Serum Uric Acid Is Independently Associated with
Metabolic Syndrome in Subjects with and without a
Low Estimated Glomerular Filtration Rate
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ABSTRACT. Objective. The relationship among serum uric acid (SUA), metabolic syndrome, and chronic kidney

disease (CKD) is unclear. We examined whether SUA level is an independent risk factor for chron-
ic kidney disease and whether the association between SUA and metabolic syndrome is affected by
kidney function.

Methods. We analyzed 28,745 subjects (17,478 men, 11,267 women, age 2049 yrs) who underwent
health examinations at this hospital between 2000 and 2007. Hyperuricemia was defined as SUA
level > 7.7 mg/dl in men or > 6.6 mg/dl in women. Kidney function was assessed by estimated
glomerular filtration rate (eGFR) using the Modification of Diet in Renal Disease Study equation
modified for Chinese subjects. Impaired renal function with low GFR was defined as eGFR < 90
ml/min/1.73 m2. The UA-low GFR groups were defined according to the observed combination of
hyperuricemia and low GFR: Group A (absence of both hyperuricemia and low GFR); Group B
(presence of low GFR but no hyperuricemia); Group C (presence of hyperuricemia but not low
GFR); and Group D (presence of both hyperuricemia and low GFR).

Results. The prevalence of hyperuricemia, metabolic syndrome, and impaired kidney function with
low GFR was 20.3% (27.6% in men, 8.9% in women), 7.6% (10.6% in men, 3.0% in women), and
9.9% (11.6% in men, 7.1% in women), respectively. The Pearson correlation between SUA and
eGFR was only —0.26 (-0.21 in men, —0.22 in women; p < 0.001). In men, the age-adjusted odds
ratio (OR) of metabolic syndrome was 1.41 (Group B), 2.45 (Group C), and 2.58 (Group D) in com-
parison with Group A. In women, the age-adjusted OR of metabolic syndrome was 0.83 (Group B),
547 (Group C), and 3.31 (Group D) in comparison with Group A.

Conclusion. Hyperuricemia is prevalent in the Taiwan population. Hyperuricemia is only weakly
associated with renal function, but is strongly associated with metabolic syndrome with or
without a low eGFR. (First Release June 15, 2009; J Rheumatol 2009;36:1691-8; doi:10.3899/

jrheum.081199)
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Uric acid is an endproduct of purine metabolism generated
during enzymatic degradation of hypoxanthine and xanthine
to uric acid!. The kidney is dominant in the elimination of
uric acid. Two-thirds of daily uric acid is excreted by the
kidney, and the remaining third by the gastrointestinal tract?.
Whether serum uric acid (SUA) is an early indicator of renal
lesion is unclear. Many epidemiological and animal studies
suggest that hyperuricemia confers a high susceptibility to
chronic kidney disease (CKD)*®. However, the Modifi-
cation of Diet in Renal Disease study showed that SUA is a
marker, but not an independent risk factor, of declining renal
function’.

Hyperuricemia is commonly associated with insulin
resistance, glucose intolerance, hypertension, and dyslipi-
demia, a cluster of metabolic and hemodynamic disorders
that characterize the so-called metabolic syndrome813.
Recent clinical observations suggest that both hyper-

—| Personal non-commercial use only. The Journal of Rheumatology Copyright © 2009. All rights reserved. |—

See, et al: Uric acid and metabolic syndrome

1691

Downloaded on April 19, 2024 from www.jrheum.org


http://www.jrheum.org/

uricemia*> and metabolic syndrome'# confer an increased
susceptibility to CKD.

To clarify the relationship of SUA, kidney function, and
metabolic syndrome, we analyzed health examination data
from the period 2000-2007 at this hospital. To avoid med-
ication effect on the serum biochemical data measurement,
only data for subjects aged 20-49 years were analyzed.
Kidney function was assessed by estimated glomerular
filtration rate (eGFR) using the Modification of Diet in
Renal Disease Study equation'>"'7 modified for Chinese
subjects!©.

MATERIALS AND METHODS

Study population. From 2000 to 2007, 89,449 subjects received health
examinations at this facility. Mean age for men was 53.0 + 12.9 years and
for women 54.2 + 13.0 years. Only data for those aged 20 to 49 years with
health examinations at our hospital were used. Demographic and laborato-
ry data were collected for all participants. The study was approved by the
Institutional Review Board at this facility.

Clinical and laboratory data. Uric acid, creatinine, and other biochemical
data were measured using a Hitachi 7470 autoanalyzer (Hitachi Co., Tokyo,
Japan). The uricase differential spectrophotometric method was used for
uric acid measurement!8, and the Jaffe method was used for creatinine
measurement!®. SUA values were reported in mg/dl; to convert to micro-
moles per liter, values were multiplied by 59.45. The coefficient of varia-
tion of repetitive determinations of SUA of known samples throughout the
year at the hospital laboratory was 1.8% or less. External quality control
was provided by participation in 2 programs: the international program run
by the College of American Pathologists and the National Quality-Control
Program conducted by the Taiwan government. Internal and external qual-
ity-control procedures yielded consistently satisfactory results. Body mass
index (BMI; calculated as weight in kilograms divided by the square of
height in meters) was recorded for all subjects. Hyperuricemia was defined
as SUA level > 7.7 mg/dl in men or > 6.6 mg/dl in women?2!,

Glomerular filtration rate (eGFR), the traditional measure of kidney
function, was estimated using the Modification of Diet in Renal Disease
(MDRD) Study equation'’. The eGFR-MDRD equation was 170 x
SCr 099 x age 0176 x blood urea nitrogen (BUN)0-170 x alb*0-318 5 0.762
(if female). We applied the modified MDRD equation corrected for
Chinese'® as follows: eGFR-MDRDc = 170 x sCr 099 x age0-176 x
BUN-0170 5 a]b*0318 » 0,762 (if female) x 1.211 (Chinese). The equations
have been validated in Chinese patients with CKD'®. Further, different
stages of kidney function were defined according to Kidney Disease
Outcome Quality Initiatives (K/DOQI) guidelines!®. Impaired renal func-
tion with low GFR!316 was defined as eGFR < 90 ml/min/1.73 m? using
the MDRD equation corrected for Chinese subjects'®. The UA-low GFR
groups were defined according to the observed combination of hyper-
uricemia and low GFR: Group A (absence of both hyperuricemia and low
GFR); Group B (presence of low GFR but no hyperuricemia); Group C
(presence of hyperuricemia but not low GFR); and Group D (presence of
both hyperuricemia and low GFR).

Metabolic syndrome was defined by the original ATP III criteria and the
modified ATP III criteria, which reduce the waist circumference criteria for
Asian populations®2. The original ATP III definition of metabolic syndrome
requires 3 or more of the following: waist circumference = 102 cm (male)
or = 88 cm (female); blood pressure = 130/85 mm Hg; high density lipopro-
tein (HDL)-cholesterol < 40 mg/dl (1.04 mmol/l; male) or < 50 mg/dl (1.30
mmol/l; female); triglycerides = 150 mg/dl (1.70 mmol/l); and fasting glu-
cose = 110 mg/dl (6.1 mmol/l). Central obesity was defined by waist cir-
cumference and differs between ethnic groups, with limits of 94 and 80 cm
for white European subjects but 90 and 80 cm for South Asian and Chinese
subjects?223_ In this study BMI was used?? instead of the waist circumfer-

ence, which is not measured in the health examination program. For indi-
vidual component analysis, blood pressure was categorized as hypertension
(systolic blood pressure = 140 mm Hg or diastolic blood pressure = 90 mm
Hg) or normotension (systolic blood pressure < 140 mm Hg, diastolic blood
pressure < 90 mm Hg)?*.

Statistical analysis. All data are expressed as mean =+ standard deviation
(SD) or percentage. Chi-square test was used for group comparisons of cat-
egorical data. Analysis of variance (ANOVA) was used to compare contin-
uous data among groups. Multiple logistic regression was performed to
obtain unadjusted or adjusted odds ratio (OR) of metabolic syndrome for
the UA-CKD group. A 2-sided p value < 0.05 was considered statistically
significant. All statistical analyses were performed using SAS software,
version 9.1 (SAS Institute, Cary, NC, USA).

RESULTS

We analyzed 28,745 subjects (aged 20-49 yrs) who had
received health examinations at this hospital in the period
2000-2007. Men accounted for 17,478 (60.8%) subjects,
women 11,267 (39.2%). Mean age was 40.8 + 6.3 years
(men 41.0 + 6.2 yrs, women 40.4 + 6.6 yrs). Mean eGFR-
MDRDc was 109.1 + 16.7 ml/min/1.73 m?: 107.0 = 15.6
ml/min/1.73 m? in men and 112.3 + 17.7 ml/min/1.73 m? in
women. The mean SUA level was 6.1 = 1.6 mg/dl: 6.9 + 1.4
mg/dl in men (range 1.0 to 15.3 mg/dl) and 4.9 + 1.1 mg/dl
in women (range 1.2 to 11.3 mg/dl). The prevalence of
hyperuricemia was 20.3% (5,822 of 28,745): 27.6% in men
(4,824 of 17,478) and 8.9% in women (998 of 11,267). The
prevalence of renal function impairment with low GFR
(eGFR-MDRDc < 90 ml/min/1.73 m?) was 9.9% (2,833 of
28,745) in the overall population. Prevalence was 11.6%
(2,033 of 17,478) in men and 7.1% (800 of 11,267) in
women.

Table 1 shows the study population grouped according to
e-GFR with CKD stage, in accord with the K/DOQI guide-
lines'>. The distribution of eGFR-MDRDc in the sample
was as follows: 0.2% (n = 66, stage III-V = eGFR < 60
ml/min/1.73 m?); 9.6% (n = 2,767, stage Il = eGFR 60-89
ml/min/1.73 m?); and 90.1% (n = 25,912, stage [ = eGFR =
90 ml/min/1.73 m?). SUA levels in subjects grouped accord-
ing to the presence of K/DOQI stages I through V were 6.1
+16,70+£1.7,86+2.1,83+23,and 7.7 £ 2.4 mg/dl,
respectively, revealing a statistically significant trend (p <
0.0001). The prevalence of hyperuricemia was significantly
greater in patients with a low GFR. Overall, 18.3% (4,734 of
25912) of patients with eGFR-MDRDc = 90 ml/min/1.73
m?2 had an elevated uric acid level, compared with 37.6%
(1,040 of 2,767) of patients with eGFR-MDRDc of 60 to 89
ml/min/1.73 m? and 72.7% (48 of 66) with eGFR-MDRDc
< 60 ml/min/1.73 m? (p < 0.0001; Table 1). The mean ages
of subjects in K/DOQI renal function stages I through V
were 40.5+6.4,439+49,409 +5.8,43.7+5.4,and 43.1
+ 4.4 years, respectively, a statistically significant trend (p <
0.0001). BMI values were higher across different stages of
kidney function (p < 0.0001). Participants who had
eGFR-MDRDc < 60 ml/min/1.73 m? (ie., CKD stage
MI-1V) comprised 0.2% of the participants and were there-
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Table 1. Components of metabolic syndrome and uric acid by estimated glomerular filtration rate (¢GFR) of Modification of Diet in Renal Disease Stage of
chronic kidney disease in adults aged 20-49 years. Hyperuricemia was defined as serum urate level > 7.7 mg/dl in men or > 6.6 mg/dl in women. Uric acid
was converted from mg/dl to gmol/l by multiplying by 59.45. In the definition of metabolic syndrome, body mass index (BMI) = 27.0 kg/m? was changed
to waist circumference?343.

All I il I v v p
> 90 60-89 30-59 15-29 <15 or dialysis
(n = 28,745) (n=25912) (n=2767) (n=42) (=11 (n=13)
e-GFR, mean + SD 109.1 + 16.7 1119 + 147 842 +50 484+ 8.6 208+4.4 84+26 <0.0001
Male (%) 17,478 (100) 15,445 (88.3) 1991 (11.4) 29 (0.2) 6 (0.03) 7 (0.04) <0.0001
Age, yrs 408+63 405+ 64 43949 409+58 437+54 431+44 <0.0001
BMI, kg/m? 237 +3.7 23.6+3.7 249+35 258 +50 258+42 213+25 <0.0001
SBP, mm Hg 119.9 = 17.1 119.6 + 169 1222+ 177 1418298 1440302 1482+276  <0.0001
DBP, mm Hg 770+ 11.0 76.7 + 10.8 789+ 11.8 935+ 195 91.1+169  97.1+325 <0.0001
Uric acid, mg/dl 6.1+16 6.1+1.6 70+1.7 86+2.1 83+23 77+24 <0.0001
Total cholesterol 189.4 = 35.1 1883 +34.6 199.9 +37.1 2210+548  2204+602 1779432  <0.0001
Triglyceride 1282 + 1082 1263 + 1082 144.6 + 105.6 2012+ 122.1  2030+1186 1029+583  <0.0001
HDL-cholesterol 539+ 138 54.1 139 519+ 134 498 + 18.5 47+172  535+224 <0.0001
LDL-cholesterol 110.8 = 31.1 109.8 +30.6 1200 +33.1 1324+ 498 137.7+493  1039+332  <0.0001
Glucose, mg/dl 932+214 932+216 93.6+19.3 101.8 + 2638 910+72 87.1+38 0.0608
Hypertension (%) 2148 (7.5) 1837 (7.1) 283 (10.2) 19 (45.2) 4 (36.4) 5(38.5) <0.0001
Hyperuricemia (%) 5822 (20.3) 4734 (18.3) 1040 (37.6) 32(76.2) 8 (72.7) 8 (61.5) <0.0001
Metabolic syndrome (%) 2192 (7.6) 1860 (7.2) 311 (11.2) 17 (40.5) 3(27.3) 1(1.7) <0.0001

HDL-cholesterol: high-density lipoprotein-cholesterol; LDL-cholesterol: low-density lipoprotein-cholesterol (all in mg/dl). SBP: systolic blood pressure;

DBP: diastolic blood pressure.

fore analyzed as a separate group. In the group with
decreased eGFR-MDRDc < 60 ml/min/1.73 m2, the mean
age was older (41.8 £+ 55vs43.9+£49vs405+64 yrs; p
<0.0001 ), the BMI was higher (24.9 + 4.8 vs 249 3.5 vs
23.6 + 3.7 kg/m?%; p < 0.0001), systolic blood pressure was
higher (143.3 +29.1 vs 122.2 + 17.7 vs 119.6 £ 16.9 mm
Hg; p <0.0001), the prevalence of metabolic syndrome was
higher (31.8% vs 11.2% vs 7.2%; p < 0.0001 ), the preva-
lence of hypertension was higher (42.4% vs 10.2% vs 7.1%;
p < 0.0001), and the prevalence of hyperuricemia was high-
er (72.7% vs 37.6% vs 18.3%; p < 0.0001) compared with
the stage II and stage I subjects, respectively. The Pearson
correlation between SUA and eGFR-MDRDc was only
—0.26 (-0.21 in men and —0.22 in women; p < 0.001); and
the Spearman correlation between hyperuricemia and CKD
was only —0.26 (-0.21 in men and —0.22 in women; p <
0.001).

Based on the presence or absence of hyperuricemia and
low e-GFR, subjects were divided into the following 4
groups: Group A, subjects with normouricemia (normal
SUA level) and eGFR-MDRDc = 90 ml/min/1.73 m? (men,
n = 11,532; women, n = 9,646); Group B, subjects with nor-
mouricemia but eGFR-MDRDc < 90 ml/min/1.73 m? (men,
n = 1,122; women, n = 623); Group C, subjects with hyper-
uricemia but eGFR-MDRDc = 90 ml/min/1.73 m? (men, n =
3,913; women, n = 821); and Group D, subjects with both
hyperuricemia and eGFR-MDRDc < 90 ml/min/1.73 m?
(men,n =911; women, n = 177). The analysis also stratified
risk factors according to component of metabolic syndrome
(ie., BMI® = 27 kg/m?, triglycerides = 150 mg/dl,

HDL-cholesterol < 40 mg/dl in men or < 50 mg/dl in
women, LDL-cholesterol = 130 mg/dl, blood pressure =
140/90 mm Hg, or fasting plasma glucose = 110 mg/dl).
Hyperuricemia, eGFR-MDRDc, and components of meta-
bolic syndrome were compared between the 4 groups sepa-
rately for sex (Tables 2 and 3) since SUA levels differ
between sexes'2. In Group A men, e-GFR was 110.9 + 13.6
ml/min/1.73 m?, and mean SUA level was 6.2 + 0.9 mg/dl,
while in Group B, the e-GFR was 84.2 + 7.1 ml/min/1.73 m?
and mean SUA level was 6.5 + 0.8 mg/dl. In Group C,
e-GFR was 107.8 + 13.0 ml/min/1.73 m? and mean SUA
level was 8.7 + 1.0 mg/dl, while in Group D, the e-GFR was
82.1 + 10.2 ml/min/1.73 m? and mean SUA level was 9.0 +
1.2 mg/dl (p < 0.0001). In the 17,478 male subjects (Table
2),7.7% (892 of 11,532) of subjects in Group A had meta-
bolic syndrome versus 11.5% (129 of 1,122) in Group B
(adjusted OR 1.41,95% CI 1.16-1.72, p < 0.0001). In sub-
jects with hyperuricemia (Group C and Group D), the per-
centages were 16.8% (659 of 3913) and 19.1% (174 of
911), respectively (adjusted OR 2.45, 95% CI 2.20-2.73,
and adjusted OR 2.58, 95% CI 2.16-3.09, p < 0.0001,
respectively, compared with Group A). In the 11,267 female
subjects (Table 3),2.3% (219 of 9,646) of subjects in Group
A had metabolic syndrome versus 2.3% (14 of 623) in
Group B (adjusted OR 0.83,95% CI1 0.48-1.43,p <0.0001),
while in those with hyperuricemia (Group C and Group D),
the respective percentages were 11.0% (90 of 821) and 8.5%
(15 of 177) (adjusted OR 547, 95% CI 4.22-7.09, and
adjusted OR 3.31, 95% CI 1.91-5.74, p < 0.0001, respec-
tively, compared with Group A). In multivariate logistic
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Table 2. Associations between metabolic syndrome and different uric acid-eGFR groups in men aged 20-49 years (n = 17.478).

Group
A B C D p
(n=11,532) (n=1122) (n=3913) (n=911)

eGFR-MDRDc 1109 £ 13.6 842+7.1 107.8 +13.0 82.1+102 < 0.0001*

Uric acid, mg/dl 62+09 65+0.8 87+10 90+12 <0.0001*

Age, yrs (%) 40.7+62 441+4.6 404+63 438+49 < 0.0001*
20-29 624 (5.4) 16 (1.4) 240 (6.1) 9 (1.0
30-39 3801 (33.0) 171 (15.2) 1374 (35.1) 161 (17.7)

40-49 7107 (61.6) 935 (83.3) 2299 (58.8) 741 (81.3)

BMI, kg/m? 24.1+34 250+3.1 26237 264 +32 < 0.0001*
BMI = 27 (%) 1989 (17.2) 265 (23.6) 1390 (35.5) 352 (38.6) <0.00017
Crude OR (95% CI) (reference) 148 (1.28-1.72)  2.64 (2.44-2.87)  3.02 (2.62-3.48)

Adjusted OR (95% CI) (reference) 141 (1.22-1.64)  2.66 (2.45-2.89)  2.89 (2.50-3.33)

TG, mg/dl 138.8 = 111.2 151.1 £ 1132 1883 +153.5 181.8 +112.7 <0.0001*
TG = 150 (%) 3413 (29.6) 405 (36.1) 1962 (50.1) 463 (50.8) <0.00017
Crude OR (95% CI) (reference) 1.34 (1.18-1.53)  2.39(2.22-2.58) 2.46(2.15-2.82)

Adjusted OR (95% CI) (reference) 1.18 (1.04-134)  2.50(2.32-2.69)  2.20 (1.92-2.52)

Cholesterol, mg/dl 190.8 +34.8 201.3 £36.7 199.5 +37.0 207.0 £384 < 0.0001*
= 200 (%) 4272 (37.0) 555 (49.5) 1876 (47.9) 497 (54.6) <0.00017
Crude OR (95% CI) (reference) 1.66 (1.47-1.88) 1.56 (1.45-1.68)  2.04 (1.78-2.34)

Adjusted OR (95% CI) (reference) 1.46 (1.29-1.66) 1.61 (1.50-1.74)  1.81 (1.58-2.08)

HDL-C mg/dl 500+11.8 491113 465+109 46.2+10.1 < 0.0001*
< 40/50 (%) 2055 (17.8) 231 (20.6) 1046 (26.7) 239 (26.2) <0.00017
Crude OR (95% CI) (reference) 1.20 (1.03-1.39) 1.68 (1.54-1.83)  1.64 (1.40-1.91)

Adjusted OR (95% CI) (reference) 1.14 (0.98-1.33) 1.70 (1.56-1.85)  1.57 (1.34-1.83)

LDL-C, mg/dl 114.0 +30.9 123.0 +32.7 1179 £322 1258 +34.0 <0.0001*
= 130 (%) 3223 (27.9) 437 (38.9) 1325 (33.9) 369 (40.5) <0.00017
Crude OR (95% CI) (reference) 1.64 (1.45-1.87) 132 (1.22-143)  1.75(1.53-2.02)

Adjusted OR (95% CI) (reference) 1.48 (1.30-1.68) 1.34 (1.24-1.45)  1.59 (1.38-1.83)

MBP, mm Hg 935110 943 +122 972+118 989 +13.7 < 0.0001*
Hypertension (%) 952 (8.3) 113 (10.1) 570 (14.6) 156 (17.1) <0.00017
Crude OR (95% CI) (reference) 1.24 (1.01-1.53) 1.89 (1.70-2.12) ~ 2.30 (1.91-2.76)

Adjusted OR (95% CI) (reference) 1.15 (0.93-1.41) 192 (1.72-2.15)  2.12 (1.76-2.56)

Glucose, mg/dl 955 +268 948 £23.2 950+ 184 954 +18.7 0.5630*
= 110 (%) 705 (6.1) 66 (5.9) 265 (6.8) 66 (7.2) 0.26757
Crude OR (95% CI) (reference) 0.96 (0.74-1.25) 1.12 (0.96-1.29)  1.20 (0.92-1.56)

Adjusted OR (reference) 0.78 (0.60-1.01) 1.15(0.99-1.33)  0.98 (0.75-1.28)

Metabolic syndrome
Yes (%) 892 (7.7) 129 (11.5) 659 (16.8) 174 (19.1) <0.00017
Crude OR (95% CI) (reference) 1.55(1.27-1.88)  242(2.17-2.69) 2.82(2.36-3.37)

Adjusted OR (95% CI) (reference) 141 (1.16-1.72)  245(2.20-2.73)  2.58 (2.16-3.09)

A: uric acid = 7.7 mg/dl and chronic kidney disease (CKD) stage I (¢GFR-MDRDc = 90 ml/min/1.73 m2). B: uric acid < 7.7 mg/dl
and CKD stage II or higher (¢GFR-MDRDc < 90 ml/min/1.73 m?). C: uric acid > 7.7 mg/dl and CKD stage I (¢GFR-MDRDc = 90
ml/min/1.73 m2). D: uric acid > 7.7 mg/dl and CKD stage 11 or higher (¢GFR-MDRDc < 90 ml/min/1.73 m?). * ANOVA compari-
son of continuous variables. T Chi-square test of categorical variables. eGFR: estimated glomerular filtration rate; MDRDc:
Modification of Diet in Renal Disease correction for Chinese; MBP: mean blood pressure = DBP + (SBP-DBP)/3; HDL-C: high-den-
sity lipoprotein-cholesterol; LDL-C: low density lipoprotein-cholesterol (all mg/dl); TG: triglycerides.

regression analysis, the corresponding adjusted OR of indi-
vidual metabolic risk factor profiles in male subjects were as
follows (Table 2): BMI, 1, 1.41 (CI 1.22-1.64), 2.66 (CI
2.45-2.89), and 2.89 (CI 2.50-3.33) (p < 0.0001); trigly-
ceride, 1, 1.18 (CI 1.04-1.34),2.50 (CI 2.32-2.69), and 2.20
(CI 1.92-2.52) (p < 0.0001); total cholesterol, 1, 1.46 (CI
1.29-1.66), 1.61 (CI 1.50-1.74), and 1.81 (CI 1.58-2.08) (p
< 0.0001); HDL-cholesterol, 1, 1.14 (CI 0.98-1.33), 1.70
(CI 1.56-1.85), and 1.57 (CI 1.34-1.83) (p < 0.0001);
LDL-cholesterol, 1, 1.48 (CI 1.30-1.68), 1.34 (CI

1.24-1.45), and 1.59 (CI 1.38-1.83) (p < 0.0001); hyperten-
sion, 1, 1.15 (C1 0.93-1.41), 1.92 (CI 1.72-2.15), and 2.12
(CI 1.76-2.56) (p <0.0001); and hyperglycemia, 1,0.78 (CI
0.60-1.01), 1.15 (CI1 0.99-1.33), and 0.98 (C1 0.75-1.28) (p
=0.2675). In women, the adjusted OR had a trend similar to
that in men (Table 3). Men in Groups C and D were at high-
er risk for most components of metabolic syndrome than
men in Groups A and B. In men with hyperuricemia (with or
without low eGFR-MDRDc, Groups C and D) adjusted OR
for metabolic syndrome was more than 2.5-fold that in
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Table 3. Associations between metabolic syndrome and different uric acid-eGFR groups in women aged 20-49 years (n = 11,267).

Group
A B C D p
(n = 9646) (n=623) (n=821) (n=177)

eGFR-MDRDc 1150+ 159 83.6+72 1104 £ 162 786+ 17.1 <0.0001*

Uric acid, mg/dl 47+09 51+08 73+0.7 76+1.0 < 0.0001*

Age, yrs (%) 402 +6.6 435+53 40.1+7.0 435+53 < 0.0001*
20-29 738 (7.6) 9(14) 85 (10.4) 5(2.8)

30-39 3208 (33.3) 122 (19.6) 254 (30.9) 28 (15.8)
4049 5700 (59.1) 492 (79.0) 482 (58.7) 144 (814)

BMI, kg/m? 220+32 224 +3.1 249+49 246 +45 <0.0001*
BMI = 27 (%) 715 (7.4) 53 (8.5) 233 (28.4) 45 (25.4) <0.00017
Crude OR (95% CI) (reference) 1.16 (0.87-1.55) 4.95 (4.18-5.86) 426 (3.01-6.02)

Adjusted OR (95% CI) (reference) 1.04 (0.78-1.40) 5.05 (4.25-5.99) 3.81 (2.69-5.40)

TG, mg/dl 86.1 +54.6 89.8 +46.9 1280 +£96.4 1184 + 84.1 < 0.0001*
TG = 150 (%) 726 (7.5) 55(8.8) 212 (25.8) 42 (23.7) <0.00017
Crude OR (95% CI) (reference) 1.19 (0.89-1.58) 4.28 (3.59-5.09) 3.82 (2.68-5.45)

Adjusted OR (95% CI) (reference) 1.06 (0.79-1.41) 443 (3.72-5.28) 341 (2.39-4.87)

Cholesterol, mg/dl 1809 +31.3 188.3 +33.9 186.3 +36.7 199.5 +41.9 <0.0001*
= 200 (%) 2393 (24.8) 204 (32.7) 259 (31.5) 79 (44.6) <0.00017
Crude OR (95% CI) (reference) 1.48 (1.24-1.75) 1.40 (1.20-1.63) 2.44 (1.81-3.30)

Adjusted Or (95% CI) (reference) 1.32 (1.11-1.57) 142 (1.21-1.66) 2.19 (1.62-2.96)

HDL-C, mg/dl 619134 63.1 +14.2 556+ 138 58.0 + 14.1 <0.0001*
< 40/50 (%) 1675 (17.4) 103 (16.5) 305 (37.1) 46 (26.0) <0.00017
Crude OR (95% CI) (reference) 0.94 (0.76-1.17) 2.81(2.42-3.27) 1.67 (1.19-2.35)

Adjusted OR (95% CI) (reference) 0.90 (0.72-1.12) 2.84 (2.44-331) 1.60 (1.14-2.25)

LDL-C, mg/dl 101.8 £27.5 107.3 £30.8 1059 +£323 1179 £ 348 < 0.0001*
= 130 (%) 1377 (14.3) 126 (20.2) 170 (20.7) 54 (30.5) <0.00017
Crude OR (95% CI) (reference) 1.52 (1.24-1.87) 1.57 (1.31-1.87) 2.64 (1.90-3.65)

Adjusted OR (95% CI) (reference) 135 (1.10-1.66) 159 (1.33-1.91) 2.34 (1.69-3.24)

MBP, mm Hg 86.6 £ 10.5 86.7+10.7 90.6 +11.9 93.1 +14.9 < 0.0001*
Hypertension (%) 272 (2.8) 19 (3.1) 43 (52) 23 (13.0) <0.00017
Crude OR (95% CI) (reference) 1.08 (0.68-1.74) 1.91 (1.37-2.65) 5.15(3.27-8.11)

Adjusted OR (95% CI) (reference) 0.88 (0.54-1.41) 1.93 (1.39-2.69) 4.13 (2.61-6.54)

Glucose, mg/dl 89.7+ 145 89.7+133 924 +175 92.1+10.9 <0.0001*
> 110 (%) 226 (2.4) 14 (2.3) 45 (5.5) 13 (7.3) <0.00017
Crude OR (95 % CI) (reference) 0.96 (0.56-1.65) 242 (1.74-3.36) 3.30 (1.85-5.90)

Adjusted OR (reference) 0.78 (0.45-1.35) 248 (1.78-3.45) 2.65 (1.48-4.75)

Metabolic syndrome
Yes (%) 219 (2.3) 14 (2.3) 90 (11.0) 15 (8.5) <0.00017
Crude OR (95% CI) (reference) 0.99 (0.57-1.71) 5.30 (4.10-6.85) 3.98 (2.31-6.88)

Adjusted OR (95% CI) (reference) 0.83 (0.48-1.43) 5.47 (4.22-7.09) 3.31(1.91-5.74)

A: uric acid < 7.7 mg/dl and chronic kidney disease (CKD) stage I (¢GFR-MDRDc > 90 ml/min/1.73 m?). B: uric acid < 7.7 mg/dl and CKD stage II or
higher (¢GFR-MDRDc < 90 ml/min/1.73 m?). C: uric acid > 7.7 mg/dl and CKD stage I (¢GFR-MDRDc = 90 ml/min/1.73 m?). D: uric acid > 7.7 mg/dl and
CKD stage 1I or higher (¢GFR-MDRDc < 90 ml/min/1.73 m?). * ANOVA analysis of continuous variables. © Chi-square test of categorical variables. eGFR:
estimated glomerular filtration rate; MDRDc: Modification of Diet in Renal Disease correction for Chinese; MBP: mean blood pressure = DBP +
(SBP-DBP)/3; HDL-C: high-density lipoprotein-cholesterol; LDL-C: low density lipoprotein-cholesterol (all mg/dl); TG: triglycerides.

Group A. Further, patients with normouricemia (with or
without low eGFR-MDRDc, Groups A and B) had a similar
risk for metabolic syndrome. Similar trends were observed
when CKD with renal function impairment was defined as
eGFR-MDRDc < 60 ml/min/1.73 m?, when hyperuricemia
was defined as > 7.0 mg/dl for men and > 6.0 mg/dl for
women, and when hyperuricemia was defined as > 7.0 or 6.8
mg/dl for both sexes (data not shown). The data for each
year were also analyzed separately, and the statistical results
were similar (data not shown).

DISCUSSION

We found a low association between SUA and eGFR. We
also found that the association of hyperuricemia and meta-
bolic syndrome existed in subjects with and without CKD
(eGFR-MDRDc < 60 ml/min/1.73 m?) or a low eGFR
(defined as e GFR-MDRDc < 90 ml/min/1.73 m2).

High prevalence of hyperuricemia. Uric acid is the final oxi-
dation product of purine metabolism in humans.
Hyperuricemia is usually caused by inadequate renal excre-
tion of uric acid!2. In the last 4 decades, SUA has increased
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in populations in the United States and other countries?3-32,

Mean SUA levels have risen in men from < 3.5 mg/dl in the
192057 to approximately 5.0 mg/dl in the 1950s%% and to
6.0-6.5 mg/dl in the 1970s%°. In a recent nationwide epi-
demiological study in Taiwan, the mean SUA level in men
was 6.14 + 1.43 mg/dI*°, similar to that observed in the pres-
ent study (6.1 + 1.6 mg/dl). This serum urate level is higher
than reported in the Framingham study (5.12 + 1.11)?8, in
the Tecumseh study (4.90 + 1.40)3!, and in data from Taiwan
(4.99 +0.91)32 in the 1960s. In our study, the prevalence of
hyperuricemia was 20.3%-27.6% in men and 8.9% in
women. The high prevalence of hyperuricemia is related to
the predominance of male subjects in this study. When
hyperuricemia was defined as > 7.0 mg/dl in men and > 6.0
mg/dl in women, the prevalence increased further (overall
34.4%, men 45.5%, women 17.3%).

Weak association between SUA and eGFR. The association
between severity of chronic kidney disease and hyper-
uricemia has not been well defined. Some studies report that
elevated SUA (hyperuricemia) is common in patients with
CKD!2. Others suggest that uric acid is elevated as a conse-
quence of renal function impairment, and uric acid itself
may therefore predict renal function deterioration3-3-33. Our
study revealed a weak association (Pearson correlation coef-
ficient —0.26, p < 0.0001) between SUA and eGFR in a large
population of young adults.

SUA, but not CKD or low GFR, is associated with metabol-
ic syndrome. Hyperuricemia is reportedly associated with
cardiovascular events, hypertension, and metabolic syn-
drome®23-26_ Traditionally, SUA has been viewed merely as
a marker of obesity, hyperinsulinemia, hyperlipidemia,
hypertension, and renal disease!>. However, our findings
suggest that metabolic syndrome is significantly higher in
subjects with hyperuricemia than in those without hyper-
uricemia, and is independent of a high or low eGFR. We
found an adjusted odds ratio of metabolic syndrome that
was similar in Groups C and D and was higher in Groups C
and D than in Group A.

Hyperuricemia is commonly associated with insulin
resistance, glucose intolerance, hypertension, and dyslipi-
demia, which characterize the metabolic syndromeg'n. In
previous studies, the SUA level was positively correlated
with the risk factors of metabolic syndrome and the number
of metabolic syndrome components increases as SUA level
increases!0-13; this association apparently applies to adoles-
cents and children as well!2. Moreover, even those with
SUA level within the normal range showed an increased risk
of metabolic syndrome as SUA level increases'. The under-
lying mechanisms and reasons why hyperuricemia is more
commonly associated with metabolic syndrome than with
CKD are still unknown. However, there are 2 possible
explanations for this pattern. First, insulin resistance is
widely recognized as a major risk factor for kidney disease
and is also common in subjects with hyperuricemia and

metabolic syndrome. In humans, renal clearance of urate is
inversely related to insulin resistance*. Although uric acid
is often considered secondary to hyperinsulinemia, recent
evidence reveals the primary role of uric acid in mediating
metabolic syndrome®3%-37, Vuorinen-Markkola, et al indi-
cated that SUA level is inversely correlated with insulin sen-
sitivity and is positively correlated with serum triglyc-
erides®. A prospective followup study revealed that high
SUA is associated with increased risk of type 2 diabetes
mellitus independent of obesity, dyslipidemia, and hyper-
tension®. Sui, ef al reported that high SUA is a strong and
independent predictor of incident metabolic syndrome in
men and women37. Second, fructose intake has been linked
to metabolic syndrome and hyperuricemia. Fructose is
known to increase uric acid concentrations in humans38, and
uric acid may in turn increase the risk of metabolic syn-
drome?39. Rat studies indicate that fructose can quickly
cause metabolic syndrome and increased SUA. Lowering
uric acid in fructose-fed rats prevents features of the meta-
bolic syndrome3*#!. Nakagawa et al>® demonstrated that
fructose-fed rats treated with allopurinol (a xanthine oxidase
inhibitor) and benziodarone (a uricosuric agent) exhibit
reduced plasma uric acid and triglycerides and significantly
decreased systolic blood pressure. This suggests that uric
acid is a causal factor in the pathogenesis of fruc-
tose-induced metabolic syndrome and renal damage®.
Another experimental study* showed that hyperuricemia
induced by a high-fructose diet is associated with hyperten-
sion, hyperinsulinemia, and hypertriglyceridemia as well as
glomerular hypertension. Normalization of SUA with
febuxostat (a nonpurine xanthine oxidase inhibitor) in rats
with fructose-induced metabolic syndrome alleviated both
metabolic and glomerular hemodynamic alterations*’; these
animal studies’*#! demonstrate the pathogenic role of
hyperuricemia in fructose-induced metabolic syndrome and
renal damage. Whether uric acid exerts hypertension-pro-
moting and nephrotoxic effects in humans is still unclear
and requires further study.

Strengths and limitations of our study require comment.
The drawbacks are the cross-sectional design and the lack of
information on waist circumstance. However, Ryan, et al*?
reported that cardiovascular disease risk factor status did not
substantially vary between subjects classified by waist cir-
cumstance (central obesity) and those classified by BMI
(overall obesity)*?. We used BMI as a surrogate for central
obesity in the definition of metabolic syndrome?? and also
analyzed each component of metabolic syndrome risk fac-
tors; however, waist circumference data were unavailable.
Further studies are required to validate the efficacy of com-
paring waist circumstance and BMI*** for diagnosing
metabolic syndrome in Chinese populations and in other
ethnic groups. The BMI cutoff point is ethnicity-specific.
Taiwan recently adopted BMI cutoff values of 24 and 27 for
overweight and obese status, respectively*>#4. The cutoff
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values are determined for Asian populations by using the
same cutoff points for body fat percentage that are used to
define overweight and obese status in Caucasians: BMI of
25 and 30 kg/m?, respectively®. Our study was limited to
subjects aged 20—49 years; associations and effects in older
subjects were not addressed. Moreover, the possibility of a
significant misclassification of CKD by estimated GFR
could not be excluded. For example, individuals with stage
2 CKD (eGFR 60 to 89 ml/min/1.73 m?) require evidence of
structural damage to meet the CKD definition. We regret,
however, this cross-sectional study did not provide these
data. The strengths of our study are that it analyzed data
from a large sample of community-dwelling adults, which
enabled generalizing the findings, and compared results
with the most widely used clinical renal function assess-
ments. Plasma creatinine may not reflect glomerular filtra-
tion rate, especially in the early stages of CKD. The
Modification of Diet in Renal Disease equations provide
reasonably accurate GFR estimation and are recommended
by the Kidney Disease Outcome Quality Initiatives clinical
practice guidelines'>. To our knowledge, this is the first
report of associations of uric acid with metabolic distur-
bances in patients with and without CKD (eGFR-MDRDc <
60 ml/min/1.73 m2) or renal function impairment
(eGFR-MDRDc < 90 ml/min/1.73 m?). Another limitation is
that data for subjects’ fructose intake, which might have
affected SUA levels, were unavailable. However, this limi-
tation is common to other studies. Our study contributes to
the rather limited knowledge of the role of uric acid in CKD
and metabolic syndrome.

In summary, uric acid is a nontraditional risk factor inde-
pendently associated with chronic kidney disease and meta-
bolic syndrome. Our results indicate that hyperuricemia is
strongly associated with metabolic syndrome in subjects
with or without impaired renal function (defined as
eGFR-MDRDc < 90 ml/min/1.73 m?). The increasing inci-
dence of hyperuricemia and the growing awareness of the
relationship between hyperuricemia and cardiovascular risk
as well as metabolic syndrome and CKD highlight the
importance of hyperuricemia®®. Although it remains uncer-
tain whether hyperuricemia is an independent risk factor for
cardiovascular disease, a diagnosis of hyperuricemia should
prompt a search for metabolic syndrome, cardiovascular
risk factors, and chronic kidney disease. Further studies in
other populations are needed to confirm these results.
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