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Abstract

INTRODUCTION: The number of cases of dementia attributable to physical inactivity

remains unclear due to heterogeneity in physical inactivity definitions and statistical

approaches used.

METHODS: Studies that used population-based samples to estimate the population

attributable fraction (PAF) of physical inactivity for dementia were included in this

review. Weighted PAFs were adjusted for communality among the risk factors (i.e.,

inactive persons may also share other risk factors) analyzed. Values were reported as

percentage (%) of cases of dementia attributable to physical inactivity.

RESULTS:We included 22 studies. The overall impact of physical inactivity, defined by

any criteria, on dementia ranged from 6.6% (95% CI: 3.6%, 9.6%; weighted) to 16.6%

(95% CI: 14.4%, 18.9%; unweighted). Studies using the WHO criterion for physical

inactivity estimated a higher unweighted impact (β= 7.3%; 95% CI: 2.0%, 12.6%) than

studies using other criteria.

DISCUSSION: Conservatively, one in 15 cases of dementia may be attributable to

physical inactivity, defined by any criteria.
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1 INTRODUCTION

Dementia is a leading cause of death and disability worldwide.1 The

increasing incidence, especially in low- and middle-income countries,

highlights the urgent need for well-coordinated strategies to control

the present and reduce the future burden of dementia.2–4 Although

population aging is expected to lead to increases in projected dementia

cases worldwide,4 previous investigations showed that approximately

40% of all cases of dementia in the world could be attributable to 12

modifiable risk factors: low education, depression, smoking, air pol-

lution, traumatic brain injury, excessive alcohol consumption, type 2

diabetes, hypertension, obesity, social isolation, hearing impairment,
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and physical inactivity.5 These findings are significant as they pro-

vide public health agencies with directions to effectively reduce the

incidence of dementia.

The population attributable fraction (PAF) is the proportion of cases

for an outcome (in this case, dementia) attributable to a particular

exposure (physical inactivity).6 It is estimated using Levin’s formula,

based on the prevalence of the risk factor (P) and the relative risk

(RR) of the association between exposure and outcome. Also, the com-

munality is calculated to account for overlapping across risk factors

(for example, inactive persons alsomay have diabetes). The communal-

ity is also used to estimate the combined PAF of several risk factors

(Panel S1). The PAF estimates the impact of a theoretical reduction

in the prevalence of one or more exposures on the disease incidence.

For example, Lee et al.7 showed that almost 10% of all deaths world-

wide in 2008 were attributable to physical inactivity. Oliveira et al.8

demonstrated that reducing by 20% the prevalence of seven risk fac-

tors (physical inactivity, diabetes, hypertension, obesity, depression,

smoking, and low education) per decade could reduce the preva-

lence of dementia by up to 19.5% in 2050 in Mozambique, Brazil, and

Portugal.

However, heterogeneity in defining a risk factormay underestimate

or overestimate its association with a given outcome. For example, the

PAF estimated for physical inactivity on dementia has ranged from

6.5%5 to 30.7%8 in previous studies. Norton et al.9 used the World

Health Organization (WHO) definition of physical inactivity (less than

150min ofmoderate-to-vigorous physical activity perweek)10 to show

that one in five cases of dementia in the USA, UK, and Europe was

attributable to physical inactivity. However, Mukadam et al.11 found a

lower PAF in India: 8.4%. Besides the regional difference, the authors

defined physical inactivity as “not at all” or “not very physically active”

on a Likert scale by self-report. Thus, the use of different instruments

for assessing inactivity anddiscrepancies in definitions of inactivity and

statistical approaches (unweighted vs. weighted) have led to inconsis-

tent estimates, and it remains unclearwhat the true impact of inactivity

on dementia might be. Therefore, this study aimed to estimate the

number of cases of dementia attributable to physical inactivity, under

various conditions.

2 METHODS

2.1 Search strategy

We systematically reviewed the studies published in journals indexed

in two large databases: PubMed and Web of Science. Studies were

searched from the inception of the databases to October 15, 2022,

with no language restrictions. The terms used in the search were

related to physical inactivity, dementia, and PAF. The detailed search

strategies are described in Table S1. This systematic review is reg-

istered in PROSPERO (CRD42022375169) and follows the Pre-

ferred Reporting Items for Systematic reviews and Meta-Analyses

guidelines.12

RESEARCH INCONTEXT

1. Systematic review: The authors used PubMed and Web

of Science sources to review the literature. We did not

find any systematic review or meta-analysis that exam-

ined the population attributable fraction (PAF) of phys-

ical inactivity to the burden of dementia. Also, previous

cohort studies examining the PAF of physical inactivity

have provided discrepant results.

2. Interpretation: Our findings conservatively showed that

7% of cases of dementia worldwide could be attributable

to physical inactivity. Studies using the World Health

Organization criterion of physical inactivity revealed

a higher attributable fraction. Studies using different

datasets to calculate attributable fractions and com-

munality estimated lower PAF than those using the

same source. Heterogeneity among studies was the most

important factor associated with a wide range of PAF of

physical inactivity and dementia.

3. Future directions: Future studies must prioritize, when

feasible, validated and widely recognized criteria for

physical inactivity to estimate the burden of dementia

attributable to physical inactivity precisely. PAF of phys-

ical inactivity may be calculated from population-based

studies with longitudinal data acquisition to clarify the

impact of physical inactivity on dementia.

2.2 Eligibility criteria

We included original articles and systematic review studies that esti-

mated the PAF of physical inactivity for dementia in population-based

samples. There were no restrictions to time and measurements. We

included articles written in English, Spanish, or Portuguese only. Titles

and abstracts were screened by four independent reviewers (NF, JSL,

JC, LSS). Then, the full-text articles were read and selected based on

inclusion and exclusion criteria. There were no disagreements among

reviewers.

2.3 Data collection process

The reviewers independently extracted the following information from

the included articles: country or region, physical activitymeasurement,

physical inactivity definition, the RR used for the association between

physical inactivity and dementia, country’s income, study design, and

the combined and physical inactivity-specific PAF with dementia. Two

types of PAFs were reported in the included studies. Unweighted PAFs

are calculated using the prevalence and RR of physical inactivity only.

Weighted PAFs included communality in the formula, which accounted
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for overlap with other risk factors for dementia (Panel S1). The exact

unweighted and weighted PAFs were extracted from the included

studies.

2.4 Risk of bias assessment

The Newcastle-Ottawa Scale (NOS) was used to assess the qual-

ity of evidence.13 This scale comprises eight items related to study

selection, comparability, and outcome. For cohort studies, the origi-

nal version of the NOS scale was used; for cross-sectional studies, we

used an adapted version from the actual scale based on a previous

publication.13 UnderNOS, a study received one star if classified as high

quality for each item, except for the outcome item, which scored two

stars if independent blind assessments or record linkage were used to

examine theoutcome. The totalNOSscore varies from0 to9 for cohort

studies and from0 to 8 for cross-sectional studies. Publication biaswas

assessed using visual inspection of contour-enhanced funnel plots and

statistically by Egger’s regression test (Figure S1).

2.5 Effect measures and synthesis methods

We meta-analyzed the PAF of physical inactivity from the included

studies using randomeffectmodels due to highmethodological hetero-

geneity. Valueswere reported as a percentage (%) of cases of dementia

attributable to dementia. Heterogeneity was assessed using the chi-

squared (Q) and I2 statistics. An I2 statistic > 50% indicated large

heterogeneity between studies.

Subgroup meta-analysis and meta-regression were then performed

according to (1) physical inactivity definition, (2) the RR used for

the association between physical inactivity and dementia, (3) world

region, (4) country’s income, (5) study design, and (6) the commu-

nality between physical inactivity and other modifiable risk factors.

These analyses investigate the association between the studies’ char-

acteristics and the estimated effect sizes. In meta-regression, we

identified possible sources of heterogeneity, with a positive coefficient

indicating that the covariate category (or definition) was associated

with a higher PAF. The random-effects meta-regression used residual

restricted maximum likelihood to measure between-study variance.

Multivariable meta-regression models were constructed based on the

proportionof varianceexplainedby themodel (R2).Whenall covariates

were analyzed together, permutation tests were performed (n= 1000)

to address the issue of multiple testing by calculating adjusted p-

values. Analyses were performed using the Meta package through the

R programming language.14

Finally, we calculated the best estimate of the proportion of cases

of dementia attributable to physical inactivity under these standard

conditions.We estimated the prevalence of physical inactivity for each

country, defined as not fulfillingWHO criteria, from theWHO’s Global

Health Observatory.15 We used the adjusted RR of 1.4, based on the

2020 Lancet Commission onDementia.5 The PAFwas calculated using

Levin’s formula (Panel S1) that accounted for the communality of inac-

tivitywith other risk factors for dementia. The dataset and scripts used

to perform this study are available at https://osf.io/wt3ja/?view_only=

231ff60bc3854b0c9afb6307a02e0a90.

3 RESULTS

3.1 Study selection and characteristics

We included 22 studies in the present review (Figure 1), of which

only two were prospective cohort studies.16,17 Most studies included

adults from Latin America 8,11,18–22 (k = 7) (Table 1).23–25 Samples

ranged from 56516 to 250,000 participants.26 Four studies performed

a systematic review to identify thePAFofphysical inactivity fordemen-

tia based on cross-sectional estimates.5,8,27,28 Physical inactivity was

assessed by self-report questionnaires in all studies.

Studies used different criteria to define physical inactivity. The

most common definition (65%) used the WHO criteria. The median

prevalenceof physical inactivity, definedusing individual study-specific

criteria, was 34.2%, ranging from 9.3% (Mozambique)8 to 82.2%

(China).26 Most PAFs were calculated using RRs for the association

between physical inactivity to dementia of 1.82 (95% confidence inter-

val [CI]: 1,19, 2.78)8,9,19 or 1.4 (95% CI: 1.2, 1.7).20,21,26,29–31 Four

studies did not calculate the PAF accounting for the communality

of inactivity with other risk factors for dementia.16,17,19,26 We also

observed that 48% of the weighted PAFs were estimated using dif-

ferent data sources to calculate the prevalence of physical inactivity

and the communality across risk factors.5,8,9,21,27,29,31 For example,

some studies calculated the prevalence of physical inactivity using data

from low- and middle-income countries and communality from high-

income countries. Consequently, the studies showed a wide range of

communality calculated among the risk factors, ranging from 27% to

78%.

3.2 Meta-analysis

We found an unweighted PAF (i.e., that did not account for commu-

nality of risk factors) of physical inactivity, defined by any criteria,

for dementia of 16.6% (95% CI: 14.4%, 18.9%) (Figure 2A). The high-

est and lowest unweighted PAFs were observed in Portugal (30.5%)

and Mozambique (7.1%), respectively (Figure 3A). As expected, the

weighted PAF (accounting for communality) was lower (6.6%; 95% CI:

3.6%, 9.6%) (Figure 2B) than the unweighted PAF.

Studies using the WHO definition showed slightly higher values

than studies using other criteria to classify subjects as physically active

or not (Table 2). As expected, a higherRR (i.e., using 1.82 comparedwith

1.4) was associated with higher PAF across the included studies. Stud-

ies using the same dataset (i.e., the same population) to calculate the

prevalence of physical inactivity and communality across different risk

factors estimated higher PAF than studies that estimated prevalence

and communality from different sources. Some studies combined the

weighted PAFs for several modifiable risk factors to estimate the total

https://osf.io/wt3ja/?view_only=231ff60bc3854b0c9afb6307a02e0a90
https://osf.io/wt3ja/?view_only=231ff60bc3854b0c9afb6307a02e0a90
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F IGURE 1 Flowchart of the selection of studies. PAF, population attributable fraction

numberof casesof dementia potentially preventableby controlling risk

factors such as physical inactivity, diabetes, hypertension, and depres-

sion. A higher proportion of preventable cases was observed in studies

fromChile (56.0%), Barbados (50.9%), and Brazil (50.5%) (Figure 3B).

3.3 Meta-regression

No covariate level or definition was associated with a significantly

higher unweighted PAF compared with other levels/definitions in the

univariate meta-regression (Table S2). The model that best explained

the heterogeneity of unweighted PAF included physical inactivity def-

inition and country region (R2
= 35%) (Table S3). In the multivariate

model, studies using WHO criteria for physical inactivity obtained

higher PAFs than those using other criteria (β= 7.28%; 95%CI: 2.00%,

12.56%) (Figure 4A and Table S4). Values were consistent after 1000

permutation tests (Table S5).

In univariate analysis, only the RR was significantly associated with

the weighted PAF (Table S2). The model with countries’ income, RR,

communality, prevalence source, and the physical inactivity defini-

tion best explained the heterogeneity of the findings (R2
= 89%)

(Table S3). We observed an inverse relationship between commu-

nality and PAF, with higher communality associated with lower PAF,

as expected (Figure 4B and Table S4). Studies in which communal-

ity and physical inactivity prevalence were calculated using the same

dataset showed higher PAF than studies that estimated them using

different sources (β = 8.15%; 95% CI: 2.28, 14.02). Finally, stud-

ies using WHO criteria for physical inactivity obtained higher PAFs

than those using other criteria, although this was not statistically

significant (β = 4.50%; 95% CI: −0.29%, 9.29%, p = 0.066). Only

RR remained associated with weighted PAF after permutation tests

(Table S4).

3.4 Risk of bias

Although our funnel plot showed an asymmetry to the right (Figure

S1), Egger’s test for unweighted (p = 0.247) and weighted PAF
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(A)

(B)

F IGURE 2 Forest plot of unweighted (A) andweighted (B) population attributable fraction (PAF) of physical inactivity to dementia.Weighted
PAF represents the proportion of cases attributable to physical inactivity accounting for the communality among other modifiable risk factors.
Communality was calculated and reported by each study
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F IGURE 3 Population attributable fraction (PAF) to physical inactivity and other risk factors for dementia. (A) PAF estimated by the studies
included in the present systematic review. (B)Weighted overall PAF to physical inactivity and other modifiable risk factors for dementia estimated
by the included studies. (C) PAF to physical inactivity estimated using theWorld Health Organization’s Global Health Observatory. Values are
reported in percentage (%), with values indicating the proportion of cases potentially preventable
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TABLE 2 Population attributable fraction to physical inactivity for dementia according to studies’ subgroup analysis

k PAF (%)a p valueb I2 (%)c τd

Unweightede

Study design 0.567 100.0

Cross-sectional 29 16.42 (14.14, 18.71) 0.06

Cohort 2 20.05 (6.82, 33.28) 0.09

Regions 0.005 100.0

World 3 9.60 (6.09, 13.11) 0.05

Asia 6 16.13 (9.81; 22.45) 0.08

Africa 3 13.30 (5.99, 20.61) 0.07

Europe 4 21.52 (14.52, 28.53) 0.05

South and Central America 7 17.05 (13.44, 20.65) 0.05

North America 5 20.14 (15.43, 24.85) 0.05

Oceania 3 14.94 (9.41, 20.46) 0.05

Income <0.001 100.0

High-income 15 18.23 (15.20, 21.26) 0.07

Low andmiddle-income 13 16.48 (12.92, 20.04) 0.07

World 3 9.60 (6.09, 13.11) 0.05

Relative risk <0.001 100.0

1.82 (1.19, 2.78) 12 18.13 (13.97, 22.29) 0.07

1.39 (1.16, 1.67) 15 15.97 (13.37, 18.57) 0.05

1.52 (1.02, 2.25) 1 n/a n/a

1.33 (0.90, 1.96) 1 n/a n/a

1.60 (1.30, 1.80) 1 n/a n/a

1.23 (1.04, 1.46) 1 n/a n/a

WHO criteria for physical inactivity 0.134 100.0

No 7 14.34 (10.33, 18.36) 0.07

Yes 21 17.94 (15.03, 20.85) 0.05

Unclear 3 13.10 (10.65, 15.55) 0.02

Weightedf

Study design n/a 100.0

Cross-sectional 11 6.61 (3.58, 9.64) 0.05

Cohort n/a n/a

Regions <0.001

World 2 2.10 (1.12, 3.08) 0.01

Asia 3 9.00 (0.00, 19.01) 0.09

Europe 0 n/a n/a

South and Central America 4 6.82 (0.00, 10.39) 0.04

North America 0 n/a n/a

Oceania 1 5.20 (5.02, 5.38) n/a

Income 0.003

High-income 3 5.57 (2.77, 8.36) 0.06

Low andmiddle-income 6 8.63 (3.82, 13.45) 0.03

World 2 2.10 (1.12, 3.08) 0.01

(Continues)
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TABLE 2 (Continued)

k PAF (%)a p valueb I2 (%)c τd

WHOcriteria for physical inactivity 0.559

No 5 8.56 (2.66, 14.46) 0.07

Yes 4 4.60 (1.36, 7.84) 0.03

Unclear 2 5.75 (0.95, 10.55) 0.03

Communality (%) <0.001

29 or lower 3 7.37 (0.00, 12.36) 0.04

30–39 2 6.75 (2.34, 11.16) 0.03

40–49 1 5.20 (5.02, 5.38) n/a

50–59 4 7.43 (−0.32, 15.17) 0.08

70–79 1 2.20 (2.19, 2.21) n/a

Relative risk <0.001

4.10 (3.60, 4.60) 1 19.00 (18.98, 19.02) n/a

1.39 (1.16, 1.67) 10 5.37 (3.37, 7.37) 0.03

1.82 (1.19, 2.78) 0 n/a n/a

1.52 (1.02, 2.25) 0 n/a n/a

1.33 (0.90, 1.96) 0 n/a n/a

1.60 (1.30, 1.80) 0 n/a n/a

1.23 (1.04, 1.46) 0 n/a n/a

Same dataset to calculate prevalence and communality 0.002

No 2 2.10 (1.12, 3.08) 0.01

Yes 9 7.61 (0.27, 5.15) 0.05

Abbreviations: n/a, not applicable due to insufficient observations; PAF, population attributable fraction;WHO,World Health Organization.
aPAF of physical inactivity to dementia, indicating the number of cases of dementia attributable to physical inactivity.
bp value for between-groups difference.
cI2 measure of heterogeneity between studies expressed as percentage.
dtau using restrictedmaximum-likelihood estimator.
ePAF not accounting for communality.
fPAF accounting for communality.

(p = 0.465) showed a low risk of publication bias. The mean (stan-

dard deviation [SD]) NOS score was 6.7 (0.6), which is suggestive

of a moderate methodological quality of included studies. Repre-

sentativeness of the sample was ensured in all included studies as

the prevalence of physical inactivity was assessed in population-

based studies. Moreover, the studies had satisfactory sample sizes.

However, no studies verified the comparability between respondents

and non-respondents and reported the response rate. Regarding

ascertainment of exposure, physical inactivity was assessed by self-

reported questionnaires in all included studies, although only five

studies described the instrument used to measure physical activity

levels.11,18–20,31 All studies calculated PAF using adjusted RRs; how-

ever, some did not clearly explain the confounding factors included

in the model. Finally, studies clearly defined the formula and the

source of its components. More detailed information about the qual-

ity assessment of studies included in this meta-analysis can be seen in

Table S6.

3.5 Global impact of physical inactivity on the
prevalence of dementia

Under a “best” estimate scenario,we illustrated theproportion of cases

of dementia attributable to physical inactivity in all countries with

the prevalence of physical inactivity available at the WHO’s Global

Health Observatory (n = 162) (Figure 3C). The Arabian Peninsula and

South America were regions with the highest PAFs, corroborating the

findings of our systematic review. The highest PAF was observed in

Kuwait (21.1%), followed by Saudi Arabia (17.5%), Iraq (17.2%), and

Brazil (15.8%). The lowest PAF was in Uganda (2.2%), followed by

Mozambique (2.2%), Lesotho (2.4%), and Tanzania (2.5%).

4 DISCUSSION

One new case of dementia is discovered every three seconds

worldwide.2 Based on ourmore conservative findings, physical activity
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WHO criterion
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Physical inactivity criteria: No WHO criterion (ref)
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North America
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Oceania

World (ref)

−20% −10% 0% 10% 20%

Difference in PAF
compared to reference categories

(A)

Yes

Source of prevalence and communality: No (ref)

RR=1.4

OR=4.1 (ref)
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Physical inactivity criteria: No WHO criterion (ref)
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−20% −10% 0% 10% 20%

Difference in PAF
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(B)

F IGURE 4 Results frommultivariable meta-regression analyses for studies’ characteristics to predict the unweighted (A) andweighted (B)
PAF to physical inactivity for dementia. Results are reported as difference in the proportion of cases of dementia attributable to physical inactivity
compared to the reference category. Unclear refers to studies in which it was not possible to identify how the authors defined physical inactivity.
Lines in each bar represent 95% confidence interval. HIC, high-income countries; LMIC, low- andmiddle-income countries; OR, odds ratio; ref,
reference category; PAF, population attributable fraction; RR, relative risk;WHO,World Health Organization

can prevent one in every fifteen cases of dementia, which represents

one case every 45 s. Studies using WHO criteria for physical inactiv-

ity obtained higher PAFs than those using other criteria. Also, studies

in which communality and physical inactivity prevalence were calcu-

lated using the same dataset showed higher PAF than those using

different sources. The cost of dementia will increase by US$1.5 tril-

lion from 2020 to 2030, reaching US$2.8 trillion worldwide.32 Thus,

we estimated that the economic burden of physical inactivity would be

US$99 billion in direct and indirect costs of new cases of dementia.32

Also, the incidence of dementia is increasing rapidly in less devel-

oped regions, which will house three-quarters of all cases of demen-

tia by 2050.2 Physical activity can be a potential alternative to

reduce the incidence of dementia, especially in countries where frag-

ile healthcare systems might collapse due to the burden of dementia

soon.

Previous studies have demonstrated the impact of physical inac-

tivity on several chronic conditions. In 2012, Lee et al.7 revealed that

one in ten deaths in 2008 was attributable to physical inactivity. With

regard to dementia specifically, Livingston et al.5 showed that 40% of

all cases of dementia are attributable tomodifiable risk factors, includ-

ing physical inactivity.33–35 PAF can be very useful for decision-makers

and public health agencies for promoting physical activity at the
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populational level. Thus, it is essential to obtain accurate estimates of

the PAF.

Previous systematic reviews and meta-analyses have confirmed

the association between physical inactivity and the risk of all-cause

dementia.36–39 However, some gaps remain, especially on the weight

of eachmodifiable risk factor on the risk of dementia. Our findings indi-

cate that up to one in six cases of dementia worldwide are attributable

to physical inactivity; however, after adjusting for communality among

risk factors, the value lowered to one in 15.We understand the impor-

tance of communality as a strategy to account for overlapping risk

factors.However, themultifactorial featureof dementia impairs under-

standing the influence of individual risk factors on the risk for the

disease. For example, it remains unclear if multiple risk factors have

an addictive or synergistic effect. Also, physical inactivity is associ-

ated with an increased risk of several risk factors for dementia, such

as obesity, hypertension, diabetes, and depression. Thus, a completely

independent effect seems unreasonable, considering that those risk

factors are in the causal pathway between physical inactivity and

dementia. An alternative approach might be joint association analy-

ses to precisely calculate the weight of each risk factor on the risk

of dementia. For instance, physical activity can attenuate or even

eliminate the risk of other risk factors such as sedentary behavior,40

sleep,41 and obesity42 on all-cause mortality. Similarly, physical activ-

ity mitigated the impact of important risk factors, including aging and

cardiovascular diseases, on the risk of incident dementia.43,44 Although

most of the included studies had cross-sectional designs, population-

based cohort studies have been conducted using extensive cognitive

and clinical batteries to examine the presence of dementia.45–48 Future

studies such as harmonized individual participants’ datameta-analyses

may provide valuable evidence on the weight of different risk factors

on all-cause dementia.

Moreover,most studies used similar RR (i.e., 1.40 vs. 1.82) estimated

in a previous meta-analysis published in 2009 with 163,797 partici-

pantswith no dementia at baseline.49 Themeta-analysis calculated the

RRof physical inactivity todementia (RR=1.4) andAlzheimer’s disease

(RR = 1.8). However, some PAFs to all-cause dementia were calcu-

lated using the RR for Alzheimer’s disease. Also, several meta-analyses

on this matter have been published recently.36–39 For example, Iso-

Markku et al.39 analyzed data of 257,983 participants from 58 studies.

The study found a more conservative and precise RR (1.3; 95% CI: 1.2,

1.3). In addition, these pooled RRs were estimated using prospective

cohort studies conducted primarily in high-income countries, as stud-

ies in less developed countries are scanty. Longitudinal studies with

older adults in China50 andCuba51 demonstrated that physical inactiv-

itywasassociatedwithahigher riskofdementia (RR=1.5andRR=2.2,

respectively). Furthermore, the RR and prevalence of physical inactiv-

ity have been estimated using different data collection instruments

to calculate the PAF. Studies included in previous systematic reviews

to calculate the RR of physical inactivity for dementia defined phys-

ical inactivity using various criteria. For example, some studies used

the WHO criteria (< 150 min of moderate-to-vigorous physical activ-

ity per week), while others compared the risk of dementia between the

most and least active quintiles.39 Longitudinal studies in a large, mul-

tiethnic, and cognitively diverse population are required to improve

understanding of the impact of physical inactivity in regions facing a

rapidly increasing incidence of dementia.

The high agreement of the PAF formula used among included stud-

ies may not indicate reliability. Levin’s formula uses unadjusted RR and

the prevalence of physical inactivity in the source population. How-

ever, most meta-analyses reported RR of dementia comparing inactive

with active people adjusted for other risk factors (e.g., education, dia-

betes). In this case, a second formula would be more appropriate, as

shown in Supplementary Panel 1, where Pcases is the proportion of

inactive people among cases, and RRadj is the RR adjusted for con-

founding factors. The use of adjusted RR in the original Levin’s formula

is likely to underestimate the PAF rather than overestimate it.28 In

addition, the risk factors included in the principal component anal-

ysis to derive communality were, in most cases, the same used to

derive the adjusted RR of dementia between active and inactive adults.

For example, Kotaki et al.52 showed that the PAF of physical inactiv-

ity for all-cause dementia was 17.3% using a crude RR. However, the

fraction decreased to 9.3% when RR was adjusted for age and sex

and then to 7.3% when including diabetes, hypertension, body mass

index, psychological disorders, and educational level in the model. All

studies included in this review calculated PAF using RR adjusted at

least for age, sex, education, diabetes, and hypertension. Thus, the

RRs represent the risk of dementia associated with physical inactiv-

ity independently of other modifiable risk factors. The pooled PAF of

studies using only the adjusted RR and the prevalence of physical inac-

tivity was 16.7%. However, the weighted PAF (6.6%), calculated by

accounting for communality across other risk factors (e.g., low educa-

tion, diabetes, and hypertension)was 153% lower than the unweighted

PAF. Moreover, no study has investigated whether the downgrading of

the attributable fraction to physical inactivity is associated with the

“double-adjustment” of other risk factors to generate communality.

Future investigations of statistical approaches are strongly recom-

mended to provide policymakers and health professionals with precise

and consistent findings.

Our results suggested that the definition of physical inactivity is

associatedwith thePAF.Over theyears, different definitionshavebeen

used primarily due to the lack of a more quantitative (minutes per

week) measure of physical activity in some studies. The 2020 WHO

guidelines for physical activity and sedentary behavior detail the opti-

mal amount of physical activity associated with several health benefits

for different age and population groups.10 The guideline recommends

150 to300minofmoderate-intensity physical activity or 75 to150min

of vigorous-intensity physical activity throughout the week, or the

equivalent combination of moderate and vigorous activities.10 Since

then, surveillance surveys worldwide have adopted the WHO guide-

lines to improve comparability across countries. Also, country-level

public health policies require accurate indicators to design efficient

programs to promote physical activity. Thus, underestimation and

overestimation of the physical inactivity prevalence will impair public

health messages on the most efficient strategies to reduce diseases.

For example, four studies included in this review estimated the global

impact of physical inactivity on dementia. The authors considered the
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worldwide prevalence of physical inactivity was 18% from 2011 to

2020. However, more recent evidence showed that the global preva-

lence of physical inactivity was 27.5% (95% CI: 25.0%, 32.2%) in 2016,

which was 55.4% higher than the previous estimate.53

Moreover, our findings support the potential benefit of promot-

ing physical activity, especially in less developed countries.5,8,11 The

number of people living with dementia from 2019 to 2050 will

be 113% higher in low- and middle-income countries than in high-

income countries.4 Population growth and aging, increased preva-

lence of cardiovascular diseases, and other risk factors for dementia

explained the higher incidence in these regions.4 Previous success-

ful experiences in high-income countries evidenced the importance of

promoting a healthy lifestyle, including physical activity, to improve

cardiometabolic health, ultimately leading to reduced incidence of

dementia.54 Low- and middle-income countries have a wider window

of opportunity to reduce the burden of dementia, considering that

more thanhalf of the cases are attributable tomodifiable risk factors.11

However, themessagemust be concise, consistent, and clear. Constant

promotion of physical activity across the lifespan is critical to preserve

cognitive function and reduce the risk of dementia in older ages.

Large, population-based, prospective studies have been performed

worldwide. However, most are still conducted in developed countries.

Initiatives, including the Global Alzheimer’s Association Interactive

Network (GAAIN) and the Gateway of Global Aging, are critical to pro-

viding evidence of the interaction between the incidence of dementia

and its risk factors through harmonized datasets. The WHO’s Global

Status Report on Physical Activity 2022 reveals the slow progress since

2017 in public health policies to monitor, promote, and evaluate phys-

ical activity programs at the national level. PAF provides policy makers

with valid quantitative estimates of the potential effect of interven-

tions to reduce or eradicate the risk factor. The WHO’s Global Action

Plan on Physical Activity provides a policy framework for achieving

a 15% relative reduction in the prevalence of physical inactivity by

2030.55 Similarly, the Global Action Plan on the Public Health Response

to Dementia 2017-2025, created by theWHO in 2017, aimed to reduce

the prevalence of physical inactivity by 10% in 2025.3 However, these

targets are unlikely to be reached as the prevalence of physical inac-

tivity has been unchanged between 2001 and 2016.56 Considering the

high prevalence of physical inactivity in older adults and its impact

on health, policies for “age-friendly” cities, programs, and services tai-

lored for older adults are suggested.57 However, previous evidence

has stressed the difficulty of moving from recommendations to imple-

mented population-level programs and strategies.57 Therefore, the

accurate estimation of impact measures, including the PAF, is crucial

for involving people, communities, and policymakers in corroborat-

ing the protective effect of physical activity in reducing the risk of

noncommunicable chronic conditions such as dementia.

The present study has limitations that need to be acknowledged.

First, the low number of studies in some regions (e.g., Africa and

Oceania) limited our estimation of PAF in less developed countries.

Although two-thirds of the cases of dementia are housed in low- and

middle-income countries, the data from these regions are scarce. Such

limitation impairs our ability to identify the most cost-effective strat-

egy to control the increasing incidence of dementia. Second, we only

calculated the PAF for all-cause dementia. However, the number of

studies investigating the PAF for physical inactivity to specific types

of dementia, such as vascular dementia and frontotemporal demen-

tia, is scanty. Third, we found only two prospective cohort studies

investigating the impact of physical inactivity on dementia incidence.

Most studies calculate PAF using RR of all-cause dementia from a

previous meta-analysis and the study-specific prevalence of risk fac-

tors. In future studies, PAF of physical inactivity may be calculated

from population-based studies with longitudinal data acquisition to

clarify the impact of physical inactivity on dementia. We cannot rule

out reverse causality, which has been shown to influence the asso-

ciation between physical activity and the risk of dementia.58 Also, a

more recent formula was suggested to calculate PAF accounting for

communality, providing a more accurate estimation of the burden of

disease that is attributable to several risk factors.59 Finally, our findings

are based on moderate-quality evidence according to the NOS while

Egger’s tests and funnel plots did not suggest a potential effect of pub-

lication bias in our findings. However, some results lost significance

after permutation tests, especially on weighted PAFs. More studies

with more diverse populations, including people with different cog-

nitive reserves and ethnic backgrounds, are required to estimate the

number of potentially preventable cases of dementia correctly. Future

cross-sectional studies investigating the impact of physical inactivity

on dementiamust primarily focus on improved reporting and statistical

approaches to provide robust evidence about the association between

these two epidemics that broadly impact global health.

Our findings corroborate the literature suggesting a significant

impact of physical inactivity on dementia. However, some method-

ological characteristics must be considered for future research. First,

standardized physical inactivity definitions are recommended to pro-

vide accurate and comparable estimates. Second, prospective cohort

studies are warranted as this is the recommended study design to cal-

culate the PAF. However, we only found two longitudinal studies that

meet the inclusion criteria. Considering that the low physical activity

level in older ages may be attributable to prodromal dementia, cohort

studies with long follow-up periods (≥10 years) are recommended to

investigate the association between physical inactivity and the risk

of dementia.58 Finally, accurate PAF of physical inactivity to demen-

tia is required to support physical activity interventions and policies,

particularly those targeting older adults.

5 CONCLUSION

In conclusion, we conservatively estimated that one in 15 cases of

dementia can be attributable to physical inactivity. Physical activity

has been confirmed as a non-pharmacological, low-cost, and adverse-

event-free approach to reducing the risk of all-cause dementia. We

must support all efforts to reduce physical inactivity as an efficient

strategy to reduce the burden of dementia.
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