Li et al reported that serum uric acid was
negatively correlated with HbAlc (correlation coeffi-
cient= -0.24, p<0.001) and FPG levels (correlation coeffi-
cient= -0.26, p<0.001) in patients with T2DM.* Con-
sistent with these studies, the current study showed that
the risk of hyperuricemia decreased 0.928-fold and 0.962-
fold for every 1% increase in HbAlc and every 1 mmol/L
increase in FPG, respectively. Both glycemic control and
the function of beta cells worsen with increasing duration
of diabetes mellitus; the rate of renal filtration in patients
with diabetes increases gradually. Hyperfiltration by glo-
meruli caused by the hyperglycemic state, which pro-
motes the excretion of uric acid, may partly explain the
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inverse relationship between serum uric acid and HbAlc,
and FPG.”

Studies have reported that elevated levels of uric acid
predict the development of hypertension, and 25-60% of
patients with untreated essential hypertension had hyperu-
ricemia.' In the current study, the prevalence of hyperu-
ricemia in patients with hypertension was dramatically
higher than in patients without hypertension (34.3 vs 24.3,
p<0.001). However, hypertension was not an independent
risk factor associated with hyperuricemia (OR, 1.209;
95% CI, 0.883, 1.654). The use of antihypertensive medi-
cations could be a confounding reason for this. The fre-
quency of antihypertensive medication use in patients
with hyperuricemia was dramatically higher than in those
without hyperuricemia (69.8% vs 53.4%, p<0.001).

Numerous studies have reported that TC and TG are
positively associated with serum uric acid.?"****3* HDL-
cholesterol was reported to be negatively correlated with
serum uric acid.’**’ In agreement with these studies,
dyslipidemia in the current study was more prevalent in
patients with hyperuricemia than in those patients without
hyperuricemia (35.0% vs 20.6%, p<0.001). The current
study also revealed that the risk of hyperuricemia de-
creased 0.822-fold for every 1 mmol/L increase in HDL-
cholesterol, and the risk of hyperuricemia increased
1.133-fold and 1.134-fold for every 1 mmol/L increase in
TC and TG, respectively.

Uric acid is primarily a purine metabolic waste product.
About 70% of uric acid is excreted by the kidneys, and
decreased excretion is one of the main causes of hyperu-
ricemia.® Li er al ** and Hiroyuki et al *' reported that
serum uric acid levels were negatively correlated with
e¢GFR in Chinese and Japanese T2DM patients, respec-
tively. Consistent with these studies, it was observed in
the current study that the risk of hyperuricemia decreased
0.836-fold for every 10 mL/min per 1.73 m” increase in
eGFR.

To the best of the authors’ knowledge, this is the first
large-sample study investigating the prevalence of, and
risk factors associated with, hyperuricemia in Chinese
T2DM patients with central obesity. However, there are
several limitations to this study. First, as this was a cross-
sectional investigation, it only allows conclusions on as-
sociated factors for hyperuricemia, and does not allow
conclusions on risk factors. Second, although this was a
hospital-based multicentric study of Guangdong Province,
hospital distribution was uneven. The majority of hospi-
tals were distributed in Pearl River Delta; however, Pearl
River Delta has the largest population, better economic
conditions and a sufficiently high level of medical infra-
structure to allow for study implementation. Third, the
results of laboratory examinations were from 60 different
hospitals. Although plasma glucose, serum creatinine,
uric acid, TC, TG, HDL-cholesterol, and LDL-cholesterol
were measured using an Abbott Laboratories full auto-
matic biochemical instrument, HbAlc was estimated by
high pressure liquid chromatography. The results of la-
boratory examinations from different hospitals may also
contain some errors.

Hyperuricemia is prevalent in Chinese T2DM patients
with central obesity and is significantly positively associ-
ated with women, cardiovascular risk factors such as obe-

sity, hypertension and dyslipidemia, and low eGFR.
Hyperuricemia is an important public health problem in
Chinese T2DM patients with central obesity. Strategies
aimed at the prevention and treatment of hyperuricemia
are needed.
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