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Abstract 

Background: The SAF score (steatosis, activity, and fibrosis) has been developed for the assessment of the histo‑
logical severity of nonalcoholic fatty liver disease (NAFLD) and nonalcoholic steatohepatitis (NASH). The aim of this 
study was to assess the usefulness of the SAF score in a homogenous cohort of Egyptian patients with chronic HCV 
infection (CHC) without any alcohol consumption and without cirrhosis. We performed a prospective cross‑sectional 
study including 70 consecutive Egyptian patients with chronic HCV infection to assess the usefulness of the SAF score 
to characterize NAFLD/NASH in non‑cirrhotic HCV patients. The inclusion criteria included positive serum anti‑HCV 
IgG antibody and positive HCVRNA, absence of treatment, and absence of cirrhosis (fibrosis score < F4). Patients were 
divided into two groups: with metabolic syndrome (MS) and without metabolic syndrome (non‑MS). All patients were 
exposed to thorough history taking, full clinical examination, and laboratory and ultrasound assessment. Histopatho‑
logic evaluation of the liver biopsy for the assessment of steatosis, activity, grade, and fibrosis stage was assessed by 2 
pathologists with experience in liver diseases.

Results: We found that the degree of fibrosis increases with aging. Liver biopsies from CHC patients with metabolic 
syndrome (MS) exhibited a significantly higher stage of fibrosis than biopsies from those without MS; however, the 
grade of inflammation did not differ significantly between the two groups. No significant correlation was found 
between the SAF score and the body mass index (BMI) or serum HCV RNA. No significant relation between SAF score, 
fibrosis, and MS. No significant relation was found between the MS and the level of HCV viremia.

Conclusion: We concluded that steatosis was associated with the fibrosis stage, independently of MS. This suggests 
that in this population, steatosis might be more related to HCV infection than to NAFLD and that fibrosis progression 
might be related, at least in part, to the steatosis process, i.e., virus‑associated fatty liver disease (VAFLD).

Keywords: SAF, Steatosis, Activity, Fibrosis, NAFLD, NASH, VAFLD, Insulin resistance, Chronic HCV, Metabolic syndrome

© The Author(s) 2022. Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, which 
permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the 
original author(s) and the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or 
other third party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line 
to the material. If material is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory 
regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this 
licence, visit http:// creat iveco mmons. org/ licen ses/ by/4. 0/.

Introduction and aim of the work
HCV is a major cause of chronic liver disease with about 
170 million patients infected worldwide, and the severity 
of the disease varies widely from asymptomatic chronic 
infection to cirrhosis and hepatocellular carcinoma  [1]. 

Egypt has the highest level of HCV prevalence in the 
world, and the percentage of adults (aging from 15 to 
59 years) testing positive on the HCVRNA test is 7% of 
the Egyptian population [2]. The introduction of direct-
acting antiviral drugs (DAAs) has revolutionized the 
treatment of HCV. Much of the decline in the HCV prev-
alence reflects the effect of treatment with DAAs.

Nonalcoholic fatty liver disease (NAFLD) is seen 
worldwide and is the most common liver disorder in 
Western industrialized countries, where the major risk 
factors for NAFLD, central obesity, type 2 diabetes mel-
litus, dyslipidemia, and metabolic syndrome are common 
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[3]. With the advent of effective treatment for hepatitis C 
and effective viral control in chronic hepatitis B, hepatol-
ogists have turned their attention to NAFLD as the next 
major liver disease to be conquered. NAFLD and nonal-
coholic steatohepatitis (NASH) are increasingly identi-
fied as causes of hepatic morbidity and as precursors to 
hepatocellular carcinoma [4, 5].

Several systems of histological grading have been 
employed for predicting the response to therapy and 
selecting the proper line of treatment for chronic viral 
hepatitis. The most widely used is the Metavir classifica-
tion [6]. In line with Metavir, which dissociates evalua-
tion of activity (grading) from fibrosis (staging), the SAF 
score has been proposed for NAFLD, providing a sepa-
rate semiquantitative assessment of steatosis (S), activ-
ity (A) including hepatocellular ballooning and lobular 
inflammation, and fibrosis (F) [7].

The algorithm has been developed from patients with 
morbid obesity undergoing bariatric surgery [7]. How-
ever, most patients seen in hepatology clinics with sus-
pected NAFLD/NASH are not morbidly obese but rather 
have one or more features of the metabolic syndrome 
and, arguably, a liver injury that might differ from that 
of morbidly obese patients [8]. In a recent paper, the 
usefulness of the SAF score in the evaluation of biopsies 
of NAFLD has been validated in a cohort of non-obese 
French patients with NAFLD and without HCV infec-
tion [9]. Also, fatty liver can be influenced by alcohol 
consumption (even moderate or occasional) or ethnicity. 
Previously, there are reports of significant differences in 
the prevalence of NAFLD between ethnicities. Hispan-
ics were at a greater risk for NAFLD than were African-
Americans despite a similar prevalence of risk factors 
between these groups [10].

The aim of this study was to assess the usefulness of the 
SAF score to characterize NAFLD/NASH in a homog-
enous cohort of Egyptian patients with chronic HCV 
infection without any alcohol consumption and without 
cirrhosis.

Patients and methods
We performed a prospective cross-sectional study 
including 70 consecutive adult Egyptian patients with 
chronic HCV infection recruited from the Hepato-Gas-
troenterology Department at Theodor Bilharz Research 
Institute (TBRI).

Inclusion criteria:

– Positive serum anti-HCV IgG antibody and detect-
able HCV-RNA

– Absence of anti-viral treatment (never subjected to 
interferon or DAA therapy)

– Chronic hepatitis (fibrosis score < F4)

Exclusion criteria:

– The presence of chronic liver disease with different 
etiologies such as autoimmune hepatitis, hemochro-
matosis, post-HBV infection, or alcohol consumption 
(even occasional or minimal)

– Cirrhosis

All patients were subjected to full history taking, thor-
ough clinical examination, ultrasound, laboratory assess-
ment, and liver biopsy for histopathological evaluation. 
Demographic and clinical data were collected preceding 
liver biopsy: gender, age (years), weight (kg), height (m), 
waist circumference (cm), blood pressure (mmHg), and 
concomitant medications. BMI was calculated as weight 
divided by the square of the height (kg/m2). Overweight 
was considered when a patient had a BMI of 25–30 kg/
m2 and obesity when a patient had a BMI of more than 
30 kg/m2. The metabolic syndrome (MS) was diagnosed 
according to the National Cholesterol Education Pro-
gram’s Adult Treatment Panel (NCEP ATP) III definition 
[11, 12] by the presence of three or more of the follow-
ing criteria: central obesity (waist circumference > 102 
cm in men and > 88 cm in women), hypertension (blood 
pressure ≥ 135/85 mmHg), and fasting plasma glucose 
at least 110 mg/dl, triglycerides at least 150 mg/dl, and 
high-density lipoprotein cholesterol less than 40 mg/dl in 
men or less than 50 mg/dl in women.

Laboratory Methods: After a 12-h fasting, 10-ml 
venous blood was withdrawn from all patients, divided 
into appropriate vacutainer tubes: citrated for PT assay, 
EDTA tubes for CBC and HbA1C estimation, and plain 
tubes are centrifuged and the serum was used for the 
assessment of routine laboratory investigations and 
remote insulin, alfa fetoprotei. Serum separated after 
centrifugation was aliquoted for hepatic function tests: 
aspartate and alanine aminotransferases (AST and ALT), 
alkaline phosphatase (ALP), total protein, albumin and 
total bilirubin, lipid profile (total cholesterol, high-den-
sity lipoprotein (HDL) cholesterol and triglycerides), and 
fasting glucose using Beckman AU480 (Beckman Coulter, 
Ireland). Serum insulin, thyroid-stimulating hormone, 
and alfa-fetoprotein were assayed using enzyme-linked 
immunosorbent immunoassay. HCV-RNA was deter-
mined quantitatively by real-time PCR. Baseline HCV 
genotyping was not performed. Glycated hemoglobin 
(HbA1C) was assayed using turbidimetric immuno-inhi-
bition. All these tests were performed at the time of liver 
biopsy. Diabetes was diagnosed using the 1997 American 
Diabetes Association fasting criteria (fasting glucose ≥ 
126 mg/dl).
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Insulin resistance was assessed by calculation of home-
ostatic assessment of insulin resistance (HOMA-IR) 
using the following equation: HOMA-IR= fasting insulin 
× fasting glucose/22.5 [13] and was defined as HOMA-
IR greater than 3.

Abdominal ultrasound was performed by the Equip-
ment: Hitachi, EUB-5500.

Measurements were performed after overnight fasting 
and the patient in a supine position with emphasis on the 
following:

– Liver size (normal, enlarged both lobes, dysmorphic 
liver)

– Liver parenchyma (normal, bright, coarse)
– Presence of portal hypertension
– Spleen size

Patients were divided into two groups: with meta-
bolic syndrome (MS) and without metabolic syndrome 
(non-MS).

Histopathologic evaluation of the liver biopsy for the 
assessment of steatosis, activity grade, and fibrosis stage 
was assessed by 2 pathologists with experience in liver 
diseases (A.M. and V.P.). Liver biopsies were formalin-
fixed and paraffin-embedded. Three-micrometer sec-
tions were stained with hematoxylin-eosin and sirius red 
for fibrosis evaluation. Semi-quantitative assessment of 
steatosis, hepatocellular ballooning, lobular inflamma-
tion (for activity grade), and extent of fibrosis was per-
formed according to the SAF score [9]. Briefly, steatosis 
was graded as follows: [0 < 5%; 1: 6–33%; 2: 34–66%; 3: > 
66%). Activity grade is based on the presence of (1) bal-
looned cells [(0) absence; (1) round and clear hepatocytes 
non enlarged; (2) clear and enlarged (2 times normal 
hepatocytes)] and lobular inflammation [(0) absence; (1) 
1–2 foci/lobule; (2) > 2 foci /lobule at × 200 magnifica-
tion]. All cases were reviewed independently, and in cases 
of discordances, a consensus reading was performed.

The ethical guidelines of the 1975 Declaration of Hel-
sinki were put into consideration, and patients’ written 
consents have been obtained. The approval for the study 
was obtained from the institute ethical committee.

Statistical analysis
The sample size was calculated using the G* power pro-
gram 3.1.9 for a one-tailed test. The sample size calcula-
tion based on 1 test, type 1 error (a) = 0.05, power (1-a 
error probability) = 0.90, and effect size (d) = 0.370. 
The appropriate minimum sample size for this study 
group is 67 patients as a minimum. The statistical analy-
sis was conducted by using the statistical SPSS Package 
program version 25 for Windows (SPSS, Inc., Chicago, 

IL). Demographic and laboratory numerical data are 
expressed as mean and standard deviation, but categori-
cal data are expressed as a number and percentage. Diag-
nostic parameters of subjects were compared using the 
Wilcoxon-signed rank test for numerical variables but the 
chi-square test to compare between categorical variables. 
Reliability test (Cronbach’s alpha) was used to compute 
SAF score applicability in MS and non-MS patients. All 
statistical analyses were significant at the level of prob-
ability less than or equal to 0.05 (P ≤ 0.05) with 95% con-
fidence interval.

Results
Tables 1 and 2 show the demographic, clinical, and lab-
oratory results of included patients.

-Relation between ALT and AST and degree of fibrosis:
The ALT and/or AST levels were found to increase cre-

scendo from F1 to F3 (P = 0.0001) but not the AST/ALT 
ratio (P = 0.454).

-Relation between fibrosis degree and aging:
The degree of fibrosis increases with aging (P = 0.0001).
-Relation between degree of fibrosis and presence of 

metabolic syndrome:

Table 1 Demographic and clinical data

Variables N (%) Variables N (%)

Gender Major surgery

 Female 40 (57.1) No 60 (85.7)

 Male 30 (42.9) Yes 10 (14.3)

Habits Minor surgery

 Smokers 18 (25.7) No 40 (57.1)

 Non‑smokers 52 (74.3) Yes 30 (42.9)

History of bilharziasis Hazardous injection

 No 37 (52.9) No 56 (80)

 Yes 33 (47.1) Yes 14 (20)

Oral treatment (bilharziasis) Diabetes

 No 44 (62.9) No 50 (71.4)

 Yes 26 (37.1) Yes 20 (28.6)

Parenteral treatment (bilharziasis) HTN

 No 61 (87.1) No 48 (68.6)

 Yes 9 (12.9) Yes 22 (31.4)

Dental manipulations Dyslipidemia

 No 30 (42.9) No 60 (85.7)

 Yes 40 (57.1) Yes 10 (14.3)

Blood transfusion Hepatomegaly

 No 59 (84.3) No 36 (51.4)

 Yes 11 (15.7) Yes 34 (48.6)

Metabolic syndrome

 No 45 (64.3)

 Yes 25 (35.7)
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Table  3 shows that liver biopsies from CHC patients 
with MS exhibited a significantly higher grade of fibrosis 
than biopsies from those without MS. However, the grade 
of inflammation did not differ significantly between the 
two groups.

Photo 1 and photo 2 illustrate the liver biopsies of 2 
patients in the study with a description of the SAF score.

-Relation between steatosis and degree of fibrosis:
Table  4 shows that the presence of steatosis per se, 

whether related to MS or not, is associated with an 
advanced stage of fibrosis.

-Relation between SAF score and both BMI, MS, and 
viremia:

No significant correlation was found between the SAF 
score and the BMI (< 30 and 30 or more) or serum HCV 
RNA. BMI for all patients was 30.04 ± 6.43. No signifi-
cant relation between SAF score fibrosis and MS (P = 
0.791). No significant relation was found between the MS 
and the degree of hepatitis C viremia as shown in Table 5.

Ultrasound results: Forty-five patients had bright liver 
and 25 patients had bright hepatomegaly. Thirty patients 
had portal hypertension with dilated PV while the rest 
had normal PV diameter. Splenomegaly was found in 35 
patients.

Multivariate regression analysis:
Multivariate linear regression analysis for SAF score 

associated with independent risk factors is as follows: 
BMI (P = 0.276), MS (P = 0.515), IR (P = 0.420), and 
HCV-RNA (P = 0.284).

Discussion
One-quarter of the global population is estimated to have 
nonalcoholic fatty liver disease (NAFLD). Nonalcoholic 
fatty liver disease (NAFLD) is the most common liver dis-
ease in the Western world, with a prevalence of 20% [14]. 
The incidence of nonalcoholic steatohepatitis (NASH) is 
projected to increase by up to 56% in the next 10 years 
[10]. Recently, the SAF score emerged as a new algorithm 
to assess NAFLD and diagnose NASH. Initially, this score 
was developed for classifying NAFLD in morbidly obese 
patients [12], but it has now been validated in a cohort of 
patients with NAFLD and metabolic syndrome [9]. The 
SAF score separates steatosis from parenchymal necro-
inflammation, two features that may have distinct prog-
nostic potential.

Interestingly, independent from the classification of 
whether NASH is present, the overall histological sever-
ity of disease is scored separately as mild disease (A < 2, F 
< 2) or significant disease (A ≥ 2, F ≥ 2), also considering 
fibrosis staging. Therefore, NAFLD patients with less fat 
but still advanced fibrosis, and without steato-hepatitis, 

Table 2 Laboratory results

AST aspartate amino-transferase, ALT alanineamino-transferase, TIBC total iron-
binding capacity, ptn total protein, alb albumin, TLC total leucocytic count, PT 
prothrombin time, PC prothrombin concentration, FBS fasting blood glucose, 
HBA1C glycosylated hemoglobin, HDL-C high-density lipoprotein cholesterol, 
LDL-C low-density lipoprotein cholesterol, TG triglycerides, AFP alfa fetoprotein, 
TSH thyroid-stimulating hormone, HOMA homeostasis model assessment

Laboratory tests Mean ± SD Normal values

ALT (U/l) 62.00 ± 5.92 ALT < 50 U/l

AST (U/l) 57.73 ± 4.26 AST < 50 U/l

TLC 4397.06 ± 313.40 4–11,000/mm3

PLT 160,645 ± 126,97 150–400,000/mm3

Hb (g/dl) 12.17 ± 1.80 12–14 g/dl

Iron (μg/dl) 63.04 ± 11.68 70–180 μg/dl

TIBC (μg/dl) 359.51 ± 62.61 150–300 μg/dl

Bilirubin (mg/dl) 0.83 ± 0.31 Up to 1 mg/dl

ALP (IU/l) 97.85 ± 35.30 80–300 IU/l

Ptn (g/dl) 7.90 ± 0.55 6.6–8.3 g/dl

Alb (g/dl) 4.02 ± 0.58 3.5–5.2g/dl

PT (s) 13.83 ± 1.07 13.83 ±1.07 s

INR 1.17 ± 0.19 1.17 ± 0.19

PC (%) 62.20 ± 4.72 70–100%

FBS (mg/dl) 122.47 ± 45.62 70–100 mg/dl

HBA1c (%) 5.89 ± 1.59 4.5–5.7%

Insulin (mIU/l) 13.59 ± 6.88 < 25 mIU/l

Cholesterol (mg/dl) 172.15 ± 31.47 150–200 mg/dl

HDL‑C (mg/dl) 38.02 ± 7.87 > 60 mg/dl

LDL‑C (mg/dl) 109.38 ± 26.79 < 40 mg/dl

TG (mg/dl) 128.45 ± 54.12 < 150 mg/dl

HCV‑RNA 157,491.08 ± 42,111.74 IU/ml

AFP (ng/ml) 11.52 ± 4.01 0–8.7 ng/ml

TSH (uIU/ml) 2.41 ± 0.60 0.5–4.5 uIU/ml

HOMA 4.13 ± 1.50 Up to 2.5

Table 3 Relation between metabolic syndrome and grade of 
steatosis, activity, and fibrosis stage according to SAF score

Data are expressed by number (percentage)

P value probability value
* Significant (P < 0.05)

SAF Grade Non-MS (n = 45) MS (n = 25) P value

Steatosis S0 25 (35.7%) 10 (14.3%) 0.654

S1 14 (20.0%) 10 (14.3%)

S2 5 (7.1%) 4 (5.7%)

S3 1 (1.4%) 1 (1.4%)

Activity A0 30 (66.7%) 15 (60.0%) 0.791

A1 4 (8.9%) 3 (12.0%)

A2 10 (22.2%) 7 (28.0%)

A3 1 (2.2%) 0 (0.0%)

Fibrosis F0 24 (34.3%) 7 (10.0%) 0.036*

F1 5 (7.1%) 9 (12.9%)

F2 7 (10.0%) 4 (5.7%)

F3 9 (12.90%) 5 (7.10%)
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would be classified as having “significant disease,” even 
though they did not fulfill the criteria of NASH. Thus, the 
fibrosis component has an impact on the SAF score that 
may be relevant for long-term prognostication, although 
the association between the SAF score and long-term 
liver-related mortality has not yet been evaluated.

In our prospective cross-sectional study, the multi-
variate analysis showed that steatosis is an independent 
and significant factor associated with the degree of liver 
fibrosis. The more is the steatosis degree, the worse is 
the fibrosis. Interestingly, steatosis in HCV patients 
has also been associated with more severe histologi-
cal injury and higher fibrosis scores, suggesting that fat 
in the liver is a biologically active tissue [15]. Steatosis 
can be significantly and independently associated with 
fibrosis in chronic hepatitis C. Insulin resistance (IR) 
is the possible link between the metabolic abnormali-
ties in HCV patients with steatosis and the progression 
of hepatic fibrosis. Hyperinsulinemia in HCV patients 
may potentially promote fibrogenesis through either 
altered cytokine production, including TNF α, or by its 
direct effect on hepatic stellate cells [16, 17].

Although the mechanisms underlying the develop-
ment of parenchymal steatosis in HCV infection are 
not exactly known, there are some findings to describe 
the mechanism of fat accumulation. The first series 
of mechanisms basically focuses on HCV proteins 
as the first step of the damage sequence. At least two 
HCV proteins (core protein and NS5A) are suspected 
to interact with the cell machinery involved in lipid 
metabolism [15].

Both HCV and steatosis are two synchronized factors 
causing fibrosis. The conflicting results of the previous 
studies that discuss the relation between steatosis and 
fibrosis may be due to the variation of the studied pop-
ulation and the abundance of risk factors [18–21].

In our study, baseline HCV genotyping was not per-
formed, as it is assumed that more than 90% of HCV-
infected patients in Egypt are infected with HCV-G4, 
and the remaining patients are infected with HCV-
G1, with genotypes 2, 3, 5, and 6 almost non-existent 
and this analysis assumes that almost all patients are 
infected with HCV-G4 [22, 23]. HCV-G4 is known to 
induce less steatosis than genotype 3. However, it was 
found in an Egyptian study that HCV genotype 4 was 
associated with steatosis in more than half the patients, 
even in the absence of risk factors for metabolic steato-
sis. This was independent of the viral load but positively 
correlated with fibrosis and inflammation in these 
patients. This type of steatosis is possibly viral-induced 
(VAFLD) [24].

We found in our results that the degree of fibrosis 
increased with the progress of age. In agreement with 
our results, in a recent study, 25 patients with NAFL 
and 45 patients with NASH and/or advanced fibrosis 
were followed with repeated liver biopsy for an aver-
age of 3.7 years. Among the patients with NAFL, 16 
patients (64%) developed NASH, eight of which had 
severe ballooning and six showing bridging fibrosis. 
Mild lobular inflammation or any degree of fibrosis 
conveyed a higher risk of progression than simple ste-
atosis alone. Older age and deterioration of metabolic 
risk factors were associated with a more rapid progres-
sion [25].

A recent meta-analysis evaluated 411 patients with 
biopsy-proven NAFLD from 11 cohort studies (150 
patients with NAFL and 261 patients with NASH). In 
the whole cohort, 33.6% of patients had fibrosis progres-
sion. This result was also observed in patients with NAFL 
but at a slower rate. In those with NAFL, it took an aver-
age of 14.3 years to progress one stage in fibrosis score; 

Table 4 Relationship between steatosis (S) and fibrosis (F) according to SAF score

Data are expressed as number (percentage)
* Significant (P value <0.05)

Items S P value

S0 S1 S2 S3

F F0 29 (41.4%) 2 (2.9%) 0 (0.0%) 0 (0.0%) 0.0001*

F1 3 (4.3%) 8 (11.4%) 3 (4.3%) 0 (0.0%)

F2 0 (0.0%) 5 (10.0%) 4 (5.7%) 2 (2.9%)

F3 3 (4.3%) 7 (10.0%) 3 (4.3%) 1 (1.4%)

Table 5 Relation between metabolic syndrome and level of HCV 
viremia

Metabolic syndrome 
(MS)

Quantitative HCVRNA PCR, 
mean ± SD

P

MS present 993,21.20 ± 165,856.571 p > 0.417 NS

MS absent 156,001.32 ± 483,402.995 p > 0.417 NS
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however, in those with NASH, the time to progress with 
one stage was halved to 7.1 years [26]. Taken together, the 
data indicate that fibrosis progression is also observed 
in patients with NAFL, particularly in those with mild 
inflammatory changes, delicate fibrosis, older age, or 
deterioration of metabolic risk factors. However, patients 
with NASH have a more rapid course, with a significant 
risk for liver-related mortality [27].

In our study, both ALT and/or AST were found to 
progressively increase from F1 to F3. ALT showed a 
significant correlation with activity degree of SAF scor-
ing system. However, AST/ALT ratio showed no sig-
nificant relation to the activity or fibrosis degree of SAF 
score. In a recent study, they found that clinical predic-
tors of advanced fibrosis in NAFLD are male sex, Cau-
casian ethnicity, diabetes mellitus, obesity, and increased 
AST or ALT levels [8, 28]. However, there was a poor 
correlation between ALT levels and NASH, or the stage 
of fibrosis [29]. In a study of 222 patients with NAFLD, 
23% had normal ALT. The proportion of patients with 
advanced fibrosis was similar among those with normal 
and elevated ALT [26]. Contrary to our results, another 
study found that AST was a better predictor for advanced 
fibrosis than ALT. In early studies on NAFLD, an AST/
ALT ratio > 1 was found to be associated with advanced 
fibrosis [8]. Another test that includes AST is the AST/
platelet ratio index (APRI) [27] and had a negative pre-
dictive value of 94% to exclude advanced fibrosis (F3–4) 
in NAFLD. In a Chinese study, Zou et  al. reported that 
AST/ALT ratio is often less than 1 in NASH, whereas a 
ratio above 1 would suggest an alcoholic steatohepatitis 
or evolution toward liver cirrhosis. In this respect, the 
higher AST levels would reflect more extensive mito-
chondrial damages [30].

We found that there is no significant correlation 
between SAF score and BMI (< 30 and 30 or more). 
Variation in body fat distribution in relation to histol-
ogy is evident. As the overall fat mass measured by DXA 
decreased, both hepatic steatosis grade and disease 
severity worsened. In contrast, an increased trunk: limb 
ratio of fat was associated with increased steatosis grade. 
Finally, adipocyte size and volume from the abdominal 
wall biopsies showed a linear correlation with increased 
severity of histological diagnosis of NAFLD, but only in 
women. For unclear reasons, this did not hold true in the 
men and is an area worth further evaluation [31].

Our study showed no significant correlation between 
insulin resistance (IR) and BMI. Vadukoot et al. in 2016 
[32] found that although IR was significantly higher in 
obese patients with NASH as compared to lean NASH 
(BMI < 23 kg/m2), there was no significant difference 
in the correlation of IR with histology between these 
2 groups. No significant difference was observed with 

regard to IR level with SAF. Fasting insulin level was 
comparable among patients with lean and obese NASH. 
No significant correlation was found between fibrosis 
of SAF score and between other risk factors increasing 
fibrosis such as HCV-RNA-PCR, age, MS, or IR.

Our study had been done on homogenous genotype 
4 HCV non-cirrhotic, nonalcoholic Egyptian patients; 
however, the study had limitations including the rela-
tively small number of patients, being conducted at the 
era of starting the use of DAA with difficulty to enrol new 
patients who agree to undergo liver biopsy. Also, most 
of our patients had early hepatic affection. Only 20% of 
our patients had advanced fibrosis (F3). Also, 60% of our 
patients had low BMI (below 30) and half showed no ste-
atosis, which could affect our results.

Conclusion
In this prospective cohort study performed on Egyp-
tian patients with chronic HCV infection without alco-
hol consumption and without cirrhosis, we found that 
steatosis was associated with the fibrosis stage indepen-
dently of the metabolic syndrome. This suggests that in 
this population, steatosis might be more related to HCV 
infection than to NAFLD and that fibrosis progression 
might be related, at least in part, to the steatosis process, 
i.e., virus-associated fatty liver disease (VAFLD).
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