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SCIENTIFIC COMMENTARY

Are phosphodiesterase Type 5 inhibitors 
potential therapies for Alzheimer’s disease 
and related dementias?
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This scientific commentary refers to 
‘No association between initiation of 
phosphodiesterase-5 inhibitors and risk 
of incident Alzheimer’s disease and re-
lated dementia: results from the Drug 
Repurposing for Effective Alzheimer’s 
Medicines (DREAM) study’ by 
Desai et al. (https://doi.org/10.1093/ 
braincomms/fcac247) in Brain 
Communications.

Drug treatments to prevent or treat 
dementia are urgently needed. 
Existing drug treatments such as acet-
ylcholinesterase inhibitors do not 
stop the disease from getting worse 
and only treat symptoms temporarily 
for a subset of patients. As the path-
ology underlying dementia begins dec-
ades before symptoms appear, and has 
numerous modifiable risk factors, this 
provides a window of opportunity to 
intervene through repurposing exist-
ing drugs known to be effective for 
these mechanisms.1 Existing medica-
tions approved to treat other health 
conditions have been shown to modify 
some dementia-related risk factors 
such as high blood pressure and dia-
betes. Repurposing is a highly cost- 
effective strategy for developing new 
treatments, as it does not involve the 
cost and safety concerns associated 
with trialling a new compound.2

However, the repurposing of drugs 
for dementia is not without its critics. 
There are concerns about the validity 
of results due to the discordance be-
tween observational research studies 
and importantly discordance with 

randomized control trials. Much of 
this can be put down to limitations in 
observational data such as heterogen-
eity of populations and failure to ad-
dress biases (e.g. reverse causation and 
confounding) as well as a lack of tri-
angulation from different types of 
methods, studies and data.

In this issue of Brain 
Communications, Desai and colleagues3

undertook an extensive analytical ap-
proach to investigate if phosphodiester-
ase type 5 (PDE-5) inhibitors (sildenafil 
and tadalafil) could be potential therap-
ies for Alzheimer’s disease and related 
dementias (ADRD). The study triangu-
lated evidence from medical records, 
comparing PDE-5 users versus endothe-
lin receptor antagonists’ users in patients 
with pulmonary arterial hypertension, 
as well as testing the impact of sildenafil 
on cell culture based phenotypic assays 
for a variety of endophenotypes related 
to Alzheimer’s disease such as tau phos-
phorylation and amyloid-β. The study 
showed that PDE-5 inhibitors were not 
associated with ADRD risk in observa-
tional analysis and sildenafil did not 
ameliorate abnormalities relevant to 
Alzheimer’s disease in most cell cul-
ture–based phenotypic assays although 
did appear to have slight anti- 
inflammatory effects.

Phosphodiesterase type 5 inhibitors 
are marketed for the treatment of 
erectile dysfunction and arterial pul-
monary arterial hypertension due to 
their vasodilatory properties. 
Evidence from cell and animal studies 

suggest PDE-5 inhibitors have poten-
tial benefits for neuroprotection.4

One study has indicated that sildenafil 
is associated with a 69% reduction in 
Alzheimer’s disease risk and showed 
using induced pluripotent stem cells 
from patients with Alzheimer’s dis-
ease, sildenafil increased neurite 
growth and decreased phospho-tau ex-
pression.5 A recent clinical study has 
shown tadalafil does not increase cere-
bral blood flow in older people with 
symptomatic small vessel disease, the 
main cause of vascular cognitive 
impairment.6

The study by Desai et al.3 contra-
dicts the study by Fang et al.5 by show-
ing no beneficial effects of PDE-5 
inhibitors with ADRD risk. However, 
there are differences in how the study 
was conducted, what biases were ad-
dressed and therefore how the results 
can be interpreted. The main issue 
with pharmacoepidemiological studies 
is making clear the population of pa-
tients you are studying and what 
groups of patients you are comparing 
as this is important in how you can in-
terpret the results. Desai et al.3 focused 
on a population of patients with pul-
monary arterial hypertension and 
compared users of PDE-5 inhibitors 
with users of endothelin receptor an-
tagonists, whereas Fang et al.5 com-
pared users of sildenafil versus 
nonusers as well as comparing with 
users taking medications for cardiome-
tabolic disease. Differences in study 
designs and failure to address or 
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minimize biases can lead to incorrect 
conclusions and poor-quality evidence 
for regulatory and clinical practice. 
Therefore, it is important to address 
or minimize biases with suitable study 
designs and carry out additional ana-
lysis that can test the robustness of 
findings as shown by Desai et al.3

who carried out four main analyses 
(as well as subgroup analyses) to test 
for different biases such as informative 
censoring, reverse causality and out-
come misclassification. Furthermore, 
carrying out analyses in multiple data-
bases from different countries and dif-
ferent healthcare systems could also be 
a practical approach to increase confi-
dence in results and potentially detect 
any biases.

Other biases such as residual con-
founding can be tested using negative 
control outcome analysis which could 
also be implemented.7 Negative con-
trols are known conditions, proce-
dures, medications that have no 
relationship between PDE-5 inhibitors 
and ADRD. If negative controls have 
an association with ADRD this implies 
there is residual confounding which 
might affect the results and interpret-
ation. In addition to these biases, con-
founding by indication is one the main 
sources of bias in comparative effect-
iveness studies and its importance is 
not well appreciated. It is where the 
clinical indication or severity of dis-
ease influences treatment and is an in-
dependent risk factor for the study 
outcome. One method to minimize 
confounding by indication is to restrict 
the study population in a study to a 
single indication.8 For Desai et al.,3

the authors restricted the study popu-
lation to a single indication of patients 
with pulmonary arterial hypertension. 
The lack of restriction to a single indi-
cation by Fang et al.5 potentially ex-
plains the large beneficial effects of 
sildenafil in this study. One issue with 
restriction for rarer diseases such as 
pulmonary arterial hypertension is 
the reduction in sample size and gener-
alizability, as patients with pulmonary 
arterial hypertension have higher car-
diometabolic comorbidities and may 
not be representative of individuals at 
risk for ADRD as pointed out by the 

current study. Further considerations 
adopted by Desai et al.3 are the im-
portance of transparency and reprodu-
cibility with study design and analyses. 
The publication or registration detail-
ing the study design and statistical ana-
lysis plan should be common practice 
before the study is carried out to en-
sure transparency and reduce publica-
tion bias.

The use of cell culture–based pheno-
typic assays can help understand po-
tential mechanistic insights regarding 
the impact of how a drug works to 
ameliorate Alzheimer’s disease and re-
lated phenotypes such as amyloid-β, 
neuroinflammation and tau phosphor-
ylation. Careful consideration of the 
dosages used for these assays so they 
reflect dosages that are clinically 
meaningful will be crucial. It is import-
ant to note that currently, most cell 
culture–based assays cannot precisely 
replicate human pathophysiology but 
despite this have vastly increased our 
understanding. Newer cell-based mod-
els are being developed that consider 
multiple cell types and other biological 
processes which will help increase un-
derstanding of how potential drug 
candidates work against Alzheimer’s 
disease endophenotypes and related 
pathologies.9

The clinical implications of this 
work and its context are important to 
recognize. This work showed in pa-
tients with pulmonary arterial hyper-
tension, users of PDE-5 inhibitors 
compared to user’s endothelin receptor 
antagonists do not have a difference in 
ADRD risk as well as cell-based assays 
not showing amelioration of certain 
Alzheimer’s disease pathologies. It is 
difficult using observational data to de-
termine if PDE-5 inhibitors versus 
nonusers decrease dementia risk due 
to the risk of confounding by indica-
tion and other biases. However, with 
the recent explosion in the availability 
of large-scale genetic association data, 
methods such as Mendelian random-
ization could allow the elucidation of 
causal relationships between different 
diseases and drug treatments and will 
be important (if plausible) for triangu-
lation of evidence to strengthen these 
findings.10

The work of Desai et al.3 presents an 
important approach for evaluating the 
potential benefits of candidate drugs 
already on the market in dementia re-
search. It carries out robust analyses 
lacking in many other studies as well 
as using cell-based assays to triangu-
late evidence and support their results. 
The triangulation of evidence by utiliz-
ing both real world data and labora-
tory work helps to provide solid 
grounds as basis for reliable conclu-
sions. Furthermore, the current work 
poses further questions for future re-
search including the impact of blood– 
brain barrier penetrating ability, the 
potential use of genetics and highlights 
the need for other researchers to adopt 
these transparent and robust analyses 
for drug repurposing studies for 
dementia.
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