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Abstract.
Background: Impaired glucose and energy metabolism has been suggested as a pathogenic mechanism underlying Parkin-
son’s disease (PD). In recent cohorts, phosphoglycerate kinase 1 activators (PGK1a) have been associated with a lower
incidence of PD when compared with other antiprostatic agents that do not activate PGK1.
Objective: We aimed to perform a systematic review and meta-analysis comparing the incidence of PD in patients taking
PGK1a versus tamsulosin.
Methods: We searched PubMed, Embase, and Cochrane Library for studies comparing PGK1a vs. tamsulosin in adults and
elderly. The primary outcome was the incidence of PD. We computed hazard ratios (HR) for binary endpoints, with 95%
confidence intervals (CIs). Statistical analysis was performed using Review Manager 5.4 and R (version 4.3.1).
Results: A total of 678,433 participants from four cohort studies were included, of whom 287,080 (42.3%) received PGK1a.
Mean age ranged from 62 to 74.7 years and nearly all patients were male. Patients taking PGK1a had a lower incidence
of PD (PGK1a 1.04% vs. tamsulosin 1.31%; HR 0.80; 95% CI 0.71–0.90; p < 0.01). This result remained consistent in a
sensitivity analysis excluding patients of age 60 years old or younger (PGK1a 1.21% vs. tamsulosin 1.42%; HR 0.82; 95%
CI 0.71–0.95; p < 0.01).
Conclusions: Glycolysis-enhancing drugs are associated with a lower incidence of PD when compared with tamsu-
losin in adults and elderly individuals with prostatic disease in use of alpha-blockers. Our findings support the notion of
glycolysis as a potential neuroprotective mechanism in PD. Future investigations with randomized controlled trials are needed.

Plain Language Summary
It has been suggested that impairment in glucose and energy metabolism is one of the mechanisms underlying the development
of Parkinson’s disease. In recent studies, medications traditionally prescribed for prostate diseases, called phosphoglycerate
kinase 1 activators (PGK1a), have been associated with a lower incidence of Parkinson’s disease when compared to other
medications for the same purpose that do not activate the same energetic pathway. Therefore, we thoroughly reviewed the
literature and combined the results of studies that compared both medications (PGK1a versus another medication that does
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not activate this energetic pathway, called tamsulosin), evaluating the incidence of Parkinson’s disease in both groups. We
included a total of 678,433 individuals, of whom 42.3% received PGK1a and 57.7% received tamsulosin. In our analysis,
patients taking PGK1a had a lower incidence of Parkinson’s disease when compared to the other group, even when we
excluded patients younger than 60 years of age. As a result, our findings support the notion that the increase of energy
metabolism is a potential neuroprotective mechanism in Parkinson’s disease and future investigations are needed.
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INTRODUCTION

Parkinson’s disease (PD) is one of the most com-
mon neurodegenerative disorders in the world, with
an estimated prevalence of 8.5 million individuals
worldwide and 572 per 100,000 individuals ≥45
years in North America.1,2 Although the exact dis-
ease mechanism remains uncertain, recent evidence
from animal models has suggested that impaired
glucose and energy metabolism might be one of
the pathogenic mechanisms involved in PD, with
attenuated disease progression and cognitive symp-
toms in models who received glycolysis-enhancing
drugs, such as terazosin (TZ).3,4 A possible explana-
tion includes the restoration of tyrosine hydroxylase
enzyme activity, with increased levels of dopamine
in the substantia nigra and striatum.3

TZ is an alpha-1 adrenergic receptor antagonist
(alpha-blocker) commonly prescribed for the treat-
ment of benign prostatic hyperplasia (BPH) and,
less frequently, hypertension. Recent studies have
shown that TZ also acts on phosphoglycerate kinase
1 (PGK1) activity, increasing the product of gly-
colysis and, therefore, adenosine triphosphate (ATP)
concentration.5 Alfuzosin (AZ) and doxazosin (DZ)
are also PGK1 activators (PGK1a) with a similar
mechanism of action. On the other hand, tamsulosin is
an alpha-1 blocker consisting of a structure that lacks
a quinazoline group that binds to PGK1. Therefore,
this drug has been used as a control group in cohort
studies investigating the incidence of PD in patients
with BPH.3,6–9

Some retrospective studies have shown a lower
incidence of PD in patients using PGK1a medica-
tions when compared with tamsulosin.3,7 Moreover,
a recent double-blind randomized pilot study demon-
strated increased ATP levels in the brain and serum of
patients receiving TZ.10 In contrast, a recent cohort
study from 2021 found a higher incidence of PD
in tamsulosin users when compared with patients
taking PGK1a and matched controls not taking any
antiprostatic medication.8 This last study raises the

concern that tamsulosin could induce neurodegen-
eration, instead of a potential neuroprotective effect
of PGK1a. Contrary to all these studies, a large
cohort also published in 2021 found a reduction
in the incidence of PD in patients with cumulative
exposure to either PGK1a and tamsulosin com-
pared with matched controls.9 To validate tamsulosin
as a comparison group, a 2022 cohort compared
patients taking PGK1a to both tamsulosin and 5-
alpha-reductase inhibitors. This study found a lower
incidence of PD in patients taking PGK1a when com-
pared to both groups.7

Therefore, given the controversy in the literature
regarding the neuroprotection of alpha-1 adrenergic
receptor antagonists and reduction of PD incidence,
we aimed to perform a meta-analysis to compare the
incidence of PD in patients using PGK1a versus tam-
sulosin.

MATERIALS AND METHODS

This systematic review and meta-analysis was per-
formed and reported in accordance with the Cochrane
Collaboration Handbook for Systematic Review of
Interventions and the Preferred Reporting Items for
Systematic Review and Meta-Analysis (PRISMA)
Statement guidelines.11,12 The prospective meta-
analysis protocol was registered on PROSPERO on
June 12, 2023, under protocol CRD42023431769.

Study eligibility

Inclusion in the meta-analysis was restricted to
studies that met all the following eligibility criteria: 1)
randomized clinical trials (RCTs) or nonrandomized
cohorts; 2) enrolling patients without PD; 3) com-
paring PGK1a (TZ/AZ/DZ) with tamsulosin; and 4)
reporting the incidence of PD in both groups. Exclu-
sion criteria included: 1) participants with a prior
diagnosis or symptoms of PD; 2) studies with no
description of PD incidence after the use of PGK1a;
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or 3) studies with overlapping populations. In the spe-
cific case of overlapping populations, only the report
with the highest number of patients was included.

Search strategy and data extraction

PubMed, Embase, and Cochrane Library were
systematically searched from inception to August
1, 2023. Additional details regarding the search
strategy are detailed in Supplementary Table 1A.
References from all included studies and previous
systematic reviews were also searched manually for
any additional studies. Two authors (G.R. and F.R.)
independently extracted data following predefined
search criteria.

Endpoint and subgroup analyses

The primary outcome of interest was the incidence
of PD. Definitions of PD varied between studies,
including International Classification of Diseases
(ICD) and dispensing events for anti-PD medica-
tions. We performed a prespecified subgroup analysis
restricted to patients aged 61 or older.

Risk of bias and quality assessment

Studies were assessed with the Risk of Bias in
Non-randomized Studies of Interventions (ROBINS-
I) tool.13 Certainty of evidence was assessed by the
Grading of Recommendations, Assessment, Devel-
opment, and Evaluations (GRADE) framework.14

Two independent authors completed the tasks (G.R.
and F.R.). Disagreements were resolved through a
consensus after discussing reasons for discrepancy.

Statistical analysis

Hazard-ratios (HR) with 95% confidence inter-
vals (CI) were computed to compare intervention
effects for categorical endpoints. To minimize
the risk of confounding, we used multivariable
adjusted data, when available. Heterogeneity was
evaluated with I2 statistics and Cochran Q test;
p-values < 0.10 and I2 > 40% were considered sig-
nificant for heterogeneity. Restricted Maximum
Likelihood (REML) methodology was used. Review
Manager 5.4 (Cochrane Center, The Cochrane
Collaboration, Denmark) and R version 4.3.1 (R
Foundation for Statistical Computing) were used for
statistical analysis.

RESULTS

Study selection and characteristics

The initial search yielded 9,275 results (Fig. 1).
After removal of duplicate records and ineligible
studies, five remained and were fully reviewed based
on inclusion criteria (Supplementary Table 1B).3,6–9

One study was excluded due to overlapping
population.3 The Truven cohort from Simmer-
ing 2021 was also excluded due to overlapping
population.7 Four prospective cohort studies were
included, comprising 678,433 patients.6–9

A total of 287,080 (42.3%) patients received
PGK1a (TZ/DZ/AZ), and 391,353 (57.6%) received
tamsulosin. The mean age ranged from 62–74.74
years and the minimum follow-up time was a median
of 45 months. Patients were mostly male (99.9%).
Study characteristics are reported in Table 1.

The diagnosis of PD was made by using the Inter-
national Classification of Diseases (ICD) codes on
all cohorts. Two studies added dispensing events
for anti-PD medications as an additional method for
diagnosis.6,7 Three of four studies reported multivari-
able adjusted data, whereas one study only provided
unadjusted results.

Pooled analysis of all studies

Compared with tamsulosin, patients who received
PGK1a (TZ/DZ/AZ) had a lower incidence of PD dur-
ing follow-up (PGK1a 1.04% vs. tamsulosin 1.31%;
HR 0.80; 95% CI 0.71–0.90; p < 0.01; I2 = 84%;
Fig. 2A). In a subanalysis excluding patients 60
years of age or younger, patients who received
PGK1a (TZ/DZ/AZ) also had a lower incidence of
PD (PGK1a 1.21% vs. tamsulosin 1.42%; HR 0.82;
95% CI 0.71–0.95; p < 0.01; I2 = 78%; Fig. 2B). The
incidence of PD was slightly higher in this older sub-
group, as expected.

Quality assessment

Risk of bias was assessed by the ROBINS-I tool.
No study was considered at high risk of bias (Sup-
plementary Table 1C). Certainty of evidence was
deemed moderate overall, as per GRADE (Sup-
plementary Table 1D).14 Analysis of funnel plots
showed no evidence of publication bias, although
this analysis has limited sensitivity in the setting of
a low number of included studies (Supplementary
Table 1E).
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Fig. 1. PRISMA flow diagram of study screening and selection.

Table 1
Baseline characteristics of included studies

Study Design Country of database Number of patients Age∗
TZ/AZ/DZ Tamsulosin TZ/AZ/DZ Tamsulosin

Sasane 20218 Retrospective cohort USA 22,690 45,380 70.3 (9.9) 70.3 (9.9)
Gros 20219 Retrospective cohort Canada 92,081 173,664 74.2 (6.5) 74.7 (6.9)
Simmering 20217 Retrospective cohort Denmark 52,365 52,365 67.9 (10.4) 67.9 (10.4)
Simmering 20226 Retrospective cohort USA 119,944 119,944 62 (55–70) 62 (55–70)
Study Males, % Follow-up, months

TZ/AZ/DZ Tamsulosin TZ/AZ/DZ Tamsulosin
Sasane 20218 98.8 98.8 ≥60 ≥60
Gros 20219 100 100 45 (15–89) 50 (28–86)
Simmering 20217 100 100 59.9 (27.5–105.8) 64.2 (29.9–112.1)
Simmering 20226 100 100 ≥120 ≥120

AZ, alfuzosin; DZ, doxazosin; TZ, terazosin; USA, United States of America. ∗Values are: mean (SD) or median and interquartile range.
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Fig. 2A. PD incidence was significantly lower in patients who received PGK1a.

Fig. 2B. PD incidence was lower in patients who received PGK1a in a subanalysis excluding patients 60 years old or younger.

DISCUSSION

In this systematic review and meta-analysis of
four studies and 678,433 patients, we compared
the incidence of PD in individuals who received
PGK1a versus tamsulosin. We found that patients
who received PGK1a (TZ/DZ/AZ) had a 20% rela-
tive reduction in the incidence of PD during a median
follow-up of at least 45 months, with a consistent
result among patients age 61 or older. To the best of
our knowledge, this is the first meta-analysis eval-
uating the risk of PD in participants using PGK1a
agents.

There is no consensus in the literature regarding the
potential neuroprotection related to alpha-blockers.
Hypothesized mechanisms include PGK1 activation
and/or alpha-1 adrenergic receptor antagonism. Only
the latter is an effect of tamsulosin.15 TZ and analogs,
including AZ and DZ, increase intracellular ATP
content and decrease reactive oxygen species (ROS)
through PGK1 activation.16 Neuroprotection in PD
remains a topic of interest with several new potential
drugs in the pipeline.

The potential neuroprotective effect of alpha
blockers may also be a function of time and cumu-
lative exposure to PGK1 or tamsulosin, as recently

described by Gros et al.9 To preserve the effect of
time in our analyses, we utilized the hazard as a mea-
sure of association and used the results for the longest
time of follow-up available in each of the individual
studies.

Our findings are in agreement with a previous
study published by Cai et al.,3 who also observed
slower disease progression in individuals with PD
taking TZ/AZ/DZ. A subsequent cohort published by
Sasane et al. described a higher incidence of PD in
tamsulosin users when compared with PGK1a; how-
ever, a higher incidence of PD was also noticed when
compared with matched controls not taking prostatic
medications.7 A subsequent cohort published by Sim-
mering et al. also observed a lower incidence of PD in
patients taking PGK1a when compared with 5-alpha-
reductase inhibitors.6 Our findings corroborate this
data and are highly suggestive of a potential neuro-
protection by glycolysis-enhancing drugs.

In contrast to a regular review, the rigorous method-
ology of the systematic search provided a thorough
assessment of current literature and the pooled
analysis yielded quantitative data with statistical sig-
nificance. However, our study has several limitations.
First, the observational nature of the data is subject
to confounding factors. To minimize the effect of
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confounding, we used multivariable adjusted data for
studies wherein the data was available. Nevertheless,
we cannot exclude the possibility of residual con-
founding. For instance, patients with prodromal PD
and orthostatic hypotension may be over-represented
in the tamsulosin group. Second, due to the case
definition for PD, we cannot exclude the possibil-
ity of incorrect adjudication of atypical parkinsonism
as PD. Third, due to the limited number of stud-
ies, we could not perform advanced analyses, such
as meta-regression to explore potential reasons for
heterogeneity. And, finally, generalizability to popu-
lations beyond male sex (99.9%) and North America
(84.5%) is limited due to the predominant inclusion
of these patient groups.

In this meta-analysis evaluating more than 670,000
adults and elderly individuals, the use of glycolysis-
enhancing drugs, such as TZ, AZ, and DZ was
associated with a lower incidence of PD when com-
pared with tamsulosin. The underlying mechanism
may relate to the neuroprotective effects of glycol-
ysis, although this remains to be determined. Future
randomized controlled trials in large and diverse pop-
ulations are warranted to support these findings, and
further explore the role of neuroprotective agents in
PD.
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