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The Impact of Non-alcoholic 
Fatty Liver Disease on 
Chronic Hepatitis B and C

BACKGROUND

Aglobal obesity epidemic has led to the increased
prevalence of non-alcoholic fatty liver disease
(NAFLD). NAFLD is now believed to be one of

the most common causes of chronic liver disease in the
Western world. According the World Health Organiza-
tion, approximately 300 million people worldwide are
obese and this number continues to rise (1). Obesity is
related to metabolic conditions such as hypertension,
type II diabetes, and dyslipidemia. In the United
States, an estimated 47 million adults have metabolic

syndrome (2). The criteria established by the Adult
Treatment Panel III (ATP III) define metabolic syn-
drome as the presence of three or more of the follow-
ing five components: 1) central obesity (waist
circumference of more than 40 inches in males and 35
inches in female patients), 2) elevated triglycerides of
more than 150 mg/dL, 3) low high-density lipoprotein
(HDL) of less than 40 mg/dL in males and 50 mg/dL
in females, 4) hypertension as defined by a blood pres-
sure of more than 130/85 mmHg, and 5) a fasting
blood glucose of 100 mg/dL. In addition to the ATP-III
criteria, several other definitions for metabolic syn-
drome include visceral adiposity as the common
denominator. Visceral obesity and metabolic syndrome
lead to several important complications, such as ather-
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osclerosis and coronary artery disease, which are the
cardiac manifestations of metabolic syndrome. On the
other hand, NAFLD is the hepatic manifestation of
metabolic syndrome. The prevalence of NAFLD is
approximately 25% of the general population. NAFLD
is defined as the presence of hepatic steatosis (with or
without other pathologic findings) in the absence of
other liver disease or excessive alcohol use. NAFLD
encompasses a spectrum of clinico-pathologic condi-
tions ranging from simple hepatic steatosis to non-
alcoholic steatohepatitis (NASH). Although simple
steatosis does not seem to lead to progressive liver dis-
ease, NASH can progress to cirrhosis. In fact, an esti-
mated 9% to 15% of patients with NASH progress to
cirrhosis and some may advance to end stage liver dis-
ease (ESLD) or hepatocellular carcinoma (HCC).
Although simple steatosis itself may not be progres-
sive, simple steatosis can accelerate other liver dis-
eases such as hepatitis B and C. This review discusses
the impact of visceral obesity, metabolic syndrome,
and hepatic steatosis on chronic hepatitis B and C. 

PATHOGENESIS OF NAFLD
The pathogenesis of NAFLD represents a multiple hit
process (Figure 1). The initial hit is increased uptake
and synthesis of free fatty acids resulting in hepatic
steatosis. One of the second hits involves oxidative
stress from reactive oxygen species (ROS), which
leads to lipid peroxidation and its byproducts. These
byproducts are pro-inflammatory, pro-fibrogenic, and
can potentially cause direct injury to hepatocytes. 

In addition to oxidative stress, other potential
mechanisms contributing to this process involve
adipo-cytokines produced by visceral fat and white
adipose tissue (WAT). WAT is now recognized as an
endocrine and paracrine organ secreting adipokines
and cytokines that are potentially involved in several
inflammatory and systemic conditions related to obe-
sity. Important adipokines released from WAT include
adiponectin, leptin, resistin, visfatin, vaspin, and
apelin. In addition, pro-inflammatory cytokines such
as tumor necrosis factor-alpha (TNF-α), Interleukin-6
(IL-6), and Interleukin-8 (IL-8) are produced by WAT.
Although most of these adipo-cytokines are likely to
play a role in the pathogenesis of NAFLD, evidence is

more widely available for adiponectin, leptin, resistin,
and TNF-α.

Adiponectin is an adipokine with both anti-inflam-
matory and anti-fibrotic properties. It stimulates free
fatty acid oxidation, enhances insulin sensitivity, and
suppresses gluconeogenesis. Adiponectin levels are
reduced in obesity, diabetes, chronic hepatitis C, and
NASH (3). In addition, adiponectin seems to decrease
the expression of TNF-α, which is involved in the pro-
inflammatory state of obesity. 

Leptin is another adipokine released from WAT.
Accumulating evidence suggests that leptin resistance
in obese individuals can lead to hyperleptinemia. Lep-
tin may serve many important functions in the liver
such as stimulating stellate cell proliferation and pro-
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Figure 1. Multi-Hit Hypothesis of NAFLD
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hibiting stellate cell apoptosis, potentially contributing
to enhanced hepatic fibrogenesis. Theoretically, leptin
also induces the release of cytokines such as tumor
growth factor-β1 in sinusoidal and kupffer cells. A
study of HCV and HBV patients suggested an associa-
tion between serum leptin and hepatic fibrosis. Addi-
tionally, patients with cirrhosis had the highest leptin
levels (4). HBV patients with good virological response
to treatment had the lowest leptin values (4). Despite
these findings, the role of leptin in the pathogenesis of
NAFLD and viral hepatitis remains controversial. 

Resistin is another adipokine produced by
macrophages in WAT. It plays an important role as a
mediator of insulin resistance (IR). Resistin expression
is down regulated by insulin, thiazolidinediones, and
TNF-α. Although the role of resistin in humans
remains unclear, a small study with NAFLD patients
treated with pioglitazone showed improvement in
insulin sensitivity and a reduction in resistin levels (5).
Nonetheless, evidence from other studies does not sug-
gest an association between resistin and IR (6). 

Other adipokines potentially involved in the
pathogenesis of NAFLD include visfatin, vaspin, and
apelin. These adiopkines may be involved in different
pathways leading to IR or insulin sensitivity. However,
the function of these adipokines in liver disease has not
been fully examined.

Finally, TNF-α and IL-6 are two proinflammatory
cytokines released from WAT that are potentially
involved in the pathogenesis of NAFLD. In obese
patients, TNF-α is both a pro-inflammatory and a pro-
apoptotic cytokine leading to several down stream
processes including enhanced IR. It is believed that
TNF-α inhibits insulin receptor substrates and decreases
lipoprotein lipase and glucose transporter. Furthermore,
increased TNF-α expression occurs in patients with
hepatic steatosis and chronic hepatitis C (7).

In addition to adipocytokines and oxidative stress,
apoptosis (programmed cell death) seems to play an
important role in the pathogenesis of NAFLD. Feldstein
and colleagues evaluated hepatic injury by examining
apoptotic caspase activity; they demonstrated that apop-
tosis is associated with inflammatory activity as well as
fibrosis (8). In addition, the Bcl-2 family of proteins are
involved in apoptosis regulation. These proteins include
Bcl-2, which is anti-apoptotic, and Bax/Bcl-2, which is

pro-apoptotic. Individuals with chronic HCV and
hepatic steatosis demonstrate a decrease in Bcl-2
mRNA levels and an increase in Bax/Bcl-2. Higher lev-
els of apoptosis have been demonstrated in individuals
with increased stages of hepatic fibrosis and stellate cell
activation (9). Finally, HCV genotype 3 patients display
up-regulation of the Fas/Fas-ligand system (10). 

These pathways probably play the most prominent
role in the pathogenesis of NAFLD and can be poten-
tially involved in promoting the negative impact of
superimposed NAFLD on chronic viral hepatitis.

NON-ALCOHOLIC FATTY LIVER DISEASE,
INSULIN RESISTANCE AND HEPATITIS C 
Insulin resistance occurs in most patients with hepatic
steatosis. As previously noted, NAFLD is the hepatic
manifestation of metabolic syndrome and insulin resis-
tance. As with NAFLD, growing evidence that suggests
a higher prevalence of IR in HCV infected patients than
non-infected controls (11–12). In fact, among HCV
patients, the prevalence of IR ranges between 32% to
69% (13–14). IR seems to occur in the early stages of
HCV infection, prior to the progression to cirrhosis. 

Over the past decade, several studies have also
reported a relationship between HCV and type II dia-
betes. In a study of 9,841 patients with HCV, type II 
diabetes was more prevalent in HCV patients than those
who were not infected with the virus (15). In addition,
the authors showed that patients with HCV seemed to
have three-to-four times the risk of having diabetes if
they were over 40 years of age. Furthermore, Hui, et al
examined IR resistance in a study of 121 CHC patients
and controls (16). IR was measured by Homeostatsis
Model Assessment of Insulin Resistance (HOMA-IR).
Patients with HCV had higher HOMA scores but these
results were genotype specific. In fact, patients with
genotype 3 exhibited lower HOMA scores. In this study,
IR was an independent predictor of fibrosis in HCV.
Relatively strong evidence supporting this association
was also reported by Wang, et al who followed a cohort
of 4,958 patients without diabetes over the course of
seven years (3,486 seronegative for HBV and HCV, 812
anti-HCV positive, 116 with HBV/HCV co-infection,
and 544 hepatitis B surface antigen positive) (17). An

(continued on page 19)
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estimated 474 new cases of type II diabetes were diag-
nosed during follow-up. The highest incidence of dia-
betes occurred in the HCV cohort. Independent
predictors for developing diabetes included: weight,
body mass index (BMI), obesity, older age, HCV infec-
tion, and co-infection with HCV or HBV. 

Finally, Shintani, et al investigated transgenic mice
with HCV genotype 1b (18). IR was apparent early in
the course of HCV infection despite normal glucose lev-
els, no significant weight gain, or hepatic injury. Addi-
tionally, TNF-α was elevated in this animal model.
However, IR improved after treatment with an anti-TNF
antibody. These studies support the role of TNF-α in the
development of IR in chronic hepatitis C (19). 

Hepatitis C and Hepatic Steatosis Interaction
In a clinical setting, 30% to 70% of patients with
chronic HCV have hepatic steatosis, which is approxi-
mately 2 to 2.5 fold higher than expected (20–23). The
impact of hepatic steatosis on patients with HCV can be
divided into two categories: 1) The impact on the pro-
gression of hepatic fibrosis, and 2) The impact on the
efficacy of antiviral therapy. Some evidence suggests a
relationship between hepatic steatosis and fibrosis.
Adinolfi, et al demonstrated in 180 liver biopsy proven
HCV patients that higher grades of steatosis were asso-
ciated with increased yearly rate of fibrosis progression
(24). Another study looking at 120 patients with HCV
showed that 41% had hepatic steatosis and 18% ful-
filled the criteria for superimposed NASH. Having
superimposed NASH was associated with advanced

fibrosis (25). Solis-Herruzo and colleagues studied
NASH in the presence of HCV infection and reported a
higher body mass index (BMI), serum glucose and
triglycerides, as well as diabetes and metabolic syn-
drome in the HCV cohort with superimposed NASH.
However, only genotype 3 and BMI were related to the
presence of hepatic steatosis in these patients (26). 

Host and Viral Induced Steatosis in HCV
Although hepatic steatosis is quite common in patients
with HCV, the source of steatosis could be host or
virus-related (Figure 2). The most important host fac-
tors include: visceral obesity, IR, or clinically overt
type II diabetes. HCV patients with features of meta-
bolic syndrome have a higher prevalence of hepatic
steatosis. This is especially true for non-genotype 3
HCV patients. One study showed that patients with
HCV genotype 1 had host-related steatosis associated
with metabolic syndrome. These patients had a poorer
treatment outcome and hepatic steatosis did not neces-
sarily disappear with successful treatment of HCV (27). 

On the other hand, HCV genotype 3 is a steato-
genic virus and the severity of hepatic steatosis is
linked to HCV RNA in the serum as well as the HCV
RNA titer in the liver. Moreover, if patients with HCV-
genotype 3 achieve sustained virologic response
(SVR), hepatic steatosis disappears. However, hepatic
steatosis returns if the virus relapses. 

The mechanisms of hepatic steatosis in HCV
genotype 3 may be related to lipid metabolism and the
effects of HCV core protein. The cellular model

(continued from page 16)

Figure 2. Metabolic versus Viral Induced Steatosis
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revealed a phenylalanine residue on the HCV core pro-
tein specific to genotype 3, whereas tyrosine was spe-
cific among patients with non-genotype 3. The model
further revealed that phenylalanine had a stronger
affinity to lipids when compared to tyrosine, which
may explain the underlying the difference between
genotype 3 and non-3 genotypes (28). 

Mechanisms Underlying the Interaction 
Superimposed NAFLD, HCV and 
Disease Progression
Host-related hepatic steatosis in patients with HCV seems
to influence disease progression in a fashion similar to
other patients with NAFLD. Insulin resistance and vis-
ceral fat lead to the release of free fatty acids and adipocy-
tokines, leading to lipid accumulation in the liver. In
addition, several other mechanisms can exaggerate
triglyceride accumulation within the liver in patients with
hepatic steatosis and HCV. It has been postulated that
HCV causes up-regulation of the sterol regulatory ele-
ment binding protein signaling pathway (SREBP)-1.
These are transcription factors that regulate lipid metabo-
lism. In fact, this takes place by stimulating genes that
control the synthesis of cholesterol and fatty acids. Also,
HCV core protein inhibits microsomal triglyceride trans-
fer protein (MTP). As a result, very-low-density lipopro-
tein (VLDL) assembly and decreased lipid secretion are
inhibited. Subsequently, triglycerides accumulate in the
liver, contributing to hepatic steatosis and IR. Addition-
ally, increasing levels of HCV core protein have also been
detected in the mitochondria, which release reactive oxy-
gen species. This leads to lipid peroxidation of the hepa-
tocytes membrane lipids which blocks VLDL assembly.
In addition to triglyceride accumulation, as noted previ-
ously, byproducts of lipid peroxidation seem to activate
stellate cells, leading to fibrosis and liver disease progres-
sion. As a final point, HCV core protein may decrease the
expression of peroxisome proliferator-activated receptor
alpha, which may decrease lipid degradation genes. This
mechanism may also be partially responsible for accu-
mulation of hepatic fat in patients with HCV infection.

In summary, several mechanisms related to both
the host and the virus can exacerbate metabolic condi-
tions leading to enhanced IR, hepatic steatosis, and
progressive liver disease.

Impact of Hepatic Steatosis 
on Fibrosis Progression
Several studies have shown that hepatic steatosis and
metabolic syndrome influence the progression of liver
disease in HCV. Leandro, et al examined 3,068 patients in
a meta-analysis from 10 various centers in the world (29).
Their multivariate analysis showed that hepatic steatosis
is associated with HCV genotype 3, diabetes, BMI,
inflammation, fibrosis, active alcohol use, and age. Fur-
thermore, hepatic steatosis was significantly and inde-
pendently associated with fibrosis. Hui and colleagues
reported in a study of 260 patients with HCV that inde-
pendent predictors of fibrosis include IR (HOMA-IR),
portal and periportal inflammation, prior alcohol con-
sumption, and age (16). However, their multivariate
analysis did not reveal a relationship between steatosis
and fibrosis. Another study predicted advanced fibrosis in
patients with an increased BMI in the presence of super-
imposed NASH (30). A study based on histologic data
included 96 patients with HCV who underwent paired
liver biopsies over a mean period of 48 months (31). The
multivariate analysis showed that hepatic steatosis was
independently associated with fibrosis progression and
more prevalent in HCV genotype 3. 

Together, these clinical studies support the notion
that superimposed steatosis can potentially accelerate
hepatic fibrosis in HCV infected patients. Although the
exact mechanisms are unknown, viral and host related
factors described in the previous section provide some
potential explanations for these clinical observations. 

Impact of NAFLD on HCV Treatment
At the present time, the combination of pegylated
interferon-α and ribavirin is standard of care for
chronic hepatitis C with an overall sustained virologic
(SVR) response of 50% to 60%. Multiple factors can
influence the response to antiviral therapy in patients
infected with HCV. Factors affecting treatment
response are related to the virus (HCV genotype and
HCV RNA viral load), to the host (gender, age and eth-
nicity), and to the disease itself (fibrosis stage and
duration of the infection). 

In addition to host-related factors, achieving SVR
seems also to be related to metabolic factors such as obe-

(continued on page 22)
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sity, superimposed NAFLD, and IR. Patton and colleagues
evaluated 574 patients with paired liver biopsies prior to
HCV therapy and then post-therapy (32). The degree of
steatosis correlated with BMI, HCV genotype 3, age, and
the duration of the disease. Patients with steatosis were
less likely to achieve early virologic response (EVR) as
well as SVR. In addition, paired liver biopsies revealed a
decrease in steatosis only in patients infected with HCV
genotype 3 but not in those with genotype 1 (32). Poynard
examined 1,428 patients with HCV and found steatosis in
65% of the cohort (33). Steatosis was associated with
HCV genotype 3, triglycerides, elevated BMI, fibrosis
stage, and decreased response to treatment. However,
patients with genotype 3 who achieved SVR showed a
decrease in steatosis and corrected their cholesterol levels.
Harrison, et al compared HCV plus steatosis or HCV plus
steatohepatitis (SH) to HCV infection alone (34). In
patients with HCV plus steatosis or SH, the overall SVR
was 28% in contrast to 44% in the control group. In addi-
tion to superimposed NAFLD, other factors influencing
treatment response included a BMI greater than 30 and
increased waist circumference. Both are features of vis-
ceral obesity representing metabolic syndrome, which can
negatively impact SVR (35–36). 

On the other hand, another study reported the asso-
ciation of IR, rather than hepatic steatosis, with low
SVR (37). In this study of 399 HCV patients who
underwent liver biopsies, steatosis was present in 61%
of African-Americans and 65% of Caucasians. After
adjusting for confounders, IR rather than hepatic
steatosis was an independent predictor of SVR. 

In contrast, Westin, et al analyzed 231 patients under-
going standard treatment for HCV (38). Their results
revealed that steatosis in patients with non-genotype 3
had a lower response rate to treatment. Theses findings
support the notion that HCV patients with hepatic steato-
sis and associated risk factors (features of metabolic syn-
drome) may be associated with lower rate of SVR in
HCV patients treated with combination therapy.

Mechanisms Underlying the Interaction 
Superimposed NAFLD, HCV and the 
Lower Efficacy of Antiviral Therapy
As previously noted, the efficacy of HCV therapy is
decreased in patients with metabolic syndrome and can

be complicated by the host or viral factors. One of the
host-related factors contributing to this process is vis-
ceral adiposity. As previously noted, adipocytokines
and WAT can worsen IR and can contribute to a pro-
inflammatory pro-oxidative stress state of obesity.
These factors can enhance hepatic fibrosis, which is
itself associated with lower response rate. Addition-
ally, oxidative stress and inflammatory cytokines can
negatively affect biologic response to interferon (39). 

Furthermore, obesity can also lead into a higher
volume of distribution, which can potentially lower the
bioavailability of interferon and lower the SVR (40).

In addition to the host related obesity, treatment
efficacy may also be negatively affected by the HCV
virus itself (41). In fact, HCV virus can up-regulate the
expression of suppressor of cytokine signaling
(SOCS)-3, which can function as a negative regulator
of signal transducer and activator of transcription
(STAT). STAT 1 and STAT 2 are then phosphorylated
by tyrosine kinase and move into the nucleus to induce
transcription of antiviral genes. Normally, this phos-
phorylation cascade is enabled when interferon
attaches to the interferon receptor and activates tyrosine
kinase. In HCV patients, SOCS-3 inhibits tyrosine
kinase from phosphorylating STAT-1 and 3, preventing
their migration into the nucleus and hindering inter-
feron signaling, which results in a lower SVR. In 
addition to the viral impact on SOCS, there is some evi-
dence to show that SOCS-3 can worsen IR by impair-
ing insulin signaling through proteasomal degradation
of insulin receptor substrate 1. This can lead to more
profound insulin resistance and its contribution to
hepatic fibrosis as well as its negative impact on the
efficacy of treatment. Despite these exciting findings,
the underlying mechanism of lowering the response to
therapy in patients with chronic hepatitis C, steatosis,
and metabolic conditions remains unknown.

NON-ALCOHOLIC FATTY LIVER DISEASE 
AND HEPATITIS B
As previously reviewed, a relatively large literature
has assessed the interaction of HCV with hepatic
steatosis and features of metabolic syndrome, but little
of this literature supports the interaction of HBV with
hepatic steatosis and features of metabolic syndrome.

VIRAL HEPATITIS, SERIES #7

The Impact of Non-alcoholic Fatty Liver Disease

(continued from page 20)



Some research has suggested that hepatic steatosis
occurs in 27% to 51% of patients with HBV in com-
parison to 31% to 72% with HCV (42). Although the
source of steatosis in HBV patients remains ambigu-
ous, recent work shows that steatosis is related to host
metabolic factors rather than the virus (43–45).

A recent study examined 153 patients with HBV
and found that 19% had NAFLD and 13% had super-
imposed NASH (43). Individuals with NASH and
HBV were significantly older and more likely to have
hypertension, dyslipidemia, and larger waist circum-
ference. These features of metabolic syndrome were
associated with NASH and HBV. Furthermore, HBV
DNA and liver enzymes did not correlate with steato-
sis or NASH. The evidence thus far reveals that steato-
sis in HBV patients correlates with the host and not
viral factors (43). 

Gordon, et al compared hepatic steatosis in HBV
and HCV patients (44). Predictors of steatosis in both
cohorts included obesity, dyslipidemia, and IR. How-
ever, viral factors such as HBV DNA and HBe antigen
status did not affect steatosis. 

Tsochatzis and colleagues demonstrated in a study
of HBV and HCV that steatosis was less common in
HBV than HCV patients (45). In addition, they showed
that higher degrees of steatosis were associated with
higher BMI and type II diabetes, confirming the asso-
ciation of steatosis in HBV and metabolic factors.
Another study also confirmed that steatosis was asso-
ciated with an increased BMI and hyperlipidemia (46).
In addition, steatosis did not affect viral load or treat-
ment outcome. 

Finally, Thomopoulos, et al assessed the risk fac-
tors for steatosis in a study of 233 HBV patients (47).
The authors confirmed that steatosis was indepen-
dently associated with BMI. Additionally, they showed
no correlation between steatosis and fibrosis.

In summary, most studies suggest a potential asso-
ciation between hepatic fibrosis in HBV infected
patients with superimposed hepatic steatosis or fea-
tures of metabolic syndrome. However, at this time,
little evidence supports a negative impact of these fac-
tors on HBV treatment.

THE IMPACT OF TREATING COMPONENTS 
OF METABOLIC SYNDROME ON 
HEPATITIS B AND C RELATED OUTCOMES 
To date, few studies have addressed therapeutic
approaches to components of metabolic syndrome in
patients infected with HBV or HCV. Weight loss
through lifestyle modification with diet and exercise
may have some benefit in patients with NAFLD (Table
1). But for many individuals, weight loss is difficult to
achieve and maintain. 

Hickman and colleagues studied the impact of
weight loss in obese HCV patients, demonstrating the
benefits of weight loss in patients with hepatic steato-
sis and HCV (48). Their patients lost an average of 5.9
± 3.2 kg after three months of weight reduction by
increasing daily activity, energy intake restriction, and
weekly meetings with a dietician. In addition, they
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Table 1
Medical and Surgical Treatment of Hepatic Steatosis

• Lifestyle Modifications
Diet
Exercise

• Anti-obesity Medications
Orlistat
Sibutramine

• Insulin Sensitizers
Thiazoldinediones
Metformin

• Antioxidants
Vitamin E
Betaine

• Cytoprotective Agents
Ursodeoxycholic Acid

• Antihyperlipidemic Agents
3-hydroxy-3-methylglutaryl coenzyme A reductase
inhibitors (Statins)

• Anti-hepatitis C therapy
Pegylated interferon-α and ribavirin

• Bariatric Surgery



showed a reduction in waist circumference, improved
fasting serum ALT, and reduced steatosis and fibrosis
on paired liver biopsies. A different study placed
patients with superimposed fatty liver and HCV on a
15-month diet and exercise program (49). An esti-
mated 68% of these patients lost weight after 15
months and sustained their weight loss. Serum insulin
and ALT values were also decreased. Additionally,
these patients reported improved quality of life. Both
studies suggest that weight loss may be beneficial for
obese patients with HCV. 

Ongoing studies of anti-obesity medications such as
orlistat have shown promising results in patients with
NAFLD alone. Several clinical trials of these medica-
tions are ongoing in patients with both steatosis and
HCV (50–51). Other treatment options under consider-
ation include insulin sensitizers (thiazolidinediones)
(52–53), anti-oxidants addressing oxidative stress, and
cytoprotective agents such as ursodeoxycholic acid.
These agents are either used alone or in conjunction
with an interferon-based regimen (54). One early study
of anti-oxidant in HCV patients showed some biochem-
ical and histologic improvement (55). 

Finally, patients with HCV who are morbidly obese
may be candidates for bariatric surgery. The likelihood
of achieving and sustaining weight loss through
bariatric surgery is higher than with diet, exercise, and
medications (56). A meta-analysis of a 147 studies
showed that surgical procedures decreased weight by
20–30 kg and that this weight reduction was maintained
for up to 10 years (57). This degree of weight loss
improves insulin resistance, as two thirds of type II dia-
betics show complete resolution of their diabetes and
normal fasting blood glucose. Weight loss clearly leads
to a reduction in white adipose tissue, reduced hepatic
steatosis, and improved insulin sensitivity. Additional
benefits include improved hypertension and improved
lipid disturbance. Together these findings indicate that
weight loss in morbidly obese patients with HCV has a
positive impact on the progression of their liver disease
and the efficacy of antiviral therapy. 

SUMMARY
The prevalence of hepatic steatosis is increasing in
parallel with the obesity epidemic in the Western

world. Current evidence suggests that hepatic steatosis
and features of metabolic syndrome can exacerbate
hepatic fibrosis in HBV and HCV. Furthermore, in
patients infected with HCV, IR and hepatic steatosis
seem to decrease the efficacy of currently available
antiviral treatment for HCV. On the other hand, these
factors don’t seem to be associated with a decreased
response to anti-HBV treatment. Additional studies are
needed if we are to understand the mechanisms involv-
ing superimposed hepatic steatosis and metabolic syn-
drome in patients infected with HBV and HCV. By
understanding these interactions, we might develop
targeted treatments that improve patient outcomes. �
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