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Background. Recently the α1 adrenergic receptor antagonist terazosin was shown to activate PGK1, a possible target for
the mitochondrial deficits in Parkinson disease related to its function as the initial enzyme in ATP synthesis during
glycolysis. An epidemiologic study of terazosin users showed a lower incidence of Parkinson disease when compared to
users of tamsulosin, an α1 adrenergic receptor antagonist of a different class that does not activate PGK1. However,
prior research on tamsulosin has suggested that it may in fact potentiate neurodegeneration, raising the question of
whether it is an appropriate control group.
Methods. To address this question, we undertook an epidemiological study on Parkinson disease occurrence rate in
113,450 individuals from the U.S.A. with > 5 years of follow-up. Patients were classified as tamsulosin users (n = 45,380),
terazosin/alfuzosin/doxazosin users (n = 22,690) or controls matched on age, gender and Charlson Comorbidity Index
score (n = 45,380).
Results. Incidence of Parkinson disease in tamsulosin users was 1.53%, which was significantly higher than that in both
terazosin/alfuzosin/doxazosin users (1.10%; p<0.0001) and matched controls (1.01%; p < 0.0001).
Terazosin/alfuzosin/doxazosin users did not differ in Parkinson disease risk from matched controls (p = 0.29).
Conclusions. These results suggest that zosins may not confer a protective effect against Parkinson disease, but rather
that tamsulosin may in some way potentiate Parkinson disease progression.

Funding: This work was supported by Cerevel Therapeutics.
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INTRODUCTION
Parkinson disease (PD) is the second most common neurodegenerative disorder after Alzheimer disease. Due to the
aging of the world population, the incidence of PD is increasing with 6.1 million affected individuals in 2016, as
compared to 2.5 million affected individuals in 1990 (1). Development of disease-modifying therapies is the greatest
unmet need in treatment of neurodegenerative disease; however, the high cost and long timeline of drug development
limit the number of therapeutic hypothesis that can be rigorously evaluated in clinical studies (2). Furthermore, when
an ineffective approach is pursued, this is often not apparent until completion of large phase 2 or 3 trials. Therefore,
early identification of treatment targets with increased probability of success is critical to minimize negative resource
and capital opportunity cost of failure, unproductive allocation of scarce resources of time and capital, and to increase
the speed to finding effective therapeutics for patients with significant unmet need.
Recent evidence from animal models and retrospective epidemiological studies has suggested that phosphoglycerate
kinase 1 (PGK1) is a target of interest for disease modification in PD (3). PGK1 is the first enzyme in ATP generation via
glycolysis, and therefore PGK1 potentiation may ameliorate cellular pathophysiology in disorders with an established
mitochondrial deficit/phenotype such as PD through increasing ATP production in the context of reduced cellular energy
production. In 2015, terazosin, an α-1 adrenergic receptor antagonist frequently prescribed for benign prostatic
hyperplasia (BPH), was found to bind to PGK1 and potentiate its kinase activity (4). This PKG1 pharmacology has also
been demonstrated in related drugs harboring quinazoline motifs, such as alfuzosin and doxazosin (4). Furthermore, an
analysis of the Truven database and Danish nationwide health registries demonstrated that individuals treated with
terazosin, alfuzosin, or doxazosin showed lower rates of both the development of PD and PD-related diagnoses when
compared to patients treated with another BPH treatment, tamsulosin, that does not interact with PGK1 (3,5). To that
extent, a clinical study evaluating the safety and tolerability of terazosin, 5 mg once daily for 12 weeks, in patients with
Parkinson’s disease (H&Y stage I-III) has been initiated (NCT03905811).
While the prospect that terazosin may have a protective effect in PD is promising, it is important to closely review the
evidence for possible alternative explanations for the observed risk imbalance. Notably, in the analysis by Cai et al,
there was no control group of age-matched patients who were not on a BPH treatment. Therefore, while a protective
3
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effect associated with terazosin use is possible, an alternative interpretation could be an increased incidence or rate of

progression of PD in patients using tamsulosin as the comparison group (3). This idea is not without precedent, Duan et
and colleagues found a positive correlation between tamsulosin use and dementia risk when compared to terazosin,
doxazosin, alfuzosin, or no BPH medication (6). The inclusion of a propensity-score matched (PSM) no-BPH drug cohort
is critical for interpretation of differences between drug effects (i.e. protection via terazosin vs. increased risk via
tamsulosin
To further study the implications of tamsulosin and terazosin use on PD risk, we designed a large, retrospective study
looking at the incidence of PD in 3 non-overlapping groups of patients: those treated with terazosin, alfuzosin, or
doxazosin (Zosin Cohort); those treated with tamsulosin (Tamsulosin Cohort); and an appropriately matched Control
Cohort with no BPH drug treatment.
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This epidemiological study on risk of PD included 113,450 individuals with > 5 years of follow-up. Figure 1 shows the
sample selection process for the Zosin and Tamsulosin Cohorts, and the Control Cohort, based upon defined inclusion
and exclusion criteria. Propensity score matching (PSM) was used to balance the cohorts on demographic and clinical
differences (7). Before the PSM procedure was conducted, the initial sample of patients taking tamsulosin was 87,674
and 35,405 were taking a zosin medication (7). From among the 2,151,212 patients identified as eligible controls, the
SAS survey select procedure was used to select a random sample of 811,587 patients, stratified by age groups
corresponding to the Zosin Cohort after matching to the Tamsulosin Cohort (8).
Propensity Score Matching Results
As a result of the PSM procedure, the final Zosin Cohort included 22,690 patients, and the Tamsulosin and Control
Cohorts each included 45,380 patients (Table 1 and Table 2). Before matching, the Zosin Cohort was older, had fewer
males, and lower Charlson Comorbidity Index (CCI) scores than the Tamsulosin Cohort (9). Similarly, pre-matching, the
Zosin Cohort was older, had more males, and higher CCI scores than the Control Cohort.
PD Diagnoses during Follow-Up Period
As shown in Table 3, diagnoses of PD were observed more frequently in the Tamsulosin Cohort than the Zosin Cohort
(1.52% vs. 1.10%, respectively, all patients; p<0.0001), but they were also observed more frequently in the Tamsulosin
Cohort as compared with the Control Cohort (1.53% vs. 1.01%, respectively, all patients, p<0.001). The rate observed
here in the Control Cohort is consistent with that seen in other published studies (10).
The Zosin Cohort did not differ in PD risk from matched controls when examining the entire cohort (p = 0.29) or when
the analysis was restricted to those over 60 years of age (p = 0.60). In contrast, PD diagnoses were significantly more
frequent among the Tamsulosin Cohort (1.53%) as compared with the matched Control Cohort (1.01%; p<0.0001) and
the Zosin Cohort (1.10%; p < 0.0001), and this result held when analysis was restricted to those over the age of 60
(1.78% for tamsulosin vs. 1.24% for zosins, p < 0.0001; and vs. 1.19% for matched controls, p < 0.0001). There was some
evidence of an increased frequency of PD diagnoses in those under the age of 60 for individuals taking either tamsulosin
5
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(p = 0.0164) or a zosin (p = 0.0115) when compared to matched controls; however this result should be taken with

caution due to the small number of patients diagnoses with PD in this age group (n = 9 controls, 15 zosin, 23 tamsulosin).
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Cai et al., using the Truven database, investigated whether patients taking terazosin, alfuzosin, or doxazosin had similar
proportions of patients who developed PD as compared with a tamsulosin control group (3). Their finding that patients
taking a zosin medication had fewer PD diagnoses than those taking tamsulosin was significant, however their follow-up
time was less than 1 year. By extending follow-up to 5 years, the current study enables examination of PD diagnoses in
the longer term, which increases confidence in the diagnosis. Approximately 20% of diagnoses of PD are incorrect within
the first year, but this proportion decreases to near zero after a few years. Also, their study did not have a BPH
medication-free control group. Because our study included comparisons to matched control subjects, our results suggest
that zosins may not confer a protective effect against PD, as proposed by Cai et al., but rather that tamsulosin may in
some way potentiate neurodegeneration, in particular among patients over age 61.
This suggestion is supported by a database study by Duan et al. (6) which found the risk of dementia (not specifically in
association with PD) was higher among patients taking tamsulosin, as compared with a control cohort which took no
BPH medication as well as individual cohorts taking alternative BPH medications, including doxazosin, terazosin, and
alfuzosin, specifically among patients over 65 years of age. The finding was significant when analyses controlled for
comorbidity burden and use of chronic medications known to increase the risk of developing dementia. Thus, use of
tamsulosin appears to increase the risk of cognitive adverse effects, including the development of dementia, which may
not have been observed in a relatively short follow-up in clinical trials of tamsulosin or the study by Cai et al (3).
Limitations of the current study include matching only on age, gender, and CCI score. Although CCI was considered a
proxy for health conditions, it would be useful to match on specific conditions, lifestyle choices (such as smoking),
socioeconomic factors, and medications that are likely to affect the risk of developing PD. Furthermore, because the
drugs in this study are primarily prescribed for BPH, the cohort was almost entirely male and finding therefore can only
be applied to men Retrospective observational studies have limitations and claims data do not include all possible
outcomes variables permitting more in-depth analyses. The current study determined the risk of developing PD based
solely on diagnosis codes; coding may be subject to error and reimbursement bias as claims are not created for the
purposes of research, but for administration and billing. The results obtained are specific to patients with the type of
7
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insurance included; they may not be applicable to different populations. Importantly, this study points out that because
of these limitations in retrospective studies, careful attention to inclusion of all necessary control groups is essential to

correctly understand the implications of any results. Because findings such as these can influence the decisions made by
patients and their physicians concerning their care, it is critical that alternative interpretations are fully assessed.
This study challenges the notion that PGK1 may be a validated target for disease modification in PD and raises the
question as to the best choice for BPH medications for long-term use by elderly patients. A mechanism explaining the
differences we and others have observed on the association of tamsulosin use and neurodegeneration may be further
elucidated by longitudinal real-world evidence, controlling for more variables associated with risk of PD and dementia.
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Data Source
The Optum Research Database (ORD), Optum’s proprietary administrative claims research database composed of
pharmacy and medical claims. The ORD is a proprietary administrative claims research database, with de-identified and
HIPAA compliant medical and pharmacy claims data from 1993-present on more than 73 million lives. In 2018,
approximately 19% of the US commercially enrolled population, 21% of the Medicare Advantage population and 22% of
the Medicare Part D (with pharmacy claims only) populations were represented in the ORD.
Study Design
This was a retrospective observational study including claims data for the period January 1, 2010 to December 31, 2019
(study period). An index event was defined by the first prescription fill for an alpha blocker medication of interest for
BPH (terazosin, doxazosin, afluzosin, tamsulosin) during the identification period (see Supplemental Figure S1) January 1,
2011 to December 31, 2019. A baseline period of at least 12 months with continuous medical and pharmacy benefits
prior to the index event was set to identify any previous PD diagnosis or PD medication (DOPA decarboxylase/DA
precursor, dopamine agonists, MAO B inhibitors, COMT inhibitors, anticholinergics, adamantanes, adenosine A2a
agonists; see Supplemental Table S1). A follow-up period of at least 5 years of continuous medical and pharmacy
benefits post-index was used to assess PD diagnosis occurring after the initiation of treatment with the index
medication.
Study Sample
The study included commercially and Medicare Advantage Part-D (MAPD) insured patients (≥18 years of age) taking
medications of interest for BPH (terazosin, doxazosin, afluzosin, tamsulosin), who had no evidence of PD during the
baseline period. Three mutually exclusive cohorts were created based upon presence or absence of BPH medication of
interest, along with other criteria: the Zosin Cohort taking terazosin, doxazosin, or alfuzosin; the Tamsulosin Cohort,
which was only taking tamsulosin; and the Control Cohort, which was taking none of the 4 drugs of interest. For all
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cohorts, continuous enrollment with medical and pharmacy benefits for the entire study period, including 5 years of
follow-up, were required.

Patients were further included in the Zosin or Tamsulosin Cohorts by at least 2 prescription fills in the same year for a
zosin (terazosin, doxazosin, afluzosin) or tamsulosin. They were excluded by the presence of claims containing PD
diagnoses codes (ICD code 332 or G20) or 2 or more PD medication fills in the baseline period.
Patients were included in the Control Cohort with at least 1 prescription fill for any prescription, other than the 4 BPH
medications of interest during the study period. A random index date was chosen as a date of a prescription. They were
excluded by PD diagnosis codes (ICD code 332 or G20) or 2 or more PD medication fills in the baseline period, or fills for
terazosin, doxazosin, alfuzosin, or tamsulosin.
Measures/Outcomes
Patient characteristics were noted, including age as of the index date, gender, and Charlson Comorbidity Index (CCI)
score at index (9). Mean (± standard deviation [SD]) continuous age; n (%) male gender; and mean (SD) continuous CCI
score were compared. During the follow-up period, the number (%) of patients with PD diagnosis was identified by ICD9/10 codes 332 or G20 and compared between Zosin and Tamsulosin Cohorts, and between Zosin and Control Cohorts,
stratified by age group (all, 18-60 years, and 61+ years).
Analytical Methods
Randomization of Controls
From among the 2,151,212 patients identified as eligible controls, the SAS survey select procedure (8) was used for a
simple random sample. We stratified by the age group at index (18 to 50, 51 to 55, 56 to 60, 61 to 65, 66 to 70, 71 to 75,
76 to 80, 81+). For the sampling rate, we used the age group distribution of the Zosin Cohorts after matching to the
Tamsulosin Cohort. The final random sample of controls included 811,587 patients.
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Propensity score matching (PSM) was used to balance the cohorts on demographic and clinical differences including age
on index date, gender, and mean CCI score (7). A greedy match procedure provided 2 control matches per zosin
case. First, patients taking zosins were matched to patients taking tamsulosin. From that matching output, the zosinmatched patients were matched to randomized controls using the same criteria. For any cases without 2 controls, cases
and all corresponding controls were dropped.
Statistics
Statistical analyses were conducted comparing matched Zosin Cohort vs Control Cohort, Zosin vs. Tamsulosin Cohort,
and Tamsulosin vs. Control Cohort, with the SAS procedure, proc genmod, comparing patient characteristics used for the
PSM procedure (7,8). Cohorts were compared using Chi-square statistics for outcomes of PD diagnoses over the 5-year
minimum follow-up period; p<0.05 was considered significant.
Study Approval
Only completely de-identified data were accessed for this study and its conduct aligned with US Health Insurance
Portability and Accountability Act regulations. Thus, Institutional Review Board approval was neither obtained nor
sought.
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Figure 1. Initial Sample Selection and Attrition
A. Zosin and Tamsulosin Cohorts
Patients with ≥1 prescription fill for terazosin, toxazosin, alfuzosin, or
tamsulosin between 01January2011 and 31December2019.
N=3,596,650 (100%)

At least 2 distinct prescription fill dates within a year, with the first
fill date set as the index date.
n=2,617,456

Exclude patients with more than one generic zosin or tamsulosin
back to 2006 through the end of the study period.
n=2,277,854

Limit to patients >18 years of age, with medical and pharmacy
benefits at index
n=1,317,933

Limit to patients with 12 months’ continuous eligibility prior to the
index date
n=660,505

Exclude patients with PD diagnosis or 2 PD drugs on 2 different
dates during 12 months’ pre-index
n=640,958

B. Control Cohort
Patients with ≥1 prescription fill for any drug except a BPH drug
between 01January2011 and 31December2019. Index dates were
randomly assigned.
N=27,834,299 (100%)

Exclude patients with a diagnosis of PD or 2 PD drugs in the prior 12
months.
n=27,443,752

Limit to patients >18 years of age, with medical and pharmacy
benefits at index
n=20,980,296

Limit to patients with 12 months’ continuous eligibility prior to the
index date
n=11,363,218

Limit to patients with 60 months continuous eligibility after the
index date
n=2,151,212

Random sample of eligible controls
n=811,587

Limit to patients with at least 60 months continuous enrollment
in the follow-up period
Tamsulosin n=87,674
Zosins n=35,405
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Table 1. Age, sex, and comorbidity score distribution in Zosin to Tamsulosin Cohorts before and after propensity score
matching
Pre-Matching
Zosin
(N=35,405)
71.48 (9.53)

Tamsulosin
(N= 87,674)
69.78(10.55)

18 to 60

13.87 (4,912)

61 to 65

Post-Matching
Zosin
(N=22,690)
70.33 (9.92)

Tamsulosin
(N= 45,380)
70.33 (9.92)

18.84 (16,515)

17.08 (3,876)

17.08 (7,752)

6.06 (2,147)

6.54 (5,734)

6.74 (1,529)

6.74 (3,058)

66 to 70

18.97 (6,715)

20.17 (17,681)

19.94 (4,524)

19.94 (9,048)

71 to 75

21.01 (7,438)

21.28 (18,654)

20.45 (4,641)

20.45 (9,282)

76 to 80

18.74 (6,636)

16.00 (14,031)

18.22 (4,134)

18.22 (8,268)

81+

21.34(7,557)

17.18 (15,059)

17.57 (3,986)

17.57 (7,972)

Age
Mean
(SD)
Age Group, Years % (N)

Std
Diff %
16.97

P
<.0001

Std Diff %

P

0.00

1.000

Male, %
78.37 (27,747)
(n)
CCI
score,
1.095 (1.491)
mean
(SD)
CCI score categories, % (n)

96.38 (84,499)

-56.33

<.0001

98.83 (22,424)

98.83 (44,848)

0.00

1.000

1.139 (1.573)

-2.85

<.0001

1.000 (1.399)

1.000 (1.399)

0.00

1.000

0-1

73.83 (26,138)

71.76 (62,915)

71.11 (16,134)

71.11 (32,268)

2 to 3

19.62 (6,945)

20.81 (18,245)

22.41 (5,084)

22.41 (10,168)

4 to 5

5.04 (1,784)

5.44 (4,772)

5.12 (1,161)

5.12 (2,322)

≥6

1.52 (538)

1.99 (1,742)

1.37 (311)

1.37 (622)
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Table 2. Characteristics of patients comparing Zosin to Control Cohorts before and after PSM
Pre-Matching
Zosin
(N=35,405)
Age Mean (SD)

71.48 (9.53)

Control
(N=811,587)
70.43 (11.23)

Post-Matching
Std
Diff %
10.08

P
<.0001

Zosin
(N=22,690)

Control
(N=45,380)

70.33 (9.92)

70.33 (9.92)

Std Diff %

P

0.00

1.000

Age Group, Years % (N)
18 to 60

13.87 (4,912)

16.53 (134,152)

17.08 (3,876)

17.08 (7,752)

61 to 65

6.06 (2,147)

6.67 (54,167)

6.74 (1,529)

6.74 (3,058)

66 to 70

18.97 (6,715)

19.23 (156,043)

19.94 (4,524)

19.94 (9,048)

71 to 75

21.01 (7,438)

20.21 (164,048)

20.45 (4,641)

20.45 (9,282)

76 to 80

18.74 (6,636)

17.03 (138,247)

18.22 (4,134)

18.22 (8,268)

81+

21.34(7,557)

20.32 (164,930)

17.57 (3,986)

17.57 (7,972)

% Male

78.37 (27,747)

31.17 (252,952)

107.72

<.0001

98.83 (22,424)

98.83 (44,848)

0.00

1.000

CCI score, mean
(SD)

1.095 (1.491)

0.837 (1.345)

18.16

<.0001

1.000 (1.399)

1.000 (1.399)

0.00

1.000

CCI score categories, % (n)
0-1

73.83 (26,138)

79.38 (644,266)

71.11 (16,134)

71.11 (32,268)

2 to 3

19.62 (6,945)

16.15 (131,062)

22.41 (5,084)

22.41 (10,168)

4 to 5

5.04 (1,784)

3.24 (26,300)

5.12 (1,161)

5.12 (2,322)

≥6

1.52 (538)

1.23 (9,959)

1.37 (311)

1.37 (622)

16

Table 3. Proportion of Cohorts with PD Diagnosis

Age Groups

All Patients
Age 18 - 60
Age 61+

Zosin Cohort
(n=22,690)
Total Patients

With PD, n(%)

22,690
3,876
18,814

249 (1.10)
15 (0.39)
234 (1.24)

Tamsulosin Cohort (n=45,380)
Age Groups
All Patients
Age 18 - 60
Age 61+

Age Groups
All Patients
Age 18 - 60
Age 61+
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Control Cohort
(n=45,380)
Total
Patients
45,380
7,752
37,628

Control Cohort
(n=45,380)

Total Patients

With PD, n(%)

Total Patients

45,380
7,752
37,628

693 (1.53)
23 (0.30)
670 (1.78)

45,380
7,752
37,628

Tamsulosin Cohort
(n=45,380)
Total
Patients
45,380
7,752
37,628

With PD,
n(%)
693 (1.53)
23 (0.30)
670 (1.78)

With PD,
n(%)
458 (1.01)
9 (0.12)
449 (1.19)

With PD,
n(%)
458 (1.01)
9 (0.12)
449 (1.19)

Zosin Cohort (n=22,690)
Total Patients
22,690
3,876
18,814

With PD,
n(%)
249 (1.10)
15 (0.39)
234 (1.24)

Zosin: Control Comparison
ChiSq

p Value

1.13
6.39
0.27

0.2878
0.0115
0.6047

Tamsulosin: Control
Comparison
ChiSq

p Value

48.66
5.76
44.36

<.0001
0.0164
<.0001

Tamsulosin: Zosin
Comparison
ChiSq

p Value

22.62
0.58
25.57

<.0001
0.4477
<.0001
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Supplemental Table S1. Medications of Interest
Medication class (USC class level)
BPH medications
Alpha blockers
PD medications
DOPA decarboxylase inhibitor/ DA precursor
Dopamine agonists
MAO B inhibitors
COMT inhibitors
Anticholinergics
Adamantanes
Adenosine A2a antagonists

Medication (generic)
terazosin, doxazosin, afluzosin, tamsulosin
levodopa, carbidopa, carbidopa-levodopa
pramipexole, ropinirole, rotigotine, apomorphine, bromocriptine mesylate
selegiline, rasagiline mesylate, safinamide mesylate
entacopone, tolcapone, carbidopa-levodopa-entacapone
trihexyphenidyl, benztropine
amantadine
istradefylline

Note. COMT=catechol O-methyltransferase; DA=dopamine agonist; DOPA=dihydroxyphenylalanine; MAO=monoamine oxidase;
PD=Parkinson disease

Supplemental Figure S1. Study Design

Index Date Identification Period

January 1, 2010 January 1, 2011

Hypothetical Patient Observation Period

August 1, 2013

July 31, 2014
Index Date*

12-Month
Baseline

December 31, 2019

August 1, 2019

5-Year
Follow-up Period
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