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Detailed Distribution of Liver Enzymes according to Gender, Age, and Body Mass Index
in Health Check-up Subjects

Seung Ho Choi, Jong In Yang, Changhyun Lee, Hee Jin Byun, Jung Mook Kang, Se Young Kim" and Jeong Yoon Yim

Department of Internal Medicine, Healthcare System Gangnam Center, Seoul National University Hospital, Department of Surgery,
Korea University Anam Hospital, Korea University College of Medicine®, Seoul, Korea

Background/Aims: The aim of this study was to examine the distribution of range of liver enzymes according to age and
BMI in each gender using large-scale data.

Methods: Data were gathered from 65,715 subjects who underwent a routine health check-up and did not have HBsAg and
anti-HCV. Boxplot analysis was used to examine the distribution of range of liver enzymes according to age and BMI in each
gender. Multivariate linear regression analysis was performed for assessment of the association of liver enzymes with age
and BMI, and to determine whether the range of liver enzymes was affected by risk factors for metabolic syndrome in each
gender.

Results: ALT, AST, and GGT levels showed significant association with BMI in both male and female after adjusting for age.
The range of ALT, AST, and GGT levels varied more widely according to the increase in BMI in males than in females, and
this finding was more prominent in younger subjects than in older subjects. All risk factors for metabolic syndrome were
shown to affect liver enzyme levels in male subjects. However, although most risk factors for metabolic syndrome affected
liver enzyme levels, there might be weak or no effect of fasting hyperglycemia on AST, and low serum HDL-cholesterol level
on GGT in female subjects.

Conclusions: Age, BMI, and other risk factors for metabolic syndrome had a significant effect on the distribution of range
of liver enzymes in each gender, even in this study conducted from Korean health checkup subjects. (Korean J Gastroenterol
2014;64:213-223)

Key Words: Body mass index; Alanine aminotransferase; Aspartate aminotransferase; Gamma glutamyltranspeptidase; Metabolic
syndrome X

INTRODUCTION

Liver, the largest internal organ, plays a central role in de-
velopment of metabolic syndrome.1 Continuous fat accumu-
lation can contribute to development of nonalcoholic fatty liv-
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er disease (NAFLD) as an isolated disease entity. NAFLD, the
most common chronic liver disease in Western countries, is
associated with an increased cardiovascular risk and in-
cidence of diabetes.”* NAFLD may also be prevalent in
Korea.”> Metabolic syndrome is alleged to increase car-

ommons Attribution Non-Commercial License (http://creativecommons.org/licenses/

by-nc/3.0) which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.

BB

o=

WAMZE FEQ, 135-984, MSAl LT HEIZZ 152, MUl

HAFHOINAE ZLMES L2t

0 oo™

Correspondence to: Jong In Yang, Department of Internal Medicine, Healthcare System Gangnam Center, Seoul National University Hospital, 152 Teheran-ro,

Gangnam-gu, Seoul 135-984, Korea. Tel: +82-2-2112-5646, Fax: +82-2-2112.

-5794, E-mail: dri004@snu.ac.kr

Financial support: This study was supported by grant number 04-2009-0890 from Seoul National University Hospital Research Fund. Conflict of interest: None.

Korean J Gastroenterol, Vol. 64 No. 4, October 2014

ww

w.kjg.or.kr



214 5= 5 HE, U0, MR T2 ZeaXe 22

diovascular risk via insulin resistance and has the estab-
lished risk factors of obesity, hyperglycemia, hypertension,
and dyslipidemia.e'7 Because abdominal obesity has a patho-
physiology similar to that of metabolic syndrome and non-
alcoholic fatty liver disease, adequate anthropometric meas-
urements of body parameters should be considered for as-
sessing the range of liver enzymes and metabolic risk
factors.”® BMl is regarded as a representative of body anthro-
pometric measurement, which can be a good target for an in-

10,41

tervention based on weight change. Liver enzyme tests

are usually the first choice of investigation for assessment of
liver disease in clinics, and they include a battery of tests."?™

The aim of this study was to examine the detailed dis-
tribution of range of liver enzymes according to age and BMI
in each gender and to determine whether the risk factors for
metabolic syndrome affect the range of liver enzymes using
large-scale data from subjects who had undergone health
check-ups at a single Korean health check-up specialized

center established by national university hospital in Korea.

MATERIALS AND METHODS

1. Study subjects

A total of 68,183 subjects underwent a routine health
check-up at the Seoul National University Hospital Health-
care System Gangnam Center (Seoul, Korea) between
October 2003 and April 2011. Among these subjects, 2,354
subjects who were positive for serum hepatitis B surface anti-
gen or for antibody to hepatitis C virus, and 114 additional
subjects whose ALT or AST level was higher than 200 IU/L
were excluded from this study to avoid the influence of acute
or chronic liver injury on liver enzymes. Therefore, 65,715
subjects were selected as the final subjects for this study.

The study protocol was approved by the institutional review
board of Seoul National University Hospital (IRB No. 1308-
121-517). This study was a retrospective study that did not
cause any harm to the study subjects; therefore, the require-
ment of informed consent was waived by the board.

2. Methods

Each subject answered questions about age and gender,
underwent anthropometric assessment of systolic blood and
diastolic blood pressure, body weight, height, and underwent
laboratory testing on the same day of the health check-up.

BMI was calculated by dividing the weight in kilograms by the
square of the height in meters. Blood samples were collected
from each subject before 10 AM after an overnight fast. All bi-
ochemical analyses of blood samples were performed in the
same quality control laboratory according to standard labo-
ratory methods. Laboratory tests included serum hepatitis B
surface antigen; antibody to hepatitis C virus; concentrations
of liver enzymes including ALT, AST, and GGT; fasting serum
glucose; triglyceride; and HDL-cholesterol. Five risk factors
for metabolic syndrome were defined as follows: BMI =25
kg,/m2 as most of our study subjects were Koreans; blood
pressure =130 / =85 mmHg; fasting glucose =100
mg/dL; triglycerides =150 mg/dL; and, HDL-cholesterol
<40 mg/dL in male and <50 mg/dL in female.®

3. Statistical analysis

Data are expressed as median and interquartile range be-
cause age, BMI, liver enzyme levels, and risk factors for meta-
bolic syndrome were all skewed and did not fit a standard nor-
mal distribution. Kolmogorov-Smirnov test and Anderson-
Darling test were used for the tests of normality. Boxplot anal-
ysis was performed to examine the detailed distribution of all
liver enzymes in association with age and BMI in each gender
after forming a total of 11 BMI groups based on two unit
changes in BMI from below 16 to over 34 (< 15.9, 16.0-17.9,
18.0-19.9, 20.0-21.9, 22.0-23.9, 24.0-25.9, 26.0-27.9,
28.0-29.9, 30.0-31.9, 32.0-33.9, =34.0). The association
of each liver enzyme with age and BMI was determined by
multivariate linear regression analysis. To evaluate the effect
of risk factors for metabolic syndrome on the range of liver en-
zyme levels, Mann-Whitney U-test was performed if there
were significant differences in the level of liver enzymes ac-
cording to the existence of each risk factor for metabolic
syndrome. The association of each liver enzyme with risk fac-
tors for metabolic syndrome was determined by multivariate
linear regression analysis with adjustment for age and each
risk factor of the metabolic syndrome. For all multivariate lin-
ear regression analysis in this study, we performed the
log-transformation of liver enzymes since they were skewed
and their residuals became fit for the regression analysis by
log-transformation. This was confirmed by a statistician at
Seoul National University Hospital Biomedical Research
Institute. For correct comparison of the impact of each re-
gression coefficient, both unstandardized and standardized
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Table 1. Baseline Characteristics of the Study Subjects

Characteristic Total Males Females
Subjects (n) 65,715 34,915 30,800
Age (yr)? 47 (38-55) 47 (39-55) 47 (38-55)
Height (cm)® 164.8 (158.4-171.1) 170.6 (166.6-174.5) 158.2 (154.6-161.9)
Body weight (kg)® 63.0 (54.6-71.9) 70.7 (65.0-76.9) 54.6 (50.4-59.5)
BMI (kg/mz)a 23.3 (21.2-25.4) 24.4 (22.7-26.1) 21.8 (20.0-23.9)
ALT (IU/L)y? 20 (14-30) 25 (18-36) 16 (12-21)
AST (IU/L)? 21 (18-26) 3 (19-29) 20 (17-24)
GGT (IU/L) 22 (15-37) 2 (22-51) 15 (12-20)
Systolic BP (mmHg)® 116 (106-128) 120 (111-130) 111 (102-123)
Diastolic BP (mmHg)® 5 (68-84) 0 (72-87) 70 (64-79)
Fasting glucose (mg/dL)® 95 (88-103) 98 (91-106) 92 (86-99)
Triglyceride (mg/dL)® 94 (67-138) 114 (81-165) 7 (59-107)
HDL-cholesterol (mg/dL)? 53 (44-63) 48 (41-56) 9 (50-68)
Obesity (BMI =25 kg/mz) 18,749 (28.5) 13,955 (40.0) 4794 (15.6)
BP =130 / =85 mmHg 20,056 (30.5) 13,914 (39.9) 6,142 (19.9)
Fasting glucose =100 mg/dL 22,176 (33.7) 15,316 (43.9) 6,860 (22.8)
Triglycerides =150 mg/dL 13,781 (21.0) 10,769 (30.8) 3,012 (9.8)
HDL-C <40 mg/dL (male); 13,883 (21.1) 6,441 (18.5) 7,442 (24.2)

<50 mg/dL (female)

Values are presented as n only, median (interquartile range), or n (percentile).

BP, blood pressure.

“Data are expressed as median and interquartile range because age, BMI, liver enzyme levels, and risk factors for metabolic syndrome

were all skewed and did not fit a standard normal distribution.

coefficients were calculated. Variance inflation factor for
each risk factor for metabolic syndrome was calculated for
quantification of the severity of multicollinearity in multi-
variate regression analysis. Variance inflation factor greater
than 10 is regarded as suggesting the existence of collineari-
ty. R-squared was calculated to determine how much the liver
enzyme levels could be explained by the combination of age,
gender, and risk factors for metabolic syndrome in each mul-
tivariate regression analysis. SAS version 9.3 (SAS Institute,
Cary, NC, USA) was used for the statistical analysis. A
two-tailed p-value less than 0.05 was considered statistically
significant.

RESULTS

1. Baseline characteristics of the study population

Baseline characteristics of 65,715 subjects are summar-
ized in Table 1. Of the study population, 34,915 were males
and 30,800 were females. The median age was 47 years. The
median BMI (kg/mQ) was 24.4 in males and 21.8 in females.
The median ALT level was 25 IU/L in males and 16 IU/L in
females. The median AST level was 23 IU/L in males and 20
IU/L in females. The median GGT level was 32 IU/L in males

and 15 IU/L in females. The proportion of subjects with risk
factors for metabolic syndrome was higher in males than in
females.

2. Distribution of range of liver enzymes according to
age and BMI in each gender

ALT, AST, and GGT levels were increased according to BMI
(Figs. 1-6). ALT, AST, and GGT levels showed significant asso-
ciation with BMI in both male (Table 2) and female after ad-
justing for age (Table 3). The unstandardized coefficients
showed that 1 unit change of age and 1 unit change of BMI
resulted in —0.00211 IU/L and 0.07277 IU/L changes in
log-transformed ALT level in each in male subjects; 1 unit
change of age and 1 unit change of BMI resulted in 0.01045
IU/Land 0.03563 IU/L changes in log-transformed ALT level
in each in female subject. When the unstandardized co-
efficients were calculated without log-transformation of ALT
level, the unstandardized coefficients showed that 1 unit
change of age and 1 unit change of BMI resulted in —0.13464
IU/Land 2.51567 IU/L changes in ALT level in each in male
subjects; 1 unit change of age and 1 unit change of BMI re-
sulted in 0.16897 IU/L and 0.89248 IU/L changes in ALT lev-
el in each in female subject. Comparison of standardized co-
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Fig. 1. The distribution of range of ALT levels according to age and BMI in male subjects. The range of ALT level varied widely according to the
increase in BMI, and this finding was more prominent in younger subjects than in older subjects.
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Fig. 2. The distribution of range of ALT levels according to age and BMI in female subjects. The range of ALT level varied more widely according
to the increase in BMI in males than in females, and this finding was more prominent in younger subjects than in older subjects.
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Fig. 3. The distribution of range of AST levels according to age and BMI in male subjects. The range of AST level varied widely according to the
increase in BMI in male subjects, and this finding was more prominent in younger subjects than in older subjects.
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Fig. 4. The distribution of range of AST levels according to age and BMI in female subjects.
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Fig. 5. The distribution of range of GGT levels according to age and BMI in male subjects. The range of GGT level varied widely according to the
increase in BMI, and this finding was more prominent in younger subjects than in older subjects.
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Fig. 6. The distribution of range of GGT levels according to age and BMI in female subjects. The range of GGT level varied more widely according
to the increase in BMI in males than in females, and this finding was more prominent in younger subjects than in older subjects.
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efficient showed that BMI had a more significant effect than
age on liver enzymes in male subjects (Table 2). The co-
efficient of age might become a minus value because the co-
efficients of age and BMI were calculated simultaneously in
the same multivariate regression analysis to reflect the si-
multaneous effect of age and BMI on ALT level in male sub-
jects and the coefficient of BMI was large enough. By con-
trast, age had a more significant effect than BMI on liver en-
zymes in female subjects (Table 3). The range of ALT level var-
ied more widely according to the increase in BMI in males
than in females, and this finding was more prominent in
younger subjects than in older subjects (Figs. 1, 2). Similar
changes were observed in the distribution of AST but with a
narrower range of variation than that in ALT according to age
(Figs. 3, 4). The variation in the GGT level was similar to that
in the ALT level (Figs. 5, 6).

3. Effect of risk factors for metabolic syndrome on the
range of liver enzymes in each gender

In univariate analysis using Mann-Whitney U-test, sig-

219

nificantly higher liver enzyme levels were observed in sub-
jects who had a risk factor for metabolic syndrome in both
male (Table 4) and female (Table 5). In male subjects, multi-
variate linear regression analysis showed that all risk factors
for metabolic syndrome affected liver enzyme levels (Table
4). As the standard coefficient of obesity was 0.24616, that
of hypertension was 0.05595, that of fasting hyperglycemia
was 0.05907, that of hypertriglyceridemia was 0.18187, and
that of low serum HDL-cholesterol level was 0.05470, obesity
had the most significant effect on ALT level in male subjects.
Similar comparisons of the standard coefficients suggested
that obesity had the most significant effect on AST level and
hypertriglyceridemia had the most significant effect on GGT
level in male subjects. In female subjects, multivariate linear
regression analysis showed that although most risk factors
for metabolic syndrome affected liver enzyme levels, there
might be weak or no effect of fasting glucose =100 mg/dL
on AST, and HDL-cholesterol <50 mg/dL on GGT (Table 5).
As the standard coefficient of obesity was 0.13896, that of
hypertension was 0.01827, that of fasting hyperglycemia

Table 2. Multivariate Linear Regression Coefficients of Age and BMI to Log-Transformed Liver Enzyme Levels in Male Subjects

Age BMI
R-
Unstandardized Standardized coefficient Unstandardized  Standardized coefficient squared®
- a b p-value . a b p-value

coefficient (SD) (95% CI) coefficient (SD) (95% ClI)
AT —0.00211 (0.00022) —0.04812 (—0.05775-—0.03849) <0.0001  0.07277 (0.00090) 0.39591 (0.38629-0.40554) <0.0001  0.1605
AST  0.00279 (0.00014)  0.10044 (0.09035-0.11053) <0.0001  0.03086 (0.00060) 0.26439 (0.25431-0.27448) <0.0001 0.0777
GGT  0.00102 (0.00027)  0.01884 (0.00887-0.02881) 0.0002  0.07133 (0.00115) 0.31547 (0.30550-0.32543) <0.0001  0.0993

®Calculated by multivariate regression analysis using log-transformed liver enzyme levels as a dependent variable, and age and BMI as

independent variables.

®Calculated by multivariate regression analysis after standardizing the independent variables to make their variances into 1. Standardized
coefficient enables comparison of the effect of independent variables with different units on the dependent variables.
°Introduced for estimation of the percentage of explanatory power of each multivariate regression analysis for each liver enzyme.

Table 3. Multivariate Linear Regression Coefficients of Age and BMI to Log-Transformed Liver Enzyme Levels in Female Subjects

Age BMI
R-
Unstandardized Standardized coefficient Unstandardized Standardized coefficient squared®
- a b p-value - a b p-value

coefficient (SD) (95% ClI) coefficient (SD) (95% Cl)
ALT 0.01045 (0.00023) 0.26233 (0.25115-0.27350) <0.0001 0.03563 (0.00092) 0.22127 (0.21011-0.23244) <0.0001 0.1646
AST 0.00872 (0.00014) 0.35123 (0.33992-0.36254) <0.0001 0.00608 (0.00058) 0.06053 (0.04922-0.07183) <0.0001  0.1440
GGT 0.00860 (0.00024) 0.20698 (0.19544-0.21853) <0.0001 0.03075 (0.00099) 0.18303 (0.17149-0.19458) <0.0001  0.1069

Calculated by multivariate regression analysis using log-transformed liver enzyme levels as a dependent variable, and age and BMI as

independent variables.

®Calculated by multivariate regression analysis after standardizing the independent variables to make their variances into 1. Standardized
coefficient enables comparison of the effect of independent variables with different units on the dependent variables.
‘Introduced to estimate the percentage of explanatory power of each multivariate regression analysis for each liver enzyme.
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was 0.05678, that of hypertriglyceridemia was 0.09293,
and that of low serum HDL-cholesterol level was 0.02146,
obesity had the most significant effect on ALT level in female
subjects. Similar comparisons of the standard coefficients
suggested that obesity had the most significant effect on AST
level and hypertriglyceridemia had the most significant effect
on GGT level in female subjects.

DISCUSSION

Our results provide a detailed distribution of liver enzymes

according to age, BMI, and gender."***

This study was con-
ducted using data from mostly Korean subjects, which were
measured and analyzed using uniform protocols at a single
health check-up specialized center established as a part of
a major tertiary hospital by a national university hospital in
Korea; thus, we believe that it can provide accurate in-
formation on the detailed distribution of liver enzymes ac-
cording to BMI, age, and gender without racial or measure-
ment bias.”>"

In this study, liver enzyme levels were increased according
to BMI even after adjusting for age in each gender. Our find-
ings also showed that risk factors for metabolic syndrome af-
fected the liver enzyme levels. Recent studies have reported
direct association of liver enzyme levels with increased risk
of diabetes and metabolic syndrome; therefore, liver en-
zymes and risk factors for metabolic syndrome may need to

1820 The variation

be analyzed and managed simultaneously.
of ALT level according to BMI was more prominent in male
subjects than in female subjects. This may be due to alcohol
consumption and the effect of sex hormones.* Liver enzyme
levels showed significant association with the existence of
risk factors for metabolic syndrome, except that the AST level
in female subjects failed to show an association with high
fasting glucose level in multivariate regression analysis. GGT
was analyzed with importance in this study in order to explore
the association of GGT with the risk factors for metabolic syn-
drome, including BMI, in Korean subjects. In the previous
study, GGT showed even stronger association with increased
diabetic risk than ALT and AST.* This may coincide with the
results of our study because the standardized coefficients of
high fasting glucose for GGT levels were higher than those for
ALT and AST levels. In this study, GGT showed strong associa-
tion with all risk factors for metabolic syndrome in male sub-

jects and all risk factors for metabolic syndrome, except low
HDL-cholesterol level in female subjects.

The limitation of this study is that it did not represent the
entire Korean population because the subjects visited volun-
tarily for a routine health check-up and most were healthy.
Regional distinctiveness may also limit the results of this
study to represent the entire Korean population considering
that our health check-up center is located in Gangnam dis-
trict, an area with high socioeconomic status in Korea, and
median value of BMI in this study may be higher than that in
the Korean population.11 Because there was no information
regarding alcohol intake, it is difficult to interpret the mean-
ing of AST and GGT. No information about medication for hy-
pertension, diabetes, and dyslipidemia may be a major limi-
tation for interpreting the affect by the risk factors for meta-
bolic syndrome. This study also has the limitation of a retro-
spective study. However, a large sample size may help to over-
come these limitations by reducing error and reflect the sta-
tus of liver enzymes in the general Korean population.

In conclusion, our results showed that the distribution of
range of liver enzymes was affected not only by gender, age,
and BMI, but also by risk factors for metabolic syndrome in
Koreans.
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