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CLINICAL STUDY

Predictors of Changes in Hemoglobin Levels in Patients with Chronic
Hepatitis C Treated with Ribavirin Plus Pegylated Interferon-α
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Abstract

Background: Combination therapy with pegylated interferon (pegIFN)-α and ribavirin (RBV) for chronic hepatitis C virus
(HCV) infection is associated with reduction in hemoglobin (Hb) concentrations and anemia. The aim of this study was to
evaluate the magnitude and frequency of change in Hb and determine the predictive risk factors for Hb decrease during
this therapy. Methods: We enrolled 308 patients with chronic HCV infection who were receiving weekly subcutaneous
pegIFN injection in combination with body weight-based oral RBV for 24 weeks. Clinical and virological characteristics
were used for studying the predictors of decrease in Hb. Results: The majority (95%) of patients showed reduction
in Hb concentration of at least 1 g/dL during pegIFN and RBV combination therapy. The mean and median maximal
decrease in Hb level of the study patients was 3.9 g/dL (range −0.3 to 8.2 g/dL; interquartile range 2.8–5.0 g/dL). Of
all patients, 49.4% showed a reduction in Hb level of more than 4 g/dL; a higher number of male patients than female
patients showed an Hb decrease of >4 g/dL. Multivariate analysis of our data showed that older age, high baseline Hb
concentration, high HCV RNA viral load, low estimated glomerular filtration rate (eGFR), and low platelet count were
independent predictors of significant decline in Hb levels. Conclusions: Patients with low eGFR before antiviral therapy
may have an increased risk of RBV-related anemia and should be closely monitored. Clinician should consider the
potential risk of significant reduction in Hb level according to eGFR while deciding the RBV dose.
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INTRODUCTION

Chronic hepatitis C virus (HCV) infection, one of
the most common causes of chronic liver disease,
is a major global health problem and is associated
with substantial morbidity and mortality from seque-
lae such as liver cirrhosis and hepatocellular carcinoma
(HCC).1–3 Approximately 180 million people world-
wide are infected by HCV.4,5 Twenty percent of all
individuals with chronic hepatitis C eventually develop
cirrhosis within approximately 20 years. It has been
shown that 27% of HCV-infected people develop cir-
rhosis and 25% develop HCC.6 Several previous studies
have indicated that chronic HCV-infected patients can
benefit from interferon (IFN)-based therapy, which
reduces the risk of developing cirrhosis and HCC,
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particularly in responders,7–10 and prevents the devel-
opment of liver-related complications and improving
survival.

Ribavirin (RBV), a guanosine nucleoside analog,
exerts its antiviral effect through the inhibition of RNA-
dependent RNA polymerase of HCV and induction
of HCV RNA mutagenesis.11 However, this drug can
also deplete the adenosine triphosphate levels within
red blood cell and cause defective antioxidant defense,
which results in dose-dependent hemolytic anemia.
IFN also contributes to the development of anemia
by suppressing bone marrow function, which impairs
the compensatory reticulocytosis occurring in response
to RBV-induced hemolytic anemia.12 Treatment of
chronic HCV infection using a combination of RBV and
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the standard IFN has been shown to increase the sus-
tained virological response (SVR) rate from 5–13% to
38–53%.13–15 Further, treatment with a combination
of RBV and pegylated interferon (pegIFN) has been
shown to increase the SVR rate to 54–56% compared
with treatment with pegIFN alone, which increased the
SVR rate to 29%.16,17

Fried et al.16 showed that the hemoglobin (Hb) level
dropped to its nadir after approximately 4 weeks of
antiviral treatment. Sulkowski18 showed that in chronic
HCV patients treated with IFN and RBV, more than
half the patients showed a reduced Hb level of >3.0
g/dL while undergoing the combination antiviral ther-
apy. Another study showed a mean maximal decrease
in Hb level of up to 4.0 g/dL during a 24-week IFN
+ RBV therapy.19 The incidence of anemia during the
pegIFN + RBV therapy was 11–12%.20 By adminis-
tering a body weight (BW)-based RBV dose, a better
SVR could be achieved; however, this improvement was
also associated with a higher rate of developing anemia.
Treatment-related hemolytic anemia is an important
side effect and frequently necessitates reduction of RBV
dose. Because higher RBV concentration is associated
with better SVR rate,21 a reduction of RBV dose may
decrease the antiviral effect and lead to increased risk of
treatment failure.

Although several baseline factors were associated
with increased risk of anemia development during
antiviral therapy, most of the data obtained were from
the IFN + RBV therapy. PegIFN with RBV combi-
nation therapy has been shown to improve therapeutic
response and became the standard treatment for chronic
HCV infection. However, only few studies have eval-
uated the predictors for the degree of Hb reduction
and risk factors for Hb reduction with this treatment
regimen.22,23 One study showed that increased baseline
creatinine (Cr) clearance was associated with decreased
probability of Hb reduction to ≥2.5 g/dL, but it only
enrolled patients with hepatitis C genotype 1. The aim
of this study was to evaluate the severity and frequency
of anemia among chronic HCV-infected patients with
genotypes 1, 2, and 3 undergoing pegIFN + RBV
therapy and the association of estimated glomerular
filtration rate (eGFR) with the degree of Hb decline.

PATIENTS AND METHODS

Patients
This retrospective study was conducted at our insti-
tute between October 2003 and July 2009. We enrolled
308 patients who had chronic HCV infection, defined
as seropositive for anti-HCV and HCV RNA for more
than 6 months. All the patients had Cr levels below
the upper limit of the normal range (male, 1.27 mg/dL;
female, 1.03 mg/dL). None of the patients had received
any antiviral therapy before enrollment. We excluded
patients with concurrent hepatitis B virus (HBV) or
human immunodeficiency virus (HIV) infection, toxic

hepatitis, autoimmune hepatitis, primary biliary cirrho-
sis, Wilson’s disease, or hemoglobinopathies. Patients
showing clinical or biochemical evidence of decom-
pensated liver cirrhosis, chronic alcohol abuse, and
psychiatric problems were also excluded. The Hb level
of the enrolled patients was above 8.0 g/dL.

Methods
All 308 patients received weekly subcutaneous pegIFN
injection plus daily oral RBV for 24 weeks. The pre-
scribed types of pegIFNs were pegIFN-α-2a (180 μg) or
weight-based pegIFN-α-2b (1.5 μg/kg). For genotype-
1-HCV-infected patients with BW < 75 kg, the oral
RBV dose was 1000 mg/day and for those with BW >

75 kg, 1200 mg/day. For genotype non-1-HCV-infected
patients, the RBV dose was 800 mg/day. The follow-
up schedule during the treatment course was weekly
outpatient visit during the first 4 weeks of treatment,
visits once in 2 weeks between the 5th and 12th weeks,
and monthly visit during the last 12 weeks. Baseline
demographic and clinical data, including age, gender,
BW, body mass index (BMI), HCV viral load and geno-
type, complete blood count (CBC), and serum alanine
aminotransferase level (ALT) and Cr concentrations
were recorded. CBC and liver biochemical tests were
conducted during each outpatient visit. All hematolog-
ical, biochemical, and virological tests were performed
at the clinical laboratories of Chang Gung Memorial
Hospital. The study was performed in accordance with
the ethical guidelines of the International Conference on
Harmonization for Good Clinical Practice.

Anti-HCV tests were conducted using a third-
generation enzyme immunoassay kit (AxSYM® HCV
Version 3.0; Abbott Laboratories, Berkshire, UK).
Serum HCV RNA was quantified using real-time
polymerase chain reaction (PCR) system (COBAS®

AmpliPrep Instrument and COBAS® TaqMan® 48
Analyzer; Roche Molecular Systems, Inc., Branch-
burg, NJ, USA) with a detection limit of 15 IU/mL.
HCV genotype was determined using linear probe
assay (VERSANTTM HCV Genotype Assay (LiPA);
Bayer Corporation, Tarrytown, NY, USA). Routine
liver biopsy was advised and performed after obtain-
ing the patients’ consent. Advanced fibrosis was defined
as a fibrosis score of ≥4 on the Ishak modified histol-
ogy activity index (HAI) or a Metavir fibrosis score of
≥3. eGFR was calculated on the basis of the Cockcroft–
Gault (CG) formula.

Statistical Analysis
Continuous demographic data were expressed as mean
± standard deviation (SD), and a 2-tailed Student’s
unpaired t-test was performed to evaluate the dif-
ferences among the mean values. Differences among
groups of categorical variables were analyzed using a
chi-square test or Fisher’s exact test. Significant base-
line variables associated with Hb decline were identified
by performing simple linear regression analysis. The
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significant factors were then subjected to multivari-
ate analysis with a stepwise linear regression model to
test the interactions between different significant covari-
ates. The statistical analyses were performed using the
SPSS ver. 12.0 software package (SPSS Inc., Chicago,
IL, USA), and a p-value of <0.05 was considered
statistically significant.

RESULTS

Patient Demography and Clinical Characteristics
All 308 patients who underwent the pegIFN + RBV
therapy fulfilled the criteria for analysis. Baseline char-
acteristics of these patients are shown in Table 1. The
mean age of patients was 54 years, and 51% were men.
The genotypes of HCV included genotypes 1, 2, and
3; 57% patients were infected with HCV genotype 1.
The mean serum HCV RNA before initiation of ther-
apy was 5.76 × 106 copies/mL, and 67.5% patients
had high HCV load. One hundred and fifty-two patients
had biopsy-proven, advanced fibrosis before initiation of
treatment. The mean eGFR at baseline was 89 mL/min.
The mean Hb at baseline was 14.3 g/dL, with men hav-
ing a higher Hb level than women (15.3 vs. 13.3 g/dL;
p < 0.001). The mean and median maximal decrease

Table 1. Demographic and baseline characteristics of the study
patients.

Characteristic
Total patient number

(n = 308)

Agea (years) (range) 53.6 ± 13.5 (20−79)
Gender (male)b 157 (51)
HCV RNAa × copies/mL 5.76 ± 12.22
Genotypeb

1 176 (57)
2/3 132 (43)

HVLb 208 (67.5)
Fatty liverb 150 (48.7)
Advanced fibrosisb 152 (49.4)
BWa (kg) 64.6 ± 12.3
BMIa (kg/m2) 25.0 ± 3.6
Ribavirin per BWa (mg/kg) 16.1 ± 2.6
Cra (mg/dL) 0.9 ± 0.4
eGFRa (mL/min) 91.97 ± 23.93
ASTa (U/L) 91.2 ± 57.9
ALTa (U/L) 135.1 ± 100.2
Albumina (g/dL) 4.2 ± 0.5
Total bilirubina (mg/dL) 1.0 ± 0.4
White blood cella (× 103/μL) 5.9 ± 1.8
Hemoglobina (g/dL) 14.3 ± 1.7

Male 15.3 ± 1.4
Female 13.3 ± 1.3

Platelet counta (× 103/μL) 176.1 ± 62.4
Cholesterola (mg/dL) 175.4 ± 30.6
TGa (mg/dL) 94.8 ± 54.5

Notes: aMean ± SD, bNo. (%). HCV, hepatitis C virus; HVL,
high HCV viral load (HCV RNA ≥ 1,200,000 copies/mL);
BW, body weight; BMI, body mass index; Cr, creatinine;
GFR, glomerular filtration rate; AST, aspartate aminotransferase;
ALT, alanine aminotransferase; WBC, white blood cell; Hb,
hemoglobin; TG, triglyceride.
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Figure 1. Degree of absolute decrease in hemoglobin (Hb) level
from the baseline.

in the Hb level of the study patients was 3.9 g/dL, with
a range of −0.3 to 8.2 g/dL and an interquartile range
of 2.8–5.0 g/dL. Although 49.4% of all patients showed
an Hb decrease of more than 4 g/dL (Figure 1), more
male patients than female patients showed Hb decrease
(>4 g/dL; 55.4% vs. 43%, respectively; p = 0.031). The
mean decline in Hb concentration in male and female
patients was 4.14 g/dL and 3.96 g/dL, respectively.

With regard to modification of treatment regimen,
the majority of the patients with a decrease in Hb level
of ≥3.9 g/dL had adjusted the dosage of the combina-
tion therapy (16% vs. 8%; p = 0.019). The rate of RBV
dose reduction was greater in patients showing an Hb
level reduction ≥3.9 g/dL than that in patients with less
Hb change with a borderline significance (14% vs. 8%;
p = 0.057).

Predictors for Hb Reduction During pegIFN and RBV
Treatment
Simple linear regression analysis showed that a marked
Hb reduction during pegIFN + RBV therapy could
be predicted by increased age, male gender, presence
of pathologically proven bridging fibrosis or cirrho-
sis, high pretreatment HCV RNA viral load, high Hb
level, and low platelet count and eGFR at baseline
(Table 2). Serum Cr level was not a predictor factor.
By performing a multivariate analysis with a stepwise
multiple regression model, we determined the indepen-
dent predictive values of age, gender, histopathological
stages of liver fibrosis, HCV genotype, HCV RNA lev-
els, mean doses of RBV per kilogram of BW, GFR, Hb
concentrations and platelet count before initiating the
treatment, and BMI for the reduction in Hb level dur-
ing therapy. The strongest predictor for the reduction
in Hb levels during the antiviral treatment was high
pretreatment HCV RNA viral load [B = 0.559 (95%
CI: 0.210, 0.907)] followed by high pretreatment Hb
levels [per 1 g/dL increase; B = 0.320 (95% CI: 0.215,
0.425)] and age [per 10-year increase; B = 0.303 (95%
CI: 0.267, 0.539)] (Table 3). The platelet counts and
eGFRs were also found to be significantly associated
with Hb decline.

© 2012 Informa Healthcare USA, Inc.
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Table 2. Factors associated with hemoglobin decrease analyzed using simple linear
regression analysis.

Factors β B (95% CI) p-Value

Age (per 10-year increase) 0.266 0.313 (0.186, 0.441) <0.001
Gender (male) 0.13 0.414 (0.059, 0.77) 0.023
HCV RNA (copies/mL) 0.028 0.004 (−0.011, 0.018) 0.624
HCV genotype 1 0.082 0.266 (−0.1, 0.632) 0.154
HVL 0.184 0.627 (0.251, 1.003) <0.001
Fatty liver 0.051 0.162 (−0.196, 0.52) 0.374
Advanced fibrosis 0.132 0.42 (0.057, 0.782) 0.023
BW (kg) 0.025 0.003 (−0.012, 0.018) 0.673
BMI (kg/m2) 0.053 0.024 (−0.031, 0.079) 0.384
pegIFN-α-2a/2b −0.085 −0.267 (−0.64, 0.088) 0.137
Ribavirin initial dose (mg/kg) −0.028 −0.018 (−0.091, 0.056) 0.639
Cr (mg/dL) 0.11 0.432 (−0.021, 0.884) 0.061
eGFR (mL/min) −0.229 −0.016 (−0.023, −0.008) <0.001
Albumin (mg/dL) −0.026 −0.089 (−0.525, 0.347) 0.687
Bilirubin, total (mg/dL) 0.08 0.308 (−0.125, 0.741) 0.163
AST (U/L) 0.074 0.002 (−0.001, 0.005) 0.197
ALT (U/L) 0.04 0.001 (−0.001, 0.002) 0.479
WBC (×103/μL) −0.022 −0.019 (−0.119, 0.081) 0.706
Hb (g/dL) 0.241 0.232 (0.127, 0.336) <0.001
PLT (×103/μL) −0.165 −0.004 (−0.007, −0.001) 0.004
Cholesterol (mg/dL) −0.262 −0.015 (−0.029, −0.001) 0.042
TG (mg/dL) 0.049 0.002 (−0.007, 0.01) 0.713

Notes: CI, confidence interval; eGFR, estimated glomerular filtration rate; HCV, hepatitis
C virus; HVL, high HCV viral load (HCV RNA ≥ 1,200,000 copies/mL); BW, body weight;
BMI, body mass index; Cr, creatinine; GFR, glomerular filtration rate; AST: aspartate
aminotransferase; ALT, alanine aminotransferase; WBC, white blood cell; Hb, hemoglobin;
PLT, platelet; TG, triglyceride.

Table 3. Factors associated with hemoglobin decrease analyzed
using stepwise multiple regression analysis.

Factors β B (95% CI) p-Value

Age (per 10-year
increase)

0.243 0.303 (0.267, 0.539) <0.001

Hb (per 1 g/dL
increase)

0.339 0.320 (0.215, 0.425) <0.001

HVL 0.165 0.559 (0.210, 0.907) 0.002
eGFR (per 1 mL/

min/1.73 m2

increase)

−0.225 −0.011 (−0.016, −0.001) 0.003

PLT (per 103/μL
increase)

−0.175 −0.004 (−0.007, −0.002) 0.005

Notes: Hb, hemoglobin; HVL, high HCV viral load (HCV RNA
≥ 1,200,000 copies/mL); eGFR, estimated glomerular filtration
rate; PLT, platelet.

DISCUSSION

To our knowledge, this is the first study to assess the
Hb decline caused by pegIFN + RBV therapy—the
current standard-of-care regimen for the treatment of
patients with chronic HCV infection with all geno-
types and its association with eGFR. Our study showed
that more than 95% of the male and female patients
receiving pegIFN + RBV therapy developed a decline
in Hb levels of at least >1g/dL. The mean maximal
decrease in Hb level of the study patients was 3.9 g/dL;
55% men and 43% women showed a decrease of >3.9
g/dL. Compared with the therapy using IFN or pegIFN
monotherapy, the pegIFN + RBV therapy effected

greater improvement in the SVR rate and decrease in the
relapse rate after 6 months of follow-up.16,17 However,
treatment-related hemolytic anemia was one of the most
important side effects that necessitated dose reduc-
tion or treatment discontinuation.16,17,19,24,25 IFN or
pegIFN, which suppresses bone marrow hematopoiesis,
also inhibits compensatory erythropoiesis and causes
prominent Hb decline. Because higher RBV concentra-
tion is associated with better SVR rate,21,26 reducing
the RBV dose in patients may decrease the antiviral
effect. Compared to the study by Takaki et al.,19 which
showed a mean maximal Hb decrease of 4 g/dL dur-
ing IFN + RBV therapy, the pegIFN + RBV in our
study did not result in more severe treatment-related
Hb decline. However, a substantially high proportion of
patients with a decline in Hb of >3.9 g/dL had reduced
their RBV doses than those with a decline in Hb of less
than 3.9 g/dL.

Therefore, a better understanding of the baseline
clinical factors significantly associated with decline in
Hb level is required and may help clinicians in identi-
fying patients at high risk of developing anemia during
antiviral therapy. Our study showed that several base-
line factors are predictive of absolute decrease in Hb
level (Table 3). Snoeck et al.22 reported that gender and
RBV dose per kilogram of BW were the most impor-
tant prognostic factors for the incidence of anemia,
followed by baseline Hb levels, age, ALT, and presence
of cirrhosis. Women were predicted to have a higher like-
lihood of decrease in Hb concentration (<10 g/dL) than
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men. However, in view of absolute Hb decrease, gender
did not appear to be a predictive factor in our study.
Our study showed that higher baseline Hb was signif-
icantly associated with increased decline in Hb during
antiviral therapy. Although Snoeck et al.22 reported
that low baseline Hb value was a predictor of decline
of Hb to below 10 g/dL, this could be because most
patients (95%), as in our study, developed at least a
1 g/dL reduction in Hb level during treatment; hence,
we assume that patients with lower baseline Hb level
have more chance to have a decline of Hb level to less
than 10 g/dL.

Because RBV and its metabolites, triazole carbox-
amide and triazole carboxylic acid, are eliminated by
the kidney, the serum concentration of RBV could be
altered by renal function. Bruchfeld et al.27 demon-
strated that RBV clearance was linearly dependent on
renal function with a marginal nonrenal clearance,
which in turn is dependent on the BW and age. eGFR
was a significantly better predictor of RBV clearance
than BW alone. Lindahl et al.28 also showed that the
RBV dose per kilogram of BW was not correlated with
the RBV-induced decrease in Hb level. The concentra-
tion of RBV was related to the decrease in Hb level. Our
findings confirm that a significant absolute decrease in
Hb was independently associated with decreasing eGFR
as estimated using the CG formula rather than with
RBV dose per kilogram of BW as suggested by Snoeck
et al.22 And Cr alone is not a predictor of changes in
Hb level in our study. Thus, it is useful for clinicians
to calculate the eGFR before initiating pegIFN + RBV
therapy to assess the risk of Hb decrease during the
therapy, even though patients have normal serum Cr
level.

In conclusion, our study showed that low eGFR,
older age, high baseline Hb level, high HCV RNA viral
load, and low platelet count were independent predic-
tors for significant Hb decline during antiviral therapy.
eGFR was found to be a valuable and early predic-
tor for subsequent Hb decrease and may be used for
identifying patients at high risk of developing anemia
during therapy; thus, eGFR can be used for efficient
clinical management of Hb decrease during therapy for
HCV infection and for prevention of adverse effects.
Clinicians should also consider the RBV dose and
potential risk of significant Hb decrease according to
the eGFR to minimize adverse events and enhance the
antiviral effects of the drug.

Declaration of interest: The authors report no con-
flicts of interest. The authors alone are responsible for
the content and writing of the paper.
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