Steatosis in Chronic Hepatitis C: Relative
Contributions of Obesity, Diabetes Mellitus,
and Alcohol
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Steatosis has emerged as a histologic finding of importance to the progression of hepatitis C
virus (HCV)-associated liver disease. However, most studies of HCV-associated steatosis
have excluded alcohol drinkers and individuals with diabetes and thus have not addressed
the relative contribution of known causes of steatosis to liver injury in HCV-associated
disease. To address this issue, we studied 297 consecutive patients with HCV who met
inclusion criteria. Alcohol consumption, demographics, and serologic tests were correlated
with degrees of steatosis and fibrosis on liver biopsy. Liver biopsy specimens were also
examined for evidence of significant alcohol or nonalcoholic steatohepatitis (NASH) injury.
In univariate analysis, steatosis correlated with type 2 diabetes mellitus (? = .005) and body
mass index (BMI) (P = .0001) but not with the intensity of alcohol intake (in grams per day).
In multivariate analysis, BMI (P = .0002) and genotype 3a infection (P = .02) were inde-
pendent predictors of steatosis. When patients with risk factors for NASH were excluded,
genotype 3a infection was the only independent predictor of steatosis. Steatosis (P = .04)
and inflammation (P < .0001) scores on liver biopsy were the only independent predictors
of fibrosis. Significant alcohol or NASH injury was found in only 6% of biopsy specimens.
In conclusion, steatosis in HCV infection is associated with risk factors for NASH, particu-

larly obesity, rather than alcohol consumption. (HErATOLOGY 2002536:729-736.)

epatitis C virus (HCV) now predominates as a

cause of chronic liver disease in Western coun-

tries. A striking feature of HCV infection is its
association with fat accumulation within hepatocytes (ste-
atosis).! Previous work has elucidated some aspects of the
relationship between HCV and steatosis; HCV-infected
patients with steatosis are more likely to have risk factors
for nonalcoholic steatohepatitis (NASH), particularly
higher body mass index (BMI) and serum triglyceride
levels.? There is a significant association between steatosis
and inflammation and fibrosis scores on liver biopsy,>*
and genotype 3a has been linked to steatosis more
strongly than other genotypes.*>

Abbreviations: HCV, hepatitis C virus; NASH, nonalcoholic steatohepatitis;
BMI, body mass index.
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Hepatic steatosis in general has often been attributed
to alcohol intake. The feeding of alcohol to mice®
and humans” leads predictably to steatosis. This early
mechanistic work on alcohol initially dominated our un-
derstanding of liver diseases characterized by fat ac-
cumulation. Indeed, nondrinking diabetic patients and
obese patients were often suspected of covert alcohol use
before the characterization of NASH, a fatty liver disease
defined by the absence of alcohol.® Understanding
whether steatosis is independent of alcohol consumption
is therefore an important step in the evaluation of any
liver disease characterized by steatosis, including HCV-
associated liver disease.

The primary aim of our study was to investigate the
role of alcohol in HCV-related steatosis. This has been
inadequately studied to date. Hourigan et al.> were the
first to examine this relationship and did not find any
association between alcohol intake and steatosis. They
also did not find a relationship between alcohol intake
and fibrosis, however, which conflicts with the generally
accepted view that alcohol intake contributes to fibrosis.”
Another recent study'® had similar findings to those of
Hourigan et al., namely that estimated alcohol intake did
not correlate with steatosis or fibrosis. Both of these stud-
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ies used fairly simple estimates of alcohol intake, which
may have been inadequate. However, other studies of
HCV-associated steatosis have either excluded patients
who drink alcohol at all>> or those who drink more than
30 to 40 g/d.#'" Because both alcohol and HCV can
produce steatosis independently, we hypothesized that
the presence of both risk factors might lead to increased
steatosis. Moreover, we hypothesized that steatosis may
represent a mechanism of the increased fibrosis seen in
patients with chronic hepatitis C infection who drink
excessively.

The second aim of our study was to investigate the
potential role of another variable known to cause steatosis,
type 2 diabetes mellitus, on HCV-related steatosis. Type
2 diabetes mellitus is a principal contributor to NASH, 2
one of the most common causes of liver disease in West-
ern countries.!3 However, little is known about the role of
diabetes in the development of steatosis in chronic HCV
disease because diabetic patients, like alcohol drinkers,
were either excluded*>!! or included in insufficient num-
bers for adequate study?? in most of the epidemiologic
studies of HCV-associated steatosis performed to date.
The one recent study that included diabetic patients
found no association between diabetes and steatosis.!'”
Hepatitis C has also been found to be an independent risk
factor for diabetes,'4 although this relationship is contro-
versial.’> Because both HCV and diabetes are linked to
steatosis, we believed that clarifying the contribution of
each to hepatic steatosis and/or fibrosis would be impor-
tant.

The third aim of our study was to clarify the histologic
pattern of liver injury in patients with HCV-associated
steatosis and to determine whether this pattern was
altered by subjects’ alcohol intake or type 2 diabetes
mellitus. Alcohol injury is nearly indistinguishable histo-
logically from that caused by NASH.'® However, hepati-
tis C infection and alcoholic liver injury can be readily
distinguished from each other when each is studied sepa-
rately.’7' When NASH or alcohol-related injury is
superimposed on HCV-related injury, a situation com-
monly encountered in the obese, diabetic, or alcoholic
patient with HCV, histologic changes have not been well
described. Given our study population, which included
diabetic patients and alcohol drinkers, we were able to
address histologic manifestations of these multiple poten-
tial causes of liver injury.

Patients and Methods

Patients. Patients were recruited from those undergo-
ing liver biopsy for staging of HCV disease before consid-
eration of therapy against HCV at the Veterans Affairs
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and UCSF Medical Centers in San Francisco, CA. Thus,
patients with clinically decompensated cirrhosis or con-
traindications to liver biopsy were not included in the
study group. Consecutive patients evaluated (by T.L.W.
and A.M.) between July 1997 and May 2000 were asked
to participate in the study, which was approved by the
local institutional review board. Following written, in-
formed consent, all patients completed questionnaires at
the time of liver biopsy. A total of 181 patients were
recruited through the Veterans Affairs Medical Center
and 116 from UCSF Medical Center, comprising a study
group of 297 patients. Patients excluded were those who
did not consent to enrollment (n = 2), had incomplete
alcohol data (n = 81), had previously received treatment
for chronic HCV infection (n = 37), were coinfected
with human immunodeficiency virus (n = 12), had un-
dergone solid organ transplantation (n = 6), had other
coexisting liver disease (n = 9), or were taking medica-
tions that can cause steatosis!? (n = 4).

Questionnaire. Consenting patients were asked to
complete a detailed questionnaire. This included demo-
graphic information and risk factors for acquisition of
HCV. Complete histories of patients’ injection drug use
and blood transfusions were obtained. Other potential
exposures to HCV, such as needle-sticks, combat injuries,
tattoos, acupuncture, and sexual contacts were also re-
corded.

Alcohol Quantification. Alcohol consumption was
assessed in detail. Beer, wine, and liquor consumption
were quantified individually based on patients’ typical
quantity, frequency, and duration of use. The estimated
number of drinks consumed over a patient’s lifetime was
multiplied by the alcohol content (each drink containing
the equivalent of 10 g of pure ethanol), yielding an esti-
mate of lifetime alcohol consumption in grams of ethanol.
To attempt to address age bias (older patients having
more years to drink and thus a higher lifetime intake),
lifetime alcohol was then divided by the length of time
each respondent had consumed any alcohol, yielding an
average consumption over the span of drinking (in grams
per day). This average consumption is subsequently re-
ferred to as “alcohol intensity.”

Patients were also asked the CAGE questions, the most
commonly used alcohol abuse screening questions.?? The
screen is considered positive (i.e., possibly indicative of
alcohol abuse) if 2 or more of the 4 questions are answered
in the affirmative.?!

Diagnosis of HCV Infection. All patients tested pos-
itive for specific HCV antibodies (second-generation en-
zyme immunoassay; Abbott Laboratories, Chicago, IL),
had detectable serum HCV RNA levels by polymerase
chain reaction—based methodology, and had liver histol-
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ogy compatible with chronic hepatitis C disease. Quanti-
tative viral load and genotype were available in most of the
patients. HCV RNA was quantified by branched DNA
assay (Quantiplex version 2; Chiron Corp., Emeryville,
CA) and by reverse-transcription polymerase chain reac-
tion (AMPLICOR; Roche Diagnostic Systems, Branch-
burg, NJ). To allow comparison of different quantitative
assays, we separated viremia into classes as described pre-
viously??: class 1, low viremia (less than the 33.3rd per-
centile of the data); class 2, intermediate viremia (between
the 33.3rd and 66.6th percentiles); class 3, high viremia
(greater than the 66.6th percentile). HCV genotyping
was performed by standard methodology (INNO-LiPA,
second generation; Innogenetics, Zwijnaarde, Belgium).

Histology. Histologic manifestations of hepatitis C
include the following: (1) portal-based lymphoid infil-
trates, often in follicles, (2) bile duct damage, (3) focal
steatosis, and (4) portal-based fibrosis."'® Histologic
manifestations of alcohol-induced hepatic injury include
the following: (1) steatosis distributed variably through
the hepatic lobule, (2) perivenular and pericellular fibrosis
in zone 3 of the acinus, and (3) Mallory bodies.'® Liver
histology in this study was assessed by staff pathologists at
each institution. The Batts-Ludwig scoring system for
chronic hepatitis C, with single inflammation (0-4) and
fibrosis (0-4) scores,?? was applied. Steatosis was scored by
a single pathologist blinded to clinical data (J.A.) accord-
ing to an accepted scoring system.?4 The scoring system
was as follows: 0, no steatosis; 1, less than 33% of hepa-
tocytes with steatosis; 2, 33% to 66% of hepatocytes af-
fected; 3, more than 66% of hepatocytes affected. The
pathologist also examined the centrilobular zone of the
acinus in detail, noting the presence of perivenular fibrosis
and/or pericellular inflammation centered in this region.
When distinct centrilobular injury was seen, this was de-
noted as alcohol or NASH injury.

Serum Assays. Fasting serum lipid levels (total choles-
terol, high-density lipoprotein, low-density lipoprotein,
and triglycerides), serum alanine aminotransferase levels,
and HCV genotype and viral load were obtained when
available within 6 months of questionnaire completion.

Variables Examined. Demographic characteristics
analyzed included age, sex, race, military veteran status,
and obesity as estimated by BMI, which was calculated by
the following formula: weight in kilograms/(height in
meters)?. Ranges of BMI used were those outlined by
expert consensus guidelines?>: a BMI greater than 25
kg/m? was defined as overweight and a BMI greater than
30 kg/m? as obese. Disease-associated variables included
risk factors for acquisition (injection drug use, blood
transfusion, both, or other), estimated age at infection
and duration of infection, genotype, and viral load. Age at
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infection and duration of infection were estimated from
first exposure to injection drug use or blood transfusion.
Year of first injection drug use was used if both risk factors
were present; if neither was present, duration of infection
and age at infection were not estimated. Alcohol-associ-
ated variables included alcohol intensity (in grams per
day), time since consumption of last alcoholic beverage,
and CAGE score. Demographic, histologic, alcohol, and
HCV-associated data were gathered prospectively; BMI
and serum lipid values were obtained prospectively in
most and in the remainder by chart review.

Statistical Analysis. Demographic and histologic val-
ues and serum assays were compared across levels of ste-
atosis and fibrosis. Data are expressed as percentages for
categorical variables (e.g., sex, diabetes) and means and
SDs for continuous variables (e.g., BMI, serum choles-
terol). Before fitting a continuous predictor variable as a
linear term into a model, it was divided into quartiles, and
its relationship to the outcome variable was examined to
ensure that its modeling as a linear term in the model was
appropriate.

Spearman rank correlations were used to assess the sig-
nificance of associations between ordinal or continuous
predictor variables and steatosis and fibrosis where possi-
ble. Nonparametric Mann-Whitney tests for dichoto-
mous predictor variables and Kruskal-Wallis tests for
multicategory predictors were also used where appropri-
ate (see Tables 3 and 5). The independent effect of each
variable significantly associated with steatosis and fibrosis
in univariate analysis (significance level 2 < .05, except as
noted) was assessed by multivariate proportional odds
models.

Results

Study Population. A total of 297 patients were stud-
ied. Characteristics of the group are shown in Table 1.
BMI was available in 250 of 297 patients (84%); mean
value was 28.5 kg/m? and falls in the overweight range for
the U.S. population as a whole.?> The distribution of BMI
was as follows: less than 25 kg/m?, 78 (31%); 25 to 27
kg/m?, 36 (14%); 27 to 30 kg/m?, 57 (23%); greater than
30 kg/m?, 79 (32%). Alanine aminotransferase values
were available in 288 patients and were abnormal in 209
(73%). Quantitative viral load was available in 252 pa-
tients, and HCV genotype was available in 279.

Histologic Findings. The distribution of histologic
scores is shown in Table 2. Most important, 280 of 297
biopsy specimens (94%) only had histologic evidence of
hepatitis C. The rest, 17 of 297 (6%), had evidence of
hepatitis C and additional evidence of either NASH or
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Table 1. Characteristics of the Study Population
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Table 2. Liver Histology

Mean (SD) or n Frequency
n Proportion Finding Score (Total 297) (%)

Demographics Inflammation 0 11 3.7
Age (yr) 297 49 (7) (mean, 1.7; SD, 0.7) 1 82 27.6
Male sex 250 84.2% 2 179 60.3
U.S. military veteran 181 60.9% 3 24 8.1
BMI (kg/m2) 250 28.5 (5.6) 4 1 0.3
Type 2 diabetes mellitus 23 7.7% Fibrosis (mean, 1.6; SD, 0 63 21.2
Alcohol intensity (g/d) 297 54.3 (66.3) 1.2) 1 83 27.9

Ethnicity 2 83 279
Black 49 16.6% 3 40 13.5
Asian 12 4.0% 4 28 9.5
White 190 64.0% Steatosis (mean, 0.7; 0 126 42.4
Latino-American 23 7.7% SD, 0.7) 1 146 49.2
Other/Declines 23 7.7% 2 18 6.1

Chemistries 3 7 2.3
ALT 288 97.0% Histologic pattern HCV alone 280 94.3
Cholesterol (mg/dL) 196 169.3 (38.6) HCV + alcohol/NASH 17 5.7
Triglycerides (mg/dL) 166 125.1 (59.6)

HDL (mg/dL) 154 42.4 (14.0)
LDL (mg/dL) 154 104.8 (34.8)

Risk for HCV infection Variables Associated With the Grade of Steatosis.
DU 160 53.9% Univariate correlations between predictor variables and
BT 35 11.8% . h in Tabl Alcohol i . ith
Both IDU and BT 28 9.4% steatosis are s own in Table 3 cohol intensity, either
Neither IDU nor BT 74 24.9% overall or when dichotomized into greater than 60 g/d or

HCV disease 60 g or less per day, did not correlate with steatosis. Even
Age at infection (yr)* 223 24.9 (8.2) . . 0 . .

Duration of HCV (y1)* 3 241 (7.6) subjects in the top 1.0 % of alcohol intensity or thos§ who
Genotype 1 194 69.5% drank alcohol within 1 week of undergoing liver biopsy
Genotype 2 42 15.1%
Genotype 3a 39 14.0%
Genotype 4 2 0.7% Table 3. Univariate Correlations With Steatosis
Mixed 2 0.7%
quest tertfle 82 32.5% (Lower to Upper 95% CI) p
Middle tertile 74 29.4%
Upper tertile 96 38.1% Demographics
Age (yr) 0.03(—0.101t0 0.15) .67
Abbreviations: ALT, alanine aminotransferase; HDL, high-density lipoprotein; Male sex NA 06*
LDL, low-density lipoprotein; IDU, injection drug use; BT, blood transfusion. BMI (kg/m?) 0.31 (0.19 t0 0.43) 0001
*Subjects with a history of injection drug use or a blood transfusion. Type 2 diabetes mellitus NA 005*
Alcohol use
Alcohol intensity (g/d) —0.08 (—0.20 to 0.06) 22
o _ _ o Alcohol > 60 g/d NA 77
alcohol injury. None displayed only histologic evidence of  chemistries

NASH or alcohol-related injury. Elevated ALT NA <.0001*

. . . . Cholesterol (mg/dL) <0.01(—0.15t00.14) .90
Alcobol Consumptwn.‘ Mean intensity of alcohol in- Tighycerides (mg/dl) 0.15 (~0.01 t0 0.30) 05
take was 54.3 g/d (approximately 52 alcoholic beverages  HpL (mg/dL) ~0.13 (—0.29 t0 0.04) A1

per day), as shown in Table 1. Ninety-four patients (32%)  LPL (mg/dl) 0.05(-0.12100.22) .86

. . HCV disease

bad consumec.l more than 60 g/d over thefr y‘ears of drink- Duration of HCV (y0)t 011 (00310 0.25) 13

ing. Alcohol intake was not normally distributed, how-  genotype 3at NA 002%

ever, with a median of 28 g/d. Each successive quartile of  Liver biopsy

alcohol intake was associated with a stepwise increase in Lr;graorzi?a(g?z)(o"‘l) 81‘;’ Eggg tz gg;; 837

the odds ratio for a positive CAGE screen, taken as 2 or  pconol/NASH injury NA 40

more of 4 positive responses to the CAGE questions. The  Cirrhosis NA AT

second quartile (¥2-3 drinks per day) had an odds ratio of
5.3 for a positive CAGE screen compared with the first
quartile; the third (3-9 drinks per day) and fourth (>9
drinks per day) quartiles had odds ratios of 16.6 and
171.1, respectively, compared with the first quartile.

Abbreviations: ALT, alanine aminotransferase; HDL, high-density lipoprotein;

LDL, low-density lipoprotein.
*Mann-Whitney P value.

tEstimated in subjects with a history of injection drug use or a blood transfu-

sion.

FCompared with other genotypes.
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Table 4. Multivariate Proportional 0dds Model for Steatosis Table 5. Univariate Correlations With Fibrosis
0Odds Lower to Upper Spearman Rank
Ratio 95% CI P Correlation
(Lower to Upper 95% ClI) P
Male sex 2.31 0.98-5.45 .06
BMI 1.10 1.05-1.16 .0002  Demographics
Diabetes 1.10 0.38-3.20 .86 Age (yr) 0.14 (0.01 t0 0.26) .04
Alcohol intensity 1.00 0.99-1.00 .10 Male sex NA .01*
Genotype 3a* 2.47 1.12-5.43 .02 BMI (kg/m2) 0.21 (—0.03 10 0.34) .002
Inflammation 1.15 0.75-1.78 52 Type 2 diabetes mellitus NA <.0001*
Fibrosis 1.14 0.91-1.44 .26 Alcohol use
Alcohol intensity (g/d) 0.10 (—0.03t0 0.22) 13
NOTE. n = 219. Alcohol intensity > 60 g/d NA .004*
*Compared with other genotypes. Chemistries
Elevated ALT NA .002*
HCV disease
did not have more steatosis than those with less alcohol  Duration of HCV (yn)t 0.13 (—0.0110 0.27) .07
intake (Mann-Whitney P values of .88 and .65, respec- gge att '“f‘i;t';" ont —0.01 (_3:5“) 0.14) .2421*
. . .. . enotype oa .
tively). Patient ethnicity (Kruskal-Wallis 2 value of .38), loads NA 38
HCV viral load (Mann-Whitney P value of .39), age, and  Liver biopsy
duration of infection also did not correlate with steatosis. ~ Inflammation (0-4) 0.4(0.2910050)  <.0001
Th linical sienifi £ ind d lati Steatosis (0-3) 0.17 (0.05 t0 0.29) .007
e clinical significance of independent correlation Alcohol/ NASH injury NA gk

between an abnormal alanine aminotransferase value and
steatosis or fibrosis was unclear, so this variable was not
included in the multivariate models. Although alcohol
intensity did not correlate with steatosis in univariate
analysis, it was included in multivariate analysis to further
clarify this relationship. In addition, although triglycer-
ides correlated with steatosis in univariate analysis (P =
.05), it was not included in multivariate analysis because
values were only available in 166 patients. Multivariate
analysis of steatosis in 219 patients is shown in Table 4.
BMI and genotype 3a infection correlated independently
with steatosis. The effect of diabetes mellitus on steatosis
was not independent of the effect of BMI.

To determine whether HCV has a direct effect on ste-
atosis, we performed a subanalysis in patients without
clinical risk factors for steatosis. Subjects with BMI
greater than 27 kg/m?, alcohol intake greater than 60
g/day, or type 2 diabetes mellitus were excluded, and the
remaining 67 patients were reanalyzed using a multivari-
ate proportional odds model. Genotype 3a was by far the
strongest predictor of steatosis in this multivariate analysis
(odds ratio, 12.01; P = .004) and was the only indepen-
dent predictor of steatosis.

Variables Associated With Fibrosis Stage. Univari-
ate correlations between various predictor variables and
fibrosis are shown in Table 5. One of the strongest asso-
ciations was between diabetes and fibrosis. To investigate
this further, the proportion of diabetic patients at each
fibrosis level was examined: fibrosis stage 0 (n = 63), 0
diabetic patients (0%); stage 1 (n = 83), 3 patients (4%);
stage 2 (n = 83), 7 patients (8%); stage 3 (n = 40), 6
patients (15%); stage 4 (n = 28), 7 patients (25%).

A multivariate model of fibrosis is shown in Table 6.
Age and duration of infection were highly correlated and

Abbreviation: ALT, alanine aminotransferase.

*Mann-Whitney P value.

TPatients with a history of injection drug use or a blood transfusion.
f$Compared with other genotypes.

§In tertiles.

|[Kruskal-Wallis P value.

confounded the effects of each other, so only age was
included in the model. The multivariate proportional
odds assumption for fibrosis was not met when age was
included as a continuous variable but was met when age
was expressed in quartiles. Among variables correlating
with fibrosis in univariate analysis, inflammation and ste-
atosis scores on liver biopsy retained a statistically signif-
icant correlation in multivariate analysis. Alcohol was not
associated with fibrosis in the multivariate model.
Variables Associated With Histologic Evidence of
Alcohol or NASH Injury. All 297 liver biopsy specimens
had injury consistent with chronic hepatitis C infection.

Table 6. Multivariate Proportional 0dds Model for Fibrosis

0dds Lower to Upper
Ratio 95% CI P
Age*
Q2 vs. Q1 1.14 0.56-2.31 .73
Q3 vs. Q1 2.03 0.95-4.32 .07
Q4 vs. Q1 1.61 0.80-3.25 .18
Male sex 0.51 0.24-1.11 .09
BMI 1.04 1.00-1.09 .08
Diabetes 1.98 0.74-5.34 .18
Genotype 3at 1.19 0.57-2.48 .63
Alcohol > 60 g/d 1.47 0.86-2.52 .16
Steatosis 1.47 1.02-2.13 .04
Inflammation 3.60 2.36-5.49 <.0001
NOTE. n = 219.

*Expressed in quartiles.
tCompared with other genotypes.
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Seventeen patients (6%) also had histologic evidence of
significant alcohol or NASH injury. A significant alcohol/
NASH injury pattern did not correlate with average alco-
hol intake of greater than 60 g/d, a BMI in the top 25% of
the study population, or a history of alcohol intake within
1 week of questionnaire completion (data not shown).
Evidence of alcohol/NASH injury also did not correlate
with the degree of steatosis (P = .40; Table 3) or fibrosis
(P = .28; Table 5).

Discussion

The causes and significance of hepatic steatosis in
chronic HCV infection continue to be elucidated. Be-
cause alcohol and type 2 diabetes mellitus are primary
causes of steatosis in the general population, many inves-
tigators examining the relationship between HCV and
steatosis have chosen to exclude patients from their stud-
ies who drink moderately or are diabetic. We included
such patients in this study so that the relative contribu-
tions of various factors to HCV-associated steatosis could
be assessed.

In contrast to the prevailing belief that alcohol is a
primary cause of steatosis in many liver diseases, including
chronic hepatitis C infection, intensity of alcohol use was
found not to play a role in steatosis in our patients. Even
patients in the top 10% of alcohol intake or those who
had recently consumed alcohol did not have more steato-
sis than patients with less alcohol intake. We did find a
univariate association between higher alcohol intake and
hepatic fibrosis, as has been reported in several series,?2°
and our method of estimating alcohol intake (alcohol in-
tensity) correlated well with patient responses to CAGE
questions. These latter findings encourage confidence in
our detailed method of estimating alcohol intake. Most of
our patients had stopped drinking for more than 6
months before study entry, and alcoholic steatosis is
known to resolve with abstinence.?” This may be one
reason why no relationship between alcohol intake and
steatosis was found, although even the 8% of our patients
who had consumed alcohol within 1 week before liver
biopsy did not have more steatosis than those who had not
done so. The impact on liver histology of such temporal
changes in alcohol intake remains poorly understood.

BMI correlated independently with steatosis in our
study. BMI was also found to correlate independently
with steatosis by Hourigan et al.,> whereas Adinolfi et al.4
only found an independent correlation with visceral obe-
sity, as measured by the surrogate of waist circumference.
Future metabolic studies should help clarify whether cer-
tain distributions of fat are more pertinent to steatosis
than others. Published studies of HCV-associated steato-
sis have all found a link between obesity and steatosis??;
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this study is the first to our knowledge to show the relative
impact of obesity on steatosis compared with the full
range of other known predictors of steatosis. In multivar-
iate analysis, obesity remained the most important cause
of steatosis in patients with chronic HCV infection.

Independent of BMI, and particularly in patients with-
out “fatty liver risk factors,” HCV genotype 3a was the
second independent cause of steatosis in this study. This
suggests that viral variables may lead to altered hepatocyte
lipid metabolism. Potential mechanisms for this include a
direct effect of higher levels of virus on the hepatocyte® or
alterations in lipoprotein processing.!' Steatosis, along
with liver inflammation, seems to be the strongest predic-
tor of fibrosis, and the fact that genotype 3a causes some
of this steatosis likely explains why 3a infection correlated
with fibrosis in our univariate analysis (Table 5).

Diabetes may play a role in HCV-associated steatosis,
as has been proposed in NASH, 2 but we found its role to
be less than that of obesity and not significant in multi-
variate analysis. Elevated BMI is a causal factor in type 2
diabetes mellitus; the link between the 2 may be so strong
that a correlation between diabetes and steatosis indepen-
dent of BMI cannot be shown. Given the interest in the
relationship between HCV and diabetes, we explored our
data further and found a stepwise relationship between
fibrosis level and diabetes. This leads us to hypothesize
that diabetes places individuals at risk for fibrosis and that
in turn fibrosis can lead to diabetes. Both relationships are
supported by the findings of other groups.!415:29:3¢ Dia-
betes, perhaps through obesity, may cause steatosis and in
turn fibrosis, and/or fibrosis itself may result in impaired
glucose metabolism. Thus, diabetes and fibrosis can each
play a role in the pathogenesis of the other; this may be
one reason why conflicting findings on the relationship
between hepatitis C and diabetes have been found.!%15
Precirrhotic versus postcirrhotic diabetes has been incom-
pletely characterized.

Histologic characteristics, particularly inflammation
but also steatosis, correlated with fibrosis independently
of all other variables, including such accepted predictors
as age and heavy alcohol use.®2¢ Histologic inflammation
has a well-established association with fibrosis, although
exactly how and under what circumstances inflammation
impacts fibrosis remains controversial.>! Steatosis has now
been found in many studies?1%1! to correlate with fibro-
sis, and our data support these results. The strength of the
association between steatosis and fibrosis, greater than
that between both age and alcohol intake and fibrosis in
this study, suggests that obesity and through it steatosis
are primary contributors to disease progression in chronic

hepatitis C.
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However, histologic evidence of significant alcohol or
NASH injury is uncommon in patients infected with hep-
atitis C. Only 6% of our cohort displayed such histology
(Table 2), similar to the 10% of patients found to have
NASH in another recent study of steatosis in HCV infec-
tion.!? In both NASH and chronic HCV infection, the
degree of intrahepatic fat accumulation has been found to
be linked to both the inflammation and the scarring seen
histologically.?3

Whether serum lipid levels are abnormal in patients
with HCV, and if so whether this relates to steatosis,
remains unknown. NASH may have some relationship to
lipid abnormalities, most commonly hypertriglyceride-
mia, with approximately 20% of patients affected.>* The
few studies of lipids in chronic HCV infection found a
correlation between higher serum cholesterol and triglyc-
eride levels and steatosis in one study? and a stepwise
decrease in all lipids with progression of liver disease in
another.?* Cirrhotic patients in our study had slightly
lower total cholesterol and high-density lipoprotein levels
and higher triglyceride levels, but neither of these was
statistically significant (data not shown). Table 3 shows
that, in the subset of patients for whom data were avail-
able, triglycerides but not the other classes of serum lipids
(cholesterol, high-density lipoprotein, low-density li-
poprotein) correlated with steatosis in univariate analysis,
but none retained correlation in multivariate analysis.
The diversity of our population, with many factors con-
tributing independently to changes in serum lipids, may
have masked a real relationship between triglycerides and
steatosis. Steatosis may contribute to high triglyceride lev-
els, or the reverse may be true. More study is required to
clarify the role of serum lipids in the HCV-steatosis inter-
action.

With this study, we have attempted to find the causes
of HCV-associated steatosis in a typical clinical cohort in
which multiple risk factors for steatosis coexist. We, like
other groups,>>1° find that steatosis correlates indepen-
dently with fibrosis in multivariate analysis. The intensity
of a patient’s alcohol intake does not lead to more steato-
sis, but risk factors for NASH, particularly elevated BMI,
do. Moreover, despite correlating with NASH risk fac-
tors, HCV-associated steatosis is not generally accompa-
nied by the centrilobular fibrosis of advanced histologic
NASH. We hope that this study will help to clarify the
complex relationships between HCV and both host and
environment in the generation of steatosis, which is in-
creasingly seen to play a key role in disease progression.
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