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Background: Liver biopsy is required to diagnose non‑alcoholic steatohepatitis in patients with suspected 
non‑alcoholic fatty liver disease (NAFLD). This study aimed to examine the relationship between 
sonographic diagnosis of fatty liver with histopathologic abnormalities and liver biopsy findings in 
patient with NAFLD.
Materials and Methods: In this cross‑sectional study, a total of 180 patients, with an age range of 18‑60 year 
old, with NAFLD based on ultrasonograghic findings were evaluated. Age, sex, body mass index, diabetes 
mellitus, hypertension, family history of liver disease and laboratory parameters recorded for all patients. 
Hence, grade of steatosis and stage of fibrosis were evaluated by liver biopsy.
Results: A total of 220 patients were enrolled. Liver biopsy was performed in 180 patients. Mean age was 
43 ± 10.6 years old and 66% were male. Ultrasonograghic findings showed mild, moderate and severe 
NAFLD was define in 100 (55.5%), 72 (40%) and 8 (4.5%) of patients, respectively. Liver biopsies showed 
that steatosis scores of <5%, 5‑33% and 33‑66% was define in 56 (31%), 116 (64%) and 9 (5%) of patients, 
respectively. Furthermore, fibrosis was defined as follow; none 92 (51%), mild 68 (38%), moderate 11 (6%), 
bridging 5 (3%) and cirrhosis 3 (2%) patients. There was no statistically significant relationship between 
ultrasonograghic findings and steatosis scores (P = 0.44), but statistically significant relationship was found 
between ultrasonograghic findings and fibrosis stage (P = 0.017).
Conclusion: Findings revealed that, in patients with NAFLD, ultrasonographic finding were not in associate 
to steatosis, but were in relation with fibrosis stage.
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INTRODUCTION

Non‑alcoholic fatty liver disease (NAFLD) is named 
when hepatosteatosis is present in the absence of 
excessive alcohol consumption.[1] It is a spectrum of 
liver disease that encompasses simple fatty liver, 
non‑alcoholic steatohepatitis (NASH), advanced 
fibrosis and cirrhosis and is one of the most common 
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forms of chronic liver disease affecting approximately a 
third of adults in the United States.[2‑4] In industrialized 
Western countries, NAFLD now affects about 20‑30% 
of the general population.[5,6]

NAFLD can lead to hepatocellular carcinoma that is 
associated with several cardiovascular risk factors.[7,8] 
Furthermore, NAFLD is strongly related with risk 
factors for atherosclerosis such as hypertension, 
obesity, type 2 diabetes mellitus, dyslipidemia and 
insulin resistance.[9] Whereas, the prevalence of 
significant risks factor for NAFLD, such as type 2 
diabetes and obesity, are increasing. Recently, as a 
hepatic component of metabolic syndrome, NAFLD has 
been accepted.[10,11] The rate of mortality in patients 
with NAFLD is significantly increased compared with 
the general population[12] and undiagnosed NAFLD 
may progress silently and consequences in cirrhosis, 
portal hypertension and liver‑related death in early 
adulthood.[10] It is likely that increase in NAFLD will be 
a marked with important consequences for health care 
providers and is rapidly becoming an important public 
health problem.[10] Therefore, a practical means for 
the prevention of condition‑associated hepatocellular 
damage may offer after the early detection of NAFLD 
by screening followed and appropriate intervention.[13]

To confirm a diagnosis of NAFLD there is no single 
biochemical marker[14] and a set of clinical signs 
and symptoms, laboratory tests, imaging tests as 
non‑invasive markers for NAFLD presently are 
available. Although, they lack the specificity and 
sensitivity to differentiate NAFLD from NASH and, 
in general, a number of these signs are useful for the 
diagnostic evaluation of a patient with suspected 
NAFLD.[15] Either in patients with normal alanine 
aminotransferase (ALT) values the entire histological 
spectrum of NAFLD can be observed. And it is reported 
that liver enzyme levels are not sensitive for the 
diagnosis of NAFLD.[16,17] Despite recent advance in 
non‑invasive diagnostic methods, a liver biopsy is still 
required to determine the severity of NAFLD, NASH 
and the presence and stage of fibrosis.[18]

Currently, the most common non‑invasive method for 
screening asymptomatic patients with elevated liver 
enzymes and suspected NAFLD is ultrasonography,[19] 
which is easily performed and has a low cost with 
some limitations.[20] However ultrasonography has 
unsuccessful to prove efficient for the detection of 
inflammation and fibrosis and, it cannot be used to 
detect NASH and hepatic fibrosis.[15]

The risk factors and their correlation with NAFLD 
if can be correctly identified, they can be used in a 
non‑invasive predictive model to evaluation the degree 

of fat accumulation in NAFLD. Therefore, this study 
was designed to evaluate the association between the 
clinical and laboratory markers and NAFLD, also 
relationship between both ultrasonography findings 
as a non‑invasive method with liver biopsy findings as 
an invasive method for assessing and staging patients 
with NAFLD has been discussed.

MATERIALS AND METHODS

This cross‑sectional study was conducted between 
December 2011 and October 2012, on 220 patients 
with NAFLD based on ultrasonograghic findings who 
referred to Clinics of Gastroenterology in Isfahan, Iran. 
The diagnosis of NAFLD was made by hepatologist 
on the basis of liver imaging or biopsy compatible 
with fatty liver; the clinical presence of ≥1 feature of 
metabolic syndrome with or without abnormal liver 
enzymes. Patients between 18 and 60 years old who 
undergo right upper quadrant ultrasound in the same 
location by an expert radiologist were eligible if they 
had no history of chronic liver disease, no positive test 
for human immunodeficiency virus, no medication 
associated with fatty liver (e.g. steroid, tomoxifen) 
and who had no history of alcohol consumption. 
Furthermore, patients were excluded if they had a 
history of total parenteral nutrition, biliopancreatic 
diversion, or bariatric surgery; short bowel syndrome; 
suspected or confirmed hepatocellular carcinoma; or 
unwilling to participate and refused informed consent. 
This study has been reviewed and approved in Isfahan 
University of Medical Sciences and written informed 
consent was obtained from all participants.

The presence grading of fatty infiltration of the liver 
were recorded as follow:[16]

•	 Mild,	 echogenicity	was	 slightly	 increased,	with	
normal visualization of the diaphragm and the 
intrahepatic vessel borders

•	 Moderate,	was	 established	when	 echogenicity	
was moderately increased, with slightly impaired 
visualization of the diaphragm or intrahepatic 
vessels

•	 Severe,	 echogenicity	was	markedly	 increased	
with poor or visualization of the diaphragm, the 
intrahepatic vessels and the posterior portion of 
the right lobe.

Data collection included age, sex, body mass index (BMI), 
type 2 diabetes and hypertension, family history of liver 
disease and laboratory parameters, which recorded for 
all patients. Laboratory parameters were measured 
from patient’s blood samples as follow: Triglyceride, 
high‑density lipoprotein (HDL)‑cholesterol, 
cholesterol, low‑density lipoprotein (LDL)‑cholesterol, 
aspartate aminotransferase (AST), ALT and alkaline 
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phosphatase. BMI was calculated from weight and 
height (kg/m2), hypertriglyceridemia defined as a 
level above the 95th percentile for age and sex;[17] low 
HDL‑cholesterol means a level below the 5th percentile 
for age and sex; hypercholesterolemia means a level 
≥200 mg/dL; and high LDL‑cholesterol means a level 
≥130 mg/dL.[18]

Patients were undergoing percutaneous liver biopsy 
for clinical purposes at the Clinic of Gastroenterology 
in AL Zahra Hospital in Isfahan, Iran. All liver biopsies 
were performed by radiologists under ultrasound 
guidance using an 18 gauge automated biopsy gun 
with a 1.4 mm‑diameter needle and liver fragments of 
at least 1.5 cm in length, including eight portal tracts 
were considered valuable for histological assessment, 
then samples are sent to the histopathology lab. Liver 
biopsy features including grade of steatosis (0‑3) and 
stage of fibrosis (0‑4) were graded according to the 
scoring system proposed by Kleiner et al.[7] All biopsy 
specimens were analyzed by an expert pathologist 
blinded to the patient’s clinical results.

Sample size was calculated using the comparison of 
proportions formula with two‑sided log‑rank test, 
 = 0.05 and 80% power. Data are presented as 
means ± one standard deviation, median interquartile 
range or number (%). Chi‑square test for discrete 
variables and one way analysis of variance for 
continuous variables were used to compare the 
variables among subjects in regard to fatty liver, 
grade of steatosis and stage of fibrosis. Analyses 
were performed using Statistical Package for the 
Social Sciences statistical software (version 20) and 
two‑sided P values were used and were considered to 
be statistically significant if P < 0.05.

RESULTS

There were 220 subjects with NAFLD based on 
ultrasonograghic findings and suitable for histologic 
evaluation. Of those, 40 subjects who unwilling to 
enter to the study and refused informed consent 
were exclude. Exclude patients were similar to 
other participates for age and sex. Finally liver 
biopsy samples from 180 subjects with NAFLD were 
included in this study and analyzed. Subjects included 
119 (66%) males and 61 (34%) females. Mean age was 
43 ± 10.6 years old. The main demographic, clinical 
and laboratory features are summarized in Table 1. 
Hypertension and type 2 diabetes were observed in 
22.2% (42 patients) and 10% (18 patients) respectively.

Based on ultrasonograghic findings, mild, moderate 
and severe NAFLD was define in 100 (55.5%), 

72 (40%) and 8 (4.5%) subjects, respectively. Data 
from liver biopsies showed that steatosis scores 
of <5%, 5‑33% and 33‑66% was define in 56, 116 and 9 
subjects, respectively and no subjects was define with 
steatosis scores of >66%. Furthermore, fibrosis in 
studied subjects was defined as follow; none 92, mild 
68, moderate 11, bridging 5 and cirrhosis 3 subject. 
There was no statistically significant difference 
between ultrasonograghic findings and steatosis 
scores, but statistically significant difference was 
found between ultrasonograghic findings and fibrosis 
stage [Table 2].

Table 3 provides a summary of the comparison of 
variables between subjects in regard to NAFLD stage 
based on ultrasonograghic findings. As shown, subjects 
with definite severe NAFLD were significantly more 
likely to be female and have diabetes with higher level 
of BMI and more frequencies of high LDL‑cholesterol 
compare to mild and moderate NAFLD.

Comparison of demographic, lipid profile, liver 
enzymes between subjects in regard to steatosis 
grade and fibrosis stage based on biopsy findings are 
shown in Tables 4 and 5, respectively. A frequency 
of hypertriglyceridemia and high LDL‑cholesterol 
in patients with Grade 2 steatosis were significantly 
lower than other steatosis grades [Table 4]. Also, a 
frequency of high LDL‑cholesterol in patients with 
bridging or cirrhosis was significantly lower than other 
fibrosis stage [Table 5].

Table 1: Demographic, clinical and laboratory features in 
studied patients
Variables
Age (year) 43±10.6
Gender

Male 119 (66.1)
Female 61 (33.9)

Body mass index (kg/m2) 28.3±3.3
History of type 2 diabetes 18 (10)
History of hypertension 40 (22.2)
Family history of liver disease 13 (7.2)
Hypertriglyceridemia 119 (66.1)
Low HDL‑cholesterol 22 (12.2)
Hypercholesterolemia 75 (41.6)
High LDL‑cholesterol 52 (28.9)
AST 43.5±44.2
ALT 79.9±26.5
Alkaline phosphatase 242.7±107.9
Data are mean±SD and number (percent). Hypertriglyceridemia defined as a level 
above the 95th percentile for age and sex, low HDL‑cholesterol means a level below 
the 5th percentile for age and sex, hypercholesterolemia means a level ≥200 mg/dL 
and high LDL‑cholesterol means a level ≥130 mg/dL. HDL: High‑density lipoprotein, 
LDL: Low‑density lipoprotein, ALT: Alanine aminotransferase, AST: Serum aspartate 
aminotransferase, SD: Standard deviation
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Table 2: Association between ultrasonograghic findings with 
steatosis scores and fibrosis stage
Histologic grades Ultrasonograghic grades P value

Mild 
(n=100)

Moderate 
(n=72)

Severe 
(n=8)

Steatosis (%)
Grade 0 (<5) 34 (34) 22 (30.5) 0 0.44
Grade 1 (5‑32) 62 (64) 45 (62.5) 8 (100)
Grade 2 (33‑66) 4 (4) 5 (7) 0
Grade 3 (>66) 0 0 0

Fibrosis
Stage 0 (none) 66 (66) 25 (34.7) 1 (12.5) 0.017
Stage 1 (mild) 22 (22) 43 (59.7) 3 (37.5)
Stage 2 (moderate) 8 (8) 2 (2.8) 2 (25)
Stage 3 (bridging) 4 (4) 0 1 (12.5)
Stage 4 (cirrhosis) 0 2 (2.8) 1 (12.5)

Data are number (percent). P values are resulted from Chi‑square test

Table 3: Comparison of studied variables between subjects in 
regard to NAFLD stage based on ultrasonograghic findings
Variables Ultrasonograghic grades P value

Mild Moderate Severe
Age 41.3±10.3 44.8±11.1 49.4±14.2 0.09
Male/female (%) 64.1/35.9 73.9/26.1 20/80 0.041
Body mass index (kg/m2) 27.6±3.4 28.8±2.6 31.1±3.9 0.033
Type 2 diabetes 4 (22.2) 7 (38.9) 7 (38.9) <0.0001
Hypertension 16 (40) 21 (52.5) 3 (7.5) 0.08
Family history of liver 5 (38.4) 8 (61.6) 0 0.21
Hypertriglyceridemia 64 (53.8) 48 (40.3) 7 (5.9) 0.4
Low HDL‑cholesterol 11 (50) 11 (50) 0 0.39
Hypercholesterolemia 39 (52) 34 (45.3) 2 (2.7) 0.19
High LDL‑cholesterol 22 (42.3) 30 (57.7) 0 0.003
AST 37.2±18.7 39.2±16.8 53.2±21.4 0.12
ALT 77.3±29.9 82.1±20.8 57.4±13.9 0.76
Alkaline phosphatase 216.4±99.1 280±113.9 172.4±115.1 0.3
Data are mean±SD and number (percent). Hypertriglyceridemia defined as a level 
above the 95th percentile for age and sex, low HDL‑cholesterol means a level below 
the 5th percentile for age and sex, hypercholesterolemia means a level ≥200 mg/dL 
and high LDL‑cholesterol means a level ≥130 mg/dL. P values are resulted from one 
way ANOVA and Chi‑square test. HDL: High‑density lipoprotein, LDL: Low‑density 
lipoprotein, ALT: Alanine aminotransferase, AST: Serum aspartate aminotransferase, 
SD: Standard deviation, ANOVA: Analysis of variance, NAFLD: Non‑alcoholic fatty 
liver disease

DISCUSSION

In the natural history of patients with NAFLD is 
a contrast, that, simple fatty liver patients appear 
to have benign natural history but patients with 
steatohepatitis can progress to cirrhosis and liver 
failure. The presence of fatty liver can found in 
imaging studies but to identify patients with NASH, 
liver biopsy is essential.[21] This study was undertaken 
using enrolled of adults with NAFLD with carefully 
characterized and uniform entry criteria to determine 
new insights into the value of routinely obtained clinical 
and laboratory data for diagnosing the presence and 
severity of NAFLD. And findings showed that there 
was no statistically significant relationship between 

ultrasonograghic findings and steatosis grades, 
but statistically significant relationship was found 
between ultrasonograghic findings and fibrosis stage. 
These findings reveled that, in patients with NAFLD, 
ultrasonographic finding were not in associate to 
steatosis but were in relation with fibrosis stage.

Assessment of factors in relation with severity of 
NAFLD showed that, gender, diabetes, BMI and 
high LDL‑cholesterol are significantly associated 
with severity of NAFLD. Whereas, patients with 
definite severe NAFLD were significantly more 
likely to be female and have diabetes with higher 
level of BMI compare to mild and moderate NAFLD. 
And frequencies of high LDL‑cholesterol in mild and 
moderate NAFLD was significantly more compare to 
severe NAFLD based on ultrasound findings.

In a large cohort study,[22] factors associated with definite 
NASH in patients with NAFLD and contemporaneous 
liver biopsies were compared. Authors reported that, 
patients with NASH were more likely to be women 
and have diabetes; they also had significantly higher 
levels of AST, ALT, gamma‑glutamyl transpeptidase, 
triglycerides and lower levels of HDL cholesterol 
compared to those without definite NASH. But in 
the present study only high LDL‑cholesterol and 
hypertriglyceridemia were significantly higher in 
patients with the severe grades of NASH and for 
other factors these differences were generally not 
different. Since serum ALT levels are used to screen 
patients for unsuspected liver disease, but the value 
of ALT measurements for detecting patients with 
NASH has been questioned.[16,23‑25] Because there is 
uncertainty regarding how an elevated ALT should 
be defines. It is reported that laboratory reference 
ranges for ALT are quite variable, independent of 
analyzer characteristics and may be unreliable for 
identifying ALT elevations.[26] Our results support 
other study.[22] findings that concluded, using any of 
these upper limits of normal did not provide sufficient 
sensitivity and specificity to make ALT measurement 
a reliable screening test to identify NASH in patients 
with NAFLD.

Identifying early fibrosis may identify patients 
at risk for progressing to cirrhosis over time. 
Our results showed that, there were a number of 
differences in clinical and laboratory parameters 
associated with the progressive stages of fibrosis but 
these differences were generally not significant. High 
LDL‑cholesterol was only significant differences 
in cirrhosis patients compared to other stages or 
no fibrosis. In several studies, as predictive of the 
presence of advanced fibrosis, variables that have 
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sample size and geographical maybe are the causes 
of different results in these studies.

Perhaps the main limitation of our study is that, 
because of liver biopsy procedure, being an invasive 
procedure, which, it is not part of the standard of care 
to confirm the diagnosis of NAFLD and number of 
our studied population were not agree to underwent 
liver biopsy, however, they were similar to other 
participates for age and sex but we were not able to 
determine the association between ultrasonograghic 
findings with liver biopsy findings and other evaluated 
factors in these excluded patients.

The results of the present study revealed that, in 
patients with NAFLD, ultrasonographic finding 
were not in associate to steatosis, but were 
in relation with fibrosis stage. However, liver 
biopsy remains the gold standard for establishing 
steatohepatitis and advanced fibrosis in patients 
with NAFLD. Other findings from our study were 
showed that, despite of the significant association 
between gender (female), diabetes, BMI and high 
LDL‑cholesterol with severity of NAFLD, differences 
in clinical and laboratory parameters associated 
with the progressive stages of NAFLD, NASH and 
fibrosis were generally not significantly different. 
However, more large studies are needed to confirm 
and validate these findings.
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