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Abstract

It has been reported that the increased uric acid level is associated with metabolic syndrome risk factors in both male
and female. However, there has not been enough studies to investigate gender differences of this association in Korea. To
evaluate relation between serum uric acids and metabolic syndrome markers, anthropometric and biochemical analyses data
was obtained from National Health Examination 2005 and 5,523 (M=3,097; F=2,426) data was analyzed. Results by quartile
of serum uric acid levels in females showed that increased serum uric acid level was associated with elevated levels of
total-. LDL-cholesterol, and triglycerides, whereas association between serum uric acid and total cholesterol levels was not
observed in male subjects. In both female and male, higher quartile of serum uric acid level were linked with lower levels
of HDL-cholesterol. In regression analysis, association of serum uric acid levels with fasting glucose levels was significant
in female subjects only. In conclusion, higher serum uric acid levels were associated with metabolic syndrome indices,
however gender differences were existed for total cholesterol.
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USA)E o] &stglen, A= da £R73 & 85 84t 5
TE AREHR Yol E4S Adstt 4o QA4 AR
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Table 1. Basic characteristics of study subjects

o)

3} ey oAk e] W% AF SR HEghe 52414 mydl

oW, WA thatxte] ¥E adt SET} 60512 mgdL o}
W] 8% 24 SE 42409 mgidLe] W3} fOHOR &
SFehp=.0001). H]ThE=(obesity leve)E ATt BHE A4 AS

Variables All (n=5,523) Female (n=2,426) Male (n=3,097) p Value
Uric acid (mg/dL) 52+1.4 4.2+0.9 6.0+1.2 <.0001
Age (years) 492+11.7 49.6+11.6 48.9+11.8 0.0249
Height (cm) 163.8+8.8 156.5+5.6 169.5+6.2 <.0001
Weight (kg) 64.7+11.0 57.548.0 70.5+9.6 <.0001
Obesity level (%)" 112.7+13.8 112.6£15.0 112.8£12.7 0.5955
Body mass index (kg/m’) 24.0+2.9 234431 24.5+42.8 <.0001
Systolic blood pressure (mmHg) 124.5+15.9 121.8+16.7 126.7+14.8 <.0001
Diastolic blood pressure (mmHg) 75.8+11.3 73.8+£11.5 77.4+£11.0 <.0001
Muscle mass (kg) 46.0+9.0 38.04+4.0 52.446.5 <.0001
Fat mass (kg) 15.9+4.7 16.844.5 15.244.7 <.0001
Body fat percent (%) 24.946.4 29.4+5.3 21.444.9 <.0001
Abdominal obesity (waist-hip ratio) 0.9+0.0 0.9+0.1 0.940.0 <.0001
White blood cells (x10*/uL) 5.8+1.4 54+13 6.1+1.4 <0001
Red blood cells (x10%uL) 4.740.5 43403 5.0+0.4 <.0001
Hemoglobin (g/dL) 14.6+1.6 13.2+1.0 15.741.1 <.0001
Hematocrit (%) 43.1+4.2 39.6+£2.8 45.843.0 <.0001
Protein (g/dL) 74404 74404 7.540.4 <.0001
Albumin (g/dL) 4.7+0.3 4.6+0.2 47403 <.0001
Globulin (g/dL) 2.740.3 2.840.3 2.740.3 <.0001
Albumin/globulin ratio 1.740.2 1.6+£0.2 1.8+0.2 <.0001
Total bilirubin (mg/dL) 0.940.3 0.8+£0.2 1.0+0.3 <.0001
Glutamic oxaloacetic transaminase (IU/L) 222455 20.5+4.9 237454 <.0001
Glutamate pyruvate transaminase (IU/L) 23.24+10.4 18.948.2 26.8+10.6 <.0001
Blood urea nitrogen (mg/dL) 14.6+3.6 13.843.6 152435 <.0001
Creatinine (mg/dL) 0.940.1 0.840.1 1.0£0.1 <.0001
Calcium (mg/dL) 9.0+0.3 9.0+0.3 9.1+0.3 <.0001
Phosphorus (mg/dL) 34104 3.6£0.4 33104 <.0001
Sodium (mEq/dL) 139.9+1.7 139.8+1.8 140.1+1.6 <.0001
Potassium (mEq/dL) 4.040.3 4.0+0.2 4.140.3 <.0001
Chlorine (mEq/dL) 104.6+2.1 105.0£2.0 104.2+2.1 <.0001
Glucose (mg/dL) 92.4+9.3 90.8+8.9 93.7£9.4 <.0001
Total cholesterol (mg/dL) 196.6+34.0 194.5+33.9 198.3+34.1 <.0001
Triglycerides (mg/dL) 124.8+60.1 105.9+52.3 140.7+61.8 <.0001
HDL-~cholesterol (mg/dL) 56.2+13.3 60.5+13.0 52.9+12.6 <.0001
LDL-cholesterol (mg/dL) 112.2+31.2 110.9430.7 113.2431.7 0.0093
TG/HDL 2.5+1.6 1.9+£1.3 29+1.7 <.0001

Values are presented as mean + SD.

Y Obesity level (%) = (current body weight + standard body weight) x 100 where standard body weight (kg) = (current height (cm) - 100) x 0.9
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Table 2. Clinical metabolic characteristics by quartile of serum uric acid levels
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among female subjects

Female

Variables p Value
1.5~3.6 (n=633) 3.7~4.2 (n=643) 4.3~4.8 (n=594) 4.9~8.3 (n=556)

Uric acid (mg/dL) 3.1+04 3.940.2 45+0.2 5.540.6 <.0001
Age (years) 47.5+10.9 48.1+11.2 49.9+11.6 53.5+11.7 <.0001
Height (cm) 156.9+£5.7 156.7£5.6 156.4+5.6 155.9+£5.4 <.0001
Weight (kg) 55.547.5 56.8+7.2 57.9+8.0 60.1+8.7 0.0067
Obesity level (%)" 108.4£14.0 111.3£14.2 113.9+£15.1 117.8£15.6 <.0001
Body mass index (kg/m’) 22.5+2.8 23.1+2.8 23.6+3.0 24.6+3.2 <.0001
Systolic blood pressure (mmHg) 120.0+16.1 120.3+16.0 122.0+17.2 1254+17.3 <.0001
Diastolic blood pressure (mmHg) 72.3+£10.9 72.8+11.6 74.1+£11.3 76.4+11.7 <.0001
Muscle mass (kg) 37.64+4.0 37.843.7 38.0+4.1 38.4+4.1 <.0001
Fat mass (kg) 154+4.1 16.4+4.3 17.3+4.5 18.5+4.6 0.0028
Body fat percent (%) 27.7+5.0 28.845.1 29.845.1 314452 <.0001
Abdominal obesity (waist-hip ratio) 0.9+0.1 0.9+0.1 0.9+0.1 0.9+40.1 <.0001
White blood cells (x10°/uL) 52413 53+1.3 55+14 5.8+1.3 <.0001
Red blood cells (x10%uL) 43403 4303 44+0.3 4403 <.0001
Hemoglobin (g/dL) 13.0£1.1 13.1£1.0 13.3£1.0 13.6+1.0 <.0001
Hematocrit (%) 38.9+2.8 39.4+2.7 39.7+2.6 40.5+2.8 <.0001
Protein (g/dL) 7.340.4 74403 74404 7.540.4 <.0001
Albumin (g/dL) 45+0.2 4.6+0.2 4.6+0.2 4.6+0.2 <.0001
Globulin (g/dL) 2.8+0.3 2.840.3 2.840.3 2.8+0.3 <.0001
Albumin/globulin ratio 1.640.2 1.740.2 1.6+0.2 1.640.2 <.0001
Total bilirubin (mg/dL) 0.8+0.2 0.840.2 0.8+0.2 0.8+0.3 0.0699
Glutamic oxaloacetic transaminase (IU/L) 19.5+4.4 19.9+4.7 20.744.9 221453 0.2628
Glutamate pyruvate transaminase (IU/L) 17.3£7.5 18.348.2 19.0£7.6 21.649.1 <.0001
Blood urea nitrogen (mg/dL) 13.043.5 13.5£3.7 14.14£3.5 14.943.5 <.0001
Creatinine (mg/dL) 0.840.1 0.840.1 0.840.1 0.8+0.1 <.0001
Calcium (mg/dL) 8.840.3 8.9+0.3 9.0+0.3 9.1+0.3 <.0001
Phosphorus (mg/dL) 3.5+0.4 3.540.4 3.6+04 3.740.4 <.0001
Sodium (mEq/dL) 139.6+£1.6 139.6+1.8 139.8+£1.7 140.2£1.8 <.0001
Potassium (mEq/dL) 4.0+0.3 4.0+0.2 4.0+0.2 4.0+0.3 <.0001
Chlorine (mEq/dL) 105.2+2.0 105.1£2.0 104.9+£2.1 104.9£2.1 0.0142
Glucose (mg/dL) 89.6+8.3 90.0+8.2 91.4+8.9 92.7+10.0 0.0529
Total cholesterol (mg/dL) 185.1£32.5 193.3+34.8 197.5432.1 203.6+33.6 <.0001
Triglycerides (mg/dL) 92.6+46.1 102.3£51.5 108.8+52.1 122.9+£554 <.0001
HDL-~cholesterol (mg/dL) 62.2+12.9 61.8+13.4 60.4£12.9 57.1412.1 <.0001
LDL-cholesterol (mg/dL) 103.3+£28.4 109.3£30.8 113.9+29.8 118.6+32.0 <.0001
TG/HDL 1.6+1.1 1.9+1.3 2.0+1.3 23+14 <.0001

Values are presented as mean + SD.

D Obesity level (%) = (current body weight + standard body weight) x 100 where standard body weight (kg) = (current height (cm)—100) x 0.9
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Table 3. Clinical metabolic characteristics by quartile of serum uric acid levels among male subjects

Variables Male p Value
2.1~52 (n=802) 5.3~6.0 (n=822) 6.1~6.7 (n=703)  6.8~9.2 (n=770)

Uric acid (mg/dL) 4.5+0.6 5.740.2 6.4+0.2 7.540.6 <.0001
Age (years) 51.3+12.3 48.8+11.8 48.3+11.3 47.0+£11.3 <.0001
Height (cm) 168.5+6.1 169.7+6.4 169.646.0 170.3+6.2 <.0001
Weight (kg) 67.449.5 69.849.3 71.449.2 73.549.3 <.0001
Obesity level (%)" 109.5+12.9 11124125 114.1+12.0 116.8+12.1 <0001
Body mass index (kg/m’) 23.7+2.8 242427 24.8+2.6 254+2.6 <.0001
Systolic blood pressure (mmHg) 125.5+15.3 125.7+14.8 127.2+14.3 128.5+14.8 <.0001
Diastolic blood pressure (mmHg) 76.4+11.1 76.3£10.8 78.0£10.5 789+114 <.0001
Muscle mass (kg) 50.8+6.3 522+6.4 52.8+6.1 53.9£6.6 <.0001
Fat mass (kg) 13.7+4.5 14.6+4.6 15.744.6 16.8+4.4 <.0001
Body fat percent (%) 20.2+5.0 20.845.0 21.7+4.7 22.944.5 <.0001
Abdominal obesity (waist-hip ratio) 0.9+0.0 0.9+0.0 0.9+0.0 0.9+0.0 <.0001
White blood cells (x10°/uL) 6.0+1.4 6.0+1.4 6.2+1.3 6.4+1.4 <.0001
Red blood cells (x10%uL) 49+04 49+0.4 5.0+0.4 5.0+0.4 <.0001
Hemoglobin (g/dL) 154+1.1 15.6+1.1 15.7+1.0 15.9+1.1 <.0001
Hematocrit (%) 45243.1 45.842.9 46.142.8 464429 <.0001
Protein (g/dL) 74404 74404 7.5+0.4 7.540.4 <.0001
Albumin (g/dL) 47403 47+0.3 4.8+0.2 4.8+0.3 <.0001
Globulin (g/dL) 2.7+0.3 27403 2.740.3 2.840.3 <.0001
Albumin/globulin ratio 1.840.2 1.840.2 1.8+0.2 1.840.2 <.0001
Total bilirubin (mg/dL) 0.9+0.3 1.0£0.3 1.0+0.3 1.0+0.3 0.0850
Glutamic oxaloacetic transaminase (IU/L) 22.845.6 234453 241452 248454 0.0092
Glutamate pyruvate transaminase (IU/L) 24.7+10.1 25.549.8 28.0+10.8 29.6+11.1 <.0001
Blood urea nitrogen (mg/dL) 15.243.6 15.043.5 153434 153433 <.0001
Creatinine (mg/dL) 1.040.1 1.0+0.1 1.0+0.1 1.0+0.1 0.3953
Calcium (mg/dL) 9.0+0.3 9.1+0.3 9.1+0.3 9.2+0.3 <.0001
Phosphorus (mg/dL) 32404 33404 3.3+04 34404 <.0001
Sodium (mEq/dL) 140.0+£1.6 140.1+1.6 140.1£1.5 140.1+£1.6 <.0001
Potassium (mEq/dL) 41403 4102 41403 41402 0.2284
Chlorine (mEq/dL) 104.3£2.2 104.1£2.1 104.4+2.1 104.0£2.1 0.7979
Glucose (mg/dL) 93.6+9.7 93.0£9.2 94.149.4 94.049.3 0.0293
Total cholesterol (mg/dL) 192.9433.3 195.5+432.7 200.0+35.0 205.4+33.9 0.1116
Triglycerides (mg/dL) 127.4+58.4 131.9+58.6 148.5+63.3 157.2+61.8 <.0001
HDL-~cholesterol (mg/dL) 55.1£13.6 53.5=+12.8 52.5+12.0 50.5+11.4 <.0001
LDL-cholesterol (mg/dL) 109.4+29.6 111.3£29.4 113.9433.6 118.5+334 <.0001
TG/HDL 2.6+1.6 2.7+1.6 3.0+1.6 3.3+1.7 <.0001

Values are presented as mean + SD.

D Obesity level (%) = (current body weight + standard body weight) x 100 where standard body weight (kg) = (current height (cm) —100) x 0.9
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Table 4. Linear regression analysis: the association between serum uric acid levels and metabolic syndrome markers among

female subjects

) Unstandardized coefficients Standarfiized
Variables coefficients t-value
B Std. error Beta

Triglycerides (mg/dL) 12.150 1.207 24.069 91.58™
Adjusted R*=0.0474, F=101.31 (p<.0001)
Total cholesterol (mg/dL) 7.654 0.785 44.107 181.72™
Adjusted R*=0.0446, F=95.13 (p<.0001)
HDL-cholesterol (mg/dL) -1.949 0311 13.809 136.81"
Adjusted R*=0.0186, F=39.22 (p<.0001)
LDL-cholesterol (mg/dL) 7.182 0.720 25.506 144.33™
Adjusted R*=0.0466, F=99.60 (p<.0001)
Glucose (mg/dL) 1377 0.902 20.653 199.77°
Adjusted R?=0.0204, F=43.12 (p<.0001)
TG/HDL 0.287 0.293 0.436 699.55™"

Adjusted R=0.0449, F=95.80 (p<.0001)
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Variables Unstandardized coefficients S;j:?f?:ijejrzltesd value
B Std. error Beta
Triglycerides <150 (mg/dL) 6.824 0.697 20.057 12327
Adjusted R*=0.0466, F=95.95 (p<.0001)
Triglycerides =150 (mg/dL) -0.914 1.931 41.112 69.91"
Adjusted R=-0.0018, F=0.22 (p=.6363)
HDL-cholesterol <40 (mg/dL) 0.234 0.291 7.512 41.13™
Adjusted R*=-0.0038, F=0.65 (p=4234)
HDL-cholesterol >40 (mg/dL) -1.885 0.271 13.754 147.15™
Adjusted R*=0.0205, F=48.41 (p<.0001)
Glucose <100 (mg/dL) 0.558 0.159 20.158 197.50™
Adjusted R=0.0058, F=12.28 (p=.0005)
Glucose =100 (mg/dL) 0.846 0.256 22431 82.75""
Adjusted R*=0.0273, F=10.88 (p=0011)
Systolic blood pressure <130 (mmHg) 0.754 0.262 25.681 173.90™
Adjusted R*=0.0044, F=8.25 (p=0041)
Systolic blood pressure >130 (mmHg) 1.086 0.327 30915 124.55™
Adjusted R*=0.0128, F=11.05 (p=.0009)
Diastolic blood pressure <85 (mmHg) 0.747 0.206 15917 181.33™
Adjusted R*=0.0062, F=13.15 (p=0003)
Diastolic blood pressure >85 (mmHg) 0.422 0.237 19.421 9531
Adjusted R*=0.0047, F=3.17 (p=.0759)
Body mass index <23 (kg/n?) 0.145 0.049 4.955 151.53™
Adjusted R*=0.0069, F=8.90 (p=.0029)
Body mass index >23 (kg/nY) 0.392 0.062 5.573 165.86™
Adjusted R*=0.0300, F=40.30 (p<.0001)
Triglycerides (mg/dL) 10.654 1.324 23.120 81.35™
Adjusted R*=0.0367, F=64.71 (p<.0001)
BMI<25 HDL-cholesterol (mg/dL) -1.479 0.365 14.531 126.717
(kg/m?’)  Adjusted B=0.0094, F=16.46 (p<.0001)
Glucose (mg/dL) 0.735 0.242 20.985 0.119
Adjusted R*=0.0051, F=9.25 (p<.0001)
Triglycerides (mg/dL) 7.390 2.171 27.031 56.40""
Adjusted R*=0. 0153, F=11.58 (p<.0001)
BMI>25 HDL-cholesterol (mg/dL) -1.257 0.442 11.640 83.77°
(kg/m’)  Adjusted R=0.0099, F=8.10 (p<.0001)
Glucose (mg/dL) 1.659 0.376 19.826 117.90™

Adjusted B=0.0282, F=19.53 (p<.0001)

™ p<0.001
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Table 5. Linear regression analysis: the association between serum uric acid levels and metabolic syndrome markers among
male subjects

Variables Unstandardized coefficients sctzgsgjitite: rvalue
B Std. Error Beta

Triglycerides (mg/dL) 11.496 1.095 22.484 108.38™
Adjusted R=0.0450, F=110.19 (p<.0001)
Total cholesterol (mg/dL) 3.645 0.597 31.078 203.01™
Adjusted R*=0.0154, F=37.26 (p<.0001)
HDL-cholesterol (mg/dL) - 1.640 0.227 8.605 148.12"
Adjusted R*=0.0217, F=52.37 (p<.0001)
LDL-cholesterol (mg/dL) 2.983 0.554 18.521 155.17"
Adjusted R=0.0119, F=28.98 (p<.0001)
Glucose (mg/dL) 0.105 0.170 14.997 22627
Adjusted R*=0.0003, F=0.38 (p=5363)
TG/HDL 0.303 0.029 0.460 84.69™
Adjusted R=0.0442, F=108.08 (p<.0001)
Triglycerides <150 (mg/dL) 3.746 0.577 16.802 134.72™
Adjusted R*=0.0227, F=42.10 (p<.0001)
Triglycerides =150 (mg/dL) 2.681 1.104 32.116 121.25™
Adjusted R*=0.0044, F=5.90 (p<.0001)
HDL-cholesterol <40 (mg/dL) 0.017 0.117 5.618 93.42™"
Adjusted R*=-0.0026, F=0.02 (p=8857)
HDL-cholesterol >40 (mg/dL) - 1414 0.190 8.887 168.24™
Adjusted R*=0.0199, F=55.38 (p<.0001)
Glucose <100 (mg/dL) 0.201 0.119 14.326 230.12"
Adjusted R*=0.0009, F=2.86 (p=.0908)
Glucose >100 (mg/dL) -0.112 0.167 16.938 132.02™
Adjusted R*=-0.0008, F=0.44 (p=5053)
Systolic blood pressure <130 (mmHg) 0.506 0.192 19.012 209.80"
Adjusted R*=0.0034, F=6.96 (p=.0084)
Systolic blood pressure >130 (mmHg) -0.030 0.184 22.193 173.88"
Adjusted R*=-0.0007, F=0.03 (p=.8700)
Diastolic blood pressure <85 (mmHg) 0.479 0.146 11.146 221.56™
Adjusted R*=0.0043, F=10.78 (p<.0001)
Diastolic blood pressure >85 (mmHg) 0.055 0.143 14.323 136.00""
Adjusted R*=-0.0011, F=0.15 (p=.6979)
Body mass index <23 (kg/m?) 0.137 0.044 3.631 148.72"
Adjusted R*=0.0100, F=9.83 (p=0018)
Body mass index >23 (kg/m’) 0.250 0.036 4.074 241.65™

Adjusted R=0.0213, F=48.87 (p<.0001)
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) Unstandardized coefficients Standarfiized
Variables coefficients t-value
B Std. Error Beta
Triglycerides (mg/dL) 10.984 1.237 21.761 90.24™"
Adjusted R*=0.0445, F=78.84 (p<.0001)
BMI<25 HDL-cholesterol (mg/dL) -1.286 1.641 9.143 126.86™
(kg/mt’)  Adjusted R=0.0118, F=21.53 (p<.0001)
Glucose (mg/dL) 0.0793 0.206 15.248 0.082"
Adjusted R*=-0.0005, F=0.15 (p<.0001)
Triglycerides (mg/dL) 5.609 1.567 24.767 81.17"™
Adjusted R*=0.0099, F=12.81 (p<.0001)
BMI>25 HDL-cholesterol (mg/dL) -0.884 0.264 7.699 117.96™
(kg/m?’)  Adjusted B=0.0077, F=11.22 (p<.0001)
Glucose (mg/dL) -0.349 0.242 14.687 161.817

Adjusted R=0.0009, F=2.08 (p<.0001)

ok

p<0.001 ™ p<0.01
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