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Abstract
Background—Pegylated interferon (PEG-IFN) treatment for hepatitis C virus (HCV) infection
has neuropsychiatric side effects. Data on the impact of HCV treatment on mental health among
injecting drug users (IDUs) are limited. We assessed mental health during treatment of recently
acquired HCV, within a predominantly IDU population.

Methods—Participants with HCV received PEG-IFN α-2a (180µg/week) for 24 weeks; HCV/
HIV received PEG-IFN with ribavirin. Depression was assessed using the Mini-International
Neuropsychiatric Interview (MINI). Logistic regression was used to identify factors associated
with depression at enrolment and during treatment. Also, the impact of depression prior to and
during treatment on SVR was assessed.

Results—Of 163 participants, 111 received treatment (HCV, n=74; HCV/HIV, n=37), with 76%
ever reporting IDU. At enrolment, 16% had depression (n=25). In adjusted analysis, depression at
enrolment occurred less often in participants full-/part-time employed (AOR 0.23; 95% CI: 0.06,
0.82, P=0.023) and more often in recent IDUs (AOR 3.04; 95% CI: 1.19, 7.72, P=0.019). During
treatment, 35% (n=31) developed new-onset depression. In adjusted analysis, poorer social
functioning (higher score) was associated with new-onset depression (score ≤9 vs. score ≥17; OR
5.69; 95% CI: 1.61, 20.14, P=0.007). SVR was similar among participants with and without
depression at enrolment (60% vs. 61%, P=0.951) and in those with and without new-onset
depression (74% vs. 63%, P=0.293).

Conclusions—Although depression at enrolment and during treatment was common among
participants with recent HCV, neither impacted SVR. Participants with poor social functioning
may be most at risk of developing depression during HCV therapy.
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INTRODUCTION
Pegylated interferon (PEG-IFN) and ribavirin is the standard of care for treatment of
hepatitis C virus (HCV) infection1–2. PEG-IFN treatment is complicated by neuropsychiatric
side effects including suicidal thoughts and development or worsening of depressive
symptoms3–4. During PEG-IFN treatment, up to 48% of participants develop depressive
symptoms4–8. However, the incidence and severity of IFN-induced depression varies
between studies, presumably related to several factors including different socio-
demographic characteristics between studies, varying doses and durations of therapy,
differences in study designs, variations in the methodological approaches for depression
assessment and different classifications of depression9.

Since people with HCV infection have a high prevalence of psychiatric illness, studying
neuropsychiatric side effects during HCV treatment is important. The lifetime prevalence of
major depressive disorder is higher in individuals with HCV as compared to the general
population (22–49% vs. 17%)10–12. Moreover, in the developed world, 50–80% of
individuals with HCV infection are injecting drug users (IDUs)13, who also have a high
prevalence of co-morbid psychiatric disease14–16.

HCV treatment is often withheld from IDUs and individuals with co-morbid psychiatric
disease due to concerns of poor adherence, ongoing drug use, psychosocial instability and
exacerbation of pre-existing psychiatric disease mediated by interferon17. However, studies
have consistently demonstrated that among IDUs and individuals with psychiatric disease
treated with interferon-based therapy, treatment completion and sustained virological
response (SVR) are comparable to non-IDUs18 and those without a history of psychiatric
disease8. Although a number of studies have assessed depression during HCV treatment4–8,
there is still a limited understanding of depression prior to and during HCV treatment among
IDUs, particularly in the setting of recently acquired infection.

The Australian Trial in Acute Hepatitis C (ATAHC) was designed specifically to investigate
treatment for recent HCV, predominantly in those with IDU-acquired infection. The aims of
this study were to evaluate depression prior to and during treatment for HCV infection,
identify risk factors associated with depression and assess the impact of depression on
response to HCV treatment in the ATAHC study.

METHODS
Study design

ATAHC was a multicenter, prospective cohort study of the natural history and treatment of
recent HCV infection, as previously described19. Recruitment of HIV infected and
uninfected participants was from June 2004 through November 2007. Recent infection with
either acute or early chronic HCV infection with the following eligibility criteria:

First positive anti-HCV antibody within 6 months of enrolment; and either

a. Acute clinical hepatitis C infection, defined as symptomatic seroconversion illness
or alanine aminotransferase (ALT) level greater than 10 times the upper limit of
normal (>400 IU/L) with exclusion of other causes of acute hepatitis, at most 12
months before the initial positive anti-HCV antibody; or

b. Asymptomatic hepatitis C infection with seroconversion, defined by a negative anti-
HCV antibody in the two years prior to the initial positive anti-HCV antibody.
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All participants with HCV RNA during the screening period (maximum 12 weeks) were
assessed for HCV treatment eligibility. Heavy alcohol intake and active drug use were not
exclusion criteria. From enrolment, participants were followed for up to 12 weeks to allow
for spontaneous HCV clearance and if HCV RNA remained detectable were offered
treatment.

All study participants provided written informed consent. The study protocol was approved
by St Vincent’s Hospital, Sydney Human Research Ethics Committee (primary study
committee) as well as through local ethics committees at all study sites. The study was
registered with clinicaltrials.gov registry (NCT00192569).

HCV treatment
Participants who began HCV treatment received PEG-IFN -α2a 180 micrograms weekly for
24 weeks. Due to non-response at week 12 in the initial two participants with HCV/HIV co-
infection, the study protocol was amended to provide PEG-IFN and ribavirin combination
therapy for 24 weeks in HIV positive individuals. Ribavirin was prescribed at a dose of
1000–1200 mg for those with genotype 1 infection and 800 mg in those with genotype 2/3.

Study assessments
Participants who did not receive HCV treatment were seen at study enrolment and 12
weekly intervals for up to 144 weeks. Among treated participants, additional study visits
occurred at enrolment, every two weeks from baseline (beginning of treatment) to week 8
and every four weeks from week 8 until the end of treatment. At each study visit, data on
concomitant medications (including psychiatric medications) were collected.

Questionnaires were administered at enrolment and every 12 weeks during the first year
(every 24 weeks during second and third years), to obtain information on injecting drug use,
social functioning [Opiate Treatment Index (OTI) - Social Functioning Scale]20,
psychological parameters [Mini-International Neuropsychiatric Interview (M.I.N.I.)21 and
the short version of the Depression Anxiety Stress Scale (DASS-21)]22.

Social Functioning Scale of the Opiate Treatment Index (OTI): addresses employment,
residential stability, and inter-personal conflict as well as social support20. This scale has
been validated among opiate users in Australia and higher scores are indicative of poorer
social functioning (range score: 0–48)20.

Mini-International Neuropsychiatric Interview (MINI): is a validated structured diagnostic
interview covering 17 Axis I categories in a short format21. It has good correlation with
Structured Clinical Interview for DSM-IV-TR Axis I (SCID-I)23 and the Composite
International Diagnostic Interview (CIDI)24. The first section of the MINI consists of nine
questions assessing the presence of current major depressive episode (MDE). The second
section of the MINI consists of six questions assessing current suicide risk. Suicide risk
score is then categorized in three levels: low, moderate and high. MINI was used as the
primary instrument to assess depression in the current study, given its correlation with
Structured Clinical Interview for DSM-IV-TR Axis I diagnosis of depression.

Depression, Anxiety and Stress Scale (DASS-21): is a 21 item self-administered survey
consisting of three scales (seven questions each) assessing the severity of the core symptoms
of depression, anxiety and stress in the past week22. The score ranges from 0 to 42, with
increasing score indicating increasing severity. Depression, anxiety and stress can also be
categorized according to normal, mild, moderate, severe and extremely severe. DASS scores
also have high internal consistency. DASS corresponds to mood disorders and was used as a
secondary instrument to assess depressive symptoms21, 24.
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Study definitions
Depression: current major depressive disorder, as assessed by the MINI.

Depressive symptoms: having moderate (score range 14–20), severe (score range 21–27) or
extremely severe (score range 28+) levels measured according to the DASS depression
scale.

New-onset depression: development of current major depressive episode during treatment
among participants who were not depressed prior to the initiation of therapy.

New-onset suicide risk: development of suicide risk (low, moderate or high) during
treatment, among those with no suicide risk prior to the initiation of therapy.

Statistical analyses
Characteristics associated with depression at enrolment and new-onset depression during
treatment were assessed. The impact of depression prior to treatment and new-onset
depression and suicide risk during treatment on SVR were also evaluated. Characteristics
were compared using two-sample t-tests for quantitative variables and Chi-squared test,
Fisher’s exact test or McNemar’s test as appropriate, for testing differences in proportions.
Logistic regression analyses were performed to identify factors associated with depression at
enrolment and new-onset depression in those receiving treatment. Potential factors
associated with depression were determined a priori and included sex, age, education,
accommodation, employment, methadone/buprenorphine treatment, social functioning, IDU
at enrolment (ever, past 6 months and past month), alcohol, and HIV/HCV co-infection. For
logistic regression analyses, continuous factors were categorized either using the median
(age) or tertiles (social functioning and alcohol), given the absence of a linear effect with the
outcome variable. Multivariable logistic regression was performed using a backwards
stepwise approach subject to a likelihood ratio test, considering factors that were significant
at the 0.20 level in unadjusted analyses. We also assessed the impact of pre-treatment
depression, pre-treatment suicide risk, new-onset depression and suicide risk on SVR.
Statistically significant differences were assessed at p<0.05; p-values are two-sided. All
analyses were performed using the statistical package Stata v10.1 (College Station, TX).

RESULTS
Participant characteristics

Overall, 163 participants were enrolled in the ATAHC study between June 2004 and
February 2008. The majority of participants were male (71%), Caucasian (91%), the mean
age was 34.3 years (standard deviation (SD) ±9.9) and 31% were HCV/HIV co-infected
(Table 1). Overall, 76% (n=124) reported a history of injecting drug use, with 44% (55 of
124) injecting in the past month. A total of 111 participants received treatment and 52
participants were untreated.

Among those enrolled (n=163), 145 were HCV RNA positive at enrolment and thus eligible
to receive treatment for HCV infection. The remaining 18 participants had spontaneous
clearance of HCV infection and were thus not eligible to receive HCV treatment. In Table 1,
the characteristics of participants who were treated (n=111), untreated but HCV RNA
positive (n=34), and untreated but HCV RNA negative (ineligible to receive treatment)
(n=18) is shown. Among HCV RNA positive participants (n=145), depression at study
enrolment was more common among untreated as compared to treated participants (26% vs.
9%, P=0.008). As previously shown17, after adjusting for other behavioural and clinical
factors, participants with depression demonstrated a trend to be less likely to receive
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treatment [adjusted odds ratio (AOR) 0.40; 95% Confidence Interval (95% CI) 0.14, 1.17,
P=0.093]. Suicide risk (moderate to high) was more common among untreated compared to
treated participants (35% vs. 10%, P< 0.001).

Among the final treated population (n=111), 74 HCV mono-infected participants received
PEG-IFN, 35 HCV/HIV co-infected participants received PEG-IFN/ribavirin and 2 HCV/
HIV participants received PEG-IFN therapy (these participants were excluded from
intention-to-treat analyses, given the protocol modification). As reported previously, among
participants who received PEG-IFN treatment for HCV infection (n=109), 82% (89 of 109)
received ≥80% of scheduled PEG-IFN doses for ≥80% of the scheduled treatment period25.
PEG-IFN dose modification occurred in 5% of patients (n = 5)25.

Depression at study enrolment
Among the 163 participants enrolled in ATAHC, 160 participants had available mental
health assessments (MINI and DASS) at study enrolment (Table 2). At study enrolment,
16% (n=25) had depression (current major depressive disorder as assessed by the MINI,
Table 2). Moderate to high suicide risk was reported in 18% (n=28). Moderate to extremely
severe depressive, anxiety and stress symptoms (assessed by the DASS-21) were reported by
36% (n=57), 40% (n=64) and 24% (n=38), respectively (Table 2). The mean DASS-21 score
was 11.1 (SD ± 10.7) for depressive, 8.7 (SD ± 8.0) for anxiety and 13.1 (SD ± 9.8) for
stress symptoms. Compared to those with HCV mono-infection, HCV/HIV co-infected
participants had a lower proportion with depression (6% vs. 20%, P=0.033) and depressive
symptoms (19% vs. 44%, P=0.036). Compared to those without recent drug injecting, recent
IDUs (over the past month) had a higher proportion with depression (27% vs. 9%, P=0.002)
and depressive symptoms (54% vs. 26% P=0.012).

Factors associated with depression at study enrolment in unadjusted analyses included
unstable employment (no full-time/part-time employment), recent injecting drug use (past
month), higher social functioning score (poorer social function) and not being infected with
HIV (Table 3). In adjusted analysis (Table 3), depression occurred less often among those
with full-time/part-time employment (AOR 0.23, 95% CI, 0.06, 0.82, P=0.023) and more
often among those with recent injecting drug use (AOR 3.04, 95% CI, 1.19, 7.72, P=0.019).

New-onset depression during treatment for recent HCV infection
Among those who received HCV treatment (n=111), 88 did not have depression at study
enrolment and had available follow-up information following treatment. Among these 88
participants, 35% developed new-onset depression (n=31) during treatment (HCV, 33%;
HCV/HIV, 38%, P=0.639) and 35% (11 of 31) of these received antidepressants.
Longitudinal changes in depression and depressive symptoms prior to, during and following
treatment are shown in Table 4 and Figures 1A and 1B. Participants who developed new-
onset depression demonstrated a trend toward higher depressive symptoms prior to treatment
compared to those who did not develop new-onset depression (mean score 7.0 vs. 10.2,
P=0.093).

In unadjusted analysis, factors associated with developing new-onset depression included
recent injecting prior to treatment initiation (past six months), alcohol use (>5 standard
alcoholic drinks/day over the past month), and higher (poorer) social functioning score
(Table 5). In adjusted analysis, poorer social functioning (higher score) was the only factor
associated with new-onset depression (score ≤9 vs. score ≥17 OR 5.69, 95% CI, 1.61, 20.14,
P=0.007).
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Impact of depression and suicide risk on HCV treatment response
Depression and suicide risk prior to and during HCV treatment did not impact SVR (Figure
2). Of the 110 participants who received treatment, SVR was similar in those with (60%, 6
of 10) and without (61%, 61 of 100) depression at study enrolment (P=0.951). SVR was also
similar in those with (82%, 9 of 11) and without (59%, 58 of 99) suicide risk (moderate to
high) at study enrolment (P=0.196). SVR was similar in those who did (74%, 23 of 31) and
did not (63%, 36 of 57) develop new-onset depression (P=0.293). Lastly, there was no
significant difference in SVR among participants with (56%, 9 of 16) and without (68%, 48
of 71) new-onset suicide risk (moderate to high) during treatment (P=0.388).

Overall, 6% of treated participants (n=7) discontinued therapy early due to psychiatric side
effects. At enrolment, none of these seven participants demonstrated depression as measured
by MINI and all participants were in the normal/mild range of depressive symptoms as
assessed by the DASS. Two of these participants were receiving antidepressants prior to
HCV treatment. However, four of the seven developed new-onset depression during therapy.

Use of antidepressant medication prior to and during HCV treatment
Among treated participants, 41% (46 of 111) received antidepressants at any time from
study enrolment to the end of HCV treatment: half (n=23) were receiving antidepressants at
enrolment (six of whom discontinued antidepressants before HCV treatment initiation) and
half (n=23) initiated antidepressants during treatment. Thirty five percent (11 of 31) of
participants with new-onset depression initiated antidepressants during HCV treatment,
while 16% (9 of 57) of those without enrolment or new-onset depression initiated
antidepressants during HCV therapy (3 participants did not have available MINI
assessments). Participants receiving antidepressants during HCV treatment were more likely
to achieve SVR compared to those not receiving antidepressants (77% vs. 51%, P=0.006).

Post-treatment depression
Among treated participants with available assessments at both enrolment and six months
following HCV treatment, there was no significant difference in the proportion with
depression (9%, n=6 vs. 14%, n=9; P=0.065) and moderate/high suicide risk (14%, n=9,
12%, n=8; P=1.00) at enrolment compared to six months following treatment.

DISCUSSION
In this study of treatment of recently acquired HCV infection among a predominantly IDU
population, depression prior to and during treatment was common, but did not impact
response to therapy. Further, depression was an important indicator of treatment deferral,
with relatively low rates of depression at study enrolment among those commencing
treatment. Social marginalization characteristics were the major predictors of enrolment and
new-onset depression. New-onset depression was also reversible, with similar rates of
depression and suicide risk six months post-treatment compared to enrolment levels.
Favourable HCV treatment outcomes among participants with enrolment and new-onset
depression suggest that appropriate clinical and psychiatric management enabled successful
delivery of therapy.

At study enrolment, the proportion with depression was three-fold higher among the
untreated group with detectable HCV RNA who were eligible for therapy. This is consistent
other studies which have demonstrated that depression is associated with HCV treatment
deferral26–30. The association of depression with treatment deferral indicates appropriate
initial clinical and psychiatric assessment.
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In the ATAHC study, depression at study enrolment was associated with sociodemographic
characteristics, including recent IDU and lack of employment. There has been limited
evaluation of factors associated with depression among HCV-infected IDUs (prior to IFN
based treatment). However, poor health related quality of life and personal wellbeing in
IDUs with31 and without HCV infection32–33 is well documented in previous cross-sectional
studies. Further, among IDUs, depression has been associated with sociodemographic
factors such as unemployment and recent public injection14. In ATAHC, social functioning
was associated with new-onset depression. Measurement of social functioning prior to
treatment may provide a useful tool for predicting who may be at risk of developing
psychiatric side effects during HCV treatment and require enhanced psychiatric assistance
and monitoring.

Favourable HCV treatment outcomes were observed among participants with depression at
enrolment and those with new-onset depression. The observation that psychiatric disease
does not impair HCV treatment response is consistent with other studies of IDUs34 and non-
IDUs8, 35. A recent study in patients with chronic HCV infection which excluded IDUs and
those with severe psychiatric disorders, also did not find any significant association between
new-onset depression and SVR rates36. In fact, some studies have demonstrated a higher
SVR in those with depression. The suggested mechanism for an observed increase in SVR
among those with depression is that depression may act as a pharmacodynamic surrogate for
adequate drug levels of PEG-IFN36–38. In the ATAHC study, similar SVR rates among
those with and without new-onset depression would appear to indicate appropriate
psychiatric monitoring and management. Interestingly, only a third of participants with new-
onset depression were commenced on anti-depressants, with high SVR in this group
compared to the overall treated population.

This study has a number of limitations. Our definition of depression was based on
participant self-report, rather than a medical diagnosis following consultation with a
psychiatrist. However, MINI has good correlation with Structured Clinical Interview for
DSM-IV-TR Axis I (SCID-I)23 and the Composite International Diagnostic Interview
(CIDI)24. The MINI categorizes participants based on the presence or absence of major
depressive episode as a dichotomous variable. The result of this is two-fold. First, the
proportion with depression at enrolment may be underestimated, given that some patients
with mild symptoms of depression may not have been detected using the MINI. Second,
those with mild depression at baseline may have had a lower threshold for the development
of new-onset depression, thus overestimating the proportion that developed new-onset
depression during treatment. Lastly, the results may not be generalizable to other
populations with HCV infection and particularly non-IDUs.

In conclusion, this study identified depression as an indicator of HCV treatment deferral at
enrolment. Given the association between lower social functioning and depression at
enrolment and during treatment, social functioning assessment may be a useful method to
identify those at increased risk of depression before and/or during treatment. In addition, it
was shown that mental health parameters (depression and/or suicide ideation) at enrolment
or during treatment do not impact SVR. Therefore, given appropriate monitoring, patients
with depression should be considered for HCV treatment.
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Figure 1.
A. Longitudinal changes of depression among treated participants, assessed by MINI.
Depression defined as: current major depressive episode (MDE)
B. Longitudinal changes of depressive symptoms among treated participants, categorized
according to DASS severity rating chart: normal (0–9), mild (10–13), moderate (14–20),
severe (21–27), and extremely sever (28+)
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Figure 2.
Sustained virological response (SVR) among participants with and without depression and
suicide risk (moderate to high levels)
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Table 1

Characteristics among all participants enrolled in ATAHC (n= 163)

Total study
population (n=163)

Treated
(n=111)

Untreated
HCV RNA
positive at

enrolment (n=34)

Untreated
HCV RNA
negative at

enrolment (n=18)

Male, n (%) 116 (71%) 83 (75%) 22 (65%) 11 (61%)

Age (yrs), mean ±SD 34.3 ± 9.9 34.5 ± 10.4 34.7 ± 9.0 32.2 ± 8.4

Tertiary education or greater, n (%) 66 (40%) 51 (46%) 9 (26%) 6 (33%)

Full-time or part-time employment, n (%) 63 (39%) 52 (47%) 9 (26%) 2 (11%)

Methadone or buprenorphine treatment

  Ever (not current) 17 (10%) 12 (11%) 4 (12%) 1 (6%)

  Current 22 (14%) 12 (11%) 6 (18%) 4 (22%)

Social functioning score, median (IQR)* 13 (8–18) 11 (6–17) 15 (9–19) 18 (13–20)

Injecting drug use ever, n (%) 124 (76%) 84 (76%) 28 (82%) 12 (67%)

  Injected over the past month, n (%)† 53 (43%) 31 (37%) 15 (54%) 7 (58%)

HIV infection, n (%) 50 (31%) 37 (33%) 11 (32%) 2 (11%)

Hepatitis B virus (HBV) surface antigen, n (%) 2 (1%) 1 (1%) 0 (0%) 1 (6%)

Log10 HCV RNA - screening, median (log IU/L) 5.6 5.8 4.0 0

HCV genotype

    Genotype 1 75 (46%) 62 (56%) 13 (38%) 0

    Genotype 2 6 (4%) 4 (4%) 2 (6%) 0

    Genotype 3 56 (34%) 40 (36%) 16 (47%) 0

    Genotype 4 1 (1%) 0 (0%) 1 (3%) 0

    Missing genotype 25 (15%) 5 (4%) 2 (6%) 18 (100%)

*
IQR (interquartile range),

†
among participants who reported injecting
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Table 2

Mental health characteristics among participants enrolled in ATAHC with available mental health assessments
at enrolment*

Total study
population

Treated Untreated HCV
RNA positive at

enrolment

Untreated HCV
RNA positive at

enrolment

Mental health parameters/DASS-21 n= 158 n= 108 n= 34 n= 16

  Depression, median (range) 8 (0–42) 6 (0–42) 13 (0–40) 14 (0–36)

    Normal, n (%) 81 (51%) 64 (59%) 11 (32%) 6 (37%)

    Mild, n (%) 20 (13%) 12 (11%) 6 (18%) 2 (12%)

    Moderate, n (%) 28 (18%) 18 (17%) 9 (26%) 1 (6%)

    Severe, n (%) 12 (8%) 4 (4%) 4 (12%) 4 (25%)

    Extremely severe, n (%) 17 (11%) 10 (9%) 4 (12%) 3 (19%)

  Anxiety, median (range) 6 (0–40) 6 (0–40) 10 (0–26) 11 (0–40)

    Normal, n (%) 81 (51%) 62 (57%) 12 (35%) 7 (44%)

    Mild, n (%) 13 (8%) 9 (8%) 3 (9%) 1 (6%)

    Moderate, n (%) 34 (22%) 22 (20%) 8 (24%) 4 (25%)

    Severe, n (%) 15 (9%) 9 (8%) 6 (18%) 0 (0%)

    Extremely severe, n (%) 15 (9%) 6 (6%) 5 (15%) 4 (25%)

  Stress, median (range) 12 (0–42) 10 (0–42) 14 (0–36) 15 (0–38)

    Normal, n (%) 99 (63%) 73 (68%) 18 (53%) 8 (50%)

    Mild, n (%) 21(13%) 13 (12%) 6 (17%) 2 (12%)

    Moderate, n (%) 17 (11%) 13 (12%) 3 (9%) 1 (6%)

    Severe, n (%) 12 (8%) 5 (5%) 4 (12%) 3 (19%)

    Extremely severe, n (%) 9 (6%) 4 (4%) 3 (9%) 2 (12%)

Mental health parameters/ MINI n= 160 n= 110 n= 34 n= 16

Current major depressive episode, n (%) 25 (16%) 10 (9%) 9 (26%) 6 (37%)

  Suicide risk (moderate and high), n (%) 28 (18%) 11 (10%) 12 (35%) 5 (31%)

Psychiatric medication- total, n (%)¶ 49 (30%) 31 (28%) 12 (35%) 6 (33%)

Antidepressants- total, n (%)¶ 37 (23%) 23 (21%) 8 (24%) 6 (33%)

*
total n=158 for DASS-21 & total n=160 for MINI,

¶
some participants take more than one type of medication
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