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Hyperuricemia predicts future metabolic syndrome:
a 4-year follow-up study of a large screened cohort
in Okinawa, Japan

Kazufumi Nagahama1, Taku Inoue2, Kentaro Kohagura1, Ayano Ishihara1, Kozen Kinjo3 and Yusuke Ohya1

The aim of this study was to determine whether hyperuricemia could predict future metabolic syndrome (MetS) in a large

screened cohort of Japanese male and female subjects. We evaluated 5936 subjects (3144 male subjects, 2792 female

subjects; mean age 48.7 years) who underwent health checkup programs in 2006 and 2010, who were MetS free in 2006.

At baseline, hyperuricemia was detected in 927 male subjects (29.5%) and 276 female subjects (9.9%). Subjects with

baseline hyperuricemia had significantly higher MetS prevalence in 2010 than those without (male subjects: 34.8 vs. 20.6%,

Po0.0001; female subjects: 15.6 vs. 4.8%, Po0.0001). Compared with subjects in the first quintile of uric acid levels at

baseline, the age-adjusted odds ratios (ORs) for MetS cumulative incidence among subjects in the third, fourth and fifth

quintiles were, 1.8 (95% confidence interval (CI): 1.4–2.4: Po0.0001), 2.1 (95% CI: 1.6–2.8: Po0.0001) and 3.2 (95%

CI: 2.4–4.1: Po0.0001), respectively, for male subjects and 2.4 (95% CI: 1.3–4.7: P¼0.0075), 3.0 (95% CI: 1.6–5.7:

P¼0.0010) and 4.8 (95% CI: 2.6–8.8: Po0.0001), respectively for female subjects. Multivariable logistic analysis revealed

that hyperuricemia was significantly associated with MetS cumulative incidence in male subjects (OR 1.5: 95% CI: 1.3–1.8,

Po0.0001) and female (OR 2.0, 95% CI: 1.3–3.0, Po0.0001). In conclusion, hyperuricemia is a significant and independent

predictor of MetS in Japanese male and female subjects. For both genders, MetS risk increases with increased serum uric acid

levels.
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INTRODUCTION

Metabolic syndrome (MetS) is characterized by a combination of
central obesity, atherogenic dyslipidemia (hypertriglyceridemia and
low levels of high-density lipoprotein cholesterol (HDL-C)), hyper-
glycemia and elevated blood pressure (BP). The principal underlying
pathophysiological abnormality of this syndrome is insulin resistance.
MetS is a significant public health issue because it has become
very common in both industrialized and developing countries and
is associated with a higher risk of cardiovascular and all-cause
mortality.1,2

Hyperuricemia is also associated with the incidence of cardio-
vascular events.3–6 Several studies have shown that hyperuricemia is
correlated with classical cardiovascular risk factors7–10 and MetS.11–13

Furthermore, three recent epidemiological studies found that
hyperuricemia could be an independent predictor of MetS.14–16

However, the influence of gender on MetS incidence and serum
uric acid (SUA) levels on increasing the risk of MetS differed among
these studies.

Thus, the aim of the present study was to examine if hyperuricemia
could predict future MetS in a large screened cohort of Japanese male
and female subjects.

METHODS

Subjects
In 2006, 13 668 participants took part in a 1-day health checkup program run

by the Okinawa General Health Association and 6919 participants were re-

examined in 2010. Of the 6919 participants, we excluded 17 participants

without available data of waist circumference (WC) in 2006 and/or 2010.

Table 1A shows the numbers and prevalence of metabolic syndrome

components, obesity, hypertension and diabetes mellitus according to the

presence or absence of hyperuricemia before the exclusion of participants with

metabolic syndrome in 2006. We also excluded 966 participants (820 male

subjects, 146 female subjects) with MetS in 2006. As shown in Table 1A and

Table 1B, in male subjects with hyperuricemia, almost half of high BP,

hypertension, high blood glucose (BG) and diabetes mellitus were excluded. As

a result, we included 5936 subjects (3144 male subjects, 2792 female subjects)
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in the present study. This study was approved by the ethics committee of the

University Hospital of the Ryukyus.

The Okinawa General Health Association has managed the community-

based health checkup program in Okinawa, Japan. Participants who visited the

clinic of the Okinawa General Health Association completed a questionnaire

that including details regarding family history of hypertension, diabetes

mellitus, dyslipidemia, stroke and heart disease; lifestyle-related variables such

as smoking and alcohol consumption; medical history; and current medica-

tions. Smoking habits were classified into one of three categories: non-

smokers, ex-smokers or current smokers. Regarding alcohol consumption,

participants were classified as non-drinkers, ex-drinkers or current drinkers of

o1.5 cups, 1.5–3.0 cups or 43.0 cups of alcohol per day. One cup of sake

contains 15% alcohol in 180ml. The alcohol contents of other alcoholic

beverages such as whisky, wine and beer were also calculated and 27ml of

alcohol was considered as one cup. Current medications included antihyper-

tensive mediation use (yes/no), antidiabetic medication and/or insulin use

(yes/no) and antidyslipidemic medication use (yes/no). The questionnaires

were discussed during physical examinations, and a clinic physician inter-

viewed the participants further.

All study subjects underwent a clinical examination, which included height,

weight and WC measurements. WC was measured using a graduated tape at

the umbilical level while subjects were standing. Body mass index (BMI)

was calculated as body weight (kg) divided by height squared (m2). A well-

trained nurse or doctor measured resting BP using a standard mercury

sphygmomanometer while the subjects were sitting position after at least 5min

of rest.

All subjects fasted overnight before blood sampling. After fasting for at least

12 h, a venous blood sample was obtained. Levels of SUA, triglycerides, HDL-C

and fasting blood glucose were determined for all subjects using

an autoanalyzer (Hitachi Automatic Analyzer Model 7700, Hitachi High-

Technologies, Tokyo, Japan) in the laboratory of the Okinawa General Health

Association.

Definitions
There is no universally accepted definition of hyperuricemia. In the present

study, we defined hyperuricemia as SUA levels of X7.0mgdl�1 in male

subjects and X6.0mgdl�1 in female subjects. SUA levels were placed into five

categories according to their quintile. For male subjects, UA1: p5.4mgdl�1;

UA2: 5.5–6.0mgdl�1; UA3: 6.1–6.6mgdl�1; UA4: 6.7–7.3mgdl�1; and UA5:

X7.4mgdl�1. For female subjects, UA1: p3.8mgdl�1; UA2: 3.9–4.3mgdl�1;

UA3: 4.4–4.8mgdl�1; UA4: 4.9–5.4mgdl�1; and UA5: X5.5mgdl�1. Obesity

was defined as a BMI X25kgm�2.

For this study, MetS was defined on the basis of criteria that were authorized

by the Japanese Committee on the Criteria for MetS17 and commonly

used in routine clinical practice in Japan. Participants with an increased

WC (X85 cm in male subjects, X90 cm in female subjects) and who had

two or more of the following factors were diagnosed with MetS: high BP

(systolic BP X130mmHg and/or diastolic BP X85mmHg and/or current

use of antihypertensive medications); dyslipidemia (triglycerides levels

X150mgdl�1 and/or HDL-C levels o40mgdl�1 and/or current use of

antidyslipidemic medications); and high blood glucose (high BG: fasting

blood glucose levels X110mgdl�1 or current use of antidiabetic medications).

Statistical analysis
Results for continuous variables are given as means±s.d. and results for

categorical variables are given as numbers and percentages (%). Independent

t-tests were used to compare the results for continuous variables between

groups with and without hyperuricemia. Results for categorical variables were

compared by w2-tests. Odds ratios (ORs) for the incidence of MetS were

determined using multivariable logistic regression models. We used three

logistic models to make adjustments (Model 1: adjusting for age; Model 2:

adjusting for age, alcohol consumption, smoking status, presence or absence of

increased WC, high BP, dyslipidemia, high BG, estimated glomerular filtration

rate and presence or absence of medication use for hypertension and/or

dyslipidemia and/or diabetes mellitus; and Model 3: adjusting for alcohol

consumption, smoking status, presence or absence of increased WC, high BP,

dyslipidemia, high BG, estimated glomerular filtration rate and presence or

absence of medication use for hypertension and/or dyslipidemia and/or

diabetes mellitus). The estimated glomerular filtration rate was calculated by

means of the modified Cockcroft–Gault formula for Japanese populations.18 In

subgroup analysis for age, we stratified the study subjects into tertile of age

(Age T1: 20–42 years of age, Age T2: 43–52 years of age and Age T3: 65 year of

age or older for male subjects; Age T1: 20–45 years of age, Age T2: 46–53 years

of age and Age T3: 54 year of age or older for female subjects). Statistical

analyses were performed using JMP 10.0 software (SAS Institute, Cary, NC,

USA). A P-value of o0.05 was considered significant.

Table 1A Numbers and prevalence of metabolic syndrome components, obesity, hypertension and diabetes mellitus according to presence or

absence of hyperuricemia before exclusion of participants with metabolic syndrome at baseline

Male subjects Female subjects

HU (þ ) (n ¼1284) HU (–) (n ¼2680) P-value HU (þ ) (n ¼328) HU (–) (n ¼2610) P-value

Obesity, n (%) 755 (58.8) 1000 (37.3) o0.0001 164 (50.0) 588 (22.5) o0.0001

Increased WC, n (%) 870 (67.8) 1377 (51.4) o0.0001 124 (37.8) 423 (16.2) o0.0001

High BP, n (%) 534 (41.6) 900 (33.6) o0.0001 158 (48.1) 594 (22.8) o0.0001

Hypertension, n (%) 433 (33.7) 900 (26.8) o0.0001 141 (43.0) 483 (18.5) o0.0001

Dyslipidemia, n (%) 728 (56.7) 1020 (38.1) o0.0001 121 (36.9) 388 (14.9) o0.0001

High BG, n (%) 249 (19.4) 466 (17.4) 0.1245 69 (21.0) 178 (6.8) o0.0001

DM, n (%) 78 (6.1) 239 (8.9) 0.0020 24 (7.3) 15 (3.3) 0.0004

Table 1B Numbers of metabolic syndrome components according to

presence or absence of hyperuricemia in subjects with metabolic

syndrome in 2006

Male subjects Female subjects

HU (þ )

(n ¼357)

HU (–)

(n ¼463)

HU (þ )

(n ¼52)

HU (–)

(n ¼94)

Obesity, n 294 353 49 75

Increased WC, n 357 463 52 94

High BP, n 296 371 46 87

Hypertension, n 243 293 41 75

Dyslipidemia, n 319 376 38 70

High BG, n 173 276 36 56

DM, n 54 145 15 28

Abbreviations: DM, diabetes mellitus; High BG, high blood glucose; High BP, high blood
pressure; HU, hyperuricemia; WC, waist circumference. Po0.05 was considered statistically
significant.
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RESULTS

At baseline (in 2006), the mean age of the study subjects was
48.7±9.8 years and 53.0% were male subjects. Hyperuricemia
was detected in 927 male subjects (29.5%) and 276 female subjects
(9.9%). The baseline characteristics of the study subjects with
and without hyperuricemia are shown in Table 2. For both
male and female subjects, those with hyperuricemia had significantly
higher BMI, WC, diastolic BP, triglycerides levels and obesity
prevalence.
With regard to MetS-components, female subjects with hyper-

uricemia had a significantly higher prevalence of increased WC,
high BP, hypertension, dyslipidemia and high BG than those without.
In addition, male subjects with hyperuricemia had a significantly
higher prevalence of increased WC and dyslipidemia than those
without. The prevalence of high BP, hypertension, high BG and
diabetes mellitus was similar between male subjects with and without
hyperuricemia.
In 2010, 944 of the 5936 subjects (779 male subjects, 165 female

subjects) had progressed to MetS. Male subjects had a significantly
higher cumulative incidence of MetS than female subjects (24.8 vs.
5.9%; Po0.0001). We found MetS incident in 323 male and 43 female
subjects with hyperuricemia and 456 male and 122 female subjects
without hyperuricemia, respectively. Subjects with hyperuricemia in
2006 had a significantly higher prevalence of MetS in 2010 than those
without hyperuricemia in 2006 (male subjects: 34.8 vs. 20.6%;
Po0.0001; female subjects: 15.6 vs. 4.8%; Po0.0001).
The baseline characteristics of the study subjects based on the

occurrence of MetS in 2010 are shown in Table 3. For both male and
female subjects, individuals who developed MetS had significantly
higher measures for BMI, WC, diastolic BP, triglycerides, fasting blood
glucose and uric acid (UA) than those who did not; in addition,

individuals who developed MetS had a significantly higher prevalence
of obesity, hyperuricemia, increased WC, dyslipidemia and high BG
than those who did not.
Figure 1 shows the cumulative incidence of MetS according to

SUA quintiles. The cumulative incidence of MetS significantly
increased with increased SUA levels for both male and female
subjects. The ORs (95% confidence intervals (CIs)) for the incidence
of MetS compared with the lowest SUA quintile are shown in Table 4.
We used two logistic models to make adjustments. With Model 1, the
upper third, fourth and fifth SUA quintiles were significantly
associated with MetS incidence and similar to those of crude ORs;
the fifth quintile had the largest OR for both male and female
subjects. With Model 2, the ORs also increased with increased SUA
levels in male subjects. However, with Model 2, a significant
association was only found with the upper fifth quintile for female
subjects.
The subgroup analyses were performed for examining influences of

age on incidence of MetS. As shown in Table 5, Age T1 and Age T2 of
male subjects showed significant associations of hyperuricemia with
MetS incidence and the OR of Age T1 was larger than that of Age T2.
On the other hand, in female subjects, the significant association
between hyperuricemia and incidence of MetS was recognized only in
Age T2 and the OR of female Age T2 was larger than that of all female
subjects adjusted by Model 3.
We also examined the ORs (95% CIs) of hyperuricemia and the

components of MetS compared with no hyperuricemia and the
components of MetS for the cumulative incidence of MetS in male
and female subjects. The age-adjusted logistic regression model
(Model 1) revealed significant associations between hyperuricemia
and the incidence of MetS in male subjects (OR 2.1, 95% CI: 1.7–2.4;
Po0.0001) and female subjects (OR 3.3, 95% CI: 2.3–4.8; Po0.0001).

Table 2 Baseline characteristics of study subjects with and without hyperuricemia

Male subjects Female subjects

HU (þ ) (n ¼927) HU (–) (n ¼2217) P-value HU (þ ) (n ¼276) HU (–) (n ¼2516) P-value

Age (years) 46.8±9.3 48.4±10.3 o0.0001 52.8±9.7 49.2±9.3 o0.0001

BMI (kgm�2) 25.2±3.2 23.8±2.8 o0.0001 24.8±3.6 22.6±3.1 o0.0001

Obesity, n (%) 461 (49.7) 655 (29.5) o0.0001 115 (41.7) 513 (20.4) o0.0001

WC (cm) 87.1±8.1 83.9±7.3 o0.0001 86.4±9.1 80.8±8.4 o0.0001

SBP (mm Hg) 121.5±13.0 120.5±13.5 0.0657 125.4±15.5 116.8±15.1 o0.0001

DBP (mmHg) 77.8±9.3 76.2±9.4 o0.0001 77.5±9.0 72.6±9.6 o0.0001

TG (mg dl�1) 162.6±119.8 125.4±89.4 o0.0001 124.8±62.3 89.8±47.6 o0.0001

HDL-C (mg dl�1) 52.0±12.2 55.4±13.2 o0.0001 59.1±14.1 64.5±13.8 o0.0001

FBG (mg dl�1) 99.8±12.8 100.1±17.3 0.5929 99.5±16.1 95.1±13.6 o0.0001

UA (mg dl�1) 7.8±0.7 5.8±0.8 o0.0001 6.6±0.7 4.4±0.8 o0.0001

Increased WC, n (%) 513 (55.3) 914 (41.2) o0.0001 72 (26.1) 329 (13.1) o0.0001

High BP, n (%) 238 (25.7) 529 (23.9) 0.2804 112 (40.6) 507 (20.2) o0.0001

Hypertension, n (%) 190 (20.5) 426 (19.2) 0.4093 100 (36.2) 408 (16.2) o0.0001

Dyslipidemia, n (%) 409 (44.1) 644 (29.0) 0.0264 83 (30.0) 318 (12.6) o0.0001

High BG, n (%) 76 (8.2) 190 (8.6) 0.7328 33 (12.0) 122 (4.8) o0.0001

Diabetes mellitus, n (%) 24 (2.6) 94 (4.2) 0.7328 9 (3.3) 59 (2.3) 0.3488

Current drinker, n (%) 808 (87.2) 1812 (81.8) 0.0003 82 (29.7) 817 (32.5) 0.3490

Current smoker, n (%) 299 (32.3) 708 (31.9) o0.0001 25 (9.0) 198 (7.9) 0.7302

Anti-HT drug use, n (%) 87 (9.4) 203 (9.2) 0.8399 76 (27.5) 224 (8.9) o0.0001

Anti-DL drug use, n (%) 31 (3.3) 61 (2.6) 0.3686 17 (6.2) 107 (4.3) 0.1444

Anti-DM drug use, n (%) 11 (1.2) 52 (2.3) 0.0345 5 (1.8) 40 (1.6) 0.7812

Abbreviations: Anti-DL, antidyslipidemic; Anti-DM, antidiabetic; Anti-HT, antihypertensive; BMI, body mass index; DBP, diastolic blood pressure; FBG, fasting blood glucose; High BP, high blood
pressure; HDL-C, high-density lipoprotein cholesterol; HU, hyperuricemia; SBP, systolic blood pressure; TG, triglycerides; UA, uric acid; WC, waist circumference. Po0.05 was considered
statistically significant.

Hyperuricemia predicts future metabolic syndrome
K Nagahama et al

234

Hypertension Research



After multivariable adjustment (Model 2), hyperuricemia also had
significant associations with the incidence of MetS in both male
subjects (OR 1.5, 95% CI: 1.3–1.8; Po0.0001) and female subjects
(OR 2.0, 95% CI: 1.3–3.0; Po0.0001). Among the components of
MetS, an increased WC had the highest OR for the incidence of MetS
in both male and female subjects. With Model 1, ORs (95% CIs) were
5.5 (5.6–8.5; Po0.0001) for male subjects and 9.8 (7.0–13.7;
Po0.0001) for female subjects. With Model 2, ORs (95% CIs) were
6.9 (5.6–8.5; Po0.0001) for male subjects and 12.7(8.8–18.3;
Po0.0001) for female subjects, respectively.
Figure 2 shows the incidence rates of MetS components in subjects

with incident MetS. The incidence of high BP was higher than those
of WC, dyslipidemia and high BG, and the largest difference between
subjects with hyperuricemia and those without hyperuricemia was
recognized in the incidence of high BP in both male and female
subjects.
Recently, the Japanese criteria for MetS were modified. The cut-off

points for increased WC were 90 cm for male subjects and 80 cm for
female subjects. There were proposed as being more predictive of
cardiovascular disease.19 We applied these new criteria to our analyses.
In 6902 participants who took part in the health checkups in both
2006 and 2010, 800 participants (503 male subjects, 297 female
subjects) met the modified Japanese criteria for MetS at baseline.
After exclusion of these 800 MetS subjects, 6102 subjects were
reexamined. In 2010, 758 participants (506 male subjects, 252
female subjects) developed MetS. In Model 2, hyperuricemia was
also a significantly associated with the incidence of MetS in male
subjects (OR 1.9, 95% CI: 1.5–2.4; Po0.0001) and female subjects
(OR 2.2, 95% CI: 1.0–4.9; P¼ 0.0481).

DISCUSSION

In this 4-year follow-up study, we showed that hyperuricemia was a
significant and independent predictor of MetS in both male and
female subjects. MetS risk increased with increased SUA levels. In
female subjects, the risk increased with relatively lower SUA levels
than those in male subjects.
There is limited information available regarding the prospective

association between SUA levels and the MetS risk. Recently, three
epidemiological studies showed close associations between UA levels
and MetS incidence;14–16 however, some differences were found
among these previous studies and the present study. The larger
numbers of female subjects (2792) and higher cumulative incidence of
MetS (16%) of our study compared with those of the three previous
studies (1260–2109 female subjects and 4–14% of MetS incidence)
might contribute to greater statistical power. The large study subjects
of the current study could examine the association between UA
quintiles and incident MetS during a shorter follow-up period (4
years) than that in the previous studies (X5 years) in both genders.
The influence of gender on MetS incidence and SUA levels on

increasing the risk of MetS differed among the previous studies and
the present study.14–16 For example, in the study by Hara et al.,15 a
significant association between high SUA levels and the incidence of
MetS was found in male subjects only. The higher incidence rates of
MetS of the present study could explain the difference of findings.
One possible reason for the differences in the incidence of MetS is
that our study subjects had greater BMI values than those in the study
by Hara et al.15

In the present study, female subjects had a MetS risk with relatively
lower UA levels than male subjects (Table 4). Similar results were

Table 3 Baseline characteristics of study subjects with and without metabolic syndrome (MetS) in 2010

Male subjects Female subjects

MetS (þ ) in 2010

(n ¼779)

MetS (–) in 2010

(n ¼2365) P-value

MetS (þ ) in 2010

(n ¼165)

MetS (–) in 2010

(n ¼2627) P-value

Age (years) 47.5±9.6 48.1±10.2 0.1648 52.4±10.2 49.4±9.3 o0.0001

BMI (kg m�2) 26.1±2.9 23.6±2.7 o0.0001 26.9±2.9 22.6±3.1 o0.0001

Obesity, n (%) 633 (62.0) 483 (26.8) o0.0001 124 (75.2) 504 (19.2) o0.0001

WC (cm) 89.9±6.9 83.2±7.2 o0.0001 91.8±6.5 80.7±8.4 o0.0001

SBP (mm Hg) 121.0±12.0 120.8±13.7 0.6696 124.1±14.9 117.2±15.3 o0.0001

DBP (mm Hg) 77.3±8.8 76.5±9.6 0.0263 76.3±9.1 72.9±9.6 o0.0001

TG (mgdl�1) 180.1±130.5 122.0±84.0 o0.0001 133.1±71.1 90.8±47.7 o0.0001

HDL-C (mg dl�1) 48.3±11.0 56.4±13.0 o0.0001 56.8±14.6 64.4±13.8 o0.0001

FBG (mgdl�1) 103.4±20.2 98.9±14.4 o0.0001 101.2±15.2 95.2±13.6 o0.0001

UA (mgdl�1) 6.8±1.2 6.2±1.2 o0.0001 5.2±1.1 4.4±1.0 o0.0001

HU, n (%) 323 (41.5) 604 (25.5) o0.0001 43 (26.1) 233 (8.9) o0.0001

Increased WC, n (%) 584 (75.0) 843 (35.6) o0.0001 95 (57.6) 306 (11.6) o0.0001

High BP (%) 155 (19.9) 612 (25.9) 0.0007 51 (30.9) 568 (21.6) 0.0053

Hypertension,, n (%) 136 (17.5) 480 (20.3) 0.0835 44 (26.7) 464 (17.7) 0.0036

Dyslipidemia, n (%) 444 (57.0) 609 (29.8) o0.0001 60 (36.4) 341 (13.0) o0.0001

High BG, n (%) 98 (12.6) 168 (7.1) o0.0001 29 (17.6) 126 (4.8) o0.0001

Diabetes mellitus, n (%) 53 (6.8) 65 (2.7) o0.0001 15 (9.1) 53 (2.0) o0.0001

Current drinker, n (%) 661 (84.9) 1960 (82.9) 0.1865 41 (24.8) 859 (32.7) 0.0369

Current smoker, n (%) 315 (40.5) 691 (29.2) o0.0001 16 (9.7) 208 (7.9) 0.5754

Anti-HT drug use, n (%) 71 (9.1) 219 (9.2) 0.9029 26 (15.8) 274 (10.4) 0.0321

Anti-DL drug use, n (%) 34 (4.4) 58 (2.5) 0.0060 16 (9.7) 108 (4.1) 0.0007

Anti-DM drug use, n (%) 27 (3.5) 36 (1.5) 0.0008 11 (6.7) 34 (1.3) o0.0001

Abbreviations: Anti-DL, antidyslipidemic; Anti-DM, antidiabetic; Anti-HT, antihypertensive; BMI, body mass index; DBP, diastolic blood pressure; FBG, fasting blood glucose; High BP, high blood
pressure; HDL-C, high-density lipoprotein cholesterol; HU, hyperuricemia; MetS, metabolic syndrome; SBP, systolic blood pressure; TG, triglycerides; UA, uric acid; WC, waist circumference.
Po0.05 was considered statistically significant.
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found in previous cross-sectional20 and prospective studies.16 The
mechanism for these differences in associations with UA levels and
MetS between male and female subjects is unclear. The interactions
between SUA and sex hormones have not been thoroughly
investigated, and understanding this relationship would help in
understanding the stronger impact of hyperuricemia in female
subjects.
The influence of age on hyperuricemia and MetS incidence differed

between male and female subjects (Table 5). The large ORs were
recognized in young male subjects and middle-aged female subjects,
respectively. However, female subjects had smaller numbers of
incident MetS than that of male subjects, and wide 95% CI of
middle-aged female subjects might be caused by low statistical power.
Further studies are needed to clarify the relationship among age,
hyperuricemia and incidence of MetS in male and female subjects.
The finding of Figure 2 showed that high BP was a major

contributor to the incidence of MetS in both genders. Furthermore,
subjects with hyperuricemia had significantly higher incidence of high
BP than that without hyperuricemia. Previous studies have reported a
positive association between hyperuricemia and the risk for hyperten-
sion.7,8,10 Therefore, the association between hyperuricemia and
incidence of hypertension may reflect on the incidence of MetS.
We also applied the new modified Japanese criteria for MetS.19 Our

findings were similar to those based on the original Japanese criteria.

Therefore, the cutoff point for WC in the Japanese criteria for MetS
did not greatly influence the findings of the present study.
The precise biological mechanisms underlying the association

between UA and development of MetS remain unclear. Nevertheless,
it is recognized that visceral adiposity and insulin resistance may have
an important role in the development of MetS. We found the positive
association between SUA levels and the incidence of MetS (Figure 1)
SUA levels are positively correlated with insulin resistance.21,22 In
addition, subjects with hyperuricemia had significantly greater WC
and significantly higher prevalence of increased WC than those
without hyperuricemia (Table 2). WC is a marker of visceral obesity
and a greater WC correlates with a worsened state of insulin
resistance:23 visceral adipose tissues secrete several adipocytokines
such as adiponectin, leptin, tumor necrosis factor-1 and elevated
production of the proinflammatory adipocytokines, which contribute
to the development of insulin resistance.24 Moreover, the association
between hyperuricemia and high BP described above could contribute
to the incidence of MetS.
As shown in Table 2, we found the contradictory proportion of

high BP and hypertension between male and female subjects. Before
the exclusion of subjects with MetS in 2006, high BP and hyperten-
sion of male subjects with hyperuricemia were significantly higher
than those of male subjects without hyperuricemia (Table 1A). Thus,
we excluded large numbers of high BP and hypertension male subjects
with hyperuricemia (Table 1B). As a result, a lower prevalence of
hypertensive male individuals remained as study subjects than that of
hypertensive female individuals. In Table 3, male subjects with MetS
in 2010 contained significantly higher prevalence of hyperuricemia

Table 4 Odds ratios and 95% confidence intervals of serum uric acid

levels for the incidence of metabolic syndrome

Male subjects (n ¼3144) Female subjects (n ¼2792)

Crude OR 95% CI P-value OR 95% CI P-value

UA1 Reference — — Reference — —

UA2 1.2 0.9–1.6 0.2522 1.4 0.7–3.0 0.3325

UA3 1.8 1.4–2.4 o0.0001 2.6 1.3–5.0 0.0043

UA4 2.1 1.6–2.8 o0.0001 3.3 1.7–6.2 0.0003

UA5 3.2 2.4–4.1 o0.0001 5.4 2.9–9.8 o0.0001

Model 1

UA1 Reference — — Reference — —

UA2 1.2 0.9–1.6 0.2591 1.4 0.7–2.9 0.3871

UA3 1.8 1.4–2.4 o0.0001 2.4 1.3–4.7 0.0075

UA4 2.1 1.6–2.8 o0.0001 3.0 1.6–5.7 0.0010

UA5 3.2 2.4–4.1 o0.0001 4.8 2.6–8.8 o0.0001

Model 2

UA1 Reference — — Reference — —

UA2 1.2 0.8–1.6 0.3647 1.2 0.5–2.5 0.6869

UA3 1.4 1.1–2.0 0.0187 1.6 0.8–3.2 0.2031

UA4 1.7 1.2–2.3 0.0024 1.8 0.9–3.5 0.1116

UA5 2.0 1.5–2.7 o0.0001 2.3 1.2–4.4 0.0169

Abbreviations: 95% CI, 95% confidence interval; OR, odds ratio; UA, uric acid; UA1:
p5.4 mgdl�1, UA2: 5.5–6.0mgdl�1, UA3: 6.1–6.6 mgdl�1, UA4: 6.7–7.3mgdl�1 and UA5:
X7.4 mgdl�1 for males; UA1: p3.8 mgdl�1, UA2: 3.9–4.3mgdl�1, UA3: 4.4–4.8 mgdl�1,
UA4: 4.9–5.4mgdl�1 and UA5: X5.5 mgdl�1 for females.
Po0.05 was considered statistically significant.
Two multivariable logistic models were used: Model 1 was used to adjustment for age; Model 2
was used to adjust for age, alcohol consumption, smoking status, increased waist
circumference, high blood pressure, dyslipidemia, high blood glucose, estimated glomerular
filtration rate and use of antihypertensive medication and/or antidiabetic medication and/or
antidyslipidemic medication.
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Figure 1 Cumulative incidence of metabolic syndrome based on serum uric

acid (UA) quintiles. UA levels were placed into five categories: for male
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considered significant.
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than that of male subjects without hyperuricemia. Therefore, the
contradictory proportion of high BP and hypertension between male
and female subjects in Table 3 can be similarly explained.
The present study had several limitations. First, we measured

variables only once. Therefore, misclassifications may have occurred.
Second, information on menopause was not available for our female
subjects. Because of an interaction with sex hormones, SUA levels
increase after menopause. Third, information on medication use of
antihyperuricemic agents and diuretics was not available. No available
data of antihyperuricemic agent use may underestimate the pre-
valence of hyperuricemia. Because the frequency of using diuretics as

antihypertensives is low and the doses are low in Japan,25 the
influence of diuretics on our results may be small. Fourth, although
insulin resistance has a key role in MetS and hyperuricemia, we did
not directly evaluate insulin resistance in the present study. Fifth, we
also could not assess the dietary status of our study participants.
Finally, the subjects in this study were self-selected and represented a
relatively healthy population. The self-selected subjects may cause a
selection bias.
In spite of these limitations, our study has strengths of a large

sample size and sufficient numbers of subjects with developing MetS,
which cause enough statistical power to determine the association
between hyperuricemia and MetS incidence in both genders.
In conclusion, hyperuricemia is an independent predictor of MetS

in male and female subjects. MetS risk increases with increased SUA
levels, and in female subjects, the risk increases with relatively lower
SUA levels than those in male subjects. Hyperuricemia is a useful
marker that can easily predict future MetS in routine clinical practice.
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