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Abstract
Hepatic steatosis has been reported in human immunodeficiency virus (HIV)/hepatitis C virus (HCV)
coinfection. However, the features of steatohepatitis, including cytologic ballooning and pericellular
fibrosis, its risk factors, and the impact on disease severity in such patients are unknown. To assess
this, we prospectively reviewed liver histology in consecutive coinfected patients to define the
prevalence and severity of the features of steatohepatitis, its risk factors, and its impact on the severity
of liver disease. A total of 222 subjects (74% male, mean age 45, 78% African American, 90%
genotype 1) were studied. The mean body mass index (BMI) was 26, and 18% had a BMI >30. The
prevalence of risk factors for steatosis were: diabetes (31%), hypertension (15%), dyslipidemia (8%),
metabolic syndrome (9%), and alcohol abuse (21%). Steatosis was present in 23% and steatohepatitis
was present in 17%. The steatosis was mild (5%–33%) in 19%, and moderate to severe (>33%) in
4%. Cytologic ballooning and pericellular fibrosis were present in 30% and 13%, respectively. The
mean Ishak score was 6.9, and 33% had bridging fibrosis or cirrhosis. Both steatosis and cytologic
ballooning were associated with BMI, metabolic syndrome, and insulin resistance, and presence of
either was strongly associated with advanced fibrosis (P < 0.0001). By multiple logistic regressions,
the following associations were identified: increased BMI, diabetes, and genotype 3 with steatosis;
diabetes with cytologic ballooning; and longer duration of infection with steatohepatitis.

Conclusion—Steatosis and steatohepatitis are present in 23% and 30%, respectively, of patients
with HIV/HCV coinfection, and both are associated with an increased risk of having advanced
fibrosis. Although we did identify genotype 3, increased BMI, and diabetes as risk factors, we found
no independent association with antiretroviral therapy.

Human immunodeficiency virus (HIV) infection is a global health concern with an estimated
1,200,000 infected in the United States and more than 39 million worldwide (data from
www.unaids.org, accessed October 7, 2007). With the advent of highly active antiretroviral
therapy, which combines various nucleoside/nucleotide analogue reverse transcriptase
inhibitors (NRTIs), nonnucleoside reverse transcriptase inhibitors (NNRTIs), and protease
inhibitors (PIs), the morbidity and mortality related to HIV have decreased significantly.1,2
As a result, patients are now living longer with HIV infection and other comorbidities, and
hepatic events have emerged as a key issue in the management of HIV-infected patients.3

Address reprint requests to: Richard K. Sterling, M.D., Section of Hepatology, Virginia Commonwealth University Medical Center, 1200
E. Broad Street, West Hospital, Room 1492, P.O. Box 980341, Richmond, VA 23298-0341. E-mail: rksterli@vcu.edu; fax: 804-828-4945.
Potential conflict of interest: Dr. Sterling is a consultant for, advises, is on the speakers’ bureau of, and received grants from Roche. He
is on the speakers’ bureau of Schering-Plough. He is also a consultant for and received grants from Wako.

NIH Public Access
Author Manuscript
Hepatology. Author manuscript; available in PMC 2008 May 23.

Published in final edited form as:
Hepatology. 2008 April ; 47(4): 1118–1127.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Much of the focus on liver disease in patients with HIV has been on coinfection with hepatitis
C virus (HCV) and hepatitis B virus (HBV). Consequently, there has been little attention to
other liver diseases such as nonalcoholic fatty liver disease (NAFLD). NAFLD represents a
spectrum of liver diseases characterized mainly by macrovesicular steatosis in the absence of
significant alcohol consumption and is now recognized as a major cause of abnormal liver
enzymes.4,5 Hepatic histology can vary from isolated hepatic steatosis alone to steatohepatitis
which can progress to cirrhosis and liver failure.6,7 In addition to steatosis, nonalcoholic
steatohepatitis (NASH) requires the additional presence of varying combinations of findings,
including cytologic ballooning, Mallory’s hyaline, scattered inflammation, and pericellular
fibrosis.5 It is now recognized that the majority of patients with NAFLD have insulin resistance
(IR) and dyslipidemia, both of which are often associated with other features of the metabolic
syndrome such as central obesity, diabetes mellitus, and hypertension.8,9 Although the exact
mechanism in the development of NASH has not been fully elucidated, it appears to be largely
dependent on mitochondrial dysfunction10 and shares similar pathogenic mechanisms as those
described with the metabolic abnormalities associated with NRTIs and PIs as part of highly
active antiretroviral therapy.11–17 As such, the prevalence and impact of steatohepatitis in the
HIV population needs to be studied.

There have been several reports on hepatic steatosis in patients with HCV18–20 and HIV/HCV
coinfection with a prevalence of 40%–75%.21–31 Because hepatic steatosis is associated with
lower response rates to interferon and increased fibrosis progression,21,32 its presence is
clinically significant. There are, however, little data on the other features of steatohepatitis,
such as cytologic ballooning, Mallory bodies, and pericellular fibrosis in patients with HIV/
HCV coinfection.24 Therefore, the presence of features of steatohepatitis including cytologic
ballooning, its risk factors, and impact on disease severity in such patients are largely unknown.
To assess this, we prospectively reviewed liver histology in consecutive HIV/HCV coinfected
patients to (1) define the prevalence, severity, and risk factors for hepatic steatosis and its
impact on HCV disease severity; (2) define the prevalence and risk factors of cytologic
ballooning in the presence and absence of steatosis and its impact on HCV disease severity;
and (3) determine the prevalence of steatohepatitis, its risk factors, and its impact on the severity
of liver disease in HIV/HCV coinfection.

Patients and Methods
Study Population

The present study included consecutive patients with HIV/HCV coinfection prospectively
evaluated for chronic HCV at Virginia Commonwealth University Medical Center between
1998 and 2006. All patients were ≥ 18 years of age, positive for anti–HIV antibody, and positive
for HCV RNA by commercial assay. Quantitative HCV RNA testing was performed via
polymerase chain reaction assay (Amplicor; Roche Molecular Systems, Branchburg, NJ) and
HCV genotype using Inno-Lipa (InnoGenetics, Tarrytown, NY). Patients were excluded from
analysis if they had a prolonged prothrombin time of >2 seconds from control; had presence
of ascites; had thrombocytopenia (platelet count <70,000); had active or recent (within 3
months) opportunistic infection related to HIV; had advanced HIV disease with life expectancy
less than 1 year; had renal failure defined as a creatinine level >2.5; were HBV surface antigen–
positive; had any other form of chronic liver disease such as autoimmune hepatitis,
hemochromatosis, α1-antitrypsin deficiency, or Wilson’s disease; or were unable to give
informed consent.

Liver Histology
Percutaneous liver biopsy was performed in the standard fashion. Formalin-fixed, paraffin-
embedded liver tissue was stained with hematoxylineosin and Masson’s trichrome. The Ishak
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Histologic Activity Index was used to assess for inflammation and fibrosis33 and Ishak 3–6
fibrosis represented advanced fibrosis. Findings of fatty liver disease were graded by a
modification of the Brunt scoring system as described.34,35 Specifically, grade of steatosis
(<5%, 5%–33%, 34%–66%, and >66%), lobular inflammation at 20× magnification (0, 1–2,
2–4, and >4), cytologic ballooning (none, few, many), presence of Mallory’s hyaline and
megamitochondria, and presence of perisinusoidal fibrosis away from septa was assessed and
used in a semiquantitative manner as described recently for the NAFLD Activity Score (NAS)
which ranges from 0 to 7.36 A diagnosis of steatohepatitis was made based on the pattern of
steatosis and the presence of hepatocyte ballooning and lobular/portal inflammation.34,36 To
minimize interobserver bias, all slides were reviewed simultaneously by 2 investigators
(M.J.C./R.K.S. or A.J.S./R.K.S.) trained in liver pathology blinded to clinical information.

Variables Examined
At the time of biopsy, a comprehensive physical examination was performed and the following
information was collected: age, sex, race, HIV risk factor, estimated duration of infection,
pathologic alcohol use, and presence of diabetes, hypertension, lipodystrophy, and
dyslipidemia. For those undergoing more than 1 biopsy, data were recorded separately at each
biopsy. Both past and current antiretroviral use at the time of biopsy was recorded. Because
the use of stavudine and didanosine have been reported to be associated with steatosis,22,30
they were analyzed separately. Weight, body mass index (BMI), and anthropomorphic
assessment for percent body fat by skin fold thickness and bioelectrical impedance were
assessed by a registered dietician. Prior to biopsy, biochemical tests for fasting glucose, insulin
and lipid panel for total cholesterol, triglycerides, high-density lipoprotein (HDL) and low-
density lipoprotein, aspartate aminotransferase (AST), alanine aminotransferase (ALT),
alkaline phosphatase (ALP), bilirubin, albumin, complete blood count, CD4 and CD8
lymphocyte counts, HIV RNA, HCV RNA, and HCV genotype were performed by commercial
assays in our hospital laboratory. Because quantitative testing for HCV RNA changed over
time during the study period, HCV RNA levels are not reported.

Definitions
Data on current and prior antiretroviral medication were extracted from the chart at the time
of liver biopsy. A normal ALT was defined as ≤60 U/L (the upper limit of normal in our
laboratory) at the time of biopsy. IR was measured by the homeostasis model assessment of
insulin resistance (HOMA-IR) as a continuous variable. The metabolic syndrome was defined
by the Adult Treatment Panel (ATP III) criteria and included 3 or more of the following factors:
a waist circumference >40 inches in men and >35 inches in women, triglyceride level ≥150
mg/dL, HDL <40 mg/dL in men and <50 mg/dL in women, blood pressure >130/85 mm Hg,
and fasting plasma glucose ≥110 mg/dL.15 Obesity was defined as a BMI ≥30 and diabetes
was defined as a presence of fasting glucose >126 mg/dL or by a history of hyperglycemia
managed by antidiabetic medications. Hypertension and dyslipidemia were defined clinically
in a similar manner, whereas lipodystrophy was assessed via chart review, physical
examination, or patient self report. Pathologic alcohol consumption was defined as self
reporting of >20 g/day in females and >30g/day in males.7 Hepatic steatosis was categorized
as <5%, 5%–33%, and >33%; cytologic ballooning was dichotomized as absent or present (few
or many); and steatohepatitis was defined as the presence of steatosis with cytologic ballooning
and lobular inflammation.34–36 Advanced fibrosis was defined as the presence of bridging
fibrosis or cirrhosis. This study was approved by the Office of Research Subjects Protection
at the Virginia Commonwealth University Health System.
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Statistical Analysis
Demographic, clinical, laboratory, and histologic data are presented as mean and standard
deviation for normally distributed data, median and interquartile range [IQR] for non-normal
distributed data, and proportions for categorical data as indicated. The 3 primary outcomes
were the histologic presence of hepatic steatosis (≥5% versus <5%), cytologic ballooning (few
or many versus none), and steatohepatitis (present versus absent). For each of these,
demographic, clinical, and laboratory variables were compared. Differences in continuous
variables were compared via 2-tailed Student t test and analysis of variance and categorical
variables were assessed by chi-square or Fisher’s exact test as appropriate. Associations
between variables were assessed via Pearson correlation. Stepwise multivariable logistic
regression of factors identified on univariate analysis with a P value ≤0.25 to enter and ≤0.10
to remain in the model were used to identify predictors for each outcome. A P value <0.05 was
considered significant. All analyses were performed using JMP IN 7.0 (SAS Institute, Cary,
NC).

Results
Study Population

During the study period, 270 patients with HIV and liver disease were evaluated. Forty-eight
patients were excluded from analysis for the following reasons: HBV (28), end-stage renal
disease (9), hepatic decompensation (2), refused biopsy (3), and significant comorbid disease
that precluded liver biopsy (6). A total of 277 biopsies in 222 subjects were available for review.
The mean time between biopsies in the 50 patients with more than 1 biopsy was 50 months.
Because demographic, laboratory, and clinical characteristics were similar between those
undergoing 1 and more than 1 biopsy, the cohort was analyzed collectively. When patients
with more than 1 biopsy were excluded, the results did not change (data not shown). The
characteristics of the subjects meeting inclusion and exclusion criteria are shown in Table 1.
All patients were HCV RNA–positive at the time of biopsy, and 90% were genotype 1 and
only 4% were genotype 3. Antiretroviral therapy was used in 83% at the time of biopsy and
included an NRTI in 93%, an NNRTI in 30%, and a PI in 47%. Of those on an NRTI, the most
commonly used were zidovudine (34%), tenofovir (16%), lamivudine (11%), stavudine (16%),
abacavir (6%), and didanosine (5%). Of those on an NNRTI, 57% were on efavirenz and 42%
were talking nevirapine. Of those on a PI, the most commonly used were nelfinavir (30%),
lopinavir/ritonavir (27%), indinavir (13%), atazanavir (17%), and saquinavir (5%). Fasting
insulin was available in 68 subjects with a mean HOMA-IR of 2.08 (range, 0.05–11.68). There
were no significant differences in demographic, clinical, or histologic characteristics between
those with and without HOMA-IR available (data not shown). The mean (standard deviation)
Ishak score in the cohort was 6.9 (4.6), and 33% had advanced fibrosis. The presence of
advanced fibrosis was associated with longer duration of infection (P = 0.007); increased AST,
ALT, and ALP (all P < 0.0001); HOMA-IR (P = 0.01); presence of diabetes (P = 0.002);
lipodystrophy (P = 0.005); and use of stavudine at time of biopsy (P = 0.02). When all clinical
factors with a P value <0.25 were entered into a stepwise multivariable logistic regression
model with advanced fibrosis as the outcome variable, HOMA-IR (P = 0.009), BMI (P =
0.007), and duration of infection (P = 0.006) were independently associated with advanced
fibrosis.

Prevalence, Severity, and Risk Factors for Hepatic Steatosis and Its Impact on HCV Disease
Severity

Two hundred twenty-four biopsies were available for review for steatosis; the distribution is
shown in Fig. 1. Steatosis was predominantly macrovesicular and present in 23%, mild (5%–
33%) in 19%, and moderate to severe (>33%) in 4%. Table 2 compares those with (n = 53) to
those without (n = 171) ≥5% steatosis. On univariate analysis, coinfected patients with steatosis
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had a higher ALT (107 versus 81 U/L; P = 0.022), a higher BMI (28 versus 25; P =.001), a
BMI ≥30 (28% versus 16%; P = .04), longer duration of infection (22 versus 18 years; P = .
036), had diabetes (19 versus 9%; P = .04), had a higher HOMA-IR (3.6 versus 1.85), and were
more likely to have the metabolic syndrome (17% versus 6%; P = .03). Conversely, those with
≥5% steatosis were less likely to have a positive HIV RNA (>400 copies/mL) 24 versus 42%;
P = .026), less likely to be on antiretroviral therapy (77 versus 88%; P = .048) overall, and
specifically less likely to be on a PI (33 versus 51%; P = 0.03) compared with those with <5%
steatosis. Although there were only 9 patients (4%) in the cohort with genotype 3, it was more
common in those with steatosis (14% versus 2%; P = .035). Those with steatosis also had
higher Ishak scores for portal, periportal, and lobular inflammation (all P< ;.0001), had higher
fibrosis scores (2.64 versus 1.91; P < .003), and were more likely to have advanced fibrosis
(62% versus 28%; P < 0.0001), cytologic ballooning (51% versus 10%; P < .0001), Mallory’s
hyaline (25% versus 4%; P < 0.0001), and pericellular fibrosis (25% versus 10%). We observed
no differences in other clinical variables. Stepwise multivariable logistic regression of clinical
factors identified increased BMI [odds ratio (OR) 1.17; 95% confidence interval (CI) 1.07–
1.29; P = 0.0004], diabetes (OR 2.05, 95% CI 1.16–3.59; P = 0.014) and genotype 3 (OR 4.06;
95% CI 1.83–9.89; P = 0.0007) as an independent clinical factors associated with the presence
of hepatic steatosis.

Prevalence and Risk factors of Cytologic Ballooning in the Presence and Absence of
Steatosis and Its Impact on HCV Disease Severity

Two hundred twenty-four biopsies were available for review for cytologic ballooning; the
distribution is shown in Fig. 2. Cytologic ballooning was present in 67 [30% (few in 21% and
many in 9%)] patients. When comparing patients with (n = 66) to patients without (n = 154)
cytologic ballooning, patients with ballooning had higher AST levels (130 versus 78 U/L; P <
0.0001), had higher ALP levels (163 versus 121 U/L; P = 0.0002), had lipodystrophy (18%
versus 9%; p = 0.05), and were less likely taking either stavudine (20% versus 29%; P = 0.04)
and more likely taking didanosine (17% versus 9%; p = 0.059) compared to those without
ballooning. Similar to those with steatosis, those with cytologic ballooning had higher ALT
(107 versus 78 U/L; P = 0.006), longer duration of disease (23 versus 17 years; P = 0.0009),
diabetes (19% versus 8%; P = 0.01), a higher HOMA-IR (3.35 versus 1.86; P = 0.006), higher
Ishak scores for portal, periportal and lobular inflammation (all P < 0.0001), fibrosis (both P
< 0.0001), and Mallory bodies (30% versus none; P < 0.0001). Unlike those with steatosis, we
observed no significant differences in BMI, percent with BMI ≥30, proportion with the
metabolic syndrome, undetectable HIV RNA, or protease inhibitor use. The proportion of
patients with steatosis (5%–33% and >33%) was higher in those with (38% and 13%) than
those without (10% and 0%) cytologic ballooning respectively (P < 0.0001). Stepwise
multivariable logistic regression of clinical factors identified only a history of elevated fasting
glucose or diabetes as an independent clinical factor associated with the presence of cytologic
ballooning (OR 3.89; 95% CI 1.19–19.78; P = 0.023).

Although steatosis was highly associated with cytologic ballooning (P < 0.0001),
approximately 10% of patients with no ballooning had ≥5% steatosis, whereas 33% of patients
with cytologic ballooning had <5% steatosis. Therefore, we also stratified the analysis of
factors associated with cytologic ballooning in the absence (32/171: 19%) and presence (34/50:
68%) of steatosis. In the absence of steatosis, the presence of cytologic ballooning was
associated with increased AST, ALT, and ALP (all P < 0.001); hepatic inflammation (P <
0.0001) and fibrosis (P < 0.0001); and the presence of advanced fibrosis (65% versus 19%;
P < 0.0001). On univariate analysis, only duration of disease (23.5 versus 17 years; P = 0.005)
and increased HOMA-IR (1.55 versus 2.89; P = 0.036) were associated with cytologic
ballooning. On multivariable logistic regression, only increasing HOMA-IR was
independently associated with cytologic ballooning in the absence of steatosis (P = 0.047).
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Conversely, when we compared patients with (n = 34) and without (n = 16) cytologic ballooning
in only those patients with steatosis, the only variables associated with ballooning were lower
weight (71 versus 89 kg; P = 0.04), lower cholesterol (156 versus 190 mg/dL; P = 0.04), and
higher fibrosis scores (3.11 versus 2.12; P = 0.032) with no differences in other laboratory
studies or liver inflammation.

Prevalence and Risk Factors of Steatohepatitis and Its Impact on HCV Disease Severity
Two hundred twenty-four biopsies were available for review for steatohepatitis; the distribution
of NAFLD Activity Score is shown in Fig. 3. A histologic diagnosis of steatohepatitis defined
as steatosis in the presence of cytologic ballooning and lobular inflammation was present in
38 (17%) patients. Mallory’s hyaline was seen in 8% of patients, and pericellular fibrosis was
seen in 13%. Table 3 compares patients with (n = 37) and without (n = 179) a diagnosis of
steatohepatitis. Univariate analysis identified that patients with steatohepatitis were more likely
to be female (26% versus 13%; P = 0.02); to be shorter (66 versus 68 inches; P = 0.01); to have
longer duration of disease (24 versus 18 years; P = 0.0053); to have higher CD8 (1165 versus
918 cells/mL; P = 0.017), AST (124 versus 85 U/L; P = 0.0054) and ALT levels (108 versus
83 U/L; P = 0.047); and to have lower HDL (38 versus 46 mg/dL; P = 0.035) and total
cholesterol (155 versus 171 mg/dL; P = 0048). Although NRTI use as a class was lower in
patients with steatohepatitis (14% versus 34%; P = 0.0048), specific use of didanosine was
much higher in patients with steatohepatitis (33% versus 12%; P = 0.0086). Similar to steatosis
and cytologic ballooning, the composite diagnosis of steatohepatitis was associated with higher
Ishak portal, periportal, and lobular inflammation (all P < 0.001) and higher fibrosis (P <
0.0001). We did not observe any significant differences in diabetes, BMI, alcohol use,
hypertension, percent body fat, triglyceride levels, HOMA-IR, or PI use between patients with
and without steatohepatitis. Stepwise multivariable logistic regression of clinical factors
identified only longer duration of disease (OR 1.06; 95% CI 1.01–1.11; P = 0.0125) as an
independent clinical factor associated with the presence of steatohepatitis.

Discussion
Liver disease is now recognized as an important cause of morbidity and mortality in patients
living with HIV.37–39 Although the focus has been on chronic HCV and HBV, hepatic
steatosis has emerged as an important comorbidity.3,40 Several reports have found that
steatosis is common in patients with both chronic HCV13,18,19,27 and HIV/HCV
coinfection21–31 and greater than expected from the general population.41 Because steatosis
is associated with fibrosis progression and reduced response to anti-HCV therapy,21,22,32 its
identification has an important clinical implication. Possible causes of hepatic steatosis in
patients with HIV may be due to HIV itself, concurrent viral hepatitis, pathologic alcohol use,
diabetes mellitus, obesity, or antiretroviral medications.3,40

The current study in a cohort of consecutive patients with HIV/HCV coinfection with and
without elevated liver enzymes identified steatosis in 23%: mild (5%–33%) in 19%, and
moderate to severe (>33%) in 4%. This is somewhat lower than in other reports that found
varying degrees of steatosis in 40%–72%.22–25,27–31 In these studies, any steatosis was
associated with several factors, including white race,22 age,23 increased weight or BMI,23–
25,31 hyperglycemia,22 low HDL,24 lipodystrophy,24 hypertriglyceridemia,28 HCV RNA
level,25 HCV genotype 3,24,25,30,31 and exposure to stavudine22,30 or di-danosine.30 Of
these studies, 2 compared coinfected patients with patients with HCV alone with dichotomous
results. Monto et al.23 found a low (2%) prevalence of significant steatosis (>33%) in 92
coinfected patients compared with 9% in 372 HCV controls (P = 0.02) which was unrelated
to HIV therapy; however, Gaslight-wala and Bini28 found a higher proportion with any
steatosis (72 versus 52%, P < 0.001) and grade 2/3 steatosis (48 versus 20%; P < 0.001) in 154
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coinfected patients compared with 554 HCV controls. One study that compared steatosis-
coinfected patients with elevated and persistently normal levels of ALT found no difference
in the proportion with steatosis (57% versus 54%; P = 0.07).27 Similar to these previous
studies, we identified increasing BMI, diabetes mellitus, and genotype 3 as independent
predictors of steatosis. Similar to studies in HCV monoinfection, steatosis was also associated
with increased insulin resistance and the presence of the metabolic syndrome.18–20,42
Differences between our findings and those of prior studies may be due to the high proportion
of African Americans in our patient population, because this group may have a lower
prevalence of steatosis43 and the differences in defining steatosis.

Unlike other studies, this is the first study that specifically analyzed for the presence of other
features of steatohepatitis such as cytologic ballooning, Mallory body formation, and
pericellular fibrosis.35 Interestingly, 33% of patients with cytologic ballooning had < 5%
steatosis. In this subset, cytologic ballooning in the absence of steatosis was associated with
more hepatic inflammation and a higher likelihood of having advanced fibrosis. Although
diabetes was not more common in this group, insulin resistance was. This suggests that factors
that might lead to insulin resistance—such as certain PIs and NRTIs11–17,44,45—may
increase cytologic ballooning and result in increased liver disease progression in some
coinfected patients.

In addition to steatosis and cytologic ballooning, we also examined our cohort for the composite
score of steatohepatitis34,35 and found similar associations with disease duration, insulin
resistance, and liver enzymes. However, unlike when steatosis or cytologic ballooning were
assessed separately, patients with steatohepatitis were also more likely to be female, to be
shorter, to have a higher CD8 count, and to have lower HDL and total cholesterol compared
with coinfected patients without steatohepatitis. Although NRTI use as a class was lower in
patients with steatohepatitis, similar to cytologic ballooning, specific use of didanosine was
much higher in patients with steatohepatitis. Similar to steatosis and cytologic ballooning, the
composite diagnosis of steatohepatitis was associated with higher portal, periportal, and lobular
inflammation and higher fibrosis scores. Unlike associations with steatosis or cytologic
ballooning, we did not observe any significant differences in diabetes or BMI, nor did we
observe significant differences in other factors associated with the metabolic syndrome, such
as hypertension, percent body fat, or triglyceride levels or PI use between those with and
without steatohepatitis. Importantly, there was no association with self-reported pathologic
alcohol use. However, multivariate logistic regression identified only longer duration of disease
as an independent clinical factor associated with the presence of steatohepatitis.

There were several limitations to our analysis. All patients seen in our HIV clinic are tested
for HCV. However, referral for further evaluation is dependent on the HIV provider. We
recognize that our patient population, which is comprised of mostly black males, may not be
representative of all patients with HIV. This could have resulted in selection bias of patients
included in this cohort analysis. We also recognize that although the presence of steatosis may
be lower in blacks than in whites,43 these data were not based on liver histology and were not
obtained in HIV-positive patients. Therefore, the impact of race on the presence of steatosis in
HIV-positive patients in the absence of HCV is not known. Although liver biopsy has always
been the gold standard in the evaluation of liver disease, it provides a relatively small core (2–
3 cm) and may be subject to intraobserver variation and sample error similar to what is now
appreciated in HCV.46 Similar to other studies, we did not account for prior antiretroviral use
and compliance with these medications. Due to the dynamic process of HIV disease and
therapies, patients may change their antiretroviral regimen due to drug toxicities, compliance
issues, or development of multidrug resistance. In addition, not all medications within each
class have similar metabolic effects. Only prospective, longitudinal studies in antiretroviral-
naïve patients that include paired liver biopsies that take into account these factors mentioned
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would be specifically able to adequately determine the impact of medication class on liver
disease. That type of study may never be possible due to the ethical problems of obtaining liver
histology in those without HCV as well as the numbers needed to detect statistical differences.

Concomitant alcohol use contributes to HCV disease severity.47,48 Although all patients
included in this analysis abstained from alcohol for at least 6 months prior to biopsy, because
we relied on self-reported historical information and not random alcohol testing, unreported
alcohol use could have affected our analysis. In addition, we were not able to adequately assess
for duration of disease in all patients as not all patients were able to give an accurate time of
infection. However, because these factors were true for both patients with and without
steatohepatitis, it should have minimized any differences between groups. Given the dynamic
processes of HIV and HCV infections, the single point in time laboratory values and missing
data in some patients may have limited our analysis. Because we did not measure historical
glucose values, we were not able to differentiate those with uncontrolled glucose levels from
those with a diagnosis of diabetes regardless of level of control. Lastly, we did not compare
our population to patients with HCV alone. However, the lack of association of unique HIV
factors, such as HIV RNA, CD4 counts, or antiretroviral therapy should minimize this
limitation.

In conclusion, steatosis, cytologic ballooning and steatohepatitis are relatively common in HIV/
HCV coinfection and are all associated with an increased risk of having advanced fibrosis,
underscoring the importance of these histologic findings and their contribution to the
pathogenesis of liver disease progression in coinfected individuals. As such, all future studies
should include these histologic findings. Importantly, we identified that risk factors for these
conditions, including increased BMI, diabetes, genotype 3 and disease duration, are similar to
those in HCV-infected patients without HIV. We found no independent association with
antiretroviral therapy. Finally, given the adverse impact of steatosis, cytologic ballooning, and
steatohepatitis on fibrosis progression, additional studies on efforts to reduce steatosis by
addressing modifiable factors, such as weight reduction and treatment of HCV— especially in
those with genotype 3 that might reduce steatosis46,50 in HIV-HCV coinfected patients—are
needed.
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Fig. 1.
Distribution of steatosis in 224 patients with HIV/HCV coinfection. None = <5%. Mild = 5%–
33%. Moderate-Severe = >33%. Data represent the percentage of patients.
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Fig. 2.
Distribution of cytologic ballooning in 224 patients with HIV/HCV coinfection. Data represent
the percentage of patients.
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Fig. 3.
Distribution of NASH Activity Score in 224 patients with HIV/HCV coinfection. Data
represent the percentage of patients.
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Table 1
Patient Characteristics

Factor Values

Demographics
 Number of patients 222
 Age* 45.4 (8)
 Sex (% male) 74
 Race (%) (white/African American) 22/78
 CDC class (% A1/A2/A3/B1/B2/B3/C1/C2/C3)† 27/22/11/6/4/1/2/26
 Duration of infection (years)* 18.7 (10.5)
 Weight (kg)* 74 (2.2)
 Body mass index* 26 (4.9)
 Body mass index ≥30 (%) 18
 Waist/hip ratio*‡ 0.9 (0.09)
 Body fat* (%) (skin fold/bioimpedence)‡ 29 (8.8)/26(11.3)
Clinical factors
 On antiretroviral therapy (%) 83
 NRTI use (%) 82
  Didanosine/stavudine use (%) 10/25
 NNRTI use (%) 30
 PI use (%) 47
 Diabetes mellitus (%) 11
 Hypertension (%) 15
 Dyslipidemia (%) 8
 Metabolic syndrome (%) 9
 Alcohol use (%) 21
Laboratory
 CD4 (cells/mL)* 535 (329)
 CD4%* 24.9 (10.7)
 CD8 (cells/mL)* 957 (540)
 CD8% 43.9 (12.8)
 CD4 3200, 201–500, 3500 cells/mL 10%,42%,48%
 HIV RNA 3400 copies/mL (%) 45
 HCV genotype 1 (%) 90
 AST (U/L)§ 62 (43–102)
 ALT (U/L)§ 68 (43–101)
 ALP (U/L)§ 112 (85–112)
 Normal ALT (%) 38
 Bilirubin (mg/dL)* .84 (0.84)
 Albumin (g/L)* 3.97 (0.44)
 Platelet ×1000* 204 (72)
 Triglyceride (mg/dL)*| 169 (101)
 Cholesterol (mg/dL) *| 169 (36)
 High-density lipoprotein (mg/dL)* | 44.4 (15)
 Low-density lipoprotein (mg/dL)* | 89 (31)
 HOMA-IR *¶ 2.08 (1.9)
Histology
 Ishak score (total)* 6.94 (4.58)
 Ishak inflammation* 5.17 (3.43)
 Ishak fibrosis* 1.76 (1.61)
 Advanced fibrosis (%) 33
 Steatosis (>5%; yes/no) 23
 Cytologic ballooning (yes/no) 30
 Pericellular fibrosis (yes/no) 13
 Mallory’s hyaline (%) 9
 NASH activity score* 2.18 (1.42)
 Steatohepatitis (yes/no) 17

Abbreviation: CDC, Centers for Disease Control and Prevention.

*
Mean (standard deviation).

†
Data available in 153 patients.

‡
Data available in 70 patients.

§
Median (interquartile range).
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|
Data available in 160 patients.

¶
Data available in 68 patients.
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Table 2
Comparison of Patients with and without Steatosis (>5%)

Steatosis

P Value§§Factor <5% >5%

Demographics
 Number of patients 171 53
 Age* 45 (0.61) 45 (1.1) NS
 Sex (% male) 77 70 NS
 Duration of infection (years) 18.5 (0.95) 22.63 (0.75) 0.036
 Weight (kg) 73 (1.8) 76 (3.2) 0.35
 Body mass index 25.66 (0.41) 28.51 (0.75) 0.001
 Body mass index ≥30 (%) 16 28 0.03
 Waist/hip ratio† 0.89 (0.01) 0.91 (0.02) NS
 Body fat (%; skin fold/bioimpedence)† 27/31 25/29 NS
Clinical factors
 On antiretroviral therapy (%) 88 77 0.048
 NRTI use (%) 87 77 0.08
  Didanosine/stavudine use (%) 10/25 15/30 NS
 NNRTI use (%) 30 37 NS
 PI use (%) 51 33 0.034
 Diabetes mellitus (%) 9 19 0.04
 Hypertension (%) 11 20 0.09
 Dyslipidemia (%) 8 9 NS
 Metabolic syndrome (%) 6 17 0.01
 Alcohol use (%) 18 24 0.36
Laboratory
 CD4 (cells/mL) 514 (26) 598 (47) 0.12
 CD4% 24 (0.89) 25 (1.6) NS
 CD8 (cells/mL) 940 (45) 994 (81) NS
 CD8% 44 (1.1) 41 (1.9) 0.24
 CD4 <200 (%) 12 15 0.22
 HIV RNA <400 copies/mL (%) 43 47 0.024
 HCV genotype 3 (%) 2 14 0.0035
 AST (U/L) 86 (6) 106 (11) 0.13
 ALT (U/L) 82 (5) 107 (9) 0.025
 ALP (U/L) 130 (8) 141 (10) 0.39
 Normal ALT (%) 41 26 0.13
 Platelet ×1000 208 (6) 193 (10) 0.19
 Triglyceride (mg/dL)‡ 165 (10) 179 (18) NS
 Cholesterol (mg/dL)‡ 169 (3) 164 (6) 0.44
 High-density lipoprotein (mg/dL)‡ 45 (1.6) 42 (2.8) 0.29
 Low-density lipoprotein (mg/dL)‡ 90 (3.4) 86 (5.7) NS
 HOMA-IR§ 1.85 (0.39) 3.6 (0.65) 0.024
Histology
 Ishak score (total) 8.11 (0.28) 9.0 (.52) 0.13
 Ishak inflammation 6.2 (0.21) 6.3 (0.38) NS
 Ishak fibrosis 1.91 (.11) 2.64 (0.21) 0.0034
 Advanced fibrosis (%) 28 62 <0.0001
 Cytologic ballooning (yes/no) 18 68 <0.0001
 Pericellular fibrosis (yes/no) 10 25 <0.0059
 Mallory’s hyaline (%) 4 25 <0.0001
 Steatohepatitis (yes/no) 6 54 <0.0001

Abbreviation: NS, not significant.

*
Mean (standard error of the mean).

†
Data available in 70 patients.

‡
Data available in 160 patients.

§
Data available in 68 patients.

§§
For univariate analysis.
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Table 3
Comparison of Patients with and without Steatohepatitis

Steatohepatitis

P Value§§Factor No Yes

Demographics
 Number of patients 179 37
 Age* 44(0.59) 45(1.3) NS
 Sex (% male) 87 74 0.025
 Duration of infection (years) 18(0.93) 24(1.8) 0.0053
 Weight (kg) 75(1.7) 67(3.9) 0.07
 Body mass index 26.01(0.41) 27.6(0.97) 0.12
 Body mass index ≥30 (%) 16 22 0.31
 Waist/hip ratio† 0.90(0.01) 0.91 (0.02) NS
 Body fat (%) (skin fold/bioimpedence)† 28/25 33/32 0.12
Clinical factors
 On antiretroviral therapy (%) 88 72 0.01
 NRTI use (%) 88 70 0.005
  Didanosine/stavudine use (%) 12/15 33/14 0.008/NS
 NNRTI use (%) 34 14 0.0048
 PI use (%) 20 12 0.12
 Diabetes mellitus (%) 15 29 0.09
 Hypertension (%) 17 17 NS
 Dyslipidemia (%) 17 16 NS
 Metabolic syndrome (%) 16 25 0.32
 Alcohol use (%) 16 19 0.65
Laboratory
 CD4 (cells/mL) 529 (28) 572 (56) 0.48
 CD4% 24.6 (0.85) 24.5 (1.8) NS
 CD8 (cells/mL) 917 (44) 1165 (93) 0.018
 CD8% 43.7 (1.03) 44.4 (2.2) NS
 CD4 <200 (%) 14 5 0.16
 HIV RNA <400 copies/mL (%) 14 18 NS
 HCV genotype 3 (%) 2 10 0.05
 AST (U/L) 85 (6) 124 (13) 0.0054
 ALT (U/L) 83 (5) 108 (11) 0.047
 ALP (U/L) 129 (0.83) 154 (.08) 0.08
 Normal ALT (%) 41 27 0.19
 Bilirubin (mg/dL) 0.79 (0.06) 1.2 (.015) 0.012
 Albumin (g/L) 3.9 (0.03) 3.8 (0.07) 0.12
 Platelet ×1000 207 (5) 192 (12) 0.28
 Triglyceride (mg/dL)‡ 169 (10) 179 (23) NS
 Cholesterol (mg/dL)‡ 171 (3.2 155 (7.3) 0.048
 High-density lipoprotein (mg/dL)‡ 46 (1.6) 38 (3.5) 0.035
 Low-density lipoprotein (mg/dL)‡ 91 (3) 81 (7) 0.21
 HOMA-IR§ 2.04 (0.42) 3.28 (0.69) 0.13
Histology
 Ishak score (total) 7.9 (0.24) 11.44 (.055) <0.0001
 Ishak inflammation 6.04 (0.18) 8.22 (0.41) <0.0001
 Ishak fibrosis 1.87 (0.11) 3.16 (0.24) <0.0001
 Advanced fibrosis (%) 15 40 0.0003
 Steatosis (>5%; yes/no) 6 64 <0.0001
 Cytologic ballooning (yes/no) 1 53 <0.0001
 Pericellular fibrosis (yes/no) 10 30 0.0001
 Mallory’s hyaline (%) 4 33 <0.0001

Abbreviation: NS, not significant.

*
Mean (standard error of the mean).

†
Data available in 70 patients.

‡
Data available in 160 patients.

§
Data available in 68 patients.

§§
For univariate analysis.
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