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Non-alcoholic fatty liver disease and insulin resistance:
importance of risk factors and histological spectrum
Ana Cristina Guidorizzi de Siqueira®, Helma P. Cotrim® Raquel Rocha?,
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Background Non-alcoholic fatty liver disease (NAFLD)
has been associated with several metabolic conditions
(MC) and secondary causes, but the relationship between
insulin resistance (IR) and the underlying aetiology of
NAFLD has not been extensively explored.

Objective To determine the frequency of IR among NAFLD
patients and to describe IR according to risk factors and
histological findings of the disease.

Methodology A case-series study of 64 patients with
clinical and histological diagnosis of NAFLD. IR was
calculated by homeostasis model assessment (HOMA)
and IR was considered when HOMA > 3. Histological
grades of NAFLD were: stage 1, steatosis isolated;
stage 2, steatosis and inflammation; stage 3, steatosis
and ballooning degeneration; stage 4, steatosis and
fibrosis and/or Mallory bodies. Fibrosis was graded
0-4 (cirrhosis).

Results IR was found in 21 (33%) patients. Among
those with IR, 16 patients (76%) had associated MC

and five patients (24%) had exposure to petrochemicals.
The mean value of HOMA varied from 3.5 in NAFLD
associated with MC to 1.6 in patients with exposure to

Introduction

Non-alcoholic fatty liver disease (NAFLD) is a clinical-
pathological condition with growing prevalence in the
modern world, characterized by a broad spectrum of liver
damage, ranging from isolated steatosis to steatohepatitis
(NASH) and cirrhosis, in patients without history of
alcohol abuse [1]. Although fatty liver has been considered
an incidental pathological finding with a benign clinical
course, more recent studies have shown that patients with
NASH may progress to advanced liver fibrosis and it is now
accepted that NASH is probably related to many cases of
cryptogenic cirrhosis [2]. Approximately one-half of the
patients with NASH develop liver fibrosis, 20% develop
cirrhosis and 3% may progress to end-stage liver failure or
liver transplantation [3,4].

The pathogenesis of NAFLD is still not completely under-
stood, but it has a strong association with insulin resistance
(IR) and features of the metabolic syndrome [5,6]. NAFL.D
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petrochemicals (P<0.03). Waist circumference was the
metabolic factor most strongly associated with IR
(P<0.005). Steatohepatitis (NASH) was observed in 54
(84.3%) cases. The HOMA mean value was significantly
higher in patients with advanced fibrosis.

Conclusions IR occurred in 33% of the NAFLD patients,
being more frequent among those with MC than among
those with exposure to petrochemicals. The presence of IR
in cases with advanced fibrosis suggests that it may
influence the prognosis of NAFLD. Eur J Gastroenterol
Hepatol 17:837-841 © 2005 Lippincott Williams & Wilkins.
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has been suggested as one more component of this syndrome
and the central role of IR and hyperinsulinaemia in its
pathogenesis has been discussed [7,8].

Marchesini ez a/., using the homeostasis model assessment
(HOMA) method, showed that IR was closely associated
with the presence of NAFLD in a large series of patients,
irrespective of body mass index (BMI), steatosis dis-
tribution or glucose tolerance [9].

This study aimed to determine the frequency of IR
among NAFLD patients, and to describe IR according to
some risk factors and histological findings of the disease.

Methodology

Patients

From January 2002 to March 2004, 64 patients with
clinical and histological diagnosis of NAFLD were
selected for the present study. Most of them were
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referred to the hepatology unit of University Hospital
at the Federal University of Bahia for ultrasound
investigation of steatosis or elevated aminotransferases
levels. Diabetic patients on insulin treatment were
excluded.

Criteria of NAFLD/NASH were: alcohol consumption
< 20g/day; exclusion of B and C viral markers, auto-
antibodies and other serum markers for metabolic liver
diseases; and histological diagnosis of NAFLD/NASH [1].

The study had the approval of the ethics committee of
the Federal University of Bahia. All patients gave
informed consent for participation.

Clinical evaluation

All patients were interviewed about alcohol intake and
the presence of risk factors for NAFLD: diabetes,
dyslipidaemia, drug use, abdominal surgery and exposure
to chemicals. A complete physical examination included
anthropometric data (height, weight, waist circumfer-
ence) and blood pressure measures. The BMI was
calculated by the Quetelet index: weight (kg) divided
by height* (m). Obesity was defined as BMI > 30 kg/m”
and overweight as BMI > 25 and < 29.9kg/m*. The
waist circumference, obtained in 56 patients, was
measured at the midpoint between the lower border of
the rib cage and the iliac crest.

The diagnosis of diabetes was made by the patient history
or based on the criteria of the American Diabetes
Association [10]. The metabolic syndrome was defined
according to ATP III, as the presence of three or more of
the following criteria: fasting glucose > 110 mg/dl; central
obesity (waist circumference) > 102cm  (men) and
>88cm (women); arterial pressure > 130/85 mmHg or
pharmacologically treated; triglyceride levels > 150 mg/dl
or current use of fibrates; high-density lipoprotein
(HDL)-cholesterol < 40 mg/dl (men) and < 50 mg/dl
(women) [11].

Laboratory investigation was performed in all patients
and included: fasting glucose, serum insulin, cholesterol,
triglycerides, alanine aminotransferase (ALT), aspartate
aminotransferase (AST), y-glutamyltranspeptidase (GGT),
alkaline phosphatase, total bilirubin, albumin, prothrom-
bin time and iron status (serum iron, ferritin and
transferrin saturation).

Evaluation of insulin resistance

Insulin was measured by an immunoenzymometric assay
(IMMULITE 2000; DPC, Los Angeles, California, USA),
with a medium value of 9.3 pU/ml and with intra-assay
and inter-assay coefficients of variation for the quality
control of = 2.6%. Serum glucose was measured by the
glucose-oxidase method.

IR was calculated by means of HOMA: [serum insulin
(LU/ml) x fasting glucose (mmol/l)/22.5]. The HOMA
method correlates closely with quantitative, functional
techniques, such as the euglycaemic clamp method, and
can be used for large surveys [12].

The use of HOMA in this study was validated by its
correlation with another method to estimate insulin
sensitivity, the Quantitative Insulin Check Index. Control
HOMA values were also obtained from another study of
the authors with 64 healthy volunteers, with age > 18
years, non-obese, non-diabetic, without dyslipidaemia,
with normal ALT levels and absence of serum markers
of hepatitis B and hepatitis C. Among this group, the
HOMA mean value was 1.48=0.9. Patients were
categorized as insulin resistant if the HOMA value was
greater than 3.0.

Histological evaluation

Patients with ALT levels greater than 1.5 times the upper
normal values for 3 months or more were selected for liver
biopsy. Most of the specimens were obtained by the
percutaneous suction needle biopsy technique and the
typical sample sizes varied from 1 to 2 cm. The specimens
were stained with haematoxylin—eosin, periodic-acid
Schiff, sirius red and Perls’ Prussian blue. Histological
classification was according to Matteoni ez /. [13]: type 1,
simple steatosis; type 2, steatosis with lobular inflamma-
tion; type 3, type 2 + ballooned hepatocytes; type 4, type
3 + the presence of either Mallory’s hyaline or fibrosis.
Types 3 and 4 were considered to be steatohepatitis.
Fibrosis was classified into four stages according to Brunt
et al. [14]: stage 0, without any fibrosis; stage 1, fibrosis
limited to the perivenular or perisinusoidal area in zone 3;
stage 2, perivenular and perisinusoidal fibrosis with portal
fibrosis; stage 3, bridging fibrosis; stage 4, cirrhosis with or
without residual perisinusoidal fibrosis. Perls’ method was
used to investigate iron overload.

Statistical analysis

All data were analysed using the Statistical Package for
the Social Science program, version 9.0 [15]. Continuous
variables in the text and in the tables are reported as the
mean * standard deviation and categorical variables as
frequencies and percentages. Student’s #-test for un-
paired data was used to compare groups when variables
were normally distributed; otherwise the Mann—Whitney
test was used. The y? or Fisher exact tests were used to
compare categorical variables. Analysis of variance or the
Kruskal-Wallis test was used for comparisons among
several groups. Differences between groups were con-
sidered statistically significant at P < 0.05.

Results
Among the 64 patients with clinical and histological
diagnosis of NAFLD, 50 (78%) were men and the mean
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age was 45.0 = 9.2 years. All patients were asymptomatic
and none of them had clinical evidence of liver failure.

The serum ALT and AST levels were elevated in 38
patients (59%) and in 25 patients (39%), respectively.
The GGT levels were elevated in 20 patients (31.0%).
AST/ALT greater than 1 was observed in 14 patients
(22%) and, among them, only three patients (28%) had
advanced fibrosis or cirrhosis.

Table 1 presents the clinical, anthropometric and
laboratory data in the patients, according to the presence
of IR. The HOMA mean value was 2.7 + 1.7, significantly
higher than in controls. IR, defined as HOMA > 3, was
present in 21 patients (33%). There was no significant
difference between groups according to gender; however,
the mean age was significantly higher in the group with
IR (49.0 £9.5 versus 43.5 = 8.6 years; P < 0.03). Among
patients with NAFLD associated with exposure to
chemicals, only five (24%) had IR (P <0.006). Most
patients were overweight (BMI > 25 and < 29.9 kg/m?)
and the BMI showed a significant correlation with
IR (30.0+3.9 versus 27.6+3.0kg/m% P<0.02). IR
(HOMA > 3) was demonstrated in one of 10 normal
weight subjects (10%), in 12 of 38 (32%) overweight
cases and in eight of 16 (50%) obese patients. Data also
showed that IR was higher among patients with steatosis
mainly distributed in the visceral area. A large waist
circumference was present in 12 patients (70.6%) with IR
and in only six patients (15.4%) without IR (P < 0.001).
The other parameters, such as arterial pressure, serum
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cholesterol, triglyceride, aminotransferases, GGT levels
and iron status, did not differ significantly between the
two groups.

Table 2 shows that 32 patients (50%) had exclusively
metabolic risk factors, 24 (37.5%) had exposure to
chemicals associated with metabolic conditions and six
patients (9.4%) had exposure to chemicals as the only risk
factor. One patient with NAFLD had a history of drug use
(tamoxifen) and one was considered as cryptogenic. IR
was significantly higher among patients with NAFLD
exclusively associated with metabolic conditions than
among patients with exposure to chemicals (3.5 % 2.0
versus 1.6 +0.9; P < 0.03).

The prevalence of positive criteria for the metabolic
syndrome, according to the ATP III, is presented in Table
3. Hypertriglyceridaemia ( > 150 mg/dl) was present in 33
patients (52%), low HDL-cholesterol levels ( < 40 mg/dl
in men and < 50 mg/dl in women) in 30 patients (47%),

Table 2 Homeostasis model assessment (HOMA) mean values
according to risk factors in 64 patients with non-alcoholic fatty liver
disease

Risk factors n (%) HOMA (mean * standard
deviation)

Metabolic factors® 32 (50) 35+20

Exposure and metabolic factors® 24 (37.5) 2.0%1.0

Exposure to chemicals® 6 (9.4) 1.6£0.9

2Pp<0.001;

b°p<0.4;

#°pP<0.08.

Table 1 Clinical, laboratory and anthropometric data in 64 patients with non-alcoholic fatty liver disease according to insulin resistance (IR)
Total (n=64) Patients with IR (n=21) Patients without IR (n=43) P<
Gender (male) (%) 50 (78%) 14 (67%) 36 (84%) 0.12
Age (years) 45.01£9.2 49.0+9.5 4351+8.6 0.03
Exposure to chemicals 30 (47%) 5 (24%) 25 (58%) 0.006
Without exposure to petrochemicals 34 (53%) 16 (76%) 18 (42%) 0.006
Body mass index (kg/m?) 28.0+35 30.0+3.9 27.6+3.1 0.02
Waist circumference (cm)® 946+ 7.7 99.4+74 92.5+70 0.001
Waist circumference >102cm (men) and 18 (32.0%) 12 (70.6%) 6 (15.4%) 0.001
>88cm (women)?
Systolic pressure (mmHg) 131.6+17.7 1345+21.4 130.0£15.5 0.36
Diastolic pressure (mmHg) 87.0+12.6 87.0+15.6 870+11.0 0.75
Treatment for hypertension (%) 17 (26.6%) 6 (28.6%) 11 (25.6%) 0.80
Treatment for dyslipidaemia (%) 7 (11.0%) 3 (14.0%) 4 (9.3%) 0.67
Diabetes (%) 7 (11.0%) 4 (19.0%) 3 (7.0%) 0.20
Total cholesterol (mg/dl) 211.0+£59.0 209.6 £54.6 212.0+6.0 0.87
High-density lipoprotein-cholesterol (mg/dl) 44.0£11.0 42.0£1.0 45.0%£11.0 0.29
Triglycerides (mg/dl) 173.0+87.0 181.0+£91.0 169.0+85.6 0.50
AST (U/l) 46.01+28.7 56.71+31.0 41.5+26.5 0.05
ALT (U/1) 78.0£57.0 90.0+75.0 72.0+46.0 0.24
AST/ALT (U/)) 0.8+0.6 0.8+0.5 0.7+£0.6 0.63
GGT (U/l) 100.0+£126.0 117.0+1570 92.0+109.0 0.85
Ferritin (ng/ml) 385.0+269.6 363.0+261.6 396.0+276.0 0.62
Transferrin saturation (%) 32.4+£12.0 35.5+15.0 30.3+£9.0 0.13
Fasting glucose (mg/dl) 104.0+24.0 113.0+20.6 99.5+24.6 0.03
Serum insulin (pU/ml) 10.3+5.6 17.0+45 7.31t2.4 0.001
HOMA-IR 2.7+1.7 4.7t15 1.8+£0.6 0.001

Data are mean * standard deviation or number of cases and prevalence. AST, aspartate aminotransferase; ALT, alanine aminotransferase; GGT, y-glutamyltranspeptidase;

HOMA, homeostasis model assessment.
®Available in 56 patients.
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Table 3 Prevalence of positive criteria for the metabolic syndrome
(MS) in 64 patients with non-alcoholic fatty liver disease

Criteria for MS n (%)

Waist circumference >102cm (men) and >88cm 18 (32.0%)
(women)?

Fasting glucose > 110mg/dl 17 (26.6%)

High-density lipoprotein-cholesterol <40 mg/dl (men) 30 (47.0%)
and <50mg/dl (women)

Triglycerides > 150 mg/d! or treatment with fibrates 33 (51.6%)

Arterial pressure > 130 x 85 mmHg or pharmacologically 26 (44.0%)

treated

#Available in 56 patients.

hypertension (blood pressure > 130/85mmHg) in 26
patients (44%), central distribution of obesity (waist
circumference > 102 ¢cm in men and > 88 cm in women)
in 18 patients (32%) and hyperglycaemia in 17 patients
(27%).

The metabolic syndrome was observed in 19 cases
(29.7%) of NAFLD (three or more criteria). Among
patients with the metabolic syndrome, 13 (68%) had
NAFLD associated with metabolic conditions and six
(32%) had NAFLD associated with exposure to chemi-
cals. The HOMA mean value was significantly higher in
patients with metabolic syndrome (3.6 2.1 versus
24+1.4; P<0.003).

Among other metabolic risk factors for NAFLD, waist
circumference showed the strongest association with IR
(Table 4).

The histological findings in liver biopsies of 64 patients
were: three (4.7%) had simple steatosis, seven (11%)
had steatosis and lobular inflammation, four (6.3%) had
steatosis and ballooned hepatocytes, and 50 (78%)
had NASH with fibrosis. Fifty-four patients (84.3%) were
classified as NASH (types 3 and 4). Table 5 describes the
grades of fibrosis in liver biopsies and their correlation
with HOMA mean values. Mild or grade 1 fibrosis was the
most frequent and the HOMA mean value was signifi-
cantly higher in patients with more advanced fibrosis
(stages 3 and 4), compared with patients without fibrosis
(5.2x=2.0 versus 1.9x0.9; P<0.001) and with mild
fibrosis (5.2 = 2.0 versus 2.6 = 1.5; P < 0.002).

Iron overload, analysed by Perls’ method, was present in
20 patients (31%). The HOMA mean values were
2.6 = 1.3 in patients with NAFLD and iron overload,
and 2.8+1.9 in patients without iron overload (not
significant).

Discussion

The frequency of IR among patients with NAFLD in our
series (33%) was much lower than in previous reports by
other authors [7,9]. This difference may be justified by
the great variation between the values of HOMA-R
considered as IR and by the fact that these previous

Table 4 Homeostasis model assessment (HOMA) mean values
according to metabolic factors in 64 patients with non-alcoholic
fatty liver disease

HOMA (mean P<
standard deviation)

Metabolic factors n

Body mass index class Normal 10 1.9+1.1 0.08
weight
Overweight 39 28+1.9
Obesity 15 3.2+1.4
Waist circumference® Normal 34 2.0+14 0.005
Elevated 15 38+23
Dyslipidaemia Yes 43 29+1.8 0.32
No 21 24+15
Diabetes Yes 7 4.4+22 0.02
No 57 25+15
Hypertension Yes 22 3.0+2.2 0.50
No 42 26+1.4

#Available in 56 patients.

Table 5 Homeostasis model assessment (HOMA) mean values
according to fibrosis grades in 64 patients with non-alcoholic fatty
liver disease

Histology n (%) HOMA (mean = standard
deviation)

Without fibrosis® 13 (20.0%) 1.9+0.9

Mild fibrosis (grades 1 and 2)° 44 (69.0%) 26%15

Advanced fibrosis (grades 3 and 4)° 7 (11.0%) 5.2+2.0

26p<0.3;

b°pP<0.002;

°p<0.001.

studies included mainly obese individuals and the
present study evaluated subjects with several risk factors
for NAFLD, including metabolic and secondary factors.

The analysis of IR according to risk factors showed a
remarkable difference of HOMA values among patients
with NAFLD associated with metabolic conditions
(obesity, diabetes, dyslipidaemia), when compared with
NAFLD related to exposure to chemicals. The higher
occurrence of IR in cases of NAFLD associated with
metabolic conditions confirms previous data [7-9].
NAFLD related to exposure to petrochemical products
has been observed in such workers in Brazil. The absence
of IR in the majority of these patients suggests that
exposure may be an independent risk factor for the
development of this liver disease and that other
mechanisms may be involved in its pathogenesis [16,17].

IR was strongly associated with the metabolic syndrome
in patients with NAFLD related to metabolic conditions
when compared with exposure to chemicals. The most
prevalent positive criteria for metabolic syndrome in our
series was hypertriglyceridaemia, followed by low HDL-
cholesterol levels and hypertension. However, there was
no significant association of IR with the presence of
either dyslipidaemia or hypertension.

HOMA values differed significantly between obese and
lean subjects. These data support the role of adipose
tissue in the development of IR. Recent studies have
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demonstrated that the risk of NAFLD seems to be
particularly associated with central obesity rather than
peripheral obesity [7]. It is known that visceral adipo-
cytes are more prone to lipolysis than those from the
periphery and the free fatty acids released from central
adipose sites drain directly to the liver via the portal vein.
In our series, IR was much more strongly associated with
central obesity than with BMI. This finding suggests that
waist circumference may be a better parameter for
identifying the metabolic syndrome among NAFLD
patients.

Steatohepatitis with fibrosis was the most frequent
finding. These data probably reflect the criteria for
selecting cases for liver biopsy. Only patients with
persistent high levels of aminotransferases were selected
and probably those with more advanced liver disease were
included.

Risk factors have been identified as predictors for the
development of progressive fibrosis and cirrhosis in
patients with NAFLD. Obesity and diabetes are con-
sidered the strongest predictors for fibrosis [18]. Addi-
tional risk factors include older age, high ALT Ilevels,
AST/ALT ratio > 1, hypertension and hypertriglyceridae-
mia [19]. Although IR has an important role in the
development of hepatic steatosis, the association of IR
with progression of fatty liver to advanced fibrosis is still
not defined. The higher IR index in patients with
advanced liver disease could be the result of the usual
association between hyperinsulinacmia and liver failure.
Patients with advanced fibrosis or cirrhosis are usually
insulin resistant and the hyperinsulinaemia in these cases
is the consequence of impaired insulin degradation [20].
However, it is not usually associated with milder forms of
liver disease. In our series, all patients had normal liver
function and cirrhosis was present in only three cases
(4.8%). According to fibrosis grades, the HOMA mean
value was significantly higher in those patients with more
advanced fibrosis (grades 3 and 4). The association of IR
with advanced fibrosis in this study suggests that IR may
be probably a predictor for progression of the disease and
not only a consequence.

In conclusion, this study among NAFLD patients
suggests that IR is much more strongly associated with
metabolic conditions than with exposure to petrochem-
icals. The association of IR and steatohepatitis with

fibrosis suggests that it may have influence in the
prognosis of NAFLD.
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