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Relationship between Elevated Serum Alanine Aminotransferase Concentration and

Metabolic Syndrome in Korean Adults™

Kim, Ji Hye'
Department of Food and Nutrition, Daegu University, Gyeongbuk 712-714, Korea

ABSTRACT

Metabolic syndrome has been strongly associated with elevated alanine aminotransferase (ALT), a surrogate of
nonalcoholic fatty liver disease. We investigated the relationship between metabolic syndrome and elevated ALT in the
general Korean population. The study sample was comprised of 4,781 Korean adults who had participated in the 2005
Korean National Health and Nutrition Examination Survey. Metabolic syndrome was defined by National Cholesterol
Education Program for Adult Treatment Panel 111. Elevated ALT was defined as an enzyme activity > 40 IU/L for men,
and > 31 IU/L for women. ALT was measured by enzymatic methods. Among participants, 425 (8.9%) subjects dis-
played elevated ALT. The odds ratios (ORs) for elevated ALT increased in subjects with obesity or one of components
of metabolic syndrome such as abdominal obesity, high blood pressure, high fasting glucose, high triglyceride, and low
HDL cholesterol after adjusting for age and sex. The unadjusted OR for elevated ALT increased according to the num-
ber of components of metabolic syndrome (OR = 1.5, 95% CI: 0.96—2.32 for 1 component; OR = 3.0, 95% CI: 1.98—
4.61 for 2 components; OR = 6.3, 95% CI: 4.29—9.35 for = 3 components; p for trend < 0.0001). This trend did not
differ after adjustments for putative risk factors including age, sex, BMI, smoking status, and alcohol intake. Metabolic
syndrome is implicated as a strong risk factor of elevated ALT in Korean adults. (Korean J Nutr 2009; 42(8): 732~739)
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Men (n=2,018) Women (n=2,673) p

Age (years) 46.95 + 15.00" 46.81 + 15.97 0.7573
BMI (kg/mz) 23.97 £ 3.09 23.45 = 3.34 <0.0001
WwC (cm) 84.19 + 8.84 78.20 = 9.56 <0.0001
ALT (1U/L) 27.34 £ 21.32 17.48 £ 10.25 <0.0001
FPG (mg/dL) 97.35 = 24.83 93.19 *+ 20.07 <0.0001
TG (mg/dL) 161.08 + 159.85 114.79 + 81.49 <0.0001
HDL-C (mg/dL) 42.05 = 9.83 46.90 + 10.74 <0.0001
SBP (mmHg) 122.69 £ 16.03 116.32 + 18.60 <0.0001
DBP (mmHg) 80.56 = 10.35 74.69 £ 10.25 <0.0001
Smoking status

Never 342 (17.65)” 2465 (91.26) <0.0001

Former 692 (35.71) 117 ( 4.33)

Current 904 (46.65) 119 ( 4.41)
Alcohol intake (g/day)

None 1278 (74.09) 2193 (89.91) <0.0001

1-30 250 (14.49) 246 (10.09)

30 197 (11.42) -
Energy intake (kcal/d) 2270.59 + 850.67 1781.5 + 682.67 <0.0001
Carbohydrate (%) 63.67 = 11.71 66.92 £ 10.73 <0.0001
Protein (%) 15.24 + 4.22 15.01 £5.25 0.1096
Fat (%) 17.84 + 8.62 17.13 + 8.63 0.0099

1, 2) All values are mean = SD or n (%) . Calculated using a ’ test or Student’s t-test
BMI: Body mass index, WC: waist circumference, ALT: alanine aminotransferase, FPG: fasting plasma glucose, TG: triglyceride, HDL-
C: high density lipoprotein cholesterol, SBP: systolic blood pressure, DBP: diastolic blood pressure
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Table 2. Characteristics of subjects by the presence of elevated ALT in men

Normal ALT (n= 1756) Elevated ALT (n = 262) p

Age (years) 4750 + 15.31" 40.31 + 12,52 <0.0001
BMI (kg/mz) 23.67 £ 2.93 25.95 £ 341 <0.0001
wC (cm) 83.38 = 8.63 89.60 * 8.32 <0.0001
ALT (IU/L) 21.76 + 7.56 64.78 + 38.87 <0.0001
FPG (mg/dL) 96.89 + 25.15 100.46 + 22.36 0.0183
TG (mg/dL) 150.96 + 154.56 228.93 + 177.60 <0.0001
HDL-C (mg/dL) 42.43 £ 9.82 39.51 + 9.50 <0.0001
SBP (mmHg) 122.34 + 16.05 125.05 * 15.66 0.0105
DBP (mmHg) 80.08 = 10.19 83.77 £ 10.84 <0.0001
Smoking status

Never 302 (17.89)” 40 (16) 0.3664

Former 609 (36.08) 83 (33.2)

Current 777 (46.03) 127 (50.8)
Alcohol intake (g/day)

None 1124 (74.39) 154 (71.96) 0.1246

1—30 223 (14.76) 27 (12.62)

> 30 164 (10.85) 33 (15.42)
Energy intake (kcal/d) 2255.13 + 840.72 2379.82 = 912.50 0.0447
Carbohydrate (%) 63.82 = 11.81 62.66 = 11.02 0.1759
Protein (%) 15.18 £ 4.15 15.71 £ 4.67 0.1161
Fat (%) 17.76 + 8.68 18.38 + 8.16 0.3232

1,2) All values are mean * SD or n (%). Calculated using a x’ test or Student’s t-test
BMI: Body mass index, WC: waist circumference, ALT: alanine aminotransferase, FPG: fasting plasma glucose, TG: triglyceride,
HDL-C: high density lipoprotein cholesterol, SBP: systolic blood pressure, DBP: diastolic blood pressure

Table 3. Characteristics of subjects by the presence of elevated ALT in women

Normal ALT (n = 2600) Elevated ALT (n= 163) p

Age (years) 46.52 * 16.02" 51.46 + 14.42 0.0001
BMI (kg/m°) 23.31 *+ 3.26 25.78 + 3.74 <0.0001
wcC (cm) 77.76 £ 9.35 85.23 = 10.13 <0.0001
ALT (1U/L) 15.62 £ 5.35 47.02 = 20.00 <0.0001
FPG (mg/dL) 92.43 * 18.16 105.29 * 37.69 <0.0001
TG (mg/dL) 110.82 £ 70.49 178.18 £ 170.91 <0.0001
HDL-C (mg/dL) 47.05 £ 10.76 4450 £ 10.21 0.0032
SBP (mmHg) 115.97 £ 18.51 121.79 £ 19.20 0.0001
DBP (mmHg) 74.44 + 10.15 78.73 + 10.97 <0.0001
Smoking status

Never 2325 (91.54)? 140 (86.96) 0.0567

Former 109 (4.29) 8 (4.97)

Current 106 (4.17) 13 (8.07)
Alcohol intake (g/day)

None 2063 (89.77) 130 (92.2) 0.3534

1—30 235 (10.23) 11 (7.8)

=30 - -
Energy intake (kcal/d) 1779.71 £ 681.81 1810.69 * 698.33 0.601
Carbohydrate (%) 66.79 = 10.76 68.97 = 10.06 0.0195
Protein (%) 14.96 £ 4.14 15.71 £ 14.09 0.5306
Fat (%) 17.23 £ 8.64 15.63 * 8.46 0.0325

1,2) All values are mean =+ SD or n (%). Calculated using a x’ test or Student’s t-test
BMI: Body mass index, WC: waist circumference, ALT: alanine aminotransferase, FPG: fasting plasma glucose, TG: triglyceride,
HDL-C: high density lipoprotein cholesterol, SBP: systolic blood pressure, DBP: diastolic blood pressure
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Table 4. Odds ratios (ORs) and 95% confidence intervals (Cls) for elevated ALT according to the presence of each components of

metabolic syndrome among Korean adults

No. of subjects n (%)

Unadjusted OR (95% CI)

Adjusted OR" (95% CI)

Obesity

BMI< 25 176 (5.4)

BMI = 25 249 (16.3)
Abdominal obesity

WC <90 (M), <80 (W) 189 (6.0)

WC =90 (M), >80 (W) 236 (14.3)
High blood pressure

SBP <130, DBP <85 206 (6.7)

SBP > 130 or DBP > 85 219 (12.8)
High fasting glucose

FPG <100 264 (7.1)

FPG > 100" 161 (15.1)
High triacylglyceride

TG <150 181 (5.2)

TG > 150 244 (18.6)
Low HDL cholesterol

> 40 (M), =50 (W) 149 (7.2)

<40 (M), <50 (W) 276 (10.2)

1.0
3.39 (2.77-4.16)

1.0
2.61(2.13-3.19)

1.0
2.03 (1.66-2.48)

1.0
2.33 (1.89-2.88)

1.0
4.14 (3.37-5.07)

1.0
1.47 (1.19-1.81)

1.0
3.33 (2.71-4.10)

1.0
3.53 (2.84-4.83)

1.0
2.15 (1.71-2.71)

1.0
2.43 (1.93-3.05)

1.0
3.82 (3.09-4.73)

1.0
1.79 (1.45-2.22)

1) adjusted for age and sex 2) include antihypertensive medication 3) include hypoglycemic agent or insulin administration
BMI: Body mass index, WC: waist circumference, FPG: fasting plasma glucose, TG: triglyceride, HDL-C: high density lipoprotein cho-

lesterol, SBP: systolic blood pressure, DBP: diastolic blood pressure

Table 5. Odds ratio and 95% CI for elevated ALT according to the number of components of metabolic syndrome (MS) among Korean

adults
Elevated ALT
) Adjusted OR (95% CI)
No. of components n (%) Unadjusted OR (95% CI) > >
Model 1 Model 2

0 30 (3.14) 1.0 1.0 1.0
1 65 (4.62) 1.49 (0.96—2.32) 1.43 (0.92—2.24) 1.27 (0.78—2.05)
2 91 (8.93) 3.02 (1.98—4.61) 2.41 (1.54—3.79) 1.98 (1.22—3.23)
>3 (MS) 239 (17.06) 6.34 (4.29—9.35) 4.78 (3.05—7.48) 3.52 (2.17—5.71)
P for trend <0.0001 <0.0001 <0.0001

1) Model 1: adjusted for age, sex, and BMI

2) Model 2: adjusted for age, sex, BMI, smoking status, and alcohol intake
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