
Abstract. – Background and Objective:
Insulin resistance and adipocytokines have
been associated with fat liver and non-alcoholic
fat liver disease (NAFLD). The aim of this re-
search was to study the influence of insulin re-
sistance and adipocytokines in presurgical mor-
bid obese patients on elevated serum alanine
aminotransferase (ALT) as an indicator of
NAFLD.

Subjects and Methods: A population of 65
presurgical morbid obese patients was ana-
lyzed in a cross sectional study. HOMA-IR was
calculated as indicator of insulin resistance.
Adipocytokines (leptin, resistin, adiponectin,
Interleukin-6 and TNF alpha) blood levels were
measured.

Results: Patients were classified as group I
(n=33) when serum ALT activity was normal or
group II (NAFLD patients; n=32) when serum
ALT activity was greater than the median value
of the group (≥ 24 UI/L). In NAFLD group, BMI,
weight, fat mass, waist to hip ratio, waist cir-
cumference, HOMA and insulin levels were high-
er than control group. Adiponectin levels were
lower in group II than I. Anthropometric parame-
ters were higher in both groups. In the multivari-
ate analysis with dietary intake-, age- and sex-
adjusted ALT concentration as a dependent vari-
able, only HOMA remained as an independent
predictor in the model (F=12.1; p<0.05). ALT con-
centration increased 0.48 UI/L (CI95%: 0.19-0.76)
for each unit of HOMA increased.

Conclusion: Anthropometric parameters
and insulin resistance are associated with ele-
vated serum alanine aminotransferase in
obese morbid patients with lower levels of
adiponectin. However, in a multiple regression
model only insulin resistance remained in the
model.
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Introduction

Non-alcoholic fat liver disease (NAFLD) is a
frequent liver disease characterized by elevated
serum aminotransferase alanine aminotrans-
ferase (ALT) levels, hepatomegaly and accu-
mulation of fat in liver accompanied by inflam-
mation and necrosis resembling alcoholic he-
patitis in the absence of heavy alcohol con-
sumption1. This entity is common in morbidly
obese persons.

There are a lot of reasons for the association of
obesity with NAFLD2,3. Insulin resistance has
been associated with fat liver and NAFLD, too4.
The association with insulin resistance and obesi-
ty has also suggested to some that NAFLD
should be considered part of the metabolic syn-
drome with hyperlipidemia, glucose intolerance,
hypertension, and obesity5. 

Adipose tissue produces several bioactive
proteins or adipokines, which regulate metabo-
lism. These adipokines include leptin, resistin,
adiponectin and tumor necrosis factor alpha
(TNF-α)6-8. Some studies have demonstrated an
association of ALT with low levels of
adiponectin and insulin resistance,  too9.
Adiponectin is an adipocyte-derived collagen
like protein identified through an extensive
search of adipose tissue. Hypoadiponectinemia
increased risk of coronary artery disease to-
gether with the presence of multiple risk fac-
tors, indicating that adiponectin is a key factor
of the metabolic syndrome5. 

However, this type of studies on liver markers
and insulin resistance have not included the
above mentioned adipocytokines, which are im-
portant since these adipocytokines are known to
relate insulin resistance and adipose tissue. In the
other hand, morbid obese patients may be an in-
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normal range of (0-7 mg/dl) and analytical sen-
sivity 0.5 mg/dl. 

Alanineaminotransferase and aspartateamino-
transferase activities were determined by auto-
mated enzymatic colorimetric assay (Hitachi
917, Roche Diagnostics, Geneve, Switzerland).
and the homeostasis model assessment for in-
sulin sensitivity. (HOMA) was calculated using
these values (10), with a normal value of 2-14
UI/L and analytical sensitivity 0.5 UI/L. 

Resistin was measured by ELISA (Biovendor
Laboratory, Inc., Brno, Czech Republic) with a
sensitivity of 0.2 ng/ml with a normal range of 4-
12 ng/ml. Leptin was measured by ELISA (Diag-
nostic Systems Laboratories, Inc., TX, USA)
with a sensitivity of 0.05 ng/ml and a normal
range of 10-100 ng/ml. Adiponectin was mea-
sured by ELISA (R&D systems, Inc., Minneapo-
lis, MN, USA) with a sensitivity of 0.246 ng/ml
and a normal range of 865-21424 ng/ml. TNF al-
pha was measured by ELISA (R&D systems,
Inc., Minneapolis, MN, USA) with a sensitivity
of 0.7 pg/ml and 0.5 pg/ml, respectively. Normal
values of TNF-alpha was: 0.5-15.6 pg/ml.

Anthropometric Measurements and
Dietary Intake

Body weight was measured to an accuracy of
0.01 kg and height on meters, body mass index
computed as body weight/(height2). Waist (nar-
rowest diameter between xiphoid process and ili-
ac crest) and hip (widest diameter over greater
trochanters) circumferences were measured and
waist-to hip ratio (WHR) was measured, too.
Bipolar body electrical bioimpedance was used
to determine body composition (fat mass and fat
free mass) (Biodynamics Model 310e, Seattle,
WA, USA)11. Blood pressure was measured twice
after a 10 minutes rest with a random zero mer-
cury sphygmomanometer, and averaged.

Patients received prospective serial assessment
of nutritional intake with 3 days written food
records. All enrolled subjects received instruc-
tion to record their daily dietary intake for three
days including a weekend day. Handling of the
dietary data was by means of a personal comput-
er equipped with personal software, incorporat-
ing use of food scales and models to enhance
portion size accuracy. Records were reviewed by
a dietitian and analysed with a computer-based
data evaluation system. National composition
food tables were used as reference12. Physical ac-
tivity was assayed by a questionnaire fulfilled by
the patients.

teresting group of study in this entity, because
liver biopsy could be realized during the bariatric
surgery to graduate NAFLD.

The aim of this work was to study the influ-
ence of insulin resistance and adipocytokines in
presurgical morbid obese patients on elevated
serum alanine aminotransferase as an indicator of
NAFLD.

Subjects and Methods

Subjects
A population of 65 presurgical morbid obese

patients with type 2 diabetes mellitus was ana-
lyzed in a cross sectional study. These patients
were observed in a Nutrition Clinic Unit and the
protocol was approved by the institutional Ethics
Committee. The exclusion criteria were hepatitis
B, C, cytomegalovirus, Epstein Barr infections,
nonorgan-specific autoantibodies, alcohol con-
sumption, hereditary defects (iron and copper
storage diseases and alpha 1-antitrypsin deficien-
cy) as well as the use of sulphonylureas, thiazo-
lidinediones, metformin, insulin, glucocorticoids,
antineoplastic agents, angiotensin receptor block-
er, angiotensin converting enzyme inhibitors,
psychoactive medications, consumption and/or
smoking habit.

Procedure and Biochemical Assays
Weight, height, body mass index (BMI), blood

pressure, basal glucose, insulin, total cholesterol,
LDL-cholesterol, HDL-cholesterol, C reactive
protein, triglycerides and adipocytokines (leptin,
resistin, adiponectin, interleukin-6 and TNF-al-
pha) blood levels were measured.

Serum total cholesterol and triglyceride con-
centrations were determined by an automated en-
zymatic colorimetric assay (Technicon Instru-
ments, Ltd., New York, N.Y., USA), while HDL
cholesterol was determined enzymatically in the
supernatant after precipitation of other lipopro-
teins with dextran sulfate-magnesium. LDL cho-
lesterol was calculated using the Friedewald for-
mula. Plasma glucose levels were determined
by using an automated glucose oxidase method
(Glucose analyser 2, Beckman Instruments,
Fullerton, CA, USA). Insulin was measured by
enzymatic colorimetry (Insulin, WAKO Pure-
Chemical Industries, Osaka, Japan). CRP was
measured by immunoturbimetry (Roche Diag-
nostics GmbH, Mannheim, Germany), with a
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Characteristics Group 1 (n = 33) Group 2 (n = 32)

Weight (kg) 112.0 ± 15.4 117.6 ± 21.1*
BMI (kg/m2) 44.6 ± 5.9 44.9 ± 5.6*
Fat mass (kg) 52.1 ± 15.7 59.8 ± 12.8*
Waist circumference 123.9 ± 10.7 126.3 ± 12.7*
Waist to hip ratio 0.92 ± 0.06 0.95 ± 0.09* 

Table I. Anthropometric characteristics. Data are means ± SD.

BMI: Body mass index. (p<0.05), significant differences between groups.

Statistical Analysis
Sample size was calculated to detect differ-

ences over 5% in insulin resistance with 90%
power and 5% significance. The results were ex-
pressed as means ± SD. The distribution of vari-
ables was analyzed with Kolmogorov-Smirnov
test. Quantitative variables with normal distribu-
tion were analyzed with a two-tailed, unpaired
Student’s-t test. Non-parametric variables were
analyzed with the Mann Whitney U test. Qualita -
tive variables were analyzed with the chi-square
test, with Yates correction as necessary, and Fish-
er’s test. A multiple regression model was used
to study the dependent variable (ALT). A p-value
of 0.05 was considered statistically significant.

Results

Sixty five patients (13 males and 52 females)
gave informed consent and were enrolled in the
study. The mean age was 48.1±16.1 years and the
mean BMI 44.3±3.2. 

Anthropometric measurements showed an av-
erage waist circumference (125.5±12.1 cm),
waist-to hip ratio (0.94±0.08), and average
weight (114.7±18.4 kg). Tetrapolar body electri-
cal bioimpedance showed the next data: fat free
mass (56.2±16.8 Kg) and fat mass (56.4±14.7
kg). Serial assessment of nutritional intake with 3
days written food records showed a caloric in-
take of 1859±647 kcal/day, a carbohydrate intake
of 194.9±72.6 g/day, a fat intake of 79.2±37.7
g/day and a protein intake of 89.5±25.9 g/day. 

Patients were classified as group I (n=33, 6
males and 27 females) when serum ALT activity
was normal or group II (NAFLD patients; n=32,
7 males and 25 females) when serum ALT activi-

ty was greater than the median value of the group
(≥24 UI/L).

Table I shows the differences in anthropomet-
ric variables. In NAFLD group, BMI, weight, fat
mass, waist to hip ratio and waist circumference
were higher than control group.

Table II shows the differences in classic car-
diovascular risk factors. In NAFLD group,
HOMA and insulin levels were higher than con-
trol group. Caloric intake and physical activity
were similar in both groups (Table III). 

Table IV shows the blood adipocytokines lev-
els. Adiponectin levels were higher in group I
than II. 

In the multivariate analysis with dietary in-
take-, age- and sex-adjusted ALT concentration
as a dependent variable, only HOMA remained
as an independent predictor in the model
(F=12.1; p<0.05). ALT concentration increased
0.48 UI/L (CI95%: 0.19-0.76) for each unit of
HOMA increased.

Discussion

The present study demonstrates that the an-
thropometric parameters and the insulin resis-
tance are higher in morbid obese patients with el-
evated serum alanine aminotransferase (ALT),
with lower levels of adiponectin. However, in a
multiple regression model only insulin resistance
remained in the model as a predictor of ALT. 

In univariant analysis, patients with low ALT
levels had better metabolic and anthropometric
profile. However in multiple regression model
adjusted by other variables only insulin resis-
tance remained in the model. Previously, it has
demonstrated a closely correlation between in-
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sulin resistance (HOMA) and NAFLD13-16. In-
sulin resistance has a key role in the develop-
ment of hepatic steatosis and, potentially,
steatohepatitis. Resistance to the action of in-
sulin results in important changes in lipid me-
tabolism. These include enhanced peripheral
lipolysis, increased triglyceride synthesis, and
increased hepatic uptake of fatty acids. Each of
these contributes to the accumulation of hepato-
cellular triglycerides14. In our protocol, body
mass index and waist to hip ratio were not inde-
pendently associated with ALT levels, suggesting
that obesity and splanchnic fat distribution might
also be effects of insulin resistance, rather than
being directly involved in the etiology of fatty
liver. This relationship has been remarked by the
finding of NAFLD in lean patients without dia-
betes mellitus15.

In our study, adiponectin may protect against
ALT increase, perhaps through its anti-inflamma-

tory action. Adiponectin inhibits liver TNF-alpha
expression and also inhibits expression of several
cytokines in hepatic stellate cells17. Serum
adiponectin levels are reduced with insulin resis-
tance. This may explain the lack of association in
multiple regression analysis between adiponectin
and ALT levels; perhaps adiponectin is a subro-
gate variable of insulin resistance. To avoid inter-
actions in the multiple regression analysis, our
data are controlled by dietary intake. In previous
studies dietary saturated fat intake correlated
negatively with circulating adiponectin, whereas
omega-3 fatty acids were positively associated
with this adipokine19. Our paper confirms that
lower adiponectin levels were associated with
steatosis, as shown by Hui et al.20 or in a liver
biopsy model21. 

In interpreting our results, a number of points
need to be kept in mind. First, the lack of associ-
ation in multivariant analysis between
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ALT

Characteristics Group 1 (n = 33) Group 2 (n = 32)

Systolic BP (mmHg) 137.8 ± 12.2 136.6 ± 12.7
Diastolic BP(mmHg) 89.0 ± 8.5 86.7 ± 10.2
Glucose (mg/dl) 102.3 ± 20.5 107.6 ± 20.4
Total ch. (mg/dl) 207.0 ± 35.4 206.1 ± 36.3
LDL ch. (mg/dl) 117.4 ± 34. 129.4 ± 29.4
HDL ch. (mg/dl) 56.1 ± 10.5 50.3 ± 11.5
Triglycerides(mg/dl) 131.1 ± 62.5 130.2 ± 70.4
Insulin (mUI/L) 18.2 ± 9.9 27.6 ± 14.6* 
CRP (mg/dl) 10.9 ± 5.8 9.8 ± 4.6 
HOMA-IR 4.6 ± 2.5 7.2 ± 6.6*

Table II. Cardiovascular risk factors. Data are means ± SD.

CRP: c reactive protein. HOMA-IR (homeostasis model assessment – insulin resistance) BP: blood pressure. ch: cholesterol.
(p<0.05), significant differences between groups.

ALT

Characteristics Group 1 (n = 33) Group 2 (n = 32)

Energy (kcal/d) 1844 ± 507 1868 ± 396
Carbohydrate(g/d) 190.4 ± 67.2 195.2 ± 67.4
Fat (g/d) 77.8 ± 26.7 80.6 ± 41.5
Cholesterol (mg/d) 207.0 ± 35.4 206.1 ± 37.6
Protein (g/d) 92.8 ± 29.6 86.9 ± 23.5
Hs. Aerobic exercise per week 0.8 ± 1.9 0.9 ± 1.8

Table III. Dietary intakes and habits. Data are means ± SD.

No statistical differences.



adiponectin and ALT in our study means that
adiponectin is a subrogate variable of insulin re-
sistance. Second, the type of patients included in
the studies is different: one has been designed21

with a cohort of patients with different grades of
obesity; perhaps in the population with BMI over
40 insulin-resistance has a more important influ-
ence than in an other population22-24. Third, our
study has several limitations, lacking of control
group (non obese subjects).

In conclusion, anthropometric parameters
and insulin resistance are associated with ele-
vated serum alanine aminotransferase (ALT) in
obese morbid patients with lower levels of
adiponectin. However, in a multiple regression
model only insulin resistance remained in the
model. Further studies are needed to evaluated
this interesting interaction with therapeutically
implications.
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Characteristics Group 1 (n = 33) Group 2 (n = 32)

IL 6 (pg/ml) 4.63 ± 4.6 3.26 ± 2.8
TNF-œ (pg/ml) 7.4 ± 5.5 5.7 ± 4.7
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Table IV. Circulating adipocytokines by ALT tertile. Data are means ± SD.

IL-6: interleukin 6. No statistical differences.
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