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Abstract

Background: Increasing evidence suggests an association between elevated serum aminotransferase levels and
metabolic disorders (metabolic syndrome, hyperlipemia and diabetes mellitus). However, the significance of relatively
low levels of aminotransferases in relaion to metabolic disorders has not been fully investigated in the genera
population. We investigated the association between serum amiontransferase levels and metabolic disorders using data
from a survey in Jilin province, China.

M ethods: In 2007, a survey was conducted throughout Jilin, China, covering both urban and rural aress. A total of 3835
people, 18 to 79 years old including 1761 men and 2074 women, underwent real-time ultrasonography, blood tests
including aspartate aminotransferase and alanine aminotransferase, and had interviews with a structured questionnaire.
Results: Serum aminotransferase levels within the norma range were associated with metabolic syndrome independent
of age, occupation, cultural and educational level, income, body mass index, wast circumference, smoking, and a cohol
intake. Compared with the lowest level (<20 1U/L), the adjusted odds ratios for ALT leves of 20-29, 30-39, 40-49 and
>50 IU/L were 1.92, 2.50, 2.97, and 3.52 in men, and 1.38 , 1.54, 3.06, and 2.62 in women, respectively. Near-normal
serum aminotransferase levels associated with hyperlipemia, NAFLD, DM were aso found in the study.

Conclusions: Norma to near-normal serum aminotransferase levels are associated with metabolic disorders. Serum
ALT levels of 21-25 IU/L for men, and 17-22 IU/L for women are suggested as cutoff levels that detect metabolic
disorders affecting the liver.

Keywords: Alanine aminotransferase, Metabolic syndrome, Non-alcoholic fatty liver disease, Ultrasonography, Cutoff
Levels

Introduction

Non-a coholic fatty liver disease (NAFLD) isan
increasingly recognized condition whose preva
lence parallels the recent increase in obesity (1-
3). NAFLD has aso been associated with meta-
bolic disorders, including central obesity,
dyslipidema, hypertension, and hyperglycemia
(4-8). In addition, metabolic syndrome (MS),
obesity, and insulin resistance are major risk
factors in the pathogenesis of NAFLD (9-12).
The co-existence of multiple metabolic disorders

is associated with a potentially progressive, se-
vere liver disease. The increasing prevalence of
obesity, coupled with diabetes, dyslipidemia,
hypertension, and ultimately metabolic syn-
drome puts a very large population at risk of
liver failure (13). Patients with metabolic disord-
ers usually have elevated serum aminotransfe-
rase activity, and so aminotransferase assays are
widely used to monitor liver function in people
with metabolic disorders (14). However, many
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liver diseases are not detected by the currently
defined range of normal serum aminotransferase
levels (15-16). The significance of serum amino-
transferase levels, including those that are in the
norma and near-normal range, needs to be re-
viewed in relation to the metabolic disorders.
Three hundred and eighteen non-diabetic pa
tients with NAFLDs were investigated for
changes in liver enzymes, and to anayze the
association between liver enzymes and meta
bolic syndrome in Shanghai, China (16). How-
ever, few large studies have been made in the
adult population in China

Accordingly, we investigated the independent
association between serum aminotransferase le-
vels and metabolic disorders in a representative
population in northern China. Individuas with
MS, hyperlipidemia or diabetes mellitus (DM)
were defined as having metabolic disorders in
the present study.

Materials and M ethods

Design and study population

A prospective survey study of aminotransferase
levels and the metabolic disorders was carried
out in Dehui, Jilin, China in 2007 (population
approximately 800,000). Dehui is located 81 km
from Changchun, the largest city in the area.
The earnings of most inhabitants of Dehui arein
the middle of the income range. The sex and age
distribution of inhabitants are similar to those of
the province in general. Therefore, Dehui City is
representative of other areas in the province in
terms of the level of life, economic and cultura
development.

A two-stage, tiered-system sampling method
was used. This survey was comprehensive and
included geographic, economic, cultura, and
other parameters. There are 308 villages and 51
neighborhood committees in Dehui. The first
survey covered rural areas, and the second cov-
ered urban areas. Each stage was divided into
two layers. In the first layer, the populations of
the villages or neighborhood committees were
sorted, and the villages or neighborhood
committees were selected by a computer accord-
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ing to the principle of equidistant random sam-
ples of the population size. We selected 9 vil-
lages and 11 neighborhood committees. In the
second layer, the households were marked by
the distance from the center of the villages or
neighborhood committees, and they were se-
lected according to the principle of equidistant
random samples of the distance. Then, 150-200
or 80-100 households were computer-selected in
villages or neighborhood committees, respec-
tively. A sample of the genera population in the
selected households consisting of individuas
who were at least 18 years of age, and had lived
in the same area for more than 10 years was se-
lected using a systematic random 1-in-3 sam-
pling procedure from the census list, which had
been updated on February 1, 2007.

We defined sample sizes of urban and rura
groups according to the formula of estimation of
sample size: N=(t/d) % *(1-P) / P (t=1.96,
P=0.114 and d=0.1) (4). They were 1800 and
2700 based on the ratio of urban and rural
populations of the area, and the total was 4500
(more than the value of N).

In the end, 4298 people responded and agreed to
participate in the study, and their serum samples,
demographic information, and behavioral factors
were collected.

The response rate was high (95.51%,
4298/4500). When we anayzed the relationship
between aminotransferase levels and the meta-
bolic disorders, we excluded 75 people who had
abnormal autoantibodies, ceruloplasmin, and
iron tests. They consisted of 30, 29, 16 people,
respectively. In addition, 151 people who re-
ported consuming at least 40 g of acohol per
day were excluded. We also excluded 45 HCV-
positive people and 192 HBV-positive people.
In the end, 3835 people (1761 men and 2074
women) were eligible for our analyses.

Data collection and blood sampling

The selected participants were asked to fast
overnight (>8 h) and attend alocal health center
for their scheduled appointments. The selected
subjects were visited at home if they could not
attend the local health center. An interview us-
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ing the structured questionnaire was conducted
a the time of the participant’'s visit. The
questionnaire included the following questions:
1) How long have you been smoking? 2) Do you
drink alcohol (the number and type of drinks per
day)? 3) What is your occupation (peasant, la-
borer, small private businessman or cadre offi-
cia)? 4) How many years did you study? 5)
How much is your income every month? 6)
Wheat is your date of birth, sex, and place of resi-
dence? Information on demographics (date of
birth, sex, place of residence, ethnicity, family
size) and behaviora factors (drinking, smoking,
occupation, education level, income) was ob-
tained. The study protocol was approved by the
Institutional Review Board of the First Hospital
of Jilin University. After written informed con-
sent was obtained, blood samples were taken
from each participant for seroprevalence ana
lyses. Sera were stored at -20°C until tested at
the First Hospital of Jilin  University.
Anthropometric measurements including height,
weight, and waist and hip circumference were
conducted by well-trained examiners on individ-
uas wearing light clothing. Waist circumference
was measured to the nearest 0.1 cm at the mid-
point between the lower borders of the rib cage
and the iliac crest. Abdominal ultrasonography
was performed to detect the presence of fatty
infiltration in the liver by physicians specializ-
ing in diagnostic imaging, all of whom used
standard criteriain evaluating the images for he-
patic fat (17). Fatty liver was diagnosed by
concurrence of 3 ultrasonographers, who were
unaware of the subjects’ clinical and biochemi-
cal status. The results were supplemented by the
liver-spleen density gradient (LSDG) deter-
mined with the non-contrast abdomina com-
puter tomography (CT) in the local hospital.

Serological testing

HBsAg, anti-HCV, glucose, total cholesterol,
LDL-cholesterol, HDL-cholesterol, triglyceride
and liver enzymes, including ALT, and AST
were evaluated by standard methods using kits
from Ke Hua (Shanghai, China). ANA, cerulop-
lasmin and iron studies were aso assayed by
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standard methods with kits from Ke Hua
(Shanghai, China). All laboratory analyses were
performed at the First Hospital of Jilin Univer-

sity.

Definition of the metabolic
hyperlipidemia, NAFLD, DM

The diagnosis of metabolic syndrome was based
on the new International Diabetes Federation
definition (18), in which central obesity is an
essential parameter (BMI >25). We used a mod-
ified waist circumference cutoff of >90 cm in
men and >80 cm in women. Metabolic syn-
drome was then defined in any individuals who
had two or more of the four following criteria:
1) high blood pressure (>130/85 mmHg) or
undergoing treatment for high blood pressure
with anti-hypertensive medication, 2) elevated
fasting blood glucose (>5.6 mmol/L) or treat-
ment with anti-diabetic medication, 3)
hypertriglyceridemia (>1.7 mmol/L), and 4) low
HDL-cholesterol (men, <1.03 mmol/L; women,
<1.29 mmol/ L).

Individuals having one or more of the four
following criteria were defined as having
hyperlipidemia: 1) hypertriglyceridemia (>1.7
mmol/L), 2) HDL-cholesterol (men, <1.04
mmol/L; women, <1.3 mmol/ L), 3) LDL-
cholesterol (>4.3 mmol/L), 4) tota cholesterol
(>6.0 mmol/L).

Individuas having the following criteria were
defined as having NAFLD: 1) consuming <40 g
alcohol per week, 2) negative for hepatitis B
(HBsAQ) and hepatitis C, 3) fatty liver based on
USand CT, 4) no other liver disease.

Individuas having the following criterion were
defined as having DM: fasting plasma glucose
>7.0 mmol/L.

syndrome,

Statistical analysis

Statistical analyses were performed using SAS
software (version 9.0).

Clinical and biochemical characteristics were
compared between men and women using the
Wilcoxon Scores test or Chi-Square test.
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The sex-specific prevalence of abnormal meta-
bolic conditions, and metabolic syndrome were
correlated to levels of AST and ALT.
Independent associations between serum amino-
transferase levels and metabolic syndrome,
hyperlipidemia, NAFLD and DM were investi-
gated using logistic regression models. The
independent variables used were age, BMI,
smoking, acohol intake, waist circumference,
occupation (peasant/ laborer, small private busi-
nessman, cadre officias), cultural and educa
tiona level (>8 years of study, or <8 years of
study), income level (>800 RMB or <800 RMB
every month). Drinkers were classified as regu-
lar alcohol drinkers (individuals whose acohol
consumption more than 40 g per week for more
than 4 consecutive years), infrequent drinkers,
and non-drinkers. Smokers were defined as indi-
viduals who smoked 10 or more cigarettes a day
for more than 4 consecutive years. The thre-
sholds for aminotransferase values were gener-
ated by ROC analysis. A two-sided P<0.05 was
considered statistically significant.

Results

The clinical characteristics and |aboratory data
of the 1761 men and 2074 women are shown in
Table 1. Compared with women, men had
higher ALT, AST levels and metabolic risk fac-
tors except HDL-cholesterol levels and there
was no difference in LDL-cholesterol levels.
Smoking and drinking were significantly more
common in men than in women.

Serum AST levels were positively associated
with al five metabolic abnormalities except glu-
cose in both sexes. On the contrary, serum ALT
levels were positively associated with al five
metabolic abnormalities in both sexes except
HDL -cholesterol in women (Table 2).
Univariate analysis for the prevalence of meta-
bolic syndrome increased progressively accord-
ing to the elevated serum ALT levels. The
association between the elevated ALT levels,
and the prevaence of metabolic syndrome was
attenuated, but was still highly significant in
both genders in multivariate analysis. However,
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elevated AST level was attenuated significantly
in both genders (P>0.05) except for in the 40-49
IU/ml levelsin women (Table 3).

In a further analysis, we compared the relative
significance of individual liver enzymes by in-
cluding AST and ALT in the same model. In
this model, the prevalence of metabolic syn-
drome was significantly associated only with the
elevated ALT levels (P<0.001 for both sexes),
but not with elevated AST levels (Table 3).

By multivariate analysis, the odds ratios for the
prevalence of hyperlipidemia increased progres-
sively according to the increases of serum
aminotransferase levels except for ALT in
women. Multivariate anaysis odds ratios for the
prevdence of DM increased progressively
according to the increases in serum ALT levels.
Univariate anadysis odds ratios for the preva-
lence of NAFLD increased progressively
according to increases in serum aminotransfe-
rase levels except AST in women (data not
shown). The association between ALT level and
the prevalence of NAFLD was attenuated, but
still highly significant in multivariate analysis
(Table 4).

A positive association between elevated ALT
levels and the prevaence of MS, hyperlipemia,
DM and NAFLD was observed even within the
normal range of aminotransferase levels (Table
2, 4). The associations between AST and the
prevalence of hyperlipidemia, DM and, NAFLD
are not shown because the associations in the
results were weaker, especiadly after multiva-
riate adjustment.

We assessed the association between elevated
ALT and AST levels, and the prevalence of
metabolic syndrome in non-drinkers and drink-
ers, separately. The positive association between
serum ALT and AST levels, and the prevalence
of metabolic syndrome were not affected by
alcohol intake. The most positive association
between serum AST levels, and the prevalence
of metabolic syndrome was found for levels of
40-49 U compared with <20 IU in the non-
drinker group, but not in the drinker group (Ta
ble5).
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Table 6 shows the thresholds for ALT vaues diseases were more than 0.05. AST values are
from ROC analyses of various diseases (P<0.05). not shown.
The P values for thresholds of AST for various

Table 1: Clinical and biochemical characteristics of study participants

Characteristics Men (n=1761) Women (n=2074) P value
Median (Minimum-maximum)

Age (yr9) 46.00(18.00-75.00) 46.00(18.00-79.00) >0.05
Body mass index (kg/m? 24.11(12.88-54.36) 23.52(12.11-61.68) <0.01
Waist circumference (cm) 84.00(26.00-117.00) 79.00(27.00-118.00) <0.01
Systolic blood pressure (mmHg) 130.00(80.00-230.00) 120.00(80.00-240.00) <0.01
Diagtolic blood pressure (mmHg) 82.00(40.00-125.00) 80.00(40.00-120.00) <0.01
Glucose (mmol/L) 5.04(3.26-20.60) 4.76(3.20-17.10) <0.01
Tota cholesterol (mmol/L) 4.36(0.22-10.60) 4.24(0.63-10.71) <0.01
LDL-cholesterol (mmol/L) 3.00(0.10-12.40) 2.97(0.10-9.70) >0.05
HDL-cholesterol, (mmol/L) 1.30(0.11-5.82) 1.40(0.00-8.00) <0.01
Triglyceride (mmol/L) 1.30(0.20-22.99) 1.19(0.19-31.89) <0.01
ALT (IU/L) 21.20(1.00-211.70) 15.00(0.60-645.90) <0.01
AST (IU/L) 22.00(1.00-188.90) 19.50(1.00-449.90) <0.01
Non-smoker, n (%) 752(42.70) 1629(78.54) <0.01
Smoker, n (%) 1009(57.30) 445(21.46)

Non-drinker, n (%) 523(29.70) 1934(93.25) <0.01
Infrequent drinker, n (%) 63(3.58) 3(0.14)

Regular alcohol drinker, n (%) 1175(66.72) 137(6.61)

Wilcoxon test scores for the continuous variables, Cochran-Mantel -Haenszel test for the categorical variables/ALT, aanine
aminotransferase,AST, aspartate aminotransferase; HDL, high density lipoprotein; LDL, low density lipoprotein

Table 2: Prevalence (%) of metabolic abnormalities associated with serum aminotransferase levels

M etabolic Abnor- Alanineaminotransferase, |U/L P for Aspartate aminotransferase, 1U/L P for
malities trend trend
<20 20-29 30-39 4049 >50 <20 2029 30-39 4049 >K0

Men
Hypertension-posi-  37.32 4570 5462 5370 57.33 0.01 3950 4554 5025 5079 63.64 0.01
tive

Central obesity 1860 3400 4496 5463 6333 0.01 2712 3187 3858 4444 6364 0.01
Triglyceride>1.7 2044 3554 4958 5648 6467 0.01 2539 3382 4772 6190 7045 0.01
(mmol/L)

HDL-choles- 5357 5784 5462 6296 6467 001 5862 56.04 5178 50.79 56.82 0.11
terol<1.3 mmol/L

Glucose >5.6 1995 2340 2647 3241 3200 001 2382 2271 2234 2540 36.36 0.35
(mmol/L)

Women

Hypertension-posi-  31.64 4397 4354 5152 56.72 0.01 3149 3826 4796 6327 5152 0.01
tive

Central obesity 3425 5094 6852 7424 67.16 0.01 36.39 4343 5204 8367 6364 0.01
Triglyceride>1.7 2219 3378 4352 4697 5522 0.01 2332 2891 3367 6531 4242 0.01
(mmol/L)

HDL-choles- 4623 4290 4444 4848 53.73 057 4955 4129 3776 4898 5152 0.03
terol<1.3 (mmol/L)

Glucose >5.6 1199 1716 1389 1818 1493 004 13.07 1263 1633 2041 1818 0.16
(mmol/L)

HDL, high density lipoprotein;
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Table 3: Independent Associations between serum aminotransferase levels and the metabolic syndrome

Odds Ratio (95% CI) for M etabolic Syndrome

Aminotransferase Metabolic Syndrome Multivariate Multivar iate
levels Number n (%) Univariate Adjusted* adjustedt
Men

ALT<20 (1 U/L) 812 84(10.34) 1 1 1

20-29 453 115(25.39) 295(2.16-4.02)  1.79(1.15-2.80) 1.92(1.20-3.06)
30-39 238 77(32.35) 4.14(2.91-590) 1.80(1.17-3.04) 250(1.14-3.53)
40-49 108 47(43.52) 6.68(4.29-10.39) 1.81(1.21-359) 2.97(1.27-4.01)
>50 150 80(53.33) 9.90(6.69-14.66) 3.31(1.87-5.87) 3.52(1.96-6.32)
Total 1761 403(22.88)

AST<20 (IU/L) 638 112(17.55) 1 1 1

20-29 819 189(23.08) 141(1.09-1.83) 1.13(0.77-1.65) 0.99(0.66-1.49)
30-39 197 56(28.43) 1.87(1.29-2.70)  1.20(0.68-2.13) 1.13(0.64-2.00)
40-49 63 23(36.51) 2.70(1.56-4.69) 1.78(0.76-4.17) 1.75(0.75-4.08)
>50 44 23(52.27) 5.14(2.75-9.62)  2.32(0.93-5.76) 2.33(0.95-5.76)
Total 1761 403(22.88)

Women

ALT<20 (IU/L) 1460 225(15.41) 1 1 1

20-29 373 108(28.95) 224(1.72-292)  1.40(1.25-1.95) 1.38(1.27-1.95)
30-39 108 43(39.81) 3.63(2.41-5.48)  1.46(1.19-2.35) 1.54(1.26-2.35)
40-49 66 36(54.55) 6.59(3.98-10.91) 3.09(1.62-5.89) 3.06(1.60-5.86)
>50 67 33(49.25) 5.33(3.23-8.78)  2.63(1.36-5.11) 2.62(1.35-5.09)
Total 2074 445(21.46)

AST<20 ( IU/L) 1102 188(17.06) 1 1 1

20-29 792 180(22.73) 143(1.14-1.80) 1.18(0.89-1.58) 1.08(0.80-1.47)
30-39 98 28(28.57) 1.95(1.22-3.10)  1.15(0.64-2.07) 0.99(0.54-1.82)
40-49 49 34(69.99) 11.02(5.88-20.64) 6.19(2.82-13.56) 5.65(2.57-2.42)
>50 33 15(45.45) 4.05(2.01-8.18) 2.11(1.80-5.62) 2.01(1.76-5.34)
Total 2074 445(21.46)

* Adjusted for age, BMI, occupation, cultural and educationd level, income level, smoking, alcohol
intake, and wai st circumference

T Adjusted for age, BMI, occupation, cultural and educational level, income level; smoking, alcohol
intake, waist circumference, and (ALT or AST).

ALT, aanine aminotransferase; AST, aspartate aminotransferase; BMI, body mass index
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Table 4: Independent Associations between serum aminotransferase levels and hyperlipidemia, DM and,

NAFLD
Aminotransferase  Number  OddsRatio (95% Cl)  OddsRatio (95% CI) for NAFLD OddsRatio (95% CI) for
Leve for DM Hyperlipemia
DM Multivariate NAFLD Multivariate  Hyperlipemia, Multivariate
n (%) Adjusted* n (%) Adjusted* n(%) Adjusted*
Men
ALT<20 (IU/L) 812 29(3.57) 1 50(6.16) 1 259(31.90) 1
20-29 453 32(7.06) 1.69(0.99- 54(11.92) 209(46.14) 1.35(1.15-
2.89) 1.35(0.87-2.09) 1.74)
30-39 238 16(6.72)  1.44(0.75- 34(14.29) 137(57.56) 1.92(1.39-
2.79) 1.50(1.29-2.51) 2.64)
40-49 108 8(7.41) 1.41(0.60- 34(31.48) 72(66.67) 2.53(1.59-
3.31) 3.26(1.84-5.77) 4.02)
>50 150 17(11.33)  2.29(1.16- 51(34.00) 113(75.33) 3.44(2.24-
454) 3.66(2.19-6.11) 5.29)
Totd 1761  102(5.79) 223(12.66) 790(44.86)
Women
ALT<20 (IU/L) 1460 51(3.49) 1 194(13.29) 1 655(44.86) 1
20-29 373 20(5.36) 1.36(1.19- 100(26.81) 210(56.30) 1.24(0.97-
2.34) 1.58(1.13-2.21) 1.59)
30-39 108 5(4.63) 1.28(1.16- 45(41.67) 62(57.41) 0.94(0.61-
2.85) 1.89(1.11-3.20) 1.45)
40-49 66 10(15.15)  3.86(1.81- 31(46.97) 44(66.67) 1.37(0.79
8.26) 2.44(1.30-4.58) 2.39)
>50 67 8(11.94)  2.72(1.17- 32(47.76) 46(68.66) 1.70(0.97-
6.33) 3.23(1.70-6.14) 2.99)
Totd 2074 94(4.53) 402(19.38) 1017(49.04)

* Adjusted for age, BMI, occupation, cultural and educational level, income level, smoking, alcohol intake, and
waist circumference. ALT, alanine aminotransferase; AST, aspartate aminotransferase; DM, diabetes mellitus;
NAFLD, non-alcoholic fatty liver disease; BMI, body mass index. The Odds Ratio between AST and metabolic
disorders was not shown because the associations in the results were weaker, especially after multivariate adjust-
ment

Table 5: Association between serum aminotransferase levels and metabolic syndrome by acohol drinking status

Drinker Non-drinker
Risk factor M etabolic : M etabolic .
Number syndrome O(ggosA)Rg};o Number syndrome O(ggosA)Rg};o
n(%) n(%)
danine
aminotransferase
ALT<20 IU/L) 652 75(11.50) 1 1620 234(14.44) 1
20-29 348 90(25.86) 2.02(1.24-3.29) 103 133(27.82) 1.40(1.02-1.91)
30-39 189 64(33.86) 1.95(1.11-3.43) 9 56(35.67) 1.44(1.28-2.33)
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Table 5: Continued...

46.67

40-49 75 366N 2.81(1.30-6.07) 157 48(48.48) 2.31(1.32-4.05)
>50 114 59(51.75) 3.49(1.89-6.43) 478 54(52.43) 3.02(1.71-5.34)
Agpartate amino-

transferase

AST<20( IU/L) 507 92(18.15) 1 1233 208(16.87) 1

20-29 613 137(22.35) 1.11(0.73-1.70) 998 232(23.25) 1.20(0.91-157)
30-39 165 51(30.91) 1.40(0.77-253) 130 33(25.38) 1.02(0.58-1.79)
40-49 53 21(39.62) 1.88(1.62-4.31) 9 36(61.02) 5.64(2.66-11.95)
>50 40 22(55.00) 3.78(1.45-9.87) 37 16(43.24) 1.28(1.10-3.23)

Odds ratios with 95% confidence intervals are adjusted for age, body mass index, occupation, cultural and educationa level,
income level, waist circumference, smoking status, and sex; ALT, aanine aminotransferase. AST, aspartate aminotransfe-

rase

Table6: Thresholds for ALT values from ROC analyses

Threshold value (1U/L)

Men Women
Diabetes mellitus 2345 21.90
Hyperlipemia 21.50 14.90
Metabolic syndrome 25.30 16.85
Non-alcoholic faity liver dissase  23.80 16.85

The people who had Diabetes mellitus or Hyperlipemia or Metabolic syndrome or Non-alcoholic fatty liver disease were
defined as disease group and the others were control group in each ROC analyses

Discussion

We found a poditive association between serum
aminotransferase levels and metabolic disorders in
the Chinese population. Recent epidemiologic
studies have a0 reported an associaion between
aminotransferase eevations and metabolic disord-
ers such as metabolic syndrome, hyperlipe-mia, and
DM (19). This association has been observed in
various populations, including obese people, pos-
menopausd women, dderly men, patients with
NAFLD, and even adolescents (2, 16, 20). Similar
findings have dready been reported in other
countries such as Korea, Singgpore and Jgpan (21).
Another more important finding of this study is that
the association was observed even in norma to
near-norma aminotransferase levels, in a leved-
related manner. Aminotransferase levels of 40-49
IU/ml were very significantly related in women,
and need further investigation. The reason for the
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stronger asociation of ALT 40-49 IU/ml with the
prevadence of metabolic syndrome compared to
ALT over 50 is not clear, but may be related to the
fact that the progression of liver damagein NAFLD
is generaly slow, and the levels of ALT are most
commonly only mildly elevated. Similar findings
also were reported in some Korean populéions (22).
We found that the association of ALT with the
prevaence of metabolic syndrome persisted
even after adjustment for waist circumference.
Thisisin away over-adjustment, because waist
circumference is part of the definition of the
metabolic syndrome, but provides additional
insight by indicating that it is not simply the
well-known association of obesity or abdominal
obesity that mediates the association.

NAFLD has been asociaed with metabolic
disorders, including central obesty, dydipidemia,
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hypertension, and hyperglycemia, the maor risk
factors for the development of NAFLD (23).
Because the number of metabolic syndrome
components has increased, the prevaence and odds
ratio for having increased ALT activity were dso
sonificantly incressed (24). In the present study,
metabolic disorder components (triglycerides, LDL,
CHOL, etc.) and NAFLD were corrdated with
increased ALT activity. Unexplained elevetions in
ALT levels have been suggested to signify the
presence of NAFLD in adults. Individuas with the
metabolic disorders (MS, hyperlipemia and DM)
have a dognificantly higher prevaence of
unexplaned elevations in ALT levels (24).
Therefore, this dso supports the notion that
NAFLD is pat of the spectrum of metabolic
disorders.

The prevalence of NAFLD is mainly associated
with the mae sex, obesity and waist
circumference, but it may vary significantly
among different population groups (22). Recent
studies have added evidence that insulin
resistance, a key component of the MS and DM
may contribute to the development of NAFLD
(24). Centra obesity may be an underlying
cause of insulin resistance, and can aso
contribute to the development of NAFLD (2).
Compared with adipose tissue in other sites,
viscera adipose tissue is more resistant to
inulin, and the associated  relative
hyperinsulinemia promotes lipogenesis in the
liver, which contributesto NAFLD (25).

Asians have been shown to have more
subcutaneous fat, and have a different fat
distribution compared to Caucasians. The
relationship between body mass index (BMI)
and body fat percentages in different population
groups have been shown to vary (23-24). Thus,
the significance of central obesity in connection
with liver dysfunction and metabolic disorders
may differ by ethnicity. The connection in the
present study was similar to that found in
another previous study (22).

Some conditions such as acohol consumption,
viral hepatitis or hemochromatosis, which can
increase aminotransferase activity, may aso be
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associated with the metabolic syndrome. The
association between metabolic risk factors and
ALT elevation was shown to be similar in
subjects with and without identifiable causes of
chronic liver disease, (alcohol use) (26). The
association was also seen in the non-drinker or
drinker regression model in the present study.
Some systemic diseases and medications may
also elevate serum aminotransferase levels.
Accordingly, we performed further analysis after
excluding 524 people who were receiving
hormone replacement therapy or medications for
hypertension, diabetes mellitus, liver disease,
renal disease during three months before
examination. We still found a strong association
between serum aminotransferase levels and MS,
even in the groups with norma to near-normal
range of aminotransferases. For MS patients
with levels below 20 IU/L, the adjusted odds
ratios for ALT levels of 20-29, 30-39, 40-49 and
> 50 IU/L were 1.82, 2.08, 1.88 and 2.72 in men
and 137, 134, 3.07 and 246 in women,
respectively (P<0.05 for al). In addition,
patients with hyperlipemia and DM had the
same trend.

In the present study, serum ALT levels were
more closely associated with MS than AST
levels. In addition, only ALT levels were
significantly associated with MS when both
enzymes were simultaneoudly investigated in a
single model. This finding is in agreement with
previous studies, and can be explained by a
higher specificity of ALT for liver disease (22).
The cutoff level of aminotransferase that
discriminates between heathy and diseased
livers has not been clearly defined. Several
previous studies have demonstrated that serum
aminotransferase levels, even within the normal
range, may be associated with morbidity and
mortality (27). In liver disease, elevated serum
aminotransferase levels have a more positive
association with non-acoholic steatohepatitis
than other frequent causes of hepatitis (alcoholic
hepatitis, chronic hepatitis B and C) and some
rare causes (autoimmune hepatitis) (26).
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From the multivariate analysis of patients with
metabolic disorders, the linear association
between serum  aminotransferase  levels
(especidly ALT at 20-29 IU/L levels compared
to the lowest levels (<20 IU/L) suggests that
people with high norma aminotransferase levels
may need further investigation for the presence
of metabolic disorders such as MS. Considering
the increasing prevalence of metabolic disorders
and their association with liver dysfunction, the
significance of the serum aminotransferase assay
needs to be reevauated. Therefore, we
evaluated thresholds for aminotransferase values
by ROC analysis. Serum ALT levels of 21-25
IU/L for men, and 17-22 IU/L for women are
suggested as cutoff levels that detect metabolic
disorders affecting the liver.

In a recent study from Korea -calculated
thresholds for ALT valueswere 35 [U/L for men
and 26 IU/L for women (28). Relatively high
threshold levels  of normal serum
aminotransferase were aso found in our study.
Therefore, adjustment of the norma limit of
serum aminotransferases should be considered
for monitoring liver function, especidly in
people with metabolic disorders.

One of the limitations in the present study is that
the diagnosis of a fatty liver was based on ultra
sound imaging and CT, and not confirmed by
liver biopsy, the gold standard for the assess-
ment of liver histology and a key test to diag-
nose NAFLD.

Ethical considerations

Ethical issues (Including plagiarism, Informed
Consent, misconduct, data fabrication and/or
falsification, double publication and/or submis-
sion, redundancy, etc) have been completely
observed by the authors.

Acknowledgments

Thiswork was supported by the grants from the
Nationa Natural Science Foundation (NO.

24

30972611, NO.30872174 and NO. 81172726)
and the National ST Magjor Project of China
(NO. 20082X10002-004). The authors declare
that there is no conflict of interests.

Abbreviations

ALT, alanine aminotransferase; BM I, body mass
index; CHOL, Totd cholesterol; FPG, fasting
plasma glucose; HBV, hepatitis B virus, HCV,
hepatitis C virus; HDL, high density lipoprotein;
LDL, low density lipoprotein; MS, Metabolic
Syndrome; NAFLD, non-acoholic fatty liver
disease.

Refer ences

1. Luyckx FH, Lefebvre PJ, Scheen AJ (2000).
Non-alcoholic steatohepatitis: association
with obesity and insulin resistance, and
influence of weight loss. Diabetes Metab,
26: 98-106.

2. Marchesini G, Bugianesi E, Forlani G, Cer-
rli F, Lenzi M, Manini R, et a. (2003).
Nonalcoholic fatty liver, steatohepatitis,
and the metabolic syndrome. Hepatology,
37:917-23.

3. Xanthakos S, Miles L, Bucuvalas J, Daniels
S, Garcia V, Inge T (2006). Histologic
spectrum of nonalcoholic fatty liver
disease in morbidly obese adolescents.
Clin Gastroenterol Hepatol, 4: 226-32.

4. Chen CH, Huang MH, Yang JC, Nien CK,
Yang CC, Yeh YH, et a. (2007).
Prevalence and etiology of elevated serum
alanine aminotransferase level in an adult
population in Taiwan. J Gastroenterol
Hepatol, 22: 1482-9.

5. Gholam PM, Flancbaum L, Machan JT,
Charney DA, Kotler DP(2007). Nonalco-
holic fatty liver disease in severely obese
subjects. Am J Gastroenterol, 102: 399-
408.

6. Choi SY KD, Kang JH, Park MJ, Lee HS
(2008). Nonalcohalic fatty liver disease as
a risk factor of cardiovascular disease:
relation of non-alcoholic fatty liver
disease to carotid atherosclerosis. Korean
J Hepatol, 14: 77-88.



10.

11.

12.

13.

14.

15.

16.

Iranian J Publ Health, Vol. 41, No.2, Feb 2012, pp. 15-26

Fracanzani AL, Vaenti L, Bugianesi E,
Andreoletti M, Colli A, Vanni E, et a.
(2008). Risk of severe liver disease in
nonalcoholic fatty liver disease with
normal aminotransferase levels: a role for
insulin resistance and diabetes. He-
patology, 48: 792-8.

ZhuLY HL, Li XL, Wang GY, Shan W, Ma
LC, Wang XH (2010). Rdationship
between Trp64Arg mutation in the B3-
adrenergic receptor gene and metabolic
syndrome: a seven-year follow-up study.
Chin Med J (Engl), 123: 2375-8.

Marceau P, Biron S, Hould FS, Marceau S,
Simard S, Thung SN, et a. (1999). Liver
pathology and the metabolic syndrome X
in severe obesity. J Clin Endocrinol
Metab, 84: 1513-7.

Pagano G PG, Musso G, Gambino R, Mecca
F, Depetris N (2002). Nonalcoholic
steatohepatitis, insulin resistance, and
metabolic syndrome: further evidence for
an etiologic association. Hepatology, 35:
367-72.

Angdlico F, Del Ben M, Conti R, Francioso
S, Feole K, Maccioni D, et al. (2003).
Non-alcoholic fatty liver syndrome: a
hepatic  consequence of  common
metabolic diseases. J Gastroenterol
Hepatol, 18: 588-94.

Tian JL, Zhang Y, Chen BY (2010). Sleep
apnea hypopnea syndrome and liver
injury. Chin Med J (Engl),123: 89-94.

Kelishadi R CS, Amra B, Adibi A (2009).
Factors associated with insulin resistance
and non-alcoholic fatty liver disease
among youths. Atherosclerosis, 204: 538-
43.

Oh Sy CY, Kang MS, Yoo TW, Park JH
(2006). The association between in-
creased alanine aminotransferase activity
and metabolic factors in nonalcoholic

fatty liver disease. Metabolism, 55:1604-9.

Kim HC, Nam CM, Jee SH, Han KH, Oh
DK, Suh | (2004). Normal serum amino-
transferase concentration and risk of
mortality from liver diseases: progpective
cohort study. BMJ, 328: 983.

Liu M, Yan HM, Gao X, Gao J (2007). [As
sociation of abnormality of liver enzymes

25

17.

18.

19.

20.

21.

22.

23.

24.

25.

and metabolic syndrome in patients with
nonalcoholic  fatty liver  diseasq].
Zhonghua Yi Xue Za zhi, 87: 253-5.

Sanyal AJ (2002). AGA technical review on
nonalcoholic fatty liver disease. Gas-
troenterology. Gastroenterology, 123:
1705-25.

Alberti KG, Zimmet P, Shaw J (2006).
Metabolic syndrome--a new world-wide
definition. A Consensus Statement from
the International Diabetes Federation.
Diabet Med, 23: 469-80.

Liangpunsakul S, Chalasani N (2005). Un-
explained elevations in alanine ami-
notransferase in individuals with the
metabolic syndrome: results from the
third National Heath and Nutrition
Survey (NHANES III). Am J Med i,
329: 111-6.

Fineli C CP, Contaldo F, Pasanisi F (2005).
Non-acoholic fatty liver disease in young
adult severely obese non-diabetic patients
in South Italy. Ann Nutr Metab, 49: 289-
95.

Saito T, Nishise Y, Makino N, Haga H, Ishii
R, Okumoto K, et al. (2009). Impact of
metabolic syndrome on elevated serum
alanine aminotransferase levels in the
Japanese population. Metabolism, 58:
1067-75.

Kim HC, Choi KS, Jang YH, Shin HW, Kim
DJ (2006). Norma serum amino-
transferase levels and the metabolic syn-
drome: Korean National Health and
Nutrition Examination Surveys. Yonsei
Med J, 47: 542-50.

Nah EH, Park JY (2008). Metabolic cha-
racteristics and associated factors of non-
alcohalic fatty liver disease diagnosed at
medical checkups. Korean J Lab Med, 28:
244-50.

Omagari K KY, Masuda J, Egawal, SawaT,
Hazama H (2002). Fatty liver in non-
alcoholic non-overweight Japanase adults:
incidence and clinical characteristics. J
Gastroenterol Hepatol, 17: 1098-105.

Gabridly I, Ma XH, Yang XM, Atzmon G,
Rajala MW, Berg AH, et a. (2002).
Removal of viscera fat prevents insulin
resistance and glucose intolerance of



Zhang et al.: Relationship between Serum Aminotransferase Levels ...

aging: an adipokine-mediated process? increased liver transaminase values in
Diabetes, 51: 2951-8. asymptomatic  patients. Scand  J
26. Deurenberg P D-YM, Guricci S (2002). Gastroenterol, 34: 85-91.
Asans are different from Caucasians and 28. Lee JK, Shim JH, Lee HC, Lee SH, Kim
from each other in their body mass KM, LimYS, et a. (2010). Estimation of
index/body fat per cent relationship. Obes the healthy upper limits for serum alanine
Rev, 3: 141-6. aminotransferase in Asian populations
27. Mathiesen UL, Franzen LE, Fryden A, with normal liver histology. Hepatology,
Faoberg U, Bodemar G (1999). The clini- 51:1577-83.

cal significance of dightly to moderately

26



