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ABSTRACT

Mixed-gender studies predominate in the current literature
exploring the interaction between physical activity and demen-
tia risk. Considering that menopause appears to contribute to
females’ increased risk of cognitive decline when compared to
males, further clarity is required on the impact of physical activ-
ity in reducing late-life dementia risk, specifically in perimeno-
pausal females. A literature search of MEDLINE, EMBASE, Web
of Science, SCOPUS and CINAHL databases yielded fourteen
studies for review. A significant inverse relationship between
perimenopausal leisure time physical activity, or physical fit-
ness, and future all-cause dementia risk was found in most
studies exploring this interaction. Higher levels of perimeno-
pausal household physical activity and combined non-leisure
time physical activity also displayed a favorable impactin low-
ering dementia risk. A dose-response effect was demonstrated,
with approximately 10 MET-hour/week of leisure time physical
activity required for significant dementia risk reduction. Three
of four papers exploring causality provided analyses proposed
to counter the reverse causation argument, suggesting that
physical activity may indeed have a protective role in reducing
dementia risk post-menopause. The current systematic review
provides promising results regarding the impact of pre- and
perimenopausal physical activity on reducing late-life demen-
tia risk, suggesting that promoting perimenopausal physical
activity may serve as a crucial tool in mitigating the risk of post-
menopausal cognitive decline.

Introduction

ties in performing activities of daily living. Already one of the most
Dementia covers a spectrum of neurodegenerative diseases result-  prevalent neurodegenerative diseases, global dementiaincidence
ing in cognitive decline. This can include the impairment of execu- s increasing rapidly, and this trend is only expected to continue
tive function, attention, memory and language leading to difficul-  [1, 2]. Dementia presents significant social and financial burdens,
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where the impacts of disease morbidity encompass all aspects of
society, from the family unit to national health care systems [1].
Crucially, there is currently no cure for dementia, emphasizing the
paramount importance of disease prevention in this context.

Physical activity (PA) has been explored as a preventative tool
against cognitive decline. While there is a large degree of hetero-
geneity in the literature, the collective evidence seems reassuring.
Several systematic reviews and meta-analyses have shown an in-
verse relationship between mid and late life PA and both dementia
and cognitive decline [3-6]. Various mechanisms of action have
been suggested including improved cardiovascular function, cer-
ebral circulation, stimulation of neurotrophic factors and observed
structural effects such as enhanced hippocampal volume and func-
tion [3-5]. Xu et al. also detailed a dose-response effect between
leisure time physical activity (LTPA) and dementia incidence, find-
ing an approximate 10 % decrease in all-cause dementia for every
10 Metabolic equivalent of task (MET) hours per week [5].

So far, much of the literature focused on PA and dementia has
considered both genders together. However, there are known gen-
der differences in both physical activity levels and dementia inci-
dence which warrant further investigation. Female sex is a known
risk factor for dementia, not explained by greater longevity [7]. It
has been hypothesized that this may be in part due to the neuro-
protective effect of estrogen, which is curtailed following reduced
estrogen levels through menopause [7]. In addition to the cardio-
vascular and neural effects of exercise, PA might offer further pro-
tective effects to perimenopausal women through its upregulation
of estradiol (primary form of estrogen) secretion in post-menopau-
sal women [8].

Evidence from cohort studies with long follow-up times also
suggest that pre and perimenopausal fitness are inversely related
to dementia risk [9]. Currently most literature details the impact
of later-life PA and dementia incidence, resulting in a paucity of
consensus on the interaction between pre and perimenopausal PA
and late-life dementia incidence. This subsequently renders it dif-
ficult to investigate the possible preventative effects of lifelong PA
specifically in women. To date there has not been a systematic re-
view exploring the relationship between pre or perimenopausal PA
and late-life dementia risk. Thus, given the availability of extant lit-
erature, the purpose of this review was to investigate whether pe-
rimenopausal physical activity is related to a reduction in demen-
tia risk.

Materials and Methods

Search strategy and study eligibility

This systematic review was performed according to the Preferred
Reporting Items for Systematic Reviews and Meta-analyses (PRIS-
MA) guidelines [10]. The literature search was conducted using
MEDLINE, EMBASE, Web of Science, SCOPUS and CINAHL databas-
es. The search terms used were as follows: 1) “leisure time” or “rec-
reational” or “free-time” or “spare time” or “lifetime” or “recrea-
tion” or “total” or “non-leisure time” or “occupational; 2) “physical
activity” or “exercise” or “physical exercise” or “training” or “fit-
ness” or “sports” or “leisure activities” or “physical activity at
midlife” or “pre-menopausal fitness OR activity” or “mid-to-late
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life physical fitness OR activity; and 3) “dementia” or “Alzheimer’s
disease” or “Parkinson’s disease” or “vascular dementia” or “mixed
dementia” or “cognitive decline”. The bibliographies of relevant
papers and systematic reviews were also screened manually.

Lifetime PA was included as a search term in attempt to address
the general paucity of papers that explore PA at more than one time
point. Inclusion of papers exploring PA levels at multiple timepoints
provides the opportunity to examine dose-response relationships
more accurately, while also providing more clarity on whether
changes to PA are clinically relevant (e. g. in reverse causation).

Articles had to meet the following eligibility criteria: 1) Mean
participant age of < 63; 2) explicit detailing of assessment of phys-
ical activity (including lifetime physical activity) and method for
establishing dementia diagnosis; 3) population based cohort/case-
control studies; 4) Include specific sex-grouped data or access to
such data in supplementary materials 5) papers were excluded if
cognitive impairment was investigated without explicit all-cause
dementia data.

Two reviewers read the titles and abstracts procured from the
literature search, screening them against the eligibility criteria. Any
procedural disagreements were discussed and resolved by the two
reviewers conducting the search.

Data extraction

Two reviewers extracted the required data. The basic information
collected included descriptive information: author, year and date
of study; the country and cohort of participants; number of par-
ticipants at baseline testing and average years of follow-up; cohort
age; how physical activity and dementia status were assessed and
any covariates examined in the study. The outcomes assessed were:
total number of dementia cases included in the study; time to de-
mentia from midlife examination; the mean age of dementia at
onset and the hazard ratio, odds ratio or risk ratio between physi-
cal activity and dementia incidence.

Data quality and synthesis

Two authors assessed study quality using the NIH quality assess-
ment tool for cohort and case-control studies. Study results are
presented using a narrative synthesis, with study data presented
in table format [11].

Results

After the removal of duplications 3743 potentially relevant cita-
tions were identified. Following the screening of abstracts and ti-
tles, 21 papers were selected for full paper review. Fourteen papers
were selected for inclusion in the systematic review following
screening against the eligibility criteria (> Table 1-3). An overview
of this process is provided in > Fig. 1.

Study Characteristics

Study characteristics are outlined in » Table 1, and » 3, which in-
cluded a total of 1,304,231 female participants with a mean age of
53.6 years. Study sample size ranged from 191 to 1,136,846. 13 of
the 14 studies included were longitudinal cohort studies [9, 12-23]
with one additional case-control study [24]. Data from large-scale
cohort studies were included, including the CADIE cohort study
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> Table 1 Baseline characteristics of studies included.

Authors Country Cohort Study Design Sample Size (n) Mean Age at
baseline in years
Floud et al. 2020 UK The Million Women Study Prospective Cohort 1,136,846 56+5
Horder et al. 2018 Sweden PPSW* Prospective Cohort 191 50.27
Ihara et al. 2022 Japan Japan Public Health Center- Prospective Cohort 23,659 61.0£7.5
based Prospective Disabling
Dementia Study
Johnsen et al. 2022 Norway Tromse Study Prospective Cohort 6,332 62.7+7.7
Kitamura et al. 2022 Japan Murakami Cohort Study Prospective Cohort 7,167 59.0+£9.3
Kulmala et al. 2014# Finland CAIDE* Prospective Cohort 917 50.6£6.0
Mehlig et al. 2014 Sweden PPSW Prospective Cohort 1,448 47+6.3
Najar et al. 2019 Sweden PPSW Prospective Cohort 800 47.2+4.5
Rasmussen et al. 2022 Denmark Copenhagen General Prospective Cohort 64,513 57.7
Population Study/Copenhagen
City Heart Study
Rovio et al. 2005 # Finland CAIDE Prospective Cohort 549 50.6£6.0
Shih et al. 2017 Denmark Danish National Hospital Case-control 3,737 (Parkinson’s n/a
Register/Danish Central Disease: 1828
Population Register Controls: 1909)
Tolpannen et al. 2015 # Finland CAIDE Prospective Cohort 1,653 50.6£6.0
Yang et al. 2015 # Sweden Swedish National March Prospective Cohort 27,863 50.3+£17.1
Cohort
Zhu et al. 2022 England, UK Bio-bank Prospective Cohort 27,821 56.6%
Scotland
and Wales
"CAIDE = Cardiovascular risk factors, Aging and Incidence of Dementia cohort study from Finland. *PPSW = Prospective Population Study of Women in
Gothenburg, Sweden Standard deviations have been included where available from the original papers. # Mean age and follow-up are pooled with
male date.

from Finland [17, 20, 21]; Swedish PPSW cohort study [9, 13, 18];
Swedish national march cohort study [22]; Danish national hospi-
tal register and Danish central population register [24]; Copenha-
gen city heart study and Copenhagen general population study
[19]; the Million women Study [12]; UK Bio-bank [23]; Tromse [15];
Japan Public health center-based prospective disabling dementia
study [14] and the Murakami cohort study [16].

Physical activity was predominantly assessed via the use of self-
perceived questionnaires, including the Saltin-Grimby physical ac-
tivity level scale [9, 15]; Japan public health center-based prospect
study-physical activity questionnaire [16]; international physical
activity questionnaire [23], and Likert scale style questionnaires
[12,14,17-22,24]. An objective assessment of physical fitness
using a stepwise-increased maximal ergometer cycling test was
utilized in one study [13].

Dementia diagnoses followed a relatively uniform assessment
protocol, with mini-mental state examination and subsequent fur-
ther cardiovascular and neuropsychiatric assessments for those
scoring < 24 on the MMSE predominantly used. Neuropsychiatric
examinations were conducted by qualified healthcare profession-
als and consisted of psychiatric interviews, observations of mental
symptoms, neuropsychiatric tests, and close informant interviews.
Standardized criteria such as the Diagnostic and Statistical Manual
of Mental Disorders, patient records systems and registry data were
also used where applicable (> Table 3).
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Covariate adjustments used in statistical analysis in the includ-
ed studies are provided in > Table 3.

Quality of evidence

This study utilized the NIH risk of bias assessment tool for cohort
and case-control studies. All studies were found to have minimum
10 of 14 and good quality evidence (> Table 4,5).

Mid-life cardiovascular fitness

One study explored the impact of mid-life cardiovascular fitness
and dementia risk [13]. Peak-workload, derived from cycle ergom-
etry, was used to categorize participants into three groups. In their
paper, Horder et al. found that the high and low fitness groups had
alesser and greater risk of dementia, respectively, when using me-
dium fitness as the comparator group (> Table 3 [13]). The authors
also reported that the mean time to dementia onset from midlife
examination was five years longer when comparing the high (33 £2
years) and medium (28 + 10 years) fitness groups [13]. Moreover,
demonstrating that the mean age at dementia onset was 11 years
later in the high fitness group (90 £ 3 years) when compared to the
medium fitness group (79 8 years) [13]. Ultimately, Horder et al.
present the evidence that perimenopausal cardiovascular fitness
has a significant protective effect against post-menopausal demen-
tia, both in terms of risk and in the age of onset.
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> Table 2 Mean follow-up period, mean age at follow-up, number of dementia cases, mean time to dementia from midlife examination and mean age at

dementia onset.

Authors Mean Mean age at Number of dementia Mean time to Mean age at
follow -up Follow-up in years cases dementia onset from dementia onset
in years midlife examination (years)

(years)
Floud et al. 2020 183 74+£5 18,695 n/a 774
Horder et al. 2018 29 n/a 44 overall: 29.0 overall: 80.5 overall:
Low Fitness Group (n=59): Low Fitness Group: Low fitness group:
19 26+10 81+7
Medium Fitness Group Medium Fitness Group: Medium Fitness
(n=92): 23 2810 Group: 798
High Fitness Group High Fitness Group: High Fitness Group:
(n=40): 2 33+2 90+3
Ihara et al. 2020 10 n/a 2321 9.5+2.8 n/a
Johnsen et al. 2022 10.8+5.5 74.4+£9.2 651 n/a 81.6
(95% CI: 81.0-82.1)
Kitamura et al. 2022 8.3 n/a 150 n/a n/a
Kulmala et al. 2014 18 15t re-examination: 250" n/a n/a
71.3+4.0
2nd re-examination:
78.6x3.7

Mehlig et al. 2014 34 n/a 165 29 n/a

Najar et al. 2019 44+9.8 n/a 194 31.5+£7.7 79.8+7.7

Rasmussen et al. 43 n/a 1,244 Non-Alzheimer’s n/a n/a

2022 Dementia cases overall:

Low Fitness Group
(n=28,136): 210
Medium Fitness Group
(n=31,203): 698
High Fitness Group
(n=5,174): 336
Rovio et al. 2005 21£4.9* 71.6£4.1* Dementia: 117* n/a n/a
Alzheimer’s Disease: 76 *

Shih et al. 2017 n/a n/a n/a n/a 60.8*

Tolpannen et al. 28.3 15t re-examination: 148 n/a n/a

2015 71.3£4.0 (900)

2nd re-examination
78.6+3.7
Yang et al. 2015 12.6+2.2 n/a 128 233 73.6+8.7"
Zhu et al. 2022 10.66" n/a Dementia: 2,421 n/a n/a
Vascular Dementia: 332
Alzheimer’s Disease: 819
Other Dementia: 1,216

"Pooled data for men and women, Standard deviations and confidence intervals are included where available.

Leisure time physical activity
All-cause dementia

Kulmala et al. demonstrated that poor perceived physical fitness
(using a Likert scale questionnaire) was associated with an in-
creased odds ratio of all-cause dementia at first and second re-ex-
amination (> Table 3 [17]). Similarly, Zhu et al. also found that
moderate and high mid-life LTPA were protective against the de-
velopment of dementia when compared to the low LTPA group
(> Table 3 [23]). Asignificant reduction in dementia risk was found

by Ihara et al. when comparing the fourth and first quartiles for total
daily physical activity (> Table 3 [14]). Similar inverse associations
were found for the domains of daily total moderate-to-vigorous
physical activity (MVPA) and leisure time MVPA (> Table 3 [14]).
Kitamura et al. also found an inverse association between LTPA and
dementia, with low, medium and high groups showing a reduced
risk of dementia when compared to a reference group of zero met-
abolic equivalent hours (MET) per day (> Table 3 [16]), and Floud
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> Fig. 1 Flowchart of the selected articles.

et al. found a reduced risk of dementia when comparing active and
inactive groups (> Table 3 [12]).

In contrast, Mehlig et al. found no significant independent as-
sociation between LTPA and dementia. However, when coupled
with high BMI, low levels of LTPA resulted in a three-fold greater risk
of dementia (> Table 3 [18]). Najar et al. found no significant inter-
action between LTPA and all-cause dementia (> Table 3 [9]). Rovio
etal. and Tolppanen et al. found no significant interaction between
LTPA for all-cause dementia and Alzheimer’s dementia and all-
cause dementia, respectively (> Table 3 [20, 21]).

In summary, five of the nine studies exploring the impact of LTPA
on dementia risk found an inverse relationship between the two
variables, and of the four studies that reported no relationship, one
reported that the risk reduction became significant when pairing
high BMI with low LTPA levels [18].

Non-Alzheimer’s dementia

Rasmussen et al. reported that reduced LTPA was associated with
an increased risk of non-Alzheimer’s dementia when comparing
low and high physical activity groups (> Table 3 [19]). Najar et al.
demonstrated that high mid-life LTPA was associated with reduced
risk of mixed dementia and dementia with cerebrovascular disease
(> Table 3[9]).

Shih et al. found that when comparing the zero hours and = five
LTPA hours a week groups, there was an inverse relationship be-
tween Parkinson’s disease and LTPA (> Table 3 [24]). Conversely
Yang et al. found no association between general physical activity
(LTPA, commuting and household activity) and Parkinson’s disease,
when comparing their low and high activity groups (> Table 3 [22]).
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» Table 5 Risk of bias assessment: NIH case-control study.
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Therefore, two studies demonstrated an inverse relationship
between LTPA and the risk non-Alzheimer’s dementia, mixed de-
mentia and dementia with cerebrovascular disease, while two other
studies provided conflicting results on the interaction between
LTPA and Parkinson’s disease risk.

Non-leisure-time physical activity

Four studies explored non-leisure time physical activity (NLTPA) via
the modalities of commuting, occupational and household physi-
cal activity [16,22-24]. Zhu et al. found an inverse relationship be-
tween household PA and dementia for the moderate and high ac-
tivity groups when compared to those with lower activity (> Table
3[23]). Kitamura et al. support these findings, reporting a signifi-
cantinverse relationship between NLTPA (commuting, occupation-
al and housework activity) and dementia risk when comparing low
and high activity groups (> Table 3 [16]). When looking at occupa-
tional activity specifically, Zhu et al. found no association between
low and high occupational related activity and dementia risk
(> Table 3 [23]).

Shih et al. found a trend towards an inverse association between
Parkinson’s disease and occupational PA when comparing low and
high occupational activity (defined in MET-year) before the ages of
30 and 50 (> Table 3 [24]), but these were not statistically signifi-
cant. Yang et al. found no association between either household/
commuting activity or occupational activity and Parkinson’s dis-
ease risk (> Table 3 [22]).

In summary two papers reported inverse relationships between
NLTPA (household or combined household and other) and all-cause
dementia risk, one paper reported no significant relationships spe-
cifically between occupational activity and dementia, and two
other papers found no effect of NLTPA on Parkinson’s disease.

Dose-response effect

A dose-response relationship between LTPA and mixed dementia
was found by Najar et al., with incremental increases in risk reduc-
tion (stratified by both the time spent and intensity of physical ac-
tivity) when comparing the third and second terciles to the first
(» Table 3 [9]). This relationship was also found between LTPA and
dementia with cerebrovascular disease (> Table 3 [9]). Similarly, a
robust dose-dependent relationship was seen between LTPA and a
reduction in dementia risk in Kitamura et al.’s study (> Table 3
[16]). Both the third tercile ( = 3 MET-hour/d) and second tercile
(0.8 < x < 3 MET-hour/d) showed significant reductions in demen-
tia risk in respect to the comparator group (> Table 3 [16]), where
the median dose of the second tercile (1.6 MET-hour/d) is roughly
equivalent to the current WHO recommendation of 150 minutes/
week of moderate intensity exercise [16]. In the same paper, Kita-
mura et al. also demonstrated a dose-dependent relationship be-
tween NLTPA and reduced risk of dementia, with the interaction
only reaching significance when comparing the fourth ( > 36.7
MET-hour/d) and first quartiles ( < 17.7 MET-hour/d) (> Table 3
[16]).

Zhu et al. reported an interaction between exercise intensity
and subsequent reduction in dementia risk. A significant inverse
relationship was found between PA and dementia risk in partici-
pants undertaking ‘vigorous and other exercise at leisure time’
(» Table 3 [23]). In participants who classified their main modality
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> Fig. 2 Albatross plots demonstrating the degree of the association between dementia risk and (a) leisure time physical activity.

of PA as ‘walking for pleasure’, neither moderate (HR 1.04 [95 % Cl
0.93-1.17]) nor high activity (1.16 [95% Cl 1.02-1.31]) were as-
sociated with a reduction in dementia risk [23]. Hence suggesting
that LTPA must reach a certain intensity before a significant rela-
tionship can be found with dementia risk reduction. Johnsen et al.
also displayed that high LTPA resulted in improved scoring in cog-
nitive tests in both dementia-free participants and those who later
developed dementia (> Table 3 [15]).

In summary, three studies provided evidence for a dose-re-
sponse relationship between LTPA and dementia risk, where a high-
er exercise intensity, frequency, or both, related to a greater de-
crease in dementia risk. Additionally, one study found a similar
dose-response relationship between NTLPA and dementia risk.

Exploring the Potential for Reverse Causation

Najar et al. assessed whether the associations between LTPA and
dementia would maintain statistical significance following the re-
moval of participants who developed dementia in the first 22 years
of follow-up (> Table 3 [9]). They found the preservation of the in-
verse relationships between LTPA and mixed dementia, and LTPA
and dementia with CVD. This was alongside a strengthening of the
inverse association between LTPA and all-cause dementia, which
reached significance following participant exclusion (> Table 3 [9]).
Floud et al. found a 60 % higher dementia detection rate in inactive
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women compared to their active counterparts during the first five
years of follow-up (> Table 3 [12]). After 15 years of follow-up,
however, the authors noted a weakening of the association al-
though maintaining its statistical significance (> Table 3 [12]). Kul-
mala et al. demonstrated that a decrease in LTPA levels between
first and second re-examination were associated with an increased
OR for dementia. A trend was found between reduced dementia
risk and an increase in LTPA levels between follow-up periods, al-
though the interaction did not reach statistical significance (> Table 3
[17]).

In contrast, lhara et al. found that the inverse relationship be-
tween total daily physical activity and dementia risk was no longer
statistically significant following the exclusion of participants who
developed dementia within nine years of study commencement
(> Table 3 [14]). This was the case for the associations between
total MVPA and dementia, and leisure time MVPA and dementia
(> Table 3[14]).

In summary, three of four studies that explored causation in
their data provided evidence that may counteract the reverse cau-
sality argument, while one study did not.
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Discussion

The objective of the current review was to investigate the relation-
ship between perimenopausal physical activity and late-life demen-
tia risk in women. The majority of studies included in the review
identified a significant inverse relationship between the two vari-
ables. Ultimately suggesting that engaging in moderate intensity
PA (between 0.8 and 3.8 MET-h/day, where 1.5 MET-h/day is equiv-
alent to 30 minutes of brisk walking) at the onset of perimenopause
could contribute to reducing the incidence of late-life dementia in
women, with a potential for further reduction at higher doses
[9,14,16,18]. (> Fig. 2) While previous systematic reviews had
thus far focused on mixed gender cohorts, and on the elderly
[3-6, 25, 26], this is the first to explore the association between
mid-life physical activity and late-life dementia risk specifically in
women. The papers included here highlight the existence of a dose-
response relationship between both LTPA and NLTPA and demen-
tia risk in females, while providing evidence that these interactions
could be independent of the reverse causation effect.

The menopausal transition period is associated with an in-
creased risk of dementia, with the interaction between post-men-
opausal estrogen loss and modifiable risk factors (including hyper-
tension, diabetes, depression and physical activity) contributing to
a greater dementia incidence in women compared to men [27, 28].
Despite this, the majority of women do not meet the recommend-
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Albatross plots demonstrating the degree of the association between dementia risk and (b) non-leisure time physical activity.

ed levels of LTPA, and female engagement with PA has been shown
to decline with age [27, 28]. The present review provides evidence
supporting the protective impact of LTPA against dementia risk via
the modulation of cardiovascular risk factors. Mehlig et al. displayed
that the relationship between LTPA and dementia only reached sig-
nificance when pairing physical activity with BMI [18]. Additional-
ly, Horder et al. demonstrated the importance of cardiovascular
fitness, finding a significant inverse relationship between peak
workload and dementia incidence [13]. However, several studies
found the maintenance of a significant inverse relationship be-
tween LTPA and dementia risk despite statistical adjustments for
cardiovascular co-variables [9, 13-16, 19, 23], hence suggesting
that mid-life physical activity contributes independently, as a mod-
ifiable risk factor, to reducing dementia risk [5, 20].

Indeed, it has been shown that the increased risk of dementia
in females is not explained by risk-factor accumulation, nor by
greater longevity [28, 29]. The reduction in estrogen secretion,
which is associated with menopause, has been linked to an in-
creased risk of Alzheimer’s dementia, and a decrease in brain-de-
rived neurotrophic factor (BDNF), which functions as a downstream
modulator in the estrogen signaling pathway in the brain [30-32].
Lower plasma levels of BDNF have been shown to correlate with re-
duced memory performance in post-menopausal women, with
BDNF playing a key role in the promotion of neuronal growth, mat-
uration, and maintenance while enhancing synaptic plasticity and
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memory consolidation [31]. Importantly, exercise has been shown
to increase circulating BDNF, which points to this as one possible
mechanism through which physical activity counteracts the nega-
tive impacts of estrogen reduction on brain health [31,33]. This
pathway may help to provide a physiological explanation (along-
side risk-factor modulation) of the findings of Kulmala et al., who
demonstrated that while mid-life LTPA proved protective against
later life dementia onset, a decline in mid to late life PA was associ-
ated with an increase in dementia risk [17]. However, it must also
be noted that the reverse causality principle must be considered
as an explanation for the aforementioned results [21].

Reverse causation suggests that the association between late-
life physical activity and dementia risk could be secondary to a cog-
nitive decline associated with dementia onset, which subsequent-
ly leads to decreased levels of physical activity [21, 34, 35]. Studies
with short ( < 10 years) follow-up times have been critiqued as
being susceptible to bias due to reverse causation [25]. In this re-
view, 11 of the 13 cohort studies included had a follow-up time
of 2 10 years and a mean study age of 54 years, reducing the risk
of reverse causation confounding [35]. Najar et al. had a mean fol-
low-up time of 44 + 10 years, and following the exclusion of partic-
ipants who developed dementia within the first 22 years of follow-
up, they found a strengthening of the associations between LTPA
and all-cause, mixed dementia, and dementia with CVD [9]. This s
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supported by a recent meta-analysis which analyzed mixed-gender
studies with follow-up times > 20 years and found no evidence of
reverse causality [25]. However, while this suggests that mid-life
LTPA in pre-menopausal women is a protective lifestyle factor, it
must be noted that Floud et al. reported a weakened association
after 15 years of follow-up, while Ihara et al. found that significance
in their data was removed after excluding participants who devel-
oped dementia within 9 years of the study [12, 14]. Potential caus-
es cited by the authors included: apathy due to pre-clinical disease,
resulting in reduced caloric intake and PA levels, and the potential
confounding impact of the association between low PA levels and
co-morbidities which increase dementia risk [12, 14]. Interesting-
ly, Ihara et al. found that the significant negative association be-
tween LTPA and dementia remained in the male sample after ex-
cluding dementia diagnoses in the first 9 years of the study [14].
The authors hypothesized that LTPA in male cohorts promotes en-
gagement in both cognitive and social activities, while this protec-
tive aspect of LTPA seems to be attenuated in female populations
who typically engage in more stimulating day-to-day cognitive ac-
tivities and have larger social groups than their male counterparts
regardless of LTPA time [14]. In summary, while current research is
still not conclusive, the majority of studies suggest that there is an
inverse relationship between mid-life PA and dementia risk in fe-
males, which mightindeed exhibit a causal link. Moreover, the con-
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tinuation of these PA levels into late life appear to have a further
protective effect.

Several papers outlined a dose-response relationship between
LTPA and dementia risk reduction [9, 13, 16, 23], with a greater risk
reduction observed in the most active study terciles [9, 16]. Kita-
mura et al. reported that LTPA of > 21 MET hrs/week had the great-
est reduction in dementia risk, which equates to at least five and a
quarter hours a week of moderate intensity exercise [16]. This value
is roughly double the recommendations provided by the WHO of
completing 10 MET hrs/week or (4 MET x 150 minutes a week) of
LTPA in mid-life [16,36].The WHO guidelines corresponded with
the LTPA performed by the middle tercile of the same study, which
was still associated with a 51 % reduction in dementia risk [ 16, 36].
Similar findings have been observed in a recent meta-analysis of
mixed gender studies across an observed range of 0-45 MET-hour/|
week [5]. The results of this review support the current WHO guide-
lines of 10 MET hrs/week or 150 minutes/week of moderate inten-
sity PA in order to significantly reduce dementia risk [16, 36].

It has been reported that only 25.9 % of middle-aged healthy
women meet exercise guidelines, if only assessed on LTPA alone,
but that 73.4 % appear to meet recommendations if NLTPA domains
are included [37]. Therefore, NLTPA has been suggested as a pos-
sible route to increasing PAin women [37]. The interaction between
NLTPA and dementia risk was explored in four studies [16,22-24],
where no associations were found with occupational activity [23],
but a significant risk reduction effect was found when high occu-
pational activity was combined with commuting and housework
activity [16], and when high intensity household activity was com-
pared to lower intensities [23]. One other study reported an asso-
ciation between NLTPA and Parkinson’s, perhaps suggesting differ-
ent mechanisms of action, or possibly a self-selection artefact in
the occupational activities that can be undertaken by patients who
are developing Parkinson’s [24]. In sum, while there is little evi-
dence surrounding NLTPA in women, these findings suggest that
perhaps being active throughout the day, through multiple means,
might be enough to offset sedentary leisure time in perimenopau-
sal women. Additionally, while a specific association between oc-
cupational activity and dementia risk in women is not clear, it ap-
pears that unlike in male populations high levels of occupational
PA in women are not linked to an increased risk of dementia [38-
40]. Ultimately, however, the findings presented in this review sug-
gest that household physical activity and combined NLTPA seem
more likely to relate to a reduction in dementia risk in females than
occupational physical activity.

The present study is not without its limitations. Primarily, there
was a large heterogeneity in PA measurements adopted in these
studies, and the subjective nature of the self-reported question-
naires implemented constitutes a known limitation in the field [21].
Only one study provided an objective assessment of physical fit-
ness (cycle ergometry) [13]. The majority of studies utilized self-
reported physical activity questionnaires, where a minority esti-
mated METs (from self-reported questionnaires) or used multiple
re-assessment periods of physical activity. Hence providing a
source of measurement error in the current review. Furthermore,
physical activity and physical fitness may have differential effects
on reducing dementia risk and should be compared in order to start
unpacking the mechanisms through which physical activity and ex-
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ercise may help prevent, or delay, the onset of dementia. Addition-
ally few studies included reported on the impact of PA on the inci-
dence of dementia sub-types, limiting the ability to examine
whether there is a variance in the impact of PA across these sub-
types. Future work should take advantage of recent technological
advances through objective measures of physical activity such as
actigraphy, and objective fitness assessments, to address these
questions.

In summary, the collective evidence on physical activity and de-
mentia risk in perimenopausal women points towards an inverse
association between LTPA and dementia risk, which is dose-de-
pendent and might be independent of the reverse causality prin-
ciple. Future work should consider objective measures of physical
activity or fitness to evaluate the effects of lifetime physical activ-
ity pre-menopause in reducing dementia risk later in life, and it
should include follow-up periods of greater than 20 years to fur-
ther establish the interaction between physical fitness and demen-
tia.
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