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Abstract

Background & Aims: Hepatic steatosis has been reported to be associated
to increased fibrosis progression, reduced response rates to anti-HCV therapy
and antiretroviral therapy for which it has clinical importance. This study was
conducted to determine the impact of hepatic steatosis on the severity of liver
disease progression in chronic HCV mono-infected and HIV/HCV co-infected
patients.

Methods: Retrospective study of patients with chronic HCV or HIV/HCV co-
infection, with liver biopsies, at the Fundacion de Investigacion in Puerto Rico
and the Bronx Veterans Affairs Medical Center in New York from 1998 to 2005.

Results: Of the 1212 subjects, 834 (69%) were HCV mono-infected
and 378 (31%) were HIV/HCV co-infected. Steatosis was more prevalent in
HCV patients than HIV/HCV patients (51.2% vs. 39.7%, p=0.003). Severity
of necroinflammatory grade was statistically associated to steatosis in HCV
patients (p < 0.001), but not HIV/HCV patients (p=0.620). Severity of fibrosis
progression rate was associated to steatosis in HCV patients (p=0.088), but
not HIV/HCV patients (p=0.493). Hepatic steatosis increased the chances of
fibrosis across all levels in the multivariate analysis (using a partial proportional
odds model) in HCV patients, but not HIV/HCV patients.

Conclusion: Hepatic steatosis is more prevalent in HCV mono-infected
patients, than in HIV/HCV co-infected patients. Presence of steatosis
impacted the progression of liver disease differently; it increased the severity
of necroinflammatory grade, the fibrosis progression rate and the chances of
fibrosis in HCV mono-infected patients, but not in HIV/HCV co-infected patients.

Keywords: Hepatic steatosis; Co-infected; Metabolic syndrome; Chronic
hepatitis; Nonalcoholic fatty liver disease; Fibrosis

Steatohepatitis (NASH) that can then progress to cirrhosis and liver
failure [3,4]. HS has been reported in patients with both chronic HCV

ALT: Alanine Aminotransferase; ART: Antiretroviral Therapy;
BMI: Body Mass Index; DM: Diabetes Mellitus; FPR: Fibrosis
Progression Rate; HBV: Hepatitis B Virus; HCV: Hepatitis C Virus;
HDL: High-Density Lipoprotein; HIV: Human Immunodeficiency
Virus; HS: Hepatic Steatosis; IR: Insulin Resistance; NAFLD:
Nonalcoholic ~ Fatty Liver Disease; NASH: Nonalcoholic
Steatohepatitis; NRTI: Nucleoside Reverse Transcriptase Inhibitors

Introduction

Liver disease in patients with HIV has been mostly focused on
the co-infection with Hepatitis C Virus (HCV) and Hepatitis B Virus
(HBV), with less attention to other diseases such as Nonalcoholic
Fatty Liver Disease (NAFLD). NAFLD represents a spectrum of liver
diseases characterized mainly by macro vesicular steatosis in the
absence of significant alcohol consumption, and is now recognized
as a major cause of abnormal liver enzymes [1,2]. Hepatic histology
can vary from isolated Hepatic Steatosis (HS) alone to Nonalcoholic

and HIV/HCYV co- infection, with an overall prevalence ranging from
40% to 75% [5], which is greater than expected from the general
population [6]. A reported meta-analysis, addressing a total of 1,989
HIV/HCV co-infected patients, found a prevalence of HS at 50.8%,
ranging from 23% to 72%. Four of these studies included a total of
1,540 HCV mono-infected patients, finding its prevalence of HS at
48.6%, ranging from 33% to 59%. In this meta-analysis, HIV did
not confer an increased risk for HS when compared to HCV mono-
infection [7]. Although the exact mechanism for the development
of NASH has not been fully elucidated, it appears to be associated
to mitochondrial dysfunction [8], as a result of several metabolic
abnormalities. The majority of patients with NAFLD have Insulin
Resistance (IR) and Dyslipidemia, both of which are associated with
other features of the metabolic syndrome such as central obesity,
Diabetes Mellitus (DM), and hypertension [9,10]. In HIV/HCV co-
infected patients, HS has been found to be associated with increased
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body mass index [11], diabetes [12], elevated ALT levels, HCV
genotype 3 [13], necroinflammation, and fibrosis [5,7]. Also common
in chronic HCV and HIV/HCV co- infection is the presence of IR.
Although the IR mechanism in liver disease is unknown, it apparently
is critical in HS and liver disease progression. A study found IR
associated with liver fibrosis/steatosis in HCV mono-infected but not
in co-infected patients [14], but another did find IR associated with
liver fibrosis in co-infected patients [15].

Since HS is associated with increased fibrosis progression [16,17]
its identification has clinical importance. In addition, the presence of
HS has been reported to be associated with reduced response rates
to anti-HCV therapy [18] and Antiretroviral Therapy (ART) [19,
20], for which it has therapeutic importance as well. To determine
the impact of HS on the severity of liver disease progression in HCV
mono-infected patients and HIV/HCV co-infected patients, this
retrospective study was conducted on subjects who had liver biopsies
performed as part of their evaluation for chronic HCV [21].

Patients and Methods
Study population

The present study included consecutive patients with chronic
HCV infection or HIV/HCV co-infection, who had liver biopsies
performed and were being treated at the Foundation de Investigation
in San Juan, Puerto Rico and at the Bronx VA Medical Center in New
York from 1998 to 2005. Laboratory and virological data, within two
months of the liver biopsy dates, were required for inclusion. The
study was performed in accordance to the Declaration of Helsinski,
approved by Institutional Review Boards at each center and each
patient provided a written informed consent and a data release form
to use for clinical investigation purposes.

Variables examined

The personal information included: age, sex, Body Mass Index
(BMI), ethnicity (Latino or non-Latino), presence of diabetes,
amount of alcohol consumed (g/day) and determination of HCV risk
factor (injection drug use, blood transfusion or sex). The laboratory
data included: triglycerides level (mg/dL), total cholesterol (mg/
dL), High-Density Lipoprotein (HDL) level (mg/dL), total bilirubin
(mg/dL) and Alanine Aminotransferase (ALT) levels (U/L). HCV
genotyping and HCV RNA quantification were performed using
standard commercial kits.

Liver tissue evaluation

The Percutaneous liver biopsies, performed in standard
fashion, were formalin-fixed, paraffin-embedded and stained with
hematoxylineosin and Masson’s trichrome. The Ishak Histologic
Activity Index [22] was used to assess the degree of inflammation and
fibrosis in the tissue sample. The necroinflammatory components
were totaled to calculate the activity grade from 0 to 18, and the
fibrosis was classified as stage 0 to 6. Steatosis was graded as in the
modified Brunt scoring system [23,24], by determining the percent
of hepatocytes containing fat; where <5% corresponds to grade 0,
5-33% corresponds to grade 1, 33-66% corresponds to grade 2 and
>66% corresponds to grade 3. The Fibrosis Progression Rate [FPR]
was determined by calculating the quotient of the liver fibrosis stage
divided by the interval of time between the biopsy and the time of HCV
infection, and expressed as units/year. To minimize intra-observer

bias, all liver biopsies were reviewed by pathologists, with experience
in liver tissue, whom were blinded to the clinical information. The
liver biopsies from Fundacion de Investigation (69%) were performed
by a sole invasive radiologist with 3 CT-guided passes, in separate
directions; which yielded an average length of 45 cm using a tri-
cut gauge 18 needle. These liver biopsies were analyzed by the same
experienced hepatopathologist. The liver biopsies from the Bronx VA
Medical Center were performed by the gastroenterology staff and
interpreted by experienced pathologists.

Statistical analysis

Statistical analysis was performed using STATA® (v11) [25]. The
data are presented as mean value * standard deviation. Differences
between continuous variables were compared using Analysis of
Variance (ANOVA) or t-test, and categorical variables were compared
using Fisher’s exact tests. A p value of <0.05 was used to determine
statistically significant results. For the fibrosis multivariate analysis,
associations were analyzed using a partial proportional odds model,
since it was expected that at least one of the variables was not going
to meet the proportional odds assumption. The partial proportional
model [26,27] estimates the likelihood of being in an upper ordinal
category of the response variable, conditional on the explanatory
variables, and allows a group of explanatory variables to vary over
the response variable categories while keeping the others constant.
This model has been used in several clinical studies [28-30] but has
been used scarcely in HCV research [31] even though it is particularly
appropriate to studies involving fibrosis staging.

Results

Study population

1212 subjects were studied; 834 (69%) HCV mono-infected
and 378 (31%) HIV/HCV co-infected. The characteristics of each
group are presented in Table 1. HCV genotyping and HCV RNA
quantification were only available in 937 subjects (76.9%); 673
mono-infected (80.1%) and 264 co-infected (69.8%). There was a
statistically significant difference between the groups in regards to
the age, ethnicity, alcohol use, risk factors for HCV, HCV genotype,
triglycerides levels, HDL levels, total bilirubin levels and BMI. The
group of HCV mono-infected patients was: older, consumed more
alcohol, had a higher BMI and predominantly HCV genotype 1. The
group of HIV/HCV co-infected patients was: predominantly Latinos,
had history of intravenous drug use, had higher triglycerides and
total bilirubin levels, and lower HDL levels. The co-infected patients
had in general well controlled HIV disease, with HIV RNA mean of
594 copies, (n=365 SD 13.3 ) with 80 patients or 22% with less than
50 copies. The mean CD4 was 455.2cells/ml (SD 272.2 and 23% or
87 had less than 250cells/ml. The mean duration of use of ART in
248 patients with information is 3.25 years (SD 2.15 with 79% or 195
patients with therapy for more than 1 year. Of the risk factors for
steatosis, the significantly prevalent variables are: alcohol use in the
HCV mono-infected group, elevated triglycerides levels in the HIV/
HCV co-infected group, and the high BMI in both groups, although
it was significantly higher in the HCV mono-infected patients. The
prevalence of diabetics was relatively low (12.5% and 12.9%) in
both groups. Also of relevance, only 48 subjects of 937 (5.1%) were
HCV genotype 3, with a higher prevalence in HIV/HCV co-infected
patients (9.8%) than in HCV mono-infected individuals (3.3%).
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Table 1: Patient Group Characteristics Stratified by HIV condition.

Characteristic HCV mono-infected HIV/HCV co-infected Pvalue
(n=834) (n=378)

Age (years £ SD) 49.9+10.5 452 +8.4 <0.001
Sex (male, %) 632 (75.8%) 297 (78.6%) 0.21
Ethnicity (Latinos, %) 647 (77.6%) 313 (82.8%) 0.023
Alcohol use (g/day) 27.4 +58.7 17.6 £50.1 0.007
Diabetes 105 (12.6%) 48 (12.7%) 0.926
Risk factors for HCV infection <0.001
Injection drug use 464 (67.1%) 274 (75.9%)
Blood transfusion 180 (26.0%) 16 (4.4%)
Sex 48 (6.9%) 71 (19.7%)
HCV genotype <0.001
1 543 (80.7%) 204 (77.3%)
2 96 (14.3%) 23 (8.7%)
3 22 (3.3%) 26 (9.8%)
4 12 (1.8%) 11 (4.2%)
log HCV RNA 5.98+1.10 5.95+1.10 0.664
Triglycerides (mg/dL) 134.7 £89.9 190.8 + 108.8 <0.001
Total cholesterol 169.9 +37.4 171.8 £45.1 0.486
HDL 47.2+228 42.6 +20.2 0.024
Total bilirubin (mg/dL) 0.81+0.37 0.94 +0.53 <0.001
ALT (U/L) 89.6 £ 74.7 87.3+62.3 0.610
BMI 284 +52 27.0+5.0 0.002
Findings on liver tissue evaluation

The prevalence of the different grades of steatosis in the liver 801 i HIV-HCV
tissues is pre.sented in Figure 1. Steatosis was present .in 51.2% of the 60.3 HCV
HCV mono-infected patients, and moderate to severe in 16.2%. In the 601
HIV/HCV co-infected patients, steatosis was only present in 39.7% - 48.8
of the patients, and moderate to severe in 10.7%. This difference §
was statistically significant (p= 0.003), meaning steatosis was more 5 401 28.8 35-70
frequent and severe in the HCV mono-infected patients than in the o o 1
HIV/HCV co-infected patients. 204 142

The grading of necroinflammatory features is given using a score 8.5
from 0 to 18; and the scores in our patients varied from 0 to 15. In HCV ol 1 1l . ; 2.2 20
mono-infected patients, the distribution of these necroinflammatory No Mild Moderate  Severe
scores show a bell-shaped pattern (data not shown) having a higher Figure 1: Percentage of HCV mono-infected and HIV/HCV co-infected
number of patients with scores of 4 to 8, and peaking at 6. In the patients at different stages of steatosis.

HIV/HCV co-infected patients, the distribution of scores (data not
shown) has a bi-modal pattern with two mayor peaks, one at the
score of 3 and the other at the scores of 6 and 7. Figure 2 presents the
mean values of these necroinflammatory scores in association to the
different grades of steatosis, where, overall, the highest value is 7.4
and the lowest 5.1. In HCV mono-infected patients the association
of these mean values show a positive trend; having a lower value
associated with no or mild steatosis and a higher value associated with
moderate and severe steatosis. This correlation, in the HCV mono-
infected patients, is statistically significant (p<0.001). However, in the
HIV/HCV co-infected patients, the correlation of the mean values
was not statistically significant (p=0.620).

The fibrosis stage scores range from 0 to 6. In both HCV mono-

infected and HIV/HCV co-infected patients, the distribution of these
scores show a similar irregular pattern (data not shown), resulting
3 as the most frequent score, followed by 1, then 2 and 5 in both
groups. When comparing the scores of the HCV mono-infected to
those of the co-infected patients, they were not statistically different
(p=0.170). Figure 3A presents the mean fibrosis scores in association
to the different grades of steatosis, where, overall, the highest value
is 3.8 and the lowest 2.1. Since these values are of such small range,
and of ordinal nature, the mean values should not be statistically
compared. Thus, the data was used for the multivariate analysis
using a partial proportional odds model. Table 2 presents the partial
proportional odds model with the explanatory variables significantly
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Figure 2: Mean necroinflammatory score at different stages of steatosis for
HCV mono-infected and HIV/HCV co-infected patients.
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Figure 3B: Mean Fibrosis Progression Rate (FPR) at different stages of
steatosis for HCV mono-infected and HIV-HCV co-infected patients.

B HIV-HCV
41 HCV

3.0

Fibrosis stage (mean)
N

No Moderate  Severe
Figure 3A: Mean fibrosis score at different stages of steatosis for HCV mono-
infected and HIV/HCV co-infected patients.

associated with higher or lower fibrosis stages in HCV mono-infected
patients. HS, AST, and age at liver biopsy increase the chances of
fibrosis across all levels and met the proportional odds assumption;
therefore the magnitude of the relationship across all levels of fibrosis
was constant. Note that for HS, there is a significant upward trend for
all of its stage over all fibrosis levels. In contrast and although it also
met the proportional odds assumption, total cholesterol decreases
slightly the chances of fibrosis over all stages. The relationship between
fibrosis and Latino ethnicity was not consistent across fibrosis stages.
Specifically, Latino ethnicity was significantly related to fibrosis in
stages 3 and higher with the strongest positive relationship in stage 6
(stages 6 versus combined stages 0 through 5).

The results of the partial proportional odds model for HIV/HCV
co-infected patients are presented in Table 3. HS, AST, and age at
liver biopsy increase the chances of fibrosis across all levels and met
the proportional odds assumption; therefore the magnitude of the
relationship across all levels of fibrosis was constant. However, in
the case of hepatic steatosis, only stage 2 was statistically significant
and positively related to all fibrosis stages. The relationships
between fibrosis and log HCV RNA levels and Latino ethnicity were
inconsistent across fibrosis stages. Specifically, log HCV RNA levels
were inversely related to fibrosis stage only in stage 4 and higher, with
the biggest decrease (50%) in stage 6 when compared to all other

lower stages. Latino ethnicity was significantly related to fibrosis
between stages 2 and 4.

Figure 3B presents the mean Fibrosis Progression Rates (FPR),
expressed as units/year, in association to the different grades of
steatosis. The highest FPR values, 0.21 and 0.24, were of the HIV/
HCV patients with no and mild steatosis, respectively. The lowest FPR
value of 0.10 was of the HIV/HCV co-infected patients with severe
steatosis. In accordance, these values in the HIV/HCV co-infected
patients did not show a statistically significant correlation (p=0.493).
In contrast, the values of the HCV mono-infected patients, although
of subtle difference, did correlate well although not statistically
significant (p=0.088).

Discussion

Hepatic steatosis is caused by the complex interaction of host
and viral factors, such as metabolic syndrome, obesity, DM, IR,
alcoholism and HCV genotype, and in HIV/HCV co-infected
patients, ART may play a role. The finding of 51.2% HS prevalence
in our HCV mono-infected patients is quite consistent with reports
from previous studies (40-80%) [5,7]. On the other hand, the 39.7%
HS prevalence in our HIV/HCV co-infected patients differs from the
mean value (50.8%) found in a meta-analysis study [7]; although our
results are within the range presented in the study (23-72%). One
would expect a higher prevalence of HS in the HIV-infected group
since, theoretically, several HIV factors, including the use of ART,
have pro-steatogenic effects. Metabolic factors, such as: IR, DM,
dyslipidemia and lipodystrophy, are also linked to ART ([32,33],
and Nucleoside Reverse Transcriptase Inhibitors (NRTI) may cause
mitochondrial dysfunction with subsequent direct hepatotoxic
effects [34]. Moreover, HIV infection itself may facilitate DM by way
of tumor necrosis factor-a stimulation and mitochondria damage
[35]. However, in spite of these known pro-steatogenic effects, there
have been studies that failed to show an association of HIV-related
factors (CD4 count, HIV duration, HIV viral load, use and class of
ART) to HS [7,36]. Similar to our findings, another study found only
31% of the HIV-infected patients had HS, and mostly of mild grade
(60%) [36]. It is possible that the lower prevalence in the co-infected
cohort is due to improved medical management with better control of
diabetes, lipidemias and lower alcohol consumption.

Seeking other possibilities for the significantly different
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Table 2: Adjusted odds ratios for covariates related to Ishak Fibrosis Stage among HCV mono-infected patients.

OR (95% CI)

OR (95% CI)

OR (95% CI)

OR (95% CI)

OR (95% Cl)

Ishak Fibrosis

Ishak Fibrosis

Ishak Fibrosis

Ishak Fibrosis

Ishak Fibrosis

Ishak Fibrosis

1.01 (1.01, 1.02)

1.01 (1.01, 1.02)

1.01 (1.01, 1.02)

. Stage 0 Vs. Stage 0+1 Vs. Stage 0+1+2+ Stage 0+1+2+

Variables Stage 1+2+3+ Stage 2+3+4 Sst?e?geeo;l;fsllz. VSst agteaggl;z;i 3+4 Vs. Stage 3+4+5 Vs.
4+5+6 +5+6 ) 5+6 Stage 6
Liver Steatosis
Stage 0 -- - - - - -
Stage 1 1.7 (1.3, 2.4) 1.7(1.3,2.4) 1.7(1.3,2.4) 1.7(1.3,2.4) 1.7 (1.3,2.4) 1.7(1.3,2.4)
Stage 2 3.5(2.3,5.4) 3.5(2.3,5.4) 3.5(2.3,5.4) 3.5(2.3,5.4) 3.5(2.3,5.4) 3.5(2.3,5.4)
Stage 3 4.2 (1.8,9.9) 4.2 (1.8,9.9) 4.2 (1.8,9.9) 4.2 (1.8,9.9) 4.2 (1.8,9.9) 4.2 (1.8,9.9)
AST 1.01 (1.01, 1.02) 1.01 (1.01, 1.02)

1.01 (1.01, 1.02)

Age at Liver Biopsy

1.05 (1.03, 1.07)

1.05 (1.03, 1.07)

1.05 (1.03, 1.07)

1.05 (1.03, 1.07)

1.05 (1.03, 1.07)

1.05 (1.03, 1.07)

Total cholesterol

0.99 (0.99, 0.99)

0.99 (0.99, 0.99)

0.99 (0.99, 0.99)

0.99 (0.99, 0.99)

0.99 (0.99, 0.99)

0.99 (0.99, 0.99)

Latino
Yes

0.6 (0.2, 2.0)

1.0(0.6, 1.5)

1.2 (0.8, 1.7)

2.5(1.6,3.9)

2.9(1.7,5.0)

3.6 (1.2, 10.5)

Table 3: Adjusted odds ratios for covariates related to Ishak Fibrosis Stage among HIV/HCV co-infected patients.

OR (95% Cl)

OR (95% CI)

OR (95% Cl)

OR (95% Cl)

OR (95% Cl)

OR (95% Cl)

Ishak Fibrosis

Ishak Fibrosis

Ishak Fibrosis

Ishak Fibrosis

Ishak Fibrosis

Ishak Fibrosis

. Stage 0 Vs. Stage 0+1 Vs. Stage 0+1+2+ Stage 0+1+2+

Variables Stage 1+2+3+ Stage 2+3+4 gtzgg g:i:g:gs Svt:ggtgttf:; 6 3+4 Vs. Stage 3+4+5 Vs.
4+5+6 +5+6 9 - >tag 5+6 Stage 6

Liver Steatosis
Stage 0 - - - - - -
Stage 1 1.2(0.7,1.9) 1.2(0.7,1.9) 1.2(0.7,1.9) 1.2(0.7,1.9) 1.2(0.7,1.9) 1.2(0.7,1.9)
Stage 2 2.9(1.2,6.7) 2.9(1.2,6.7) 2.9(1.2,6.7) 2.9(1.2,6.7) 2.9(1.2,6.7) 2.9(1.2,6.7)
Stage 3 0.4 (0.1, 1.6) 0.4 (0.1, 1.6) 0.4 (0.1, 1.6) 0.4 (0.1, 1.6) 0.4 (0.1, 1.6) 0.4 (0.1, 1.6)
AST 1.01 (1.01, 1.02) 1.01 (1.01, 1.02) 1.01 (1.01, 1.02) 1.01 (1.01, 1.02) 1.01 (1.01, 1.02) 1.01 (1.01, 1.02)
log HCV RNA 1.3(0.7,2.7) 0.8 (0.6, 1.1) 0.9(0.7,1.2) 0.9 (0.6, 1.1) 0.6 (0.5, 0.9) 0.5(0.3,0.8)

Age at Liver Biopsy

1.05 (1.03, 1.07)

1.05 (1.03, 1.07)

1.05 (1.03, 1.07)

1.05 (1.03, 1.07)

1.05 (1.03, 1.07)

1.05 (1.03, 1.07)

Total cholesterol

1.00 (1.00, 1.01)

1.00 (1.00, 1.01)

1.00 (1.00, 1.01)

1.00 (1.00, 1.01)

1.00 (1.00, 1.01)

1.00 (1.00, 1.01)

Latino
Yes

0.9(0.3,3.1)

2.5(1.2,5.0)

3.2 (1.6, 6.5)

3.0(1.3,6.9)

2.0(0.8,5.4)

1.5(0.3,7.7)

prevalence of HS in the two groups, we focused first on the presence
of metabolic risk factors. In this study, we have a higher BMI and
more alcohol abuse in the HCV mono-infected group, but higher
triglycerides and lower HDL levels in the HIV/HCV co-infected
group, and the percentage of diabetics, an important risk factor
for HS, was similar in both groups. The presence of risk factors is
unequal but inconsistent and, therefore, cannot explain the difference
of HS prevalence. Regarding the possible role ethnicity plays in the
prevalence of HS, studies have indicated that Latinos have a higher
risk because their upper prevalence of metabolic syndrome [37]. In
this study, we have a significantly higher percentage of Latinos in the
HIV/HCV co-infected patients, which is, paradoxically, the group
with the lower HS prevalence. Concerning the HCV viral-related
factors, one significantly associated with HS is the genotype 3 [38,39].
In this study, the percent of those with genotype 3 was higher in the
HIV/HCV co-infected patients (9.8%) versus those infected with
HCYV alone (3.3%), favoring the group that actually had the lower
prevalence of HS. Interestingly, the overall prevalence of genotype
3 in this study was low (5.1%), contrasting with the prevalence in
United States (estimated at 4%) [40], and Europe (10% to >50% in
Eastern countries) [41].

With regards to the possible impact of HS on liver disease
progression, thisstudyrevealed that the HSimpacted differentlyin each
group. HS was significantly associated with the necroinflammatory
activity grade and the fibrosis progression rate in the HCV mono-

infected patients, but not in the HIV/HCV co-infected patients. In the
multivariate analysis, HS did increase the chances of fibrosis across all
levels in the HCV mono-infected group, in addition to AST level and
age at liver biopsy. In the HIV/HCV co-infected group, the AST level
and age at liver biopsy were also significantly related to all fibrosis
stages; however, only moderate HS (stage 2) was significantly related.

In addition to the findings with HS, the fibrosis multivariate
analysis revealed a significant but inverse relationship with total
cholesterol levels and fibrosis in HCV mono-infected patients, and
an inconsistent positive relationship of Latino ethnicity and fibrosis.
Latino ethnicity was only significantly related to fibrosis stage 3 to 6
in the HCV mono-infected group and fibrosis stage between 2 and 4
in the HIV/HCYV co-infected group.

As discussed, we could not identify a reason to explain why HS
is not associated with the progression of fibrosis in the HIV/HCV
co-infected patients in this study, as it has been described elsewhere
[5,7,42]. We considered the possibility of sampling variability of the
liver biopsy [43]. However, we have liver biopsies that are longer than
average (35 mm) and from 3 separate directions, for the majority of
patients in this study. In addition, liver sampling should be equally
relevant to both groups. A possible explanation for this discrepancy
could be the medical history for the duration and selection of ART
drugs. The duration of use of ART (mean 3.25 years) may be short
to observe the progression changes induced by additional steatosis.
We may also have more patients that used ART drugs with lower
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risk of steatosis than others, or patients with lower % of metabolic
syndrome manifestations. We know that immune mechanisms play
a role in fibrosis progression, and one can hypothesize that the HCV
steatogenic effects are so strong that they supersede any HIV related
effects. Therefore, as previously discussed, improved management
of metabolic syndrome variables in the co-infected cohort may be
having a beneficial effect in hepatic steatosis.

In conclusion, this study revealed that HS is relatively common
in the HCV mono-infected patients and somewhat less prevalent
in the HIV/HCV co-infected patients; but most importantly, its
presence impacted differently the progression of liver disease. The HS
increased consistently the severity of the necroinflammatory grade,
the fibrosis stage, and the fibrosis progression rate in HCV mono-
infected patients, but not in HIV/HCV co-infected patients. Finally,
given the adverse impact of HS on fibrosis progression, additional
studies on the efforts to reduce steatosis by addressing modifiable
factors, such as weight, lipid levels, alcohol intake, and the treatment
of HCV (especially in those with genotype 3) are needed. These
interventions are relevant even when curative drug combinations are
available to manage chronic HCV infection. NAFLD associated to
HCV or not is expected to become the next challenge to preserve the
health of the liver.
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