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ABSTRACT

Background and Objectives : The relationship between serum uric acid and metabolic syndrome variables has
not been reported in Korea. Therefore, whether the circulating levels of serum uric acid are independently re-
lated to hypertension, insulin resistance and the variables of metabolic syndrome were assessed. Subjects and
Methods : A total of 53,477 health screen examinees were enrolled and divided into four groups (Quartile 1 : <4.2
mg/dL, Quartile 2 : 4.2-5.29 mg/dL, Quartile 3 : 5.3-6.29 mg/dL, Quartile 4 : >6.29 mg/dL) according to their
serum uric acid level. The blood pressure, lipid profiles, fasting plasma glucose, waist circumference, HOMA,
high sensitivity CRP and apolipoprotein were compared between the four groups. Results : There was a positive
association between blood pressure and the serum uric acid level (p<0.001). After adjustment for covariates the
prevalence of hypertension due to uric acid was 1.192 (95% CI, 1.038-1.368 p=0.013), and 1.408 (95% CI, 1.221-
1.623 p<0.001) times higher in subjects in the third and fourth uric acid level quartiles, respectively, compared
to the subjects in the first quartile. Insulin resistance and metabolic syndrome variables were positively corre-
lated with the serum uric acid level. The number of metabolic syndrome variables was also increased with an
elevated serum uric acid level. Conclusion : Our study suggests that serum uric acid levels were independently
associated with hypertension, insulin resistance and the variables of metabolic syndrome in the Korean popu-
lation. Although the serum uric acid level was normal value, the risk of metabolic syndrome was increased
with an elevated serum uric acid level. However, because of the cross—sectional nature of our study, these fin-
dings should be confirmed in prospective cohort studies. (Korean Circulation J 2004;34(9):874-882)
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Table 1. Characteristics of the study population (n=53, 477)

— Male (n=34,169) Female (n=19,308) Total
Characteristics

Mean SD Mean SD Mean SD

Age (Y) 40.3 8.5 41.4 10.2 40.7 9.1
Systolic blood pressure (mmHg) 117.4 14.2 113.3 17.7 116.0 15.6
Diastolic blood pressure (mmHg) 76.7 10.7 71.8 1.2 75.0 11.1
Body mass index (kg/m?2) 24.2 2.8 22.5 3.0 23.6 3.0
Heart rate (beats/min) 66.0 9.3 68.2 9.4 66.8 9.4
Fasting serum glucose (mg/dL) 94.1 191 89.4 16.9 92.4 18.5
Total cholesterol (mg/dL) 206.1 35.6 198.3 36.1 203.3 36.0
LDLc (mg/dL) 121.2 29.9 113.7 29.9 118.5 30.1
HDLc (mg/dL) 52.4 12.0 61.7 14.6 55.7 13.8
Triglycerides (mg/dL) 160.2 106.1 113.0 77.7 143.1 99.4
apolipoprotein Al (mg/dL) 117.7 21.3 120.9 22.5 119.0 21.9
Apolipoprotein B (mg/dL) 103.8 25.9 93.9 26.7 99.6 26.7
Uric acid (mg/dL) 6.0 1.20 4.1 0.86 53 1.42
Insulin (fasting) ( «1U/mL) 7.9 3.09 7.6 2.80 7.8 2.99
HOMA index* 1.8 0.88 1.7 0.77 1.8 0.84
Waist (cm) 83.7 7.21 73.2 8.0 79.9 9.1
Waist/hip raio 0.88 0.05 0.77 0.06 0.84 0.07
Hypertension (%) 20.6 18.2
DM (%) 42 3.6

*. homeostasis model assessment (HOMA) index calculated as: fasting serum insulin ( .21U/mL) X fasting serum glucose
(mmol/L) /22.5. LDLc: serum low denisity lipoprotein colesterol (mg/dL), HDLc: serum high density lipoprotein colesterol

(mg/dL), DM: diabetes mellitus
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Table 2. Prevalence of hypertension by uric acid levels
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Uric acid Isolated systolic hypertension Isolated diastolic hypertension Hypertension
(quartile) Prevalence (%)* 95% Cl Prevalence (%)* 95% Cl Prevalence (%)* 95% Cl

1 (<4.2) 8.7 (82- 92 9.6 (9.1-10.2) 12.2 11.7-12.9)
Il (4.2—-5.29) 10.4 (99-11.0) 13.7 (13.2—14.3) 16.4 (15.7-17.0)
Il (5.3-6.29) 10.7 (10.2-11.2) 17.2 (16.6—17.9) 19.5 (18.8—20.2)
IV (>6.29) 12.2 (11.6-12.7) 21.7 (21.0—22.4) 23.6 (22.9-24.4)

x 2forlinear trend. *: p<0.001. CI: confidence interval

Table 3. Univariate correlation, age, blood pressure, metabolic and anthropometric variables

Uric acid SBP DBP Insulin HOMA BMI Waist Hip WHR
Age -0.0677 03367 02527 —0.009* 0.677 0.1437 0.2297 00237 02927
Uric acid 0.142%  0208" 0.1591 0.1571 0.3547 0.4907 01777 05217
SBP 0.8287 0.1587 0.2087 0.2977 0.2997 02037 02617
DBP 0.1577 0.2027 0.3157 0.3147 02167 02707
Insulin 0.8947 0.4207 0.3537 03557 02317
HOMA 0.4307 0.3917 03237 0.3037
BMI 0.8277 0.803T  0.5607
Waist 06717 0.898"
Hip 0.2257
WHR
Uicacid  FBG G HDLc LDLc  HSCRP BMI Waist SBP DBP

Uicacid 10007 00607 02837 -0285" 01677 01017 03547 0490t 01427  0208°
FBG 1.0007 02477  -0130"T  0086T 01207 02007 0248" 01977 01797
G 1.0007  -0343" 00187 00537 0334T 03627 01947 02087
HDLc 10007 -0010" -0.107" -0320" -0412t -0071T -0093'
LDLc 1.0007 00287 02527 02457 01237 0.1227
HSCRP 1.0007 01497 01617 00917 00767
BMI 1000t 0827t 02977  0315'
Waist 10007 02997 03147
SBP 1.0007 08287
DBP 1.0007

SBP: systolic blood pressure (mmHg), DBP: diastolic blood pressure (mmHg), Insulin: fasting serum insulin (pmol/L), BMI:
body mass index (kg/m2), WHR: waist to hip ratio, HOMA index calculated as: fasting serum insulin (2 1U/mL) X fasting
serum glucose (mmol/L) /22.5, FBG: fasting serum glucose (mg/dL), TG: serum triglyceride (mg/dL), HSCRP: high sen-
sitivity CRP, HOMA: homeostasis model assessment, LDLc: serum low density lipoprotein colesterol (mg/dL), HDLc:
serum high density lipoprotein colesterol (mg/dL). *: p<0.05, T:p<0.01
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Table 4. Stepwise multivariate regression analyses with sys-
folic and diastolic blood pressure as dependent variables

. Standardized
eliielold coefficients (B) ! P

Model 1. dependent variables: SBP (mmHg)

Age 0.292 47.013 <0.001
Waist 0.120 8.192 <0.001
BMI 0.110 9.098 <0.001
HOMA 0.083 12.495 <0.001
Sex —0.056 —5.996 <0.001
Uric acid 0.047 5.842 <0.001
Model 2. dependent variables: DBP (mmHg)

Age 0.223 35.065 <0.001
Waist 0.151 10.101 <0.001
BMI 0.100 8.099 <0.001
HOMA 0.076 11.242 <0.001
Sex —0.062 —6.437 <0.001
Uric acid 0.050 6.129 <0.001

SBP: systolic blood pressure, DBP: diastolic blood pressure,
BMI: body mass index, HOMA: homeostasis model asses-
sment

Table 5. Multivariate logistic regression analyses with Hy-
pertension as dependent variables

Variable Odds 95% Cl p
Sex 0.715 (0.630—-0.812) <0.001
Age 1.074 (1.070-1.079) <0.001
HOMA 1.193 (1.144-1.244) <0.001
BMI 1.101 (1.075-1.129) <0.001
Waist 1.032 (1.022-1.042) <0.001
Uric acid

| 1

Il 1.128 (0.998-1.276) 0.054

Il 1.192 (1.038—1.368) 0.013

\% 1.408 (1.221-1.623) <0.001

BMI: body mass index, HOMA: homeostasis model asse-
ssment, Cl: confidence interval
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Table 6. Analysis of covariance: age-adjusted blood pressure and metabolic variables by quartiles of uric acid

Uric acid (mean=+SD)

| (<42) I (42-529) I (53-629) v 5629) P
SBP (mmHg) 112.7 (£163) 1153 (+£16.3) 1169 (+14.7) 118.6 (£14.6 ) <0.001
DBP (mmHg) 71.6 (£108) 739 (£11.0) 760 (£107) 778 (£110) <0.001
Heartrate 67.7 (£9.4) 670 (£9.4) 660 (£9.4 ) 66.6 (£9.4 ) <0.001
(beats/min)
FBG (mg/dL) 90.6 (£21.9) 92.4 (+20.4) 928 (+16.8) 93.6 (+£14.1 ) <0.001
TC (mg/dL) 194.7 (+34.7) 200.1 (+35.4) 2049 (£35.1) 212.4 (£363 ) <0.001
LDLc (mg/dlL) 111.2 (+£28.4) 116.4 (£29.7) 120.7 (£29.6) 124.7 (£309 ) <0.001
HDLc (mg/dL) 617 (£147) 57.5 (£14.1) 532 (£12.4) 512 (£11.5) <0.001
TG (mg/dL) 108.4 (£76.2) 129.1 (+88.3) 150.6 (+97.0) 180.3 (£115.3) <0.001
Apo Al (mg/dL) 121.0 (+22.6) 119.5 (+22.0) 117.5 (+21.5) 117.8 (£209 ) <0.001
Apo B (mg/dL) 90.0 (£25.2) 97.7 (£25.6) 103.3 (+25.7) 108.9 (£26.8 ) <0.001
HOMA 1.63 (£0.79) 171 (£0.85) 177 (£081) 1.96 (£0.90 ) <0.001
Insulin (z1U/mL) 73(£2.6) 75(£29 ) 77 (£29 ) 85 (£33 ) <0.001
Waist 7329 (+83 ) 7788 (+8.6 ) 82.64 (+7.4 ) 8524 (£7.1 ) <0.001

SBP: systolic blood pressure (mmHg), DBP: diastolic blood pressure (mmHg), FBG: fasting serum glucose (mg/dL), TC:
serum total cholesterol (mg/dL) TG: serum triglyceride (mg/dL), Apo Al: serum apolipoprotein Al (mg/dL), Apo B:
apolipoprotein B (mg/dL), Insulin: fasting serum insulin (ulU/mL), LDLc: serum low density lipoprotein colesterol (mg/
dL), HDLc: serum high density lipoprotein colesterol (mg/dL), HOMA: homeostasis model assessment

p<0.001

Mean MS. NO
(o]
|

UA4G

Fig. 1. The sum of metabolic syndrome variables by uric
acid. UA4G: serum uric acid level quartiles group, Mean
MS. NO: mean of the number of the metalbolic syndrome
variables.
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