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Abstract 

Background  Although increasing physical activity (PA) has been suggested to prevent and manage cognitive 
decline and dementia, its economic impact on healthcare systems and society is largely unknown. This study aimed 
to summarize evidence on the cost-effectiveness of PA interventions to prevent and manage cognitive decline 
and dementia.

Methods  Electronic databases, including PubMed/MEDLINE, Embase, and ScienceDirect, were searched from Janu‑
ary 2000 to July 2023. The search strategy was driven by a combination of subject-heading terms related to physical 
activity, cognitive function, dementia, and cost-effectiveness. Selected studies were included in narrative synthesis, 
and extracted data were presented in narrative and tabular forms. The risk of bias in each study was assessed using 
the Consolidated Health Economic Evaluation Reporting Standards and Consensus on Health Economic Criteria list.

Results  Five of the 11 identified studies focused on individuals with existing dementia. Six of the 11 identified studies 
focused on individuals with no existing dementia, including 3 on those with mild cognitive impairment (MCI), and 3 
on those with no existing MCI or dementia. PA interventions focused on individuals with no existing dementia were 
found to be cost-effective compared to the control group. Findings were mixed for PA interventions implemented 
in individuals with existing dementia.

Conclusions  PA interventions implemented before or during the early stage of cognitive impairment may be cost-
effective in reducing the burden of dementia. More research is needed to investigate the cost-effectiveness of PA 
interventions in managing dementia. Most existing studies used short-term outcomes in evaluating the cost-effec‑
tiveness of PA interventions in the prevention and management of dementia; future research should consider adding 
long-term outcomes to strengthen the study design.
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Introduction
As the global population ages, the prevalence of 
dementia continues to rise, which becomes one of the 
greatest clinical, public health, and social challenges. 
Worldwide, it is estimated that around 55 million peo-
ple were living with dementia in 2019, and the num-
ber may increase to 139 million in 2050 [1]. Dementia 
severely erodes functioning and quality of life for peo-
ple affected and creates devastating burdens and stress 
for their families and healthcare systems. The eco-
nomic consequences of dementia are enormous—the 
global societal cost of dementia in 2019 was estimated 
to be $1.3 trillion [1]. This brings about a critical ques-
tion: given the limited healthcare and public health 
resources, how can we better allocate resources to curb 
the burden of dementia effectively and efficiently? [2].

Physical activity (PA) is defined as any bodily move-
ment produced by skeletal muscles that results in 
energy expenditure [3]. Several systematic reviews 
and meta-analyses suggested that PA may reduce or 
delay the development of several modifiable risk fac-
tors for cognitive declines, such as obesity, diabetes, 
and hypertension [4–6]. Other literature reviews and 
studies found that PA interventions could be effec-
tive in improving cognition among individuals with 
mild cognitive impairment (MCI) [7–9] and individu-
als with dementia [10–12]. Although increasing PA 
has been proposed to facilitate healthy aging and sug-
gested as a protective factor for cognitive decline and 
dementia, the economic implications of using PA inter-
ventions for reserving cognitive function or reduc-
ing the burden of dementia remain unclear. To inform 
decision-makers on resource allocation, it is necessary 
to consider whether the effectiveness (or benefit) of PA 
intervention outweighs its cost, given the preference 
of the population [13]. In this study, we conduct a sys-
tematic review of cost-effectiveness analysis (CEA) of 
PA interventions for the prevention and management 
of cognitive decline and dementia. Our objective is to 
synthesize current evidence on the cost-effectiveness 
of PA interventions related to cognitive function, MCI, 
and dementia. We aim to inform future intervention 
design and policymaking for reducing the burden of 
dementia. Our systematic review will also shed light on 
future research directions in the economic evaluation 
of PA interventions for reducing cognitive decline and 
preventing and managing dementia.

Methods
We followed the systematic review’s Preferred Report-
ing Items for Systematic Reviews and Meta-Analyses 
(PRISMA) Checklist (Supplemental material) [14]. The 

review protocol was registered in the PROSPERO system 
(CRD42022365200).

Data sources and search strategy
A literature search was conducted using PubMed/MED-
LINE, Embase, and ScienceDirect, with publication dates 
ranging from January 2000 to July 2023. As guidelines for 
diagnosing and treating MCI and dementia have been 
evolving, we only included studies over the past two dec-
ades and excluded studies before 2000 so that findings 
from the included studies are relatively comparable [15, 
16]. The search strategy was driven by a combination of 
subject-heading terms related to PA, cognitive function, 
MCI, dementia, and cost-effectiveness. The following 
search terms were used in PubMed: ((physical exercise) 
OR (physical activity) OR (leisure time) OR (sport) OR 
(muscle stretching exercise) OR (fitness) OR (physical 
activities) OR (exercise training) OR (physical training)) 
AND ((quality-adjusted) OR (cost-utility) OR (cost-effec-
tiveness) OR (health economics) OR (economic evalua-
tion)) AND ((mild cognitive impairment) OR (dementia) 
OR (Alzheimer’s disease)). This approach was adapted 
accordingly to search on Embase and ScienceDirect and 
the completed search strategy was listed in Supplemen-
tary Table S1. We also searched the reference lists of 
the selected articles and other review articles to identify 
studies missing from the database search. The literature 
pool was exported to EndNote X9.

Study selection
The inclusion criteria of our population of interest 
included adults aged over 18  years old. We excluded 
studies that focus on children and animal models. Inter-
ventions of interest included a wide range of PA interven-
tions aimed at preventing dementia or managing existing 
MCI or dementia. PA interventions included both exer-
cise (i.e., a subset of PA planned and structured to 
improve or maintain physical fitness) and daily activities 
(e.g., occupational, sports, household, or other activities 
that result in energy expenditure) [3]. For comparison, 
we included adults who received standard-of-care (i.e., 
standard information or treatments provided by neurolo-
gists or clinicians) or different frequency, duration, and 
intensity of PA interventions. All economic outcomes 
related to cost-effectiveness were included in the review. 
Cost-effectiveness was assessed using the incremental 
cost-effectiveness ratio (ICER), which measures the addi-
tional cost required to gain an additional unit of effective-
ness or benefit. The ICER was calculated by comparing 
the costs and outcomes of the intervention with those 
of the comparator or standard of care [17]. An interven-
tion was considered cost-effective if the calculated ICER 
was lower than the willingness to pay threshold (i.e., the 
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maximum amount society is willing to pay for an addi-
tional unit of health benefit) [17]. Willingness to pay 
thresholds are not uniformly defined but are often related 
to the economic wealth of a society or country [17]. We 
included studies that reported cost-effectiveness given 
a variety of health outcomes, such as quality-adjusted 
life years and other relevant outcomes reported in the 
included studies. Review articles, editorials, letters, 
research notes, conference abstracts, and protocol-only 
articles were excluded. Articles not written in English 
were excluded. Two co-authors (W.L. and K.R.K.) con-
ducted a comprehensive search to identify relevant stud-
ies and removed duplicates using the automatic function 
in EndNote and manual hand search. During the initial 
screening phase, W.L. and K.R.K. independently assessed 
titles and abstracts to determine whether studies met the 
eligibility criteria. During the following screening phase, 
W.L. and K.R.K. independently examined the full text of 
the remaining studies to determine eligibility. Disagree-
ments were resolved by consensus or in consultation 
with a third reviewer (Y.L.). All decisions were recorded 
through EndNote and Excel spreadsheets.

Data extraction
Two co-authors (W.L. and K.R.K.) independently 
extracted data from the selected articles using a stand-
ardized data extraction form and recorded results in 
Microsoft Excel. Discrepancies were resolved through 
discussion and consensus between the two co-authors 
or in consultation with a third reviewer (Y.L.). Extracted 
data included the following: (1) study identification (first 
author, year, title, country); (2) type of the CEA study, 
including trial-based CEA (performed alongside clinical 
trial), model-based CEA (developed using best available 
evidence from the literature), and “Hybrid” CEA (“In-
trial” results extrapolated using modeling techniques) 
[18]; (3) other study design including time horizon (i.e., 
the time over which the costs and effects were meas-
ured), intervention, sample size, and inclusion criteria; 
(4) health economic properties (perspective, discount 
rate, sensitivity analysis, sources of cost data, measures 
of health outcome); (5) main health economic outcomes 
(e.g., ICER); and (6) conclusions. All the co-authors 
checked the extracted data and confirmed the decision.

Risk of bias assessment
As recommended by the Cochrane collaboration, two 
co-authors (W.L. and K.R.K.) independently assessed 
the risk of bias of the included studies using the Consoli-
dated Health Economic Evaluation Reporting Standards 
(CHEERS) Checklist and Consensus on Health Economic 
Criteria (CHEC)-list [19]. The CHEER Checklist is a 
checklist with 24 items designed to focus on the reporting 

quality of economic evaluations [20]. A study was consid-
ered to have good reporting quality if it reported 20–24 
items, moderate quality if it reported 14–19 items, and 
low quality if it reported less than 14 items. The CHEC-
list is a checklist with 19 items designed to focus on the 
methodological quality of economic evaluations [21]. A 
study was considered to have good methodological qual-
ity if it reported 15–19 items, moderate methodological 
quality if it reported 11–14 items, and low methodo-
logical quality if it reported less than 11 items. Disagree-
ments were resolved by consensus or consultation with a 
third reviewer (Y.L.).

Equity, diversity, and inclusion statement
Our research team consisted of seven women and three 
men from a variety of disciplines, including two junior 
researchers. Our population of interest included all ages, 
genders, and race/ethnicities.

Results
Figure  1  shows the selection flow chart of the studies 
included in the current review. The literature search iden-
tified a total of 5188 studies. After removing duplicates 
and articles not written in English, two co-authors (W.L. 
and K.R.K.) independently screened titles and abstracts 
of the remaining 5103 studies and removed 4681 studies 
that were not relevant to the topic. Then, two co-authors 
(W.L. and K.R.K.) independently conducted full-text 
reviews for the remaining 344 studies and excluded 33 
systematics reviews, 57 protocols, 22 studies with no 
cost-effectiveness analysis, and 221 studies that did not 
meet the inclusion criteria. In the 23 years, only 11 stud-
ies were identified and included in the analysis [22–32].

Study design and reporting quality
Table  1  summarizes the study design and reporting 
quality of the 11 identified studies. 8 studies were con-
ducted in a European setting, 2 studies were conducted 
in Canada, and 1 study was conducted in Japan. 8 stud-
ies were trial-based CEA, 2 were model-based CEA, and 
1 was a “hybrid” CEA. Among the trial-based CEA, the 
sample size ranged from 52 to 494 individuals [23–28, 
31, 32]. All trial-based CEA investigated the short-term 
effect ranging from 16  weeks to 12  months. The long-
term effect was studied in the model-based and hybrid 
CEA. One model-based CEA simulated 1000 individu-
als for 10 years, and the other simulated 1000 individu-
als for a lifetime [22, 29]. The “hybrid” CEA extended 
the results of a 2-year clinical trial and generated pro-
jections of lifetime outcomes for a simulated cohort of 
1,000,000 individuals [30]. All studies had good reporting 
quality as they reported 20 or more CHEERS Checklist 
items. The limitations of study reporting quality included 
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not identifying the study as an economic evaluation in 
the title (n= 2) [24, 29], not reporting study perspective 
(n= 2) [24, 29], no justification for not discounting costs 
or outcomes (n= 2) [23, 24], not addressing uncertain-
ties (n= 1) [24], no descriptions on assumptions in the 
analytic solution (n= 1) [27], incomplete information on 
costs (i.e., unit costs and price date) (n= 1) [23], and no 
funding source information (n= 1) [32]. All studies had 
good methodological quality as they scored 15–19 using 
the CHEC-list. The limitations of study methodology 
quality included not clearly describing competing alter-
natives [22, 29], did not choose the most appropriate per-
spective [24, 29], costs were not measured appropriately 
in physical units [23, 25], did not perform an incremental 
analysis of costs and outcomes of alternatives [24], not 

discounting future costs and outcomes [23, 24], did not 
conduct sensitivity analysis [24], and not including dis-
cussion of generalizability of the results [26].

Population characteristics
Among the 11 studies, 5 studies evaluated the cost-effec-
tiveness of PA interventions as management strategies 
for patients already diagnosed with dementia, while the 
remaining studies evaluated PA interventions as preven-
tion strategies in individuals with either MCI (n = 3 stud-
ies) or no dementia/MCI diagnosis (n = 3 studies).

Each study incorporated different inclusion criteria 
for participant recruitment. Examples of this include 
the studies by Sopina et al. and Pitkälä et al., which only 
included patients diagnosed with Alzheimer’s disease 

Fig. 1  PRISMA flowchart. PRISMA indicates for Preferred Reporting Items for Systematic Reviews and Meta-Analyses
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(AD) as their sample with current dementia; [24, 32] and 
the Davis et  al. study only considered individuals diag-
nosed with mild subcortical vascular cognitive impair-
ment as their criteria for a sample with MCI [27]. The 
Baal et  al. study included the whole population of Eng-
land as a sample with no dementia [29]. Wimo et al. tar-
geted older adults at risk for dementia as determined by 
a risk score based on age, sex, education, blood pressure, 
serum cholesterol, obesity, and physical activity as pre-
dictors of increased dementia likelihood [30].

Health economic properties
Table  2  summarizes the identified studies’ health eco-
nomic properties and cost-effectiveness outcomes. The 
selected studies were categorized as representing the 
healthcare sector perspective (i.e., include formal medi-
cal costs borne by third-party payers or paid for out-
of-pocket by patients) or societal perspective (i.e., also 
include time costs and effects on future productivity as 
well as relevant non–health-related impacts in other 
sectors) [33]. Three studies were conducted from a 
healthcare sector perspective [26, 27, 32], 3 studies were 
conducted from a societal perspective [23, 28, 30], and 3 
studies used both healthcare sector perspective and soci-
etal perspectives [22, 25, 31]. Discounting reflects the 
loss in economic value that occurs when there is a delay 
in realizing a benefit or incurring a cost [34]. Five stud-
ies reported that discounting was not needed due to the 
short time horizon used for the analysis, and 4 studies 
reported specific discount rates. Ten out of the 11 studies 
also reported sensitivity analyses to address uncertain-
ties (i.e., changes in the results given changes in the input 
values). The most frequently used measure of health out-
come was quality-adjusted life year (n = 8), which was 
measured by health-related quality of life using Euro-
pean Quality of Life 5 Dimensions 3 Level Version (n = 6), 
Dementia Quality of Life instrument-proxy (n = 1), or 
both European Quality of Life 5 Dimensions 5 Level Ver-
sion and European Quality of Life visual analog scales 
(n = 1). Other measures of health outcomes included 
behavioral and psychological symptoms of dementia 
measured by the Neuropsychiatric Inventory (n = 1), 
executive cognitive function measured by the Stroop Test 
(n = 1), physical performance measured by short physical 
performance battery only (n = 2) or with the functional 
independence measure (n = 1), life years (n = 1), and Alz-
heimer’s Disease Assessment Scale (n = 1).

Cost‑effectiveness results
Table 3 summarizes the results of the included studies. 
Eight of the 11 included studies found that PA interven-
tions were cost-effective regarding at least one health 

outcome [22, 24–30], whereas the other 3 studies 
reported a lack of cost-effectiveness [23, 31, 32].

Three studies evaluated the PA interventions imple-
mented in individuals with no existing MCI or demen-
tia and found PA interventions were cost-effective in 
increasing life year and quality-adjusted life year in 
the long term. Baal et  al. investigated the relationship 
between increasing PA levels, the incidence of demen-
tia, mortality, and the use of health care and social care 
in individuals with no dementia [29]. In this study, a 
simulation model was used to project various scenar-
ios with different assumptions on increasing PA by one 
level among the English population aged 40–65. Pre-
venting dementia by increasing PA was projected to 
increase life expectancy and decrease overall spending 
on health and social care, even after adjusting for addi-
tional spending during the life years gained [29]. Kato 
et  al. estimated the cost-effectiveness of the combined 
physical and cognitive program designed to prevent 
community-dwelling healthy adults aged 65  years old 
from developing dementia. This study used a simulation 
model and found that the combined physical and cogni-
tive program was not only effective in increasing qual-
ity-adjusted life years but also cost-saving during the 
10-year period [22]. Wimo et al. estimated the potential 
cost-effectiveness of the Finnish Geriatric Intervention 
Study to Prevent Cognitive Impairment and Disability 
(FINGER) program [30]. The FINGER program was the 
first randomized control trial to show a statistically sig-
nificant beneficial effect on cognition of a multidomain 
lifestyle intervention program (including diet, PA, and 
cognitive training) for older adults at risk of develop-
ing dementia. Wimo et al. used a simulation model and 
projected that a multidomain lifestyle intervention pro-
gram was cost-saving and clinically superior in prevent-
ing dementia than standard-of-care.

Three studies evaluated the PA interventions that 
implemented in individuals with MCI and found PA 
interventions were cost-effective in improving cognitive 
function, physical performance, and quality-adjusted life 
year in the short term. Davis et  al. found that either  a 
6-month aerobic or resistance training was more cost-
effective in improving executive cognitive function than 
other exercises focused on improving balance and muscle 
tone in older adults with MCI [26]. Davis et al. also found 
that a 6-month aerobic training PA program was more 
cost-effective in maintaining the health-related quality 
of life compared to standard-of-care in individuals with 
subcortical ischemic vascular cognitive impairment, a 
subtype of MCI [27]. Eckert et al. found that a 12-week 
home-based personalized PA program (that included 
exercises for balance and strength as well as walking) was 
more cost-effective than a flexibility training program in 
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terms of improving physical performance and quality-
adjusted life year [28].

In the 5 studies evaluated the PA interventions that 
implemented in individuals with dementia, we found 
mixed results regarding the cost-effectiveness of PA 
interventions. D’Amico et  al. studied a dyadic PA pro-
gram, which delivered PA in the form of a 12-week indi-
vidually tailored walking program lasting for 20–30 min 
daily and designed to become progressively more inten-
sive [25]. D’Amico et  al. concluded that this dyadic PA 
program may be cost-effective for improving behavio-
ral and psychological symptoms of dementia but not for 
improving quality-adjusted life year [25]. Pitkälä et  al. 
found that a 12-month home-delivered, personalized PA 
program delayed the expected deterioration in physi-
cal function among individuals with dementia without 
increasing total health and service costs of standard-of-
care [24]. However, in the same study, Pitkälä et al. also 
found that the paralleled 12-month group-based PA 
intervention with nondistinctive PA sessions was not 
cost-effective compared with standard-of-care [24]. Khan 
et al. found that a 12-month moderate-to-high-intensity 
aerobic and strength training PA program was not cost-
effective compared with standard-of-care for individuals 
with mild to moderate dementia [31]. The results showed 
that this PA program did not significantly affect cognitive 
outcomes or quality-adjusted life years. Similarly, Sopina 
et  al. found that a 16-week moderate-to-high intensity 
aerobic training PA program was not cost-effective in 
terms of participant-reported and proxy-reported health-
related quality of life [32]. Van Santen et  al. also stud-
ied the cost-effectiveness of “exergaming,” an innovative 
form of PA that integrates physical activity with cogni-
tive stimulation in a gaming environment, and found that 
exergaming was not cost-effective compared to standard-
of-care in improving quality-adjusted life year, physical 
function, and mobility for individuals with dementia [23].

Two studies evaluated a 12-week PA intervention but 
had different outcomes. One of the studies targeted indi-
viduals with MCI, while the other targeted individuals 
with dementia. Eckert et al. found that a 12-week home-
based tailored exercise program was cost-effective in 
improving physical performance and quality-adjusted 
life year among individuals with MCI at a relatively low 
willingness-to-pay threshold (i.e., equate to £18,000/
quality-adjusted life year) [28]. In comparison, delivery of 
a PA program with the same duration of time was found 
to be less cost-effective among individuals with demen-
tia. D’Amico et al. found that walking at least 20 min daily 
for 12  weeks for individuals with dementia was cost-
effective when considering behavioral and psychological 

symptoms of dementia. However, it was not cost-effective 
in terms of quality-adjusted life year, even considering a 
high willingness-to-pay threshold (i.e., £30,000/quality-
adjusted life year) [25].

Discussion
Main findings
This review provides an expanded discussion on the 
effectiveness of PA interventions [9–11] by evaluating the 
economic impact and cost-effectiveness of these inter-
ventions as they relate to populations with or without 
existing MCI or dementia. Our results indicate that an 
intensive PA program implemented before MCI diagno-
sis may be cost-effective in the long term. Also, PA pro-
grams may be cost-effective in the short term among 
individuals with MCI. However, we did not find sufficient 
evidence on the long-term cost-effectiveness of PA inter-
ventions in individuals with MCI or existing dementia.

In evaluating evidence supporting PA intervention 
as a prevention strategy in individuals with no existing 
dementia diagnosis, it is important to note that two stud-
ies may provide an overly conservative estimate of the 
health benefit of the PA interventions in individuals with 
MCI, given that participants may also have experienced 
a positive health benefit from the control interventions 
that included PA [26, 28]. Therefore, the evidence on the 
short-term cost-effectiveness of prevention strategies for 
dementia among individuals with MCI is likely underes-
timated. Our review found that even a short PA program 
(i.e., 12-week PA intervention) showed cost-effectiveness 
for individuals with MCI. To be cost-effective, PA inter-
ventions may need to be implemented earlier in life before 
dementia diagnosis. Short-term PA interventions that 
begin after the onset of dementia are likely insufficient 
to provide beneficial effects when considering economic 
sustainability. Increasing PA levels among physically inac-
tive adults was projected to be cost-saving as a preven-
tion strategy for dementia over the simulated lifetime, 
whereas the cost of PA intervention was not considered 
in the study [29]. Also, the dominance (i.e., both clinically 
superior and cost-saving) demonstrated in the two multi-
domain programs (i.e., the combined physical and cogni-
tive program and the multidomain lifestyle intervention 
program) that addressed several dementia risk factors was 
intriguing [22, 30]. Although it was not possible to isolate 
the benefits attributable to the PA domain, given the com-
plex relationship between interrelated factors that protect 
against cognitive decline and dementia, interventions 
addressing many risk factors at once might offer the best 
prevention strategy for individuals who already at higher 
risk for cognitive impairment or dementia.
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In evaluating evidence on whether PA interventions are 
cost-effective in patients with current dementia, we found 
mixed results. The lack of cost-effectiveness documented 
in some studies may have been due to limited clinical 
benefits of the PA intervention, lack of compliance with 
the intervention among individuals with dementia, or the 
intervention being too costly. For example, it is possible 
that the clinical benefits in physical function and mobil-
ity did not translate into improvements in functional 
activities that may have been required to demonstrate 
improved cognitive outcomes. The two studies report-
ing the cost-effectiveness of PA interventions in current 
dementia patients showed the importance of participant 
compliance and intervention cost in determining out-
comes. One study evaluated a 12-week walking program, 
and the other evaluated a 12-month home-based exercise 
program [24, 25]. Even with limited clinical benefits, the 
low financial investment of implementing a walking pro-
gram may substantially contribute to the cost-effective-
ness of the intervention [25]. Additionally, adherence was 
reported to be exceptionally high in the 12-month home-
based PA program with personalized training, ensuring 
high levels of activity that lasted for an intense and suffi-
cient duration of PA [24]. Thus, it is reasonable to expect 
that low cost is conducive to high compliance, which 
leads to higher benefits the participant reaps from the 
intervention. Although it was not possible to extrapolate 
these findings to other programs due to the substantial 
heterogeneity across studies and PA programs, it is possi-
ble that other 12-month PA programs (e.g., the 12-month 
PA program with aerobic and resistance exercise classes 
reviewed in this study [31]) would have been more cost-
effective if a higher adherence was achieved.

Current gaps and future directions
Among the reviewed studies, only the model-based and 
“hybrid” CEA assess the long-term cost-effectiveness of 
PA interventions. In contrast, other studies used trial-
based data to evaluate short-term cost-effectiveness. 
Clinical trials are often limited by finite (and potentially 
short) follow-up duration, and pure trial-based CEA may 
not have sufficient data to report long-term (e.g., lifetime) 
costs and the consequences of PA interventions [18]. Pre-
vious research demonstrates that PA, such as resistance 
training in older adults, has long-term health benefits 
and economic impact that a longer time horizon would 
ideally capture [26, 35]. Therefore, it is possible that the 
time horizons of the reviewed trial-based CEA were not 
sufficiently long to capture all the pertinent clinical and 
economic ramifications of the strategies under study, and 
the estimation of cost-effectiveness may be biased [18]. 

Moreover, pure trial-based analyses tend not to incor-
porate data from external sources, exposing the results 
to potentially greater uncertainty than if evidence from 
other prospective studies or trials was considered. Fur-
ther investigation on the long-term cost-effectiveness of 
PA intervention, both as a prevention strategy and a man-
agement strategy for dementia, is warranted. When clini-
cal trials looking at long-term costs and consequences 
are not feasible or complete, simulation models can be 
applied to estimate likely cost-effectiveness outcomes 
by incorporating data from a wide variety of sources as 
inputs. In particular, “hybrid” studies can address the 
limitations of trial-based CEA—the issue of truncated 
follow-up—by extending the results of the study through 
time, generating a range of plausible projections of 
longer-term outcomes [18, 30]. Moreover, as most of the 
identified studies were confined to a European setting, 
CEA conducted in other settings is warranted.

Limitations
The interpretation of this systematic review may be lim-
ited by the nature of narrative synthesis. Additionally, a 
meta-analysis was not feasible due to the substantial het-
erogeneity among the small number of identified stud-
ies. First, there were multiple sources of heterogeneity, 
such as population variations and measurement of CEA 
outcomes. Second, the studies were conducted from 
different perspectives in different settings with various 
willingness-to-pay thresholds. Third, there is structural 
and methodological heterogeneity between model-based 
and trial-based CEA. While the sample size is often used 
to weigh the impact of each study included in a meta-
analysis, it needs to be clarified how to assign weights to 
model-based studies [36].

Conclusions
Our review identifies population traits and intervention 
characteristics that trend toward the cost-effectiveness 
of PA interventions to prevent and manage cognitive 
decline and dementia. PA interventions administrated in 
middle-aged or older individuals prior to MCI or demen-
tia diagnosis were generally cost-effective in the long 
term. We also found short-term cost-effectiveness of PA 
interventions among individuals with MCI, who may rep-
resent a target population in urgent need of cost-effective 
lifestyle-modified interventions, given that they have not 
yet crossed the dementia threshold.

Future studies should further explore the long-term 
cost-effectiveness of PA interventions among individuals 
with MCI, who are at increased risk for eventual dementia 
diagnosis. Also, more CEA should be conducted in settings 
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other than Europe. Although we found mixed results on 
the cost-effectiveness of PA interventions for individu-
als with existing dementia, there may still be a benefit of 
implementing PA strategies in this population because it 
could also provide cognitive benefits, as has been shown 
for other chronic conditions (e.g., cardiovascular diseases) 
[37, 38]. A lower cost burden and implementation strate-
gies to improve adherence might be key factors in achiev-
ing the cost-effectiveness of PA interventions in individuals 
with dementia.

Supplementary Information
The online version contains supplementary material available at https://​doi.​
org/​10.​1186/​s13195-​023-​01286-7.

Additional file 1. PRISMA 2020 Checklist.

Additional file 2: Table S1. Comprehensive search strategy for the 
systematic review - databases and keywords used.

Acknowledgements
Not applicable.

Authors’ contributions
Conceptualization: D.Z. and Y.L.; data curation and formal analysis: W.L., and 
K.R.K.; supervision: Y.L.; funding acquisition: D.Z. and Y.L.; writing – original draft 
preparation: W.L. and K.R.K.; writing– review & editing: W.L., K.R.K., D.Z., B.L., 
C.M.D., M.W., L.S., X.P., Y.G., and Y.L. All authors have reviewed and approved the 
final article.

Funding
This research was supported by grants from the National Institute on Minority 
Health and Health Disparities (R01MD013886) and the National Heart, Lung, 
and Blood Institute (R01HL141427) of the National Institutes of Health (NIH).

Availability of data and materials
Data sharing is not applicable to this article as no datasets were generated or 
analyzed during the current study.

Declarations

Ethics approval and consent to participate
Not applicable.

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Author details
1 Department of Population Health Science and Policy, Icahn School of Medi‑
cine at Mount Sinai, New York, NY, USA. 2 The Graduate School of Biomedi‑
cal Sciences, Icahn School of Medicine at Mount Sinai, New York, NY, USA. 
3 Department of Health Policy, Vanderbilt University School of Medicine, 
Nashville, TN, USA. 4 Division of Health Services Research, Department of Foun‑
dations of Medicine, New York University Long Island School of Medicine, 
Mineola, NY, USA. 5 Department of Pharmaceutical Sciences, Northeast Ohio 
Medical University, Rootstown, OH, USA. 6 Department of Sociology, The 
University of Hong Kong, Hong Kong, China. 7 Department of Sociology, 
University of Utah, Salt Lake City, UT, USA. 8 Department of Public Health Sci‑
ences, Clemson University, Clemson, SC, USA. 9 Department of Sociology, Texas 
State University, San Marcos, TX, USA. 10 Department of Neurology, Depart‑
ment of Epidemiology, Columbia University, New York, NY, USA. 11 Department 

of Health Policy and Management, School of Public Health, Shanghai Jiao 
Tong University School of Medicine, 227 S. Chongqing Rd, Shanghai, China. 

Received: 23 June 2023   Accepted: 11 August 2023

References
	1.	 World Health Organization. Global status report on the public health 

response to dementia. https://​www.​who.​int/​publi​catio​ns-​detail-​redir​ect/​
97892​40033​245. Accessed 22 Aug 2022. 

	2.	 The Lancet Regional HE. Challenges for addressing dementia. Lancet Reg 
Health Eur. 2022;20:100504. https://​doi.​org/​10.​1016/j.​lanepe.​2022.​100504.

	3.	 Caspersen CJ, Powell KE, Christenson GM. Physical activity, exercise, and 
physical fitness: definitions and distinctions for health-related research. 
Public Health Rep. 1985;100(2):126–31.

	4.	 Blondell SJ, Hammersley-Mather R, Veerman JL. Does physical activ‑
ity prevent cognitive decline and dementia?: A systematic review and 
meta-analysis of longitudinal studies. BMC Public Health. 2014;14(1):510. 
https://​doi.​org/​10.​1186/​1471-​2458-​14-​510.

	5.	 Beckett MW, Ardern CI, Rotondi MA. A meta-analysis of prospective 
studies on the role of physical activity and the prevention of Alzheimer’s 
disease in older adults. BMC Geriatr. 2015;15(1):9. https://​doi.​org/​10.​1186/​
s12877-​015-​0007-2.

	6.	 Bellou V, Belbasis L, Tzoulaki I, Middleton LT, Ioannidis JPA, Evangelou E. 
Systematic evaluation of the associations between environmental risk 
factors and dementia: an umbrella review of systematic reviews and 
meta-analyses. Alzheimers Dement. 2017;13(4):406–18. https://​doi.​org/​
10.​1016/j.​jalz.​2016.​07.​152.

	7.	 Biazus-Sehn LF, Schuch FB, Firth J, de Souza SF. Effects of physical exercise 
on cognitive function of older adults with mild cognitive impairment: 
a systematic review and meta-analysis. Arch Gerontol Geriatr. 2020;89: 
104048.

	8.	 Huang X, Zhao X, Li B, et al. Comparative efficacy of various exercise 
interventions on cognitive function in patients with mild cognitive 
impairment or dementia: a systematic review and network meta-analysis. 
J Sport Health Sci. 2022;11(2):212–23. https://​doi.​org/​10.​1016/j.​jshs.​2021.​
05.​003.

	9.	 Demurtas J, Schoene D, Torbahn G, et al. Physical activity and exercise in 
mild cognitive impairment and dementia: an umbrella review of inter‑
vention and observational studies. J Am Med Dir Assoc. 2020;21(10):1415-
1422.e6. https://​doi.​org/​10.​1016/j.​jamda.​2020.​08.​031.

	10.	 Du Z, Li Y, Li J, Zhou C, Li F, Yang X. Physical activity can improve cognition 
in patients with Alzheimer’s disease: a systematic review and meta-anal‑
ysis of randomized controlled trials. Clin Interv Aging. 2018;13:1593–603. 
https://​doi.​org/​10.​2147/​CIA.​S1695​65.

	11.	 Jia RX, Liang JH, Xu Y, Wang YQ. Effects of physical activity and exercise 
on the cognitive function of patients with Alzheimer disease: a meta-
analysis. BMC Geriatr. 2019;19(1):181–181. https://​doi.​org/​10.​1186/​
s12877-​019-​1175-2.

	12.	 Zhou S, Chen S, Liu X, Zhang Y, Zhao M, Li W. Physical activity improves 
cognition and activities of daily living in adults with Alzheimer’s disease: 
a systematic review and meta-analysis of randomized controlled trials. 
Int J Env Res Public Health. 2022;19(3):1216. https://​doi.​org/​10.​3390/​ijerp​
h1903​1216.

	13.	 Sanders GD, Maciejewski ML, Basu A. Overview of cost-effectiveness 
analysis. JAMA. 2019;321(14):1400–1. https://​doi.​org/​10.​1001/​jama.​2019.​
1265.

	14.	 Moher D, Shamseer L, Clarke M, et al. Preferred reporting items for sys‑
tematic review and meta-analysis protocols (PRISMA-P) 2015 statement. 
Syst Rev. 2015;4(1):1. https://​doi.​org/​10.​1186/​2046-​4053-4-1.

	15.	 Knopman DS, DeKosky ST, Cummings JL, et al. Practice parameter: 
diagnosis of dementia (an evidence-based review). Report of the quality 
standards subcommittee of the American Academy of neurology. Neu‑
rology. 2001;56(9):1143–53. https://​doi.​org/​10.​1212/​wnl.​56.9.​1143.

	16.	 Petersen RC, Stevens JC, Ganguli M, Tangalos EG, Cummings JL, DeKosky 
ST. Practice parameter: early detection of dementia: mild cognitive 
impairment (an evidence-based review). Report of the quality standards 
subcommittee of the American Academy of neurology. Neurology. 
2001;56(9):1133–42. https://​doi.​org/​10.​1212/​wnl.​56.9.​1133.

https://doi.org/10.1186/s13195-023-01286-7
https://doi.org/10.1186/s13195-023-01286-7
https://www.who.int/publications-detail-redirect/9789240033245
https://www.who.int/publications-detail-redirect/9789240033245
https://doi.org/10.1016/j.lanepe.2022.100504
https://doi.org/10.1186/1471-2458-14-510
https://doi.org/10.1186/s12877-015-0007-2
https://doi.org/10.1186/s12877-015-0007-2
https://doi.org/10.1016/j.jalz.2016.07.152
https://doi.org/10.1016/j.jalz.2016.07.152
https://doi.org/10.1016/j.jshs.2021.05.003
https://doi.org/10.1016/j.jshs.2021.05.003
https://doi.org/10.1016/j.jamda.2020.08.031
https://doi.org/10.2147/CIA.S169565
https://doi.org/10.1186/s12877-019-1175-2
https://doi.org/10.1186/s12877-019-1175-2
https://doi.org/10.3390/ijerph19031216
https://doi.org/10.3390/ijerph19031216
https://doi.org/10.1001/jama.2019.1265
https://doi.org/10.1001/jama.2019.1265
https://doi.org/10.1186/2046-4053-4-1
https://doi.org/10.1212/wnl.56.9.1143
https://doi.org/10.1212/wnl.56.9.1133


Page 15 of 15Li et al. Alzheimer’s Research & Therapy          (2023) 15:159 	

•
 
fast, convenient online submission

 •
  

thorough peer review by experienced researchers in your field

• 
 
rapid publication on acceptance

• 
 
support for research data, including large and complex data types

•
  

gold Open Access which fosters wider collaboration and increased citations 

 
maximum visibility for your research: over 100M website views per year •

  At BMC, research is always in progress.

Learn more biomedcentral.com/submissions

Ready to submit your researchReady to submit your research  ?  Choose BMC and benefit from: ?  Choose BMC and benefit from: 

	17.	 Antonides CFJ, Cohen DJ, Osnabrugge RLJ. Statistical primer: a cost-
effectiveness analysis. Eur J Cardiothorac Surg. 2018;54(2):209–13. https://​
doi.​org/​10.​1093/​ejcts/​ezy187.

	18.	 Cohen DJ, Reynolds MR. Interpreting the results of cost-effectiveness 
studies. J Am Coll Cardiol. 2008;52(25):2119–26. https://​doi.​org/​10.​1016/j.​
jacc.​2008.​09.​018.

	19.	 Cochrane Handbook for Systematic Reviews of Interventions. https://​
train​ing.​cochr​ane.​org/​handb​ook. Accessed 31 July 2023.

	20.	 Husereau D, Drummond M, Augustovski F, et al. Consolidated Health Eco‑
nomic Evaluation Reporting Standards 2022 (CHEERS 2022) statement: 
updated reporting guidance for health economic evaluations. BMC Med. 
2022;20(1):23. https://​doi.​org/​10.​1186/​s12916-​021-​02204-0.

	21.	 Evers S, Goossens M, de Vet H, van Tulder M, Ament A. Criteria list for 
assessment of methodological quality of economic evaluations: Con‑
sensus on Health Economic Criteria. Int J Technol Assess Health Care. 
2005;21(2):240–5.

	22.	 Kato G, Doi T, Arai H, Shimada H. Cost-effectiveness analysis of combined 
physical and cognitive exercises programs designed for preventing 
dementia among community-dwelling healthy young-old adults. Phys 
Ther Res. 2022;25(2):56–67. https://​doi.​org/​10.​1298/​ptr.​E10153.

	23.	 van Santen J, Meiland FJM, Dröes RM, van Straten A, Bosmans JE. Cost-
effectiveness of exergaming compared to regular day-care activities in 
dementia: results of a randomised controlled trial in The Netherlands. 
Health Soc Care Community. 2022;30(5):e1794–804. https://​doi.​org/​10.​
1111/​hsc.​13608.

	24.	 Pitkälä KH, Pöysti MM, Laakkonen ML, et al. Effects of the Finnish Alzhei‑
mer Disease Exercise Trial (FINALEX): a randomized controlled trial. JAMA 
Intern Med. 2013;173(10):894–901. https://​doi.​org/​10.​1001/​jamai​ntern​
med.​2013.​359.

	25.	 D’Amico F, Rehill A, Knapp M, et al. Cost-effectiveness of exercise as 
a therapy for behavioural and psychological symptoms of dementia 
within the EVIDEM-E randomised controlled trial. Int J Geriatr Psychiatry. 
2016;31(6):656–65. https://​doi.​org/​10.​1002/​gps.​4376.

	26.	 Davis JC, Bryan S, Marra CA, et al. An economic evaluation of resistance 
training and aerobic training versus balance and toning exercises in older 
adults with mild cognitive impairment. PLoS ONE. 2013;8(5):e63031. 
https://​doi.​org/​10.​1371/​journ​al.​pone.​00630​31.

	27.	 Davis JC, Hsiung GYR, Bryan S, et al. Economic evaluation of aerobic 
exercise training in older adults with vascular cognitive impairment: PRO‑
MoTE trial. BMJ Open. 2017;7(3):e014387. https://​doi.​org/​10.​1136/​bmjop​
en-​2016-​014387.

	28.	 Eckert T, Wronski P, Bongartz M, et al. Cost-effectiveness and cost-utility 
of a home-based exercise program in geriatric patients with cognitive 
impairment. Gerontology. 2021;67(2):220–32. https://​doi.​org/​10.​1159/​
00051​2748.

	29.	 Baal P, Hoogendoorn M, Fischer A. Preventing dementia by promoting 
physical activity and the long-term impact on health and social care 
expenditures. Prev Med. 2016;85:78–83. https://​doi.​org/​10.​1016/j.​ypmed.​
2016.​01.​013.

	30.	 Wimo A, Handels R, Antikainen R, et al. Dementia prevention: the poten‑
tial long-term cost-effectiveness of the FINGER prevention program. 
Alzheimers Dement. https://​doi.​org/​10.​1002/​alz.​12698. Published online 
July 16, 2022.

	31.	 Khan I, Petrou S, Khan K, et al. Does structured exercise improve cognitive 
impairment in people with mild to moderate dementia? A cost-
effectiveness analysis from a confirmatory randomised controlled trial: 
the Dementia and Physical Activity (DAPA) trial. Pharmacoecon Open. 
2019;3(2):215–27. https://​doi.​org/​10.​1007/​s41669-​018-​0097-9.

	32.	 Sopina E, Sørensen J, Beyer N, Hasselbalch SG, Waldemar G. Cost-effec‑
tiveness of a randomised trial of physical activity in Alzheimer’s disease: a 
secondary analysis exploring patient and proxy-reported health-related 
quality of life measures in Denmark. BMJ Open. 2017;7(6):e015217. 
https://​doi.​org/​10.​1136/​bmjop​en-​2016-​015217. 

	33.	 Sanders GD, Neumann PJ, Basu A, et al. Recommendations for conduct, 
methodological practices, and reporting of cost-effectiveness analyses: 
second panel on cost-effectiveness in health and medicine. JAMA. 
2016;316(10):1093–103. https://​doi.​org/​10.​1001/​jama.​2016.​12195.

	34.	 Attema AE, Brouwer WBF, Claxton K. Discounting in economic evalua‑
tions. Pharmacoeconomics. 2018;36(7):745–58. https://​doi.​org/​10.​1007/​
s40273-​018-​0672-z.

	35.	 McCartney N, Hicks AL, Martin J, Webber CE. Long-term resistance train‑
ing in the elderly: effects on dynamic strength, exercise capacity, muscle, 
and bone. J Gerontol Biol Sci Med Sci. 1995;50(2):B97-104. https://​doi.​org/​
10.​1093/​gerona/​50a.2.​b97.

	36.	 Shields GE, Elvidge J. Challenges in synthesising cost-effective‑
ness estimates. Syst Rev. 2020;9(1):289. https://​doi.​org/​10.​1186/​
s13643-​020-​01536-x.

	37.	 Tian D, Meng J. Exercise for prevention and relief of cardiovascular 
disease: prognoses, mechanisms, and approaches. Oxid Med Cell Longev. 
2019;2019:3756750. https://​doi.​org/​10.​1155/​2019/​37567​50.

	38.	 Zhao M, Veeranki SP, Magnussen CG, Xi B. Recommended physical activ‑
ity and all cause and cause specific mortality in US adults: prospective 
cohort study. BMJ. 2020;370:m2031. https://​doi.​org/​10.​1136/​bmj.​m2031.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub‑
lished maps and institutional affiliations.

https://doi.org/10.1093/ejcts/ezy187
https://doi.org/10.1093/ejcts/ezy187
https://doi.org/10.1016/j.jacc.2008.09.018
https://doi.org/10.1016/j.jacc.2008.09.018
https://training.cochrane.org/handbook
https://training.cochrane.org/handbook
https://doi.org/10.1186/s12916-021-02204-0
https://doi.org/10.1298/ptr.E10153
https://doi.org/10.1111/hsc.13608
https://doi.org/10.1111/hsc.13608
https://doi.org/10.1001/jamainternmed.2013.359
https://doi.org/10.1001/jamainternmed.2013.359
https://doi.org/10.1002/gps.4376
https://doi.org/10.1371/journal.pone.0063031
https://doi.org/10.1136/bmjopen-2016-014387
https://doi.org/10.1136/bmjopen-2016-014387
https://doi.org/10.1159/000512748
https://doi.org/10.1159/000512748
https://doi.org/10.1016/j.ypmed.2016.01.013
https://doi.org/10.1016/j.ypmed.2016.01.013
https://doi.org/10.1002/alz.12698
https://doi.org/10.1007/s41669-018-0097-9
https://doi.org/10.1136/bmjopen-2016-015217
https://doi.org/10.1001/jama.2016.12195
https://doi.org/10.1007/s40273-018-0672-z
https://doi.org/10.1007/s40273-018-0672-z
https://doi.org/10.1093/gerona/50a.2.b97
https://doi.org/10.1093/gerona/50a.2.b97
https://doi.org/10.1186/s13643-020-01536-x
https://doi.org/10.1186/s13643-020-01536-x
https://doi.org/10.1155/2019/3756750
https://doi.org/10.1136/bmj.m2031

