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Abstract 

Aims: The aims of this study was to indentify independent predictive factors of liver 
steatosis in patients with hepatitis C and to examine the correlations between 
ultrasound-diagnosed HS and anthropometric, clinical, biochemical and 
sonographic measurements. Materials and methods: We included 173 patients with 
CHC. HS has a high prevalence in diabetes mellitus patients, and we considered 
patients with CHC and diabetes as a separate subgroup for analysis: 113 patients 
(54 men/59 women) with hepatitis C – group A and 60 patients (28 men/32 women) 
with hepatitis C and T2DM – group B. We performed anthropometric measurements 
(weight, height, BMI (body mass index), as well as laboratory analysis and 
ultrasonography. All patients signed an informed consent before inclusion in the 
study. Results: In all patients with CHC, in univariate analysis triglycerides, 
hypertension, MetS, HOMA-IR >2, T2DM, AST/ALT ratio >1, and BMI >30kg/m2 
was associated with HS. Logistic regression analysis revealed five factors 
independently related with ultrasound-diagnosed HS: the triglyceride levels, 
hypertension, the BMI, AST/ALT ratio, and T2DM. Conclusions: This study revealed 
a high prevalence of ultrasound-diagnosed HS in patients CHC and CHC and 
T2DM. Identification of risk factor for HS has therapeutic importance, because 
targeted therapies might prevent the progression of HS to fibrosis and cirrhosis. 
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Introduction 

Hepatic steatosis (HS) is a common 
condition [1,2] and is an independent risk 
factor for disease progression in patients with 
HCV (hepatitis C virus) infection [3]. Various 
mechanisms are involved in the development 

of hepatic steatosis. HCV core protein induces 
production of reactive oxygen species and 
lipid peroxidation [4]. HCV core protein also 
regulates secretion of very low-density 
lipoprotein, triglycerides, and apoliprotein B 
through regulation of fatty acid synthase, 
microsomal triglyceride transport protein, 
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peroxisome proliferator-activated receptor γ 
(PPARγ), and sterol regulatory element 
binding protein-1c [5,6,7,8]. Thus, HCV itself 
is directly involved in the development of 
hepatic steatosis. In addition, insulin is an 
anabolic hormone and promotes hepatic 
lipogenesis through activation of 
hydroxymethylglutaryl-CoA reductase and 
acetyl-CoA carboxylase [9]. In addition, 
insulin inhibits lipolysis through regulation of 
phosphodiesterase type 3B [10]. In HCV core 
gene transgenic mice, the development of 
insulin resistance precedes the development of 
hepatic steatosis, suggesting that insulin 
resistance may induce hepatic steatosis 
[11,12]. However, hepatic steatosis could also 
cause insulin resistance [13,14], and therefore, 
the initial step in HCV-related metabolic 
disorders remains unclear in patients with 
HCV infection.  

The aims of this study was to indentify 
independent predictive factors of liver 
steatosis in patients with hepatitis C and to 
examine the correlations between ultrasound-
diagnosed HS and anthropometric, clinical, 
biochemical and sonographic measurements. 

We used the term hepatic steatosis (HS) 
and not non-alcoholic fatty liver disease 
because we used only ultrasonographic 
criteria. Hepatic ultrasound is a sensitive 
procedure for detecting liver fat (sensitivity 
91-100, specificity 93-100) [15].  

Material and methods 

The study was conducted during January 
2008 - December 2009 at ”Prof. N. Paulescu” 
National Institute of Diabetes, Nutrition and 
Metabolic Diseases, “Dr. Carol Davila” 

Clinical Central Military Emergency Hospital, 
and Dr. I. Cantacuzino Clinical Hospital - 

Bucharest, Romania. We included 173 
patients with CHC. HS has a high prevalence 
in diabetes mellitus patients, and we 
considered patients with CHC and diabetes as 
a separate subgroup for analysis: 113 patients 
(54 men/59 women) with hepatitis C – group 
A and 60 patients (28 men/32 women) with 
hepatitis C and T2DM – group B. We 
performed anthropometric measurements 
(weight, height, BMI (body mass index), as 
well as laboratory analysis and 
ultrasonography. All patients signed an 
informed consent before inclusion in the 
study. 

Anthropometric parameters 

Height was measured using a standard 
stadiometer and the nearest one centimeter 
was recorded. Weight was measured with 
subjects wearing only light clothing; the 
nearest 0.5 kilogram was recorded. Waist 
circumference (WC) was measured at the end 
of a normal expiration, midway between the 
inferior margin of the ribs and superior border 
of the iliac crest in a horizontal plane, and was 
rounded to the nearest 0.1 cm, according to the 
previously published literature [16]. Body 
mass index (BMI; kg/m2) was calculated 
according to the Quetelet equation (weight in 
kilograms divided by height in square meter) 
[17]. BP was measured on the right arm with 
subject having relaxed for at least 5 minutes, 
via a standard sphygmomanometer of 
appropriate cuff size and was repeated with 10 
minutes interval. The average of these two 
measurements was recorded for systolic and 
diastolic BP. We used IDF criteria for MetS: 
central obesity (waist circumference over 
94cm in men, and 80cm in women or BMI 
over 30kg/m2) plus any two of the following 



 
Romanian Journal of Diabetes Nutrition & Metabolic Diseases / Vol. 18 / no. 1 /2011 41 

factors: 1. triglycerides ≥1.695mmol/l 
(150mg/dl) or treatment; 2. lower high density 
lipoprotein-cholesterol <40mg/dl in men or 
<50mg/dl in women or treatment; 3. blood 
pressure ≥130/85mmHg or medication; 4. 
fasting blood glucose ≥5.6mmol/l (100mg/dl) 
or medication for diabetes [18]. 

Laboratory methods 

Venous blood samples were collected in 
the morning following a 12-hours fast; the 
laboratory tests included serum lipids 
(cholesterol, triglyceride, TG; HDL-
cholesterol – HDL-C), glucose profile (fasting 
plasma glucose, FPG; glycated hemoglobin, 
HbA1c; fasting plasma insulin, FPI; peptid C), 
liver profile (alaninaminotransferases, ALT; 
aspartataminotransferases, AST; gamma-
glutamiltranspeptidase, GGT; alkaline 
phosphatase, ALP; bilirubin, albumin), blood 
count for all patients.  

IR (insulin resistance) was determined 
using Homeostasis Model Assessment 
(HOMA-IR) (fasting insulin level (mUI/l)x 
fasting glucose level (mg/dl)/405 [19]; a 
HOMA-IR index value of more than 2.0 was 
considered as criteria of insulin resistance. 

Imaging studies 

The differentiation between steatosis and 
steatohepatitis can be made only by a 
histological approach [20]. The most common 
and less invasive imaging technique used for 
NAFLD diagnosis is ultrasonography.  

First, examination of all visible liver 
parenchyma was performed with a 3-5 MHz 
transducer. Liver parenchyma was examined 
with sagittal as well as longitudinal guidance 
of the probe and completed by lateral and 
intercostals views. The presence of steatosis 

was recognized as a marked increase in 
hepatic echogenicity “bright liver”, poor 
penetration of the posterior segment of the 
right lobe of the liver, and poor or no 
visualization of the hepatic vessels “blurring 
of the vascular margins”. The increased 
hepatic echogenicity is diffuse and easy to 
appreciate by comparison with the lower 
echogenicity of the kidney or spleen. 

The hepato-renal contrast is an ultrasound 
index for quantification the liver steatosis 
[21,22]. Hepatomegaly was defined as a liver 
size above 155mm measured as a subcostal 
diameter in the midclavicular line by using the 
3-5 MHz probe. 

Statistical analyses 

Data were analyzed using the SPSS 
package for Windows, version 19.0, SPSS 
Inc., Chicago, Illinois, USA. As a first step, 
the two groups (CHC and CHC with T2DM) 
were analysed separately. 

Patients characteristics are given as 
mean±SD for continuous variables. One-way 
analysis of variance and Chi square and Fisher 
exact tests analyses were used to compare 
means and proportions, respectively were used 
to test differences in proportions. No 
multiplicity adjustments were used as no 
intermediate analysis was performed. 

Pearson's and Spearman's correlation 
coefficient was calculated to measure the 
relationship between variables. Receiver 
operating characteristics curves were 
constructed for each test in order to evaluate 
the sensitivity, specificity, positive and 
negative predictive values, and the area under 
the receiver operating characteristic curve 
(AUROC). Significance was defined at the 
0.05 level of confidence.  
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Results 

Characteristics of the study population 

Baseline characteristics of the 173 
subjects included in the study are summarized 
in Tabel 1 according to whether they had 
CHC (n=113) or CHC and T2DM (n=60), 
respectively. Average age did not differ 
significantly between patients with and 
without T2DM (53.6±7.8 years vs. 53.0±7.8 
years, p=0.655). In CHC and T2DM patients, 

the prevalence of ultrasound-diagnosed HS 
was 73.3% (n=44), higher in female (56.8%, 
n=25); in patients only with hepatitis C the 
prevalence of HS was 52.2%, higher in men 
(52.5%, n=31). This difference did not reach 
statistical significance (p=0.19 for group A 
and p=0.27 for group B). There were no 
significant differences with regard to the 
amount of alcohol consumption and the 
percentage of smokers between groups.  

Table 1. Characteristic of patients 

CHC CHC+T2DM p value   
  n=113 n=60   
Sex (F/M) 59/54 32/28 0.508 
Environment (U/R) 70/43 48/12 0.011 
Smoking 33.6% (n=38) 40% (n=24) 0.083 
Metabolic waist circumferance 72.6% (n=82) 80% (n=48) 0.187 
BMI ≥30 kg/m2 32.7% (n=37) 33.3% (n=20) 0.534 
HypoHDL-C 63.7% (n=72) 75% (n=15) 0.089 
HyperTG 53.1% (n=60) 55% (33) 0.469 
Hypertension 50.4% (n=57) 75% (n=45) 0.001 
MetS 51.3% (n=58) 93.3% (n=56) 0.0001 

Abbreviations: F, female; M, male; U, urban; R, rural; BMI, body mass index; HDL-C, high density lipoprotein – 
cholesterol; TG, triglycerides; MetS, metabolic syndrome. 

Prevalence of features of the metabolic 
syndrome in patients with hepatitis C 
and ultrasound-diagnosed HS  

In patients with CHC (group A) 
prevalence of MetS was 51.3% (n=58); 34 
patients had hepatic steatosis and MetS. The 
mean BMI of the whole study cohort 
(28.1±4.6 kg/m2) indicated a tendency to be 
slightly overweight as it was observed in the 
patients with T2DM but also in HCV 
populations [23]. Noteworthy, BMI as well as 
WC, HC and WHR were significantly higher 
in patients with ultrasound-diagnosed HS with 
CHC and MetS (Table 2).  

Furthermore, HDL-C levels were 
significantly lower in the MetS patients with 

HS (36.3±7.2mg/dl vs. 47.6±12.6mg/dl, 
p<0.0001) and triglyceride levels were higher 
in MetS patients (177.5±40.1mg/dl vs. 
111.9±39mg/dl, p<0.0001), while serum levels 
of total cholesterol did not significantly differ. 
In contrast, systolic and diastolic blood 
pressure, as well as fasting glucose levels, 
insulin level and HOMA-IR did not differ 
significantly between both groups with 
hepatitis C (Table 2). 

Remarkably, the rates of reported 
hypertension (88.6%, n=38) were significantly 
higher (as defined by history, review of 
medical files and/or use of hypertensive 
medication). 
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Table 2. Characteristic of patients with CHC and hepatic steatosis 

 
Mean 

Std. 
Deviation p value 

MetS-HS 86.52 15.00 0.0001 Waist circumferance (cm) 

MetS+HS 100.62 13.64   
MetS-HS 25.85 4.12 0.0001 BMI (kg/m2) 

MetS+HS 30.74 5.03   
MetS-HS 0.92 0.08 0.0001 WHR 

MetS+HS 1.02 0.11   
MetS-HS 13.1 5.8 0.230 FPI (uU/ml) 
MetS+HS 14.9 5.9   
MetS-HS 3.1 1.6 0.377 Peptid C 
MetS+HS 2.8 1.3   
MetS-HS 90.5 17.7 0.276 FPG (mg/dl) 
MetS+HS 95.6 17.2   
MetS-HS 3.0 1.8 0.217 HOMA-IR 
MetS+HS 3.7 1.9   
MetS-HS 5.8 0.5 0.222 HbA1c (%) 
MetS+HS 6.1 1.2   
MetS-HS 198 36.6 0.985 Cholesterol (mg/dl) 
MetS+HS 197.9 38.0   
MetS-HS 111.9 39.0 0.0001 Triglycerides (mg/dl) 
MetS+HS 177.5 40.1   
MetS-HS 47.6 12.6 0.0001 HDL-C (mg/dl) 
MetS+HS 36.3 7.2   
MetS-HS 47.4 27.6 0.053 AST (UI/L) 
MetS+HS 62.9 31.0   
MetS-HS 57.6 31.5 0.170 ALT (UI/L) 
MetS+HS 69.9 34.7   
MetS-HS 54.8 37.7 0.014 GGT (U/L) 
MetS+HS 89.2 59.5   
MetS-HS 4.4 0.4 0.008 Albumin (g/dl) 
MetS+HS 4.1 0.5   

 
In group A patients (CHC) hepatic serum 

parameters of ultrasound-diagnosed HS 
patients shown that mean AST and GGT 
serum levels were slightly higher in HS group 
as compared to patients without HS signs 
(Table 2). In contrast, serum ALT levels were 
higher but these differences did not reach 
statistical significance. The AST/ALT ratio 
was higher (0.89±0.2 vs. 0.87±0.2, p=0.02) in 
the HS group.  

Constructing a ROC curve revealed that 
the best discriminating cut-off value of 56.8 
U/l for AST would yield sensitivity and 
specificity rates of 46.6% and 28.6%, 
respectively, for the identification of HS 
(AUC=0.603, data not shown). The best 
discriminating cut-off value for the GGT of 
30.5 would yield similar sensitivity and 
specificity rates (84.5% and 65.7%, 
respectively; AUC=0.585; data not shown). 
Further, mean serum levels of total bilirubin, 
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alkaline phosphatase, albumin were similar in 
both groups. 

Prevalence of features of the metabolic 
syndrome in patients with hepatitis C 
and T2DM and ultrasound-diagnosed 
HS  

In patients with CHC and T2DM (group 
B) prevalence of MetS was 93.3% (n=56); 42 
patients had hepatic steatosis and MetS. WC 
and BMI was higher in patients with HS and 
MetS but not WHR. FPG, FPI, cholesterol, 
triglycerides, HOMA-IR were higher in 
patients with MetS (all p over 0.05), probably 
because of the small number of patients 

without MetS. In patients with diabetes and 
hepatitis C, hypertension was present in 97,1% 
(n=34).  

Multivariate analysis 
of risk factors for HS 

In all patients with CHC, in univariate 
analysis triglycerides, hypertension, MetS, 
HOMA-IR >2, T2DM, AST/ALT ratio >1, 
and BMI >30kg/m2 was associated with HS. 
Logistic regression analysis revealed five 
factors independently related with ultrasound-
diagnosed HS: the triglyceride levels, 
hypertension, the BMI, AST/ALT ratio, and 
T2DM (Table 3).  

Table 3. Multivariate analysis of risk factors for ultrasound-diagnosed HS 

Variables Adjusted Odds Ratio 95 % CI P value 
Gender 0.67 0.3-1.4 0.65 
TG>150 mg/dl 1.85 1.27-2.7 0.005 
Hypertension 1.7 1.19-2.4 0.022 
MetS 1.62 1.147-2.308 0.06 
HOMA-IR 0.75 0.38-2.39 0.178 
T2DM 1.69 1.105-2.605 0.013 
AST/ALT ratio 0.39 0.18-0.82 0.006 
BMI > 30 (kg/m2) 1.42 1.02-2.18 0.032 

Abbreviations: HS, hepatic steatosis; CI, confidence interval; TG, trigycerides; MetS, metabolic syndrom; HOMA-
IR, Homeostasis Model of Assessment - Insulin Resistance; T2DM, type 2 diabetes mellitus; ALT, alanine 
aminotransferase; AST, aspartate aminotransferase; BMI = body mass index.  

In women, using binary logistic 
regression, independent risk factor for HS 
were diabetes (OR=2.89, 95%CI 1.49-5.86, 
p=0.004), BMI over 31.8 kg/m2 (OR=2.5, 
95%CI 1.1-5.67, p=0.008), hypertension 
(OR=2.45, 95%CI 1.44-4.15, p=0.0001), 
hypertriglyceridemia (OR=2.21, 95%CI 1.28-
3.82, p=0.0002), WHR >0.87 (OR=2.21, 
95%CI 1.44-3.37, p=0.002), HOMA-IR 
(OR=2.21, 95%CI 1.44-3.37, p=0.001), GGT 
>21.1U/L (OR=2.04, 95%CI 1.32-3.1, 
p=0.014), AST > 48 U/L (OR=1.67, 95%CI 
1.01-2.08, p=0.0034), ALT >44 U/L (OR=1.6, 
95%CI 0.99-2.57, p=0.045). 

In men, independent risk factor for HS 
were diabetes (OR=2.2, 95%CI 1.4-3.38, 
p=0.047) and AST/ALT > 1 (OR=3.54, 
95%CI 1.29-9.67, p=0.047). 

Discussions 

The prevalence of ultrasound-diagnosed 
HS was 59.5% (57.3% in patients with CHC 
and 77.1% in CHC and T2DM patients); in 
our study prevalence was similar to that 
observed in previous ultrasound-based studies 
in the CHC populations [24,25]; in general 
population from Western countries, the Near-
East and Japan prevalence of HS is between 
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20% to 30% [26,27]. Most likely, this high 
prevalence can be explained or may have been 
expected, respectively, based on the higher 
prevalence of (components of) the metabolic 
syndrome in our patients.  

There is conflicting evidence on gender as 
a risk factor for HS. While earlier studies 
indicated a higher HS prevalence in women 
[28], studies both in Caucasian [29] and Asian 
populations [30] found male gender to be an 
independent HS risk factor. In line with a 
recent study [31] we did not observe a 
significant difference with regard to the 
gender proportion in patients with ultrasound-
diagnosed HS. 

In our study, smoking is not a risk factor 
for SH, as observed in other studies [32]. It 
may be speculated that smoking is an 
independent risk factor for hepatic 
inflammation and fibrosis as observed in 
patients with chronic HCV [33] infection. 
Hypoxia was identified as a potential 
underlying mechanism of progression of 
hepatic diseases and in the light of a recent 
study, linking the oxygen-sensitive 
transcription factor hypoxia-inducible factor 
HIF-1 to hepatic lipid metabolism [34], 
hypoxia may also be involved in the observed 
association between nicotine and hepatic 
steatosis. 

Insulin resistance plays a central role in 
HS pathogenesis. Insulin resistance is the 
main feature of metabolic syndrome, which 
embodies obesity, hypertension, diabetes, and 
dyslipidemia [35]. HS is considered to be the 
hepatic component of MetS [36,37,38]. 
Although overweight and obesity are present 
in the majority of patients with HS, 
steatohepatitis can also occur in subjects with 
normal body weight [39]. A direct correlation 

between the degree of obesity and NASH 
development has been observed [40]; 
however, not all obese patients will have HS; 
in our study 28.35% of patients with normal 
weight have HS. HS evidenced by ultrasound 
is clearly more pronounced in cases of insulin 
resistance. Some authors suggest that 
hyperinsulinemia of NAFLD is the result of 
the decreased insulin extraction by the liver 
[41]. 

According to Kotronen et al. [42], 90% of 
individuals with NAFLD have at least one risk 
factor for MS, and 33% have all the features 
of MetS. In our study 65.9% of patients have 
MetS and 10.4% have all five components. 
The presence of multiple metabolic disorders 
such as diabetes mellitus, obesity, 
dyslipidemia and hypertension is associated 
with a potentially progressive, severe liver 
disease [43]. 

In line with this, diabetes and 
hypertension as well as BMI and waist-hip-
ratio as surrogates for obesity were 
significantly higher in the group of ultrasound-
diagnosed HS.  

In the entire group, there were five factors 
independently related with ultrasound-
diagnosed HS: the triglyceride levels, 
hypertension, the BMI, AST/ALT ratio, and 
T2DM. We observed a difference between 
men and women regarding risk factors. In 
women, independent risk factor for SH were 
diabetes, BMI over 31.8kg/m2, hypertension, 
hypertriglyceridemia, WHR>0.87, HOMA-IR, 
GGT>21.1U/L, AST>48U/L, ALT>44U/L. In 
men, independent risk factor for HS were 
diabetes and AST/ALT>1. 

It is widely accepted that serum levels of 
transaminases are neither specific nor 
sensitive enough to screen for HS [44,45], and 
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this is confirmed in the present study. AST, 
ALT and GGT have the sensitivity and 
specificity not satisfactory to identify HS.  

Conclusions 

Hepatic steatosis is commonly seen in 
patients with chronic hepatitis C due to host 
metabolic factors such as obesity, 
hyperlipidemia, metabolic syndrome and type 
2 diabetes mellitus in which insulin resistance 
plays an important role. This study revealed a 
high prevalence of ultrasound-diagnosed HS 
in patients CHC and CHC and T2DM. 

Identification of risk factor for HS has 
therapeutic importance, because targeted 
therapies might prevent the progression of HS 
to fibrosis and cirrhosis. Additional studies on 
efforts to reduce steatosis by addressing 
modifiable factors, such as weight are needed. 
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