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Summary
Chronic hepatitis C infection is associated with hypolipidaemia that resolves with viral clearance.
Lipid levels in a subgroup of patients rebound to levels that may increase the risk of coronary
heart disease. The impact of acute hepatitis C infection and its clearance on lipid levels is
unknown. We undertook a retrospective evaluation of subjects with acute hepatitis C infection
evaluating lipid levels before, during and following acute infection. Thirty-eight subjects with
acute hepatitis C infection had lipid levels available. Twelve patients had pre-infection and intra-
infection lipid levels available. Cholesterol (197.8–152.4 mg/dL, P = 0.025), low-density
lipoprotein (LDL) (116.1–76.3 mg/dL, P = 0.001) and non-high-density lipoprotein (non-HDL)
cholesterol (164.0–122.7 mg/dL, P = 0.007) decreased dramatically during acute hepatitis C virus
infection. Nineteen patients who achieved viral clearance had lipid levels available during
infection and following resolution of infection. In these patients, cholesterol (145.0–176.0 mg/dL,
P = 0.01), LDL (87.0–110.1 P = 0.0046) and non-HDL cholesterol (108.6–133.6 mg/dL, P =
0.008) increased significantly. No change was seen in patients who developed chronic infection.
Four patients had lipid levels before, during and following resolution of infections and had
increased postinfection LDL, cholesterol and non-HDL cholesterol from pre-infection levels,
indicating acute infection may be associated with an increase in postinfection lipid levels and may
confer an increased risk of coronary heart disease. Acute hepatitis C infection results in
hypolipidaemia with decreased LDL, cholesterol and non-HDL cholesterol levels that increase
following infection resolution. Levels may increase above pre-infection baseline lipid levels and
should be monitored.
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Replication of the hepatitis C virus (HCV) involves several important host lipid interactions.
Hepatitis C virions complex with host lipoproteins to form lipoviroparticles in the host
circulation [1]. Lipoviroparticles may then use low-density lipoprotein (LDL) receptors on
hepatocytes as one mechanism of cell entry [2,3]. In addition, the HCV envelope
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glycoprotein E2 has been demonstrated in vitro to bind to lipoproteins and lead to enhanced
LDL receptor and CD81 binding [4]. Once inside the hepatocyte, HCV replication requires
geranylgeranylation of the host protein FBL2, a process dependent on the host cholesterol
synthesis pathway [5]. Interruption of this pathway results in dissolution of the HCV
replication complex [6]. Further, HCV secretion appears to be tied to host apolipoprotein B
secretion [7,8].

Interaction between HCV and host lipids has been shown in clinical studies. Lower serum
cholesterol and LDL levels are found in patients infected with hepatitis C when compared
with patients with hepatitis B or without infection [9–11]. Recently, we demonstrated that
chronic hepatitis C infection is associated with a decrease in cholesterol and LDL when
compared with matched control subjects. We also found that this hypolipidaemia resolves
with treatment-induced viral clearance, while patients without response to therapy remain
hypolipidaemic [12]. Further, we demonstrated that in patients who achieve viral clearance,
LDL and cholesterol often rebound to levels that may confer increased risk of cardiovascular
disease and require treatment with lipid-lowering therapy.

To strengthen the association between HCV infection and alterations in serum lipids, we
sought to evaluate the impact of acute HCV infection on serum lipid levels. Acute HCV
infection is a unique form of hepatitis C infection that presents symptomatically, thus
bringing patients to clinical attention and allowing approximation of the date of infection.
The ability to determine the time point of infection allows for the evaluation of lipid levels
prior to infection and comparison of these levels to levels during and following infection.
We hypothesized that, similar to chronic hepatitis C infection, acute infection would result
in a lowering of LDL and cholesterol levels from baseline levels and rebound in those who
cleared the infection but not in those who went on to develop a chronic infection. Further,
we hypothesized that clearance of HCV would be associated with a rebound in LDL and
cholesterol above pre-infection levels. In addition, we hypothesized that non-high-density
lipoprotein (non-HDL) cholesterol levels, derived by subtracting HDL cholesterol from total
cholesterol levels and increasingly recognized as an important risk factor for coronary heart
disease (CHD) [13], would decrease with acute infection and rebound with resolution of
infection.

Methods
We performed a retrospective evaluation of patients who presented to the Massachusetts
General Hospital with acute hepatitis C infection between 1999 and 2008. Nineteen patients
were prospectively enrolled into a registry of patients with acute hepatitis C and had serum
stored on which lipid panels were retroactively performed. The remaining patients had lipid
panels measured as part of routine care by the same methodology and were available in the
electronic medical record. Acute hepatitis C was defined by seroconversion to anti-hepatitis
C antibody (anti-HCV) in the setting of acute hepatitis, negative antibody and positive HCV
RNA or positive antibody in the setting of acute hepatitis, positive HCV RNA and elevated
ALT with a history of recent HCV exposure. In addition, patients with a documented
seroconversion of their antibody in the past 12 months with a positive HCV RNA in the
absence of documented symptoms or elevated transaminases could be included. All subjects
had fasting serum lipid panels available before and during their acute infection, during and
following their acute infection or at all three time points.

The primary outcomes of interest were mean LDL, cholesterol, HDL, non-HDL cholesterol
and triglyceride levels before, during and following acute infection in patients who achieved
spontaneous clearance, treatment-induced clearance and those who developed chronic
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hepatitis C infection. Non-HDL cholesterol was calculated by subtracting HDL from total
cholesterol levels.

Statistical analysis was performed using SAS software, version V.9.13 (SAS Institute, Cary,
NC, USA). Continuous variables were analysed using a student's t-test or paired t-test, while
categorical variables were analysed using a chi-square test. Multivariate modelling was
performed to determine what effect pre-infection and intra-infection lipids had on hepatitis
C outcome.

This study was approved by the Partners Human Research Committee.

Results
Baseline characteristics of patients with acute hepatitis C

Thirty-eight patients with acute hepatitis C infection met entry criteria and were included in
this study. Fifty per cent were women with a mean age of 36.3 years. Subjects were
predominantly Caucasian (76.3%), with 10.5% Hispanic and 7.9% African American.
Genotype 1 predominated (68.4%) as did intravenous drug abuse as the identified risk factor
for acquiring HCV (61.5%). (Table 1). There was no significant difference in mean age,
genotype, risk factor or race between subjects who had treatment-induced or spontaneous
clearance and those with chronic disease or non-response to therapy. In addition, no
difference in any baseline variable was seen when the spontaneous clearers were compared
to those with treatment-induced clearance, nonresponders or untreated patients who
developed chronic disease.

Twelve patients had lipid panels available before and during their acute infection. Of these
patients, eight had lipid levels also available either following infection resolution (n = 4) or
after the development of chronic infection (n = 4). In addition, there were 15 unique patients
who had spontaneous clearance or treatment-induced clearance and had lipid panels during
and after infection. Twelve patients who did not clear virus (either untreated or failed
treatment) had lipids available during infection and after the development of chronic
infection (defined as 6 months or more after the diagnosis of infection).

Acute hepatitis C results in decreased LDL and cholesterol from baseline
Twelve patients had lipid panels available for evaluation prior to the diagnosis of acute
hepatitis C infection (Table 2). Lipid panels were drawn a mean of 2.6 years before acute
infection. Eleven patients had LDL values available before and during infection and all 11
experienced a decline in LDL. The mean pre-infection LDL was 116.1 mg/dL, which fell to
76.3 mg/dL with the development of acute hepatitis C infection (P = 0.001). Eleven patients
had cholesterol levels before and during their acute infection, and 10 of 11 experienced a
decline in cholesterol from a mean pre-infection level of 197.8–152.4 mg/dL (P = 0.025).

In addition, we evaluated mean levels of non-HDL cholesterol. We found non-HDL levels
significantly declined from pre-infection levels, mean 164.0–122.7 mg/dL during acute
infection (P = 0.007). No significant change was seen in triglyceride or HDL levels.

LDL and cholesterol levels rebound with viral clearance
Thirty-five patients had lipid panels performed during their infection and either following
resolution of their infection (spontaneous, n = 7 or treatment induced, n = 12) or after the
development of chronic infection. Nineteen patients achieved either spontaneous or
treatment-induced viral clearance and had lipid panels available during a mean of 1.6 years
following diagnosis of their infection. (Table 3). Seventeen of these patients experienced an
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increase in their cholesterol level following infection compared to their cholesterol levels
during infection (145.0 vs 176.4 mg/dL, P = 0.01). In addition, 17 patients had an increase in
LDL levels from 87.0 mg/dL during infection to 110.1 mg/dL following clearance of
viraemia (P = 0.0046). Non-HDL cholesterol levels also increased significantly from intra-
infection levels of 108.3–133.6 mg/dL following resolution of infection (P = 0.008). No
change in mean HDL or triglyceride levels was seen.

Sixteen patients developed chronic hepatitis C infection either following failed treatment (n
= 4) or did not receive treatment (n = 12). These patients had lipid levels a mean of 2.6 years
following the diagnosis of their infection. These patients experienced no change during and
postinfection in cholesterol (163.0 vs 155.3 mg/dL, P = 0.5), LDL (84.9 vs 87.8 mg/dL, P =
0.85) or non-HDL cholesterol levels (114.7 vs 112.9 mg/dL, P = 0.88). In addition, as in
those who achieved viral clearance, no changes in mean HDL or triglyceride levels were
noted.

LDL and cholesterol levels increase from pre-infection levels
Eight patients had lipid levels before, during and following acute infection; four patients
who achieved viral clearance and four who developed chronic infection and allow for direct
evaluation of postviral clearance rebound hyperlipidaemia. The four patients who achieved
viral clearance all experienced a decline in LDL, cholesterol and non-HDL cholesterol
during acute infection. All patients experienced a rebound in lipid levels following
resolution of infection with three patients experiencing a rebound to levels above pre-
infection lipid levels. The four patients who went on to develop chronic infection had
sustained decreases in their lipid levels (Figs 1–3).

Predictors of viral clearance
Neither pre-infection nor intra-infection levels of cholesterol, triglyceride, HDL or LDL
were found to be predictors of spontaneous or treatment-induced viral clearance. There was
a trend of lower pre-infection LDL levels in patients achieving clearance with pre-infection
LDL level of 107.1 mg/dL compared to 140.0 mg/dL in those who went on to develop
chronic infection (P = 0.16).

Discussion
This study further strengthens the association between HCV infection and decreased LDL
and cholesterol by demonstrating that the hepatitis C viraemia results in a profound decrease
in LDL and cholesterol levels from pre-infection levels, which rebound once clearance
occurs but which persist in chronic infection. In addition, our study is the first to examine
the dynamic effects of acute HCV infection on non-HDL cholesterol, a strong predictor of
CHD. Our study is unique in demonstrating that acute hepatitis C infection is associated
with hypolipidaemia that resolves with viral clearance but persists with chronic infection. In
addition, our study is the first to compare pre-infection levels of cholesterol, LDL and non-
HDL cholesterol levels with intra-and postinfectious levels, providing strong evidence that
HCV infection itself is the direct cause of hypolipidaemia in these patients.

Our findings are consistent with our previous study of lipid levels in chronic hepatitis C as
well as other published cohorts that have demonstrated that hepatitis C is uniquely
associated with decreased LDL and cholesterol [9,10,12,14]. As we have previously
suggested, we posit that this may be driven by the virus interference with the mevalonate
pathway leading to decreased cholesterol production and compensatory upregulation of LDL
receptors leading to decreased LDL levels, akin to the mechanism of HMG-CoA reductase
inhibitors. In addition, hepatitis C has been associated with reduced levels of microsomal
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triglyceride transferase protein (MTTP), the enzyme responsible for the production of
VLDL whose inhibition results in decreased circulating LDL and cholesterol levels [15].
Thus, the decrease in non-HDL cholesterol levels, a composite of principally VLDL and
LDL, could reflect viral inhibition of MTTP. Evaluation of hepatitis C infection on directly
measured VLDL levels will be helpful in clarifying this possibility.

We demonstrated that LDL, cholesterol and non-HDL cholesterol levels increase from pre-
infection levels following viral clearance. Patients with lipid panels available before, during
and following infection demonstrated a 10.7 mg/dL increase in LDL and a 13.7 mg/dL
increase in total cholesterol levels. LDL and total cholesterol levels are associated with a
continuous, graded increase in the risk of cardiovascular disease [16]. A 10-point increase in
LDL is clinically significant as it is associated with a 12% increased risk of cardiovascular
disease [17]. Similarly, a cholesterol increase from 186.75–200.5 mg/dL confers a >40%
increased risk of cardiovascular disease [16]. Non-HDL cholesterol is strongly associated
with an increased risk of CHD. A recent metaanalysis demonstrated that a 1% decrease in
non-HDL cholesterol levels is associated with a 1% decrease in CHD risk over 4.5 years.
The patients in this study experienced a 25% decrease in non-HDL cholesterol levels with
acute infection, which in persistent infection would be associated with a 25% decrease in the
risk of developing CHD. Likewise, our patients who achieved viral clearance and had lipid
values available before, during and following resolution had a 9.5% increase in non-HDL
cholesterol from pre-infection levels. If these increases are sustained, this would infer a
nearly 10% increase risk of CHD over 4.5 years. Currently, our group is evaluating the
incidence of cardiovascular disease in patients with chronic hepatitis C who achieve
treatment-induced sustained virologic response compared with those who failed to respond
to therapy to evaluate the long-term implications of virally mediated alterations in lipid
levels and to determine whether viral clearance is associated with increased risk of CHD.

Our finding of lower pre-infection LDL levels in patients who achieve viral clearance is
worthy of further evaluation. Hepatitis C has been noted to complex with LDL in the
circulation and use LDL receptors as one form of cell entry. In addition, therapy with HMG-
CoA reductase inhibitors has been associated with increased rates of sustained virologic
response in patients undergoing hepatitis C therapy [18,19]. Our study was limited by a
small number of patients with pretreatment levels available and thus did not reach statistical
significance. However, further evaluation is warranted to determine whether pretreatment
LDL levels can be used as predictors of spontaneous or treatment-induced viral clearance in
patients with acute infection or whether pretreatment lipid-lowering therapy could serve as
an adjunct to antiviral therapy.

The small numbers of patients with hepatitis C who present acutely limit our study. Only
four subjects who achieved viral clearance had lipid levels documented at all time points:
before, during and after infection. However, these patients amply illustrate the phenomenon
of viral-induced hypolipidaemia and reinforce the findings in the entire cohort that
demonstrate a decrease in mean LDL and cholesterol during infection and resolution
following viral clearance. These four subjects also suggest the possibility of rebound
hyperlipidaemia above pretreatment levels. Long-term follow-up of these subjects will be
important to assess whether the hyperlipidaemia is lasting.

In conclusion, this study adds to accumulating evidence that hepatitis C infection results in
reduced LDL and cholesterol levels that rebound following the resolution of infection.
Further study is needed to determine whether pre-infection lipid levels are predictive of viral
clearance and can be used to guide management. In addition, the impact of viral infection
and clearance on long-term cardiovascular outcomes is necessary and underway.
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Fig. 1.
Cholesterol levels before, during and following acute infection.
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Fig. 2.
LDL levels before, during and following acute infection. Note: One patient did not have an
LDL included as part of their lipid panel.
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Fig. 3.
Non-HDL cholesterol levels before, during and following acute infection.
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Table 1
Baseline characteristics of the acute hepatitis C virus (HCV)-infected patients

Number of subjects 38

Gender (%)

 Women 19 (50.0)

 Men 19 (50.0)

Mean age (SD) 36.3 (13.2)

Race (%)

 White 29 (76.3)

 Hispanic 4 (10.5)

 Black 3 (7.9)

 Other 2 (5.3)

Mode of transmission (%)

 Intravenous drug use 24 (61.5)

 Sexual 6 (15.4)

 Unknown 4 (10.6)

 Other 5 (12.8)

Genotype (%)

 1 (%) 26 (68.4)

 2 (%) 1 (2.6)

 3 (%) 5 (10.6)

 Unknown (%) 4 (10.4)

HCV RNA (SD) 934 887 (1 786 543)
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Table 2
Lipid levels before and during acute hepatitis C infection (Group 1, n = 12)

Lipids levels Prior to acute infection During infection P value

Cholesterol (SD) 197.8 (45.2) 152.4 (42.9) 0.025

LDL (SD) 116.1 (33.6) 76.3 (32.1) 0.001

Triglycerides (SD) 98.9 (62.9) 114.5 (49.2) 0.54

HDL (SD) 46.5 (11.3) 36.3 (22.1) 0.26

Non-HDL Cholesterol (SD) 164.0 (49.0) 122.7 (28.3) 0.007

Note: 10 of 11 had decline in cholesterol (one did not have cholesterol reported). Eleven of 11 had decline in LDL (one did not have LDL
reported).
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