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Abstract
Background: There is no data concerning the epidemiology of hyperuricemia in Brazilian population-based studies.

Objective: To investigate the distribution of serum uric acid and its relationship with demographics and cardiovascular 
variables.

Methods: We studied 1,346 individuals. Hyperuricemia was defined as ≥ 6.8 and ≥ 5.4 mg/dL for men and women, 
respectively. Metabolic syndrome (MS) was defined with NCEP ATP III criteria.

Results: The prevalence of hyperuricemia was 13.2%. The association of serum uric acid (SUA) with cardiovascular 
risk factors was gender-specific: in women, higher SUA was associated with increasing BMI, even after adjustments for 
age and systolic blood pressure (SBP). In men, the relationship of SUA with HDLc was mediated by BMI, whereas in 
women, SUA was similar and dependent on BMI, regardless of glucose levels and presence of hypertension. In men, 
triglycerides, waist circumference (WC) and SBP explained 11%, 4% and 1% of SUA variability, respectively. In women, 
WC and triglycerides explained 9% and 1% of SUA variability, respectively. Compared to the first quartile, men and 
women in the fourth quartile had a 3.29 fold and 4.18 fold increase of MS risk, respectively. Women had almost three 
fold higher prevalence of diabetes mellitus. Normotensive men with MS presented higher SUA, regardless of BMI.

Conclusion: Our results seem to justify the need for gender-based evaluation regarding the association of SUA with 
cardiovascular risk factors, which was more pronounced in women. MS was positively associated with increasing SUA, 
regardless of gender. Abdominal obesity and hypertriglyceridemia were the main factors associated with hyperuricemia 
even in normotensive individuals, which may add a higher risk for hypertension. (Arq Bras Cardiol 2012;98(1):13-21)
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for new onset diabetes in hypertensive patients with left 
ventricular hypertrophy8. 

Not differently from many other developing countries, 
Brazil is facing a growing incidence of obesity and metabolic 
disturbances9. Large epidemiological studies have shown that 
SUA is often high in individuals with MS and that its prevalence 
increases according to SUA levels10,11. However, as recently 
reported12, there is scarce data regarding SUA in Brazil and 
so far, no data has been reported on the prevalence and 
epidemiological characteristics of hyperuricemia on studies 
that reflect the general Brazilian population with diverse ethnic 
groups, food intake and physical activity habits. Therefore, we 
sought to investigate in a large population-based sample the 
distribution of SUA and its relationship with gender, ethnicity, 
social class, physical activity, MS and cardiovascular risk 
factors. In addition, we searched for the best cut off points 
of SUA associated with MS by using the receiver-operating 
characteristics (ROC) curve analysis. 

Introduction
The association between serum uric acid (SUA) and 

cardiovascular (CV) diseases such as hypertension1, metabolic 
syndrome (MS)2, coronary and cerebral vascular diseases3,4 

has been reported in several epidemiologic studies. However, 
SUA has not been considered an independent cardiovascular 
risk factor, but only an additional factor associated with 
CV diseases due to the presence of other conditions such 
as obesity, dyslipidemia, hypertension, use of diuretics or 
insulin resistance5. Accordingly, hyperuricemia has been 
largely considered a finding without specific significance 
unless complicated by gout or kidney stones6. However, 
recent reports added further indication of a possible link 
between SUA and cardiovascular disease, as hyperuricemia 
was associated with increased mortality and myocardial 
infarction in individuals with renal failure, even after 
adjustment for renal function and risk factors for MS7. In 
addition, SUA was identified as an independent risk marker 
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Methods

Study Design and Sample Selection
A cross-sectional and population-based study was 

performed to determine the prevalence and severity of 
cardiovascular risk factors in the urban population of 
Vitória, Brazil. Data were collected according to the general 
guidelines of the MONICA-WHO Project13. A sample of 1,661 
individuals was selected from the eligible population (25–64 
years) by using a procedure of household randomization. 
These individuals came to the University Hospital to undergo 
clinical and laboratory exams. The design and sampling 
of this survey was described elsewhere14. The project was 
approved by the institutional ethics committee and all 
participants gave informed written consent. Individuals in use 
of drugs to lower serum lipids, uric acid or blood pressure 
(including diuretics) or with serum creatinine >1.2 mg/dL 
were excluded from this analysis, leaving a final sample of 
1,346 individuals (645 men).

Measurements
Blood pressure was measured during the morning period 

(07:00 to 09:00 AM) in fasting individuals in the sitting 
position by using a standard mercury sphygmomanometer 
on the left arm after a 5–10 min rest period. The first and 
fifth phases of Korotkoff sounds were used to indicate 
systolic and diastolic blood pressure, respectively. Mean 
values of systolic and diastolic blood pressure were 
calculated from two measurements carried out by two 
independent trained staff members, with a minimal interval 
of 10 min between the two readings. Blood pressure was 
defined according to the VI Joint National Committee 
on Prevention, Detection, Evaluation, and Treatment 
of High Blood Pressure15. Participants were considered 
hypertensive in the presence of systolic blood pressure ≥ 
140 mmHg or diastolic blood pressure ≥ 90 mmHg. For 
biochemical analysis, blood samples were collected soon 
after blood pressure measurements to determine glucose, 
creatinine, triglycerides, uric acid, total cholesterol and 
high-density lipoprotein-cholesterol (HDLc) by using 
validated commercial kits.

Anthropometric parameters were obtained by trained 
technicians using standard methods. Body weight was taken 
on a calibrated scale to the nearest 0.1 kg. Height was taken 
with a wall-mounted stadiometer to the nearest 0.5 cm. 
Body mass index (BMI) was calculated as body weight (kg) 
to the squared height (m2). Waist circumference (WC) was 
measured at the mean point between the lowest rib margin 
and iliac crest with the participant standing and at the 
maximum point of normal expiration. History of cigarette 
smoking was considered present if an individual was a 
current smoker. Individuals were considered physically 
active if they engaged in moderate physical activity for 
at least 30 minutes ≥ 3 times a week. According to the 
NECP ATP III criteria16, MS was defined when any three 
of the five following diagnostic criteria were present: WC 
≥ 102 cm in men and ≥88cm in women; type II diabetes 
mellitus or fasting glucose ≥110 mg/dL; HDL-chol ≤ 40 mg/

dL in men and ≤50 mg/dL in women; triglycerides ≥ 150 
mg/dL; systolic blood pressure ≥ 130 mmHg or diastolic 
blood pressure ≥ 85 mmHg. Diabetes was defined when 
a positive history was present or the fasting blood glucose 
was ≥ 126 mg/dL. Impaired fasting glucose was defined 
as fasting glucose ranging from 110 mg/dL to 125.9 mg/dL. 

The individuals were classified into five socioeconomic 
classes on the basis of data on the education level of the 
household head and the type and quantity of domestic 
equipment at home17. The ethnic morphological subgroup 
classification was based on phenotype pigmentation of the 
abdomen, hair color, type and conformation of the nose 
and lips, and family history, as determined and agreed upon 
by two examining physicians. Even though in the Brazilian 
population morphological criteria are not strongly consistent 
with ancestry, this classification has been validated and 
previously used in other studies18,19.

 
Statistical analysis

Statistical analysis was carried out using the SPSS 18.0 
statistical package (Chicago, IL, USA). Data were described 
as means ± standard deviation for continuous variables. 
Proportions were used to express dichotomous variables. 
Goodness to fit to normal distribution was evaluated using 
the Kolmogorov–Smirnov test. Student t-test or analyses 
of variance (with Tukey post hoc test) were used to 
assess differences between two or more than two means, 
respectively. Pearson correlation coefficients were obtained 
for anthropometric, biological and metabolic variables and 
SUA levels. Multivariate Linear Stepwise Regression and the 
Univariate General Linear Models were used to adjust for 
confounding variables. BMI and triglycerides were analyzed 
after log transformation. The predictability of SUA to identify 
MS was identified by ROC curve analyses20. Differences 
of the areas under the ROC curve were compared using 
a method previously described21. Optimal cutoff points 
were registered as the measures representing the largest 
concomitant sensitivity and specificity22.

A healthy sub sample of 294 individuals with blood 
pressure <140/90 mmHg, serum creatinine <1.2 mg/dL, 
triglycerides <150 mg/dL, cholesterol <200 mg/dL, glucose 
<100 mg/dL and BMI <27.5 Kg/m2, was used to generate 
cut-off points to define hyperuricemia (SUA concentration 
≥95th percentile of the normal distribution curve). The 95% 
SUA values were 6.8 mg/dL (in men) and 5.4 mg/dL (in 
women). Then, the total sample was divided into quartiles 
(Q) of SUA as follows: Men: 1st Q (<4.5 mg/dL), 2nd Q (4.5-
5.19 mg/dL), 3rd Q (5.2-6.1 mg/dL) and 4th Q (>6.1 mg/dL); 
Women: 1st Q (<3.2 mg/dL), 2nd Q (3.2-3.89 mg/dL), 3rd Q 
(3.9-4.7 mg/dL) and 4th Q (>4.7 mg/dL).

Logistic regression procedures were used to examine the 
risk of having metabolic syndrome. Univariate and multiple 
variable logistic regression procedures were employed 
to calculate odds ratios (OR) of SUA associated with MS. 
Confidence intervals were also reported for each OR. 
Covariates included in the model were age, smoking status 
and physical activity. Statistical significance was set at P 
<0.05 for proportions and means, unless otherwise stated.
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Results
Using the internally derived cut off points for high SUA 

levels (6.8 mg/dL for men and 5.4 mg/dL for women), the 
overall prevalence of hyperuricemia was 13.2% (IC95% 11.4-
15.0%), higher in men (16.0%-IC95% 14.0%-18.0%) than in 
women (10.7%-IC95% 9.0%-12.0%). SUA was similar among 
social class and race-ethnicity groups (34% white, 50% 
mulatto and 8.3% black), in active and sedentary individuals 
(despite the high prevalence of sedentary individuals, around 
75%), and in smokers and non smokers, regardless of gender. 
However, the association of SUA with BMI status after 
adjustments for age and systolic blood pressure was gender 
specific: in men, SUA was higher in overweight and obesity 
individuals when compared to the normal weight group (but 
without difference between the overweight-obese categories), 
whereas in women, significantly higher SUA was positively 
associated with increasing BMI groups (table 1). 

SUA was significantly higher in men (p in parentheses, 
table 2) as compared to women. In all participants, after 
gender adjustment, SUA was significantly associated with 
increasing number of MS components, abdominal obesity, 
low HDLc, impaired fasting glucose, high triglycerides, and 
the presence of MS and hypertension. However, stratification 
of individuals according to gender revealed that the pattern 
of SUA association with low HDLc, impaired fasting glucose 
and the presence of hypertension was gender-specific: in 
men exclusively, the relationship of SUA with low HDLc was 
not independent, but, mediated by BMI, whereas in women, 
the association of impaired fasting glucose and hypertension 
with SUA was mediated by BMI, that is, fasting glucose and 
hypertension were not independently associated with SUA. 
Conversely, MS was significantly associated with higher SUA in 
both genders, even after adjustments for age and BMI showing 
an independent association with SUA (table 2).

Women with hyperuricemia, as compared to those without 
this condition, showed higher increment in the prevalence of 
hypertension (almost 2 fold compared to 1.52 fold in men) 
and MS (2.2 fold compared to 1.6 fold in men). As opposed 
to men, who did not show any difference in the prevalence 
of DM, women with hyperuricemia presented almost 3 fold 
higher prevalence of DM. 

Table 3 summarizes Pearson’s correlation coefficients 
between SUA and CV risk factors, stratified by gender. All 
variables correlated significantly with SUA, except glucose 
in both gender and age in men. It is noteworthy that waist 
circumference in both gender and triglycerides in men 
presented the strongest correlations with SUA. There was 
a positive association of SUA with increasing number of 
MS components, adjusted for age. Mean SUA increased in 
men and women, respectively, from 4.8±1.2 mg/dL and 
3.6±0.8 mg/dL in individuals with no component of the MS 
to 5.8±1.4 mg/dL and 4.4±1.0 mg/dL in individuals with 
three components and to 6.1±1.4 mg/dL and 5.2±1.3 mg/
dL in those with the full spectrum of the syndrome (table 1).

The relationship between SUA and MS is also illustrated 
by the fact that MS prevalence ratio in individuals with and 
without hyperuricemia were 1.88 (IC95% 1.32–2.65) and 
2.71 (IC95% 1.78–4.12) for men and women, respectively. 

In addition, figure 1 shows the successive increase in the 
prevalence of MS across quartiles of SUA. We can notice a 
smooth increase of MS prevalence along SUA quartiles in 
women, but the same seems not to occur in men. Furthermore, 
we investigated the relative risk of MS, according to the 
quartiles of SUA adjusted for age, smoking status and physical 
activity in men and women, respectively. The results are shown 
in table 4. Compared to the first quartile, men and women 
in the highest SUA quartile had a 3.29 fold and 4.18 fold 
increase of MS risk, respectively. It is worth to note the linear 
component in risk of having MS in relation to increased SUA 
concentrations, regardless of genders. 

We further explored the association of SUA and MS 
in individuals with normal blood pressure (BP <130/85 
mmHg), stratified by gender. Figure 2 shows that in these 723 
normotensive individuals stratified by gender, after adjustments 
for age and BMI, SUA was significantly higher only in men with 
MS, as compared to the counterpart without the syndrome.

Factors associated with increased SUA were investigated by 
multivariate stepwise regression analysis, stratified by gender. 
In men, triglycerides (ß= 0.23, p<0.001), waist circumference 
(ß= 0.21, p<0.001) and systolic blood pressure (ß= 0.11, 
p=0.004) explained 11%, 4% and 1% of the SUA variability, 
respectively. In women, waist circumference (ß= 0.26, 
p<0.001) and triglycerides (ß= 0.09, p=0.02) explained 9% 
and 1% of the SUA variability, respectively. Age was excluded 
from the model in both genders. Indeed, the prevalence of 
hyperuricemia did not change in relation to age categories. 
However, in women but not in men, SUA was significantly 
higher above the age of 54 (25-54 years: 5.22±1.14 mg/dL 
and 3.92±1.19 mg/dL; 55-65 years: 5.45±1.37 mg/dl and 
4.36±1.11 mg/dl, in men and women, respectively). Table 
5 shows the areas under the ROC curves (AURC) and the 
optimal cut-off points (according to the highest sensitivity 
and specificity) of SUA associated with MS. The best cut offs 
were 5.3 mg/dL for men and 4.0 mg/dL for women, that are 
roughly in the 75th percentile of the SUA distribution curve of 
the normal healthy sub sample. 

Discussion
to the best of our knowledge, this is the first report on the 

prevalence of hyperuricemia and the association of SUA with 
demographic, hemodynamic and metabolic risk factors in a 
Brazilian population-based study. We focused our analyses 
specifically on the effects of gender on this relationship. Even 
though it was found that men presented higher SUA regarding 
all variables analyzed (all participants, with p for gender in 
parentheses, table 1), we noticed specific differences after 
gender stratification. In men exclusively, the relationship of 
SUA with high or low HDLc was mediated by BMI. On the 
other hand, in women exclusively, the association of impaired 
fasting glucose and hypertension with SUA was dependent 
on BMI (table 2). Concerning BMI status, an index of general 
adiposity, even after adjustments for age and systolic blood 
pressure, women presented a more pronounced and 
positive association of SUA with increasing BMI groups, 
and differently from men, which presented similar SUA in 
overweight and obese individuals (table 1). 

15



Original Article

Arq Bras Cardiol 2012;98(1):13-21

Rodrigues et al
Uric acid and metabolic syndrome

We observed significantly positive associations of SUA 
with the risk factors investigated and the higher prevalence 
of MS and hypertension in hyperuricemic individuals, 
mainly in women. It is worth to note the increased 
prevalence (almost three fold high) of diabetes mellitus 
exclusively in women with hyperuricemia, as compared to 
those with normal SUA levels. More importantly, was the 
detection of increased SUA exclusively, in normotensive 
men with MS, which was independent of age and BMI, and 

diverse from women, that presented BMI as the mediator 
of SUA (figure 2). 

Analyses of the whole sample showed that triglycerides 
in men and waist circumference (surrogate measure for 
visceral fat) in both genders were identified as the main 
factors associated with hyperuricemia. Accordingly, it 
has been reported that hypertriglyceridemia is the major 
abnormality of MS and there is evidence that the association 
between SUA concentration and insulin resistance may 

Figure 1 – Prevalence of metabolic syndrome and quartiles of serum uric acid by gender.

Figure 2 – Serum uric acid levels in normotensive individuals (PA < 130/85mmHg) with and without metabolic syndrome stratified by gender. Data are shown as Mean ± SD.

p < 0.001

p = 0.09
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be mediated by increased triglyceride23. Even though the 
mechanism by which excess body fat leads to increased 
SUA is still not totally elucidated, in addition to the increase 
in endogenous production of urate, evidence shows that 
accumulated visceral fat leads to an increase in free fatty 
acids and tumor necrosis factor alpha (TNF-α), together 
with a decrease in adiponectin concentration, which leads 
in turn to reduced renal excretion of uric acid24.

Overall, the prevalence of hyperuricemia was 13.2%. It 
is worth to mention that we investigated individuals not in 
use of drugs that interfere with uric acid metabolism and 
without apparent renal failure. Moreover, the cut-off ratio 
was defined internally (healthy sub-sample) as the sex-
specific 95th percentile (6.8 mg/dL and 5.4 mg/dL for men 

and women, respectively) which is 0.2 mg/dL and 0.6 mg/
dL lower in men and women respectively, was compared 
to the cut-offs in use25. 

We found that SUA increased with the number of MS 
components, even when adjusted for age, and that the odds 
ratio for MS increased across quartiles of SUA, regardless of 
gender. Besides, we found 5.3 mg/dL in men and 4.0 mg/dL 
in women as the best cut-off points of SUA associated with 
MS by ROC curve analysis with sensibilities and specificities 
around 62%.

In general, our data agree with several cross-sectional 
studies from different populations that established an 
association between SUA and MS2,26, and with a Brazilian 
study that included 352 white male individuals from high 

Table1 - Serum uric acid in relation to demographic and anthropometric characteristics, by gender

Men = 645 Women = 701
p

for gendern (prevalence) Mean±SD Median (95%CI) n (prevalence) Mean±SD Median±95%CI

Physical 
activity

No 462 (73) 5.43 ± 1.41 5.20(5.30 - 5.56) 533 (76.9) 4.00 ± 1.10 3.90(3.90 - 4.09) <0.001

Yes 170 (27) 5.25 ± 1.25 5.15(5.06 - 5.44) 160 (23.1) 3.97 ± 1.07 3.90(3.79 - 4.14) <0.001

p 0.13 0.74

Ethnicity

White 220 (34.1) 5.40 ± 1.43 5.30(5.21 - 5.59) 239 (34) 3.88 ± 1.05 3.80(3.75 - 4.02) <0.001

Black 59 (9.3) 5.15 ± 1.26 5.10(4.81 - 5.49) 53 (7.5) 4.21 ± 1.32 4.00(3.84 - 4.57) <0.001

Mulatto 327 (50.6) 5.41 ± 1.79 5.20(5.30 - 5.60) 348 (49.6) 4.03 ± 1.08 3.90(3.91 - 4.14) <0.001

p 0.50 0.20

Social 
class

A 65 (10) 5.37 ± 1.13 5.45(5.07 - 5.66) 74 (11.6) 3.84 ± 1.02 3.70(3.59 - 4.10) <0.001

B 173 (26.8) 5.34 ± 1.35 5.20(5.13 - 5.55) 193 (27.5) 3.98 ± 1.08 3.90(3.82 - 4.14) <0.001

C 198 (30.7) 5.42 ± 1.38 5.20(5.22 - 5.62) 220 (31.4) 4.00 ± 1.14 3.85(3.84 - 4.16) <0.001

D+E 208 (32.2) 5.43 ± 1.43 5.20(5.23 - 5.63) 213 (30.4) 4.03 ± 1.08 4.00(3.88 - 4.19) <0.001

p 0.71 0.19

Smoking 
status

Yes 177 (27.5) 5.48 ± 1.27 5.20(5.29 - 5.68) 144 (20.5) 4.15 ± 1.11 3.95(3.96 - 4.34) <0.001

No 467 (72.5) 5.37 ± 1.40 5.20(5.23 - 5.50) 556 (79.5) 3.95 ± 1.09 3.90(3.85 - 4.04) <0.001

p 0.25 0.08

BMI

< 25 287 (45.5) 5.07 ± 1.20 5.0(4.91 - 5.22) 357 (53.1) 3.76 ± 1.02 3.51(3.65 - 3.87) <0.001

25-29.9 256 (40.6) 5.67 ± 1.31a 5.4(5.51 - 5.83) 207 (30.2) 4.08 ± 1.06a 3.95(3.94 - 4.23) <0.001

≥ 30 87 (13.8) 5.64 ± 1.33a 4.4(5.35 - 5.92) 121 (17.6) 4.55 ± 1.07a.b 4.35(4.36 - 4.74) <0.001

p < 0.001 < 0.001

Data presented as means ±SD, Median (IC95%). BMI - body mass index. p value under each variable represents difference among categories. P in the last 
column represents sex differences (p for gender). Serum uric acid in relation to BMI subgroups was analyzed after adjustments for age and mean systolic blood
 pressure. aSignificantly different in relation to < 25; bSignificantly different in relation to 25-29.9.
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Table 2 – Gender related characteristics associated with serum uric acid levels

All Participants* Men Women

n Mean, mg/dL
(95% CI)

p value
(p for 

gender)
n Mean, mg/dL

(95% CI) p n Mean, mg/dL
(CI95%) p

MS risk factor <0.001 <0.001 <0.001

0 165 4.2(4.0 - 4.4) (<0.001) 74 4.8(4.5 - 5.1) 91 3.6(3.4 - 3.9)

1 444 4.4(4.3 - 4.5) 186 5.1(4.9 - 5.3) 258 3.8(3.6 - 3.9)

2 377 4.8(4.6 - 4.9) 190 5.4(5.2 - 5.6) 187 4.1(3.9 - 4.2)

3 224 5.1(5.0 - 5.3) 127 5.8(5.6 - 6.1) 97 4.4(4.2 - 4.6)

4 102 5.2(4.9 - 5.4) 51 5.9(5.5 - 6.3) 51 4.4(4.1 - 4.7)

5 32 5.6(5.2 - 6.0) 16 6.1(5.4 - 6.7) 16 5.2(4.6 - 5.7)

WC <0.001 <0.001 <0.001

Normal 1077 4.6(4.5 - 4.7) (<0.001) 575 5.3(5.2 - 5.4) 502 3.9(3.8 - 3.9)

Increased 256 5.2(5.1 - 5.4) 65 6.0(5.7 - 6.3) 191 4.4(4.3 - 4.6)

HDLc <0.001 0.29 0.005

Low 692 5.4(5.3 - 5.5) (<0.001) 291 5.4(5.3 - 5.6) 401 4.1(4.0 - 4.2)

High 614 4.0(3.9 - 4.1) 327 5.3(5.2 - 5.4) 288 3.9(3.7 - 4.0)

Glucose (mg/dL) 0.04 0.58

< 110 1111 4.6(4.6 - 4.7) 503 5.3(5.2 - 5.5) 600 4.0(3.9 - 4.1)

110–126 162 5.1(4.9 - 5.2) 99 5.7(5.4 - 6.0) 60 4.1(3.9 - 4.4)

≥ 126 64 4.9(4.6 - 5.2) 34 5.3(4.8 - 5.7) 30 4.0(3.6 - 4.4)

Triglycerides <0.001 <0.001

< 150 976 4.5(4.4 - 4.6) 404 5.1(5.0 - 5.3) 564 3.9(3.8 - 4.0)

> 150 367 5.2(5.1 - 5.4) 236 5.8(5.7 - 6.0) 128 4.3(4.1 - 4.5)

MS <0.001 <0.001 0.002

Yes 358 5.2(5.1 - 5.3) (<0.001) 194 5.7(5.5 - 5.9) 164 4.3(4.1 - 4.5)

No 986 4.5(4.4 - 4.6) 450 5.3(5.1 - 5.4) 536 3.9(3.8 - 4.0)

Hypertension <0.001 <0.001 0.13

Yes 415 5.0(4.9 - 5.1) (<0.001) 263 5.7(5.5 - 5.9) 149 4.1(4.0 - 4.3)

No 927 4.6(4.5 - 4.6) 381 5.2(5.1 - 5.3) 543 4.0(3.9 - 4.1)

Data are shown as mean ± SD and 95%CI. MS - metabolic syndrome; WS - waist circumference; HDLc - high density lipoprotein cholesterol. * All participants had the 
variables analyzed by 2-way ANOVA with gender as a second factor and P value for gender factor given in parentheses. 

social class27 and an observational study that evaluated 756 
individuals (369 men) from a convenience sample12.

Taken together, our study suggests that depending on gender, 
hyperuricemia might be a component of the clinical picture of MS 
or possibly, an independent risk factor. Despite the presence of 
generally lower concentration of SUA in women, when compared 
to men, the female gender showed a more pronounced 

association of BMI with higher SUA besides a closer relationship 
with MS, diabetes mellitus and hypertension. However, studies 
without gender stratification, may fail to notice potential gender-
specific differences regarding SUA and cardiometabolic risk 
factors. Therefore, the results of our study seem to justify the need 
for gender-based evaluation when investigating the association 
of SUA with cardiovascular risk factors. 
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Table 5 - Areas under the ROC curves (AURC), cut-offs, sensitivity and specificity of serum uric acid levels in relation to the ability to identify 
Metabolic Syndrome

  AURC 95% CI Cut off Sensitivity Specificity

Men

SUA 0.652 0.606 - 0.699 5.3 0.64 0.61

Women
SUA 0.665 0.618 - 0.712 4.0 0.61 0.62

SUA - serum uric acid; AURC  - Areas under the ROC curves.

Table 3 – Pearson’s correlation coefficients between serum uric acid 
and risk factors, by gender

Men (n = 645) Women (n = 701)

r p r p

Age 0.06 0.14 0.1 <0.001

BMI 0.26 <0.001 0.3 <0.001

WC 0.31 <0.001 0.31 <0.001

SBP 0.2 <0.001 0.16 <0.001

DBP 0.2 <0.001 0.15 <0.001

HDL -0.09 0.03 -0.13 <0.001

Trig 0.33 <0.001 0.2 <0.001

Glucose 0.01 0.73 0.06 0.09

BMI - body mass index; WC - waist circumference; SBP - systolic blood pressure; 
DBP - diastolic blood pressure; HDL - high density lipoprotein; Trig - triglycerides.

Table 4 - Odds ratio (OR) and 95% confidence interval for risk of metabolic syndrome according to quartiles of uric acid stratified by gender, 
adjusted for age, smoking status and physical activity

Men Women

Uric acid (mg/dL) OR 95% CI Uric acid (mg/dL) OR 95% CI

1o Q (< 4.5) 1.00 __ 1o Q (< 3.2) 1.00 __

2o Q (4.5 - 5.19) 0.85 0.35 - 2.05 2o Q (3.2 - 3.89) 1.66 1.03 - 2.68

3o Q (5.2 - 6.1) 1.29 0.58 - 2.90 3o Q (3.9 - 4.7) 2.91 1.78 - 4.74

4o Q (> 6.1) 3.29 1.53 - 7.07 4o Q (> 4.7) 4.18 2.28 - 7.65

p for trend < 0.001 < 0.001

Q - refers to quartiles.

Hyperuricemia can result from either increased 
uric acid synthesis or decreased uric acid excretion, 
or from a combination of both. Diminished uric acid 
excretion is reported in patients with MS28 and appears 
to reflect impaired renal uric acid excretion secondary to 
enhanced proximal tubular sodium reabsortion mediated 
by hyperinsulinemia29. Hypertension in turn, has been 
reported to mediate the direct relationship between MS 
and increased SUA levels30. Indeed, we identified blood 

pressure higher than 130/85mmHg in roughly 85% of 
individuals with MS. Thus, blood pressure increase clearly 
represents the main risk factor associated with MS in 
our population. Chronic inflammation and endothelial 
dysfunction, as observed in patients with increased SUA, 
are likely to have participation in the mechanisms through 
which this substance may affect renal structure and 
operation31 leading to the genesis of hypertension mainly 
in young individuals32. Conversely, it has been questioned 
if uric acid is a substance that is increased by the organism 
to counteract the increased oxidative stress associated with 
insulin resistance, inflammation, and other risk factors that 
usually cluster with increased SUA concentrations33 thus, 
representing only a defense mechanism. 

The interpretation of this investigation has some 
limitations. Firstly, data were restricted to a cross-sectional 
study in a population with 36% whites, 53% mulattos and 
9% blacks and should be generalized to other populations 
with caution. Secondly, no serum insulin levels were 
measured as an index for insulin resistance. As insulin 
resistance is believed to play a major role in the metabolic 
syndrome, the inclusion of this variable in our statistical 
analysis would have been important. Thirdly, information 
on alcohol intake was not available. However, as mentioned 
before, we did not find differences in SUA stratified by 
gender regarding smoking status, social class or race-
ethnicity (as others have found higher SUA in male black 
individuals, partially related to alcohol ingestion)34, which 
may have dampened the importance of alcohol in our 
analysis, that is, if alcohol was consumed, the amount did 
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not seem to impact SUA in our sample. Another possible 
weakness of our study is, as expected, the small number 
of normotensive drug-free individuals with the diagnosis 
of MS. However, we further explored 723 individuals with 
blood pressure <130/85mmHg and found out that there 
was a graded increase in SUA in relation to the number of 
concurrent MS components in both genders. Our findings 
agree with data recently reported in which it was found that 
around 73% of hiperuricemic individuals had more than 
one MS component35. Moreover, we found that men and 
women with SUA levels above 6.1 mg/dL and 4.7 mg/dL, 
had 3 and 4 times higher risk, respectively, of having MS. 

Therefore, since hyperuricemia is potential ly a 
modifiable factor, measuring SUA that is cheap and easily 
available, might provide a cost-beneficial investigation 
allowing the identification of individuals with increased 
SUA, which in turn, may benefit to have a full work up 
for the risk factors associated with MS. It is worth to note 
that regarding normotensive individuals, the detection of 
high SUA might be an alert and a warning to increment 
preventive measures to avoid hypertension. Even though 
our study does not allow to establish causal relationships, 
under the light of the latest evidences7,8 our data may 
suggest a possible role of increased SUA in cardiovascular 

physiopathology. Strategies to improve people’s awareness 
about the necessity to urgently modify eating habits and to 
avoid sedentary lifestyle are necessary, mainly focusing on 
the pursuit of “healthy” and properly individualized waist 
line measurements36,37.
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