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INTRODUCTION

Hepatitis C virus (HCV) infection is a major global health 
problem. More than 170 million people, 2.2% of adult world-
wide, are chronically infected with HCV.1,2 Previous studies 
have shown that 60–85% of HCV infected patients may devel-
op chronic infection.3 Chronic HCV infection often leads to 
progressive liver fibrosis, end-stage liver disease and hepatocel-
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lular carcinoma (HCC). The risk whether a person with chron-
ic hepatitis C after 20 years will develop HCC appears to be 
around 1–5%.4 Once liver cirrhosis occurs, the annual rate of 
developing HCC increases by 1–4%.5 In Taiwan, the estimat-
ed prevalence of HCV infection is 1–3%.6-8 HCV prevalence 
in several southern Taiwan townships may even reach 15%.9,10 
In addition, a pathogenic role for HCV in neuropsychiatric 
disorders and neurocognitive dysfunction is suggested by im-
provement of neurological and psychiatric symptoms in pa-
tients achieving a sustained virologic response following in-
terferon treatment.11 Hence, effective management of chronic 
HCV infection to abate further deterioration is very crucial. 

Interferon (IFN)-based therapy had been the standard care 
of HCV infection. Since 2011, the U.S. Food and Drug Admin-
istration has approved several direct antiviral agents (DAAs) 
for the treatment of HCV. However, the first-generation DAAs 
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were first approved in Taiwan until 2014 and were not reim-
bursed by health insurance. The high costs of these new regi-
mens preclude their widespread use. Therefore, the long-term 
complications and HCC risk of DAAs on HCV patients need 
more observation. The combination of pegylated IFN and rib-
avirin are more commonly used and the medications can erad-
icate the virus in more than 50% of patients.12 However, only 
a minority of people receive anti-HCV treatment. Treatment 
rate in patients with HCV infection ranged from 15–28% in 
different studies according to patient selection, illness comor-
bidity, or ethics.13-16 Because of high rates of psychiatric disor-
ders among patients with HCV, one often cited barrier to an-
tiviral treatment is co-morbid mental illness.17,18 The prevalence 
of HCV infection in psychiatric populations has been found 
to be around 6.7% to 8.5%, which is 3-fold higher than in the 
general population.19 About a quarter of HCV patients meet 
DSM-IV criteria for major depressive disorder, while 45–60% 
of HCV patients have mild to severe depressive symptoms.16 
On the other way, depression and other psychiatric symptoms 
are well-known side effects of IFN therapy and often deters 
clinicians from prescribing IFN in HCV-infected people.20

Patients with mental disorders are disproportionately affect-
ed by HCV and are less likely to undergo HCV treatment. The 
nontreatment rate of INF in psychiatric populations was re-
ported to be around 7.2–10.1%.21,22 In a large national veter-
ans population, treatment rate for hepatitis C was significant 
lower in patients with major depression (OR 0.72; 95% CI 0.67 
to 0.77); mild depression (OR 0.56; 95% CI 0.53 to 0.59); and 
schizophrenia (OR 0.71; 95% CI 0.65 to 0.77).18 However, large 
clinical trials examining the efficacy and tolerability of IFN-a/
ribavirin have largely excluded patients with pre- existing psy-
chiatric disease out of concern for neuropsychiatric sequelae.20 
There is still a lack of large-scale research that studies the IFN 
prescription rate in patients comorbid with hepatitis C and 
mental disorder and study duration was relatively limited. 
Hence, this population-based cohort study aimed to investi-
gate the association between comorbid mental disorder and 
the rates of IFN nontreatment in HCV patients using data from 
the National Health Insurance (NHI) of Taiwan. 

METHODS

Database source
This study retrieved data from the Taiwan National Health 

Insurance Research Database (NHIRD). The NHI program was 
launched in Taiwan on 1 March, 1995. More than 23.07 million 
people were enrolled in the program by the end of 2013, and 
it covered 99.6% of the entire population of 23.16 million of 
Taiwan.23 Starting in 1999, all claims data was released in elec-
tronic format by the Bureau of NHI (NHIB) and was made 

publicly available under the NHIRD project. The database pro-
vides scrambled patient identification numbers, gender, dates 
of birth, and diagnoses according to the format of the Interna-
tional Classification of Diseases, Revision 9, Clinical Modifica-
tion (ICD-9-CM), prescribed medication, medical costs, med-
ical care facilities and their specialties. We retrieved medical 
data from enrolled individuals between January 1st, 1999, and 
December 31th, 2013. These databases have previously been 
used for epidemiological research, and were published.24,25 Fol-
lowing strict confidentiality guidelines in accordance with per-
sonal electronic data protection regulations, the NHRI of Tai-
wan maintains an anonymous database of NHI reimbursement 
data suitable for research.

Study design and study population
All cases of HCV had a first-time diagnosis of HCV infection 

(ICD-9 codes 070.7, 070.41, 070.44, 070.51, 070.54, V02.62). 
Patients with hepatitis B virus (HBV) infection (ICD-9 codes 
070.2, 070.3, V02.61) or HIV infection (ICD-9 code 042) were 
excluded.  

We assembled a population-based matched case-control 
study comprised of individuals who have been participants of 
the NHI program since January 1, 1997. The study outcome was 
incidence of IFN-α therapy (ATC codes L03AB04, L03AB05, 
L03AB09, L03AB10, or L03AB11). IFN-α therapy in the HCV 
cohort was denoted if the patient had any exposure to IFN-α 
therapy. To be included in the control population, the HCV in-
fected individual was required to have no IFN-α therapy be-
fore the index date. For each IFN-α treated case, incidence den-
sity sampling method was used26 and 5 matched controls were 
randomly selected at index date. Controls were age, sex, urban-
ization and income-matched to the case (Figure 1).

The following mental disorders were recorded, including psy-
chotic disorders (ICD-9 codes 296.80, 296.9, 297, 298), schizo-
phrenia (ICD-9 code 295), bipolar disorders (ICD-9 codes 296.0, 
296.1, 296.4, 296.5, 296.6, 296.7), depressive disorders (ICD-9 
codes 296.2, 296.3, 300.4, 311), anxiety disorders (ICD-9 codes 
300.0, 300.2, 300.3) and alcohol use disorders (ICD-9 codes 
303.9, 303.90, 303.91, 303.92, 303.93, 305.0, 305.00, 305.01, 
305.02, 305.03, V113). All diagnosed subjects had at least three 
outpatient visits within one year or one incident recorded with 
the admission diagnosis during the follow-up. We used the 
pharmacological coding system based on the Anatomical Ther-
apeutic Chemical classification system27 to categorize antide-
pressants (N06A). Antidepressant exposure was standardized 
using the defined daily dose (DDD).27 Cumulative doses were 
classified into 4 groups: no antidepressant use; 1–90 DDD; 91–
365 DDD; greater than 365 DDD. 

We systematically identified potential confounding factors 
for IFN-α treatment. These confounding factors were record-
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ed before the date of IFN-α therapy: age, sex, income, residen-
tial area (urbanization), medical comorbidity, and drug use 
(antidepressants and zolpidem). Levels of income and urban-
ization in Taiwan were divided into four strata according to 
Taiwan NHRI publications. Comorbid medical diseases in-
cluded hypertension, diabetes, hypercholesterolemia, chronic 
obstructive pulmonary disease (COPD), heart failure, coronary 
heart disease, and liver cirrhosis. The study was approved by 
the Institutional Review Board of Chiayi Chang Gung Memo-
rial Hospital (IRB No. 2017-00253B0).

Statistical analysis
Subjects’ age, sex and clinical confounding factors and co-

variates were examined using χ2 test for categorical variables 
and Student t-test for continuous variables. All statistical tests 
were two sided, conducted at significance level of 0.05, and re-
ported using p value and/or 95% confidence intervals (CIs).

Conditional logistic regression was used to assess odds of 
HCV nontreatment in different mental disorder. The odds ra-
tios (ORs) and 95% Cls for HCV nontreatment were calculat-
ed as an unadjusted incidence rate ratio, and then subsequent-
ly adjusted for covariates (medical comorbidities). All analyses 
were conducted using the SAS Version 9.4 (SAS Institute, Cary, 
NC, USA).

RESULTS

We identified 92,970 subjects with hepatitis C virus infec-
tion from 1999 to 2013. Among them, 15,495 cases (16.7%) 
had received IFN therapy, and 77,475 cases (83.3%) had not. 
Sociodemographic characteristics including age, income and 
urbanization, comorbid medical diseases and mental disorders 
are listed in Table 1. The mean age of subjects was 40.95±10.31 
for both groups (p=0.995). More than half (56.72 %) of the cas-
es and controls were female. IFN treated patients were more 
likely to have a diagnosis of diabetes, hypertension, liver cir-
rhosis, depressive disorder, and anxiety disorders (Table 1), 
and less likely to have hypercholesterolemia, heart failure, cor-
onary heart disease, alcohol use, psychotic disorders, schizo-
phrenia, and bipolar disorders (Table 1). IFN treated and non-
treated patients showed no difference in COPD. Analyses of 
associations of interest between mental disorders and IFN 
therapy are summarized in Table 2. After adjusting for medi-
cal diseases, depressive disorders and anxiety disorders were 
positively associated with receiving IFN therapy (OR 1.08, 
95% CI: 1.02–1.14, p=0.01; OR 1.16, 95% CI: 1.10–1.21, p< 
0.0001, respectively). Patients with schizophrenia, bipolar dis-
orders and alcohol use disorder were less likely to receive in-
terferon, and the association remained unchanged even after 
adjusting for covariates (Table 2). Because the severity of de-

HCV subjects ages≥20
years old before Jan 1 1997,

N=260,855
Subjects with uncompleted data, 

N=1,602
or depressive disorder before

Jan 1 1997,
N=2,040

HCV subjects with and without IFN therapy during
1999–2013 matching with 1:5 ratio by age, sex, 

urbanization and income, N=92,970 (15,495 set)

HCV subjects with IFN
therapy in 1999–2013

N=35,833

Subjects without IFN
therapy 

N=221,380

Alive HCV subjects after
Jan 1 1999, N=257,213

Figure 1. Flow chart of the study subject enrollment. HCV: hepatitis C virus, IFN: interferon.
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Table 1. Characteristics of subjects

Variable
Matched cohort

Interferon therapy (N=15,495)
N (%)

Without interferon (N=77,475)
N (%)

p

Age (years) 1.00
<40 7,387 (47.67) 36,935 (47.67) 
40–49 5,147 (33.22) 25,735 (33.22) 
≥50 2,961 (19.11) 14,805 (25.91)

Sex 1.00
Female 8,789 (56.72) 43,945 (56.72)

Urbanization 1.00
Low 1,010 (6.52) 5,050 (6.52) 
Moderate 2,274 (14.68) 11,370 (14.68) 
High 6,966 (44.96) 34,830 (44.96)
Very high 5,245 (33.85) 26,225 (33.85) 

Income (NTD) 1.00
0 1,907 (12.31) 9,535 (12.31) 
1–15,840 2,376 (15.33) 11,880 (15.33) 
15,841–25,000 7,687 (49.61) 38,435 (49.61)
>25,000 3,525 (22.75) 17,625 (22.75) 

Medical diseases
Diabetes 3,490 (22.52) 16,163 (20.86) <0.0001
Hypertension 4,916 (31.73) 23,769 (30.68) 0.01
Hypercholesterolemia 3,083 (19.90) 17,087 (22.05) <0.0001
COPD 2,658 (17.15) 13,795 (17.81) 0.052
Heart failure 353 (2.28) 2,786 (3.60) <0.0001
Coronary heart disease 2,014 (13.00) 11,315 (14.60) <0.0001
Liver cirrhosis 2,593 (16.73) 6,783 (8.76) <0.0001

Mental disorders
Psychotic disorders 350 (2.26) 2,392 (3.09) <0.0001
Schizophrenia 119 (0.77) 1,124 (1.45) <0.0001
Bipolar disorders 117 (0.76) 836 (1.08) 0.0003
Depressive disorders 1,681 (10.85) 7,866 (10.15) 0.0092
Anxiety disorders 3,030 (19.55) 13,805 (17.82) <0.0001
Alcohol use disorder 222 (1.43) 1,797 (2.32) <0.0001

NTD: New Taiwan dollar, COPD: chronic obstructive pulmonary disease

Table 2. Association between mental disorders and IFN treatment in a population-based case-control study*, Taiwan, 1999–2013

Variable Case (%) Control (%)
Unadjusted analysis Adjusted analysis

Odds-ratio (95% CI) p Odds-ratio (95% CI) p
Schizophrenia 119 (0.77) 1,124 (1.45) 0.52 (0.43–0.63) <0.0001 0.52 (0.43-0.63) <0.0001
Bipolar disorder 117 (0.76) 836 (1.08) 0.70 (0.57–0.85) 0.0001 0.70 (0.57-0.85) 0.0003
Depressive disorder 1,681 (10.85) 7,866 (10.15) 1.08 (1.02–1.14) 0.009 1.08 (1.02-1.14) 0.01
Anxiety disorder 3,030 (19.55) 13,805 (17.82) 1.13 (1.08–1.18) <0.0001 1.16 (1.10-1.21) <0.0001
Alcohol use disorder 222 (1.43) 1,797 (2.32) 0.60 (0.52–0.69) <0.0001 0.44 (0.38-0.51) <0.0001
Adjusted for hypertension, diabetes, hyperlipidemia, heart failure, coronary heart disease and liver cirrhosis. *exact matching by age, sex, ur-
banization and income. CI: confidence interval
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pressive disorders was not recorded in NHIRD, we analyzed 
antidepressant prescription as a proxy of severity of depressive 
disorder. Cumulative daily exposure to antidepressants had a 
negative association with IFN therapy (1–90 cDays, adjusted 
OR=0.92, 95% CI=0.87–0.96; 91–365 cDays, adjusted OR= 
0.93, 95% CI=0.85–1.01; >365 cDays, adjusted OR=0.79, 95% 
CI=0.72–0.86). Likewise, cumulative use of antidepressants 
(cDDD) was associated with lower odds of IFN therapy (1–90 
cDDD, adjusted OR=0.92, 95% CI=0.88–0.96; 91–365 cDDD, 
adjusted OR=0.87, 95% CI=0.78–0.96; >365 cDDD, adjusted 
OR=0.77, 95% CI=0.69–0.86) (Table 3). Dose-dependent trend 
in antidepressant exposure of cumulative days or doses was 
observed between the case and control populations (p<0.0001).

DISCUSSION

To the best of our knowledge, this is the first Asian popu-
lation-based study to explore the association between mental 
disorders and HCV nontreatment in terms of interferon use. 
Although DAAs are the mainstream treatment of HCV infec-
tion in recent years,28 sustained virologic response has remained 
low at approximately 9% of all HCV infected persons.29 Base-
line mental conditions might compromise the patient’s or the 
clinician’s motive to receiving or giving DAAs regimen. How 
to facilitate treatment engagement and adherence to DAAs is 
paramount during HCV treatment. We can learn from the ex-
periences of IFN non-treatment and further apply them in 
post-IFN era to enhance drug adherence. 

We found that 13.9% (35,833/257,213) of HCV-infected sub-
jects were prescribed IFN between years 1999 and 2013. This 
is in line with Kramer’s study that the overall treatment rate 
was 14.2% and the treatment rate would be even lower if the 
HCV patients had comorbid physical diseases or mental dis-

orders.30 In our study, after matching with age, sex, residential 
areas, and income level, the medical diseases and mental dis-
orders were significantly different between IFN-treated and 
non-treated patients. HCV patients with diabetes, hyperten-
sion, liver cirrhosis, depressive disorders and anxiety disorders 
were less likely to receive IFN treatment. Patients with hyper-
cholesterolemia, heart failure, coronary heart disease, alcohol 
use, psychotic disorders, schizophrenia, and bipolar disorders 
were associated with a higher chance of receiving IFN treat-
ment. Butt et al.18 reported several medical diseases such as 
decompensated cirrhosis, heart and kidney failure often ac-
counts for a significant proportion of IFN nontreatment. The 
medical comorbidities may deter the HCV-infected patients 
from receiving treatment. 

In the logistic regression model, we found schizophrenia, 
bipolar disorders, and alcohol use disorders were associated 
with a lower likelihood of IFN prescription after adjusting for 
medical diseases. This is consistent with other studies that HCV 
patients with some mental disorders or substance use were 
treated less frequently.31,32 However, previous reports mainly 
focused on veterans or non-national population and their sam-
ple size was small and study duration was relatively limited. 
Chainuvati et al.31 reported that a significantly lower propor-
tion of patients with acute mental illness or substance abuse 
received IFN treatment because of ineligibility. However, treat-
ment completion and sustained viral response did not differ 
significantly between patients with or without mental illness/
substance abuse. This implies that patients whose mental ill-
nesses are under control and who are regularly followed by 
mental health providers are often good candidates for antiviral 
therapy. Hence, these patients should not be excluded from 
receiving IFN treatment.  

In our study, patients with depressive or anxiety disorders 

Table 3. Association between antidepressant exposure and IFN treatment in a population-based case-control study*, Taiwan, 1999–2013

Antidepressant 
exposure

Case (%) Control (%)
Unadjusted analysis Adjusted analysis

Odds-ratio (95% CI) p Odds-ratio (95% CI) p
cDays <0.0001† <0.0001†

0 11,932 (77.01) 58,143 (75.05) 1.00 1.00
1–90 2,241 (14.46) 11,908 (15.37) 0.92 (0.87–0.96) 0.92 (0.87–0.96)
91–365 713 (4.60) 3,713 (4.79) 0.91 (0.87–0.96) 0.93 (0.85–1.01)
>365 609 (3.93) 3,711 (4.79) 0.80 (0.73–0.87) 0.79 (0.72–0.86)

cDDD <0.0001† <0.0001†

0 11,932 (77.01) 58,143 (75.05) 1.00 1.00
1–90 2,712 (17.50) 14,333 (18.50) 0.92 (0.88–0.96) 0.92 (0.88–0.96)
91–365 476 (3.07) 2,646 (3.42) 0.92 (0.88–0.96) 0.87 (0.78–0.96)
>365 375 (2.42) 2,353 (3.04) 0.77 (0.69–0.86) 0.77 (0.69–0.86)

Adjusted for hypertension, diabetes, hyperlipidemia, heart failure, coronary heart disease and liver cirrhosis. *exact matching by age, sex, ur-
banization and income, †p for trend. cDays: cumulative days, cDDD: cumulative defined daily dose, CI: confidence interval
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were more likely to receive IFN, this phenomenon may reflect 
patient’s suffering or physician’s preference. Unlike our study, 
Butt et al.18 reported that mental disorders, including bipolar 
disorder, major depression, mild depression, and schizophrenia, 
were inversely related to HCV treatment. Patients with both 
depression and HCV often perceive lower social support and 
greater social stigma about their conditions. These beliefs may 
enhance the perception that there is a lack of providers willing 
to treat or interested in treating HCV patients.33 In addition to 
patients’ comorbid illness, an important factor in IFN non-
treatment was explained by provider factors.34 Patients evalu-
ated by less experienced providers were less likely to receive 
IFN treatment. Physicians may be hesitant in prescribing IFN 
in such patients because depression is a common event of IFN 
treatment,20 and is a main worry when physicians make treat-
ment decisions in HCV-infected people. 

Because disease severity was not included in NHIRD of Tai-
wan, we further looked at the antidepressant exposure in terms 
of duration and dosage as a proxy of depressive severity. An-
tidepressant exposure was inversely related to IFN treatment. 
Dose-dependent effect was shown when patients had received 
more antidepressants (cumulative days or doses), the odds of 
IFN treatment rate was significantly lower. This elucidates that 
depression severity may pose a barrier to HCV treatment. Two 
studies also found that higher depressive scores were indepen-
dently associated with IFN nontreatment after controlling for 
sociodemographic factors.17,19 Nelligan et al.35 found that HCV-
infected veterans patients endorsing moderate to severe de-
pressive symptoms, only about half were prescribed an anti-
depressant. HCV patients with more depressive symptoms at 
baseline were more likely to develop clinically significant de-
pression during IFN treatment. It is well-documented that de-
pression is associated with poor self-efficacy, reduced motiva-
tion, greater perceived stigmatization, pessimism and reluctance 
to seek healthcare services.36,37 Depression reduces patient’s 
motivation to seek medical care, consequently these patients 
may remain untreated because of their depressive symptoms.17 
Furthermore, patients with depression and HCV may go un-
treated because many patients with HCV are concerned about 
taking any medications that may jeopardize their liver health 
including antidepressants.

Our study had some limitations. First, the NHRID files did 
not include records of other factors including HCV genotype, 
pretreatment HCV RNA level, histology finding, and severity 
of psychiatric illness. Such factors may be related to IFN pre-
scription. Second, only the clinical diagnosis of mental disor-
der was retrieved and biomarker was not included for diagno-
sis in the NHIRD. In order to validate the psychiatric diagnosis, 
we used three outpatient visit records or one inpatient record 
to decrease selection bias. Finally, the study sample was in Tai-

wan; the results might not be generalized to other populations. 
Future research examining these confounding factors and IFN 
treatment with larger sample sizes and longer follow-up peri-
ods is required.

Despite these limitations, this study has several strengths. 
The data were extracted from a nationwide database spanning 
14 years, the sample size was large and selection bias is mini-
mized. Confounding factors such as income, urbanization, and 
medical comorbidities were adjusted for in the analysis. Di-
agnostic and prescription data were retrieved from a histori-
cal electronic database that collected all medical claims, the 
possibility of recall bias can be minimized. In our study, we ex-
cluded patients who were co-infected with HBV or HIV, this 
further elucidated the reasons why HCV patients had not re-
ceived IFN treatment.

Our nationwide cohort study demonstrated that INF non-
treatment rate was lower in patients with psychotic disorders, 
schizophrenia, and bipolar disorders but not anxiety disorders 
and depressive disorders. Dose-dependent effect was found 
that more antidepressant exposure may lower the chance of 
receiving IFN treatment. Our results may help to identify and 
to overcome the obstacles to HCV treatment and further ap-
ply to DAAs regimen.
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