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etabolic syndrome is highly prevalent among the 
general populations, and is associated with the 
subsequent development of type 2 diabetes and 

cardiovascular disease.1–5 Moreover, metabolic syndrome 
has been found to be strongly association with mortality due 
to coronary heart disease, cardiovascular disease, and all 
causes.6–9 Alanine aminotransferase (ALT) has been reported 
to be an indicator of liver function 10–12 and to be associated 
with insulin resistance and metabolic syndrome.13–15 In addi-
tion, insulin resistance has been associated with fat liver and 
ALT with liver fat accumulation.16 Recently, several studies 
concluded that ALT elevation is associated with insulin resis-
tance and oxidative stress, which are known to increase the 
risk of metabolic syndrome. However, although several pre-
vious studies have shown the association between ALT and 
metabolic syndrome,13,17,18 a few studies have examined the 
effect of insulin resistance on the association between ALT 
and metabolic syndrome.19 Therefore, this present study was 
undertaken to confirm the association between ALT levels 

and metabolic syndrome and to determine the significance of 
the association between ALT levels and metabolic syndrome 
independently of insulin resistance among Korean popula-
tions.

Methods
Study Subjects
Data were obtained from 32,208 subjects who visited 7 
Health Promotion Centers at University Hospitals in Korea 
from January 2006 to November 2008. Among the total sub-
jects, 2,222 subjects were excluded if they reported having 
any liver disease or positive hepatitis B (HBsAg). In addi-
tion, the individuals with missing information about gender, 
smoking status, alcohol intake, exercise, ALT or insulin were 
excluded. Components of metabolic syndrome, such as, waist 
circumference, blood pressure, and serum fasting glucose 
high-density lipoprotein (HDL) cholesterol, and triglyceride 
(TG) concentrations were measured. Thus, the final cohort 
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Background:  Few studies have examined the effect of insulin resistance on the association between alanine 
aminotransferase (ALT) and metabolic syndrome. The association between ALT levels and metabolic syndrome 
were determined, independently of insulin resistance in Korean populations.

Methods and Results:  The association between ALT and metabolic syndrome were examined in 28,456 sub-
jects who visited 7 Health Promotion Centers at University Hospitals in Korea from 2006 to 2008. HOMA-IR index 
was used to represent insulin resistance index. ALT levels were found to be positively associated with metabolic 
syndrome after adjusting for age, alcohol intake, and smoking status. Furthermore, when additional adjustment 
was made for insulin resistance, this association between ALT and metabolic syndrome, although slightly atten-
uated, remained strongly significant. Subjects in the highest ALT quartile were found to have a higher risk of  
having metabolic syndrome than those in the lowest quartile (odds ratio (OR) =4.45, 95% confidence interval 
(CI) =3.96–4.99 for men and OR =3.51, 95%CI =2.73–4.52 for women). In addition, the association between ALT 
level and the risk of metabolic syndrome was significantly higher in the relatively low risk group.

Conclusions:  ALT levels were found to be significantly associated with metabolic syndrome independently 
of insulin resistance and with an interaction by age. Further cohort studies are needed to determine the usefulness 
of ALT levels for predicting the risk of metabolic syndrome.    (Circ J  2011; 75: 964 – 969)
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was composed of 29,319 subjects (18,290 men and 11,029 
women). The Institutional Review Board of Human Research 
at Yonsei University (Seoul) approved this study, and written 
informed consent was obtained from all participants.

Data Collection
Participants were interviewed individually using a structured 
questionnaire to collect information on smoking history (never 
smoked, ex-smoker, or current smoker) and alcohol consump-
tion, ie, non-drinker or consumers of any amount of alcohol 
on a regular basis, and on other demographic characteristics, 
such as, age, gender, and a history of liver disease. Waist cir-
cumference was measured midway between the lower rib and 
iliac crest, and participants’ heights and weights were mea-
sured while wearing light clothing. Body mass index (BMI) 
was calculated by dividing weight (kg) by height squared 
(m2). Systolic and diastolic blood pressures were measured 
after a 15 min rest.

Measurement of Biomarkers
For clinical chemistry assays, serum samples were obtained 
from peripheral venous blood samples obtained after a 12 h 
fast, and then stored at –70°C for 2 h. Biomarkers for meta-
bolic syndrome, namely, fasting blood glucose, total choles-
terol (TC), TG, and HDL cholesterol levels, were measured 
using a Hitachi-7600 analyzer (Hitachi Ltd, Tokyo, Japan). 
The HOMA-IR index was calculated from fasting serum insu-
lin concentrations, as follows; fasting serum insulin (micro- 
units per milliliter) × fasting plasma glucose (millimoles per 
L)/22.5. Subjects with a HOMA-IR of ≥1.32 were allocated 
to the highest quartile for insulin resistance. The data quality 
control procedures used complied with the guidelines issued 
by the Korean Association of Laboratory Quality Control.

Statistical Analysis
The odds ratios (OR) of serum ALT levels for the risk of 
metabolic syndrome were assessed by classifying ALT quar-
tiles into men and women. The serum ALT levels quartiles 
were as follows: <17.0, 17.0–22.9, 23.0–32.9, and ≥33.0 IU/L 
for men, and <11.0, 11.0–14.9, 15.0–19.9, and ≥19.0 IU/L for 
women. Multiple logistic regression models were used to 
assess the independent effect of ALT on the risk of metabolic 

syndrome on both genders, and to determine the additional 
effects of age.

Metabolic syndrome was defined as the presence of at least 
3 of the 5 characteristics of metabolic syndrome described 
by the Third Adult Treatment Panel (ATP III) of the Korean 
National Cholesterol Education Program20 and waist circum-
ference cutoffs were modified by Asian criteria.21

The following were used for definition of metabolic syn-
drome:

(1) �Abdominal obesity: a waist circumference of ≥90 cm 
for men and ≥80 cm for women.

(2) High TG: a TG concentration of ≥150 mg/dl.
(3) �Low HDL cholesterol: HDL cholesterol <40 mg/dl for 

men and <50 mg/dl for women.

Table 1.  General Characteristics of the Study Population 

Men 
(n=18,290)

Mean ± SD

Women 
(n=11,029)

Mean ± SD

Age, years 43.6±10.0 42.8±10.7

BMI, kg/m2 24.4±2.8　　 22.4±3.0　　

Waist circumference, cm 84.3±7.7　　 74.0±8.2　　

Systolic BP, mmHg 122.9±13.4　　 114.1±14.7　　

Diastolic BP, mmHg 77.8±10.5 71.8±10.2

Total cholesterol, mg/dl 190.6±32.5　　 183.3±33.0　　

Triglyceride, mg/dl 156.4±100.2 100.6±60.6　　

HDL cholesterol, mg/dl 48.8±9.6　　 57.3±11.6

Fasting glucose, mg/dl 93.3±20.2 87.6±14.2

ALT, IU/L 24.2±11.4 19.5±6.7　　

Alanine aminotransferase, IU/L 28.4±19.4 16.7±10.1

HOMA 1.1±0.8 1.0±0.7

Smoking status (%)

    Ex-smoker 31.6   2.7

    Current smoker 42.6   3.9

Alcohol intake (%) 87.6 49.8

Metabolic syndrome (%) 31.9 14.7

SD, standard deviation; BMI, body mass index; BP, blood pressure; 
HDL, high-density lipoprotein; ALT, alanine aminotransferase.

Table 2.  Clinical Measurements of Study Population Stratified by ALT Quartiles*

Men Women

Quartile 1  Quartile 2 Quartile 3 Quartile 4† Quartile 1  Quartile 2 Quartile 3 Quartile 4†

N 3,875 4,751 5,006 4,658 2,042 3,578 2,492 2,917

ALT, IU/L 13.5±2.1　　 19.4±1.7　　 26.8±2.8　　 51.7±25.5 8.8±1.3 12.5±1.1　　 16.3±1.1　　 27.8±14.0

Age, years 43.8±10.8 44.4±10.3 44.4±9.7　　 41.9±9.1　　 37.9±8.5　　 40.7±9.7　　 44.3±10.8 47.3±11.0

BMI, kg/m2 22.9±2.4　　 23.8±2.4　　 24.6±2.6　　 25.9±2.9　　 21.4±2.4　　 21.9±2.7　　 22.6±3.0　　 23.7±3.5　　

Waist circumference, cm 80.4±7.2　　 82.9±6.9　　 85.1±7.1　　 88.3±7.5　　 71.0±6.7　　 72.5±7.2　　 74.4±8.0　　 77.6±9.1　　

Systolic BP, mmHg 120.2±13.1　　 121.8±13.3　　 123.4±13.2　　 125.6±13.4　　 110.6±12.5　　 112.4±14.1　　 114.6±14.6　　 118.3±15.8　　

Diastolic BP, mmHg 75.5±10.1 77.1±10.3 78.2±10.4 79.8±10.6 69.8±9.2　　 70.8±9.7　　 72.3±10.4 73.9±10.8

Total cholesterol, mg/dl 180.5±29.9　　 187.2±30.5　　 193.2±32.1　　 199.7±34.2　　 172.1±28.1　　 179.4±30.7　　 186.8±32.8　　 193.0±35.9　　

Triglyceride, mg/dl 116.5±63.1　　 136.0±77.4　　 162.4±98.4　　 203.7±124.9 81.4±41.3 89.6±42.5 101.2±56.1　　 127.1±81.7　　

HDL cholesterol, mg/dl 51.0±10.1 49.9±9.7　　 48.5±9.4　　 46.2±8.8　　 58.5±11.1 57.9±11.3 57.4±11.7 55.4±12.0

Fasting glucose, mg/dl 90.9±18.4 91.8±17.5 94.0±21.0 96.2±22.9 84.9±8.6　　 86.0±11.8 87.3±12.2 91.8±19.6

HOMA 0.8±0.5 0.9±0.6 1.1±0.7 1.6±1.0 0.8±0.5 0.9±0.5 0.9±0.6 1.2±0.8

Abbreviations see in Table 1.
Data are presented as means ± SD.
*Gender-specific quartile mean of ALT: men (<17.0, 17.0–22.9, 23.0–32.9, >– 33.0 IU/L), women (<11.0, 11.0–14.9, 15.0–18.9, >– 19.0 IU/L).
†P for trend was significant for all variables (<0.0001) by regression analyses. 
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(4) �High blood pressure: a systolic blood pressure of 
≥130 mmHg or a diastolic blood pressure of ≥85 mmHg.

(5) �Hyperglycemia: a fasting plasma glucose concentra-
tions of ≥110 mg/dl.

All analyses were conducted using the SAS version 9.1 
software package (SAS Institute Inc, Cary, NC, USA). All 
statistical tests were 2-sided, and statistical significance was 
accepted for P-values of <0.05.

Results
General characteristics of the 29,319 participants (18,290 
for men and 11,029 for women) are presented in Table 1. 

Mean subject age was 43.3 years and mean ALT levels were 
28.4 IU/L for men and 16.7 IU/L for women. Prevalence of 
metabolic syndrome was 31.9% among men and 14.7% among 
women. Table 2 shows clinical measurements stratified by 
ALT quartile. Subjects in the highest quartile were older, and 
more likely to be obese, have higher fasting glucose and TG 
concentrations, lower HDL cholesterol concentrations, and 
higher blood pressures than those in the lowest quartile. ALT 
was found to be significantly correlated with the following 
metabolic syndrome components, ie, blood pressure, waist 
circumference, TG, HDL cholesterol, and fasting glucose in 
men and women after adjusting for age, alcohol, smoking, 
and insulin resistance (Table 3). In addition, after adjusting 
for insulin resistance, ALT was found to be correlated with 
all components in both men and women. Furthermore, an 
elevated ALT was found to be associated with an increased 
risk of metabolic syndrome after adjusting for age, alcohol 
intake, and smoking status (Table 4). Adjusting for insulin 
resistance attenuated the association between ALT and meta-
bolic syndrome, but it remained strongly significant. Subjects 
in the highest ALT quartiles were found to have a higher risk 
of metabolic syndrome than subjects in lowest quartiles (OR = 
4.56, 95% confidence interval (CI) =4.07–5.11 for men and 
OR =3.80, 95%CI =2.96–4.90 for women).

Figure 1 demonstrates the effect of insulin resistance on 
the association between ALT levels and metabolic syndrome. 
There is no interaction, but those with insulin resistance 
showed a stronger relation between serum ALT and metabolic 
syndrome than those without insulin resistance. The associa-
tion between serum ALT and metabolic syndrome in those 
<50 was greater than that in those ≥50 (Figure 2). In those 
<50, serum ALT was found to be associated with the risk of 

Table 3.  Age, Alcohol Intake, Smoking Status and Insulin 
Resistance Adjusted Correlations Between ALT  
and Metabolic Syndrome Components

Men Women

Model 1† Model 2‡ Model 1† Model 2‡

Systolic BP 0.135** 0.091** 0.072** 0.044**

Diastolic BP 0.133** 0.096** 0.059** 0.038**

Waist circumference 0.326** 0.249** 0.201** 0.162**

Triglyceride 0.272** 0.207** 0.199** 0.162**

HDL cholesterol –0.155**　　 –0.111**　　 –0.074**　　 –0.046**　　

Fasting blood glucose 0.135** 0.052** 0.105** 0.058**

Abbreviations see in Table 1.
Correlation coefficients were calculated using partial correlation 
analysis.
†Adjusted for age.
‡Adjusted for age and insulin resistance (HOMA-IR >– 1.32).
**P<0.001.

Table 4.  Odds Ratios (95% Confidence Intervals) for the Presence of Metabolic Syndrome by ALT Level Quartile 

ALT Quartiles* 
Men (n=18,290) Women (n=11,029)

Case Model 1† Mode 2‡ Case Model 1† Model 2‡

Quartile 1    589 1.00 1.00   83 1.00 1.00

Quartile 2 1,125 1.74 (1.55–1.95) 1.60 (1.43–1.80) 283 1.54 (1.19–1.99) 1.50 (1.15–1.96)

Quartile 3 1,710 2.96 (2.66–3.30) 2.41 (2.15–2.69) 376 2.35 (1.82–3.04) 2.17 (1.67–2.83)

Quartile 4 2,404 6.99 (6.28–7.80) 4.56 (4.07–5.11) 874 4.91 (3.85–6.27) 3.80 (2.96–4.90)

Abbreviation see in Table 1.
*Gender-specific quartile mean of ALT: men (<17.0, 17.0–22.9, 23.0–32.9, >– 33.0 IU/L), women (<11.0, 11.0–14.9, 15.0–18.9, >– 19.0 IU/L).
†Adjusted for age, alcohol intake and smoking status.
‡Adjusted for Model 1 and insulin resistance (HOMA-IR >– 1.32).

Figure 1.    Odds ratios of metabolic syndrome 
according to alanine aminotransferase (ALT) 
level quartiles in the presence and absence 
of insulin resistance (IR). *Adjusted for age, 
gender, alcohol intake, and smoking status.
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metabolic syndrome after adjusting for gender, alcohol intake, 
smoking status, and insulin resistance (OR =5.84, 95%CI = 
5.10–6.68). Figure 3 shows the risk of metabolic syndrome 
for ALT quartiles stratified by age and insulin resistance. 
For all participants, those in the first quartile aged ≥50 with 
insulin resistance were found to have the lowest association 
between ALT and metabolic syndrome. Participants in the 
fourth quartile with an age of <50 without insulin resistance, 
had a risk of metabolic syndrome that was 6.51-fold higher 
that that of comparable subjects in the 1st quartile. Therefore, 
the association between ALT and metabolic syndrome was 
stronger in relatively healthy subjects.

Discussion
The present study confirms that serum ALT level is strongly 
correlated with the risk of metabolic syndrome, after control-
ling for several potential confounders. Moreover, although 
this association was attenuated by adjusting for insulin resis-
tance, it remained strongly significant. Furthermore, this study 
shows that the risk of metabolic syndrome increases with 
ALT level more so in those without insulin resistance. The 
present study also shows that these associations are modified 
by age, and in particular, the association is stronger in the 
younger age group.

The findings of the present study are in concordance with 

several previous studies. In the Insulin Resistance Atheroscle-
rosis Study, Hanley et al found that ALT predicts metabolic 
syndrome in 632 subjects aged between 40 and 69 years.18 
Moreover, in a study of male Japanese office workers, 
Nakanishi et al found that ALT is associated with 7-year risk 
of metabolic syndrome after multivariate adjustment.22 In the 
Hoorn Study, Schindhelm et al found an association between 
ALT and the 6-year risk of the metabolic syndrome in Cau-
casians. Thus, the above studies provide further evidence 
that ALT is a predictor of further metabolic derangement. 
However, most of these previous studies conducted in Asians 
or Caucasians have specifically addressed the association 
between ALT and metabolic syndrome, whereas few studies 
have examined the effect of insulin resistance on the asso-
ciation between ALT and metabolic syndrome.19 The Hoorn 
Study also pointed out that ALT is related to metabolic syn-
drome independent of insulin resistance,19 however, Hoorn 
Study consisted of only elderly Caucasian men and women. 
Although this study is a cross-sectional study, this study is 
valued due to the fact that results were confirmed in Korea.

Metabolic syndrome is known to be closely related to insu-
lin resistance, but the extent to which the metabolic syndrome 
and insulin resistance overlap has not been well delineated. 
It is controversial whether insulin resistance should be added 
to the list of metabolic syndrome components.23–25 Several 
studies have concluded both insulin resistance and metabolic 

Figure 2.    Odds ratios of metabolic syndrome 
with alanine aminotransferase (ALT) level 
quartiles according for ages of <50 and ≥50 
years. *Adjusted for age, gender, alcohol in-
take, smoking status and insulin resistance 
(HOMA-IR ≥1.32).

Figure 3.    Odds ratios of metabolic syndrome 
according to alanine aminotransferase (ALT) 
quartiles with respect to age and insulin re-
sistance (IR).
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syndrome simultaneously predict the presence of cardio-
vascular disease.26–29 According to the findings of the Insulin 
Resistance Atherosclerosis Study, ALT is associated with 
insulin resistance independently of conventional and more 
detailed metabolic measures.14 Furthermore, insulin resistance 
has been shown to be associated with fatty liver and ALT to 
be most closely related with liver fat accumulation.16 How-
ever, although recent studies have reported that elevated ALT 
is associated with insulin resistance,19 it has not been ade-
quately shown that ALT levels directly increase the risk of 
metabolic syndrome.

If insulin resistance acts as a mediator of the association 
between ALT and metabolic syndrome, there should be no 
association between ALT and metabolic syndrome after con-
trolling for HOMA-IR. However, in the present study, this 
association between ALT and metabolic syndrome was main-
tained after controlling for HOMA-IR and was found to be 
higher in those with no insulin resistance than those with 
insulin resistance. Nevertheless, it should be noted that in the 
present study, insulin resistance was measured using HOMA 
index and the gold standard euglycemic-hyperinsulinemic 
clamp test is used for determining insulin resistance in the 
clinical laboratories.30 However, although this test measures 
insulin resistance both directly and accurately, HOMA-IR is 
also known to be closely related to the glucose clamp tech-
niques (r=–0.820, P<0.0001).31 In addition, HOMA-IR is not 
a perfect indicator to conclude that ALT was related to meta-
bolic syndrome independent of insulin resistance. Some of the 
subjects with high ALT might have a combination of insulin 
resistance and insufficient secretion of insulin and that is why 
HOMA-IR showed a normal range in these subjects. So, we 
did the analyses for insulin secretion (HOMA-β)32 that ALT 
of both insulin secretion adjusted model (HOMA-β) and 
insulin resistance and insulin secretion adjusted model are 
associated with MS independently (data not shown). Thus, 
further study is required to elucidate the association between 
ALT and metabolic syndrome independently of insulin resis-
tance.

Although several studies have reported that the prevalence 
of the metabolic syndrome increased strongly with age,33–38 
no attempt has been made to determine the association be-
tween ALT and metabolic syndrome with respect to age. Our 
study shows that increased ALT levels were associated with 
the risk of the metabolic syndrome in those <50 years old. 
Furthermore, the highest association found between ALT and 
metabolic syndrome was for those aged lesser than 50 years 
with no insulin resistance. Therefore, this study highlights 
the importance of individuals relatively low risk group, to 
screen themselves regularly for metabolic syndrome, having 
displayed a strong association with that age group relatively 
lower risk group.

Several limitations of the present study require consider-
ation. First, due to the cross-sectional design, this study could 
not elucidate mechanisms or determine the direction of cau-
sality. Second, we did not consider for factors that might have 
induced ALT increases, such as a hepatotoxic drugs history. 
It also should be borne in mind that the present study was 
conducted on apparently healthy people who voluntarily 
underwent a health checkup at hospitals, which presents dif-
ficulties concerning the generalization of our results to other 
populations. Third, we cannot directly measure fatty liver. 
The increase of ALT is thought to indicate the grade of fatty 
liver which is one of the types of visceral fat.39 It is also 
known that hepatic steatosis is closely related to insulin 
resistance.40 Although, we cannot directly measure fatty liver, 

we re-did the analysis for relatively healthy population (BMI 
<25 and TG <150) with low degree of fatty liver. ALT was 
significantly associated with metabolic syndrome indepen-
dent of insulin resistance in healthy group.

In conclusion, in the present study, it was found that  
elevated ALT levels are associated with the risk of metabolic 
syndrome in a Korean population. Our findings also indicate 
that further studies are warranted on the pathogenesis of met-
abolic syndrome and on the causal relationship between ALT 
levels and metabolic syndrome. In addition, a further cohort 
study is needed to determine whether ALT levels can be used 
for prediction of the risk of metabolic syndrome.
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