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Objective: Elevated liver enzymes have been recognized as a predictor
for the development of metabolic syndrome and type 2 diabetes mellitus in
patients with nonalcoholic fatty liver disease (NAFLD). However, the asso-
ciation of insulin resistance with alanine aminotransferase (ALT) activity
remains largely unknown.

Patients and Methods: A total of 454 subjects attending the health exam-
ination center were enrolled from September 2005 through December
2006. Of them, 203 patients (male/female, 113/90; mean age, 50.9 years)
were identified to have NAFLD. Their insulin resistance index was deter-
mined using the homeostasis model assessment (HOMA-IR). Elevated ALT
level was defined as >301U/L for male and >19IU/L for female subjects
according to the new cut-off values.

Results: There were 113 subjects in the elevated ALT group and 90 in the
normal ALT group. Ade, gender and the prevalence of diabetes mellitus,
hypertension and smoking history were comparable between these two
groups. The elevated ALT group had higher readings for body mass index,
triglyceride, total cholesterol, low-density lipoprotein cholesterol, insulin and
HOMA-IR than the normal ALT group using univariate analyses. Multivariate
logistic regression analyses showed that only log(HOMA-IR) was positively
associated with elevated ALT level in the NAFLD patients (adjusted odds
ratio, 5.04; 95% confidence interval, 1.56-16.27).

Conclusion: Our data showed that there was an association between
insulin resistance and serum ALT levels in NAFLD patients, independent of
other metabolic factors. However, further longitudinal studies are needed
to clarify the causal relationship between insulin resistance and increased
ALT activity in patients with NAFLD. (Tzu Chi Med J 2008;20(4):275-279)
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1. Introduction

Nonalcoholic fatty liver disease (NAFLD), already the
most common liver disease in the United States, can
be expected to increase parallel with the epidemics
of obesity and type 2 diabetes mellitus (1). The term
refers to a spectrum of disorders from simple steatosis
to more severe manifestations including steatohepa-
titis, fibrosis and cirrhosis (2). In addition, subjects
with NAFLD have been reported to have high preva-
lence of metabolic syndromes and high risk of cardio-
vascular diseases (3-6). Therefore, NAFLD is emerging
as a global health problem.

The pathogenesis of NAFLD has been proposed to
result from two physiologic events (7). The first event
is thought to be insulin resistance, leading to the ac-
cumulation of triglycerides in hepatocytes and sub-
sequent lipid peroxidation. The second event includes
increased oxidative stress, cytokine release and, ulti-
mately, Fas ligand-mediated liver injury. Serum alanine
aminotransferase (ALT) level is recognized as a clinical
marker of liver injury and may reflect the outcome of
the second event in the pathogenesis of NAFLD (8).
Furthermore, increased ALT activity has been recog-
nized as a predictor of the development of diabetes
and metabolic syndromes in NAFLD patients (9,10).
However, the association of increased ALT activity
with insulin resistance or metabolic factors in NAFLD
patients remains unclear. In this cross-sectional study,
we explored demographic and metabolic factors asso-
ciated with increased ALT activity in NAFLD patients.

2. Materials and methods

2.1. Subjects and methods

A total of 454 subjects attending the health examina-
tion center at the Buddhist Tzu Chi General Hospital
in Taipei, Taiwan with informed consent were enrolled
from September 2005 through December 2006. Of
them, 203 subjects who fulfilled the diagnostic criteria
of NAFLD were included in the study. The diagnostic
criteria of NAFLD included no excessive alcohol intake
(<140g/week), no chronic viral hepatitis (negative for
hepatitis B surface antigen and antibody against hep-
atitis C virus), no known etiologies of liver diseases,
and the presence of fatty liver on liver ultrasound
examinations (11). Age, gender, body weight, body
height, body mass index (BMI), and waist circumference
were recorded. Biochemical tests including fasting
plasma glucose, ALT, aspartate aminotransferase (AST),
triglyceride, total cholesterol, high-density lipoprotein
cholesterol (HDL-C) and low-density lipoprotein cho-
lesterol (LDL-C) were determined using standard lab-
oratory procedures. Serum insulin levels were assessed
using an enzyme-linked immunoassay (Bayer Corp.,

Tarrytown, NY, USA). Insulin resistance (IR) was calcu-
lated using the homeostasis model assessment for
insulin resistance (HOMA-IR) index. HOMA-IR=fasting
insulin (mU/L) x fasting glucose (mg/dL)x0.05551/22.5
(12). Those with diabetes mellitus were defined as
having previous diabetic history or fasting plasma
glucose level >126mg/dL. Elevated ALT levels were
defined as >301U/L for male subjects and >19IU/L
for female subjects according to the new cut-off
values (13).

2.2. Ultrasound examination

A GE LOGIO 5 Pro Ultrasound system (GE Medical
Systems, Seoul, Korea) with a 4-MHz electronic probe
was used to examine the livers. The presence of fatty
liver was assessed on the basis of ultrasonographic
findings of a bright liver, increased echogenicity with
evident contrast between the liver and kidney, vascular
blurring and deep attenuation of the ultrasound signal
as previously described (14,15).

2.3. Ethical considerations

The study was conducted in accordance with the
principles of the 1975 Declaration of Helsinki and
approved by the Ethics Committee of the Buddhist Tzu
Chi General Hospital in Taipei, Taiwan. Serum sam-
ples were obtained after receiving informed consent
from each subject.

2.4. Statistical analysis

Data were expressed as meanztstandard deviation.
HOMA-IR distributed as a screw pattern, thus was log-
transformed for subsequent analysis. x? and t tests
were used to analyze categorical and continuous
variables, respectively. Statistical analyses were per-
formed using Stata version 8.0 (Stata Corp., College
Station, TX, USA) and all tests were two-sided. A value
of p<0.05 was considered statistically significant.

3. Results

3.1. Study population and demographic data

A total of 203 NAFLD patients (men/women, 113/90;
mean age, 50.9 years) were included for final analysis.
The prevalence of metabolic syndromes according to
the modified Adult Treatment Panel Il diagnostic cri-
teria was 32% in these NAFLD patients. There were
113 subjects in the elevated ALT group and 90 in the
normal ALT group. The demographic and metabolic
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Table 1 — Comparisons of demographic and metabolic features between nonalcoholic fatty liver disease patients

with and without ALT elevation*

Features Elevated ALT group (N=113) Normal ALT group’ (N=90) p

Age (yr) 50.8+1.0 51.0+1.4 0.89
Male 57 (50) 56 (62) 0.09
Body mass index (kg/m?) 26.0+0.3 24.8+0.4 0.02
Waist circumference (cm) 85.3+0.9 84.4+1.2 0.54
Fasting blood glucose (mg/dL) 105.9+£3.1 100.0+3.3 0.20
Insulin (mU/L) 10.7+0.7 8.0+0.6 <0.01
HOMA-IR 2.8+£0.2 2.1+£0.2 0.02
AST (IU/L) 29.7+1.5 20.2+1.2 <0.01
ALT (IU/L) 42.3+2.2 19.6+0.6 <0.01
Triglyceride (mg/dL) 168.6+10.7 128.4+8.0 <0.01
Total cholesterol (mg/dL) 203.1+£4.0 186.1+4.0 <0.01
LDL-C (mg/dL) 140.1+3.8 127+4.0 0.01
HDL-C (mg/dL) 50.6+1.2 51.8+1.7 0.56
Diabetes mellitus 17 (15.04) 9 (10.00) 0.29
Hypertension 17 (15.18) 18 (20.00) 0.37
Smoking habit 16 (14.16) 15 (16.67) 0.62
Metabolic syndrome 44 (38.94) 21 (23.33) 0.02

*Data presented as mean+standard deviation or n (%); normal ALT level is <30 U/L in males and < 19U/L in females. ALT = alanine aminotransferase;
HOMA-IR = homeostasis model assessment-insulin resistance; AST = aspartate aminotransferase; LDL-C = low-density lipoprotein cholesterol;

HDL-C = high-density lipoprotein cholesterol.

features of the two groups are shown in Table 1. These
two groups of patients were comparable in terms of
age, gender and the prevalence of diabetes mellitus,
which are the major confounding factors of insulin
resistance. In addition, the prevalence of hypertension
and smoking history did not differ between the patients
with and without ALT elevation.

Factors associated with elevated
serum ALT levels

3.2,

By univariate analyses, the prevalence of metabolic
syndromes, serum insulin levels and HOMA-IR were
significantly higher in the elevated ALT group than in
the normal ALT group. Regarding the lipid profile,
subjects with elevated ALT levels had increased
serum triglyceride, total cholesterol and LDL-C levels
compared to those with normal ALT levels. In addi-
tion, NAFLD patients with elevated ALT levels had
higher BMI than those with normal ALT levels. In con-
trast, fasting plasma glucose levels, serum HDL-C
levels and waist circumference were comparable be-
tween the two groups of patients. Using multiple lo-
gistic regression analyses, the factors associated with
ALT elevation in the NAFLD patients are shown in
Table 2. The model was adjusted for BMI, triglyceride,
total cholesterol, LDL-C and log(HOMA-IR). In addi-
tion, the association holds true even after excluding
patients with diabetes mellitus for analyses. Our data
showed that only log(HOMA-IR) was positively associ-
ated with elevated ALT levels in patients with NAFLD
(adjusted odds ratio, 5.04; 95% confidence interval,
1.56-16.27).

Table 2 — Factors associated with ALT elevation in
nonalcoholic fatty liver disease patients by multiple
logistic regression analyses**

Adjusted OR (95%Cl)

Body mass index (kg/m?)
Total cholesterol (mg/dL)
Triglyceride (mg/dL)
Log(HOMA-IR)

LDL-C (mg/dL)

1.02 (0.93-1.12)
1.01 (0.99-1.04)
1.00 (1.00-1.01)
5.04 (1.56-16.27)*
1.00 (0.97-1.02)

*Model is adjusted for body mass index, total cholesterol, triglycer-
ide, log(HOMA-IR) and LDL-C; fnormal ALT level is <30 U/L in males
and <19U/L in females; *p<0.05. ALT = alanine aminotransferase;
HOMA-IR = homeostasis model assessment-insulin resistance; LDL-C =
low-density lipoprotein cholesterol.

4, Discussion

Little is known about the association of insulin resis-
tance with serum ALT levels except in special groups
such as obese subjects and patients with HIV lipodys-
trophy (16-19). Researchers in a previous study showed
that elevated ALT levels and fatty livers were inde-
pendently associated with increased risk of metabolic
syndromes (20). Therefore, it has been speculated that
insulin resistance may have dual effects on inducing
fat accumulation in liver cells and initiating the inflam-
matory cascade by which liver injury is caused. However,
the authors failed to provide direct evidence to prove
the positive association between insulin resistance and
elevated serum ALT levels. In our study, we found
that elevated ALT levels were significantly associated
with insulin resistance and the components of meta-
bolic syndrome in NAFLD patients using univariate
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analysis. In addition, multivariate logistic regression
analysis showed that insulin resistance was the only
factor that positively correlated with increased ALT
activity after adjustment of several demographic and
metabolic variables. It is generally believed that insulin
resistance plays a central role in the pathogenesis of
NAFLD. Our data further suggested that insulin re-
sistance may be directly associated with the inflamma-
tory process of the liver in NAFLD patients. In addition,
arecent case-control study indicated that pioglitazone,
an insulin sensitizer, normalized liver aminotransferase
and improved histological findings especially in the
grade of necroinflammation in subjects with nonal-
coholic steatohepatitis (NASH) (21). Taking these lines
of evidence together, insulin resistance also plays an
important role in the initiation of the inflammatory
cascade (second event) to incite the aggressive form
of NAFLD called NASH (22).

Although several studies have indicated the impact
of elevated serum ALT levels on the risk of the sub-
sequent occurrence of diabetes mellitus, metabolic
syndromes and coronary heart diseases (23-25), the
mechanisms to explain these associations remain
controversial. It is known that insulin resistance plays
a key role in the development of diabetes mellitus
and metabolic syndromes. However, whether insulin
resistance could explain the relationship between in-
creased ALT activity and diabetes mellitus as well as
metabolic syndromes awaits further examinations.
A community-based study was conducted in Taiwan
to determine the prevalence and risk factors of NAFLD
in the general population (26). The results showed
that NAFLD patients with elevated ALT levels did not
differ from those with normal ALT levels in the preva-
lence of each metabolic derangement. Thus, serum
ALT level might not be a good predictor of metabolic
abnormalities in NAFLD patients. On the contrary,
another group of researchers investigated the relative
contribution of metabolic syndromes and insulin re-
sistance to increased ALT activity in NAFLD patients,
and defined the number of metabolic syndromes as
central obesity, plus O to 4, according to the number
of other four metabolic syndrome components by the
new International Diabetes Federation (IDF) definition
(27). They found that the number of metabolic syn-
drome components, BMI, hs-CRP and insulin resistance
were predictors of increased ALT activity in patients
with NAFLD (28). In this study, our data further proved
the association of insulin resistance with increased
ALT levels in NAFLD patients, independent of other
metabolic factors which could confound the value of
insulin resistance, suggesting that increased ALT levels
might serve as a surrogate marker of insulin resistance
and reflect the increased risk of diabetes mellitus,
metabolic syndromes or even cardiovascular diseases.
Researchers in two recent studies also found an early
association of ALT with insulin resistance in women

(29,30). Thus, NAFLD patients with increased ALT
activity deserve aggressive treatment of coexisting
metabolic disorders and strict lifestyle modification
to improve insulin sensitivity and reduce the risk of
cardiovascular diseases.

Age, gender, and the presence of diabetes mellitus
are the major confounding factors of insulin resistance
(31). We enrolled consecutive subjects from a health
examination center with informed consent to avoid
selection bias, and our results showed that the afore-
mentioned factors were comparable between the
NAFLD patients with and without ALT elevation. Ac-
cordingly, we objectively demonstrated the correlation
between insulin resistance and increased ALT activity
in NAFLD patients. However, a number of potential
limitations should be considered. For example, the
case number in this cohort was relatively small, and the
cross-sectional study design did not show the causal
relationship. Therefore, further large-scale and longi-
tudinal studies are needed to clarify the causal rela-
tionship between insulin resistance and increased
ALT activity in patients with NAFLD.

In summary, our findings suggested that insulin
resistance is associated with increased ALT activity in
patients with NAFLD, and is independent of other met-
abolic factors. These observations will lay the ground-
work for further studies to clarify the association of
insulin resistance with liver inflammation in the patho-
dgenesis of NAFLD. Nevertheless, the link between
insulin resistance and liver damage needs prospective
and mechanistic studies.

References

1. Chitturi S, Farrell GC, George J. Non-alcoholic steatohepatitis
in the Asia-Pacific region: future shock? J Gastroenterol
Hepatol 2004;19:368-74.

2. Matteoni CA, Younossi ZM, Gramlich T, Boparai N, Liu YC,
McCullough AJ. Nonalcoholic fatty liver disease: a spectrum
of clinical and pathological severity. Gastroenterology
1999;116:1413-9.

3. Marchesini G, Brizi M, Bianchi G, et al. Nonalcoholic fatty
liver disease: a feature of the metabolic syndrome. Diabetes
2001;50:1844-50.

4. Marchesini G, Bugianesi E, Forlani G, et al. Non-alcoholic
fatty liver, steatohepatitis and the metabolic syndrome.
Hepatology 2003;37:917-23.

5. Clark JM, Diehl AM. Hepatic steatosis and type 2 diabetes
mellitus. Curr Diab Rep 2002;2:210-5.

6. Brea A, Mosquera D, Martin E, Arizti A, Cordero JL, Ros E.
Nonalcoholic fatty liver disease is associated with carotid
atherosclerosis: a case-control study. Arterioscler Thromb
Vasc Biol 2005;25:1045-50.

7. Day CP, James OF. Steatohepatitis: a tale of two “hits"?
Gastroenterology 1998;114:842-5.

8. Scheig R. Evaluation of tests used to screen patients with
liver disorders. Prim Care 1996;23:551-60.

9. Hanley AJ, Williams K, Festa A, et al. Elevations in markers
of liver injury and risk of type 2 diabetes: the insulin



TZU CHI MED J December 2008 Vol 20 No 4

279

20.

resistance atherosclerosis study. Diabetes 2004;53:
2623-32.

. Hanley AJ, Williams K, Festa A, Wagenknecht LE, D’Agostino

RB Jr, Haffner SM. Liver markers and development of the
metabolic syndrome: the insulin resistance atherosclerosis
study. Diabetes 2005;54:3140-7.

. Farrell GC, Chitturi S, Lau GK, Sollano JD; Asia-Pacific

Working Party on NAFLD. Guideline for the assessment
and management of non-alcoholic fatty liver disease in
the Asia-Pacific region: executive summary. J Gastroenterol
Hepatol 2007;22:775-7.

. Bonora E, Targher G, Alberiche M, et al. Homeostasis model

assessment closely mirrors the glucose clamp technique
in the assessment of insulin sensitivity: studies in subjects
with various degrees of glucose tolerance and insulin sen-
sitivity. Diabetes Care 2000;23:57-63.

. Prati D, Taioli E, Zanella A, et al. Updated definitions of

healthy ranges for serum alanine aminotransferase levels.
Ann Intern Med 2002;137:1-10.

. Osawa H, Mori Y. Sonographic diagnosis of fatty liver using

a histogram technique that compares liver and renal cortical
amplitudes. J Clin Ultrasound 1986;24:25-9.

. Saadeh S, Younossi ZM, Remer EM, et al. The utility of

radiographic imaging in nonalcoholic fatty liver disease.
Gastroenterology 2002;123:745-50.

. Marchesini G, Avagnina S, Barantani EG, et al. Aminotrans-

ferase and gamma-glutamyltranspeptidase levels in obesity
are associated with insulin resistance and the metabolic
syndrome. J Endocrinol Invest 2005;28:333-9.

. Chung RT, Casson DR, Murray G, Song S, Grinspoon S,

Hadigan C. Alanine aminotransferase levels predict insulin
resistance in HIV lipodystrophy. J Acquir Immune Defic
Syndr 2003;34:534-6.

. de Luis DA, Aller R, Izaola O, Sagrado MG, Con de R,

Bellido D. Influence of insulin resistance and adipocytokines
on elevated serum aminotransferase in obese patients.
Arch Med Res 2008;39:110-4.

. Dessein PH, Woodiwiss AJ, Joffe BI, Norton GR. Amino-

transferases are associated with insulin resistance and
atherosclerosis in rheumatoid arthritis. BMC Cardiovasc
Disord 2007;7:31.

Shen YH, Yang WS, Lee TH, Lee LT, Chen CY, Huang KC.
Bright liver and alanine aminotransferase are associated

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

with metabolic syndrome in adults. Obes Res 2005;13:
1238-45.

Belfort R, Harrison SA, Brown K, et al. A placebo-controlled
trial of pioglitazone in subjects with nonalcoholic steato-
hepatitis. IY Engl J Med 2006;355:2297-307.

Sheth SG, Gordon FD, Chopra S. Nonalcoholic steatohepa-
titis. Ann Intern Med 1997;126:137-145.

Su CC, Wang K, Hsia TL, Chen CS, Tung TH. Association of
nonalcoholic fatty liver disease with abnormal aminotrans-
ferase and postprandial hyperglycemia. J Clin Gastroenterol
2006;40:551-4.

Hanley AJ, Wagenknecht LE, Festa A, D’Agostino RB Jr,
Haffner SM. Alanine aminotransferase and directly meas-
ured insulin sensitivity in a multiethnic cohort: the Insulin
Resistance Atherosclerosis Study. Diabetes Care 2007;30:
1819-27.

Schindhelm RK, Dekker JM, Nijpels G, et al. Alanine
aminotransferase predicts coronary heart disease events:
a 10-year follow-up of the Hoorn Study. Atherosclerosis
2007;191:391-6.

Chen CH, Huang MH, Yang JC, et al. Prevalence and risk
factors of nonalcoholic fatty liver disease in an adult pop-
ulation of Taiwan: metabolic significance of nonalcoholic
fatty liver disease in nonobese adults. J Clin Gastroenterol
2006;40:745-52.

The IDF Consensus Worldwide Definition of the
Metabolic Syndrome. International Diabetes Federation,
2006.

Oh SY, Cho YK, Kang MS, et al. The association between
increased alanine aminotransferase activity and metabolic
factors in nonalcoholic fatty liver disease. Metabolism
2006;55:1604-9.

Salazar MR, Carbajal HA, Curciarello JO, Aizpurua M,
Adrover RE, Riondet B. Alanine-aminotransferase: an early
marker for insulin resistance? Medicina (B Aires) 2007;
67:125-30.

Fraser A, Ebrahim S, Smith GD, Lawlor DA. A comparison
of association of alanine aminotransferase and gamma-
glutamyltransferase with fasting glucose, fasting insulin,
and glycated hemoglobin in women with and without dia-
betes. Hepatology 2007;46:158-65.

Mittendorfer B. Insulin resistance: sex matter. Curr Opin
Clin Nutr Metab Care 2005;8:367-72.



