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IMPORTANCE Epidemiologic evidence suggests that hepatitis C virus (HCV) could be a risk
factor for Parkinson disease (PD), but treatment for HCV infection has never been considered
in these studies; hence, the association between antiviral therapy and PD incidence has
remained unclear. Understanding this association may help in developing strategies to reduce
PD occurrence.

OBJECTIVE To identify the risk of PD development in patients with HCV infection receiving
antiviral treatment and in patients not receiving this treatment.

DESIGN, SETTING, AND PARTICIPANTS This cohort study obtained claims data from the Taiwan
National Health Insurance Research Database. Adult patients with a new HCV diagnosis with
or without hepatitis per International Classification of Diseases, Ninth Revision, Clinical
Modification codes and anti-PD medications from January 1, 2003, to December 31, 2013,
were selected for inclusion. After excluding participants not eligible for analysis, the
remaining patients (n = 188 152) were categorized into treated and untreated groups
according to whether they received antiviral therapy. Propensity score matching was
performed to balance the covariates across groups for comparison of main outcomes. This
study was conducted from July 1, 2017, to December 31, 2017.

MAIN OUTCOMES AND MEASURES Development of PD was the main outcome. A Cox
proportional hazards regression model was used to compare the risk of PD, and the hazard
ratio (HR) was calculated at 1 year, 3 years, and 5 years after the index date and at the end of
the cohort.

RESULTS A total of 188 152 patients were included in the analysis. An equal number
(n = 39 936) and comparable characteristics of participants were retained in the treated
group (with 17 970 female [45.0%] and a mean [SD] age of 52.8 [11.4] years) and untreated
group (with 17 725 female [44.4%] and a mean [SD] age of 52.5 [12.9] years) after matching.
The incidence density of PD was 1.00 (95% CI, 0.85-1.15) in the treated group and 1.39 (95%
CI, 1.21-1.57) per 1000 person-years in the untreated group. The advantage of antiviral
therapy reached statistical significance at the 5-year follow-up (HR, 0.75; 95% CI, 0.59-0.96),
and this advantage continued to increase until the end of follow-up (HR, 0.71; 95% CI,
0.58-0.87).

CONCLUSIONS AND RELEVANCE Evidence suggested that the PD incidence was lower in
patients with chronic HCV infection who received interferon-based antiviral therapy; this
finding may support the hypothesis that HCV could be a risk factor for PD.
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H epatitis C virus (HCV) infection has been associated
worldwide with hepatocellular carcinoma, liver fail-
ure, and cirrhosis.1 Chronic HCV infection not only af-

fects the liver but also is a risk factor in extrahepatic diseases,
such as diabetes, chronic kidney disease, atherosclerosis, coro-
nary artery disease, and stroke.2-5 Several epidemiologic stud-
ies found an association between HCV infection and Parkin-
son disease (PD),6-9 and HCV infection has been suggested as
a risk factor for PD. However, inconsistent results showing no
association between HCV infection and PD have also been
reported.10

Interferon-based antiviral therapy may reduce the cardio-
vascular events and stroke in patients with HCV infection,11-13

in addition to its positive outcome on the hepatic disease. A
few patients with HCV infection, nevertheless, were found to
develop parkinsonian symptoms after receiving interferon
therapy, and the possibility of drug-induced parkinsonism in
patients with HCV infection was raised.14 In the epidemio-
logic studies of HCV infection and PD,6-10 the intervention with
antiviral treatment was never considered, and the detection
of PD incidence after administration of antiviral therapy was
not possible. For these reasons, the association of HCV
infection and antiviral therapy with the development of PD has
been debated.15-18

In this cohort study, we investigated patients with chronic
HCV infection who were treated with antiviral therapy and
those with the same condition who went untreated, and we
compared the incidence of PD between these groups. The find-
ings would clarify whether antiviral therapy has an associa-
tion with the development of PD.

Methods
We conducted this research from July 1, 2017, to December 31,
2017, using the Taiwan National Health Insurance Research Da-
tabase (NHIRD), which includes claims data for all health care
services covered by the Taiwan National Health Insurance
(TNHI), a single-payer health insurance initiated in 1995 that
provides insurance to up to 99% of the entire population of
Taiwan (approximately 23.5 million people by the end of
2013).19 In the NHIRD, all diseases before 2015 were coded ac-
cording to the International Classification of Diseases, Ninth Re-
vision, Clinical Modification (ICD-9-CM). For this population-
based cohort study, we selected all patients with a new HCV
diagnosis with or without hepatitis (ICD-9-CM codes 070.41,
070.44, 070.51, 070.54, 070.70, 070.71, and V02.62) from
January 1, 2003 (the starting date that TNHI paid out for the
interferon-based therapy), to December 31, 2013. The study pro-
tocol was approved by the institutional review board of Chang
Gung Medical Foundation. Because patient information in the
NHIRD was deidentified and anonymized before being re-
leased to the researchers, the informed consent requirement
was waived by the Chang Gung Medical Foundation Institu-
tional Review Board.

We excluded patients who were identified on the index
date as (1) being aged 20 years or younger; (2) having a PD, de-
mentia, or stroke diagnosis; or (3) having had major hepatic

diseases (Figure 1). We defined the index date as the time the
HCV infection or carrier status was first confirmed in patients
who were untreated with antiviral therapy. For patients treated
with antiviral therapy, the index date was defined as the time
the interferon-based antiviral therapy was initiated.

The regimen of interferon-based antiviral therapy was a
combination of pegylated interferon α-2b and ribavirin. To en-
sure the adequate effectiveness of antiviral therapy, we ex-
cluded patients who fulfilled any of the following conditions:
(1) lost to follow-up within 6 months after the index date,
(2) received antiviral therapy for less than 16 weeks, and
(3) developed PD within 6 months after the index date. The du-
ration of antiviral therapy ranged from 16 to 48 weeks. In clini-
cal practice, the duration of therapy mainly depended on the
serum virologic response and the adverse effects of
treatment. Less than 16 weeks of an interferon-based therapy
has been suggested as inadequate and premature termina-
tion of therapy.20,21 Such termination usually follows adverse
effects, lack of early virologic response, and failure of viral
clearance.

The HCV protease inhibitor was not available in the TNHI
during the study period (2003-2013). As a result, a total of
242 568 patients with HCV infection were identified in the
NHIRD, and 188 152 patients were eligible for the analysis
(Figure 1). These participants were subsequently divided into
2 cohorts: antiviral therapy (treated) and non–antiviral therapy
(untreated).

The demographics included sex and age. The age of pa-
tients at the index date was stratified into 3 levels: 21 to 50, 51
to 75, and older than 75 years. We controlled the age factor in
the study because the incidence of PD increased with age. We
selected as the covariates the confounding comorbidities and
medications that could be associated with chronic HCV infec-
tion (including renal disease,22 diabetes,23 hypertension,23 and
coronary artery disease4) or with the occurrence of PD (either
protective or risky, including head injury,24 diabetes,25 non-
liver cancers,26 hepatitis B virus infection,6 statins,27 anxiety,28

nonsteroidal anti-inflammatory drugs,24 dihydropyridine cal-
c ium channel blockers [dCCBs],2 4 depression, and
antidepressants29) (Table 1). We identified all of the diagno-
ses of comorbidities by the ICD-9-CM codes in the NHIRD, and
they were confirmed by at least 2 consecutive clinic visits or
any hospitalization in the previous year before the index date.

Key Points
Question Is interferon-based antiviral therapy associated with
Parkinson disease incidence in patients with chronic hepatitis C
virus infection?

Findings In this cohort study of 188 152 patients with hepatitis C
virus infection, the group treated with antiviral therapy had lower
incidence density and risk of developing PD compared with the
untreated group.

Meaning Results of treatment with interferon-based antiviral
therapy appeared to support the hypothesis that hepatitis C virus
may be a probable risk factor for Parkinson disease.
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We obtained the details of medications from the phar-
macy database in the NHIRD. Prescribing of medication was
recorded from the index date to the PD occurrence date (or the
end of follow-up). Use of medications was dichotomized into
either medication possession ratio of 50% or higher or medi-
cation possession ratio lower than 50%. We divided the stat-
ins into lipophilic and hydrophilic groups by their pharmaco-
kinetic properties because the tissue selectivity of statins might
exert a different association on the incidence of PD.30 The
hydrophilic statins included rosuvastatin calcium and
pravastatin sodium, whereas the others were classified as
lipophilic statins.

The outcome of the study was the development of PD,
which we defined by these criteria: (1) any hospital discharge
or outpatient visit with the diagnosis of PD (ICD-9-CM code
332.0) and (2) receipt of medications for PD. Data on medica-
tions (including levodopa, carbidopa, bromocriptine me-
sylate, pergolide mesylate, amantadine hydrochloride, sele-
giline hydrochloride, rasagiline mesylate, cabergoline,
ropinirole hydrochloride, pramipexole dihydrochloride mono-
hydrate, and rotigotine) were acquired from the pharmacy da-
tabase of the NHIRD.

The method used here was validated in a previous NHIRD
study, and the accuracy of PD diagnosis in the NHIRD was
94.8%.30 Participants with a diagnosis of stroke and demen-
tia before the index date were excluded to minimize the pos-

sibility of enrolling those with secondary and atypical
parkinsonism.

Unlike randomized clinical trials, observational studies de-
signed to compare treatment effect are prone to selection bias
owing to the nonrandom assignment. Propensity score analy-
sis, in which matching is considered most effective and trans-
parent, is widely used in nonrandomized clinical trials to re-
duce confounding.31 Hence, we performed propensity score
matching with the covariates described earlier (Table 1) to bal-
ance the characteristics of patients between groups to achieve
comparability between the treated and untreated cohorts. The
matching was processed using a greedy-nearest-neighbor al-
gorithm with a caliper width of 0.2 times of the SD of logit of
the propensity score. The quality of matching was checked
using the absolute standardized mean difference between the
groups after matching, and a value less than 0.1 was consid-
ered a well-balanced distribution between the study groups.32

Each treated patient was matched with a corresponding un-
treated patient to minimize the treatment selection bias.33

After matching, each group comprised 39 936 patients.
The event number was defined as the ascertained num-

ber with PD. The event rate, expressed as a number per thou-
sand, was the proportion of event number in all observed par-
ticipants of the cohort. Because the length of the observed
period across participants was different, we used the inci-
dence density as an estimate of incidence rate in the study. The

Figure 1. Flowchart of the Study Cohorts

242 568 Patients with HCV infection identified

188 152 Deemed eligible for analysis

Underwent 1:1 propensity score matching

39 989 Categorized into treated group 148 163 Categorized into untreated group

39 936 Matched treated group 39 936 Matched untreated group

54 416 Excluded
1786 Aged ≤20 y at date of HCV diagnosis

1383 Parkinson disease

39 646 Having the following diseases before index date:
5551 Dementia

20 799 Liver cirrhosis
9338 Stroke

54 Hepatic surgery
544 Hepatic decompensation

1966 Hepatocellular carcinoma
11 Liver transplantation

170 Parkinson disease developed within
6 mo of index date

12 984 Meeting the following conditions:
9358 Follow-up <6 mo

3456 Antiviral therapy <16 wk

Matched
exclusion
criteria?

Received
antiviral
therapyYes

Yes

No

No

HCV indicates hepatitis C virus.
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incidence density of PD was calculated by the event number
divided by sum of the observed duration of each participant
and then expressed as a number per 1000 person-years after
the index date. We compared the risk of PD incidence be-
tween the treated and untreated groups using a Cox propor-
tional hazards regression model, and then we obtained the haz-
ard ratio (HR; treated vs untreated) and 95% CI. The incidence
density of each cohort and the HR was calculated at 1 year,
3 years, and 5 years after the index date as well as at the end
of the cohort. Patients with missing information (<0.1%) were
excluded from the analysis. A 2-sided P < .05 was considered
statistically significant. All of the statistical analyses were per-
formed with SAS, version 9.4 (SAS Institute Inc).

Results
A total of 188 152 patients were included in this analysis. An
equal number (n = 39 936) and comparable characteristics of
participants were retained in the treated group (with 17 970
female [45.0%] and a mean [SD] age of 52.8 [11.4] years) and
untreated group (with 17 725 female [44.4%] and a mean [SD]
age of 52.5 [12.9] years) after matching.

Before propensity score matching, patients who received
antiviral therapy were more likely to be male and younger com-

pared with those who were not treated (absolute standard-
ized mean difference, >0.1). The prevalence of chronic kid-
ney disease was lower in the treated group. After propensity
score matching, the values of absolute standardized mean dif-
ference were less than 0.1, indicating a well-balanced distri-
bution of covariates between groups.

The incidence density of PD was 1.00 (95% CI, 0.85-1.15)
in the treated group and 1.39 (95% CI, 1.21-1.57) per 1000 per-
son-years in the untreated group. The risk of PD between the
treated and untreated groups was statistically significantly dif-
ferent at year 5 of follow-up (HR, 0.75; 95% CI, 0.59-0.96) and
the end of the cohort (HR, 0.71; 95% CI, 0.58-0.87), although
the risk was not different at year 1 and year 3 (Table 2). The
event number and incidence density increased gradually over
the years in both groups. The event rate in the treated group
increased statistically significantly slower (3.03 per thou-
sand to 4.06 per thousand) than in the untreated group (3.93
per thousand to 5.51 per thousand) (Figure 2).

Furthermore, we conducted a subgroup analysis using the
variables selected for propensity score matching (Figure 3). The
subgroup analysis demonstrated more apparent advantages
of antiviral therapy in patients who concurrently used dCCBs
(HRs of non-dCCBs and CCBs, 0.81 vs 0.44; P for interac-
tion = .02). On the contrary, patients without cancer com-
pared with those with nonliver cancers did not get the advan-

Table 1. Characteristics of Patients Before and After Propensity Score Matching

Variable

Before Matching, No. (%) After Matching, No. (%)
Treated Group
(n = 39 989)

Untreated Group
(n = 148 163) ASMD

Treated Group
(n = 39 936)

Untreated Group
(n = 39 936) ASMD

Sex

Male 22 018 (55.1) 70 906 (47.9) 0.145 21 966 (55.0) 22 211 (55.6) 0.012

Female 17 971 (44.9) 77 257 (52.1) 0.145 17 970 (45.0) 17 725 (44.4) 0.012

Age, mean (SD), y 52.8 (11.4) 54.4 (14.7) 0.119 52.8 (11.4) 52.5 (12.9) 0.030

Age group, y

21-50 14 622 (36.6) 56 166 (37.9) 0.028 14 621 (36.6) 15 206 (38.1) 0.030

51-75 24 874 (62.2) 80 410 (54.3) 0.161 24 822 (62.2) 24 313 (60.9) 0.026

>75 493 (1.2) 11 587 (7.8) 0.321 493 (1.2) 417 (1.0) 0.018

Comorbidities

CKD or dialysis 1576 (3.9) 9995 (6.7) 0.125 1576 (3.9) 1472 (3.7) 0.014

Diabetes 5485 (13.7) 17 811 (12.0) 0.051 5451 (13.6) 5128 (12.8) 0.024

Hypertension 11 071 (27.7) 40 167 (27.1) 0.013 11 035 (27.6) 10 428 (26.1) 0.034

Coronary artery disease 2466 (6.2) 11 777 (7.9) 0.070 2465 (6.2) 2275 (5.7) 0.020

Hepatitis B virus infection 3486 (8.7) 9093 (6.1) 0.099 3458 (8.7) 3441 (8.6) 0.002

Nonliver cancers 1177 (2.9) 5262 (3.6) 0.034 1177 (2.9) 1114 (2.8) 0.009

Anxiety 5060 (12.7) 16 567 (11.2) 0.045 5030 (12.6) 4832 (12.1) 0.015

Depression 555 (1.4) 1849 (1.2) 0.012 552 (1.4) 551 (1.4) 0.000

Head injury 2360 (5.9) 9108 (6.1) 0.010 2360 (5.9) 2265 (5.7) 0.010

Medication (MPR ≥50%)

Hydrophilic statin 780 (2.0) 2817 (1.9) 0.004 780 (2.0) 766 (1.9) 0.003

Lipophilic statin 812 (2.0) 3755 (2.5) 0.034 812 (2.0) 778 (1.9) 0.006

NSAID 1580 (4.0) 7746 (5.2) 0.061 1579 (4.0) 1482 (3.7) 0.013

dCCB 5377 (13.4) 21 780 (14.7) 0.036 5361 (13.4) 5153 (12.9) 0.015

Antidepressant 1986 (5.0) 5859 (4.0) 0.049 1969 (4.9) 1877 (4.7) 0.011

Abbreviations: ASMD, absolute standardized mean difference; CKD, chronic kidney disease; dCCB, dihydropyridine calcium channel blocker; MPR, medication
possession ratio; NSAID, nonsteroidal anti-inflammatory drug.
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tage of antiviral therapy (HRs of nonliver cancers and liver
cancers, 0.67 vs 2.23; P for interaction = .02).

Discussion
To our knowledge, this is the first cohort study to investi-
gate the association between antiviral therapy and risk of
PD in patients with chronic HCV infection. The results dem-
onstrated a reduced incidence of PD in patients who
received interferon-based antiviral treatment. The reduc-
tion appeared obvious at 5 years after antiviral therapy and
became more statistically significant at the end of follow-
up. The lower rate of PD occurrence in the treated patients
may suggest that HCV infection is a risk factor for PD devel-
opment, and antiviral therapy lowers the risk. It cannot be
fully excluded that interferon-based antiviral therapy had a
direct protective quality against the development of PD.
However, the short exposure of antiviral agent, 16 to 48
weeks in most treated participants, makes protecting
against PD development in 5 years less likely.

Neuroinflammation has been suggested as a characteris-
tic finding in the PD pathologic condition, and some studies
suggest that an innate immune reaction may result in neu-
ronal loss in PD.34 The HCV infection and PD also share
elevated inflammatory biomarkers, such as interleukin 6
(IL-6), tumor necrosis factor, IL-1β, and IL-2, in peripheral
blood.35,36 However, we do not fully comprehend the cau-
sality between the PD, peripheral inflammation, and neuro-
inflammation. In magnetic resonance imaging studies,
chronic HCV infection was associated with cerebral inflam-
matory response, cognitive impairment, and neuropsychiat-
ric symptoms, even when the liver disease was mild and the
hepatic encephalopathy was absent.37,38 In another iodine
123–labeled β-carboxymethyoxy-3-β-(4-iodophenyl) tropane
single-photon emission computed tomography study, sero-

tonin and dopamine transmission were disrupted in
patients with HCV infection, including those whose virus
had been cleared.39 The underlying mechanism of the pro-
tective potential of interferon-based antiviral therapy could
be complicated and may involve the modulation of anti-
inflammatory cytokines.40

In contrast, the reduced incidence of PD by antiviral
therapy could be associated with the reduction or clearance
of HCV in patients. Hepatitis C virus, but not hepatitis B
virus, particles were found to induce loss of tyrosine
hydroxylase(+) neurons in midbrain neuron-glia cocultures,
suggesting a neurotoxic effect of HCV on the dopamine
cells.7 Microvascular endothelial cells of the human brain
express receptors as the entries for HCV, and the viral repli-
cation in the endothelial cells may subsequently disrupt the

Figure 2. Event Rate of Parkinson Disease (PD) in Each Study Cohort
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The difference in the development of Parkinson disease in the treated and
untreated cohorts enlarged gradually with time and reached statistical
significance since year 5 (hazard ratio [HR], 0.75; 95% CI, 0.59-0.96) to the end
of the cohort (HR, 0.71; 95% CI, 0.58-0.87).

Table 2. Incidence Density and Hazard Ratio of Parkinson Disease Between the Groups

Outcome Treated Group (n = 39 936) Untreated Group (n = 39 936)

P Value for
Comparisons
Between HRs

1-y Follow-up

Event, No. (per thousand) 15 (0.38) 20 (0.50)

ID (95% CI) 0.38 (0.19-0.57) 0.51 (0.29-0.73)

HR (95% CI) 0.75 (0.38-1.46) 1 [Reference] .39

3-y Follow-up

Event, No. (per thousand) 82 (2.05) 97 (2.43)

ID (95% CI) 0.83 (0.65-1.01) 0.99 (0.79-1.19)

HR (95% CI) 0.83 (0.62-1.12) 1 [Reference] .22

5-y Follow-up

Event, No. (per thousand) 121 (3.03) 157 (3.93)

ID (95% CI) 0.92 (0.76-1.08) 1.21 (1.02-1.40)

HR (95% CI) 0.75 (0.59-0.96) 1 [Reference] .02

End of follow-up

Event, No. (per thousand) 162 (4.06) 220 (5.51)

ID (95% CI) 1.00 (0.85-1.15) 1.39 (1.21-1.57)

HR (95% CI) 0.71 (0.58-0.87) 1 [Reference] .001 Abbreviations: HR, hazard ratio; ID,
incidence density.
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blood-brain barrier.41 Concurrent HCV-related systemic
inflammation, exposure of neurotoxin, and a disrupted
blood-brain barrier could exert a greater detrimental power
on the neuron.36,42 In addition, a few postmortem studies
provide the evidence that viral replication happens in a
human’s brain. The genotype of HCV in the brain, blood

cells, and liver is diverse, and the virus with a brain-specific
mutation may survive in the brain.43-45 These researches
support the epidemiologic finding of the association
between HCV infection and PD occurrence. Moreover, it has
been confirmed that interferon is capable of passing the
blood-brain and blood-spinal cord barriers.46 The antiviral

Figure 3. Subgroup Analysis of the Hazard Ratio (HR) of Parkinson Disease
Between Treated and Untreated Cohorts
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18 (1.14) 16 (1.08)Yes 1.06 (0.54-2.08)
dCCBs .02

132 (0.38) 159 (0.46)No 0.81 (0.64-1.02)
30 (0.56) 61 (1.18)Yes 0.44 (0.29-0.68)

Antidepressants

.78

.65

.22

.16
149 (0.39) 195 (0.51)No 0.74 (0.60-0.92)

13 (0.66) 25 (1.33)Yes 0.45 (0.23-0.88)

14 (2.84) 6 (1.44) >75 1.89 (0.73-4.92)

The protective potential against
Parkinson disease occurrence was
obvious in the patients who
concurrently used dihydropyridine
calcium channel blockers (dCCBs)
(HR of non-dCCBs was 0.81 and
dCCBs was 0.44; P for
interaction = .02). Substantially
different from patients without
nonliver cancers, the patients with
nonliver cancers did not gain the
advantage of antiviral therapy (HR of
nonliver cancers was 0.67 and liver
cancers was 2.23; P for
interaction = .02). CKD indicates
chronic kidney disease; NSAIDs,
nonsteroidal anti-inflammatory
drugs.
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therapy may, therefore, reduce the opportunity of central
nervous system damage caused by HCV.

The incidence of PD is statistically significantly lower in
patients with HCV infection who are treated with antiviral
therapy, but a proportion of patients in this group still de-
velop PD every year. The origins of PD are complex and largely
unclear. An HCV infection could be only 1 source. Hence, the
advantage of antiviral therapy is restricted. However, some par-
ticipants in this study could be enrolled at the premotor stage
of PD, when diagnosis as PD was not possible.47-49 Partici-
pants at the premotor stage had pathologically developed PD
and inevitably presented PD motor symptoms (clinically di-
agnosed as PD) somewhere during the follow-up period. Pro-
tection from antiviral therapy may be possible only when pa-
tients with HCV infection received antiviral therapy before the
premotor stage. Although interferon can enter the brain,46 riba-
virin, included in the regimen of antiviral therapy, is a water-
soluble molecule that can hardly penetrate the blood-brain
barrier.50 Once the HCV enters the neuron or glia cell, the ad-
vantage of antiviral therapy may be dampened. Some studies
reported cases of HCV infection who developed parkinso-
nian symptoms during or after interferon-based antiviral
therapy and suspected that interferon-based antiviral therapy
could be the origin of PD.14,51 However, the conclusion of this
study refutes the conclusions of observational studies. The dis-
crepancy could be explained by patients who received antivi-
ral therapy at the premotor stage of PD but eventually
developed PD.

In the subgroup analysis, the advantage of antiviral therapy
was not observed in patients with nonliver cancers; any ad-
vantage was probably associated with the short lifespan of pa-
tients. The mean follow-up duration in patients with non-
liver cancers was 3.36 (2.3) years and in patients without
nonliver cancers was 4.05 (2.6) years. The mortality of pa-
tients with nonliver cancers was statistically significantly
higher than that of patients without nonliver cancers (15.1%
vs 5.6%; P < .001). Accordingly, the advantage of antiviral
therapy did not emerge from the cohort in this subgroup. On
the contrary, the protective potential of antiviral therapy
against PD was most statistically significant in the subgroup
of patients treated with dCCBs. This finding corresponds to
study results, which concluded that dCCBs may be associ-
ated with reduced risk of PD.52-54 In patients with HCV infec-
tion who used dCCBs, antiviral therapy may provide an added
advantage of reducing PD development.

Although the interaction in the age subgroup (21-50,
51-75, or >75 years) was not statistically significant (HR, 0.56
vs 0.67 vs 1.89; P for interaction = .11), the trend of associa-
tion in the participants older than 75 years was different
from that in the other groups. However, only a small num-
ber of patients received antiviral therapy in this age range.

Hence, the results may be less conclusive. Moreover, con-
sidering age as a strong risk factor for PD, patients older
than 75 years may be too advanced in age to find antiviral
therapy advantageous.

Limitations
This study has some limitations. First, the hepatic function pro-
file, serum virologic response, viral genotype, and HCV
RNA-level data were unavailable in the NHIRD. However, the
TNHI has strict regulations. All of the laboratory data of pa-
tients with HCV infection, including serum alanine amino-
transferase level, HCV RNA, HCV antibody, and liver biopsy,
have to be reviewed by experts before approval of the antivi-
ral therapy. This requirement strengthens the authenticity of
the data in our work. However, lack of the viral profiles made
it impossible to associate PD incidence with severity of HCV
infection. Second, the NHIRD lacked patients’ lifestyle infor-
mation (eg, smoking status, consumption of coffee and alco-
hol), which may have affected the incidence of PD.24

Third, ascertaining the diagnosis of PD according to the
ICD-9-CM code and anti-PD medications in the NHIRD may not
be the ideal method, although the method used here was vali-
dated and shown to have a diagnostic accuracy of 94.8%.30 Dif-
ferentiating PD from other similar parkinsonian syndromes is
sometimes challenging in clinical practice. Long-term medi-
cal records and pathological diagnoses for PD are helpful in the
accurate diagnosis of the disorder but were unavailable in the
NHIRD. However, diagnostic bias was not relevant to the de-
cision making of antiviral therapy and may have equally dis-
tributed to the treated and untreated groups and thus may not
have confounded the estimate of treatment association.

Fourth, PD is a slow, progressive neurodegenerative dis-
order. A maximum 11-year follow-up period limited by the avail-
ability of antiviral therapy was not a long enough period in
which to observe the full course of infection, inflammation,
or treatment. A cohort study with a longer follow-up period
may give a better answer in the future. In addition, prospec-
tive studies would be required for assessing the association be-
tween PD, viral genotype, RNA level, and severity of hepatic
disease in patients with HCV infection and, if possible, the as-
sociation between interferon, antiviral regimen, and PD
development in participants without HCV infection.

Conclusions
This study found that PD incidence appeared to be lower in pa-
tients who were receiving interferon-based antiviral therapy
for chronic HCV infection. The results seem to support the
theory that HCV infection is a risk factor for developing PD.
Antiviral therapy has shown potential in lowering this risk.
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