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Abstract
Studies suggest that cytokines have a role in the biology of depression. In this study, we evaluated
depression and cytokine levels in patients with and without chronic hepatitis C (HCV) to better assess
how chronic infection alters cytokines levels and may contribute to depressive symptomotology.
Twenty-three adults with (n = 16) and without (n = 7) HCV were recruited through the Portland VA
Medical Center. Research participants were excluded for current substance abuse, psychotic disorder,
liver cirrhosis, or interferon (IFN) therapy. Participants completed the Beck Depression Inventory-
II (BDI-II) and a blood draw to evaluate plasma cytokine levels [i.e., interleukin (IL)-1β, IL-10 and
tumor necrosis factor (TNF)- α]. T-tests were performed to compare cytokine levels in patients with
versus those without HCV. HCV patients showed higher TNF-α values compared to patients without
HCV (group means = 7.94 vs. 3.41 pg/mL, respecitively, p = 0.047). There were no significant
differences between the groups for the other cytokines assessed. In patients with HCV, TNF-α and
IL-1β levels (but not IL-10) were correlated with BDI-II scores [r = 0.594, p = 0.020 and r = 0.489,
p = 0.055 (trend), respectively]. Taken together, these results show an association between severity
of depressive symptoms and expression of proinflammatory cytokines in patients with HCV. Future
studies should investigate how inflammatory mediators play a role in the expression of specific
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depressive symptoms in patients with chronic infection. Patients with HCV represent an interesting
model to examine this relationship.
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1. Introduction
A substantial body of evidence suggests a role for cytokines in the etiology of mood disorders,
and in particular depression [14,15,20,22]. Depressive symptoms often accompany diseases
affecting the immune system including, but not limited to, HIV/AIDS [26], diabetes [3],
multiple sclerosis [10] and cardiovascular disease [21]. Depressive symptoms are also common
in patients with chronic hepatitis C viral infection (HCV) [1,9,12]. In a study of 293 patients
with HCV, 35% had depression rating scale scores in the moderate-to-severe range prior to
starting antiviral [interferon (IFN)-based] therapy [9]. The most recent findings in this area
support and extend this observation by showing that when compared to healthy participants,
patients with HCV have significantly greater scores for depression, as assessed using the Profile
of Mood States [25]. However, the mechanisms contributing to depression in HCV patients,
not undergoing antiviral therapy, have yet to be determined.

It is postulated that depression in HCV may be related to a dysregulation of the cytokine
network. A number of studies provide evidence for the relationship between cytokine
production and the development of depression. This hypothesis is consistent with the putative
deficiencies in serotonergic transmission accompanying depression in patients with HCV [5,
7], as cytokines can reduce serotonin levels by decreasing the availability of tryptophan and
altering the ratio of kynurenine/tryptophan [28].

Although an association between depressive symptoms and proinflammatory cytokines has
been known for several decades, a mechanistic understanding of the specific contributions of
immune mediators to the pathogenesis, pathophysiology and treatment of depression is only
beginning to emerge. Thus, to better understand the contribution of immunological factors to
the depressive symptomotology observed with HCV, we measured cytokine levels and
depressive symptoms in patients with and without chronic HCV.

2. Materials and methods
2.1 Participants

The Institutional Review Board at the Portland Veteran’s Affairs Medical Center (VAMC)
approved the study protocol and all participants provided written informed consent. Twenty-
three adults with (n = 16) and without (n = 7) HCV were recruited through the Portland VAMC.
Research participants were excluded for current severe mental illness, liver cirrhosis, any
substance abuse within the past month, IFN therapy, history of traumatic brain injury or
chemotherapy, or any medical conditions with cognitive effects.

2.2 Assessment of depression
All participants completed the 21-item Beck Depression Inventory-II (BDI-II) [4]. The BDI-
II is a brief 21-item self-report instrument that has been shown to have good validity and
reliability in various medical and psychiatric populations. We used this instrument in our
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previous studies that showed the efficacy of citalopram in attenuating depressive symptoms in
HCV patients undergoing IFN therapy [11,16].

In order to determine if specific depressive symptoms were associated with alterations in
specific cytokines, items from the BDI-II were grouped into three symptom dimensions derived
from the principle components analysis by Dunn et al. [8]. The three depressive symptom
dimensions included: I) Negative Cognitions, II) Psychomotor Anhedonia and III) Vegetative
Symptoms.

2.3 Blood sampling and cytokine measurements
Blood samples were obtained during study visits following the completion of the BDI-II.
Whenever possible, study visits were scheduled to coincide with participants’ medical
appointments at the Portland VAMC. Blood was drawn in the afternoons (mean time was
1:10pm, SD = 1.6 hours) by one-time venipuncture into cell preparation tubes (BD Vacutainer
Systems, Franklin Lakes, NJ) containing 1 mL of 0.1M sodium citrate solution. The blood was
then centrifugation at 1500 RCF for 20 minutes at room temperature (22–25° C). Plasma was
separated, collected and immediately aliquoted in polypropylene tubes (Phenix Research
Products, Hayward, CA) and frozen at −80 °C until assayed. Cytokines [IL-1β, IL-10, and
tumor necrosis factor (TNF)-α] were measured using the Beadlyte Human Multi-Cytokine
Beadmaster Kit (Upsate, Temecula, CA) and xMAP technology (Luminex, Austin, TX). All
analyses were performed in duplicates. IL-1β and TNF-α were chosen for the T-helper 1 (Th1)
proinflammatory cytokines to measure as several studies have found positive relationships
between the expression of these cytokines and the etiology of sleep disturbances, fatigue, pain
and depression [22,29]. To investigate the relationships between Th1/Th2 cytokine balance in
patients with and without HCV, IL-10 was selected for the Th2 anti-inflammatory cytokine,
as this cytokine also shows changes that are correlated with the expression of depressive
symptoms [19,27].

2.4 Statistical analyses
Mann-Whitney U and t-tests were performed to compare cytokine levels in participants with
versus those without HCV. Correlations between depression rating scale scores and cytokine
levels were conducted using Pearson moment correlations or Spearman rho correlations for
variables that did not have normal distributions. Statistical analyses were completed using
SPSS for Windows, version 12.0 (Chicago, IL).

3. Results
3.1 Participants’ characteristics

Twenty-three adults with (n = 16) and without (n = 7) HCV participated in this study (age =
53.3 ± 5 years; 93% male; 91% Caucasian and 9% African-American). Patients without HCV
had no history of substance use disorder (SUD), while 87.5% (14/16) of patients with HCV
had a history of SUD (mean years of abuse = 19.5 ± 12.7; mean years in remission = 9.2 ±
9.07). Table 1 provides a summary of other demographic information, including group
differences in age, sex, body mass index (BMI) and tobacco use.

Patients with HCV had higher BDI-II scores as compared to patients without HCV (mean =
11.19, SD = 11.87 vs. mean = 5.59, SD = 0.207, respectively). This difference did not reach
statistical significance (U = 28.000, exact p = 0.065) (Figure 1).

3.2 Inflammatory mediators in participants with and without HCV
Figure 1 shows that patients with HCV had significantly higher TNF-α levels (U=24.000, exact
p = 0.047) as compared to participants without HCV. There were no significant differences in
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plasma levels of IL-10 (t=1.929, p = 0.067) or IL-1β (U = 34.0, exact p = 0.154) between the
two groups. However, it is likely that the small sample size hindered our ability to detect
significant group differences between levels of IL-1β (HCV+ group = 5.47 ± 6.02 pg/mL vs.
HCV− group = 2.14 ± 0.76 pg/mL) and possibly IL-10 (HCV+ group = 2.26 ± 0.20 pg/mL vs.
HCV− group = 2.10 ± 0.09 pg/mL).

3.3 Correlations between depressive symptom severity and specific cytokine levels
In patients with HCV, TNF-α and IL-1β levels (but not IL-10) were positively correlated with
BDI-II scores [r = 0.594, p = 0.020 and r = 0.489, p = 0.055 (trend), respectively]. No
correlations approached significance (p > 0.10) for participants without HCV, though small
sample size limited statistical power.

When cytokine levels for TNF-α, IL-1β and IL-10 were correlated with the BDI-II scores for
all research participants collectively (i.e., HCV+ and HCV− groups), the strength of the
relationships between depressive symptom severity and cytokine levels were attenuated (Table
2).

3.4 Association of depressive symptom dimensions with specific cytokine levels
In order to determine if specific depressive symptoms were associated with alterations in
specific cytokines, items from the BDI-II were grouped into three symptom dimensions derived
from the principle components analysis by Dunn et al. [8]. The three depressive symptom
dimensions included: I) Negative Cognitions, II) Psychomotor Anhedonia and III) Vegetative
Symptoms. In patients with HCV, IL-β and TNF-α levels were significantly correlated with
Negative Cognitions; TNF-α levels were also significantly correlated with both Psychomotor
Anhedonia and Vegetative Symptoms; and IL-10 negatively correlated with Vegetative
Symptoms (Table 2).

4. Discussion
Chronic infection is hypothesized to elevate proinflammatory cytokines, which over time may
cause- like chronic stress- depressive symptoms in the context of chronic HCV, leading to
depression. To our knowledge, no other studies have directly examined the effects of chronic
infection with HCV on cytokines and depressive symptoms, so clearly larger and more
comprehensive studies in patients with HCV will be important to confirm such hypotheses.

Taken together, our data support an association between severity of depressive symptoms and
increased expression of specific proinflammatory cytokines (i.e., IL-1β TNF-α) in patients with
HCV. Given our small sample size, we cannot rule out the possibility that the association
between HCV and increased cytokine levels may have occurred because HCV could be a
marker for some other nonrandomly distributed factor, also contributing to elevated cytokines,
such as history of substance abuse. However, it should be noted that patients in the HCV+
group had significantly lower BMIs and were significantly younger than HCV− participants
(Table 1); both of these factors should reduce this possibility.

The potential mechanisms leading to cytokine-induced depression are numerous and were
recently reviewed in Spalletta et al. [24]. Included among these mechanisms are several lines
of evidence demonstrating how cytokines can contribute to HPA axis hyperactivity [17] as
well as affect the serotonergic and dopaminergic systems [2,5,6] and subsequently lead to
depressive symptomotology. There is, however, a need for a more integrated view of
depression.

Elevated peripheral levels of proinflammatory cytokines, such as IL-1β and TNF-α are
frequently observed in patients with major depression [13,18] and mice lacking TNF-α
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receptors show antidepressant-like responses in behavioral measures of depression [23].
Wichers et al. recently found that in patients with HCV, baseline soluble IL-2 receptor (sIL-2r),
IL-6, and IL-10 concentrations were significantly elevated in patients who developed
depression during IFN therapy, as compared with those that did not, which suggests that
increased immune activation may predict the development of depression during IFN therapy
[27]. Our findings provide further support for hypotheses involving cytokine dysregulation
and depression, specifically among patients with a chronic viral infection. Future studies should
investigate how inflammatory mediators play a role in the expression of specific depressive
symptoms, such as fatigue and anhedonia, in patients with chronic infection. Patients with
HCV represent an interesting model to examine these relationships.
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Figure 1.
Mean cytokine levels and depression scores for patients with and without HCV. Error bars
represent standard deviations. T-tests were performed to compare HCV+ and HCV− groups.
Asterisk indicates p-value < 0.05. Black bars represent the HCV+ group and shaded bars
represent the HCV− group.
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Table 1
Demographic characteristics of participants with (HCV+) and without (HCV−) chronic hepatitis C viral infection

Group Sex Age1 BMI1 Tobacco use
HCV +
(n = 16)

Males (n = 15)
Females (n = 1)

53.25 ± 1.359 27.38 ± 1.002 11/16 currently using tobacco products

HCV −
(n = 7)

Males (n = 5)
Females (n = 2)

58.86 ± 2.415 36.60 ± 2.845 0/7 currently using tobacco products

1
T-tests were used to compare age and BMI between the two groups. Participants without HCV did not report any current tobacco use, as opposed to 7

people with HCV; however, participants without HCV were significantly older (t = 2.162, p = 0.042) and had a significantly greater BMI (t = 3.83, p =
0.001) than individuals with HCV.
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