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Mental health, pro-inflammatory cytokines, and brainderived neurotrophic factor in patients undergoing
treatment for hepatitis C: comparison between
peginterferon-alpha-2a and peginterferon-alpha-2b
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ABSTRACT
Aim:
This study examines potential differences in the mental health, pro-inflammatory cytokines
and brain-derived neurotrophic factor (BDNF) of patients with hepatitis C virus (HCV)
infection who underwent antiviral treatment with peginterferon-alpha-2a (PegIFN-α-2a) and
peginterferon-alpha-2b (PegIFN-α-2b).
Methods:
In a 24 week non-randomized longitudinal study, 22 patients with HCV were treated with
PegIFN-α-2a plus ribavirin (Group A), and 12 patients were treated with PegIFN-α-2b plus
ribavirin (Group B). All patients were assessed on the Hospital Anxiety and Depression Scale
(HADS), the Short-form Health-related Quality of Life (SF-36) questionnaire, and their serum
levels of interleukin-6 (IL-6), tumor necrosis factor-alpha (TNF-α), interleukin-1-beta (IL-1β)
and BDNF were compared at baseline and weeks 4, 12 and 24.
Results:
During the 24-week antiviral treatment, Group A and Group B exhibited similar rates of
sustained virological response, increased depression levels, decreased scores of physical
component summary (PCS) of the SF-36 and reduced serum BDNF levels. However, increased
serum levels of IL-6, TNF-α, and IL-1β were observed only in Group A at the 24th week. During
the treatment period, the depression scores and PCS scores of the SF-36 were positively
correlated with IL-6, TNF-α and IL-1β levels, and negatively correlated with BDNF levels.
Anxiety scores of the HADS were positively correlated with TNF-α and IL-1β levels.
Conclusion:
This investigation provides insight into the differential effects of various peginterferon-alpha
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formulations on inflammatory parameters during antiviral treatment for HCV. During the
treatment period, patients’ pro-inflammatory cytokines levels may be related to their symptoms
of depression and anxiety, and BDNF levels may be linked to symptoms of depression. Future
research with larger samples and a randomized control should be conducted to verify these
findings.
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Introduction
Hepatitis C viral (HCV) infection is a serious
global public health concern worldwide.
Globally, HCV affects around 130-210 million
people [1], and the prevalence rate of antiHCV in Taiwan has been estimated as 4.4%
[2]. Patients with HCV infection are at risk
of liver damage and hepatocellular carcinoma
[3]. Interferon-alpha (IFN-α) has formed the
basis of treatments for HCV infection, usually
in conjunction with ribavirin (RBV) [4,5].
Two pegylated forms of IFN-α (PegIFN-α),
PegIFN-α-2a and PegIFN-α-2b, differ in their
pharmacokinetics and chemical properties, and
both used with ribavirin, are recommended for
the treatment of chronic HCV infection [6]. The
goal of antiviral therapy is to eliminate the virus
from the blood (sustained virological response,
SVR), and to prevent complications of hepatitis
C infection [7].
Numerous researchers have found that PegIFNα-2a plus ribavirin yields a higher SVR and
a lower discontinuation rate than PegIFN-α2b plus ribavirin [8-10]. However, a review
article found that PegIFN-α-2a and PegIFNα-2b exhibit similar degrees of effectiveness and
tolerability, with few clinical differences [11].
Some recent investigations have also suggested
similar SVR rates and frequencies of adverse
events between PegIFN-α-2a and -2b [12,13]. To
date, no conclusive evidence that one PegIFN-α
is superior to the other has been obtained, and
both forms of PegIFN-α plus ribavirin are
considered to be standard treatments for chronic
HCV infection.
Antiviral treatment with PegIFN-α and RBV
can cause severe side-effects including fatigue,
poor appetite, insomnia, and low blood count
[14,15]. Moreover, depression is one of the
most common neuropsychiatric complications
during antiviral treatment against HCV
infection [16,17]. A meta-analysis revealed that
the overall cumulative incidence of depression
is approximately 25-28% among patients with
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chronic HCV infection who are undergoing
antiviral treatment for hepatitis C [18].
Depression is frequently associated with reduced
quality of life (QOL), and poor adherence to,
or early discontinuation of, treatment [19,20].
Therefore, understanding and detecting IFNinduced depression are crucial in clinical HCV
treatment.
A complex pathophysiological background
may be involved in IFN-induced depression
[21]. Pro-inflammatory cytokines, particularly
interleukin-6 (IL-6), tumor necrosis factor
alpha (TNF-α) and interleukin-1 beta (IL-1β),
have attracted increased attention in this respect
[22,23]. Of these, IL-6 can act as both a proand an anti-inflammatory agent. These cytokines
potentially change brain function (including
neuroendocrine systems, neurotransmitters
and apoptotic mechanisms) in several ways,
and are associated with the pathogenesis of
depression and impaired QOL [24]. However,
causal relationships between mental health and
pro-inflammatory cytokines require further
clarification.
Brain-derived
neurotrophic
factor (BDNF), an important growth factor
in the central nervous system, is crucialfor the
development, plasticity, and survival of neurons
[25]. BDNF may mediate the detrimental effects
of pro-inflammatory cytokines and depression
by compromising neuroplasticity [26,27].
Compelling evidence demonstrates that BDNF
in peripheral blood can be used as a biomarker
for depression [28-30].
During antiviral treatment, IFN-α activates proinflammatory cytokines and contributes to the
development of depressive symptoms [31]. A
clinical study found that serum levels of BDNF
declined in HCV patients who were undergoing
24 weeks of IFN-α treatment. Accompanying
increased levels of pro-inflammatory cytokines
were correlated with the development of
depressive symptoms [32]. Some investigations
have also suggested that IFN-induced depression
is accompanied by immune activation and the
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reduction of serum BDNF levels [33,34]. The
literature has demonstrated the similarity between
the adverse effect profiles (including depression)
of HCV patients who are treated with PegIFNα-2a and -2b, although the rates of depressive
symptoms vary among studies (6-65%) [35-37].
However, no investigation of whether PegIFNα-2a and PegIFN-α-2b differently alter proinflammatory cytokine and BDNF levels has
yet been published, and the relationships among
patients’ QOL, pro-inflammatory cytokine and
BDNF levels are poorly understood.
This study investigates the mental health status
(depression, anxiety and QOL) and biochemical
markers (pro-inflammatory cytokines and
BDNF) of HCV patients who are undergoing a
six-month antiviral treatment, and examines the
potential differences between patients who were
administered PegIFN-α-2a and PegIFN-α-2b.
Methods
 Participants and procedures

The Institutional Review Board of Chang Gung
Memorial Hospital approved this study. Written
informed consent was obtained from each patient
before participation. Patients (aged ≥18 years)
who were diagnosed with hepatitis C and were
to receive antiviral treatment with PegIFN-α
plus RBV at Chang Gung Memorial Hospital,
Keelung, were enrolled. Patients were excluded
from the study if they had a history of cancer,
ischemic heart disease, co-infection with hepatitis
B virus (HBV) or human immunodeficiency
virus (HIV), psychotic disorders, organic mental
disorders or substance use disorders. Thirty-four
patients (with a mean age of 51.7±13.9 years,
including 21 were females) met the inclusion
criteria and received a 24-week follow-up with
blood sample collection and mental health
assessment.
This study was a 24-week, non-randomized,
observational, prospective study. All 34
participants were administered subcutaneous
PegIFN injections weekly and oral RBV daily
for 24 weeks, consistent with the reimbursement
criteria of the National Health Insurance
in Taiwan. The treatment regimens were
assigned at the discretion of the physicians.
The prescribed PegIFN was PegIFN-α-2a, 180
μg, or weight-based PegIFN-α-2b, 1.5 μg/kg.
For patients with genotype 1 HCV-infection,
the oral RBV dose was 1000 mg per day for
patients of body weight (BW) <75 kg, or 1200
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mg for BW ≥75 kg. For patients with genotype
non-1 HCV-infection, the RBV dose was 800
mg per day. All patients were followed up for
24 weeks until treatment had been completed.
In the 24 treatment period, patients attended
weekly outpatient visits for the first four weeks,
biweekly visits between the 5th and 12th weeks,
and monthly visits during the last 12 weeks.
Haematological and liver biochemical tests
were carried out in each visit. HCV RNA levels
were measured before treatment (V1), at week 4
(V2), at week 12 (V3), and at week 24 (V4) of
treatment. All biochemical and virological tests
were conducted at the clinical laboratories of
Chang Gung Memorial Hospital.
Of the 34 patients, 22 received antiviral treatment
with PegIFN-α-2a plus RBV (Group A) while
the remaining 12 were treated with PegIFNα-2b plus RBV (Group B). The demographic
characteristics and physical conditions of the
two groups did not differ significantly. The
second, third, and fourth study assessments were
carried out at week 4, week 12, and week 24
after the beginning of the antiviral treatment.
The procedure (blood sample collection and
mental health assessment) that was conducted at
baseline was repeated in each visit.
 Mental health assessments

All patients underwent psychiatric diagnostic
interviews of the Mini International
Neuropsychiatric Interview (MINI) type, and
their mental health statuses were assessed using
the Hospital Anxiety and Depression Scale
(HADS) and the Short-form Health-related
Quality of Life (SF-36) questionnaire.
The MINI is a short structured diagnostic
interview that is based on the statistical manual
of mental disorders (DSM-IV) or International
Statistical Classification of Diseases and Related
Health Problems 10th Revision (ICD-10) [38].
This structured interview has high reliability
and has been extensively used in international
clinical studies. The inter-rater reliability of the
Mandarin MINI, which was translated by the
Taiwan Society of Psychiatry, is approximately
0.75 [39,40].
The HADS is a 14-item self-administered
questionnaire for evaluating the severity of
depression [41]. It is a commonly used assessment
tool in hospital practice and primary care, and is
also utilized for the general population. Seven
of the items measure levels of anxiety and the
other seven measure levels of depression. Each
107
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item is scored on a four-point Likert scale (03), and the anxiety and depression subscales
have independent measures. The validity of
the Chinese version of the HADS has been
established [42,43].
The SF-36 is an extensively used tool for assessing
the health-related quality of life of patients [44].
The SF-36 incorporates eight subscales - physical
functioning, physical role functioning, bodily
pain, general health, vitality, social functioning,
emotional role functioning, and mental health.
The score ranges from 100 (highest) to 0
(lowest). A standard scoring algorithm aggregates
scores into two summary scores, which are the
physical component summary (PCS) and mental
component summary (MCS) [45]. Lu et al.
[46] validated the Chinese version of the SF-36,
which has been widely used for measuring QOL
in Taiwan [47].
 Laboratory tests

Venus blood from the participants was collected.
Levels of aspartate transaminase (AST), alanine
transaminase (ALT), alpha-fetoprotein, IL-6,
TNF-α, IL-1β, BDNF, HCV RNA therein were
measured in the laboratory. All of the blood
samples were frozen after blood collection and
stored at -80◦C until the laboratory measurements
was made. AST, ALT and alpha-fetoprotein levels
were determined using standard autoanalyzers.
The serum levels of IL-6, TNF-α and IL-1β
were obtained using the standard enzyme-linked
immunosorbent assay (ELISA) protocol with a
commercially available kit (eBioscience). The
ranges of sensitivity of this method were 2-200
pg/mL for IL-6, 4-500 pg/mL for TNF-α, and
4-500 pg/mL for IL-1β, respectively. The serum
BDNF levels were measured using an ELISA
kit (Promega, Madison, WI, USA) following
appropriate dilution of samples (1:10 to 1:50)
in blocking and sample buffers, according to
the manufacturer’s instructions [48]. BDNF
levels were expressed as pg/ml, and the detection
sensitivity of BDNF was 15.6 pg/ml.
Anti-HCV tests were conducted using a thirdgeneration enzyme immunoassay kit (Abbott
Laboratories, Berkshire, UK). A real-time
polymerase chain reaction (PCR) assay (Roche
Molecular Systems, Inc., Branchburg, NJ, USA),
with a detection limit of 15 IU/mL, was used
to quantify serum HCV RNA. HCV genotype
was identified using a linear probe assay (Bayer
Corporation, NY, USA). The HCV RNA load
was examined before treatment, at four weeks
and 12 weeks during treatment, at the end of
108
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treatment, and 24 weeks after treatment. The
treatment efficacy was evaluated in a follow-up
six months after combined pegIFN and RBV
therapy. Patients who were HCV RNA-negative
after six months during the follow-up were
regarded as SVR.
 Statistical analysis

Data were analyzed using the Statistical Package
for the Social Sciences for Windows (version
16.0; SPSS, Inc., Chicago, IL, USA). Variables
are presented as either mean±standard deviation
(SD) or frequency. A chi-squared (χ2) test or t
test was performed to compare the characteristics
of the two patient groups. All statistical tests
were two-tailed, and differences were regarded as
significant at p < 0.05.
A linear mixed model or generalized estimating
equations (GEE) that were based the maximum
likelihood estimation method and the autoregression covariance matrix provided the
primary means of analyzing the longitudinal
data. These techniques handle missing data
more effectively than do traditional methods
(such as repeated-measure analysis of variance
and ANOVA) [49,50]. The linear mixed model
was used to elucidate the trends in mental health
assessments, proinflammatory cytokines and
BDNF level during the six months of follow-up,
and LSD post hoc tests were conducted to compare
multiple values. The GEE were used to elucidate
the potential effects of treatment methods
(Group B vs. Group A), proinflammatory
cytokines level and BDNF level on the mental
health status of patients during the 24 weeks of
treatment period. Potential correlations between
mental health status, cytokine level and BDNF
level during the 24-week antiviral treatment
were also estimated using GEE models. The
depression, anxiety and quality of life scores
were the dependent variables, and the treatment
group, cytokine level and BDNF level were the
independent variables.
Results
This study involved 22 patients who were
undergoing antiviral treatment with PegIFNα-2a plus RBV (Group A) and 12 patients
who were receiving treatment with PegIFN-α2b plus RBV (Group B). Table 1 summarizes
the demographic characteristics, biochemistry
markers and mental health statuses of the two
patient groups at the baseline. At the beginning
of combination therapy, patients in Group B
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Table 1: Baseline characteristics of patients with hepatitis C infection who received antiviral treatment using peginterferon-α-2a
plus ribavirin (Group A) and those treated with peginterferon-α-2b plus ribavirin (Group B).
Characteristics
Group A (N=22)
Group B (N=12)
Statistical Value
P-Value
0.761
Sex (female/male) (n, %)
14 (63.6) / 8 (36.4)
7 (58.3) / 5 (41.7)
χ2 = 0.092
Age at recruitment (years)
50.8 ± 15.6
53.3 ± 10.7
t = 0.506
0.616
Body weight (kg)
68.5 ± 12.9
67.6 ± 14.9
t = 0.191
0.849
Education levels (years)
7.7 ± 5.1
7.8 ± 4.3
t = 0.056
0.956
0.642
Employed (n, %)
11 (50)
7 (58.3)
χ2 = 0.216
Number of comorbid physical illnesses
2.5 ± 1.8
2.3 ± 1.4
t = 0.201
0.842
1.000
HCV genotype (type 1/type 2 or 3) (n, %)
11 (50) / 11 (50)
6 (50) / 6 (50)
χ2 = 0.000
Duration of being diagnosed hepatitis C (months)
51.4 ± 56.7
27.7 ± 24.9
t = 1.370
0.180
AST/GOT levels (U/L)
88.7 ± 20.7
79.6 ± 12.6
t = 1.388
0.175
ALT/GPT levels (U/L)
134.6 ± 45.6
128.5 ± 44.1
t = 0.376
0.709
α-fetoprotein level (ng/mL)
8.8 ± 7.9
10.0 ± 7.5
t = 0.431
0.670
Peginterferon-α-2a dose (mcg/week)
173.9 ± 15.8
N/A
N/A
Peginterferon-α-2b dose (mcg/week)
98.2 ± 10.8
N/A
N/A
Ribavirin dose (mg/day)
1047.6 ± 125.0
983.3 ± 183.7
t = 1.386
0.176
Proinflammatory cytokines and BDNF
Interleukin 6 (pg/mL)
4.9 ± 7.4
6.6 ± 16.4
t = 0.424
0.675
Tumor necrosis factor α (pg/mL)
2.0 ± 4.6
1.8 ± 3.7
t = 0.131
0.897
Interleukin 1β (pg/mL)
4.7 ± 14.2
13.4 ± 40.2
t = 0.917
0.366
BDNF level (pg/mL)
818.7 ± 120.2
858.2 ± 99.2
t = 0.940
0.355
Mental health status
HADS-Depression score
6.0 ± 4.2
4.1 ± 2.7
t = 1.432
0.162
HADS-Anxiety score
6.8 ± 4.0
5.8 ± 4.5
t = 0.631
0.533
Physical component summary (PCS) of SF-36
60.6 ± 32.7
82.5 ± 17.8
t = 2.530
0.017
Mental component summary (MCS) of SF-36
62.1 ± 15.3
56.0 ± 19.5
t = 1.012
0.319
Data is expressed by n (%) or mean ± SD; BDNF: brain-derived neurotrophic factor; HADS, the Hospital Anxiety and Depression Scale; SF-36, the Short-form
Health-related Quality of Life

had a better physical QOL (PCS of the SF-36)
than those in Group A (P = 0.017). The groups
did not differ significantly with respect to the
other variables.
Of the 22 patients in Group A, 21 (95.5%),
19 (86.4%), and 13 (59.1%) remained in the
study at weeks 4, 12, and 24, respectively. Of
the 12 patients in Group B, ten (83.3%), seven
(58.3%), and seven (58.3%) remained in the
study at weeks 4, 12, and 24, respectively. After
six months of follow-up, seven (58.3%) patients
in Group A and five (57.1%) patients in Group
B were SVR (HCV RNA-negative), respectively.
The attrition rates (χ2 = 0.002, p = 0.966) and
treatment response rates (χ2 = 0.003, p = 0.960)
did not differ significantly between groups at the
endpoint.
Figure 1 presents the changes in mental health
status of patients with hepatitis C during the 24
weeks of treatment. For patients in Group A, the
depression scores were significantly higher the
24th week of treatment than at the baseline (P
= 0.045). For patients in Group B, depression
scores were significantly higher at the 12th week
(P = 0.045) and the 24th week (P = 0.028) than

at the baseline. In both groups, the anxiety scores
and the MCS scores did not significantly change
over time.
Figure 2 displays changes in pro-inflammatory
cytokine and BDNF levels during the 24 weeks
of treatment. For patients in Group A, the levels
of IL-6 (P = 0.037), TNF-α (P = 0.002), and
IL-1β (P = 0.001) were higher at the 24th week
of treatment than at the baseline. For patients in
Group B, the levels of IL-6, TNF-α, and IL-1β
did not vary significantly over time. In Group A,
plasma BDNF levels were significantly lower at
the 24th week of treatment than at the baseline (P
= 0.006). In Group B, BDNF levels significantly
declined after the 12th week of treatment (week
12: P = 0.016; week 24: P < 0.001).
Table 2 shows the correlations between the mood
symptoms, cytokine level and BDNF level of
patients during 24 weeks of antiviral treatment,
estimated using GEE models. The depression
scores during treatment were positively related to
IL-6 (B = 0.02, P = 0.016), TNF-α (B = 0.10, P
= 0.035) and IL-1β (B = 0.03, P = 0.043) levels,
and negatively correlated with plasma BDNF
level (B = -0.01, P = 0.019). The anxiety scores
109
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A

Group A
Group B

during treatment were positively correlated with
TNF-α (B = 0.14, P = 0.015) and IL-1β (B =
0.03, P = 0.036) levels. The treatment group
(Group A or Group B) did not significantly affect
the depression or anxiety of patients during the
24 weeks of treatment.

Group A
Group B

Table 3 summarizes the correlations between
patients’ health-related QOL, cytokine level and
BDNF level during the study period. The PCS
score was negatively correlated with patients’ age
(B = -0.75, P = 0.008), and the levels of IL-6
(B = -0.17, P = 0.002), TNF-α (B = -1.13, P
< 0.001) and IL-1β (B = -0.32, P < 0.001),
and positively correlated with BDNF level (B
= 0.05, P = 0.004). Patients in Group B had
higher PCS scores than those in Group A (B
= 18.98, P = 0.006) during the 24 weeks of
treatment. Meanwhile, female patients had
significantly lower MCS scores than did male
patients (B = -12.85, P = 0.007). The antiviral
treatment group, cytokine level and BDNF
level were not significantly correlated with
MCS score.
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Figure 1: The mental health status among patients who were undergoing antiviral
treatment for HCV infection at the baseline (V1), week 4 (V2), week 12 (V3) and week 24
(V4).
Note: Group A, patients who were undergoing treatment pegIFN-α-2a plus ribavirin;
Group B, patients who were undergoing treatment with pegIFN-α-2b plus ribavirin.
HADS-A, Anxiety scores of the Hospital Anxiety and Depression Scale; HADS-D, Depression
scores of the Hospital Anxiety and Depression Scale; MCS, Mental Component Summary;
PCS, Physical Component Summary; SF-36, the Short-form Health-related Quality of Life;
the error bars represent the standard error of the mean. *P<0.05, **P<0.01, in comparison
to the data at baseline.
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The results in this study indicate that 24 weeks
of antiviral treatment with PegIFN-α-2a plus
RBV or PegIFN-α-2b plus RBV yielded similar
SVR rates, consistently increased depression
level, reduced the physical component of QOL
and reduced serum BDNF level. However, the
serum levels of IL-6, TNF-α, and IL-1β only
increased to the 24th week in patients who were
administered pegIFN-α-2a, and not in those who
were administered with PegIFN-α-2b. During
the antiviral treatment period, depression scores
and the physical component of QOL were
positively correlated with IL-6, TNF-α and IL1β levels, and negatively correlated with plasma
BDNF level.
 Antiviral treatment and mental health

20
0
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Compelling evidence has established that
depression, anxiety and QOL become worse
during antiviral treatment for HCV infection
[16-18,31,51,52]. Twenty-four weeks of antiviral
treatment increased the depression score and
reduced the physical component of QOL, but did
not significantly affect the anxiety score or mental
component of QOL. Combination therapy with
PegIFN-α plus RBV often has side-effects, such
as fatigue, poor appetite, insomnia, and anemia
[14,15]. These complications are associated with
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 Antiviral treatment, pro-inflammatory

cytokines and BDNF

To the best of our knowledge, this investigation
is the first to provide evidence of a relationship
between the levels of pro-inflammatory
cytokines and PegIFN-α species. Serum levels
of IL-6, TNF-α, and IL-1β in Group A had
increased by the 24th week of treatment, but
those in Group B had not. This finding implies
that various PegIFN-α formulations have
different effects on immune response, and the
administration of PegIFN-α-2a administration
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Several articles have claimed that PegIFN-α2a provides a better outcome than PegIFNα-2b [8-10], whereas many others report no
difference in outcomes [11-13]. Although the
relative efficacies of different forms of PegIFN-α
are still debated, the results in current study
reveal that neither SVR rate nor the variation of
mental health status, differed between patients
who were treated with PegIFN-α-2a (Group A)
and those who were treated with PegIFN-α-2b
(Group B). However, in this study, treatments
were administered using non-randomized and
open-label methods. Patients in Group B had a
better physical QOL than those in the Group A
at the baseline. Furthermore, the study population
was female-dominant (61.8%). Although a
previous large-scale investigation of a community
in Taiwan revealed that the prevalence of HCV
infection is slightly higher in females (6.2%) than
in males (4.8%) [53], the gender distribution in the
present study sample was not representative of the
overall patient population. Therefore, the results
might have been unwittingly affected by selection
bias. Previous randomized trials have revealed
that patients who are treated with PegIFN-α-2a
plus RBV and those treated with PegIFN-α-2b
plus RBV exhibit similar incidences of depression
[35,36]. However, another study found that
patients who were treated with PegIFN-α-2b plus
RBV were more likely to develop depression than
counterparts who were administered PegIFNα-2a plus RBV [37]. Therefore, a study must be
carried out to determine whether PegIFN-α variant
differently alter mental health.
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a decline in QOL, particularly in its physical
component, mimicking the vegetative aspects of
depression [19]. Therefore, the adverse effects of
antiviral treatment may resemble depression or
anxiety symptoms. Determining whether these
mood symptoms are direct physiological effects
or a psychological reaction to the combination
therapy of PegIFN-α plus RBV is difficult.
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Figure 2: The serum levels of pro-inflammatory cytokines and BDNF among patients who were
receiving antiviral treatment for HCV infection at the baseline (V1), week 4 (V2), week 12 (V3) and
week 24 (V4).
Note: Group A, patients who were undergoing treatment pegIFN-α-2a plus ribavirin;
Group B, patients who were undergoing treatment with pegIFN-α-2b plus ribavirin.
BDNF: brain-derived neurotrophic factor; IL-6, interleukin-6; TNF-α, tumor necrosis
factor alpha; IL-1β, interleukin-1 beta; the error bars represent the standard error of
the mean. *P<0.05, **P<0.01, ***P<0.001, in comparison to the data at the baseline.
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Table 2: Relationships between patients’ mood symptoms, cytokines and BDNF levels of patients with hepatitis C during the
24-week antiviral treatment with peginterferon-alpha plus ribavirin.
Depression Scores of HADS
Anxiety Scores of HADS
P-Value
B (95%CI)
Wald χ2
P-Value
B (95%CI)
Wald χ2
Treatment (Group B vs. Group A)
-1.57 (-3.73, 0.59)
2.042
0.153
-1.21 (-3.78, 1.36)
0.849
0.357
Sex (female vs. male)
-0.09 (-2.23, 2.06)
0.006
0.938
2.24 (-0.11, 4.59)
3.478
0.062
Age (years)
0.02 (-0.06, 0.10)
0.192
0.661
-0.03 (-0.10, 0.05)
0.498
0.480
HCV genotype (type 1 vs. others)
0.09 (-1.29, 1.47)
0.016
0.899
-0.09 (-1.50, 1.31)
0.017
0.896
Interleukin 6 (pg/mL)
0.02 (0.004, 0.03)
5.830
0.016
0.003 (-0.01, 0.01)
0.297
0.586
Tumor necrosis factor α (pg/mL)
0.10 (0.01, 0.19)
4.436
0.035
0.14 (0.03, 0.25)
5.904
0.015
Interleukin 1β (pg/mL)
0.03 (0.001, 0.05)
4.114
0.043
0.03 (0.002, 0.05)
4.384
0.036
BDNF level (pg/mL)
-0.01 (-0.01, -0.001)
5.482
0.019
-0.001 (-0.01, 0.01)
0.109
0.741
Note: Group A, patients who received combination therapy of PegIFN-α-2a plus ribavirin; Group B, patients who received combination therapy of
PegIFN-α-2b plus ribavirin; HADS, the Hospital Anxiety and Depression Scale; BDNF: brain-derived neurotrophic factor; Statistical analyses used
generalized estimating equations models. 95%CI, 95% Confidence Interval
Variables

Table 3: Relationships between patients’ Health-Related Quality of Life, cytokines and BDNF levels of with hepatitis C during
the 24-week antiviral treatment with peginterferon-alpha plus ribavirin.
Physical Component Summary of SF-36
Mental Component Summary of SF-36
P-Value
B (95%CI)
Wald χ2
P-Value
B (95%CI)
Wald χ2
Treatment (Group B vs. Group A)
18.98 (5.48, 32.49)
7.588
0.006
-6.97 (-17.10, 3.15)
1.821
0.177
Sex (female vs. male)
9.88 (-3.99, 23.74)
1.950
0.163
-12.85 (-22.26, -3.45)
7.719
0.007
Age (years)
-0.75 (-1.30, -0.20)
7.105
0.008
0.12 (-0.21, 0.44)
0.501
0.479
HCV genotype (type 1 vs. others)
6.33 (-4.50, 17.16)
1.313
0.252
-2.27 (-8.74, 4.21)
0.470
0.493
Interleukin 6 (pg/mL)
-0.17 (-0.28, -0.06)
9.681
0.002
0.02 (-0.02, 0.06)
0.966
0.326
Tumor necrosis factor α (pg/mL)
-1.13 (-1.70, -0.55)
14.690
<0.001
0.07 (-0.18, 0.31)
0.275
0.600
Interleukin 1β (pg/mL)
-0.32 (-0.47, -0.18)
18.261
<0.001
-0.05 (-0.11, 0.02)
1.927
0.165
BDNF level (pg/mL)
0.05 (0.02, 0.09)
8.423
0.004
0.00 (-0.01, 0.01)
0.002
0.962
Note: Group A, patients who received combination therapy of PegIFN-α-2a plus ribavirin; Group B, patients who received combination therapy of
PegIFN-α-2b plus ribavirin; BDNF: brain-derived neurotrophic factor; SF-36: the Short-form Health-related Quality of Life; Statistical analyses used
generalized estimating equations models. 95%CI, 95% Confidence Interval
Variables

lad to a delayed activation of IL-6, TNF-α and
IL-1β. Differences between these two PegIFN-α
preparation include molecular weight, subtype
of human IFN-α, pharmacokinetic profile
(especially half-life) and pharmacodynamic
gap [6,54,55]. PegIFN-α-2a is a long-acting
interferon; is monopegylated with a 40kDa
branched PEG moiety, and comprises four major
positional isomers that involve Lys31, Lys121,
Lys131, and Lys134 of interferon-α-2a [8-10].
We hypothesize that the unique pharmacological
profile of PegIFN-α-2a may be related to the
increase in serum levels of cytokines at week 24;
however, the mechanism by PegIFN-α-2a and
-2b differently alter pro-inflammatory cytokine
levels warrants further study. Additionally, the
small sample size and high attrition rate may
have caused mean cytokine levels to be easily
influenced by outliers. Therefore, the abrupt
change in the cytokine levels in Group A at week
24 may also be associated with issues with the
methodology of the study.
In the present study, reduced serum levels of
BDNF were observed in both treatment groups.
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During the treatment for HCV, IFN-α can
penetrate the brain parenchyma, and proliferate
pro-inflammatory cytokines in certain areas
of the brain [56]. Several investigations
have demonstrated that inflammation can
significantly reduce BDNF level within the brain
by modulating BDNF gene expression [26,27].
In summary, we suspect that PegIFN-α-2a and
PegIFN-α-2b similarly reduce BDNF levels
during 24 weeks of treatment.
 Relationships among pro-inflammatory

cytokines, BDNF and mental health

The potential causal relationship among
response to antiviral treatment, changes in
cytokine levels and depression may be complex
and bidirectional. Consistent with the findings
herein, some researchers have established
that treatment with interferon-α has physical
adverse effects with neuropsychiatric symptoms
(such as depression) [16-18]. In contrast, some
investigations have reported that degrees of
depression and inflammation in HCV patients
decline with as the virus is cleared (SVR) [57,58].
IFN is a member of the large class of cytokines,

Mental health, pro-inflammatory cytokines, and brain-derived neurotrophic factor in patients undergoing
treatment for hepatitis C: comparison between peginterferon-alpha-2a and peginterferon-alpha-2b
which can regulate the reproduction of cells and
trigger the defenses of the immune system that
help eradicate pathogens. We suggest that patients’
depression levels increased during the 24 weeks of
combination therapy with PegIFN-α plus RBV,
but variations in neuropsychiatric symptoms after
the 24th week require further clarification.
In the treatment period, depression and the
physical component of QOL were strongly
correlated with serum levels of IL-6, TNF-α, IL1β, and BDNF. Anxiety scores during treatment
were positively correlated with TNF-α and IL1β levels. These findings are consistent with
those of an earlier clinical study [32], in which
reduced serum levels of BDNF and increased
cytokine levels were significantly correlated
with the development of depressive symptoms
during IFN-α treatment. These findings have
two possible explanations. The first is that the
increased cytokine levels and decreased BDNF
levels are two aspects of the same phenomenon
and that either cytokines or BDNF is involved
in the pathogenesis of treatment-emergent
depression. The second explanation is that
cytokines and BDNF collaborate to cause
depression in patients who are undergoing
antiviral treatment (perhaps because BDNF acts
as a mediator). Evidence shows that BDNF level
may affect resiliency against the development of
cytokine-related depression [34], and specifically
against a subset of symptoms that are distinct
from those that are affected by polymorphisms
of the serotonin transporter gene (5-HTTLPR)
and Val66Met BDNF [33]. Taken together, the
findings in this study indicate that IFN-induced
depression may be explained in part by changing
immune activation and neuroprotective capacity,
as reflected by decreases in serum BDNF
following treatment with PegIFN-α. However,
the complexity and causal relationship among
mental health, pro-inflammatory cytokine levels
and BDNF level require further clarification.
Limitations
This investigation has several limitations. First,
the sample was small, especially in Group B,
disfavoring the statistical power of the detection
of potential differences in mental health between
treatment groups, and limiting the ability of
this study to identify changes in anxiety scores.
Second, this study was a naturalistic observational
study, rather than a randomized controlled trial.
The sample sizes in the two treatment groups
were unequal, and the results of this study may
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have been influenced by selection bias. Third,
various important factors that may have
potentially affected trends in the mental health
and biochemical substrates of patients were
not identified, including compliance with
the PegIFN-α and RBV treatment regimen,
the presence of infectious diseases, and the
undergoing of concomitant drugs therapy
(antidepressants). The analysis herein did not
control for possible inflammatory processes
other than HCV during the 24 weeks of
observation. Therefore, whether these factors
influenced the results of this study is uncertain.
Fourth, previous investigations have found
that polymorphisms of Val66Met BDNF
[33] and 5-HTTLPR [59] are associated with
depression during IFN-α treatment. Information
about these genotypes of HCV patients is
lacking, and so was unable to determine whether
patients’ mental health and biochemical markers
were affected by polymorphisms of Val66Met
BDNF and 5-HTTLPR. Finally, recent advances
in treatment against chronic HCV infection
have been achieved through the application of
directly acting antiviral agents [7], and these will
reduce the interference between mental health
status and pro-inflammatory cytokines in HCV
patients who are undergoing antiviral therapy.
Conclusion
The findings in this study provide insight into
the differential effects of various PegIFN-α
formulation on mental health, pro-inflammatory
cytokines and BDNF during antiviral treatment
for HCV. Increased serum levels of IL-6, TNF-α,
and IL-1β were observed in patients who were
treated with PegIFN-α-2a plus RBV, but not
in those who were treated with PegIFN-α-2b
plus RBV. However, two regimens similarly
worsened HCV patients’ depression and the
physical component of their QOL, and reduced
their serum BDNF levels. Future research with
larger samples and a randomized control should be
carried out to confirm the findings of this study.
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