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Background: The blood level of alanine aminotransferase (ALT) is associated with increased coronary heart disease (CHD) risk. However, its use as an independent factor for CHD risk prediction remains unclear in Asian populations. The purpose of this study was to examine the association between serum ALT levels and CHD risk in Koreans.
Methods: This was a cross-sectional study using data from the Korea National Health and Nutrition Examination
Survey (V-1, 2010 and V-2, 2011). The ALT levels of 3,215 individuals were analyzed. The Framingham Risk Score
(FRS) modified by the National Cholesterol Education Program Adult Treatment Panel III (NCEP ATP III) was used
to compute the 10-year CHD risk prediction.
Results: Positive correlations were established between log-transformed ALT concentration and FRS (r=0.433,
P<0.001). After adjusting for body mass index, low-density lipoprotein cholesterol, the amount of alcohol intake,
and gamma-glutamyl transferase, the odds ratio (95% confidence interval) for intermediate or greater risk of 10year CHD prediction (10-year risk ≥10%) for the lowest quartile of participants was 2.242 (1.405–3.577) for the second quartile, 2.879 (1.772–4.679) for the third quartile, and 3.041 (1.789–5.170) for the highest quartile.
Conclusion: In Koreans, a higher serum ALT concentration was significantly correlated with 10-year CHD risk prediction according to NCEP ATP III guidelines.
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(KNHANES) from 2010 to 2011 were used in this study to compute the

INTRODUCTION

risk of CHD.

Alanine aminotransferase (ALT) catalyzes the transfer of amino groups
to form hepatic metabolite oxaloacetate, an intracellular enzyme.1)
ALT is concentrated in hepatocytes. An increased ALT level indicates

METHODS

liver injury. Thus, ALT has been widely used in clinical practice to

1. Study Subjects

evaluate liver function.2-5) In addition, ALT concentration has been

In this cross-sectional study, data were taken from KNHANES

used as a marker of non-alcoholic fatty liver disease (NAFLD). It is

(KNHANES V-1, 2010 and V-2, 2011), a national survey representing

positively correlated with liver fat measured by magnetic resonance

the general Korean population. KNHANES provides comprehensive

proton spectroscopy.6,7) Several studies have demonstrated that

information on the health status, nutritional status, sociodemograph-

NAFLD is a component of metabolic syndrome (MetS)8,9) associated

ics, and health behavior of Koreans in 600 national districts. It has been

10)

with diabetes mellitus (DM). On the basis of these findings, some re-

conducted by the Korea Centers for Disease Control and Prevention

searchers have reported that ALT is associated with DM and MetS.6,11)

since 1998.

Taken together, these data suggest that an elevated ALT level as a bio-

We excluded 5,605 of 8,983 people due to missing data on FRS,

marker of hepatic steatosis can play a role in the pathogenesis of DM

smoking, or alcohol history. In addition, we excluded 163 subjects

and MetS, probably by contributing to the development of hepatic in-

with DM, CHD, positive test results for antibody to hepatitis B surface

sulin resistance. Subjects with features of DM and MetS are reported

antigen, antibody to hepatitis B virus core antigen or hepatitis C virus,

to be at risk of developing coronary heart disease (CHD).12) A prospec-

hepatobiliary disease, and patients who were taking lipid-lowering

tive study reported that an increased ALT level predicts CHD events

drugs and drugs that might influence liver function. Finally, a total of

independently of traditional cardiovascular risk factors or components

3,215 subjects were included in this study. Weekly alcohol consump-

of MetS in Caucasian men and women.13) Despite the clinical impact

tion was calculated and converted into grams of ethanol intake.14) Sub-

of increased ALT levels in Western countries, little is known about the

jects who had been smoking cigarettes regularly during the year before

usefulness of ALT levels in the prediction of CHD risk in Asian popula-

the survey were considered current smokers.

tions.
In view of these observations, the objective of this study was to de-

2. Measurements

termine the predictive value of using the ALT level for CHD risk predic-

After overnight fasting, a venous blood sample was obtained between

tion in Korean men and women without DM or CHD. The Framing-

8:00 and 10:00 AM to measure ALT and liver enzyme, total cholesterol,

ham Risk Score (FRS) modified by the National Cholesterol Education

triglyceride, high-density lipoprotein (HDL) cholesterol, and low-den-

Program Adult Treatment Panel III (NCEP ATP III) guidelines and data

sity lipoprotein (LDL) cholesterol levels. Each subject fasted for more

from the Korea National Health and Nutrition Examination Surveys

than 10 hours before blood collection.

Table 1. General characteristics of study subjects according to serum ALT grading
Characteristic
Age (y)
Body mass index (kg/m2)
Alcohol (g/wk)
Hypertension (%)
Systolic blood pressure (mm Hg)
Diastolic blood pressure (mm Hg)
Total cholesterol (mg/dL)
High-density lipoprotein (mg/dL)
Low-density lipoprotein (mg/dL)
Triglyceride (mg/dL)
Current smoking (%)
Aspartate aminotransferase (IU/L)
Gamma-glutamyl transferase (IU/L)
Total Framingham point scores
10-Year coronary heart disease risk

Total
43.3±0.5
23.5±0.1
41.4±2.2
8.6
113.7±2.9
76.9±0.4
169.3±2.1
49.5±0.6
114.2±1.1
130.5±3.1
25.1
21.5±0.3
32.9±0.5
4.4±0.2
3.7±0.2

ALT grading
Q1* (n=836)

Q2 (n=732)

Q3 (n=821)

Q4 (n=826)

37.6±0.5
21.7±0.1
16.2±1.2
4.8
101.5±1.8
72.7±0.3
176.2±1.1
55.1±0.5
103.6±1.1
88.5±1.8
13.5
15.5±0.1
15.3±0.3
0.8±0.2
1.4±0.1

44.8±0.6
23.1±0.1
29.4±3.1
7.9
109.1±2.6
75.7±0.4
109.1±2.6
51.4±0.6
114.2±1.1
109.1±2.6
20.9
18.6±0.1
21.2±0.5
2.6±0.4
3.1±0.2

46.4±0.5
23.9±0.1
49.1±3.2
9.8
119.8±4.7
78.2±0.4
192.1±1.2
48.4±0.6
116.7±1.1
141.8±4.7
28.3
21.1±0.1
30.9±0.9
6.3±0.3
4.6±0.2

44.4±0.5
25.2±0.1
71.1±5.2
12.9
124.6±4.9
81.1±0.4
199.9±1.4
43.1±0.6
122.2±1.2
182.6±4.9
37.8
30.8±0.7
64.4±2.7
7.9±0.2
5.8±0.2

P for trend
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001

Values are presented as mean±standard error after data weighting in complex sample analysis, unless otherwise stated. Analysis of variance trend analysis was used
for continuous variables, and chi-square tests were used for categorical variables.
ALT, alanine aminotransferase.
*Quartile: Q1, 1st quartile; Q2, 2nd quartile; Q3, 3rd quartile; Q4, 4th quartile.
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Serum ALT and AST levels, and lipid levels were assayed using Hita-

701; 30–39 years, 730; 40–49 years, 688; 50–59 years, 584; 60–69 years,

chi Automatic Analyzer 7600 (Hitachi, Tokyo, Japan). Body mass index

439; and >70 years, 73. These subjects were divided into four groups

(BMI) was calculated as weight (kg) divided by height squared (m2).

according to ALT levels. Ranges for the 1st, 2nd, 3rd, and 4th quartiles

Blood pressure (BP) was measured with a standard mercury manom-

of serum ALT values were 3–12, 13–16, 17–24, and 25–156 IU/L, re-

eter. The participant maintained a sitting position for 5 minutes before

spectively. General characteristics of the study participants are sum-

the measurement. The average measurement was recorded. Hyper-

marized in Table 1. Participants in higher ALT quartiles had more gen-

tension (HTN) was defined as a systolic BP (SBP) ≥140 mm Hg, dia-

eral CHD risk factors such as HTN; elevated BMI, triglyceride, and LDL

stolic BP ≥90 mm Hg, or use of antihypertensive medication.

cholesterol; higher alcohol consumption; and current smoking. In addition, higher quartiles of serum ALT concentrations were significantly

3. Statistical Analyses

associated with increasing risk of 10-year CHD prediction (P for trend

For weighting assessment of KNHANES data, complex sample analysis

<0.05).

was employed. Subjects were grouped into quartiles according to lev-

The correlation between log-transformed ALT and 10-year CHD risk

els of serum ALT. Analysis of variance (ANOVA) trend analysis using

was significant (r=0.433, P<0.001) (Table 2). Individual risk factor

polynomial contrasts was adapted to perform tests for trends. Distri-

scores according to age, smoking, total cholesterol, HDL-cholesterol,

bution of ALT and gamma-glutamyl transferase (GGT) values were

and SBP were also significantly correlated with log-transformed ALT

right-skewed. Thus, a natural log-transformation was applied. To de-

(P<0.05 for all).
Odds ratios (ORs) for intermediate or greater risk of 10-year CHD

termine the relationship between serum ALT activity and individual

prediction for CHD according to quartiles of serum ALT are shown in

components of FRS, Spearman’s correlation analysis was performed.
FRS was calculated on the basis of the following six coronary risk

Table 3. The 10-year CHD risk was significantly associated with in-

factors from the NCEP ATP III algorithm: age, sex, HDL cholesterol, to-

creasing quartile of serum ALT (P for trend <0.05). Compared to indi-

tal cholesterol, SBP, and smoking habits. Age, BP, and cholesterol levels

viduals with the lowest quartile of serum ALT, the non-adjusted OR

were grouped according to their values. To predict the risk of coronary

(95% confidence interval [CI]) was 2.753 (1.720–4.405) for the second

disease events (myocardial infarction or CHD death) over the next 10-

quartile, 4.381 (2.777–6.913) for the third quartile, and 7.602 (4.832–

year period for adults aged 20 and older who had no heart disease or

11.961) for the fourth quartile. After adjusting for BMI, the amount of

diabetes, Framingham risk equations were employed. Subjects were

alcohol intake, log-transformed GGT, and LDL cholesterol, the OR

divided into three groups: low risk (<10% risk of developing CHD event

(95% CI) for intermediate or greater risk of 10-year CHD prediction in

over the next 10 years), intermediate risk (10%–20% risk), and high risk

the lowest quartile of participants was 2.242 (1.405–3.577) for the sec-

(>20% risk). In the intermediate- or greater-risk group of 10-year pre-

ond quartile, 2.879 (1.772–4.679) for the third quartile, and 3.041

dicted CHD, adjusted logistic regression analyses were performed tak-

(1.789–5.170) for the highest quartile. In addition, the OR for interme-

ing into consideration BMI, weekly alcohol intake, log-transformed

diate or greater risk of 10-year CHD prediction showed an increased

GGT, and LDL cholesterol. Data are expressed as mean±standard error. P<0.05 was considered statistically significant. In Table 1, ANOVA

Table 2. Spearman’s rank correlation coefficients for the relationship between
individual component or total Framingham risk score and log-transformed alanine
aminotransferase

trend analysis was used for continuous variables, and chi-square tests
were used for categorical variables. Smoking status was classified as
either current smoker or nonsmoker. Data were analyzed using PASW
SPSS ver. 18.0 (SPSS Inc., Chicago, IL, USA).

RESULTS
This study included a total of 3,215 subjects. Of these, 1,541 were male
and 1,674 were female. Distribution of age was as follows: 20–29 years,

Variable

Correlation coefficient

P-value

Age score
Total cholesterol score
Smoking score
Systolic blood pressure score
High-density lipoprotein cholesterol score
Total Framingham point score
10-Year coronary heart disease risk

0.122
0.126
0.212
0.144
0.281
0.310
0.433

<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001

Table 3. Odds ratio of intermediate or greater 10-year risk of coronary heart disease (10-year risk ≥10%) by ALT level
Model
Model 1
Model 2

ALT
Q1* (n=836)

Q2 (n=732)

Q3 (n=821)

1.00
1.00

2.753 (1.720–4.405)
2.242 (1.405–3.577)

4.381 (2.777–6.913)
2.879 (1.772–4.679)

Q4 (n=826)
7.602 (4.832–11.961)
3.041 (1.789–5.170)

P for trend
<0.001
<0.001

Values are presented as odds ratio (95% confidence interval). The multivariate logistic regression model was used after data weighting in complex sample analysis. Model 1:
unadjusted; model 2: after adjustment for body mass index, amount of alcohol consumption, log-transformed gamma-glutamyl transferase, and low-density lipoprotein
cholesterol.
ALT, alanine aminotransferase.
*Quartile: Q1, 1st quartile; Q2, 2nd quartile; Q3, 3rd quartile; Q4, 4th quartile.
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with metabolically harmful factors released by adipose tissue into the
circulation is associated with accelerated atherosclerosis.12,13) In a sys-

DISCUSSION

temic inflammatory state, reactive oxygen species may induce the liver

It has been reported that increased triglyceride, total cholesterol, and

leukin-6.27,28) These cytokines can cause hepatic fibrosis and inflam-

LDL cholesterol levels; decreased HDL cholesterol levels; obesity; DM;

mation, which may be associated with elevated ALT levels.13) In our

smoking; HTN; and a family history of CHD are risk factors for

study, those with higher quartiles of serum ALT level had a significant-

15,16)

CHD.

to produce cytokines such as tumor necrosis factor-alpha and inter-

Our purpose was to determine the predictive value of ALT

ly higher BMI than those with lower quartiles of serum ALT level. Thus,

for the risk of CHD in a Korean population without DM or CHD using

those with higher quartiles of BMI might have more adipose tissue that

FRS modified by the NCEP ATP III guidelines.

can induce an inflammatory state and accelerate atherosclerosis in

Several studies have shown that NAFLD is associated with compo2,10,17)

coronary arteries.

Fatty liver is regarded as the hepatic

Our results indicated that ALT was potentially a predictor of coronary

component of MetS.8) Some studies have reported that NAFLD is an

atherosclerosis. Lifestyle modiﬁcations such as exercise and treatment

independent risk factor or CHD.12,13) Patients with NAFLD are reported

with lipid-lowering agents might improve liver steatosis, thus slowing

to have shorter survival time with higher CHD-related mortality.18,19)

down the process of atherosclerosis and preventing CHD. Therefore, it

nents of MetS and type 2 DM.

2,17)

ALT is a marker of NAFLD.

20)

Targher and Day have shown that ALT

is independently associated with CHD and that ALT could also be an
independent predictor of CHD.21)

might be appropriate to normalize and monitor transaminase levels
using liver function tests in subjects with elevated ALT levels.
Bruckert et al.29) found that elevated ALT was associated with CHD

In this cross-sectional study, we found that ALT level was positively

risk factors, including elevated BP, total cholesterol, and triglyceride

associated with 10-year CHD risk in Korean adults, using the FRS cal-

concentrations in 8,501 hyperlipidemic subjects. Schindhelm et al.13)

culated with the NCEP ATP III algorithm. FRS is one of the scoring sys-

found that ALT predicts CHD events independent of traditional car-

tems used to determine individual risk of developing CHD. We can es-

diovascular disease risk factors or components of MetS in 3,552 dia-

timate the probability that a person might develop CHD within 10–30

betic subjects. Shen et al.24) found that serum ALT may serve as an in-

years through cardiovascular risk scoring systems. Higher quartiles of

dependent predictor of CHD for early diagnosis and prevention in 610

serum ALT level were found to be significantly associated with higher

inpatients at Shanghai Tenth People’s Hospital. However, these studies

risk of CHD. These positive relationships remained significant after

were conducted among unhealthy subjects. On the other hand, our

adjusting for established cardiovascular risk factors such as BMI, log-

study included Korean adults without DM or CHD and demonstrated

transformed GGT, alcohol consumption, and LDL cholesterol. When

that ALT had predictive value for CHD. To the best of our knowledge,

the quartile of serum ALT activity was increased, the OR of 10-year

this is the first study to demonstrate the predictive value of ALT for

CHD risk prediction was also increased in a dose-dependent manner.

CHD in the Korean population.

In addition, the upper cut-off of third-quartile ALT level was defined as

The strength of this study was that a broad range of individuals from

≤24 IU/L. This ALT level is considered normal according to most med-

the general population were included and selected randomly. Thus, it

ical laboratories. The observation that the OR of intermediate or great-

is rational to generalize the results to the Korean population. More-

er risk of 10-year CHD prediction using the ALT quartile was signifi-

over, we employed NCEP ATP III guidelines to compute the 10-year

cantly increased, even though the ALT was within the normal refer-

CHD risk.

ence range, suggests that ALT could be regarded as a risk stratification
marker of FRS ≥10%.

This study has several limitations. First, this was a cross-sectional
study and only included Koreans. Therefore, it cannot represent the

There are some possible mechanisms for the elevated ALT as a pre-

general population of other countries. In addition, FRS might overesti-

dictor of CHD. First, liver transaminase might be a marker of abnormal

mate CHD risk in Asian-Pacific populations such as Japanese and Chi-

22)

lipoprotein metabolism, as it can induce accumulation of triglycer-

nese. However, there is currently no other reliable or validated CHD

ide-rich lipoproteins in the circulation.23) In our study, we found that

risk assessment tool for Koreans. Thus, further longitudinal cohort

the group with higher quartiles of serum ALT had significantly higher

studies are required to achieve the most accurate result to determine

triglyceride and LDL cholesterol levels, which can increase the risk of

the predictive value of biomarkers for increased risk of CHD in the Ko-

24)

developing CHD. Conversely, serum ALT was negatively correlated

rean population.

with HDL cholesterol level, a well-known negative risk factor for CHD.

In conclusion, elevated serum ALT was significantly correlated with

Second, high C-reactive protein levels in subjects with elevated ALT

10-year CHD risk in Korean adults using FRS calculated with NCEP

levels indicated that a systemic and hepatic inﬂammatory state might

ATP III guidelines. Therefore, serum ALT could be a useful tool as an

be associated with the development of coronary atherosclerosis and

additional marker in the prediction of CHD risk in Koreans. Further

high risk of CHD.25) A review study reported that adipose tissue can

longitudinal cohort studies are required to achieve the most accurate

promote the development of systemic and chronic low-grade inflam-

results.

mation.26) The presence of a chronic inflammatory response along
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