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Abstract

Background: Allopurinol is widely prescribed for the management of gout and hyperuricemia through inhibition of xanthine oxidase. While uric acid
possesses antioxidant properties, xanthine oxidase activity contributes to oxidative stress, raising uncertainty regarding the long-term cognitive effects of
allopurinol therapy. The association between chronic allopurinol use and dementia risk remains unclear.

This updated meta-analysis aimed to evaluate the association between long-term allopurinol exposure and the risk of incident dementia in patients with
gout or hyperuricemia.

Methods: This systematic review and meta-analysis was conducted and reported in line with PRISMA reporting principles. PubMed, MEDLINE, and the
Cochrane Library were systematically searched for observational studies published between January 2015 and August 2024. Study quality was assessed
using the Newcastle—Ottawa Scale. Adjusted hazard ratios (HRs) derived from time-to-event analyses were prespecified as the primary effect measure,
reflecting longitudinal dementia risk, while adjusted odds ratios (ORs) were analyzed separately as a secondary outcome. Meta-analyses were performed
using a random-effects model in Review Manager (RevMan) version 5.4.

Results: Nine studies met the inclusion criteria, comprising cohort, case-control, and nested case-control designs. In the primary HR-based meta-analysis,
long-term allopurinol use was not associated with an increased risk of dementia, with substantial heterogeneity observed. Sensitivity analyses excluding
one influential cohort study demonstrated a statistically significant reduction in incident dementia, with reduced heterogeneity. Across individual studies,
most effect estimates were below unity, suggesting a neutral-to-potentially protective association. OR-based analyses were limited in number and showed
no consistent association.

Conclusion: Current evidence indicates that long-term allopurinol therapy is associated with a reduced incidence of dementia in populations, as suggested
by sensitivity analyses. These findings support the cognitive safety of allopurinol in routine clinical practice and demonstrate the value of pharmacist-led
medication review and longitudinal monitoring. Further well-designed prospective studies are warranted to clarify causality and identify subgroups most
likely to benefit.
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INTRODUCTION

Gout is a metabolic disorder characterized by elevated serum
uric acid (SUA) levels and is increasingly associated with
cardiovascular morbidity and cognitive impairment®. SUA
has antioxidant properties that could theoretically protect
the brain?3, but its link to dementia is still up for debate.
Epidemiological studies have reported conflicting findings, with
some suggesting that higher SUA levels are associated with a
lower risk of dementia®4, while others link hyperuricemia to
accelerated cognitive decline and neurodegeneration>®. These
inconsistencies emphasize the need to clarify whether dementia
risk is driven by uric acid itself or by its pharmacological

Ahmed Alturqi Alenezi. Department of Clinical
Pharmacology, Faculty of Medicine, King Abdulaziz
University, Jeddah, Saudi Arabia. aalenezi0046@stu.kau.
edu.sa

Mai A. Alim A. Sattar Ahmad. Department of Clinical
Pharmacology, Faculty of Medicine, King Abdulaziz
University, Jeddah, Saudi Arabia. maiahmad@kau.edu.sa
Ibrahim M. Ibrahim. Department of Clinical Pharmacology,
Faculty of Medicine, King Abdulaziz University, Jeddah,
Saudi Arabia. imibrahiml@kau.edu.sa

modulation.

Allopurinol, a xanthine oxidase inhibitor widely prescribed
for gout and hyperuricemia, effectively lowers SUA
concentrations’. However, its long-term cognitive effects are
not well defined. From a mechanistic perspective, allopurinol
may influence dementia risk through competing pathways:
on one hand, lowering SUA could attenuate endogenous
antioxidant defenses; on the other, inhibition of xanthine
oxidase may reduce oxidative stress and neuroinflammatory
signaling implicated in neurodegenerative processes®®. Clinical
evidence remains inconsistent, with some observational
studies reporting increased dementia risk among long-term
allopurinol users?®, while others describe neutral or potentially
protective associations''?, Resolving these discrepancies is
essential for informed clinical decision-making.

Dementia represents a growing global health challenge. Global
Burden of Disease estimates suggest that approximately 55
million people are living with dementia, and prevalence is
projected to rise substantially by 2050, Alzheimer’s disease
and vascular dementia, the most common subtypes, arise
from complex interactions involving oxidative stress, metabolic
dysregulation, vascular pathology, and genetic susceptibility®*.
Identification of modifiable risk factors, including commonly
prescribed medications such as allopurinol, is therefore of
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major public health relevance.

Despite the established efficacy of allopurinol in gout
management®, its dual biological effects complicate long-term
risk—benefit assessment. While SUA reduction may theoretically
weaken antioxidant capacity, xanthine oxidase inhibition
may mitigate oxidative injury and vascular dysfunction®®.
Existing meta-analyses addressing urate-lowering therapy and
cognitive outcomes are limited by narrow scope, small sample
sizes, heterogeneous outcome definitions, and incomplete
adjustment for confounders such as age, comorbidity burden,
treatment duration, and renal function'’-?, Moreover, several
large population-based studies published in recent years have
not been comprehensively synthesized, leaving uncertainty
regarding the cognitive safety of long-term allopurinol therapy.

Relevance to pharmacy practice: In routine clinical care,
allopurinol is frequently initiated and continued for prolonged
periods, particularly among older adults with multimorbidity,
including chronic kidney disease (CKD), cardiovascular disease,
diabetes, and polypharmacy. Pharmacists play a central role
in comprehensive medication reviews (CMRs) and medication
therapy management (MTM), supporting adherence, titrating
doses toward serum urate targets, monitoring safety, and
coordinating dose adjustments with prescribers. Clarifying
whether long-term allopurinol exposure is associated with
incident dementia therefore has direct implications for
pharmacy practice, including cognitive monitoring during
follow-up, informed risk—benefit discussions, and dose
optimization in vulnerable populations.

This study is framed as a pharmacoepidemiologic drug-safety
meta-analysis evaluating unintended cognitive outcomes
associated with chronic therapy. We systematically examined
the association between long-term allopurinol use and
incident dementia, prioritizing dementia onset as a time-to-
event outcome. Accordingly, adjusted hazard ratios (HRs)
were prespecified as the primary effect measure, as they
capture both the occurrence and timing of dementia and are
particularly relevant for pharmacists involved in longitudinal
medication monitoring. Secondary analyses based on odds
ratios (ORs) were considered separately when time-to-event
estimates were unavailable.

The objectives of this meta-analysis were to:

o Assesswhetherallopurinol use is associated with increased
or decreased dementia incidence among patients with
gout or hyperuricemia.

e Explore potential mechanisms distinguishing effects
related to SUA reduction from direct pharmacological
actions of xanthine oxidase inhibition.

e Identify subgroups that may experience differential effects,
including older adults, patients with higher doses or longer
treatment duration, and region-specific populations.

By synthesizing contemporary observational evidence, this
study aims to clarify the cognitive safety profile of long-term
allopurinol therapy and to inform medication management
strategies for patients with gout who are at risk of dementia.

METHODS

This systematic review and meta-analysis was conducted
and reported in line with PRISMA reporting principles. As
the analysis used previously published, de-identified data,
additional ethical approval was not required. Observational
designs (cohort, case-control, and nested case-control) were
eligible because they address the same clinical question in
comparable populations; however, effect measures were
not pooled across designs when they were not comparable.
Specifically, adjusted hazard ratios (HRs) from time-to-event
models were prespecified for the primary meta-analysis,
while adjusted odds ratios (ORs) from case-control or nested
case-control studies were analyzed separately to avoid effect-
measure mismatch. Where heterogeneity was expected,
random-effects models were applied, and prespecified
subgroup and sensitivity analyses were used to explore sources
of variability?2.

PICO Framework

What are the long-term implications of allopurinol treatment
on dementia risk in patients with gout or hyperuricemia?
This research employed the Population Intervention Control
Outcome (PICO) framework to direct the investigation (Table
1)5,

Table 1. PICO structure for research question of this study

PICO Description

Population Adult gout or hyperuricemia patients

Intervention Allopurinol medications

Gout/hyperuricemia patients not treated with

Control/ comparison .
allopurinol

Outcome Hazard ratio of dementia risk

Search strategy

A systematic search was conducted in PubMed/MEDLINE and
the Cochrane Library for eligible observational studies published
from 1 January 2015 to 31 August 2024. The strategy combined
controlled vocabulary and free-text terms for the exposure and
outcome, including allopurinol, xanthine oxidase inhibitor,
gout, hyperuricemia, dementia, Alzheimer disease, and related
terms. Search strings were adapted to each database and are
provided in Table 2. Reference lists of included articles and
relevant reviews were hand-searched to identify additional
eligible studies. Records were deduplicated prior to screening.
Two reviewers independently screened titles/abstracts and
then full texts; disagreements were resolved by discussion.

Eligibility Criteria
Inclusion Criteria:
Studies were eligible if they:

1. included adults with gout or hyperuricemia;

2. evaluated allopurinol exposure (e.g., allopurinol users vs
non-users, or allopurinol vs other urate-lowering therapy)
or reported extractable data relevant to long-term urate-
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Table 2. Databases and the keywords

Databases

Keywords

Timeline of search

PubMed

( allopurinol [MeSH Terms] OR allopurinol [All Fields] OR allopurinol s [All Fields]) AND ( medic [All Fields]

OR medical [All Fields] OR medicalization [MeSH Terms] OR medicalization [All Fields] OR medicalizations [All
Fields] OR medicalize [All Fields] OR medicalized [All Fields] OR medicalizes [All Fields] OR medicalizing [All Fields]
OR medically [All Fields] OR medicals [All Fields] OR medicated [All Fields] OR medication s [All Fields] OR medics
[All Fields] OR pharmaceutical preparations [MeSH Terms] OR ( pharmaceutical [All Fields] AND preparations [All
Fields]) OR pharmaceutical preparations [All Fields] OR medication [All Fields] OR medications [All Fields]) AND ( risk
[MeSH Terms] OR risk [All Fields] OR risk of [All Fields]) AND ( dementia [MeSH Terms] OR dementia [All Fields] OR
dementias [All Fields] OR dementia s [All Fields])

2015 - 2024

MEDLINE

Allopurinol.mp. OR Allopurinol OR Xanthine Oxidase Inhibitors OR Xanthine Oxidase Inhibitors.mp. or Xanthine
Oxidase Inhibitors AND Hyperuricemia OR Gout Hyperuricemia AND Use OR Chronic Therapy OR Drug Therapy,
Chronic AND Dementia OR Alzheimer Disease.mp. OR Alzheimer’s Disease OR Cognitive Decline OR Neuroprotection
OR Oxidative Stress AND Risk Factors OR Cohort Studies or Case-Control Studies

2015-2024

Cochrane
library

Allopurinol.mp., Allopurinol, OR Xanthine Oxidase Inhibitors OR Xanthine Oxidase Inhibitors.mp. OR Xanthine Oxidase
Inhibitors AND Hyperuricemia OR Gout Hyperuricemia AND Use OR Chronic Therapy OR Drug Therapy, Chronic AND
Dementia OR Alzheimer Disease.mp. OR Alzheimer’s Disease OR Cognitive Decline OR Neuroprotection OR Oxidative

Stress AND Risk Factors OR Cohort Studies or Case-Control Studies

lowering therapy in gout/hyperuricemia populations;

3. reported incident dementia (all-cause dementia and/or
Alzheimer’s disease) as an outcome;

4. used an observational design (cohort, case-control, or
nested case-control);

5. provided adjusted effect estimates (HR or OR) with 95%
Cls or sufficient data to derive them;

6. were published in English with full text available.

In addition to studies directly evaluating allopurinol exposure,
we also included large population-based cohort studies in which
gout or hyperuricemia served as the primary exposure. These
studies were retained because gout represents the principal
clinical indication for long-term allopurinol therapy, and such
cohorts inherently comprise a high proportion of individuals
exposed to urate-lowering treatment. Inclusion of these studies
allowed contextual interpretation of dementia risk within
populations for whom allopurinol is routinely prescribed,
while acknowledging that the reported effect estimates
reflect disease exposure rather than medication exposure
per se. These studies were not considered direct estimates
of the effect of allopurinol itself but rather as complementary
evidence describing dementia risk in populations in which
chronic allopurinol use is common.

Studies were categorized into two groups: (1) studies directly
comparing allopurinol exposure versus non-exposure; and (2)
studies where gout or hyperuricemia was the primary exposure
(indication-based cohorts). Because the second group does not
estimate the medication effect directly, these studies were
used for contextual interpretation and were not treated as
direct evidence of allopurinol’s causal effect.

Exclusion Criteria
Studies were excluded if they met any of the following criteria.

1. Focused on populations other than patients with gout or
hyperuricemia.

2. Assessed clinical outcomes unrelated to dementia risk.

3. They were categorized as systematic reviews, meta-
analyses, literature reviews, observational studies without
longitudinal data, scoping reviews, conference abstracts,
or editor letters.

4. Published in languages other than English (e.g., Chinese,
Arabic, Spanish, or German).

5. Duplicate publications or studies with no full-text
availability.

Rationale for Selection

The inclusion and exclusion criteria were designed to ensure

that only studies directly addressing the core research
question.

Whether allopurinol use in gout patients is associated with
dementia risk was considered. This approach also aimed to
minimize bias by excluding irrelevant or low-quality studies.

Data Extraction

Following the screening process, two independent
researchers selected studies for inclusion. Any discrepancies
were addressed via dialogue or with the participation of an
additional evaluator. The data obtained from each trial are
the following:

e  Authors and year of publication.

e  Country where the study was conducted.

e Study population and sample size.

e  Follow-up duration.

e Adose of allopurinol was administered.

e Reported hazard ratios (HR) or odds ratios (OR) for
dementia risk.

e Exposure definition (how each study defined “allopurinol
use”, duration, dose, adherence)

e Qutcome definition (ICD codes / registries / validated
diagnosis)

This information was systematically organized and prepared for
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pooled analysis to ensure consistency and transparency.
Outcomes and effect measures

The primary outcome was incident dementia, summarized as
adjusted hazard ratios (HRs) with 95% confidence intervals
(Cls). HRs were prespecified as the primary effect measure
because dementia is a time-to-event outcome, and HRs account
for variable follow-up duration and censoring across cohorts.
This is clinically relevant for pharmacy practice, where patients
receiving urate-lowering therapy are monitored longitudinally
and exposure may change over time. As a secondary analysis,
adjusted odds ratios (ORs) were extracted only when HRs were
not reported. ORs were pooled separately to avoid mixing
effect measures and to maintain clinical interpretability.

Brief reports or letters that reported effect estimates but lacked
sufficient methodological detail for pooling were tabulated for
completeness but excluded from quantitative meta-analysis.

Target Population:

e Treatment Group: Gout patients treated with allopurinol.
e  Control Group: Gout patients not receiving allopurinol.

1. Outcome Assessment:

o New diagnoses of dementia.
o Time to dementia onset.
o Safety-related outcomes associated with allopurinol use.

2. Factors Influencing Outcomes:

Duration of allopurinol use.
Dosage of allopurinol.

Patient characteristics and demographics (e.g., age,
gender, and comorbidities).

These outcomes were selected to comprehensively evaluate
the likely connection between allopurinol use and dementia
risk while accounting for important influencing factors.

Quality Assessment

Two reviewers independently evaluated research quality
utilizing the Newcastle-Ottawa Scale (NOS), which is well-
established for assessing the quality of non-randomized
investigations. The Newcastle-Ottawa Scale (NOS) is a
standardized instrument for evaluating the quality of
nonrandomized studies, including cohort and case-control
studies. It evaluates studies based on three critical areas: how
participants are selected, how groups are compared to control
for confounding factors, and how outcomes are measured and
followed up. By providing a structured approach to assessing
study quality, the NOS helps ensure that solely methodologically
sound and reliable studies are included in systematic reviews
and meta-analyses.

(The NOS focuses on three key domains:

1. Selection: The representativeness of the exposed group,
the selection of the unexposed group, ascertainment of
exposure, and confirmation that the outcome of interest

was not present at baseline.

2. Comparability: Control for confounding factors, including
both primary and additional factors.

3. Outcome: The assessment of outcomes, adequacy of
follow-up duration, and completeness of follow-up data.

Each study was scored on a scale of 0 to 9, with higher scores
indicating higher quality. The classification system used was as
follows:

e Studies with a score of 7 or higher were considered low
risk of bias.

e Studies scoring between 5 and 7 were classified as
moderate risk of bias.

e Studies with scores <5 were considered high risk and were
retained for sensitivity/subgroup analyses.

Disagreements between reviewers regarding quality
assessment were resolved through discussion, and a consensus
was reached. Table 3 summarizes the quality assessment
results.

Statistical analysis

Statistical analyses were performed using Review Manager
(RevMan), version 5.4. The primary meta-analysis
pooled adjusted hazard ratios (HRs) with corresponding 95%
confidence intervals (Cls), as HRs are the most appropriate
effect measure for time-to-event outcomes such as incident
dementia and account for differences in follow-up duration
and censoring across cohorts. Only studies reporting HRs
derived from longitudinal survival analyses (e.g., Cox
proportional hazards models) were included in the primary
synthesis.

Studies reporting adjusted odds ratios (ORs) from logistic or
conditional logistic regression models were not combined with
HRs and were analyzed separately in a secondary OR-based
meta-analysis in order to avoid mixing non-comparable effect
measures and to preserve clinical interpretability.

Between-study heterogeneity was assessed using Cochran’s
Q test and the |? statistic. A random-effects model was
applied when heterogeneity was substantial (1> > 50% or
Q-test p < 0.10); otherwise, a fixed-effect model was used.
Prespecified sensitivity analyses were conducted to evaluate
the influence of individual studies with disproportionate
statistical weight, including leave-one-out analyses to assess
the robustness of the pooled estimates.

Assessment of Publication Bias

Assessment of publication bias was restricted to the primary
HR-based meta-analysis, as HRs were prespecified as the
principal effect measure for the primary outcome. Funnel plots
were constructed by plotting the log-transformed HRs against
their standard errors (SEs), and asymmetry was evaluated
by visual inspection.

Formal statistical tests for funnel plot asymmetry (e.g., Egger’s
tests) were not performed, because fewer than 10 studies were
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Table 3. Quality assessment of studies included by Newcastle-Ottawa Scale
RePresen- Selection Ascertain- | Outcome of . Addi- Sufficient | Adequacy
tative of . Main . Assessment
Study of external | ment of interest not tional follow-up | of follow- | Total
the exposed 1 factor £, of outcome . .
cohort contro exposure present actor time up time
2%?%6%363?1” * 0 * 0 * 0 * * * 06-Sep
[1;/[21]n etal, 2021 |, * % 0 * 0 * 0 0 05-Sep
[124;3 etal., 2021 % * 0 * * * * 0 * 07-Sep
Chuang et al., % % * % %
2021 [34] 0 0 0 0 04-Sep
Singh et al., % * * * %
2018 [30] 0 0 0 0 05-Sep
213)(1)15@[;;5]al . * 0 * 0 * * * * * 07-Sep
Singh et al., % * % * *
2018 [31] 0 0 0 0 05-Sep
Scheepers etal., | , % % % % * *
2019 [26] 0 0 08-Sep
[12(;1]11 etal,2023 |, * 0 % 0 * * * * 08-Sep

* = Criteria fulfilled , 0 = Criteria not fulfilled

included in the secondary analysis.
Quality Assessment

As shown in Table 3 and Table 4, among the nine included
studies, four studies were of low risk?¢?, four studies were of
moderate risk3*33, and one study was of high risk3.

Subgroup and Sensitivity Analyses (HR-based studies)

All subgroup and sensitivity analyses described below were
restricted to studies reporting adjusted hazard ratios (HRs)
derived from longitudinal time-to-event models. Studies
reporting odds ratios (ORs) from case-control or nested case-
control designs were not pooled with HRs and were instead
addressed in the secondary analysis or described narratively
in order to avoid effect-measure mismatch.

Study Quality (Newcastle—Ottawa Scale): When analyses were
restricted to high-quality cohort studies (NOS 2 7; n = 3 HR
studies: Scheepers 2019; Hong 2015; Kim 2023), a consistent
protective association between allopurinol use and incident
dementia was observed, with moderate heterogeneity. These
studies contributed substantially to the stability of the pooled
estimate.

In contrast, moderate-quality studies (NOS 5-6; n =
3 HR studies: Min 2021; Singh 2018%; Singh 2018%)
demonstrated substantial heterogeneity, largely driven by one
very large U.S. cohort that reported an increased dementia
risk. When this influential study was excluded in prespecified
sensitivity analyses, the pooled estimate shifted toward
a statistically significant protective association, and
heterogeneity decreased markedly. No low-quality HR-based
studies (NOS < 5) contributed to the primary pooled analysis.

Study Design: All estimates included in the primary meta-
analysis were derived from cohort studies using survival
analyses (n = 6 HR studies). When pooled, these cohort-based
HRs suggested a reduced risk of incident dementia associated
with allopurinol use; however, heterogeneity was substantial.

This heterogeneity was primarily attributable to a single high-
weight cohort reporting an effect estimate in the opposite
direction. Studies employing case-control or nested case-
control designs, which reported ORs rather than HRs, were
excluded from HR pooling and addressed separately in the
secondary analysis.

Allopurinol Dose: Dose-stratified analyses of HR-based
studies indicated that higher average daily doses of allopurinol
(approximately 300 mg/day; n = 2 HR studies: Singh 20183%;
Hong 2015) were associated with more consistent protective
associations against dementia, with low heterogeneity.

In contrast, studies reporting lower average
doses (approximately 200 mg/day; n = 4 HR studies: Min
2021; Singh 20183%!; Scheepers 2019; Kim 2023) exhibited
greater variability, with pooled estimates approaching but
not consistently reaching statistical significance. Differences
in exposure duration and patient characteristics may partly
explain this variability.

Geographic Region: When stratified by geographic
region, Asian cohorts (Taiwan and Korea; n = 3 HR studies: Min
2021; Hong 2015; Kim 2023) demonstrated a more consistent
protective association between allopurinol use and dementia
risk, with moderate heterogeneity.

In contrast, Western cohorts (United States and Europe; n
= 3 HR studies: Singh 20183°; Singh 20183%; Scheepers 2019)
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[ SCREENING

[ Included

Identification

"Research articles identified
from*:
Databases (n=650)"

!

"Records removed before the screening:
Duplicate records removed (n = 160)
Research articles marked as ineligible by
automation tools (n=188)

Records removed for other reasons (n=
140)"

"Research article screened
(n=162)"

"Research articles excluded**
(n=12)"

"Research articles sought for

retrieval.

(n=150)"

"Research articles assessed for
eligibility

(n=67)"

"Studies included in the meta-
analysis
(n=9)"

"Research articles not retrieved
(n=83)"

"Reports excluded:
Reason 1 (inadequate follow-up
duration) :(n=10)
Reason 2 (outcome not measured): (n=13)
Reason 3 (Duplication): (n=17)
Reason4 (language): (n=18)"

Figure 1. Screening and selection of included studies by PRISMA Guidelines

Table 4. Characteristics of included studies

Effect
Cases of Dose of estimate
Author, Year Country Study . AIzhelm.er s/ Control Mean Age Study Design Stufly Interve (aHR or
Population | dementia ( Period .
. ntion aOR, 95%
allopurinol )
Cl)
137,640 Case-control aOR 0.89
Engel et al., 2018 [33] Germany patients 27,528 1,10,112 73.9 6.5 years design 9 years 200-300 mg/d (0.83, 0.95)
R 22,178 gout Retrospective 0.63 (0.60—
Min et al., 2021 [32] Korea patients 2,557 19,621 <60 years cohort study 11 years | 200 mg/d 0.66)
. . 1,574 Case-control aOR 0.97
Lai et al., 2021 [29] Taiwan patients 680 691 <65 years study 13 years | 200-300 mg/d (0.79-1.20)
Nested
Chuang et al., 2021 [34] | Taiwan 3’242 gout 1,621 1,621 50-64 years case—control | 8 years 200 mg/d a0R 1.02
patients o (0.86-1.22)
within cohort
. 42,704 gout 0.80 (0.64,
Singh et al., 2018 [30] USA patients 36,760 5,944 <60 years Cohort study | 6 years 300 mg/day 0.98)
. 28,769 gout 0.77 (0.72-
Hong et al., 2015 [28] Taiwan patients 1,214 5,905 <50 years Cohort study | 6 years 300 mg/day 0.83)
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. 1.71 million 1.15(1.12,
Singh et al., 2018 [31] USA patients 1,11,656 15,98,344 | 65 to <75 years | Cohort study | 8 years 200 mg/d 1.18)
1,462 hy- —
Scheepers et al., 2019 Sweden peruricemia | 1,447 — 38-60 years Cohort study | 44 years | 200 mg/d 0.81(0.72
[26] . 0.91)
patients
. 30,312 0.79 (0.62—
Kim et al., 2023 [27] Korea patients 5,052 25,260 65 years Cohort study | 7 years 200 mg/d 1.00)

showed greater heterogeneity and pooled estimates closer to
the null. This pattern was largely influenced by one large U.S.
cohort reporting an increased risk estimate.

Age Group: Age-stratified HR analyses indicated that patients
younger than 65 years (n = 3 HR studies: Min 2021; Hong 2015;
Scheepers 2019) experienced a clearer protective association
between allopurinol use and incident dementia.

Among older adults (=65 years) (n = 2 HR studies: Singh 20183;
Kim 2023), pooled estimates were generally neutral and
characterized by substantial heterogeneity, likely reflecting
higher comorbidity burden, polypharmacy, and treatment
channeling in older populations.

Follow-Up Duration: Studies with shorter to intermediate
follow-up durations (<10 years; n = 3 HR studies: Singh 2018%;
Hong 2015; Kim 2023) consistently demonstrated a protective
association between allopurinol use and dementia risk.

By contrast, studies with longer follow-up durations (210
years; n = 3 HR studies: Min 2021; Scheepers 2019; Singh
20183%!) showed attenuation of the protective effect toward
neutrality. This may reflect time-varying exposure, declining
adherence, or the accumulation of competing risks over
prolonged follow-up.

Primary meta-analysis (hazard ratios)

HR-based results represent the primary analysis and form the
basis of the main conclusion. Hazard ratios (HRs) were used
as the primary effect measure because incident dementia is a
time-to-event outcome. HRs account for differences in follow-
up duration and censoring across cohorts, providing clinically
interpretable estimates of dementia risk over time. Accordingly,
we pooled adjusted HRs (95% Cls) reported from longitudinal
analyses (e.g., Cox regression). Three studies were excluded
from the HR-based synthesis because they reported odds ratios
rather than hazard ratios or did not provide extractable survival
estimates, as illustrated in Figure 2.

Only studies reporting time-to-event estimates from survival
models were included. Studies reporting odds ratios (e.g.,
Engel et al., 2018%; Chuang et al., 2021%%) and letter-based
reports Lai et al., 2021?° were excluded from this analysis and
addressed separately.

Visual inspection of the funnel plot based on adjusted hazard
ratios (Figure 3) did not demonstrate clear asymmetry
suggestive of small-study effects. However, interpretation
is limited by the small number of HR-based studies and by
between-study heterogeneity; therefore, publication bias
cannot be reliably excluded. Formal statistical tests for funnel

plot asymmetry were not performed because of limited
power.

In the primary pooled HR analysis including all eligible HR-
based studies, allopurinol exposure was associated with
a non-significant reduction in incident dementia risk (pooled
HR = 0.85, 95% Cl 0.72-1.01), accompanied by substantial
heterogeneity (1> = 89%). Because one large cohort study
(Singh et al., 2018) reported an effect estimate in the opposite
direction and contributed disproportionate statistical weight,
a prespecified influence (sensitivity) analysis was conducted
Figure 4.

After exclusion of this influential study, allopurinol exposure
was associated with a statistically significant reduction in
dementia incidence (pooled HR = 0.78, 95% Cl 0.71-0.86), and
heterogeneity decreased to a moderate level (12 = 43%). These
findings indicate that the overall estimate is sensitive to the
inclusion of a single high-weight study and suggest that residual
confounding, treatment channeling, or differences in exposure
definition may partly explain the observed heterogeneity.
Accordingly, results from both the primary and sensitivity
analyses are considered in interpretation.

Across individual studies, the majority reported hazard ratios
below unity, indicating a neutral-to-protective association
between allopurinol use and dementia risk, with Min et al.
(2021) demonstrating the strongest protective estimate.
Nevertheless, given the observational design of the included
studies and the influence of individual large cohorts, causal
inference remains limited. The funnel plot displays the log (HRs)
plotted against their standard errors. Visual inspection suggests
approximate symmetry; however, interpretation is limited by
the small number of included studies and the presence of one
large cohort with substantial statistical weight. Formal tests for
funnel plot asymmetry were not performed due to insufficient
power (n < 10). Accordingly, this figure should be interpreted as
a qualitative assessment only Figure 5.

Secondary meta-analysis (odds ratios)

This secondary analysis included studies reporting adjusted
odds ratios (ORs). ORs were pooled separately and were not
combined with hazard ratios (HRs). Lai et al. (2021) is displayed
descriptively but was not included in the pooled OR estimate.

One brief letter (Lai et al., 2021) reported an association
between allopurinol use and dementia risk but was excluded
from quantitative pooling because of limited methodological
detail and publication format; the estimate is presented
descriptively.

In Chuang et al. (2021), the allopurinol-specific estimate

7

www.pharmacypractice.org (elssn: 1886-3655 ISSN: 1885-642X)

© the Authors


https://creativecommons.org/licenses/by-nc-nd/4.0/
https://creativecommons.org/licenses/by-nc-nd/4.0/
http://www.pharmacypractice.org/

Ahmed A A, Mai AAAS A, Ibrahim M |. Possible Effect of Allopurinol and Risk of Dementia: An Updated Meta-Analysis. Pharmacy
Practice. 2026 Jan-Marc;24(1):3416.
https://doi.org/10.18549/PharmPract.2026.1.3416

Figure 2. Primary meta-analysis of adjusted hazard ratios (HRs) for incident dementia associated with allopurinol exposure.

Figure 3. Funnel plot assessing potential publication bias in the primary HR-based analysis
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Figure 4. Forest plot of adjusted odds ratios (ORs) for incident dementia associated with allopurinol exposure (secondary analysis).

Figure 5. Funnel plot assessing potential publication bias in the HR-based primary meta-analysis.

derived from conditional logistic regression showed no
significant association with dementia risk (adjusted OR 1.02,

95% Cl 0.86-1.22).

Only studies reporting adjusted odds ratios (ORs)
for allopurinol were eligible for pooling. Chuang et al. (2021)
was a nested case—control study using conditional logistic
regression; the OR shown corresponds specifically to allopurinol
exposure, not other urate-lowering therapies. Lai et al. (2021)
is presented descriptively and was not included in the pooled
estimate. Results should be interpreted cautiously due to the

limited number of OR-based studies*2,

DISCUSSION

This updated meta-analysis synthesized observational
evidence examining whether long-term allopurinol exposure
is associated with incident dementia in patients with gout or
hyperuricemia. In the primary HR-based analysis, allopurinol
was not associated with an increased risk of dementia,
indicating a neutral association overall. However, because
one very large cohort study reported a directionally opposite
estimate and contributed disproportionate statistical weight,
a prespecified sensitivity analysis excluding this study was
performed. In this sensitivity analysis, allopurinol exposure was
associated with a statistically significant reduction in incident
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dementia, and heterogeneity decreased to a moderate level.
Taken together, these findings support a neutral association in
the primary analysis, with evidence of a potentially protective
effect in sensitivity analyses, while underscoring the inherent
limitations of causal inference in observational research.

From a mechanistic perspective, the relationship between
urate-lowering therapy and cognition is biologically plausible
but complex. Uric acid may exert antioxidant effects,
whereas xanthine oxidase activity contributes to oxidative
stress and inflammatory signaling processes implicated in
neurodegeneration. Allopurinol may therefore influence
dementia pathways through competing mechanisms, namely
reduction of serum urate versus inhibition of xanthine oxidase—
derived oxidative stress. This duality may partly explain the
variability observed across populations, age strata, and study
designs.

Lai et al. reported a neutral association between allopurinol
use and dementia risk. Because this study was published as
a brief letter with limited methodological detail and did not
report time-to-event estimates, it was presented descriptively
and excluded from the pooled HR-based meta-analysis.
Nevertheless, its findings were directionally consistent with
the overall neutral-to-protective pattern observed across the
included studies.

Implications for pharmacy practice: MTM and comprehensive
medication reviews (CMRs)

These findings are clinically relevant because allopurinol
is commonly initiated and then continued for many years,
particularly in older adults with multimorbidity and
polypharmacy. Pharmacists play a central role in medication
therapy management and comprehensive medication reviews,
including confirmation of indication and treatment goals,
support for adherence, monitoring for adverse effects and
drug—drug interactions, and coordination of dose titration with
prescribers. The present results provide reassurance that long-
term allopurinol therapy does not appear to increase dementia
risk overall, supporting continued guideline-based use when
clinically indicated and appropriately monitored.

Identification and monitoring of potential cognitive adverse
effects

Although dementia outcomes in administrative datasets rely
on diagnostic coding, routine pharmacy follow-up provides
opportunities to detect early cognitive changes that are
clinically meaningful regardless of causality. During refill
encounters or medication reviews, pharmacists can screen
for new memory complaints, confusion, reduced ability to
manage medications, functional decline, or increased falls,
and communicate concerns promptly to prescribers for formal
evaluation. Integrating this vigilance into routine follow-up
represents a pragmatic safety strategy in high-risk older adults.

Confounding by indication and comorbidity burden

The heterogeneity observed across studies likely reflects
differences in baseline risk and treatment channeling. Patients
receiving allopurinol may differ systematically from non-users

in cardiovascular disease burden, chronic kidney disease,
inflammatory status, frailty, healthcare utilization, and overall
medication complexity—factors independently associated with
dementia risk. Although most included studies adjusted for
major confounders, residual confounding remains plausible,
particularly for gout severity, duration of hyperuricemia,
lifestyle factors, and adherence. These issues may be amplified
in very large administrative cohorts, where modest residual
bias can exert substantial influence on pooled estimates.

Dose optimization, deprescribing, and pharmacist—prescriber
coordination (CKD focus)

Dose selection and titration are key pharmacy contributions,
particularly in older adults and patients with CKD, where dose
adjustments are frequently required. Pharmacists can support
safe initiation using a start-low and titrate-slow approach,
reinforce adherence, monitor renal function and tolerability,
and coordinate dose adjustments with prescribers to achieve
urate targets while minimizing toxicity. Deprescribing should
be individualized and considered when the original indication
is no longer present or when adverse effects outweigh benefits.
Importantly, the current evidence does not support routine
discontinuation of allopurinol based on cognitive concerns
alone, instead favoring structured follow-up and shared
decision-making.

Strengths, limitations, and future directions

Strengths of this study include synthesis of population-
based cohorts with extended follow-up and prioritization of
adjusted hazard ratios to capture time-to-event dementia
outcomes. Limitations include the observational nature of the
evidence, heterogeneity in exposure definitions and outcome
ascertainment, limited detail on dose and adherence, and the
potential for residual confounding. Future studies incorporating
richer clinical data should evaluate effect modification by age,
CKD status, comorbidity burden, and treatment intensity to
improve applicability to medication decision-making.

CONCLUSION

In conclusion, this meta-analysis suggests that long-term
allopurinol use is not associated with an increased risk of
dementia and may be associated with a reduced incidence
of dementia in patients with gout or hyperuricemia. While
the primary hazard ratio—based analysis indicated a neutral
association overall, sensitivity analyses excluding a single
influential cohort consistently demonstrated a statistically
significant protective association, with most included studies
reporting effect estimates below unity.

These findings support the interpretation that allopurinol
therapy is cognitively safe and potentially protective,
particularly in certain subgroups, such as younger patients,
those receiving higher daily doses, and individuals with lower
comorbidity burden. From a clinical perspective, the results
provide reassurance for pharmacists and prescribers involved
in long-term urate-lowering therapy that continuation of
allopurinol is unlikely to confer cognitive harm and may confer
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benefit in selected populations.

Nevertheless, given the observational design of the included
studies and the presence of heterogeneity and potential
residual confounding, causal conclusions cannot be definitively
established. Future prospective studies with standardized
exposure definitions, detailed dose and duration assessment,
and robust adjustment for comorbidity burden are warranted
to confirm whether the observed protective association reflects
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