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Serum uric acid and leptin levels in metabolic syndrome:

a quandary over the role of uric acid
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Abstract

This study investigates the impact of uric acid (UA) on the risk factors associated with metabolic syndrome. In addition, this study

explores the relationship between UA and insulin resistance and serum leptin levels in metabolic syndrome. A total of 470 subjects (252

women and 218 men) were recruited from the Department of Health Management at Chang Gung Medical Center (Linkou, Taiwan).

Metabolic syndrome was defined using a modified Adult Treatment Panel III (ATP III) definition. The formula for the homeostasis model

assessment of insulin resistance (HOMA-IR) is as follows: fasting serum insulin (lU/mL) � fasting plasma glucose (mmol/L)/22.5. Diabetes

mellitus was diagnosed in 45 subjects (9.6%); 82 subjects (17.4%) had hypertension. Hyperuricemia was diagnosed in 144 subjects (30.6%).

Of these subjects, 115 (63 females and 52 males) (24.5%) were diagnosed as having metabolic syndrome. Patients with hyperuricemia had

increased body mass index, waist-to-hip ratio, and triglyceride (Tg) level. The subjects also had lower high-density lipoprotein and greater

hypertension. Hormone assays showed an elevation of leptin, immunoreactive insulin (IRI), and HOMA-IR in the hyperuricemia group. Uric

acid appeared to be better correlated with Tg, blood pressure (both systolic and diastolic), obesity, immunoreactive insulin, and HOMA-IR.

Uric acid did not correlate with leptin or blood glucose levels. Metabolic syndrome and Tg/high-density lipoprotein ratio showed a

statistically significant difference in HOMA-IR using 3.8 as a cutoff value. Otherwise, there was no difference in leptin value. In conclusion,

serum UA is significantly related to risk factors of metabolic syndrome except for blood glucose. Waist-to-hip ratio and HOMA-IR were

statistically different in subjects with and without metabolic syndrome.

D 2007 Elsevier Inc. All rights reserved.
1. Introduction

Serum uric acid (UA) is an important factor in cardio-

vascular events, but its role in metabolic syndrome is

controversial [1,2]. Factors such as age group, ethnic

population, and sex illustrate the importance of serum UA

levels in metabolic syndrome [3,4]. Genetic characteristics,

body mass structure, aging, and renal disposal ability

influence serum UA levels. A recent familial clustering

study of metabolic syndrome showed a significant genetic

correlation between UA and body mass index (BMI), waist

circumference, high-density lipoprotein (HDL) cholesterol,

triglyceride (Tg), and plasminogen activator inhibitor

1 antigen [5]. The present study was conducted to investigate

the impact of UA on various risk factors associated with

metabolic syndrome. In addition, we examined the relation-
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ship between serum leptin levels and UA in metabolic

syndrome in Chinese subjects affected by insulin resistance.
2. Subjects and methods

2.1. Subjects

A total of 470 subjects, including 252 women (mean ageF
SD, 53.7F 12.2 years) and 218 men (mean ageF SD, 54.6F
13.5 years), were randomly selected from the health exami-

nation unit of the Chang Gung Medical Center in Linkou,

Taiwan. All of the subjects were Chinese residents of Taiwan.

Blood tests, body scanning, and evaluation of anthropometric

measurements were performed on all subjects.

2.2. Metabolic syndrome definition

Blood pressure levels were classified according to the

1999 World Health Organization-International Society of

Hypertension guidelines [6]. Hypertension was defined as a
xperimental 56 (2007) 751–756
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systolic blood pressure (SBP) of z140 mm Hg and/or a

diastolic blood pressure (DBP) of z90 mm Hg. Diabetes

mellitus (DM) was defined as a fasting glucose of

z126 mg/dL or a postprandial glucose of z200 mg/dL.

Metabolic syndrome was defined using a modified ATP III

definition issued in 2004 by the Bureau of Health Promotion,

Department of Health, ROC (Taiwan). Subjects meeting 3 or

more of the following criteria were defined as having

metabolic syndrome: central obesity with a waist circumfer-

ence of more than 90 cm in males or more than 80 cm in

females and/or BMI of z27 kg/m2, hypertriglyceridemia

(z150 mg/dL or 1.695 mmol/L), low HDL cholesterol

(b40 mg/dL or 1.036 mmol/L in males and b50 mg/dL

or 1.295 mmol/L in females), high blood pressure

(z130/85 mm Hg), and high fasting glucose (z110 mg/dL

or z6.1 mmol/L).

2.3. Measurements

Venous blood was sampled after an overnight fast and

centrifuged at 3000 rpm for 30 minutes at 48C. Uric acid

was detected in blood samples by using a colorimetric

enzymatic method. Hyperuricemia was defined in males as

more than 7.0 mg/dL (416.4 lmol/L) and in females as

more than 6.0 mg/dL (356.9 lmol/L) [7]. Cholesterol and

Tg levels were measured using enzymatic procedures on an

Abbott VP (Abbott Laboratories, Abbott Park, IL) [8,9].

Serum lipoprotein cholesterol levels were analyzed by a

combination of heparin-calcium precipitation and agar-

agarose gel electrophoresis procedures [8]. Plasma glucose

levels were measured by an enzymatic method using the

Beckman Instant Glucose Analyzer (Beckman Instruments,
Fig. 1. The incidence of hypertension, DM, central obesity, leptin, HO
Palo Alto, CA). Human immunoreactive insulin (IRI) and

human leptin were evaluated with the Linco Research RIA

kit (Linco Research, St Charles, MO). The formulas for the

homeostasis model assessment of insulin resistance

(HOMA-IR) and beta-cell function (HOMA beta-cell) are

as previous described [10]. The HOMA-IR was defined

using the following formula: fasting serum insulin

(lU/mL) � fasting plasma glucose (mmol/L)/22.5. An-

thropometric measurements were performed to determine

BMI and waist-to-hip ratio (WHR) using a 3-dimensional

scanner [11]. The results were correlated with IRI, leptin,

blood pressure, blood glucose, lipid, and UA levels. The

health index (HI) was determined using the following

formula (as previously described [11]):

body weight� 2� waist areað Þ= body height2
� �

� breast areaþ hip areað Þ

The HI combined the parameters of BMI, WHR ratio, and

circumference of the chest girdle. This equation was

proposed after calculation with trial and error to provide

the best correlation with clinical biochemical data. Subjects

were excluded from the study if they had an obvious

disease and/or a body weight change greater than 10%

during the last 6 months. The study protocol was approved

by the institutional review board at Chang Gung Memorial

Hospital (Taoyuan Hsien, Taiwan).

2.4. Statistical analysis

All data analyses were performed using the SAS

software [12]. Associations between individual pairs of
MA-IR, IRI, UA, and BMI values in study patients are shown.



Table 1

Clinical features of the subjects in hyperuricemia and those with normal

serum UA

Normal UA

(n = 326)

Hyperuricemia

(n = 144)

P

Sex (female/male) 175/151 77/67 .9666

Age (y) 54.6 F 12.6 53.1 F 13.1 .2659

Obesity (yes/no) 168/162 98/46 .0004

BMI (kg/m2) 24.4 F 0.2 26.6 F 0.3 .0001

WHR 0.89 F 0.01 0.93 F 0.01 .0001

Fasting glucose (mg/dL) 104.5 F 2.3 105.1 F 5.9 .1990

Postprandial glucose (mg/dL) 117.1 F 3.9 115.4 F 7.8 .8363

DM (yes/no) 35/291 10/134 .1978

Hypertension (yes/no) 44/282 38/106 .0007

SBP (mm Hg) 119.9 F 1.0 125.8 F 1.7 .0020

DBP (mm Hg) 75.3 F 0.6 79.0 F 1.0 .0009

Tg (mg/dL) 121.5 F 4.2 166.4 F 11.6 .0001

HDL cholesterol (mg/dL) 56.1 F 0.8 51.5 F 1.0 .0013

Total cholesterol (mg/dL) 201.1 F 2.3 206.4 F 3.5 .1990

TG/HDL (b3.8/z3.8) 273/53 103/41 .0023

Leptin (ng/mL) 7.0 F 0.3 9.6 F 0.7 .0001

IRI (ng/mL) 16.2 F 0.4 24.4 F 4.0 .0030

HOMA-IR 4.3 F 0.2 6.4 F 1.0 .0032

Nonmetabolic

syndrome/metabolic

syndrome

263/63 92/52 .0001

Obesity denotes those meeting the criteria of metabolic syndrome as

discussed in the text.
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risk variables were examined using partial Pearson product

moment correlation coefficients. All statistical analyses

were carried out separately for men and women and for

different age groups. Subjects taking antihypertensive

medications were considered to have high blood pressure.

Pearson product moment correlation coefficients were

used to adjust for sex and age, between risk variables

and by age group.
Fig. 2. The percentage of hyperuricemia in both sexes and the ratio of me
3. Results

3.1. Metabolic parameter values in study subjects

Of the 470 subjects, 115 (63 females and 52 males)

(24.5%) were diagnosed as having metabolic syndrome.

Forty-five (9.6%) subjects were diagnosed as having DM;

82 (17.4%) had hypertension. Hyperuricemia was identified

in 144 subjects (30.6%), 30.7% (67/218) of the male

subjects and 30.6% (77/252) of the female subjects. The

incidence of hypertension, DM, central obesity, as well as

the values of leptin level, HOMA-IR, IRI, UA, and BMI are

shown in Fig. 1. The incidence of hypertension and DM

increased gradually after the age of 50 years. After the age

of 70 years, BMI and obesity decreased. A statistically

significant difference in leptin levels was noted between

male (mean, 4.9 F 0.3 ng/mL; range, 0.9-28.7 ng/mL) and

female (mean, 10.3 F 0.4 ng/mL; range, 1.6-50.5 ng/mL)

subjects (P = .0001). Further analysis of risk factors

associated with metabolic syndrome in both sexes showed

that females had significantly more central obesity and

lower HDL levels. Men, however, exhibited more elevated

blood pressure.

3.2. Correlation between UA levels and other

clinical parameters

The clinical features of subjects with hyperuricemia and

normal serum UA are presented in Table 1. The hyperurice-

mia group showed increases in BMI, WHR, Tg level,

Tg/HDL ratio, lower HDL, and a greater metabolic syndrome

and hypertension ratio. Hormone assays showed elevations in

leptin, IRI, and HOMA-IR in the hyperuricemia group. In

contrast, the ratio of DM to blood glucose revealed no

significant difference. Statistical significance was noted in
tabolic syndrome in different age ranges are shown in the diagram.



Table 2

Simple linear regression analysis in different sexes, with UA as a dependent variable

Female Male

r P r P

Age (y) 0.135 .032 �0.189 .0051

Tg (mg/dL) 0.224 .003 0.029 b .0001

Fasting glucose (mg/dL) 0.074 .2402 �0.103 .1286

Postprandial glucose (mg/dL) 0.043 .4923 �0.135 .0461

HDL (mg/dL) �0.217 .0005 �0.020 .7711

HOMA-IR 0.246 .0001 0.072 .2916

SBP (mm Hg) 0.234 .0002 0.130 .0549

DBP (mm Hg) 0.190 .0025 0.265 .0001

IRI 0.145 .0210 0.209 .0019

Leptin (ng/mL) 0.200 .0014 0.250 .0002

Height (cm) �0.009 .8880 0.0741 .2762

Weight (kg) 0.351 b .0001 0.376 b .0001

BMI (kg/m2) 0.383 b .0001 0.386 b .0001

Waist circumference (cm) 0.351 b .0001 0.319 b .0001

WHR 0.259 .0001 0.228 .0014

Table 3

Simple linear regression analysis

r P

UA (mg/dL) 0.206 b .0001

WHR 0.370 b .0001

Fasting glucose (mg/dL) 0.317 b .0001

Postprandial glucose (mg/dL) 0.320 b .0001

SBP (mm Hg) 0.397 b .0001

DBP (mm Hg) 0.299 b .0001

Tg (mg/dL) 0.519 b .0001

HDL cholesterol (mg/dL) 0.331 b .0001

HOMA-IR 0.409 b .0001

Leptin (ng/mL) 0.081 .0781

Dependent variable: nonmetabolic syndrome vs metabolic syndrome.
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both sexes with hyperuricemia with or without metabolic

syndrome (P = .0001). The incidence of hyperuricemia in

both sexes and the rate of metabolic syndrome in different age

ranges are illustrated in Fig. 2. The curves showed that the

incidence of metabolic syndrome increased with hyperurice-

mia in females older than 50 years. In Table 2, simple linear

regression analyses of UA in different sexes were further

correlated with other parameters. In both sexes, leptin and

anthropometric parameters such as BMI, waist circumfer-

ence, and WHR were associated with UA levels. Different

patterns of association between UA and HDL, age, and

HOMA-IR were found in each sex.

3.3. Correlation between HOMA-IR values or leptin levels

and other clinical parameters

Analysis of the correlation between HOMA-IR values

with different parameters showed that HOMA-IR values

were significantly different in subjects with central obesity,

DM, and metabolic syndrome. Furthermore, leptin was

higher in females and in subjects with central obesity. The

Tg/HDL ratio was significantly different between high and

low HOMA-IR groups using 3.8 as a cutoff value.

Otherwise, there was no difference in leptin values between

the groups with and without metabolic syndrome. Further

analyses of the groups with and without metabolic

syndrome were performed with simple and multiple

regressions (Tables 3 and 4). There was a statistically

significant difference between subjects with and without

metabolic syndrome in UA, WHR, fasting (AC) blood

glucose, postprandial (PC) blood glucose, SBP, DBP, Tg,

HDL, HOMA-IR, and leptin levels upon simple linear

regression study. In multiple regression analysis, the results

showed that only WHR, SBP, HDL, Tg, and HOMA-IR

values were significantly different between the groups.

4. Discussion

Insulin resistance estimated using HOMA-IR is the main

factor to consider in the development of metabolic
syndrome and cardiovascular complications [13]. This study

confirmed the importance of HOMA-IR as a risk factor of

metabolic syndrome. Furthermore, in the present study,

subjects with hyperuricemia had a higher HOMA-IR.

Analysis of subcutaneous fat obesity and visceral fat obesity

by computed tomographic scan showed that visceral fat

obesity is linked more closely to the overproduction of UA

than to subcutaneous fat obesity [14]. Although no

quantitative visceral fat study was performed in this study,

WHR and BMI values were obtained. Thus, we conclude

that UA level is related to central obesity.

The Framingham studies reported that UA did not have a

causal role in the development of coronary heart disease,

death from cardiovascular disease, or death from all causes

[15]. However, during the last 10 years, epidemiologic

studies related to UA and metabolic syndrome, and

preliminary animal studies related to vascular endothelial

function with hyperuricemia have been published [16]. A

recent prevalence study of hyperuricemia in elderly Taiwa-

nese showed that 36% of those older than 65 years had

hyperuricemia [17]. This percentage is close to the

incidence found in the present investigation. The role of

sex is important in hyperuricemia and in metabolic

syndrome during aging. In the present study, female subjects

after the age of menopause consistently displayed higher



Table 4

Multiple regression coefficients

Unstandardized

coefficients

Standardized

coefficients

t P 95% confidence interval for B

Lower bound Upper bound

Intercept �0.922 �4.217 .000 �1.352 �0.492
UA (mg/dL) �0.005 �0.017 �.411 .682 �0.028 0.018

WHR 0.467 0.093 2.132 .034 0.036 0.897

Fasting glucose (mg/dL) 0.000 0.040 0.353 .724 �0.001 0.002

Postprandial glucose (mg/dL) 0.000 0.040 0.353 .724 �0.001 0.002

SBP (mm Hg) 0.006 0.280 4.727 .000 0.004 0.009

DBP (mm Hg) �0.001 �0.030 �0.515 .607 �0.005 0.003

HDL cholesterol (mg/dL) �0.004 �0.138 �3.393 .001 �0.006 �0.002
Tg (mg/dL) 0.001 0.320 7.637 .000 0.001 0.002

HOMA-IR 0.024 0.197 3.198 .001 0.009 0.038

Leptin (ng/mL) �0.001 �0.011 �0.253 .800 �0.007 0.005

Dependent variable: nonmetabolic syndrome vs metabolic syndrome.
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rates of metabolic syndrome and hyperuricemia. These

results may explain the increased risk of cardiovascular

disease after menopause. In the long-term follow-up of

12 years conducted in 334 white and 243 black subjects in

the Bogalusa Heart Study, elevated childhood serum UA

levels were associated with increased blood pressure

beginning in childhood. These higher blood pressure levels

persisted into adulthood [18].

Anthropometric measurements are important factors in

the prediction of metabolic syndrome [19]. In the present

study, obesity, BMI, waist circumference, and WHR were

associated with high serum UA levels. Other indices such as

waist-to-height ratio and HI were identified as significant

risk factors of metabolic syndrome and high serum UA

levels [20,21]. A previous study showed that hyperuricemia

was a simple important marker of insulin resistance as

measured by using the euglycemic clamp [22]. Uric acid

values of females were stable before the age of 18 years and

decreased slightly between the ages of 19 and 44 years. Uric

acid levels increased in the middle to older age groups [23].

A prospective study of 49413 Japanese male workers with

ages from 25 to 60 years investigated the relationship

between hyperuricemia and health hazards [24]. Hyperuri-

cemia showed a strong association with the relative risk of

death by all causes including coronary heart disease, stroke,

hepatic disease, and renal failure. In the present investiga-

tion, hyperuricemia was associated with HOMA-IR index

and all the components of the metabolic syndrome, except

blood glucose level. Uric acid level was not a significant

risk factor of metabolic syndrome upon multiple regression

coefficient analysis. Thus, the interrelationship of UA and

metabolic syndrome requires more investigation.

The involvement of hyperuricemia in the pathogenesis of

hypertension, cardiovascular disease, and renal disease was

considered during renal involvement in one study [25]. The

action of different cytokines related to metabolic syndrome

and UA levels needs to be investigated. Elevated leptin

levels were studied as one of the causes of elevated UA

levels [26,27]. In a recent study, leptin level was found to be

a risk factor of metabolic syndrome [28]. In the present
analysis, leptin was significantly elevated in subjects with

hyperuricemia. However, unlike the HOMA-IR value, leptin

levels were not significantly different in subjects with

metabolic syndrome upon multiple regression analysis.

Recent data showed that the Tg/HDL ratio can predict

low-density lipoprotein cholesterol particle sizes, heart rate

recovery, and metabolic syndrome [29,30]. With the use of a

cutoff value of 3.8 for the Tg/HDL ratio, HOMA-IR and

hyperuricemia were significantly different in subjects with

high vs low ratios.

In conclusion, the present study showed that UA levels

correlate with most of the risk factors of metabolic

syndrome, except blood glucose levels. However, UA did

not show an association with metabolic syndrome upon

multiple regression analysis. Significantly higher hyperuri-

cemia was observed in subjects with metabolic syndrome.

Waist-to-hip ratio and HOMA-IR were significantly differ-

ent in subjects with and without metabolic syndrome.

References

[1] Chien KL, Hsu HC, Sung FC, et al. Hyperuricemia as a risk factor on

cardiovascular events in Taiwan: the Chin-Shan community cardio-

vascular cohort study. Atherosclerosis 2005;183:147 -55.

[2] Pladevall M, Singal B, Williams LK, et al. A single factor underlies

the metabolic syndrome: a confirmatory factor analysis. Diabetes Care

2006;29:113 -22.

[3] Yoo TW, Sung KC, Shin HS, et al. Relationship between serum uric

acid concentration and insulin resistance and metabolic syndrome.

Circ J 2005;69:928 -33.

[4] Bonora E, Targher G, Zenere MB, et al. Relationship of uric acid

concentration to cardiovascular risk factors in young men. Role of

obesity and central fat distribution. The Verona Young Men

Atherosclerosis Risk Factors Study. Int J Obes Relat Metab Disord

1996;20:975-80.

[5] Tang W, Hong Y, Province MA, et al. Familial clustering for features

of the metabolic syndrome: the National Heart, Lung, and Blood

Institute (NHLBI) Family Heart Study. Diabetes Care 2006;29:631-6.

[6] Guidelines Subcommittee. World Health Organization-International

Society of Hypertension guidelines for the management of hyperten-

sion. J Hypertens 1999;17:151 -83.

[7] Chang HY, Pan WH, Yeh WT, et al. Hyperuricemia and gout in

Taiwan: results from the Nutritional and Health Survey in Taiwan

(1993-96). J Rheumatol 2001;28:1640-6.



J.-D. Lin et al. / Metabolism Clinical and Experimental 56 (2007) 751–756756
[8] Allain CC, Poon LS, Chan CS, et al. Enzymatic determination of total

serum cholesterol. Clin Chem 1974;20:470 -5.

[9] Bucolo G, David H. Quantitative determination of serum triglycerides

by the use of enzymes. Clin Chem 1973;19:476-82.

[10] Haffner SM, Miettinen H, Stern MP. The homeostasis model in the

San Antonio Heart Study. Diabetes Care 1997;20:1087-92.

[11] Lin JD, Chiou WK, Chang HY, et al. Association of hematological

factors with components of the metabolic syndrome in older and

younger adults. Aging Clin Exp Res 2006;18:477 -84.

[12] SAS Institute, Inc. SAS/STAT user’s guide, version 6. 4th ed. Cary

(NC)7 SAS Institute, Inc; 1990.

[13] Bonora E, Eiechl S, Willeit J, et al. Prevalence of insulin resis-

tance in metabolic disorders: the Bruneck Study. Diabetes 1998;47:

1643-9.

[14] Matsuura F, Yamashita S, Nakamura T, et al. Effect of visceral

fat accumulation on uric acid metabolism in male obese subjects:

visceral fat obesity is linked more closely to overproduction of

uric acid than subcutaneous fat obesity. Metabolism 1998;47:

929 -33.

[15] Culleton BF, Larson MG, Kannel WB, et al. Serum uric acid and risk

for cardiovascular disease and death: the Framingham Heart Study.

Ann Intern Med 1999;131:7-13.

[16] Kanellis J, Feig DI, Johnson RJ. Does asymptomatic hyperurice-

mia contribute to the development of renal and cardiovascular

disease? An old controversy renewed. Nephrology (Calton) 2004;

9:394-9.

[17] Lee MS, Lin SC, Chang HY, et al. High prevalence of hyperuricemia

in elderly Taiwanese. Asia Pac J Clin Nutr 2005;14:285-92.

[18] Alper Jr AB, Chen W, Yau L, et al. Childhood uric acid predicts

adult blood pressure: the Bogalusa Heart Study. Hypertension 2005;

45:34 -8.

[19] Lin JD, Chiou WK, Weng HF, et al. Application of three dimensional

body scanner: observation of prevalence of metabolic syndrome. Clin

Nutr 2004;23:1313-23.
[20] Chiou WK, Lin JD, Weng HF, et al. Correlation of the dysmetabolic

risk factors with different anthropometric measurements. Endocr J

2005;52:139-48.

[21] Hsieh SD, Yoshinaga H, Muto T. Waist-to-height ratio, a simple and

practical index for assessing central fat distribution and metabolic risk

in Japanese men and women. Int J Obes Relat Metab Disord

2003;27:610-6.

[22] Vuorinen-Markkola H, Yki-Jarvinen H. Hyperuricemia and insulin

resistance. J Clin Endocrinol Metab 1994;78:25 -9.

[23] Lai SW, Tan CK, Ng KC. Epidemiology of hyperuricemia in the

elderly. Yale J Biol Med 2001;74:151-7.

[24] Tomota M, Mizuno S, Yamanaka H, et al. Does hyperuricemia affect

mortality? A prospective cohort study of Japanese male workers.

J Epidemiol 2000;10:403-9.

[25] Johnson RJ, Kivlighn SD, Kim YG, et al. Reappraisal of the

pathogenesis and consequences of hyperuricemia in hypertension,

cardiovascular disease, and renal disease. Am J Kidney Dis

1999;33:225 -34.

[26] Matsubara M, Chiba H, Maruoka S, et al. Elevated serum leptin

concentrations in women with hyperuricemia. J Atheroscler Thromb

2002;9:28 -34.

[27] Bedir A, Topbas M, Tanyeri F, et al. Leptin might be a regulator of

serum uric acid concentrations in humans. Jpn Heart J 2003;44:

527 -36.

[28] Correia ML, Rahmouni K. Role of leptin in the cardiovascular and

endocrine complications of metabolic syndrome. Diabetes Obes

Metab 2006;8:603-10.

[29] Shishehbor MH, Hoogwerf BJ, Lauer MS. Association of triglyceride-

to-HDL cholesterol ratio with heart rate recovery. Diabetes Care

2004;27:936-41.

[30] Bhalodkar NC, Blum S, Enas EA. Accuracy of the ratio of triglyceride

to high-density lipoprotein cholesterol for predicting low-density

lipoprotein cholesterol particle size, phenotype B, and particle

concentrations among Asian Indians. Am J Cardiol 2006;97:1007-9.


	Serum uric acid and leptin levels in metabolic syndrome: a quandary over the role of uric acid
	Introduction
	Subjects and methods
	Subjects
	Metabolic syndrome definition
	Measurements
	Statistical analysis

	Results
	Metabolic parameter values in study subjects
	Correlation between UA levels and other clinical parameters
	Correlation between HOMA-IR values or leptin levels and other clinical parameters

	Discussion
	References


