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The relationship of postmenopausal hormone therapy with all-cause dementia and Alzheimer’s disease demen-

tia has been controversial. Given continued interest in the role of hormone therapy in chronic disease prevention

and the emergence of more prospective studies, we conducted a systematic review to identify all epidemiologic

studies meeting prespecified criteria reporting on postmenopausal hormone therapy use and risk of Alzheimer’s

disease or dementia. A systematic search of Medline and Embase through December 31, 2012, returned 15 arti-

cles meeting our criteria. Our meta-analysis of any versus never use did not support the hypothesis that hormone

therapy reduces risk of Alzheimer’s disease (summary estimate = 0.88, 95% confidence interval: 0.66, 1.16).

Exclusion of trial findings did not change this estimate. There were not enough all-cause dementia results for a

separate meta-analysis, but when we combined all-cause dementia results (n = 3) with Alzheimer’s disease

results (n = 7), the summary estimate remained null (summary estimate = 0.94, 95% confidence interval: 0.71,

1.26). The limited explorations of timing of use—both duration and early initiation—did not yield consistent findings.

Our findings support current recommendations that hormone therapy should not be used for dementia prevention.

We discuss trends in hormone therapy research that could explain our novel findings and highlight areas where

additional data are needed.

Alzheimer disease; clinical trial; cognition; cohort studies; dementia; estrogen replacement therapy; hormone

replacement therapy; systematic review

Abbreviations: CEE, conjugated equine estrogen; CEE+MPA, conjugated equine estrogen plus medroxyprogesterone acetate

combined; CI, confidence interval; MPA, medroxyprogesterone acetate; RR, relative risk; WHI, Women’s Health Initiative;

WHIMS, Women’s Health Initiative Memory Study.

INTRODUCTION

For many years, the relationship between postmenopausal
hormone therapyanddementia hasbeencontroversial.Although
there was no clear consensus, beliefs about the neurocogni-
tive benefits of estrogen were part of a broader view that sup-
plemental estrogen could prevent chronic disease—even aging
itself—in postmenopausal women (1). Early observational
studies, many of them retrospective, suggested protective asso-
ciations between hormone therapy and risk of all-cause demen-
tia and Alzheimer’s disease dementia (2). These findings
were buttressed by a substantial body of animal and in vitro
research that supported the idea that supplemental estrogen
might stave off dementia-related neurodegeneration by pro-
motion of cholinergic activity (3), by protection from toxic
insult (4), by stimulation of neuron formation (5), or by reduced

formation and enhanced clearance of β-amyloid (6), the main
constituent of the characteristic amyloid plaques ofAlzheimer’s
disease. On the other hand, it was also known that hormone
therapy increases inflammatory markers (7) and risk of stroke
(8), both of which are associated with increased dementia
risk.

Over the last decade, findings from the Women’s Health
Initiative (WHI) cast doubt on the use of hormone therapy to
prevent chronic disease (9), including dementia. The WHI,
conducted in approximately 27,000 women aged 50–79 years
at enrollment, consisted of 2 parallel, randomized, controlled,
double-blind trials. One trial compared the effects of conju-
gated equine estrogen (CEE) and medroxyprogesterone acetate
(MPA) combined (CEE+MPA) with placebo, and the other
comparedCEE alonewith placebo. TheWHIwas halted early
because of increased risk of heart disease, stroke, pulmonary
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embolism, andbreast cancer in theCEE+MPAarmand excess
stroke risk and absence of benefit for heart disease in the CEE-
alone branch of the trial. TheWomen’s Health InitiativeMemory
Study (WHIMS) also found a significant increase in demen-
tia risk with CEE+MPA (10) and a nonsignificant increase
in dementia risk with CEE alone (11). Analyses of global cog-
nitive function found harmful effects of CEE alone (12) and
no benefit of CEE+MPA (13). In the wake of these disap-
pointing findings, the pendulum has generally swung away
from prescribing long-term hormone use for chronic disease
prevention (14).
One interpretation of the apparent discrepancy between

the early observational studies and the WHIMS clinical trial
findings is that the observational studies were confounded by
factors that influenced use; for example, hormone therapy use
was associated with higher socioeconomic status, access to and
use of health care, and a variety of health-promoting behav-
iors (15, 16). Another difference concerns the timing of hor-
mone therapy initiation: Many hormone therapy users in the
observational studies began their therapy at the time of men-
opause, while randomization in the WHI occurred for most
participants well beyond menopause. The “critical window
hypothesis,” as well as the hypothesized “healthy cell bias” of
estrogen action (17), suggests that the findings from the WHI
and from observational investigations could both be correct,
positing potential cognitive benefits with earlier initiation and
potential risks with later initiation.
Although new studies are beginning to address the ques-

tion of timing, it is unclear whether dementia risk varies with
other dimensions of hormone therapy use, such as duration,
dose, and mode of delivery. These questions are important,
because hormone therapy remains the most effective treat-
ment for vasomotor symptoms that commonlyemerge atmeno-
pause. Thus, there are still important insights to be gained from
further study of hormone therapy use and dementia risk, espe-
cially given the large number of women currently in midlife
who are expected to develop dementia in the next few decades
(18, 19). There have been many commentaries and nonsys-
tematic reviews of hormone therapyand dementia but few sys-
tematic reviews (20, 21). Many of the published meta-analyses
focused on cognitive decline or impairment rather than demen-
tia (22–24). Moreover, previous meta-analyses of dementia
were completed over a decade ago when few prospective
studies had been conducted (25–27). In particular, most of the
included studies were retrospective case-control studies, many
drawing cases that were diagnosed in health-care settings rather
than systematically evaluating participants; some relied on
self- or proxy report of hormone therapy use, and many did
not adjust for major potential sources of confounding. As we
describe further (refer to Discussion), these and other limita-
tions present in most of the studies included in these meta-
analysesmay have contributed to spuriously beneficial summary
associations.
Therefore, we conducted a systematic review to more

clearly delineate the scope of and gaps in previous findings
on hormone therapy use and dementia and to integrate these
findings with newly emerging data. Our aim in this review is
to improve on the published literature by providing an
updated, comprehensive, systematic review of the scientific
data linking hormone therapy to risk of all-cause dementia

and Alzheimer’s disease, limited to data from studies of demen-
tia that were prospectively conducted, including both obser-
vational studies and randomized trials. Where appropriate,
we conducted meta-analyses of studies relating postmen-
opausal hormone therapy to dementia/Alzheimer’s disease
risk.

MATERIALS ANDMETHODS

Literature search

We conducted our systematic literature search in the Med-
line (via PubMed and Ovid) and Embase databases through
December 31, 2012. We report our methods in accordance
with the Meta-analysis of Observational Studies in Epidemi-
ology (MOOSE) guidelines (28).
Two investigators (J. O. and J. W. J.) independently per-

formed the literature search.We used theMedlineMedical Sub-
ject Headings (MeSH) database and the Embase EMTREE
thesaurus, as well as relevant article abstracts and metadata,
to compile lists of controlled vocabulary and free text terms
that were incorporated into our search strategy. Our search
terms included keywords for the exposure (e.g., “postmeno-
pausal”or“hormone”or“estrogen”), theoutcome(e.g.,“demen-
tia” or “Alzheimer”), and study design (e.g., “cohort” or
“case-control”). The full Medline and Embase search strate-
gies are provided in Web Table 1 available at http://aje.
oxfordjournals.org/.
The selection process involved 3 stages. First, we removed

all duplicate citations from the combined results from the Med-
line and Embase searches, using EndNote software (Thomson
Reuters, New York, New York). Second, we reviewed all
citation titles and abstracts for their relevance and selected
studies for full text review if the title and/or abstract sug-
gested that the study was at minimum a prospective study of
the relationship between hormone therapy and dementia. In the
final stage, we reviewed the full text of the articles selected in
the second stage.

Inclusion criteria. Studies were eligible for inclusion if
they met the following 6 criteria: 1) the study was published
in a peer-reviewed journal; 2) the cohort/study population
was well defined and followed longitudinally, with exposure
(hormone therapy) data collected prospectively with respect
to dementia assessment; 3) the study presented original epi-
demiologic data on the association between incident demen-
tia or Alzheimer’s disease and use of postmenopausal hormone
therapy; 4) the investigators clearly defined use of postmeno-
pausal hormone therapy (and its variants) and provided details
on how the hormone use data were obtained; 5) the investiga-
tors appropriately adjusted analyses at a minimum for age, using
regression, stratification, matching, or restriction; and 6) the
authors provided an estimate of association and at least 1 cor-
respondingmeasure of statistical uncertainty such as aPvalue,
standard error, or confidence interval. These criteria were
designed to identify high-quality studies and to ensure that
they provided adequate data for meta-analyses.We communi-
cated with study authors when their report indicated that hor-
mone therapyhadbeenassessedbutdidnotpresent anestimate
and/or measure of uncertainty.
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Data extraction. For each eligible study, the following
data were extracted (by J. O.): year of publication; cohort;
number of participants; number of dementia and Alzheimer’s
disease cases; follow-up time (including duration of case ascer-
tainment, time between use of hormone therapy and start of
dementia/Alzheimer’s disease assessment, and time between
useofhormone therapyanddementia/Alzheimer’sdiseasediag-
nosis); participants’ ages (including when therapy was taken,
when follow-up for dementia outcome began, andwhen cases
were diagnosed); method for collecting data on hormone use
(e.g., questionnaire, medical record review, prescription data-
base); hormone therapy use classifications and frequencies
(e.g., timing of use, duration of use, route of administration,
formulation, or any available information); dementia and
Alzheimer’s diseasediagnostic criteria; andprocess, effectmea-
sure, effect estimates, standard errors or information to com-
pute standard errors, and model covariates or other covariates
accounted for via stratification. In instances where multiple
models were reported, we extracted data from the model with
the maximum covariates.

Data analysis

We grouped study findings on the basis of how hormone
therapy was categorized (e.g., any vs. minimal or never use, or
current vs. former vs. never use), included effect estimates,
and selected study characteristics in the tables.

When studies from 4 or more independent samples reported
findings with comparable outcomes (Alzheimer’s disease or

all-cause dementia) and exposure groupings (binary exposure
data or categorical data with sufficiently similar catego-
ries),wecalculated summaryestimatesofassociationand 95%
confidence intervals. These summary measures were calcu-
lated by using random-effects models (29) that use a weight-
ing scheme that incorporates both within- and between-study
variance. We also evaluated the presence of heterogeneity
across these associations using the I2 measure (30). To assess
whether publication bias may have contributed to the pattern
of findings, we used both a quantitative (via the Egger regres-
sion asymmetry test) (31) and a qualitative (visual inspection
of the Begg funnel plot) approach (31). The power of these
tests in our data is limited, however, because of the relatively
small number of studies available for each meta-analysis.

We conducted several sensitivity analyses. From the “any
use versus never use” findings, we computed summary esti-
mates excluding studies that relied on database records for diag-
nostic information rather than systematically evaluating their
participants. Separately,we computed a summaryestimate exclud-
ing the randomized trial result. Finally, becauseAlzheimer’s dis-
ease pathology underlies the majority of dementia cases, yet
individuals with a dementia diagnosis frequently have mixed
pathology, we computed a summary estimate that incorpo-
rated all results on Alzheimer’s disease dementia plus a result
on all-cause dementia from an additional study that did not
report results on Alzheimer’s disease. Only 3 studies reported
results on all-cause dementia, too few to conduct a formal
meta-analysis, so—using the same reasoning—we computed
a summary estimate that combined these all-cause dementia

Figure 1. Flowchart describing the approach used to identify eligible studies. We conducted a systematic search in the Medline (via PubMed
and Ovid) and Embase databases through December 31, 2012. WHIMS, Women’s Health Initiative Memory Study.
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Table 1. Characteristics of Studies Included in Review

First Author,
Year (Reference

No.)
Cohort Study Designa No.

Age, years, at
Start of

Cognitive
Follow-upb

Hormone Therapy
Ascertainment

When Hormone Therapy
Use Assessed

Interval Over
Which

Dementia
Assessed

Diagnostic
Criteria

Effect
Measure

Barnes,
2003 (32)

Religious Orders Study Prospective
cohort

577 76.1 Asked at baseline
evaluation

At baseline cognitive
evaluation, which
occurred between 1994
and 2002

1994–2003
(mean
follow-up =
4.8 years)

NINCDS-
ADRDA

HR

Brenner,
1994 (33)

University of
Washington
Alzheimer Disease
Patient Registry–
Group Health
Cooperative

Nested case-
control

227 77.6c From prescription
database

1977 onward April 1987–
February
1992

DSM-III-R,
NINCDS-
ADRDA

OR

Kawas,
1997 (34)

Baltimore Longitudinal
Study of Aging

Prospective
cohort

472 61.5 Asked at biennial
evaluations

Beginning in 1978 and every
2 years thereafter

Began in 1978
(maximum
follow-up =
16 years)

DSM-III-R,
NINCDS-
ADRDA

HR

Lindsay,
2002 (35)

Canadian Study of
Health and Aging

Prospective
cohort

2,079 73.3d From questionnaire At baseline evaluation in
1991

1991–1996 DSM-IV,
NINCDS-
ADRDA

OR

Petitti,
2008 (36)

Southern California
Kaiser Permanente

Nested case-
control

2,906 78.7 From prescription
database and
self-report

1992 onward; 6 years before
start of cognitive follow-up

1999–2003 TICSm
(screening),
TDQ,
medical
records

HR

Roberts,
2006 (37)

Rochester
Epidemiology
Project

Nested case-
control

490 84e From prescription
database

From perimenopausal
period or the onset of
menopause to index year
for cases and controls

January 1985–
December
1989

DSM-IV OR

Ryan,
2009 (38)

Three-City Study Prospective
cohort

3,130 74 From questionnaire At baseline evaluation,
beginning in 1999, and at
each 2-year follow-up

Began in
1999;
results from
first 4 years
of study

DSM-IV HR

Ryan,
2009 (39)

Enquête de Santé
Psychologique-
Risques Incidence et
Traitement Study

Prospective
cohort

996 73 From questionnaire At baseline evaluation,
which occurred between
1999 and 2001

Began in
1999;
results from
first 4 years
of study

DSM-IV HR

Seshadri,
2001 (40)

The General Practice
Research Database

Nested case-
control

280 65.5f From prescription
database

1990–1998 January 1992–
October
1998 (mean
follow-up =
5.3 years)

NINCDS-
ADRDA

OR

Shao,
2012 (41)

Cache County Study Prospective
cohort

1,768 74.6g FromWomen’s
Health
Questionnaire,
via telephone

Between first and second
waves of follow-up (1995–
1999)

1995–2006
(mean
follow-up ≈
7 years)

NINCDS-
ADRDA

HR
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Table 1. Continued

First Author,
Year (Reference

No.)
Cohort Study Designa No.

Age, years, at
Start of

Cognitive
Follow-upb

Hormone Therapy
Ascertainment

When Hormone Therapy
Use Assessed

Interval Over
Which

Dementia
Assessed

Diagnostic
Criteria

Effect
Measure

Shumaker,
2004 (11)

Women’s Health
Initiative Memory
Study

Randomized
placebo-
controlled trial

7,479 70.6h Assigned at
baseline

Assigned in 1995 1995–2004
(mean
follow-up =
4.4 yearsi)

DSM-IV HR

Tang,
1996 (42)

Washington Heights–
Inwood Columbia
Aging Project

Prospective
cohort

1,124 74.2 From questionnaire At baseline interview Range, 1–5
years after
first
interview

DSM-III-R,
NINCDS-
ADRDA

HR

Waring,
1999 (43)

Rochester
Epidemiology
Project

Nested case-
control

444 82j From prescription
database

From menopause onset until
Alzheimer’s disease
onset, or onset of
Alzheimer’s disease in the
matched case patient (for
controls)

1980–1984 DSM-III-R,
NINCDS-
ADRDA

OR

Whitmer,
2011 (44)

Kaiser Permanente of
Northern California

Prospective
cohort (using
a health-care
database)

5,504 80.4k Midlife use from
survey; late-life
use from
prescription
database

Midlife use from 1964
survey; late-life use from
1994 to 1998

January 1999–
June 2008

ICD-9 HR

Zandi,
2002 (45)

Cache County Study Prospective
cohort

1,866 74.4l From interview At baseline evaluation,
which occurred between
1995 and 1997

1998–2000
(mean
follow-up ≈
3 years)

NINCDS-
ADRDA

HR

Abbreviations: DSM-III-R, Diagnostic and Statistical Manual of Mental Disorders, Third Edition, Revised; DSM-IV, Diagnostic and Statistical Manual of Mental Disorders, Fourth Edition; HR,

hazard ratio; ICD-9, International Classification of Diseases, Ninth Revision; NINCDS-ADRDA, National Institute of Neurological and Communicative Diseases and Stroke-Alzheimer’s

Disease and Related Disorders Association; OR, odds ratio; TDQ, Telephone Dementia Questionnaire; TICSm, Telephone Interview of Cognitive Status-Modified.
a Here, a prospective cohort design refers to a type of study that evaluates cases of dementia (or Alzheimer’s disease) that develop among a clearly defined population of people who do not

initially have the condition, over a given observation period, with attention to the timing of diagnosis. A nested case-control design refers to a type of study that evaluates cases of dementia (or

Alzheimer’s disease) that develop over the course of a defined period among a clearly defined population of people who do not initially have the condition, where cases are matched on certain

characteristics (e.g., age, location of residence) to controls who do not develop the disease over this time period.
b The age provided is a mean, unless otherwise noted.
c Mean age at index year, for cases and controls.
d Mean age for cases and controls at the start of follow-up, which includes both men and women.
e Median age at index year for cases and controls.
f Mean age at index year, calculated as the weighted average of cases and controls.
g Mean age at baseline, calculated as weighted average of hormone therapy users and nonusers at baseline.
h Calculated age using a weighted average of the median of reported age categories.
I Calculated as weighted average from data provided in the paper.
j Median age at onset of Alzheimer’s disease for cases; controls were matched to case patients within 3 years.
k Median.
l Calculated as the weighted average from data provided in the paper.
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Table 2. Summary of Results—Any Use of Hormone Therapy and Alzheimer’s Disease/Dementia Risk

Author, Year
(Reference No.)

Study Study Design
No. of

Persons
Covariates

Exposure
Distribution

Alzheimer’s Disease Dementia

Description %
No. of
Cases

RRa 95% CI
P

Value
No. of
Cases

RR 95% CI
P

Value

Brenner,
1994 (33)

Alzheimer Disease
Patient Registry-
Group Health
Cooperative

Nested case-
control

227 Age, history of
hysterectomyb

No hormone
therapy

52 55 1.00 Referent

Hormone
therapy

48 52 1.10 0.60, 1.80 0.73

Kawas,
1997 (34)

Baltimore Longitudinal
Study of Aging

Prospective
cohort

472 Age, educationc No hormone
therapy

51 25 1.00 Referent

Hormone
therapy

49 9 0.46 0.21, 1.00 0.05

Lindsay,
2002 (35)

Canadian Study of
Health and Aging

Prospective
cohort

2,079 Age, education No hormone
therapy

94 106 1.00 Referent

Hormone
therapy

6 4 1.37 0.48, 3.95 0.56

Roberts,
2006 (37)

Rochester
Epidemiology Project

Nested case-
control

486 Type of
menopause,
matched on
age

<6 months,
never

89 216 1.00 Referent

≥6 months of
hormone
therapy

11 28 1.10 0.63, 1.93 0.73

Ryan,
2009 (39)

Enquête de Santé
Psychologique-
Risques Incidence et
Traitement Study

Prospective
cohort

996 Age, education No hormone
therapy

66 19 1.00 Referent

Hormone
therapy

34d 8 1.41 0.59, 3.34 0.44

Seshadri,
2001 (40)

General Practice
Research Database

Nested case-
control

283 Body mass index,
smoking.
Matched on
age,
physician’s
practice, case
index date, date
of first
prescription in
database

<1 year, never 25 44 1.00 Referent

Hormone
therapy

75 18 1.19 0.62, 2.27 0.60

Shao,
2012 (41)

Cache County Study Prospective
cohort

1,768 Age, APOE
status,
education,
propensity
score for any
hormone
therapy use

No hormone
therapy

38 89 1.00 Referent NR 1.00 Referent

Hormone
therapy

62 87 0.80 0.58, 1.09 0.17 NR 0.84 0.65, 1.09 0.19

Shumaker,
2004 (11)

Women’s Health
Initiative Memory
Study

Randomized
placebo-
controlled trial

7,479 None Placebo 51 21 1.00 Referent 40 1.00 Referent
E or E+P 49 33 1.62e 0.91, 2.96 0.08 68 1.76 1.19, 2.60 0.005

Tang,
1996 (42)

Washington Heights–
Inwood Columbia
Aging Project

Prospective
cohort

1,124 Ethnicity,
education,
participation
group (senior
center vs.
Medicare
sample)

No hormone
therapy

86 158 1.00 Referent

Hormone
therapy

14 9 0.50 0.25, 0.90 0.02
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Table 2. Continued

Author, Year
(Reference No.)

Study Study Design
No. of

Persons
Covariates

Exposure
Distribution

Alzheimer’s Disease Dementia

Description %
No. of
Cases

RRa 95% CI
P

Value
No. of
Cases

RR 95% CI
P

Value

Waring,
1999 (43)

Rochester
Epidemiology Project

Nested case-
control

444 Controls matched
by age and
length of time in
record linkage
systemf

<6 months,
never

93 211 1.00 Referent

≥6 months 7 11 0.48 0.22, 1.01 0.05

Zandi,
2002 (45)g

Cache County Study Prospective
case-control

1,866 Age, education,
APOEh

No hormone
therapy

43 58 1.00 Referent

Hormone
therapy

57 26 0.59 0.36, 0.96 0.03

Abbreviations: APOE, apolipoprotein E; CI, confidence interval; E, estrogen; E+P, estrogen and progestin combined; NR, not reported; RR, relative risk.
a RR, or the relative risk, can be an odds ratio or a hazard ratio depending on the study design and sampling scheme; refer to Table 1 for the specific effect measure reported in each study.
b The investigators did not include the following variables in their final model because they determined that further adjustment for them did not appreciably change their findings: education,

marital status, ethnicity, and history of either smoking or progestin use.
c The investigators examined other variables that did not affect the results of this study, including age at menopause, age at menarche, years of natural cyclic estrogen exposure,

menopause duration, and surgical menopause.
d In contrast to many of the studies based in the United States, in this study women used predominantly transdermal estradiol (with or without progesterone), with less than 20% taking oral

estradiol. None of the women took conjugated equine estrogens.
e Hazard ratios for Alzheimer’s disease were not provided in the paper. We derived incidence rate ratios by using available data on Alzheimer’s disease (number of cases, number of

noncases, person-time).
f It is unclear which covariates (if any) were included in the final models, but authors reported that the odds ratio did not change noticeably after adjusting for education, age at menopause,

and parity, and it was not different in the stratum of women who had undergone natural menopause or in the stratum of women who used estrogen for more than 1 year.
g This study was not included in our meta-analyses of any versus minimal or no hormone therapy use, as the Shao paper (41) from the same cohort provided updated results from the same

study population.
h Authors reported that results did not change appreciably when terms were added separately for diabetes mellitus, cardiovascular disease, depression, or use of nonsteroidal

antiinflammatory drugs.
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findings with the findings on Alzheimer’s disease dementia
from7additional studies that did not report results on all-cause
dementia.
All analyses were conducted by using Stata, version 11,

statistical software (StataCorp LP, College Station, Texas).

RESULTS

Literature search results

Our systematic, electronic search strategy returned 2,046
citations from PubMed, Ovid Medline, and Embase; 526 dupli-
cates were removed. We excluded 1,446 citations that did not
meet our inclusion criteria (e.g., topic not appropriate, review
or editorial, cross-sectional or nonnested case-control study
design), leaving 74 articles for full-text review. We then
excluded 56 additional articles that did not meet the inclusion
criteria (and 3 articles that discussed WHIMS results pub-
lished elsewhere in greater detail), leaving 15 eligible peer-
reviewed publications (Figure 1) (11, 32–45).

Description of the included studies

This review includes 13 unique study populations. Popu-
lation sizes ranged from 227 to 7,479; several studies had
small numbers of cases (i.e., <5) in specific exposure catego-
ries (35, 40, 42). Two of the cohorts were represented in arti-
cles reporting research conducted in separate time periods
(Cache County Study (41, 45), Rochester Epidemiology
Project (37, 43)). Where there was overlap in at-risk person
time, we included only the most updated report in our meta-
analyses.
Of the 15 articles included in this review, 9 provided data

from a prospective cohort design, 5 from a nested case-control
design, and 1 from a randomized clinical trial (Table 1). All
studies collected information on use of hormone therapy
either by self-report (e.g., interview or questionnaire) at the
start of the study or by electronic prescription database.
Most of the prospective cohort studies collected information
on the use of hormone therapy via questionnaire, either self-
administered (35) or administered by a trained interviewer in
person (32, 34, 38, 39, 42, 45) or by telephone (41). In the
nested case-control studies we reviewed, use of hormone ther-
apy was determined from electronic prescription databases,
which were usually maintained by health insurance groups
(33, 36, 44) or were part of long-term, regional patient regis-
tries (37,40,43).The frequencyofhormone therapyusevaried
widely, ranging from 6% to 62% of study participants.
Most of the studieswe reviewed evaluatedAlzheimer’s dis-

ease as the primary outcome; 9 reported results for Alz-
heimer’s disease only (32–35, 37, 40, 42, 43, 45), 2 reported
results for all-cause dementia only (39, 44), and 4 reported
results for both Alzheimer’s disease and all-cause dementia
(11, 36, 38, 41). In 2 instances, we contacted the study authors
to obtain additional effect estimates for Alzheimer’s disease
(32) or dementia (39) when these estimates were mentioned
but not reported in the papers.
Participants in the prospective cohort studies underwent

regular evaluations for dementia as part of follow-up proce-
dures,whichis importantbecausemanypeoplewithAlzheimer’s

disease are not formally diagnosed by a health professional
(46). Some studies, however, relied solely on medical records
for diagnostic information (37, 40, 43, 44) or on a combina-
tion of records and cognitive evaluations (33, 36). Investiga-
tors for studies that used themedical record approachmaintained
that this method would capture most cases within the catch-
ment area; for example, the database covered a clearly defined
geographical area with detailed electronic medical records
for all patients and controls. Furthermore, all studies included
in this review except one (36) reported using standard cri-
teria to diagnoseAlzheimer’s disease anddementia (e.g.,National
Institute of Neurological and Communicative Disorders and
Stroke-Alzheimer’s Disease and Related Disorders Associa-
tion (NINCDS-ADRDA); Diagnostic and Statistical Manual
of Mental Disorders, Third Edition, Revised (DSM-III-R);
Diagnostic and Statistical Manual of Mental Disorders, Fourth
Edition (DSM-IV); or International Classification of Diseases,
Ninth Revision (ICD-9)). All studies excluded at baseline those
with possible dementia or selected controls who were demen-
tia free.
Most of the studies compared Alzheimer’s disease or demen-

tia risk among women who ever used hormone therapy (i.e.,
any history of use) with risk among thosewho never used hor-
mone therapy. Some studies compared lifetime hormone ther-
apyusewith“minimal”use (37, 40, 43),meaning that somewomen
in the reference group used hormone therapy for an interval
(e.g., <6months) that was not considered long enough by inves-
tigators tomeaningfully affect Alzheimer’s disease or demen-
tia risk. Use of estrogen creams was generally not classified as
use of hormone therapy because of a lack of evidence that this
form of therapy affects the central nervous system (34, 37, 44).
The length of time over which dementia was assessed ranged

from 1 to 16 years. The time between hormone therapy use
and dementia assessment was not always available, although
some studies tracked use in databases dating back many years
(33, 37, 43), while others asked only about history of use
prior to the start of cognitive follow-up (32, 35, 41, 42, 45).

Meta-analysis and summary of study findings

In this section, we report results for all-cause dementia
and Alzheimer’s disease dementia together. Articles in this
review that reported results for both Alzheimer’s disease and
all-cause dementia found similar results for each outcome
(11, 36, 41).

Any versus never use. Ten of the articles included in
this review, including the WHIMS trial, reported an esti-
mated association between ever-use of hormone therapy and
Alzheimer’s disease (Table 2). From the articles included in
this meta-analysis, there were a total of 14,363 participants
and 1,176 cases of Alzheimer’s disease (251 cases with ever-
hormone therapy use). Four articles reported a significant
(42, 45) or marginally significant (P = 0.05) (34, 43) inverse
association between any use of hormone therapy and Alzhei-
mer’s disease risk. Five reports found a relative risk greater
than 1 (11, 33, 35, 37, 40), but confidence intervals were
wide and included the null value (relative risk (RR) = 1). Our
summary estimate was 0.88 (95% confidence interval (CI):
0.66, 1.16) (Figure 2). This summary estimate did not change
meaningfully when we restricted these analyses to studies that
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comprehensively assessed all of their participants for dementia.
Moreover, results were similar when we added the 1 paper that
reported only on all-cause dementia to the pool of 9 Alzheimer’s
disease results (summary RR = 0.91, 95% CI: 0.70, 1.18)
and when we combined the all-cause dementia results from
papers reporting unique results for all-cause dementia (n = 3)
withAlzheimer’sdiseasedementiaresultsfrompapersreporting
only on this outcome (n = 7) (summary RR = 0.94, 95% CI:
0.71, 1.26). The I2 measurement corresponding to the analy-
sis of all Alzheimer’s disease results was 49% (95% CI: 0, 73),
indicatingmoderate heterogeneity in the individual study esti-
mates. This heterogeneity estimate was similar for all of the
alternative scenarios above.

When we excluded the findings from the clinical trial
(WHIMS), the summaryestimate for hormone therapyuse and
Alzheimer’s disease risk changed slightly but was not statis-
tically significant (summary RR = 0.81, 95% CI: 0.62, 1.06).
This exclusion also resulted in a modest decline in the I2 of
34% (95% CI: 0, 70). However, none of the Egger tests from

these meta-analyses, including those that incorporated the
WHIMS finding, was consistent with publication bias, and
all of the corresponding Begg funnel plots were reasonably
symmetrical. Nonetheless, over time, reported estimates have
progressed from suggesting a decreased risk of Alzheimer’s dis-
ease to suggesting an increased risk, with relative risk esti-
mates increasing, on average, by 15% every 5 years (Web
Figure 1). Overall, these findings are not consistent with the
hypothesis that hormone therapy use, at least classified as an
ever-never phenomenon, prevents Alzheimer’s disease.

Duration of use. Eight articles involving 7 unique study
populations evaluated duration of hormone therapy (Table 3).
We were unable to conduct a meta-analysis of these results
because studies defined duration of use differently. For instance,
1 study tracked duration by the number of prescriptions filled
(33), while the remaining studies used time in years, and these
studies used unique cutpoints to define duration categories.
Three studies found significantly lower risks of Alzheimer’s
disease among women with the longest duration of use (>1

Figure 2. Individual and pooled estimates of the association between hormone therapy use (any vs. minimal or no use) and Alzheimer’s disease
(AD) risk. “All AD, excluding clinical trial” excludes findings from Shumaker et al. (11). “All AD, studies with comprehensive dx” includes findings
only from studies that evaluated all participants for dementia rather than relying on medical records. “AD plus dementia” adds the all-cause demen-
tia findings from Ryan et al. (39) to all AD-specific findings. “Dementia plus AD” uses all all-cause dementia findings, substituting AD-specific findings
from 7 studies that did not report results for all-cause dementia. For the study-specific estimates, the reference number is given in parentheses. CI, confi-
dence interval; dx, diagnosis; HR, hazard ratio; OR, odds ratio. “All AD” includes all study-specific estimates shown below.
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Table 3. Summary of Results—Duration of Hormone Therapy Use and Alzheimer’s Disease Riska

Author, Year
(Reference No.)

Study Study Design
No. of

Persons
Covariates

Exposure Distribution Alzheimer’s Disease

Description %
No. of
Cases

RRb 95% CI
P

Value

Barnes,
2003 (32)

Religious Orders
Study

Prospective cohort 577 Age, education No hormone therapy 64 NR 1.00 Referent

<10 years NRc NR 0.57 0.21, 1.60 0.28

≥10 years NR NR 1.38 0.81, 2.36 0.24

Brenner,
1994 (33)

Alzheimer
Disease
Patient
Registry–
Group Health
Cooperative

Nested case-
control

227 Age, history of
hysterectomyd

No hormone therapy 52 55 1.00 Referent

1–2 prescriptions 17 22 1.50 0.70, 3.00 0.27

3–10 prescriptions 15 15 0.90 0.40, 2.10 0.80

11–50 prescriptions 16 15 0.80 0.30, 1.80 0.63

Kawas,
1997 (34)

Baltimore
Longitudinal
Study of Aging

Prospective cohort 472 Age, educatione No hormone therapy NR NR 1.00 Referent

>0–5 years NR NR 0.44 0.13, 1.51 0.19

>5–10 years NR NR 0.34 0.05, 2.52 0.29

>10 years NR NR 0.50 0.17, 1.47 0.21

34f

Roberts,
2006 (37)

Rochester
Epidemiology
Project

Nested case-
control

486 Type of menopause,
matched on age

<0.5 years, no hormone
therapy

89 216 1.00 Referent

0.5–3 years 5 14 1.22 0.55, 2.69 0.63

>3 years 6 14 1.01 0.47, 2.20 0.97

Seshadri,
2001 (40)

General Practice
Research
Database

Nested case-
control

280 Body mass index, smoking.
Matched on age,
physician’s practice,
case index date, date of
first prescription in
database

No hormone therapy 75 44 1.00 Referent

12–35 months 7 6 1.68 0.60, 4.69 0.32

36–59 months 9 5 0.89 0.29, 2.69 0.84

≥60 months 9 4 1.05 0.32, 3.44 0.94

Tang,
1996 (42)

Washington
Heights–
Inwood
Columbia
Aging Project

Prospective cohort 1,124 Ageg No hormone therapy 86 158 1.00 Referent

Unknown 3 3 1.30 0.40, 4.20 0.66

≤1 year 6 5 0.47 0.20, 1.10 0.06

>1 year 5 1 0.13 0.02, 0.92 0.01

Waring,
1999 (43)

Rochester
Epidemiology
Project

Nested case-
control

444 Controls matched by age,
length of time in record
linkage systemh

No hormone therapy 82 189 1.00 Referent

<6 months 11 22 0.85 0.44, 1.62 0.62

≥6 months 7 11 0.42 0.18, 0.96 0.04

Table continues
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Table 3. Continued

Author, Year
(Reference No.)

Study Study Design
No. of

Persons
Covariates

Exposure Distribution Alzheimer’s Disease

Description %
No. of
Cases

RRb 95% CI
P

Value

Zandi,
2002 (45)

Cache County
Study

Prospective cohort 1,856 Age, education, APOEi No hormone therapy 43 58 1.00 Referent

<3 years 17 10 0.82 0.38, 1.57 0.58

3–10 years 17 8 0.60 0.26, 1.22 0.2

>10 years 23 7 0.41 0.17, 0.86 0.03

Abbreviations: APOE, apolipoprotein A; CI, confidence interval; NR, not reported; RR, relative risk.
a No studies that characterized hormone therapy by duration of use reported results for all-cause dementia.
b RR, or the relative risk, can be an odds ratio or a hazard ratio depending on the study design and sampling scheme; refer to Table 1 for the specific effect measure reported in each study.
c The exposure distribution by category of duration was not reported; 36% reported ever use of hormone therapy, and 64% reported never use of hormone therapy.
d The investigators did not include the following variables in their final model because they determined they were not confounders: education, marital status, ethnicity, and history of either

smoking or progestin use.
e Other variables that were examined did not affect the results of this study, including age at menopause, age at menarche, years of natural cyclic estrogen exposure, menopause duration,

and surgical menopause.
f Total Alzheimer’s disease cases.
g The investigators considered the following variables: ethnicity, education, and participation group (senior center vs. Medicare sample). However, it is unclear if results from the models of

duration of use adjusted for these variables.
h It is unclear which covariates (if any) were included in the final models, but the authors report that the odds ratio did not change noticeably after controlling for the effects of education, age

at menopause, and parity and when conducting stratified analyses in women who had undergone natural menopause or who used estrogen for more than 1 year.
i The authors reported that results did not change appreciably when terms were added separately for diabetes mellitus, cardiovascular disease, depression, or use of nonsteroidal

antiinflammatory drugs.
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Table 4. Summary of Results—Timing of Hormone Therapy Use and Alzheimer’s Disease/Dementia Risk

Author, Year
(Reference No.)

Study Study Design
No. of

Persons
Covariates

Exposure
Distribution

Alzheimer’s Disease Dementia

Description %
No. of
Cases

RRa 95% CI
P

Value
No. of
Cases

RR 95% CI
P

Value

Current/Former/Never

Brenner,
1994 (33)

Alzheimer Disease
Patient Registry–
Group Health
Cooperative

Nested
case-
control

227 Age, history of
hysterectomyb

No
hormone
therapy

52 55 1.00 Referent

Former 24 33 1.70 0.90, 3.20 0.10

Current 23 19 0.60 0.30, 1.20 0.15

Ryan,
2009 (38)

Three-City Study Prospective
cohort

3,130 Age, education, study
center, high caffeine
consumption,
depressive
symptoms, physical
incapacities,
comorbidity, marital
status, anticholinergic
drugs, body mass
index, age at
menopause

No
hormone
therapy

69 NR 1.00 Referent NR 1.00 Referent

Former 16 NR 0.39 0.39, 2.23 0.86 NR 0.74 0.35, 1.55 0.42

Current 15 NR
53c

1.36 0.44, 4.20 0.59 NR
79d

0.83 0.32, 2.17 0.70

Ryan,
2009 (39)

Enquête de Santé
Psychologique-
Risques Incidence
et Traitement
Study

Prospective
cohort

996 Age, education No use at
baseline

85 25 1.00 Referent

Current 15 2 1.08 0.24. 4.92 0.93

Ryan,
2009 (39)

Enquête de Santé
Psychologique-
Risques Incidence
et Traitement
Study

Prospective
cohort

996 Age, education No past
usee

81 21 1.00 Referent

Past use 19 6 1.55 0.60, 3.97 0.36

Seshadri,
2001 (40)

General Practice
Research
Database

Nested
case-
control

280 Body mass index,
smoking. Matched on
age, physician’s
practice, case index
date, date of first
prescription in
database

No
hormone
therapy

76 44 1.00 Referent

Current 24 15 1.18 0.59, 2.37 0.64

Zandi,
2002 (45)

Cache County Study Prospective
cohort

1,866 Age, education, APOEf No
hormone
therapy

43 58 1.00 Referent

Former 26 9 0.33 0.15, 0.65 0.003

Current 31 17 1.08 0.59, 1.91 0.8

Time Between Menopause and Hormone Therapy Initiation

Roberts,
2006 (37)

Rochester
Epidemiology
Project

Nested
case-
control

485 Type of menopause,
matched on age

No
hormone
therapy

89 216 1.00 Referent

≤2 years 7 17 1.24 0.61, 2.53 0.55

>2 years 5 11 1.02 0.41, 2.54 0.97
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Table 4. Continued

Author, Year
(Reference No.)

Study Study Design
No. of

Persons
Covariates

Exposure
Distribution

Alzheimer’s Disease Dementia

Description %
No. of
Cases

RRa 95% CI
P

Value
No. of
Cases

RR 95% CI
P

Value

Shao,
2012 (41)

Cache County Study Prospective
cohort

1,768 Age, APOE status,
education, propensity
score for any
hormone therapy use

No
hormone
therapy

38 89 1.00 Referent NR 1.00 Referent

≤5 years 41 52 0.70 0.49, 0.99 0.05 NR 0.74 0.55, 1.00 0.05

>5 years 21 35 1.03 0.68, 1.55 0.89 NR 1.06 0.76, 1.49 0.73

Age at Initiation of Hormone Therapy

Roberts,
2006 (37)

Rochester
Epidemiology
Project

Nested
case-
control

486 Type of menopause,
matched on age

No
hormone
therapy

89 216 1.00 Referent

≤49.5
years

6 17 1.81 0.81, 4.05 0.15

>49.5 years 6 11 0.67 0.30, 1.51 0.34

Whitmer,
2011 (44)

Kaiser Permanente of
Northern California

Nested
case-
control

5,504 Age, education, race,
midlife body mass
index, diabetes,
hypertension,
hyperlipidemia,
stroke, and
hysterectomy

No
hormone
therapy

45 699 1.00 Referent

Midlife 25 376 0.74 0.58, 0.94 0.01

Late life 12 188 1.48 1.10, 1.98 0.01

Both 18 261 1.02 0.78, 1.34 0.89

Abbreviations: APOE, apolipoprotein E; CI, confidence interval; NR, not reported; RR, relative risk.
a RR, or the relative risk, can be an odds ratio or a hazard ratio depending on the study design and sampling scheme; refer to Table 1 for the specific effect measure reported in each study.
b The investigators did not include the following variables in their final model because they determined that further adjustment for them did not appreciably change their findings: education,

marital status, ethnicity, and history of either smoking or progestin use.
c Total Alzheimer’s disease cases.
d Total all-cause dementia cases.
e Past use and current use were evaluated in separate models.
f The authors reported that results did not change appreciably when terms were added separately for diabetes mellitus, cardiovascular disease, depression, or use of nonsteroidal

antiinflammatory drugs.
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year (42),≥6 months (43), >10 years (45)). In 2 articles women
had relative risks of less than 1 in each duration category,
although there was no clear trend, and results did not reach
significance (33, 34); 3 other reports also did not observe
any trend of lower risk with longer use (32, 37, 40).

Timing of use. Reported findings on the timing of hor-
mone therapy use (Table 4) were not consistent across studies.
One common but crude approach to explore timing is to cat-
egorize women who ever used hormone therapy as current or
past users. Four articles reported results for current use of
hormone therapy and risk of Alzheimer’s disease, and the
summary estimate was 0.97 (95% CI: 0.68, 1.38) (I2 = 0%,
95% CI: 0, 68). Three articles provided results for former
use of hormone therapy and Alzheimer’s disease risk, and
results were variable, with only 1 study reporting a signifi-
cant reduction in risk among former users (45). For all-cause
dementia, Ryan et al. (38) reported reduced, but not signif-
icant, risk for current and former use of hormone therapy
compared with never use. We obtained additional results on
dementia incidence by request from investigators of the
Enquête de Santé Psychologique-Risques Incidence et Traite-
ment (ESPRIT) study (39), who found elevated, but not signifi-
cant, risk for current, past, and ever use of hormone therapy.
Other reports containedmore detailed information on timing

of hormone therapy use. Two articles considered age at initia-
tion. Investigators from the Rochester Epidemiology Project
found increased risk among earlier initiators (≤49.5years) and
decreased risk among later initiators (>49.5 years), although
neither of these results reached significance (37), and find-
ings from the Northern California Kaiser Permanente cohort
observed that midlife (ages 40–55 years) use was associated
with a significant 26% decreased all-cause dementia risk, while
late-life (ages ≈70–85 years) use was associated with 48%
increased risk (44). Two articles considered time between
menopause and initiation of therapy. Roberts et al. (37) reported
an adverse but nonsignificant association among women who
started therapy within 2 years of menopause, while new find-
ings from the Cache County Study included a significant and
inverse association corresponding to hormone therapy use
when initiated within 5 years of menopause onset (RR = 0.70,
95% CI: 0.49, 0.99) (41), although the upper bound of the
confidence interval was close to the null value (RR = 1.0).

Additional Alzheimer’s disease results. Relative
Alzheimer’s disease risks corresponding to other exposure
categorizations—related to dose, formulation of hormone
therapy, and route of administration of hormone therapy—
are displayed together in Table 5. There were too few studies
of any exposure categorization to combine in meta-analyses.
Observational studies that reported results according to
whether therapy included progestin were inconsistent; some
found higher Alzheimer’s disease risk for hormone therapy
with progestin than for hormone therapy without progestin,
although formulation-specific relative risks were not signifi-
cant (36, 40).The recentCacheCountyStudy foundan inverse
association of unopposed estrogen use with Alzheimer’s
disease risk (RR = 0.70, 95% CI: 0.49, 1.01) (41). In con-
trast, the WHIMS randomized trial found increased risk of
Alzheimer’s disease for both unopposed estrogen use and
estrogen plus progestin use (from our extracted Alzheimer’s
disease results for CEE alone: RR = 1.47, 95% CI: 0.58,

3.91; for CEE+MPA: RR = 1.74, 95% CI: 0.71, 3.91). How-
ever, none of these findings from the Cache County Study and
the WHIMS was statistically significant.
One study differentiated use by route of administration (33)

(oral vs. vaginal) and found a nonsignificant decreased risk
for use of oral estrogens but a nonsignificant increased risk
for use of vaginal estrogens. Finally, the 2 studies from the
Rochester Epidemiology Project, which had detailed records
of prescriptions in a local population, considered how cumu-
lative dose of hormone therapy may influence Alzheimer’s
disease risk, and, while women with the highest cumulative
doses had lower Alzheimer’s disease risk, results did not
reach significance (37, 43).

DISCUSSION

In this review, we present results from a series of prospec-
tive studies on postmenopausal hormone therapy (including
estrogen alone or in combination with progestin) in relation
to dementia and Alzheimer’s disease risk that suggest no
impact on risk for Alzheimer’s disease or all-cause demen-
tia. Our summary estimates for ever versus never users were
null whether or not we included the clinical trial result that
hormone therapy actually increases dementia risk and were
robust to a variety of alternative outcome definitions.
These null findings are noteworthy in light of prior meta-

analyses of observational studies, conducted over a decade ago,
that found inverse associations between hormone therapy
use and dementia risk. These earlier meta-analyseswere inter-
preted with caution because the included studies often suf-
fered from methodological limitations (25–27). By contrast,
our meta-analysis included only prospective studies meeting
prespecified inclusion criteria. In addition, an examination
of the studies included in our review shows that the reported
associations between hormone therapy use and dementia tend
to shift over the 18-year span from suggesting protection to
suggesting no benefit or harm. We discuss here potential
reasons for this shift in findings over time, both from previ-
ous reviews to the present one andwithin our own review over
time.We also explore possibleways that our null results could
mask potential nuances in the relation of hormone therapy use
to dementia risk, whether beneficial or harmful (e.g., aspects
of hormone therapy such as formulation, timing, duration,
and so on), and identify areas where further research is
needed.

Prior findings and time trends

The differences between our findings and those of earlier
meta-analyses are partly accounted for by our inclusion cri-
teria. Many of the observational studies included in prior
reviews did not meet our inclusion criteria; for example, of
the 10 studies included in 1 previous meta-analysis (25), only
2 were in our meta-analysis. We did not include case-control
studies unless they were conducted within well-defined study
populations, and we required that all included studies follow
participants longitudinally, collecting hormone therapy data
prospectively with respect to dementia assessment. In addi-
tion, our analysis includes many studies published after
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previous meta-analyses were conducted, and, as noted ear-
lier, there was a time trend, with studies from the 1990s more
often showing protection to those from 2000 forward more
often showing no association or harm. This patternmay reflect
publication bias prior to the release of the first—deleterious—
WHI findings in 2002. It could also reflect improvements in
how the studies were conducted or changes in the predictors of
hormone therapy use over time.

Measurementerrorandstudydesign. All studies included
in our review evaluated hormone therapy use prospectively
in relation to dementia risk, and most systematically evalu-
ated their study populations for dementia. By contrast, when
previous systematic reviews were conducted, many of the
available studies were either cross-sectional (47) or had col-
lected data on hormone therapy use retrospectively (e.g., after
dementia diagnosis occurred). In addition, many previous
studies drew cases and controls from populations that were
not well defined or comprehensively evaluated.

Determining history of hormone therapy use is a concern
in studies that relied on self-report, but it is especially chal-
lenging in retrospective settings. People with prodromal mem-
ory symptoms—undetected by screening—may be less likely
to recall past use of hormone therapy, which could lead to
spurious protective effects. This is especially problematic in
studies that collected exposure information from older women,
who would have been trying to recall hormone therapy use
over a longer interval and would have been more likely to
have early cognitive changes.Worse still, in retrospective studies,
some women may have ceased using hormone therapy because
they had developed dementia symptoms.

Misclassification of the outcome is also possible, and some
older studies were especially susceptible to this problem by
defining cases according to cause of death (48). Although
our review did not include studies that relied solely on hospi-
tal records or death certificate data, we did include several stud-
ies that used medical databases for case detection (33, 36,
37, 40, 43, 44). Even though this approach can also incom-
pletely capture all dementia cases, most of these databases
included entries for outpatient visits in addition to hospitali-
zations and therefore were more comprehensive in detecting
cases than older studies that relied on death certificate or hos-
pitalization data alone. Moreover, excluding the medical data-
base studies did not appreciably change our summary estimate.

Finally, many studies included in previous reviews fol-
lowed a case-control design in which cases and controls may
have been sampled in ways that were related to hormone ther-
apy use or its measurement. For example, some studies selected
cases from hospital rosters, whichmay represent themost severe
cases and also thosewith the least reliable data on hormone ther-
apy use.

Confounding. One of the most noted problems in obser-
vational studies of hormone therapy is that users differ from
nonusers in fundamental ways, including being more educated,
being more affluent, having better access to health care, and
(at least until the publication of the WHI results) being more
health conscious. Consistent with this, users tended to have
fewer cardiovascular risk factors (16) and to have access to
more and higher quality health services. Many studies included
in previous systematic reviews did not adjust for education
or other indices of socioeconomic position. Although many

of the studies in our reviewadjusted formore potential sources
of confounding than in older studies, very few considered a
wide constellation of socioeconomic confounders, even though
hormone therapy use appears to vary independently by several
dimensions of socioeconomic position (49–51). These issues
could have led to spurious protective effects or to a masking
of detrimental effects, especially in studies that did not account
for other dementia risk factors beyond age and education (52).
In addition, socioeconomic predictors of hormone therapy use
are likely to have shifted over time in complex ways, with use
initially and gradually growing more widespread followed by
changes in use in response to the publicity around the WHI
results (53, 54). Overall, complex changes in patterns of con-
founding could explain some of the differences between
earlier reviewsandourown, aswell as the time trendswithin our
own review.

Publication bias. Publication bias could certainly account
for the differences between our review and previous meta-
analyses, asnonnullfindings—especially thosesupporting the
benefits suggested in animal data—would be more interest-
ing early on, and null findings more so over time, particularly
after the release of the first deleterious findings from the
WHI in 2002. While Egger’s tests and Begg’s funnel plots
did not reveal any blatant publication bias in our study, these
tests are underpowered when fewer than 20 studies are assessed.

Questions regarding key dimensions of hormone

therapy use

The effects of hormone therapy on dementia risk may
depend on a variety of factors, including formulation (espe-
cially whether progestin is present), the dosing schedule (i.e.,
formulas where both estrogen and progestin are taken daily
vs. formulas that include progestin for only part of themonth),
the route of administration (e.g., oral, transdermal), and the
timing of use in the life span (timing relative to menopause
as well as duration of use). Few studies were able to capture
all of the differences in hormone therapy usage that may
bear on dementia risk, because either the investigators lacked
the necessary information or sample size did not allow for
separate or subgroup analyses. These factors may have con-
tributed to some of the changes in findings over time. In
addition, there might be undetected differences in the impact
of hormone therapy on dementia risk across these dimen-
sions, so further research is needed in all of these areas.

Formulation and dosing schedule. During the time the
studies were conducted, the majority of participants in the
United States likely took unopposed, oral conjugated estro-
gen (e.g., Premarin; Pfizer, Inc. (formerly Wyeth-Ayerst
Pharmaceuticals), New York, New York). Many studies reviewed
here either did not provide information about formulation
(34, 35), or they analyzed opposed and unopposed estrogen
therapies together typically because they had insufficient
sample size for separate analyses (38, 42, 43, 45). Studies
reporting results for specific formulations of hormone
therapy (36, 40, 41) were inconsistent. In the WHIMS, the
largest data set providing information on formulation, women
assigned to estrogen plus progestin had a significantly ele-
vated all-cause dementia risk, but women assigned to estro-
gen alone had elevated all-cause dementia risk that was not
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Table 5. Summary of Results—Other Hormone Therapy Exposure Categorizations and Alzheimer’s Disease/Dementia Risk

Author, Year
(Reference No.)

Study Study Design
No. of

Persons
Covariates

Exposure
Distribution

Alzheimer’s Disease Dementia

Description %
No. of
Cases

RRa 95% CI
P

Value
No. of
Cases

RR 95% CI
P

Value

Cumulative Dose

Roberts,
2006 (37)

Rochester
Epidemiology
Project

Nested case-
control

475 Type of menopause,
matched on age

No hormone
therapy

91 216 1.00 Referent

≤756 mg 5 13 1.52 0.64, 3.61 0.34

>756 mg 4 9 0.77 0.32, 1.84 0.56

Waring,
1999 (43)

Rochester
Epidemiology
Project

Nested case-
control

444 Controls matched by
age, length of time in
record linkage
systemb

0 mg 89 189 1.00 Referent
≤20 mg 3 7 1.34 0.42, 4.28 0.63

21–500 mg 4 7 0.77 0.26, 2.25 0.63

>500 mg 4 7 0.60 0.28, 2.06 0.6

Formulation

Petitti,
2008 (36)

Southern
California Kaiser
Permanente

Nested case-
control

2,906 Age, education,
myocardial
infarction, stroke,
Parkinson’s
disease, diabetes
mellitus,
hypertension

No hormone
therapy

48 NR 1.00 Referent 121 1.00 Referent

E with P 15 NR 1.41 0.94, 2.12 0.10 50 1.34 0.95, 1.89 0.10

E without P 37 NR
191c

1.22 0.89, 1.68 0.22 112 1.23 0.94, 1.59 0.12

Seshadri,
2001 (40)

General Practice
Research
Database

Nested case-
control

280 Body mass index,
smoking. Matched
on age, physician’s
practice, case index
date, date of first
prescription in
database

No hormone
therapy

75 44 1.00 Referent

Oral E with P 13 9 1.45 0.60, 3.49 0.41

Oral E
without P

7 4 0.89 0.35, 2.30 0.81

Transdermal 4 2 0.73 0.15, 3.57 0.7

Shao,
2012 (41)

Cache County
Study

Prospective
cohort

1,732 Age, APOE status,
education,
propensity score for
any hormone
therapy use

No hormone
therapy

38 89 1.00 Referent NR 1.00 Referent

E with P 24 32 0.93 0.60, 1.43 0.74 NR 0.93 0.64, 1.35 0.70

E without P 38 49 0.70 0.49, 1.01 0.05 NR 0.79 0.59, 1.07 0.12

Shumaker,
2004 (11)

Women’s Health
Initiative
Memory Study
(estrogen with/
without
progestin)

Randomized
placebo-
controlled
trial

4,531 None Placebo 51 12 1.00 Referent 21 1.00 Referent

E with P 49 20 1.74d 0.71, 3.91 0.20 40 2.05 1.21, 3.48 0.01

Shumaker,
2004 (11)

Women’s Health
Initiative
Memory Study
(estrogen with/
without
progestin)

Randomized
placebo-
controlled
trial

2,947 None Placebo 50 9 1.00 Referent 19 1.00 Referent

E without P 50 13 1.47d 0.58, 3.91 0.44 28 1.49 0.83, 2.66 0.18
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statistically significant. Risk of Alzheimer’s disease was ele-
vated for both treatment groups but did not achieve statistical
significance (11).

The formulation of hormone therapy could be important
for dementia risk; in some tissues (e.g., the uterine lining),
progestin prevents certain actions of estrogen (55), and the
specific effects on the nervous system are known to differ
depending on whether the hormone preparation includes pro-
gestin (56, 57). If opposed and unopposed formulations have
different effects on Alzheimer’s disease risk, then combining
different hormone therapy types into one exposure group could
mask formulation-specific associations with dementia risk.
Furthermore, the dosing schedule (i.e., whether estrogen and
progestin are taken daily in continuous therapy or whether
daily estrogen is accompanied by progestin for 10–14 days of
the month to simulate hormone levels in a menstrual cycle in
sequential therapy) could affect dementia risk. The WHIMS
trial used a continuous dosing schedule, while most women
in the observational studies (who used combined hormone
therapy) used sequential preparations (58). To our knowledge,
no study has directly compared the effects of sequential versus
continuous combined hormone therapy on dementia risk.

Route of administration. The observational studies
reported here rarely evaluated different routes of administra-
tion, but, during the period when most of these studies were
conducted, hormone therapy was typically taken orally in the
United States, so these findings cannot be generalized to hor-
mones administered by transdermal patches, gels and creams,
vaginal rings, and injections, which are in increasingly com-
mon use in recent years (59). For example, orally—but not
transdermally—administered estrogen induces hepatic effects
such as increased production of C-reactive protein, an acute-
phase reactant, via first-pass metabolism in the liver (60).
Even though the relation of peripheral C-reactive protein to
Alzheimer’s disease is unclear, a higher level of C-reactive
protein does appear to be associated with increased dementia
risk (61).Other delivery-based differences inmetabolism (62)
may also alter any impact of estrogen on Alzheimer’s disease
risk. That said, a 2-year trial of ultra-low-dose transdermal
estrogen found no significant difference in cognitive out-
comes between those using the patch and those on placebo
(63). Yet there is a lack of evidence from large, randomized
clinical trials that examine the efficacy and safety of alterna-
tive hormone therapy formulations (e.g., low-dose estrogen,
transdermal estrogens, vaginal estrogens).

Timing and duration of use. Most of the studies in this
review did not distinguish at what age or at what time rela-
tive to menopause the participating women used hormone ther-
apy. However, hormone use in the observational studies was
more likely to begin in midlife, near the time of menopause,
while in theWHIMS women were assigned hormone therapy
long after menopause onset. To the extent that timing of ini-
tiation has been analyzed separately, the current literature pro-
vides no indication that early initiation of hormone therapy
use is related to reduced dementia risk. Two recent observa-
tional studies found significant reductions in risks for Alz-
heimer’s disease (41) and all-cause dementia (41, 44) associated
with initiation near the time of menopause. However, not all
studies in this review found inverse associations for earlier
initiation of hormone therapy; in one study, risk was actuallyT
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higher in those who used hormone therapy earlier, although
thefindingswere not significant (37), and another study found
no benefit of starting hormone therapy within 10 years of
menopause (36). Findings from theWHIMS, where hormone
therapy was assigned long after menopause onset, support an
increased dementia risk (17, 64, 65).
The duration of hormone therapy use is closely tied to time

of initiation (i.e., longer duration of use implies earlier initia-
tion), and several of the studies reviewed here categorized
exposure by duration of use (32–34, 37, 40, 42, 43, 45). How-
ever, definitions of “long” duration varied widely, and even
though some studies found significantly reduced risks of
Alzheimer’s disease in longer duration categories (42, 43,
45), there were very few cases in the longest duration catego-
ries, and taken together thesefindings do not provide evidence
that duration of use plays a role in dementia risk. There is an
urgent need for further research on the role of the timing and
duration of hormone therapy use on cognitive outcomes, and
randomized trials addressing this issue are underway (e.g.,
the Kronos Early Estrogen Prevention Study (KEEPS) (66) and
Early versus Late Intervention Trial with Estradiol (ELITE)).
Earlier initiation may also correspond to hormone therapy
use in the presence of minimal existing disease burden, and
further research should clarify the risk-benefit profile of hor-
mone therapy use for varying degrees of preexisting cardio-
vascular and neurological disease.

Strengths and limitations

This systematic review and meta-analysis has several
strengths, including our comprehensive and systematic search
strategy,methodology,andstringentcriteria toensure thatonly
high-quality studies were included. Furthermore, the review
provides information from many additional studies that could
not be included in ameta-analysis, as well as qualitative infor-
mation on all of the studies that help to interpret the body of
research. The display of findings not only shows the full scope
of prospective research conducted on hormone therapy and
dementia but also highlights areas where data are lacking, some-
times severely (e.g., data onAlzheimer’s disease anddementia
risk by timing of hormone therapy use, duration of use, for-
mulation, and route of administration).
Our work also has several limitations. Our conclusions

about hormone therapy use and all-cause dementia risk are
limited because of the small number of studies that evaluated
this outcome.However, consistentwithfindings forAlzheimer’s
disease or dementia outcome, a brief review of analyses of
studies examining cognitive decline, which in many cases
represents the prodromal phase of Alzheimer’s disease or
other dementias (67), also revealed inconsistent findings in
prospective observational studies (20, 68–70), in theWHIMS
(12, 13, 71, 72), and in other clinical trials over the short or
long (up to 5 years) term (22). Studies also varied in the dis-
parate ways that they categorized the exposure. Additionally,
analyses of hormone therapy typically have smaller sample
sizes than those of other risk factors because only women
can be included, which may limit statistical power. Smaller
sample sizes and, in particular, the smaller case numbers
that result also limit the number of covariates that can be
included in the analytical models and, therefore, the ability

to adjust for confounding. In addition, the wide variety of
formulations, broad age range, and other factors described
above call for stratified analyses, but sample sizes limit these
approaches.

Conclusion and recommendations

For many years, postmenopausal hormone therapy was
viewed as a promising treatment for the prevention of age-
related diseases in women. However, in our systematic review
of the literature, there does not appear to be a benefit for demen-
tia. The widely publicized results of the Women’s Health
Initiative Study and associated Women’s Health Initiative
Memory Study, published in 2003 (10) and 2004 (11), led to
markedly decreased use of hormone therapy (73). Prescrib-
ing patterns continue to change since the publication of these
results. There have been an overall decrease in hormone ther-
apy use and, specifically, a decrease in use of oral high-dose
estrogen formulations and relative increase in use of low-
dose estrogen oral formulations and transdermal and vaginal
formulations (74, 75). However, there is little information
about how these other forms of hormone therapy affect demen-
tia or Alzheimer’s disease risk.
Although ongoing studies address issues about formulation

and timing, hormone therapy is not recommended for preven-
tion of dementia or other chronic diseases (14). However, estro-
gen remains one of the most effective treatments for relief from
the vasomotor symptoms of menopause. The North American
Menopause Society stresses the importance of considering
individual riskprofiles, because temporary useof hormone ther-
apy may be appropriate to treat low-risk women with severe
menopausal symptoms (76). In terms of dementia, there is a
lack of available data on key questions, particularly related to
the timing, form, and dosage of hormone therapy use, and we
look forward to the results of future research addressing these
questions asmorewomen facedecisions about hormone therapy
as they enter menopause.
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