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Abstract

Background: Dementia is a highly prevalent condition with a known predominance in women. Estrogens are hypothesized
to exert neuroprotective effects, raising interest in whether menopausal estrogen decline contributes to dementia risk.
Consequently, hormone replacement therapy (HRT) has been widely investigated as a potential protective or risk-modifying
intervention; however, existing evidence remains conflicting. This systematic review and meta-analysis aimed to evaluate
the association between HRT use and the risk of dementia and to explore sources of heterogeneity across studies.
Methods: A systematic search of MEDLINE (PubMed) and Scopus was conducted for studies published between January
1990 and May 2025. Randomized controlled trials (RCTs), cohort studies, and case–control studies evaluating estrogen-
replacement therapy (ERT) or combined hormone therapy (CHT) in postmenopausal women aged >45 years, with outcomes
of all-cause dementia or Alzheimer’s disease (AD), were included. Only human studies published in English, German,
Portuguese, French, or Spanish were eligible. After screening 5,283 records, 32 studies met the inclusion criteria. Data were
qualitatively synthesized, and random-effects meta-analyses were performed, with prespecified subgroup and sensitivity
analyses.
Results: Thirty-two studies (2 RCTs, 17 cohort studies, and 13 case–control studies) published between 1996 and 2024
were included, with sample sizes ranging from fewer than 200 to over 100,000 participants and follow-up durations from
2 to more than 20 years. In unadjusted analyses, HRT use showed a borderline statistically significant association with
lower dementia risk (OR 0.83; 95% CI 0.70–0.99); however, results were highly heterogeneous. In subgroup analyses,
estrogen-replacement therapy (ERT) demonstrated a non-significant trend toward reduced dementia risk (OR 0.77; 95%
CI 0.59–1.01), whereas no protective association was observed for combined hormone therapy (CHT). Interestingly, effect
estimates differed by study design, with observational studies resulting in lower risk and randomized controlled trials
indicating increased risk.
Conclusion: The available evidence does not support the use of HRT for the prevention of dementia. Observed associations
are highly heterogeneous and appear strongly influenced by methodological factors, hormone regimens, and study design.
Future research should prioritize well-designed studies with adequate follow-up, standardized diagnostic criteria, and
careful consideration of timing, formulation, and confounding variables to better clarify the relationship between HRT and
dementia risk.
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Introduction

Dementia is a significant global public health chal-
lenge. Its economic burden was estimated at US$
2.8 trillion in 2019, with a projected rise to US$ 16.9
trillion by 2050 (Lin et al., 2025). Women are at
greater risk of developing dementia than men (Gong
et al., 2023), influenced by factors such as longer life
expectancy, access to education, cardiovascular dis-
ease burden, and environmental exposures (Neu et
al., 2017; Liao et al., 2023). Estrogens are hypothe-
sized to exert neuroprotective effects (Low & Anstey,
2006). This prompted an investigation into whether
menopausal declines in estrogen are linked to de-
mentia risk.

Hormone replacement therapy (HRT) had been
widely prescribed for vasomotor symptoms related
to menopause. The impact of HRT on cognition may
depend on factors such as age, timing, duration, and
type of HRT, and the history of surgical hysterec-
tomy or oophorectomy (Nerattini et al., 2023). Previ-
ous research on HRT has focused on cardiovascular
outcomes; however, effects on cognition remained
inconsistent (Gu et al., 2024; Johansson et al., 2024).
Multiple observational studies conducted since 1995
identified HRT as a protective factor against the devel-
opment of dementia, especially in early menopause
(Tang et al., 1996; Kawas et al., 1997; Baldereschi et
al., 1998; Saleh et al., 2023). However, the largest
randomized controlled trial (RCT) evaluating the use
of HRT and dementia risk concluded that worse cog-
nitive outcomes were associated with increased age
at initiation (Shumaker et al., 2003; Shumaker et al.,
2004). These findings supported the “critical window
theory,” indicating a protective effect of early HRT
use. Moreover, methodological limitations in both
RCTs and observational studies contributed to the
lack of consensus.

The aim of this study is to clarify the extent to
which HRT influences dementia risk. We specifically
target different HRT regimens not extensively ad-
dressed in prior systematic reviews and re-evaluate
outcomes using meta-analysis. This dual approach
seeks to provide robust and clinically relevant evi-
dence to guide decision-making.
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Materials and Methods

This review followed the Preferred Reporting
Items for Systematic Reviews and Meta-Analyses
(PRISMA) guidelines (Moher, Liberati, Tetzlaff,
Altman, & PRISMA Group, 2009).

Eligibility Criteria

Eligibility criteria included postmenopausal women
of any age, whether naturally or surgically induced,
who received hormone replacement therapy (HRT)
and had no prior history of dementia or mild cog-
nitive impairment. Control groups comprised post-
menopausal women who had never received HRT or
had received non-hormonal therapy or placebo.

The primary outcome of interest was the diag-
nosis of dementia, major neurocognitive disorder,
or Alzheimer’s disease. Diagnoses were confirmed
using validated instruments such as the DSM or
NINCDS-ADRDA criteria, or verified through reg-
istries such as ICD codes or neuropathological re-
ports. Diagnoses derived from national health reg-
istries were also accepted.

Randomized controlled trials (RCTs) and observa-
tional studies were eligible for inclusion. Observa-
tional studies encompassed cohort and case-control
designs.

Exclusion criteria included publications with
cross-sectional or ecological designs, prior dementia
diagnoses, and outcomes other than dementia,
Alzheimer’s disease, or cognitive impairment.
Review articles and editorials were also excluded. A
detailed outline of the screening process is shown in
Figure 1.

Search Strategy

Two electronic databases, MEDLINE (PubMed) and
Scopus, were systematically searched between April
and May 2025 for studies published from January
1990 to May 2025. The search strategy incorpo-
rated both Medical Subject Headings (MeSH) and
free-text terms: "Menopause” OR "amenorrhea” OR
"postmenopause” OR "post-menopausal women” OR
"perimenopause” OR "Hormone Replacement Ther-
apy” OR "estrogen therapy” OR "HRT” OR "estra-
diol” OR "progestin therapy” AND "Dementia” OR
"Alzheimer’s disease” OR "Neurodegenerative dis-
eases” OR "Cognitive decline.”

The full search strategy is provided in the
Supplementary Material. Only studies conducted
in humans and published in English, German,
Portuguese, French, or Spanish were included. No
time restrictions were applied in the search strategy.
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Data Extraction

All retrieved references were imported into Covi-
dence Systematic Review Software.

A total of 5,283 records were identified (Scopus =
3,223; PubMed = 2,060). No additional studies were
retrieved from other sources. After removing 1,637
duplicates, 3,646 unique records remained for title
and abstract screening, during which 3,307 records
were excluded.

The full texts of 339 articles were assessed for
eligibility, all of which were successfully retrieved.
Following detailed evaluation, 307 studies were ex-
cluded for the following reasons: wrong outcomes
(n = 78), wrong comparator (n = 1), wrong article
type (n = 137), wrong intervention (n = 14), inap-
propriate study design (n = 49), full text unavailable
(n = 9), wrong patient population (n = 13), and non-
clinical trial articles (n = 6). Ultimately, 32 studies
met the inclusion criteria and were retained for final
analysis.

Screening was conducted independently by two
reviewers. Discrepancies were resolved through dis-
cussion, and when disagreement persisted, a third
reviewer adjudicated. No duplicated or overlapping
datasets were identified.

Sensitivity analyses were performed to evaluate
the robustness of pooled results by sequentially
excluding studies with incomplete or unclear
outcome reporting. A detailed summary of the
screening process is presented in the PRISMA flow
diagram (Figure 1).

Data Synthesis

All included studies were assessed for potential co-
hort overlap to prevent data duplication. No overlap-
ping cohorts were identified, as each study used a
distinct population.

For approximately fifteen studies, participants
were stratified according to the type of hormone re-
placement therapy received to enhance homogeneity
and enable more consistent cross-study comparisons.
Based on data available from each study, contingency
tables were constructed to compare exposures and
outcomes and to derive unadjusted odds ratios (ORs).

Meta-analyses were conducted using a random-
effects model to estimate pooled effect sizes, and
heterogeneity was quantified using the I2 statistic.
Analyses included an overall pooled meta-analysis
of all studies, followed by subgroup analyses for
combined hormone therapy (CHT) and estrogen re-
placement therapy (ERT). Effect sizes were expressed
as odds ratios (ORs) with 95% confidence intervals
(CIs).

A sensitivity analysis was performed using ad-
justed effect sizes for the ERT and CHT subgroups
when adjusted model results were available. For stud-
ies reporting hazard ratios or risk ratios, equivalent
OR values were assumed due to the low event rates
across studies. Additional subgroup and cumulative
meta-analyses were conducted, stratified by study
type. Publication bias was evaluated using Egger’s
test and visually assessed through funnel plots. Fi-
nally, sensitivity analyses were performed using a
leave-one-out approach.

All statistical analyses were conducted using
STATA version 19.5/BE (StataCorp LLC, College
Station, TX, USA).

Risk of Bias Assessment

The risk of bias in observational studies was assessed
using the Newcastle–Ottawa Quality Assessment
Scale (NOS), which evaluates study quality across
three domains: selection, comparability, and outcome.
The NOS assigns a maximum of nine points for co-
hort studies and eight points for case–control studies.
Based on total scores, studies were categorized as
good, fair, or poor quality.

For randomized controlled trials (RCTs), the
Cochrane Risk of Bias Tool 2 (RoB 2) was applied,
which evaluates five domains and classifies studies
as having “low risk of bias,” “some concerns,” or
“high risk of bias.”

Two reviewers independently conducted all risk
of bias and quality assessments. Discrepancies were
resolved through discussion, and when necessary, a
third reviewer provided a final decision.

Results

Description of the Studies

The present review included information from
14,574,096 subjects distributed across 32 studies, of
which two were randomized controlled trials (RCTs),
17 were prospective or retrospective cohort studies,
and 13 were case–control studies. The intervention
assessed was hormone replacement therapy (HRT)
prescribed during the postmenopausal period. Re-
placement therapy was classified as estrogen replace-
ment therapy (ERT) when the formulation included
only estrogen (conjugated equine estrogens or estra-
diol), and as combined hormone therapy (CHT) when
the formulation included any form of estrogen cou-
pled with a progestin (medroxyprogesterone acetate,
norethisterone, or micronized progesterone). The
route of administration was not considered.

Twenty studies analyzed data on ERT (10 case–
control studies, nine cohort studies, and one RCT),
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while 13 studies analyzed data on CHT (six case–
control studies, six cohort studies, and one RCT).
Eleven studies analyzed HRT without distinguishing
between subtypes and were labeled as “any HRT.”
Of the 32 studies included in this review, 12 simul-
taneously analyzed two different outcomes, one for
ERT and another for CHT.

Publication dates ranged from 1996 to 2024. Key
contributing countries included the United States,
the United Kingdom, Finland, Italy, Denmark, and
South Korea. Participant age ranged from 45 to 80
years (overall mean age 67.8 years, SD 10.8). Only 26
studies reported follow-up duration, which ranged
from one year to more than 20 years (median 9 years,
IQR 5–13 years). Therapy duration ranged from
short-term (less than two years) to long-term (over
five years). These characteristics are summarized in
Table 1.

Quantitative Analysis

Thirty-two studies were included in the meta-
analysis, comprising randomized controlled trials
(RCTs), cohort studies, and case–control studies. The
primary meta-analysis pooled all 32 studies, yield-
ing an unadjusted odds ratio (OR) of 0.83 (95% CI
0.70–0.99), indicating a borderline statistically signifi-
cant association, with very high heterogeneity (I2 =
99.7%) (Figure 2). Subgroup analysis by study de-
sign showed that cohort studies demonstrated a sta-
tistically significant protective association, whereas
randomized controlled trials showed a statistically
significant increased risk of dementia (case–control
OR = 1.09, 95% CI 0.95–1.24; cohort OR = 0.62, 95%
CI 0.49–0.69; RCT OR = 1.75, 95% CI 1.18–2.60). Sub-
group analyses by type of outcome and by type of
HRT used did not result in statistically significant as-
sociations (ERT OR = 0.77, 95% CI 0.59–1.01; CHT OR
= 0.94, 95% CI 0.64–1.37). These results are presented
graphically in the Supplementary Material (Figures
S3, S4, and S5). The second model considered ad-
justed effect sizes reported in the included studies.
However, a pooled estimate could not be calculated
because 12 studies reported simultaneous outcomes.
Therefore, adjusted estimates were analyzed sepa-
rately for ERT and CHT. For ERT, 20 studies were
included, yielding an OR of 0.97 (95% CI 0.86–1.09)
(Figure 3). Subgroup analyses of this model showed
no significant effects by publication type or outcome
type, and leave-one-out meta-analysis indicated a sig-
nificant influence of the study by Paganini-Hill and
Henderson (1996).

The third model included 13 studies and consid-
ered only those with CHT as the intervention of
interest, resulting in an OR of 1.10 (95% CI 1.03–1.17).

Subgroup analysis demonstrated a significant influ-
ence of case–control studies and RCTs on this effect.
Notably, the case–control subgroup exhibited no het-
erogeneity, with an I2 value of 0% (Figure 4).

Cumulative meta-analyses were conducted based
on the initial models and stratified by study design.
A temporal trend was observed, with older studies
demonstrating larger effect sizes, while more recent
studies showed estimates closer to the null. This
pattern was consistent for both the ERT-only and
CHT-only meta-analyses (Figures S5, S6).

Across all models, potential publication bias was
assessed using Egger’s test (p = 0.27) and visual
inspection of funnel plots, which did not indicate
small-study effects.

Risk of Bias Assessment

Randomized studies included in this review were
judged to have low risk of bias or some concerns, pri-
marily related to blinding procedures and participant
attrition during long-term follow-up (Supplementary
Table 1).

Most observational studies demonstrated accept-
able methodological quality (Figures S1 and S2).
However, some studies showed risk of bias in the
comparability domain, largely due to inadequate
adjustment for key confounding variables such
as age at HRT initiation, educational level, or
comorbidities.

Qualitative Results

Overall, the results were heterogeneous. Several
observational studies suggested that initiating hor-
mone replacement therapy (HRT) within 10 years of
menopause onset may be associated with a reduced
risk of dementia or Alzheimer’s disease, particularly
when estrogen-only therapy was used in younger
women at the time of initiation (Paganini-Hill & Hen-
derson, 1996; Kawas et al., 1997; Whitmer et al., 2011;
Kim et al., 2021). These findings support the “critical
window” hypothesis, which proposes that the timing
of exposure is key to potential neuroprotective effects.
In contrast, randomized controlled trials conducted
in older women demonstrated that late initiation of
any type of HRT was associated with an increased
risk of dementia (Shumaker et al., 2003; Shumaker
et al., 2004), raising concerns about initiating HRT
beyond the age of 65 years.

When disaggregated by type of therapy, estrogen-
only therapy (ERT) appeared to have a more fa-
vorable cognitive profile compared with combined
hormone replacement therapy (CHRT), particularly
when initiated early and used for several years. How-
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Figure 1: PRISMA flow diagram.

ever, findings were inconsistent across studies, and
not all observational analyses adequately controlled
for key confounders such as educational level, car-
diovascular risk factors, or baseline cognitive status.

Duration of use also influenced outcomes. Some
studies reported a protective effect associated with
long-term use (≥ 5 years), whereas others observed
no significant association or an increased risk with
prolonged exposure, particularly when therapy was
initiated later in life or among women with comor-
bidities. Taken together, the evidence suggests that
the effect of HRT on cognitive outcomes is highly
dependent on age at initiation, type of therapy, and
duration of use.

Discussion

In our systematic review, initiation of hormone re-
placement therapy (HRT) at younger ages, use of
estrogen-only therapy (ERT), and longer duration of
therapy (>5 years) appeared to be associated with
lower dementia rates. However, in the meta-analysis,
we found no evidence of an overall protective effect
of HRT, either for ERT or combined hormone therapy
(CHT).

Our systematic review findings are consistent with
two recent meta-analyses. Song et al. (2025) reported
a protective association when HRT was initiated
within five years of menopause (OR 0.70; 95% CI 0.49–
0.99) or used for three to five years (OR 0.56; 95%
CI 0.34–0.93). Nerattini et al. (2023) analyzed ran-
domized controlled trials (RCTs) and observational

studies separately and found an increased risk of
Alzheimer’s disease (AD) in RCTs, but a reduced
risk in observational studies for both AD (RR 0.78;
95% CI 0.64–0.95) and all-cause dementia (RR 0.81;
95% CI 0.70–0.94). In our pooled analysis, the crude
model suggested a borderline protective effect (OR
0.83; 95% CI 0.70–0.99) with very high heterogeneity
(I2 = 99.8%). After adjustment, the association was
null (OR 0.98; 95% CI 0.89–1.07; I2 = 98.1%).

The observed heterogeneity likely reflects substan-
tial variation in study design, data sources, and co-
variate structures. Many datasets were not originally
assembled to evaluate HRT–dementia relationships,
increasing the potential for residual confounding de-
spite the large cumulative sample size (14,574,096
participants compared with 7,710,379 in Song et al.
(2025) and approximately six million in Nerattini et
al. (2023)).

In subgroup analyses, ERT demonstrated a non-
significant trend toward a protective association (OR
0.77; 95% CI 0.59–1.01; I2 = 98.9%), whereas CHT did
not (OR 0.94; 95% CI 0.64–1.37; I2 = 99.7%). Despite
the high heterogeneity, multiple studies support a
timing effect, whereby initiation within ten years
of menopause is associated with lower dementia or
AD risk, while later initiation confers no apparent
benefit. This pattern aligns with the critical-window
hypothesis, suggesting that early postmenopausal
therapy may preserve neuronal and vascular integrity.
The apparent effect of HRT on AD risk may also have
attenuated over recent decades, potentially reflecting
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Table 1: Characteristics of included studies.
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Table 1: (continued) Characteristics of included studies.
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Figure 2: Forest plot of unadjusted effect estimates for hormone replacement therapy (HRT) and dementia risk.

Figure 3: Forest plot of adjusted effect estimates for estrogen replacement therapy (ERT) and risk of dementia.
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Figure 4: Forest plot of adjusted effect estimates for combined hormone therapy (CHT) and risk of dementia.

improvements in cardiovascular and metabolic risk-
factor management.

Sources of heterogeneity across studies were di-
verse and included differences in age distributions,
hormone formulations, dosages, and routes of ad-
ministration. Sensitivity analyses indicated that a
single study (Kim et al., 2021) contributed the great-
est statistical weight to the pooled estimates.

Most included studies were observational, con-
tributing to an elevated risk of bias. Many lacked
adequate covariate adjustment or employed heteroge-
neous diagnostic criteria. Education, cardiovascular
health, and healthcare-seeking behaviors are plau-
sible confounders. Effect estimates varied by study
design, with cohort studies appearing more sensitive
to HRT exposure than case–control or experimental
designs. Although RCTs offer stronger control of con-
founding, dementia’s long latency, limited follow-up
duration, and variable outcome ascertainment con-
strain inference. For example, the Women’s Health
Initiative Memory Study (WHIMS) (Shumaker et al.,
2003; Shumaker et al., 2004) had a five-year follow-
up with incomplete dementia ascertainment; in our
analyses, RCTs tended to show increased risk but did
not materially alter overall or sensitivity results.

HRT type was reported in two RCTs, sixteen co-
hort studies, and twelve case–control studies. The

high heterogeneity likely reflects differences in pop-
ulation composition, timing of initiation, hormone
regimens (dose, route, formulation), and diagnostic
criteria. Overall, our synthesis suggests that ERT may
be associated with lower AD risk compared with no
therapy, whereas progesterone-containing regimens
do not demonstrate a clear benefit.

Clinically, these findings underscore the poten-
tial importance of early initiation and therapy type.
Strengths of our study include the large pooled sam-
ple size and prespecified subgroup analyses by HRT
type. Limitations include substantial heterogeneity,
variability in study design, and incomplete report-
ing of follow-up duration. External validity is also
limited, as most studies were conducted in high-
income settings using heterogeneous methodologies.
Two studies contributed disproportionately to con-
cerns regarding risk of bias. Baldereschi et al. (1998)
included a cross-sectional component despite longi-
tudinal follow-up interviews, limiting temporal in-
ference, while Song et al. (2020) assessed cognitive
impairment rather than clinically confirmed demen-
tia, introducing outcome heterogeneity and reducing
comparability across studies.
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Conclusion

In conclusion, the association between HRT and cog-
nitive outcomes remains controversial. While our
systematic review suggests a possible protective asso-
ciation for estrogen-only therapy, our meta-analysis
did not confirm an overall protective effect. Tim-
ing, duration, and regimen likely modify dementia
risk among postmenopausal women. Future research
should prioritize well-designed RCTs with sufficient
power, long-term follow-up, harmonized diagnostic
criteria, and prespecified subgroup analyses. Rig-
orous control of genetic, cardiovascular, social, and
lifestyle confounders will be essential to clarify the
true effect of HRT on dementia risk.
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