
   1 of 9Balbim GM, et al. Br J Sports Med 2022;56:933–940. doi:10.1136/bjsports-2021-104955

Effects of exercise training on the cognitive function 
of older adults with different types of dementia: a 
systematic review and meta- analysis
Guilherme Moraes Balbim    ,1,2,3 Ryan S Falck    ,1,2,3,4 Cindy K Barha    ,1,2,3,5 
Samantha Y Starkey,6 Alexis Bullock,1,2 Jennifer C Davis    ,3,7 Teresa Liu- Ambrose1,2,3 

Review

To cite: Balbim GM, 
Falck RS, Barha CK, 
et al. Br J Sports Med 
2022;56:933–940.

 ► Additional supplemental 
material is published online 
only. To view, please visit the 
journal online (http:// dx. doi. 
org/ 10. 1136/ bjsports- 2021- 
104955).

1Department of Physical 
Therapy, The University of British 
Columbia, Faculty of Medicine, 
Vancouver, British Columbia, 
Canada
2Djavad Mowafaghian Centre 
for Brain Health, The University 
of British Columbia, Vancouver, 
British Columbia, Canada
3Centre for Hip Health and 
Mobility, Vancouver Coastal 
Research Institute, Vancouver, 
British Columbia, Canada
4School of Biomedical 
Engineering, The University of 
British Columbia, Vancouver, 
British Columbia, Canada
5Department of Physical 
Therapy, University of British 
Columbia, Vancouver, British 
Columbia, Canada
6Faculty of Medicine, The 
University of British Columbia, 
Vancouver, British Columbia, 
Canada
7Faculty of Management, The 
University of British Columbia 
Okanagan, Kelowna, British 
Columbia, Canada

Correspondence to
Dr Teresa Liu- Ambrose, Physical 
Therapy, The University of British 
Columbia Faculty of Medicine, 
Vancouver, BC V1Y 1T3, 
Canada;  
 teresa. ambrose@ ubc. ca

Accepted 21 April 2022
Published Online First 
16 May 2022

© Author(s) (or their 
employer(s)) 2022. No 
commercial re- use. See rights 
and permissions. Published 
by BMJ.

ABSTRACT
Objectives To assess the effect of exercise training on 
the cognitive function of older adults living with different 
types of dementia, as well as potential moderators of 
exercise efficacy.
Design Systematic review and meta- analysis.
Data sources Cochrane Central, PsycINFO, Embase, 
Medline and CINAHL.
Eligibility criteria Peer- reviewed, randomised 
controlled trials, in English (1990–present), which 
examined the effects of exercise training on the cognitive 
function of older adults living with dementia.
Study appraisal and synthesis Risk of bias and 
study quality were assessed (Cochrane Risk of Bias Tool 
2.0 and Physiotherapy Evidence Database Scale). We 
performed random- effects models using robust variance 
estimation and tested moderators using the approximate 
Hotelling- Zhang test.
Results Twenty- eight studies (n=2158) were included 
in the qualitative review and 25 in the meta- analysis. 
For all- cause dementia, a small effect of exercise training 
on cognitive function was observed (g=0.19; 95% CI 
0.05 to 0.33; p=0.009). Type of dementia and exercise 
training characteristics did not moderate the effects 
of exercise training on cognitive function (p>0.05). 
Adherence to the intervention moderated the cognitive 
outcome effect size such that greater mean adherence 
was associated with greater cognitive outcome effect 
sizes (b=0.02; SE=0.01; p=0.005).
Conclusion Exercise training showed small benefits for 
the cognitive function of older adults living with all- cause 
dementia. More research and standardised reporting 
of exercise training characteristics can strengthen 
the evidence for what works best for which types of 
dementia.
PROSPERO registration number CRD42020198716.

INTRODUCTION
Over 50 million people worldwide are living with 
dementia, and this number is projected to grow 
to more than 150 million by 2050.1 Dementia is 
a syndrome of cognitive impairment that affects 
several domains of cognitive function (eg, memory 
and executive function) beyond what might be 
expected from normal ageing,2 resulting in the 
loss of independence and poorer quality of life.3 
Combating dementia is a public health priority,4 
and thus effective non- pharmaceutical strategies 
that can delay dementia progression are an exciting 
line of research inquiry.

Exercise training is one promising non- 
pharmaceutical therapy to promote cognitive health 
in older adults living with all- cause dementia,5 6 
mild cognitive impairment (MCI) and early stages 
of dementia,7 and Alzheimer’s disease (AD).8–12 
Broadly, exercise is any type of planned, structured 
and repetitive physical activity done for the purpose 
of improving or maintaining physical fitness.13 The 
current evidence of the effects of exercise training 
on the cognitive function of older adults living 
with dementia has some key limitations, such as 
heterogeneity in study design, lack of appropriate 
reporting intervention parameters and wide vari-
ability in cognitive tests used.14 It is also reported 
limitations when delivering and measuring exer-
cise training interventions effectiveness in older 

WHAT IS ALREADY KNOWN ON THIS TOPIC
 ⇒ Exercise training is a promising non- 
pharmaceutical therapy to promote cognitive 
function in older adults living without cognitive 
impairment.

 ⇒ Most of the evidence of exercise training 
efficacy improving cognitive function in people 
living with dementia comes from Alzheimer’s 
disease.

WHAT THIS STUDY ADDS
 ⇒ Exercise training interventions have a small 
effect on cognitive function of older adults 
living with all- cause dementia independent of 
cognitive domain.

 ⇒ The beneficial effects of exercise training on 
cognitive function are not moderated by type of 
dementia.

 ⇒ There is not enough information to conclude 
what exercise training prescription (eg, type, 
intensity, volume and intervention length) will 
yield the best results for older adults living with 
all- cause and specific types of dementia.

HOW THIS STUDY MIGHT AFFECT RESEARCH, 
PRACTICE AND/OR POLICY

 ⇒ Future research must include older adults living 
with different types of dementia other than 
Alzheimer's disease. Our study highlights the 
need to adequately report exercise training 
interventions to strengthen the evidence of 
what works best for which types of dementia. 
Health practitioners should recommend exercise 
to older adults living with dementia.
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adults with later stages of dementia due to comorbidities and 
disabilities.15

Of note, it is not clear how the effects of exercise training on 
cognitive function may vary as a function of type of dementia 
(eg, vascular dementia, frontotemporal dementia, mixed demen-
tias, etc) or specific exercise characteristics. Specifically, there is 
a lack of knowledge regarding how exercise training character-
istics (ie, type, intensity, volume, and intervention length) influ-
ence the effects of exercise training on the cognitive function of 
older adults living with dementia. Furthermore, different types 
of dementia present specific neuropsychological and neuro-
pathological profiles, which could elicit differential effects of 
exercise training. Precise recommendations require a better 
understanding of exercise training characteristics that either 
attenuate or amplify their efficacy depending on the type of 
dementia.

Thus, we performed a systematic review and meta- analysis of 
exercise training randomised controlled trials (RCTs) to answer 
the following questions: (1) in older adults living with dementia 
(ie, all- cause and specific types), what are the effects of exercise 
training on cognitive function?; (2) what are the treatment- level 
(ie, exercise training characteristics and exercise adherence), 
individual- level (ie, sex and age), study- level (ie, type of dementia 
and risk of bias) and outcome- level (ie, global cognition and 
domain specific) moderators of exercise efficacy in older adults 
living with dementia?

METHODS
Summary of the search strategy
We conducted our systematic review and meta- analysis according 
to the Cochrane Handbook for Systematic Reviews and Inter-
ventions and the Preferred Reporting Items for Systematic 
Reviews and Meta- Analysis statements.16 17 Our protocol was 
registered with PROSPERO on 18 August 2020, and updated on 
3 December 2020 (CRD42020198716) to reflect the updated 
set of databases and search terms used. Between 29 July and 6 
August 2020, searches were performed in the Cochrane Central 
Register of Controlled Trials, PsycINFO, Embase, Medline and 
CINAHL for articles published between 1 January 1990 and 1 
July 2020. Reference lists from identified studies and previous 
relevant systematic reviews5 8 9 15 18 19 were examined to iden-
tify additional articles not captured by the database search. An 
updated search was conducted on 15 April 2021 to capture 
studies published between 1 July 2020 and 15 April 2021.

The terms used in the database searches were divided into four 
categories: dementia, older adults, exercise training and cogni-
tive function. All terms were searched as keywords in addition 
to each database- specific subject headings and MeSH terms. The 
complete search strategy can be found in online supplemental 
material 1). We exported all initial records into Covidence,20 
wherein we excluded duplicates and screened references (both 
title/abstract and full text).

Study selection
We selected peer- reviewed, published RCTs in English that 
examined the effect of exercise training interventions (ie, aerobic 
training (AT), resistance training (RT), multicomponent training 
(MT) or alternative forms of exercise) on the cognitive function 
of older adults (>60 years old) living with dementia. If a given 
inclusion criterion was not sufficiently described by the authors, 
we contacted the corresponding author for further clarification. 
Our criteria for consideration of exercise training programmes 
were: (A) AT interventions that included exercise aiming to 

improve cardiovascular fitness, including walking, running, or 
cycling; (B) RT interventions that aimed to increase muscular 
strength, power or endurance using resistance bands, weight 
machines, free weights or bodyweight; (C) MT interventions 
that incorporated a combination of AT, RT and other forms of 
exercise training such as balance or agility; (D) other structured 
exercise interventions included alternative form of exercise such 
as tai chi, qigong, yoga and dance.

After excluding duplicate records, titles and abstracts were 
screened independently by two of three authors (GMB, SYS 
and AB). Full texts of eligible studies were then reviewed by 
the same authors. Details are presented in online supplemental 
material 2. Three studies used combined interventions (ie, exer-
cise training + cognitive training or exercise training + activi-
ties of daily living),21–23 and we extracted data for the exercise 
training- only intervention and the control group. Disagreements 
were resolved as a committee between the three authors (GMB, 
SYS and AB). A fourth author (CKB) resolved disagreements not 
solved as a committee.

Inclusion and exclusion criteria
Articles were included if they met the following inclusion criteria: 
(1) RCTs; (2) published in a peer- reviewed journal in English 
language; (3) participants were older adults (≥60 years old) 
living with dementia (AD, vascular dementia, frontotemporal 
dementia, Lewy body dementia, mixed dementia or unspecified 
dementia) regardless of stage of dementia; (4) the exercise inter-
vention was AT, RT, MT or alternative form of exercise of any 
intensity that was at least 8 weeks in duration and occurred at 
least once weekly; and (5) included at least one cognitive func-
tion outcome as measured by a valid neuropsychological test. 
Studies that included older adults living with MCI or subjective 
memory complaints were excluded. Two studies24 25 included 
participants living with MCI but allocated them in separate 
groups or presented independent data analysis for those living 
with MCI. We included these studies and did not extract data on 
MCI participants. Studies were not included in the meta- analysis 
if they did not provide enough data (eg, sample size, means, and 
SD for outcomes at preintervention and postintervention data 
collection) even after contacting the authors.

Data extraction
Data extraction was conducted independently by three authors 
(GMB, SYS and AB) using a standardised data abstraction 
form developed by our team. Extracted information included: 
author, year, study characteristics (eg, randomisation and type 
of analysis), type and severity of dementia, cognitive domain, 
neuropsychological test, sample size, participant characteris-
tics (eg, % female, age), intervention characteristics (eg, type, 
intensity, volume and intervention length), intervention adher-
ence, comparison group characteristics (ie, type, frequency and 
volume) and adherence, measurement time- points and results by 
time- points (ie, mean and SD at baseline and postintervention).

We defined cognitive function as a broad set of thinking 
abilities measured using performance- based tasks.26 We classi-
fied cognitive function into global cognition and three specific 
domains: (1) executive function; (2) memory; and (3) processing 
speed. The specific classification criteria can be found in online 
supplemental material 3.

Data on potential moderators (ie, treatment, individual, study 
and outcome levels) were extracted according to predefined cate-
gories or units of measure. Treatment- level moderators included: 
(1) intervention type (AT, RT, MT or alternative forms of 
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exercise); (2) intervention intensity using the following parame-
ters: (A) high intensity: the goal was to achieve a heart rate >75% 
of age- predicted maximum, or >70% heart rate reserve, or a 
Borg rating of perceived exertion >14 or RT with a percentage 
of repetition maximum (%RM) >80%; (B) moderate intensity: 
the heart rate was kept between 55% and 75% of age- predicted 
maximum, or a heart rate reserve between 55% and 70%, or 
a Borg rating between 11 and 14, or RT with %RM between 
60% and 80%; (C) low intensity: the heart rate was kept <55% 
of age- predicted maximum, or a heart rate reserve <55%, or a 
Borg rating <11 or RT with %RM less than 60%.26 None of the 
included studies had a low- intensity only programme; (D) mixed 
intensities: those interventions that proposed gradual increases 
from light to moderate or moderate to high intensities within 
the intervention period; (E) unspecified intensities: those inter-
ventions that did not report a specific targeted exercise training 
intensity; (3) intervention weekly volume (ie, min/week [weekly 
frequency*session duration]); (4) intervention length, defined 
by Colcombe and Kramer27 and Northey et al28 as short (8–12 
weeks), medium [13–26 weeks], and long [>26 weeks]); and (5) 
adherence to intervention programme (percentage of sessions 
attended). Individual- level moderators included: (1) mean age 
of the sample; and (2) the percentage of female participants 
(≤65% low proportion of females and >65% high proportion of 
females based on median split). Study- level moderator included: 
(1) type of dementia (ie, AD, vascular dementia, multiple types of 
dementia and unspecified dementia). Multiple types of dementia 
refer to studies that included older adults with several types of 
dementia (eg, AD, vascular dementia, mixed dementia or others). 
Unspecified dementia refers to studies that included older adults 
without specifying their diagnosis. In these cases, the authors 
only reported the inclusion of participants living with dementia 
without further specifications; and (2) overall risk of bias (ie, 
low, some concerns and high). Finally, the outcome- level moder-
ator included global cognition and domain- specific cognitive 
function (ie, executive function, memory and processing speed).

Statistical analysis
We used Hedges’ g effect sizes and variances, which provides a 
small sample bias correction to Cohen’s d.29 We first computed 
Cohen’s d and its variance for each outcome using the preinter-
vention and postintervention mean scores for the treatment and 
control groups, the preintervention SD for each group and the 
sample size for each group:

 

(
MPostTreat−MPreTreat

)
−
(
MPostCtrl−MPreCtrl

)
√((

nTreat−1
)
×SD2

PreTreat+
(
nCtrl−1

)
×SD2

PreCtrl

)
×1/

(
nTreat+nCtrl−2

)
  

Separate effect sizes were computed for each outcome 
measure reported in the study. Cohen’s d was calculated with the 
above formula in 80.1% of the outcomes. One study provided 
median data,30 for which we estimated mean and SD31 32 and 
then calculated effect sizes according to the formula previously. 
The estimations from median and interquartile range to mean 
and SD were carried out according to Luo et al31 and Wan et al32 
formulas: X̄ ≈ q1+m+q3

3   and S ≈ q3−q1
η(n)  

Where, q1 and q3 are the 25th and 75th quartiles, and m is the 
median (for details on η(n), please see Wan et al32).

One study computed Cohen’s d for each outcome of interest.33 
Six studies reported means and SD for preintervention and 
change scores,34–39 which were used in the numerator of the 
formula previously. Finally, for one outcome of one study,34 we 
first transformed data from median data and then used change 
score. For studies with multiple treatment or control groups, 

effect sizes were computed separately. We coded effect sizes 
so that positive estimates indicate a favourable change for the 
intervention group compared with the control group. Effect 
sizes were interpreted as proposed by Brydges,40 with Hedge’s 
g=0.15, 0.40 and 0.75 corresponding to small, medium and 
large effects, respectively.

A previous meta- analysis guided our analysis protocol.26 Anal-
yses were conducted in the statistical package R V.4.0.3 using the 
packages of robumeta and clubSandwich.41–43 We conducted the 
meta- analyses performing random- effects models to account for 
the heterogeneity between studies. Most meta- analytic packages 
assume that effect sizes are statistically independent; however, 
as we included multiple effect sizes from the same study, this 
assumption was violated. Robumeta implements robust vari-
ance estimation to account for the dependency of within- study 
effect sizes by weighting those effect sizes based on a prespeci-
fied within- study correlation. The default setting of within- study 
correlation was 0.8. The robumeta package weights each indi-
vidual effect size according to Hedges et al44 method for esti-
mating the inverse variance weights:

 
Wij =

1
kj(υj+τ2)  

Where νj is the mean of the within- study sampling variances 
for the κ j effect sizes in study j, τ2 is the estimate of the between- 
study variance component and κ j is the number of effect sizes 
within each study j. Next, we conducted sensitivity analyses in 
which the correlation varied from 0.0 to 1.0 by increments of 
0.2.

The overall summary effect was computed for the overall 
effects of exercise training on cognitive function (ie, all measures 
of cognitive function regardless of domain) in all- cause dementia 
by fitting intercept- only random- effects robust variance estima-
tion models to the set of dependent effect sizes. Subsequently, 
we performed models testing the effects of exercise training 
on cognitive function by type of dementia (ie, AD, vascular 
dementia, multiple types of dementia and unspecified dementia). 
Due to few studies and robust variance estimation models with 
df <4 being untrustworthy, we only present data as a function 
of type of dementia for cognitive function regardless of domain.

We present Τ2 as the estimate of true heterogeneity of the 
effects in the same metric as the original effect sizes45 and I2 
as the estimate of true heterogeneity expressed as a proportion 
of the total observed variance in effect sizes.17 To account for 
potential outliers, we performed leave- one- out analyses in which 
each effect size was sequentially removed to determine whether 
doing so significantly altered the summary effect size.

We tested the potential moderators using mixed- effects 
robust variance estimation models. Continuous (eg, mean age 
and mean Mini- Mental State Examination (MMSE)) and cate-
gorical moderators (eg, type of dementia and type of exercise 
training) were separately entered as predictors into regression 
equations using robust variance estimation. For continuous and 
binary moderators (ie, proportion of females), t- tests determined 
whether the moderator predicted changes in cognitive function. 
For categorical moderators with three or more levels (eg, type 
of exercise training), Hotelling Zhang tests were performed to 
produce an F- value that indicated whether different levels of 
the moderator led to differential effects on cognitive function.46 
This approach is an extension of multiple- contrast hypothesis 
tests specifically developed to test moderation effects in meta- 
analyses using random effects models with robust variance esti-
mation. They were developed as generalisations from Tipton’s47 
methods to determine if effect sizes are moderated by categorical 
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variables with multiple levels (details in Tipton and Pustejo-
vsky).46 The significance level was set at p ≤0.05. The R code is 
available in online supplemental material 7.

Risk of bias and quality assessment
Three authors (GMB, SS and AB) independently assessed the risk 
of bias of included studies following the Cochrane Risk of Bias 
tool 2.0 for randomised trials.48 The same three authors evalu-
ated methodological quality using the Physiotherapy Evidence 
Database (PEDro) Scale.49 Details are presented in online supple-
mental material 2.

RESULTS
Search results and study characteristics
Figure 1 shows a summary of the study selection and screening 
process. The original search yielded 12 918 articles. Thirty addi-
tional records were identified through the bibliographic review 
and 726 were identified in an updated search. After dedupli-
cation, 8358 records remained. Titles and abstracts screening 
resulted in 110 full- text articles assessed based on the inclusion 
criteria. The online supplemental material 1 present studies 
excluded after full- text review along with its reasons for exclu-
sion. Twenty- eight studies were included in the qualitative 
review, and 25 studies were included in the quantitative review 
(meta- analysis).

Study characteristics
Study characteristics are described in online supplemental mate-
rial 4. The final systematic review included 24 original parent 
trials and 4 secondary outcome articles. Sample sizes ranged 
from 2034 to 204,50 with a total of 2158 participants included. 

Participants were 81.3±3.4 years old and majority female 
(65.3%±11.9%). Nine studies included participants living with 
AD,23–25 30 51–55 two with vascular dementia,37 56 11 with multiple 
types of dementia21 22 33 34 36 38 39 57–60 and 6 with unspecified 
dementia.35 50 61–64

Global cognition was assessed in 26 
studies,21 23–25 30 33–36 38 39 51–65 executive func-
tion in 15,21 22 24 25 30 33 34 37 39 50 55 60–63 memory 
in 1022 30 33 34 50 52 55 61–63 and processing speed in 
8.22 25 33 34 50 55 56 60 The online supplemental material 3 
describes the measures of cognitive function used. We exam-
ined 12 AT interventions,22 30 33–35 37 38 53–56 58 one RT inter-
vention,57 13 MT interventions21 23–25 33 36 39 50–52 59 60 64 and 
4 alternative forms of exercise interventions.50 61–63 Online 
supplemental material 5 presents a summary of exercise 
training interventions and comparison group characteristics.

Effects of exercise training on cognitive function in all-cause 
dementia
We calculated 185 effect sizes (41 for global cognition, 94 
for executive function, 31 for memory and 19 for processing 
speed) from 25 studies with a Hedges’ g range of −1.56 to 2.4. 
A forest plot with effects sizes of exercise training on cognitive 
function regardless of domain in all- cause dementia can be seen 
in online supplemental material 6. The meta- analytic summary 
effect was g=0.19 (95% CI 0.05 to 0.33; p=0.009). More than 
three- quarters of the variance was estimated to be true effect size 
heterogeneity (I2=69.26%, T2=0.13).

Sensitivity analyses altering the assumed within- study 
correlation from 0.0 to 1.0 had no substantial impact on the 
summary effect (g=0.19 with r=0.0 and g=0.19 with r=1.0). 

Figure 1 Identification and selection of studies for the systematic review and meta- analysis. RCT, randomised controlled trials.
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Leave- one- out analysis suggested that similar results could be 
obtained after excluding any single study, no single effect size 
disproportionally influenced the summary effect or heteroge-
neity estimate (Δgmin=−0.04, Δgmax=0.02; ΔI2

minmin−4.62%, 
ΔI2

max = 2.79%).

Moderators of the effects of exercise training on cognitive 
function for all-cause dementia
Table 1 displays results for moderator analyses of categorical 
moderators along with point estimates of each level and its 
respective number of studies. Due to models with df <4 being 
considered untrustworthy, the estimates for such instances are 

not presented. None of the treatment- level, individual- level, 
study- level or outcome- level moderators significantly moderated 
the effects of exercise on cognitive function in older adults living 
with all- cause dementia (all Hotelling Zhang tests ps >0.05).

Table 2 displays results for continuous moderators. Adher-
ence to the intervention moderated the cognitive outcome effect 
size such that each percentage point increase in mean adherence 
was associated with a 0.02 increase in cognitive outcome effect 
sizes (b=0.02; SE=0.01; p=0.005). Specifically, considering the 
meta- regression equation is y=b0+b1*x. Where y is the meta- 
analytic summary Hedges’ g (ie, 0.19), b0 is the intercept (ie, 
−1.61), b1 is the slope (ie, 0.02) and x is % adherence to the 

Table 1 Results of moderation analyses for categorical moderators

Moderator

Summary effect

nstudy

Test of moderation

g LL UL t df P value Statistic df P value I2

Treatment level   

  Type of intervention HTZ=1.86 13.8 0.183 69.64

   Aerobic training 0.35 0.02 0.69 2.35 10.06 0.041 10   

   Resistance training – – – – <4 – 1   

   Multicomponent 0.16 −0.08 0.39 1.46 12.37 0.169 10   

   Alternative forms 0.02 −0.08 0.13 0.58 4.99 0.585 4   

  Intervention length HTZ=0.44 11.7 0.657 69.90

   Short 0.14 −0.03 0.31 1.72 13.33 0.108 10   

   Medium 0.21 −0.11 0.54 1.44 11.20 0.177 10   

   Long – – – – <4 – 5   

  Exercise training intensity HTZ=0.74 7.12 0.511 69.47

   Moderate 0.13 −0.24 0.50 0.93 4.50 0.399 5   

   High – – – – <4 – 3   

   Mixed 0.24 −0.02 0.51 2.16 7.83 0.064 6   

   Unspecified 0.10 −0.12 0.32 1.00 12.20 0.333 11   

Study level   

  Type of dementia HTZ=3.06 3.63 0.166 69.46

   Alzheimer’s disease 0.56 0.03 1.09 2.49 7.35 0.040 7   

   Vascular dementia – – – – <4 – 2   

   Multiple types 0.10 −0.08 0.27 1.22 11.37 0.248 10   

   Unspecified 0.09 −0.09 0.27 1.12 7.95 0.294 6   

  Overall risk of bias HTZ=0.69 18.1 0.718 70.68

   Low 0.14 −0.003 0.28 2.32 6.82 0.054 7   

   Some concerns 0.17 −0.08 0.41 1.45 12.07 0.174 10   

   High 0.28 −0.07 0.63 1.79 9.59 0.156 8   

  Comparison group HTZ=1.85 6.73 0.230 70.34

   Usual care 0.16 −0.16 0.48 1.16 7.38 0.281 8   

   Other activities 0.31 0.06 0.56 2.66 14.00 0.019 11   

   Physically active – – – – <4 – 4   

   Cognitive training – – – – <4 – 2   

Individual level   

  Percentage female HTZ=0.88 27.8 0.355 65.52

   Low proportion 0.22 −0.01 0.45 2.05 13.9 0.060 13   

   High proportion 0.103 −0.04 0.24 1.56 14.5 0.140 11   

   Unspecified – – – – <4 – 1   

Outcome level   

  Cognitive domain HTZ=0.69 14.9 0.574 69.31

   Global cognition 0.31 0.05 0.57 2.49 16.76 0.024 23   

   Memory 0.09 −0.08 0.26 1.13 9.56 0.285 15   

   Executive function 0.10 −0.06 0.26 1.26 18.10 0.223 9   

   Processing speed 0.14 −0.18 0.47 1.01 8.01 0.344 8   

df, Degrees of freedom; LL, Lower limit of the 95% confidence interval; UL, Upper limit of the 95% confidence interval.
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intervention. The solution of this equation demonstrates that 
high attendance (ie, 90% attendance) is necessary to elicit a small 
effect on cognitive function.

Effects of exercise training on cognitive function for specific 
types of dementia
Although the Hotelling Zhang test did not indicate a moder-
ator effect of type of dementia on cognitive function (table 1), 
we present the estimates for each type of dementia. For AD, we 
calculated 30 effect sizes within seven studies demonstrating a 
medium effect of exercise training on cognitive function of older 
adults living with AD (g=0.56; 95% CI 0.03 to 1.09; p=0.040). 
Importantly, although p <0.05, the Hotelling Zhang test was 
non- significant, suggesting the lack of moderation as a func-
tion of different types of dementia. Nine effect sizes within two 
studies demonstrated a negligible effect for older adults living 
with vascular dementia (g=−0.10; 95% CI −0.62 to 0.45; 
p=0.257). These effects are not trustworthy since df <4. We 
calculated 106 effect sizes within 10 studies showing a negli-
gible effect in studies including older adults living with multiple 
types of dementia (g=0.10; 95% CI −0.08 to 0.27; p=0.248). 
Forty effect sizes within six studies indicated no effect of exercise 
training on cognitive function of older adults living with unspec-
ified of dementia (g=0.09; 95% CI −0.09 to 0.27; p=0.256). 
Forest plots of these analyses are available in online supple-
mental material 6.

Publication bias and risk of bias
There is some degree of publication bias (online supplemental 
material 2). Risk of bias assessment rendered 7 studies with 
low risk of bias, 11 with some concerns and 10 with a high 
risk of bias (online supplemental material 2). Importantly, risk 
of bias was not a significant moderator of exercise training’s 
effect com cognitive function. Risk of bias assessment by type 
of dementia revealed that among the studies that included only 
participants living with AD, one had a low risk of bias (14.2%), 
three a moderate risk of bias (42.9%) and three a high risk of 
bias (42.9%). However, risk of bias assessment of studies that 
included participants living with vascular dementia, multiple 
types of dementia and unspecified dementia revealed that six 
trials had a low risk of bias (33.33%), eight a moderate risk of 
bias (44.44%) and four a high risk of bias (22.22%). Among the 
included trials, 3.6% were classified as poor quality, 14.3% as 
fair quality, 53.6% as good quality and 28.5% as optimal quality 
(PEDro scale). A detailed scoring is presented in online supple-
mental material 2.

DISCUSSION
We found a small effect40 of exercise training on cognitive func-
tion of older adults living with all- cause dementia. This effect 
was independent of type of dementia and was not moderated by 
exercise training type, intensity, volume, intervention length, sex 
or age. Furthermore, studies with higher participants’ adherence 
to the intervention showed greater effects on cognitive function.

The effects of exercise training on different types of 
dementia
Previous meta- analyses of prospective longitudinal studies have 
demonstrated that engagement in physical activity across the 
lifespan has a protective role against all- cause dementia66–71 and 
AD.66 67 69 Our moderation analyses of RCTs did not demon-
strate that the effects of exercise training on cognitive function 
were moderated by different types of dementia. This result is 
similar to a previous meta- analysis5 of RCTs that included people 
living with different types of dementia. The authors compared 
the impact of exercise training on cognitive function in older 
adults living with AD versus older adults living with non- AD 
dementia.5 The results revealed that there were no differences 
on the effects of exercise training between individuals living with 
AD and those with other types of dementia.

Of the 25 RCTs included in the meta- analysis, 9 RCTs 
included only participants with AD23–25 30 51–55 and 11 
RCTs included participants with AD and other types of 
dementia.21 22 33 34 36 38 39 58–60 72 Among the 11 RCTs with AD 
and non- AD participants, most participants were living with 
AD. While AD is the leading cause of dementia worldwide, 
accounting for 60%–80% of all dementia cases,3 more research 
is needed in older adults with non- AD dementia, such as vascular 
dementia, Lewy body dementia, frontotemporal dementia and 
mixed dementia. Understanding the effects of exercise training 
in different dementia types will help to refine ‘exercise as medi-
cine’ for dementia.

Although beyond the scope of our study, some underlying 
mechanisms of action through which exercise might affect 
cognitive function needs to be considered. Two recent systematic 
reviews and meta- analyses speculated potential mechanisms of 
action contributing to the effects of exercise training on cogni-
tive function of older adults living with MCI, AD and all- cause 
dementia.73 74 Stigger et al73 demonstrated that exercise signifi-
cantly increased serum concentrations of brain- derived neuro-
trophic factor (BDNF) and significantly decreased interleukin 6 
(IL- 6) and tumour necrosis factor alpha (TNF-α) (both proin-
flammatory cytokines). Another systematic review and meta- 
analysis74 stratified the effects on potential mechanisms of action 
by type of exercise (ie, AT, RT and MT). The results suggested 

Table 2 Results of moderation analyses for continuous moderators

Moderator

Meta- regression Test of moderation

I2Intercept Slope t df P value

Treatment level

  Adherence to intervention (% sessions attended) −1.61 0.02 3.73 10.40 0.005* 54.08

  Intervention volume (min/week) 0.21 −0.0002 −0.11 12.38 0.961 70.07

Participant level

  Age 0.19 0.001 0.05 28.4 0.785 70.09

  Mean MMSE 0.69 −0.03 −1.18 10.7 0.263 69.99

*Statistically significant for p ≤ 0.05.
df, Degrees of freedom; MMSE, Mini- Mental State Examination.
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a non- significant trend of AT and MT increasing concentrations 
of BDNF and RT increasing the concentrations of insulin- like 
growth factor 1. The authors recognised divergent results and a 
lack of studies investigating the role of exercise on inflammatory 
markers (eg, IL- 6 and TNF-α). Noticeably, both meta- analyses 
included only eight studies, which hinders the ability to detect 
robust effects. Future studies must explore the mechanisms that 
may drive neuroplasticity, molecular and cellular dynamics and 
its moderator and/or mediator roles in cognitive function of 
older adults living with different types of dementia.

The moderator role of exercise training characteristics
Exercise training characteristics did not moderate the effects 
of exercise on cognitive function. These results do not concur 
with previous meta- analyses that included people with AD.5 9 10 
Panza et al9 found AT was more beneficial than RT and MT 
among those at risk for AD (eg, people living with MCI, APOE4 
carriers, biological parents with AD) and living with AD. Jia et 
al10 found AT interventions that were greater than 16 weeks, and 
up to three training sessions per week for ≤30 min per session 
were more effective than interventions with shorter intervention 
length, higher frequency and longer exercise training sessions. 
Groot et al5 demonstrated that MT and AT interventions had 
greater effects on cognition in older adults living with all- cause 
dementia than non- aerobic interventions.

The discrepancy between current and prior results may be 
due to differences in inclusion criteria. The previously published 
meta- analyses5 9 10 included RCTs published in non- English 
languages,10 non- RCTs,5 physical activity interventions,5 10 and 
adults aged 19 years and older at risk of or diagnosed with AD.9 
Consequently, several studies included in prior meta- analyses 
were not eligible for our meta- analysis. Current evidence 
regarding the moderating effects of exercise training character-
istics in older adults with dementia is equivocal and is mainly 
among those with AD. Thus, more research is needed to deter-
mine exercise training characteristics (ie, type, intensity, volume 
and intervention length) that are most effective for older adults 
living with different types of dementia. We lack RCTs designed 
specifically to compare different types of exercise training, inten-
sity, volume and intervention length in older adults living with or 
without dementia, highlighting need for more research.

In addition, to advance the application of exercise as therapy 
for dementia, trial descriptions of exercise training interventions 
need to be improved, as recommended by the Consensus on 
Exercise Reporting Template (CERT).75 For example, exercise 
intensity is pivotal when considering the quality and strength 
of the evidence on the benefits of exercise on cognitive func-
tion14 and health.76 Even though, exercise intensity was poorly 
reported in several RCTs included in our systematic review 
and meta- analysis. Eight (29.7%) trials did not report exercise 
intensity at all, and five (18.5%) reported incomplete aspects 
of intensity measurement (eg, only reported the target intensity 
without presenting details about whether and how the target 
intensity was measured and achieved during exercise sessions). 
This inconsistency in describing key intervention characteristics 
poses barriers for the quality and strength of the evidence.

The moderating role of biological sex and adherence
Past meta- analyses with cognitively healthy older adults suggest 
that females benefit more from exercise training interventions 
than males.27 77 However, biological sex was not a significant 
moderator in our meta- analysis, which concurs with the find-
ings of a prior meta- analysis that included individuals at risk 

for or diagnosed with AD.9 Minimal research has examined sex 
differences in exercise efficacy among older adults living with 
dementia. However, it is critical for future RCTs to do so as two- 
thirds of dementia and AD cases are among females.3 78

Higher intervention adherence was associated with greater 
improvements in cognitive performance, which is consistent with 
prior findings.9 Thus, it is important to implement evidence- 
based strategies that promote exercise adherence, including 
multiple contacts,79 discussing barriers and developing coping 
strategies and action plans,80 setting implementation intentions 
and concrete plans81 and encouraging individuals to contin-
ually self- monitor their progress. Noticeably, the moderator 
effect of adherence to the intervention should be interpreted 
with caution. We did not investigate potential characteristics of 
exercise training interventions (eg, social engagement, quality of 
instructions, easiness of access to intervention facilities, etc) that 
could promote or hinder participants’ adherence.

Suggestions for future RCTs
Given our results and those from past studies,5 9–11 we suggest 
that future exercise training RCTs that include older adults 
living with dementia should: (1) describe the target population 
(eg, age, type of dementia, sex, gender); (2) take into account 
that the diagnosis of dementia often is not definite and may vary 
according to diagnostic and referral protocols. It is necessary to 
clearly report the protocol for the diagnosis of dementia; (3) 
include people living with vascular dementia, since it is the second 
most common type of dementia and significantly contributes to 
AD pathology and mixed dementia; (4) follow the CERT75 to 
adequately report the exercise training intervention character-
istics; (5) identify the primary outcome(s) and the sample size 
necessary to achieve adequate power a priori (eg, publication of 
trial protocol and statistical plan); (6) clearly identify, describe 
and report the neuropsychological tests and cognitive domains 
used to measure cognitive function; (7) examine the effects of 
exercise on cognitive function for males and females on the indi-
vidual level, presenting individual preintervention and postin-
tervention cognitive scores for males and females, rather than 
treating sex as a descriptive of the sample; and (8) investigate the 
effects of exercise training on physical function, performance of 
activities of daily life, quality of life and well- being.

Limitations
Our inclusion criteria, although broader than past meta- analyses 
in some respects (eg, the inclusion of different types of dementia 
other than AD, inclusion of cognitive training as comparison 
group), were more stringent in other aspects (eg, the inclusion of 
studies with participants >60 years and exclusion of MCI). The 
inclusion of cognitive training as a comparison while more inclu-
sive also needs to be recognised as a limitation, since it is not a 
true control group and can elicit changes in cognitive function. 
Likely, it led to the exclusion of articles that were once eligible 
for similar previous meta- analyses. Furthermore, only one RT 
intervention was eligible for our meta- analysis, which hampered 
our ability to explore the moderating role of exercise type.

Echoing the conclusions of Falck et al26 our approach to cate-
gorising different cognitive measures into cognitive domains might 
limit our findings. First, some cognitive measures could be catego-
rised into multiple cognitive domains. For example, digit symbol 
coding can be classified as a measure of executive function, global 
cognition or processing speed.82 Second, our classification scheme 
included a range of cognitive processes under single a cognitive 
domain. For example, immediate recall, delayed recall, episodic 
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memory, verbal and non- verbal memory were all classified under 
a single domain—memory. While each of these cognitive processes 
are broadly related to memory, they could be categorised under 
more specific cognitive domains (eg, episodic memory, verbal 
memory) that could be impacted differently by exercise.

The neuropsychological tools used to measure cognitive func-
tion varied widely between the studies, and in some instances, were 
poorly described, which made it difficult to categorise them into 
cognitive domains. For example, Huang et al63 reported using the 
Trail Making Test but did not specify if they adopted part A, part B, 
both parts separately or part B – part A. Other examples of poorly 
reported measures were Stroop, verbal fluency and digit span tests. 
Although we strived to accurately categorise the neuropsycholog-
ical tests into our predefined cognitive domains, poor reporting 
could have led to inaccurate categorisation.

CONCLUSION
In summary, our meta- analysis suggests that exercise training has 
a small effect on cognitive function in older adults living with 
all- cause dementia. The effects seem to be more pronounced 
in people with AD, even though moderation analysis did not 
confirm this result. It is also important to consider that studies 
including only participants living with AD presented a higher 
risk of bias compared with studies with other types of dementia 
or unspecified dementia. We did not find exercise training char-
acteristics (eg, type, intensity, volume and intervention length) 
or type of dementia to be moderators of the effects of exer-
cise training on cognitive function. Future RCTs should focus 
on clearly defining participant inclusion criteria, neuropsycho-
logical tests and exercise training characteristics. Furthermore, 
more research is needed to determine the effects of exercise on 
a range of dementia types other than AD and to elucidate the 
mechanisms of action.
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Supplemental material 1 – Search strategies and studies excluded after full-text review 

 

Search strategies 

 

Medline 

1. Dementia/  

2. dementia.mp.  

3. exp Dementia, Vascular/  

4. (Arteriosclerotic dementia* or Arteriosclerotic encephalopath* or Binswanger* encephalopath* or 

Binswanger* disease or Small vessel dementia or Subcortical leukoencephalopath* or (Subcortical adj 3 

encephalopath*)).mp. [mp=title, abstract, original title, name of substance word, subject heading word, 

floating sub-heading word, keyword heading word, organism supplementary concept word, protocol 

supplementary concept word, rare disease supplementary concept word, unique identifier, synonyms]  

5. Alzheimer Disease/  

6. alzheimer*.mp. [mp=title, abstract, original title, name of substance word, subject heading word, 

floating sub-heading word, keyword heading word, organism supplementary concept word, protocol 

supplementary concept word, rare disease supplementary concept word, unique identifier, synonyms]  

7. vascular cognitive impairment.mp. [mp=title, abstract, original title, name of substance word, subject 

heading word, floating sub-heading word, keyword heading word, organism supplementary concept word, 

protocol supplementary concept word, rare disease supplementary concept word, unique identifier, 

synonyms]  

8. exp Frontotemporal lobar degeneration/  

9. (pick* disease or primary progressive aphasia or frontotemporal lobar degeneration or semantic 

dementia or disinhibition-dementia-parkinsonism-amyotrophy or hereditary dysphasic disinhibition or 

Wilhelmsen-lynch).mp. [mp=title, abstract, original title, name of substance word, subject heading word, 

floating sub-heading word, keyword heading word, organism supplementary concept word, protocol 

supplementary concept word, rare disease supplementary concept word, unique identifier, synonyms]  

10. Lewy Body Disease/  

11. lewy body disease.mp. [mp=title, abstract, original title, name of substance word, subject heading 

word, floating sub-heading word, keyword heading word, organism supplementary concept word, 

protocol supplementary concept word, rare disease supplementary concept word, unique identifier, 

synonyms]  

12. (mixed dementia or multiple-etiology dementia).mp. [mp=title, abstract, original title, name of 

substance word, subject heading word, floating sub-heading word, keyword heading word, organism 

supplementary concept word, protocol supplementary concept word, rare disease supplementary concept 

word, unique identifier, synonyms]  

13. exp Aged/  
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14. ((old* adj (adult* or people or person* or individual* or patient* or population*)) or elder* or aged or 

aging or senior* or geriatric*).mp. [mp=title, abstract, original title, name of substance word, subject 

heading word, floating sub-heading word, keyword heading word, organism supplementary concept word, 

protocol supplementary concept word, rare disease supplementary concept word, unique identifier, 

synonyms]  

15. 13 or 14  

16. 1 or 2 or 3 or 4 or 5 or 6 or 7 or 8 or 9 or 10 or 11 or 12  

17. 15 and 16  

18. exercise/ or gymnastics/ or muscle stretching exercises/ or exp running/ or swimming/ or exp walking/  

19. exp Exercise Therapy/  

20. exp Resistance Training/  

21. (Physical activit* or Exercis* or Muscle Stretch*).mp. [mp=title, abstract, original title, name of 

substance word, subject heading word, floating sub-heading word, keyword heading word, organism 

supplementary concept word, protocol supplementary concept word, rare disease supplementary concept 

word, unique identifier, synonyms]  

22. ((resistance or strength* or balance or physical) adj3 (train* or condition*)).mp. [mp=title, abstract, 

original title, name of substance word, subject heading word, floating sub-heading word, keyword 

heading word, organism supplementary concept word, protocol supplementary concept word, rare disease 

supplementary concept word, unique identifier, synonyms]  

23. (Pilates or aerobics or cycling or dance or dancing or biking or swim* or walk* or yoga or taichi or 

taiji or tai chi or tai ji or taijiquan or Weight-bearing* or Weight lifting*).mp. [mp=title, abstract, original 

title, name of substance word, subject heading word, floating sub-heading word, keyword heading word, 

organism supplementary concept word, protocol supplementary concept word, rare disease supplementary 

concept word, unique identifier, synonyms]  

24. or/18-23 [exercise]  

25. Cognition/ or Cognitive Dysfunction/  

26. (((cognition or cognitive or mental) adj3 (function or decline or dysfunction or impairment or 

deterioration or performance or disorder or defect or deficit or disability or disorder)) or cognitive 

thinking or cognitive symptom* or cognitive task* or neurobehavio?ral manifestation*).mp. [mp=title, 

abstract, original title, name of substance word, subject heading word, floating sub-heading word, 

keyword heading word, organism supplementary concept word, protocol supplementary concept word, 

rare disease supplementary concept word, unique identifier, synonyms]  

27. Executive Function/  

28. (executive control* or executive function* or cognitive control).mp. [mp=title, abstract, original title, 

name of substance word, subject heading word, floating sub-heading word, keyword heading word, 

organism supplementary concept word, protocol supplementary concept word, rare disease supplementary 

concept word, unique identifier, synonyms]  

29. Attention/  
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30. (attention or monitoring or attentiveness or vigilance or concentration).mp. [mp=title, abstract, 

original title, name of substance word, subject heading word, floating sub-heading word, keyword 

heading word, organism supplementary concept word, protocol supplementary concept word, rare disease 

supplementary concept word, unique identifier, synonyms]  

31. Problem Solving/  

32. problem solving.mp. [mp=title, abstract, original title, name of substance word, subject heading word, 

floating sub-heading word, keyword heading word, organism supplementary concept word, protocol 

supplementary concept word, rare disease supplementary concept word, unique identifier, synonyms]  

33. Inhibition, Psychological/  

34. inhibition*.mp. [mp=title, abstract, original title, name of substance word, subject heading word, 

floating sub-heading word, keyword heading word, organism supplementary concept word, protocol 

supplementary concept word, rare disease supplementary concept word, unique identifier, synonyms]  

35. Conditioning, Psychological/  

36. conditioning.mp. [mp=title, abstract, original title, name of substance word, subject heading word, 

floating sub-heading word, keyword heading word, organism supplementary concept word, protocol 

supplementary concept word, rare disease supplementary concept word, unique identifier, synonyms]  

37. exp Learning/  

38. learning.mp. [mp=title, abstract, original title, name of substance word, subject heading word, floating 

sub-heading word, keyword heading word, organism supplementary concept word, protocol 

supplementary concept word, rare disease supplementary concept word, unique identifier, synonyms]  

39. decision making.mp. or Decision Making/  

40. Concept Formation/  

41. concept formation*.mp. [mp=title, abstract, original title, name of substance word, subject heading 

word, floating sub-heading word, keyword heading word, organism supplementary concept word, 

protocol supplementary concept word, rare disease supplementary concept word, unique identifier, 

synonyms]  

42. exp Memory/  

43. (memor* or recall or remember*).mp. [mp=title, abstract, original title, name of substance word, 

subject heading word, floating sub-heading word, keyword heading word, organism supplementary 

concept word, protocol supplementary concept word, rare disease supplementary concept word, unique 

identifier, synonyms]  

44. ((brain adj3 (health or function)) or cerebral function).mp. [mp=title, abstract, original title, name of 

substance word, subject heading word, floating sub-heading word, keyword heading word, organism 

supplementary concept word, protocol supplementary concept word, rare disease supplementary concept 

word, unique identifier, synonyms]  

45. or/25-44 [cognition]  

46. 17 and 24 and 45  
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47. limit 46 to yr="1990 -Current" 

  

BMJ Publishing Group Limited (BMJ) disclaims all liability and responsibility arising from any reliance
Supplemental material placed on this supplemental material which has been supplied by the author(s) Br J Sports Med

 doi: 10.1136/bjsports-2021-104955–9.:10 2022;Br J Sports Med, et al. Balbim GM



Central 

1. (((cognition or cognitive or mental) adj3 (function or decline or dysfunction or impairment or 

deterioration or performance or disorder or defect or deficit or disability or disorder)) or cognitive 

thinking or cognitive symptom* or cognitive task* or neurobehavio?ral manifestation*).mp. [mp=title, 

abstract, heading word, drug trade name, original title, device manufacturer, drug manufacturer, device 

trade name, keyword, floating subheading word, candidate term word]  

2. (executive control* or executive function* or cognitive control).mp. [mp=title, abstract, heading word, 

drug trade name, original title, device manufacturer, drug manufacturer, device trade name, keyword, 

floating subheading word, candidate term word]  

3. (attention or monitoring or attentiveness or vigilance or concentration).mp. [mp=title, abstract, heading 

word, drug trade name, original title, device manufacturer, drug manufacturer, device trade name, 

keyword, floating subheading word, candidate term word]  

4. problem solving.mp. [mp=title, abstract, heading word, drug trade name, original title, device 

manufacturer, drug manufacturer, device trade name, keyword, floating subheading word, candidate term 

word]  

5. inhibition*.mp. [mp=title, abstract, heading word, drug trade name, original title, device manufacturer, 

drug manufacturer, device trade name, keyword, floating subheading word, candidate term word]  

6. conditioning.mp. [mp=title, abstract, heading word, drug trade name, original title, device 

manufacturer, drug manufacturer, device trade name, keyword, floating subheading word, candidate term 

word]  

7. learning.mp. [mp=title, abstract, heading word, drug trade name, original title, device manufacturer, 

drug manufacturer, device trade name, keyword, floating subheading word, candidate term word]  

8. decision making.mp.  

9. concept formation*.mp. [mp=title, abstract, heading word, drug trade name, original title, device 

manufacturer, drug manufacturer, device trade name, keyword, floating subheading word, candidate term 

word]  

10. (memor* or recall or remember*).mp. [mp=title, abstract, heading word, drug trade name, original 

title, device manufacturer, drug manufacturer, device trade name, keyword, floating subheading word, 

candidate term word]  

11. ((brain adj3 (health or function)) or cerebral function).mp. [mp=title, abstract, heading word, drug 

trade name, original title, device manufacturer, drug manufacturer, device trade name, keyword, floating 

subheading word, candidate term word]  

12. dementia.mp. [mp=title, abstract, heading word, drug trade name, original title, device manufacturer, 

drug manufacturer, device trade name, keyword, floating subheading word, candidate term word]  

13. (Arteriosclerotic encephalopath* or Binswanger* encephalopath* or Binswanger* disease or 

subcortical leukoencephalopath* or CADASIL or (subcortical adj 3 encephalopath*)).mp. [mp=title, 

abstract, heading word, drug trade name, original title, device manufacturer, drug manufacturer, device 

trade name, keyword, floating subheading word, candidate term word]  

14. alzheimer*.mp.  
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15. vascular cognitive impairment.mp.  

16. (pick* disease or pick* complex or primary progressive aphasia or frontotemporal lobar 

degeneration).mp. [mp=title, abstract, heading word, drug trade name, original title, device manufacturer, 

drug manufacturer, device trade name, keyword, floating subheading word, candidate term word]  

17. lewy body disease.mp.  

18. ((old* adj (adult* or people or person* or individual* or patient* or population*)) or elder* or aged or 

aging or senior* or geriatric*).mp. [mp=title, abstract, heading word, drug trade name, original title, 

device manufacturer, drug manufacturer, device trade name, keyword, floating subheading word, 

candidate term word]  

19. (Physical activit* or Exercis* or Muscle Stretch*).mp. [mp=title, abstract, heading word, drug trade 

name, original title, device manufacturer, drug manufacturer, device trade name, keyword, floating 

subheading word, candidate term word]  

20. ((resistance or strength* or balance or physical) adj3 (train* or condition*)).mp. [mp=title, abstract, 

heading word, drug trade name, original title, device manufacturer, drug manufacturer, device trade name, 

keyword, floating subheading word, candidate term word]  

21. aerobic training.mp. [mp=title, abstract, heading word, drug trade name, original title, device 

manufacturer, drug manufacturer, device trade name, keyword, floating subheading word, candidate term 

word]  

22. (physical training or yoga or rehabilitation exercise* or remedial exercise*).mp. [mp=title, abstract, 

heading word, drug trade name, original title, device manufacturer, drug manufacturer, device trade name, 

keyword, floating subheading word, candidate term word]  

23. (Pilates or aerobics or cycling or dance or dancing or biking or swim* or walk* or yoga or taichi or 

taiji or tai chi or tai ji or taijiquan or Weight-bearing* or Weight lifting*).mp. [mp=title, abstract, heading 

word, drug trade name, original title, device manufacturer, drug manufacturer, device trade name, 

keyword, floating subheading word, candidate term word]  

24. 1 or 2 or 3 or 4 or 5 or 6 or 7 or 8 or 9 or 10 or 11  

25. 12 or 13 or 14 or 15 or 16 or 17  

26. 19 or 20 or 21 or 22 or 23  

27. 18 and 24 and 25 and 26  

28. limit 27 to yr="1990 -Current" 
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Embase 

1. cognition/  

2. (((cognition or cognitive or mental) adj3 (function or decline or dysfunction or impairment or 

deterioration or performance or disorder or defect or deficit or disability or disorder)) or cognitive 

thinking or cognitive symptom* or cognitive task* or neurobehavio?ral manifestation*).mp. [mp=title, 

abstract, heading word, drug trade name, original title, device manufacturer, drug manufacturer, device 

trade name, keyword, floating subheading word, candidate term word]  

3. cognitive defect/  

4. executive function/  

5. (executive control* or executive function* or cognitive control).mp. [mp=title, abstract, heading word, 

drug trade name, original title, device manufacturer, drug manufacturer, device trade name, keyword, 

floating subheading word, candidate term word]  

6. attention/  

7. (attention or monitoring or attentiveness or Vigilance or Concentration).mp. [mp=title, abstract, 

heading word, drug trade name, original title, device manufacturer, drug manufacturer, device trade name, 

keyword, floating subheading word, candidate term word]  

8. problem solving/  

9. problem solving.mp. [mp=title, abstract, heading word, drug trade name, original title, device 

manufacturer, drug manufacturer, device trade name, keyword, floating subheading word, candidate term 

word]  

10. inhibition*.mp. [mp=title, abstract, heading word, drug trade name, original title, device 

manufacturer, drug manufacturer, device trade name, keyword, floating subheading word, candidate term 

word]  

11. conditioning/  

12. conditioning.mp. [mp=title, abstract, heading word, drug trade name, original title, device 

manufacturer, drug manufacturer, device trade name, keyword, floating subheading word, candidate term 

word]  

13. learning/  

14. learning.mp. [mp=title, abstract, heading word, drug trade name, original title, device manufacturer, 

drug manufacturer, device trade name, keyword, floating subheading word, candidate term word]  

15. decision making.mp. or decision making/  

16. concept formation/  

17. concept formation*.mp. [mp=title, abstract, heading word, drug trade name, original title, device 

manufacturer, drug manufacturer, device trade name, keyword, floating subheading word, candidate term 

word]  

18. exp memory/  
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19. (memor* or recall or remember*).mp. [mp=title, abstract, heading word, drug trade name, original 

title, device manufacturer, drug manufacturer, device trade name, keyword, floating subheading word, 

candidate term word]  

20. brain function/  

21. ((brain adj3 (health or function)) or cerebral function).mp. [mp=title, abstract, heading word, drug 

trade name, original title, device manufacturer, drug manufacturer, device trade name, keyword, floating 

subheading word, candidate term word]  

22. 1 or 2 or 3 or 4 or 5 or 6 or 7 or 8 or 9 or 10 or 11 or 12 or 13 or 14 or 15 or 16 or 17 or 18 or 19 or 20 

or 21  

23. dementia/  

24. dementia.mp. [mp=title, abstract, heading word, drug trade name, original title, device manufacturer, 

drug manufacturer, device trade name, keyword, floating subheading word, candidate term word]  

25. cadasil/ or multiinfarct dementia/  

26. (Arteriosclerotic encephalopath* or Binswanger* encephalopath* or Binswanger* disease or 

subcortical leukoencephalopath* or (subcortical adj 3 encephalopath*)).mp. [mp=title, abstract, heading 

word, drug trade name, original title, device manufacturer, drug manufacturer, device trade name, 

keyword, floating subheading word, candidate term word]  

27. alzheimer disease/  

28. alzheimer*.mp.  

29. vascular cognitive impairment.mp.  

30. exp frontotemporal dementia/  

31. (pick* disease or pick* complex or primary progressive aphasia or frontotemporal lobar degeneration 

or frontotemporal lobar dementia).mp. [mp=title, abstract, heading word, drug trade name, original title, 

device manufacturer, drug manufacturer, device trade name, keyword, floating subheading word, 

candidate term word]  

32. lewy body disease/  

33. lewy body disease.mp.  

34. aged/  

35. ((old* adj (adult* or people or person* or individual* or patient* or population*)) or elder* or aged or 

aging or senior* or geriatric*).mp. [mp=title, abstract, heading word, drug trade name, original title, 

device manufacturer, drug manufacturer, device trade name, keyword, floating subheading word, 

candidate term word]  

36. 23 or 24 or 25 or 26 or 27 or 28 or 29 or 30 or 31 or 32 or 33  

37. 34 or 35  

38. 36 and 37  
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39. 22 and 38  

40. exp exercise/  

41. (Physical activit* or Exercis* or Muscle Stretch*).mp. [mp=title, abstract, heading word, drug trade 

name, original title, device manufacturer, drug manufacturer, device trade name, keyword, floating 

subheading word, candidate term word]  

42. physical activity/ or "physical activity, capacity and performance"/ or cycling/ or jogging/ or running/ 

or stretching/ or swimming/ or walking/  

43. ((resistance or strength* or balance or physical) adj3 (train* or condition*)).mp. [mp=title, abstract, 

heading word, drug trade name, original title, device manufacturer, drug manufacturer, device trade name, 

keyword, floating subheading word, candidate term word]  

44. aerobic training.mp. [mp=title, abstract, heading word, drug trade name, original title, device 

manufacturer, drug manufacturer, device trade name, keyword, floating subheading word, candidate term 

word]  

45. (physical training or yoga or rehabilitation exercise* or remedial exercise*).mp. [mp=title, abstract, 

heading word, drug trade name, original title, device manufacturer, drug manufacturer, device trade name, 

keyword, floating subheading word, candidate term word]  

46. exp aerobic exercise/  

47. (Pilates or aerobics or cycling or dance or dancing or biking or swim* or walk* or yoga or taichi or 

taiji or tai chi or tai ji or taijiquan or Weight-bearing* or Weight lifting*).mp. [mp=title, abstract, heading 

word, drug trade name, original title, device manufacturer, drug manufacturer, device trade name, 

keyword, floating subheading word, candidate term word]  

48. 40 or 41 or 42 or 43 or 44 or 45 or 46 or 47  

49. 39 and 48 

  

BMJ Publishing Group Limited (BMJ) disclaims all liability and responsibility arising from any reliance
Supplemental material placed on this supplemental material which has been supplied by the author(s) Br J Sports Med

 doi: 10.1136/bjsports-2021-104955–9.:10 2022;Br J Sports Med, et al. Balbim GM



CINAHL 

Limiters - Published Date: 19900101-20201231 

Search modes - Boolean/Phrase 

S1 (MH "Dementia") OR (MH "Dementia, Senile+") OR (MH "Dementia, Vascular+") OR (MH 

"Frontotemporal Lobar Degeneration+") OR (MH "Lewy Body Disease") OR (MH 

"Alzheimer's Disease") 

S2 Dementia or "Arteriosclerotic encephalopath*" or "Binswanger* encephalopath*" or 

"Binswanger* disease" or "Subcortical leukoencephalopath*" or "Subcortical n3 

encephalopath*" or CADASIL 

S3 Alzheimer* or "vascular cognitive impairment" or "pick* disease" or "pick* complex" or 
"primary progressive aphasia" or "frontotemporal lobar degeneration" "frontotemporal lobar 

dementia" or "Lewy body disease" or "primary progressive aphasia" or "frontotemporal lobar 

degeneration" or "semantic dementia" or disinhibition-dementia-parkinsonism-amyotrophy or 

"hereditary dysphasic disinhibition" or Wilhelmsen-lynch or "mixed dementia" or "multiple-

etiology dementia" 

S4 (MH "Aged+") 

S5 ((old* n (adult* or people or person* or individual* or patient* or population*)) or elder* or 

aged or aging or senior* or geriatric*) 

S6 S1 OR S2 OR S3 

S7 S4 OR S5 

S8 S6 AND S7 

S9 (MH "Exercise+") OR (MH "Physical Activity") 

S10 "Physical activit*" or Exercis* or "Muscle Stretch*" 

S11 (resistance or strength* or balance or physical) n3 (train* or condition*) 

S12 (MH "Dancing+") OR (MH "Balance Training, Physical") 

S13 Pilates or aerobics or cycling or dance or dancing or biking or swim* or walk* or yoga or taichi 

or taiji or "tai chi" or "tai ji" or taijiquan or Weight-bearing* or "Weight lifting*" 
S14 S9 OR S10 OR S11 OR S12 OR S13 

S15 S8 AND S14 

S16 (MH "Cognition+") 

S17 ((cognition or cognitive or mental) n3 (function or decline or dysfunction or impairment or 

deterioration or performance or disorder or defect or deficit or disability or disorder)) or 
"cognitive thinking" or "cognitive symptom*" or "cognitive task*" or "neurobehavi#ral 

manifestation*" 

S18 (MH "Executive Function") 

S19 "executive control*" or "executive function*" or "cognitive control*" 

S20 (MH "Attention+") 

S21 attention or monitoring or attentiveness or Vigilance or Concentration 

S22 (MH "Problem Solving+") 
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S23 "Problem Solving" 

S24 inhibition* 

S25 (MH "Conditioning (Psychology)+") 

S26 conditioning 

S27 (MH "Learning+") 

S28 learning 

S29 (MH "Decision Making+") 

S30 "Decision Making" 

S31 (MH "Concept Formation") 

S32 "Concept Formation*" 

S33 (MH "Memory+") 

S34 memor* or recall or remember* 

S35 ((brain n3 (health or function)) or cerebral function) 

S36 S16 OR S17 OR S18 OR S19 OR S20 OR S21 OR S22 OR S23 OR S24 OR S25 OR S26 OR 

S27 OR S28 OR S29 OR S30 OR S31 OR S32 OR S33 OR S34 OR S35 

S37 S15 AND S36 
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PsycInfo 

Limiters - Published Date: 19900101-20201231 

Search modes - Boolean/Phrase 

S1 (DE "Cognition" ) OR (DE "Cognitive Processes" OR DE "Cognitive Ability" OR DE "Cognitive 

Appraisal" OR DE "Cognitive Flexibility" OR DE "Cognitive Processing Speed" OR DE 

"Cognitive Reserve" OR DE "Concentration" OR DE "Thinking") 

S2 ((cognition or cognitive or mental) n3 (function or decline or dysfunction or impairment or 

deterioration or performance or disorder or defect or deficit or disability or disorder)) or "cognitive 

thinking" or "cognitive symptom*" or "cognitive task*" or "neurobehavioural manifestation*" 

S3 DE "Executive Function" OR DE "Cognitive Control" OR DE "Set Shifting" OR DE "Task 
Switching" 

S4 "executive control*" or "executive function*" or "cognitive control*" 

S5 DE "Attention" OR DE "Distraction" OR DE "Monitoring" OR DE "Vigilance" OR DE 

"Concentration" 

S6 attention or monitoring or attentiveness or Vigilance or Concentration 

S7 DE "Problem Solving" 

S8 "Problem Solving" 

S9 DE "Retroactive Inhibition" OR DE "Proactive Inhibition" OR DE "Response Inhibition" OR DE 

"Behavioral Inhibition System" OR DE "Prepulse Inhibition" OR DE "Latent Inhibition" OR DE 

"Proactive Inhibition" OR DE "Retroactive Inhibition" OR DE "Behavioral Inhibition" OR DE 

"Timidity" OR DE "Interference (Learning)" OR DE "Latent Inhibition" OR DE "Proactive 

Inhibition" OR DE "Retroactive Inhibition" 

S10 ((brain n3 (health or function)) or cerebral function) 

S11 inhibition* 

S12 DE "Learning" 

S13 learning or conditioning 

S14 DE "Decision Making" 

S15 "Decision Making" 

S16 DE "Concept Formation" 

S17 "Concept Formation" 

S18 DE "Memory" 

S19 memor* or recall or remember* 

S20 DE "dementia" OR DE "senile dementia" OR DE "vascular dementia" OR DE "Alzheimer's 

disease" OR DE "semantic dementia" OR DE "Picks Disease" OR DE "Dementia with Lewy 

bodies" 

S21 "Arteriosclerotic encephalopath*" OR "Binswanger* encephalopath*" OR "Binswanger* disease" 
OR "Subcortical leukoencephalopath*" OR "Subcortical n3 encephalopath*" OR "CADASIL" 

S22 "Alzheimer*" OR "vascular cognitive impairment" 

S23 "pick* disease" OR "pick* complex" OR "primary progressive aphasia" OR "frontotemporal lobar 

degeneration" 
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S24 "Lewy body disease" 

S25 ((old* n (adult* or people or person* or individual* or patient* or population*)) or elder* or aged 

or aging or senior* or geriatric*) 
S26 DE "older adulthood" 

S27 S20 OR S21 OR S22 OR S23 OR S24 

S28 S25 OR S26 

S29 (DE "Exercise" OR DE "Aerobic Exercise" OR DE "Weightlifting" OR DE "Yoga" OR DE 

"Physical Activity" ) OR (DE "Movement Therapy") 
S30 "Physical activit*" or Exercis* or "Muscle Stretch*" 

S31 (resistance or strength* or balance or physical) n3 (train* or condition*) 

S32 (DE "Dance") OR (DE "Dance Therapy") 

S33 Pilates or aerobics or cycling or dance or dancing or biking or swim* or walk* or yoga or taichi or 

taiji or "tai chi" or "tai ji" or taijiquan or Weight-bearing* or "Weight lifting*" 
S34 S29 OR S30 OR S31 OR S32 OR S33 

S35 S1 OR S2 OR S3 OR S4 OR S5 OR S6 OR S7 OR S8 OR S9 OR S10 OR S11 OR S12 OR S13 

OR S14 OR S15 OR S16 OR S17 OR S18 OR S19 

S36 S27 AND S28 AND S34 AND S35 
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Studies excluded after full-text review 

 

The table below demonstrate excluded articles that might appear to meet the inclusion criteria 
but were excluded.  

Study Reason for exclusion 

Arrieta et al. (2020)1 Inclusion of participants without dementia or with MCI 
Barnes et al. (2015)2 Not a RCT 
Bo et al. (2019)3 Participants < 60 years old 
Borges et al. (2018)4 Inclusion of participants without dementia or with MCI 
Canonici et al. (2012)5 Not a RCT 
Cassilhas et al. (2007)6 Inclusion of participants without dementia or with MCI 
Cheung et al. (2018)7 Combined intervention 
Christofoletti et al. (2008)8 Combined intervention 
Coelho et al. (2013)9 Not a RCT 
Ferreira et al. (2017)10 Not a RCT 
Ferretti (2014)11 Not in English 
Frederiksen et al. (2018)12 Participants < 60 years old 
Friedman & Tappen (1991)13 Combined intervention 
Goldberg et al. (2019)14 Inclusion of participants without dementia or with MCI 
Henwood et al. (2017)15 Not a RCT 
Hernandez et al. (2010)16 Not a RCT 
Hoffmann et al. (2016)17 Participants < 60 years old 
Holthoff et al. (2015)18 Participants < 60 years old 
Hong (2014)19 Not in English 
Hopman‐Rock et al. (1999)20 Combined intervention 
Khan et al. (2019)21 Did not include new cognitive data beyond parent study 
Kubicki et al. (2014)22 Not in English 
Lamb et al. (2018)23 Participants < 60 years old 
Lautenschlager et al. (2013)24 Not a RCT 
Lindenmuth & Moose (1990)25 Not a RCT 
Littbrand et al. (2009)26 No cognitive function outcome 
Lowery et al. (2014)27 No cognitive function outcome 
Manckoundia et al. (2014)22 Not a RCT 
Maraldi et al. (2006)28 Not in English 
Mehling et al. (2020)29 Combined intervention 
Morris et al. (2017)30 Inclusion of participants without dementia or with MCI 
Nascimento et al. (2012)31 Combined intervention 
Niu et al. (2019)32 Not an exercise intervention 
Ogoh et al. (2019)33 Not a RCT 
Öhman et al. (2016)34 Combined intervention 
Parfitt et al. (2020)35 Not a RCT 
Pedroso et al. (2018)36 Not a RCT 
Sampaio et al. (2019)37 Not a RCT 
Santana-Sosa et al. (2008)38 No cognitive function outcome 
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Satoh et al. (2017)39 Combined intervention 
Smith et al. (2020)40 Secondary study that did not present new results 
Sobel (2001)41 Not a RCT 
Straus & Watt (2018)42 Not a RCT 
Suo et al. (2016)43 Inclusion of participants without dementia or with MCI 
Tabei et al. (2018)44 Combined intervention 
Tappen et al. (2000)45 No cognitive function outcome 
Thurm et al. (2011)46 Not a RCT 
Todri, Lena & Gil (2019)47 Not an exercise intervention 
Toots et al. (2016)48 No cognitive function outcome 
Trautwein et al. (2020)49 Combined intervention 
Vidoni et al. (2019)50 Inclusion of participants without dementia or with MCI 
Vital et al. (2012)51 Not a RCT 
Vizzi et al. (2020)52 Combined intervention 
Vreugdenhil et al. (2012)53 Participants < 60 years old 
Yágüez et al. (2011)54 Intervention less than eight weeks or less than once a week 
Yerokhin et al. (2012)55 Inappropriate comparison group 
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Supplemental material 2 - Detailed selection, data collection process, risk of bias 

assessment, publication bias, and methodological quality of trials 

 

Detailed selection and data collection process 

Covidence automatically recognized and excluded duplicate records. Titles and abstracts of 

records yielded from the search strategy were independently screened by three authors (GMB, 

SYS, and AB). Two authors screened each record, resulting in GMB screening 8,379 records, 

AB 4,017 records, and SYS 4,362 records. Next, the three authors independently reviewed full 

texts of the potentially eligible studies. Each full text was reviewed by two of the three authors, 

resulting in GMB reviewing 115 full texts, AB 47 full texts, and SYS 67 full texts. At this point, 

references of eligible studies and relevant systematic reviews were searched to identify 

additional potentially eligible studies (30 potential records identified). Disagreements were 

resolved as a committee between the three authors (GMB, SYS, and AB). When an agreement 

was not achieved, a fourth author (CKB) resolved the disagreements. 

The data collection process was performed independently by three authors (GMB, SYS, 

and AB) using a standardized data abstraction form developed by our team. Each eligible study 

had its data extracted by two of the three authors, resulting in GMB extracting data from 28 

articles, AB 11 articles, and SYS 17 articles. When an article provided incomplete data, we 

contacted the author listed as correspondence contact. We contacted eight authors1–8 requesting 

additional data. 

 

Detailed risk of bias assessment 
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Three authors (GMB, SYS, and AB) independently assessed the risk of bias of included studies 

following the Cochrane Risk of Bias tool 2.0 for randomized trials.9 The revised tool assessments 

are made in five domains; within each, signaling questions address a broad range of issues. The 

domains are: 1) bias arising from the randomization process; 2) bias due to deviations from 

intended interventions; 3) bias due to missing outcome data; 4) bias in the measurement of the 

outcome; and 5) bias in the selection of the reported result. The risk of bias judgments for each 

domain are “low risk of bias,” “some concerns,” or “high risk of bias” based on the answers to 

signaling questions. The overall risk of bias, in general, corresponds to the worst risk of bias in 

any of the domains. However, if a study is judged to have “some concerns” for multiple 

domains, it might be considered at high risk of overall bias. The three authors based their 

judgements on the guidance document of the revised tool. The three authors assessed one study 

as a pilot assessment. The other 28 studies were assessed by two reviewers (GMB reviewed 28 

studies, SYS reviewed 17 studies, and AB reviewed 11 studies). Disagreements were resolved as 

a committee between the authors. 

The same three authors evaluated the methodological quality independently using the 

Physiotherapy Evidence Database (PEDro) Scale.10 Each eligible study had its quality assessed 

by two of the three authors, resulting in GMB assessing 28 articles, AB11 articles, and SYS 18 

articles. The PEDro scale was designed to evaluate the methodological quality of RCTs, 

including assessment of randomization, allocation concealment, blinding, attrition, design, and 

statistics. Each of the ten criteria were independently graded ‘1’ for ‘yes’ and ‘0’ for ‘no’ or 

‘unclear’ for a maximum score of 10. Disagreements were resolved with discussions between the 

authors. PEDro scores of 0-3 are considered ‘poor’, 4-5 ‘fair’, 6-8 ‘good’, and 9-10 ‘excellent.’ 
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For trials evaluating complex interventions (e.g., exercise training), a total PEDro score of 8-10 

is optimal. It is important to note that these classifications have not been validated.11 

Results of publication bias, risk of bias assessment and methodological quality of trials  

 

Publication bias analyzed by funnel plot (Figure 2) demonstrates that symmetry was pronounced 

in studies with large standard errors, indicating a trend for larger effect sizes. This trend was not 

confirmed by Egger’s regression test, which revealed that the study standard error was not 

significantly associated with the study’s cognitive outcomes effect sizes (bSE = 7.37, SE = 3.95; p 

= 0.088). For precision effect estimation with standard error, the association between the squared 

standard error and effect size was not statistically significant (bSE= 60.05, SE = 39.21; p = 

0.176). 

 

Figure 2 Funnel plot of cognitive function Hedge’s g distribution of included trials. 
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Figures 3 and 4 depict the risk of bias by domain for studies with randomization at the 

individual- and cluster-level, respectively. Figure 5 presents a summary of risk of bias of studies 

included in the qualitative analysis 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3 Risk of bias by domains of trials with randomization at the individual-level. 
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Figure 4 Risk of bias by domains of trials with randomization at the cluster-level. 

 

 

Figure 5 Summary of risk of bias of studies included in the qualitative analysis (systematic 

review). 

 

Table 3 depicts the detailed methodological quality of included trials by study and   

Physiotherapy Evidence Database Scale criteria.
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Table 3 Detailed methodological quality of included trials (Physiotherapy Evidence Database Scale). 

Study 
Eligibility 

criteria 

Random 

allocation 

Concealed 

allocation 

Similar 

at 

baseline 

Participants 

blinded 

Therapists 

blinded 

Assessors 

blinded 

<15% 

dropouts 

ITT 

analysis 

Between-

group 

comparisons 

Point 

measures 

and 

variability 

data 

Total Classification 

Hsu et al. 

(2018) 
1 1 1 1 0 0 1 0 0 1 1 6 Good 

Arcoverde et 

al. (2014) 
1 1 1 1 0 0 0 1 1 1 1 7 Good 

Bossers et al. 

(2015) 
1 1 1 1 0 0 1 1 1 1 1 8 Optimal 

Cancela et al. 

(2016) 
1 1 1 1 0 0 1 0 1 1 1 7 Good 

Cheng et al. 

(2014a) 
1 1 0 1 0 0 0 1 1 1 1 6 Good 

Cheng et al. 

(2014b) 
1 1 0 1 0 0 0 1 1 1 1 6 Good 

de Oliveira 

Silva et al. 

(2019) 

1 1 1 1 0 0 0 0 0 1 1 5 Fair 

de Souto 

Barreto et al. 

(2017) 

1 1 1 0 0 0 0 1 1 1 1 6 Good 

Enette et al. 

(2020) 
1 1 0 1 0 0 1 1 0 1 1 6 Good 

Fonte et al. 

(2019) 
1 1 1 1 0 0 1 1 1 1 1 8 Optimal 

Harris et al. 

(2017) 
1 1 1 1 0 0 1 1 1 1 1 8 Optimal 

Henskens et al. 

(2018) 
1 1 1 1 0 0 1 0 1 1 1 7 Good 

Ho et al. (2020) 1 1 1 1 0 0 1 1 1 1 1 8 Optimal 

Huang et al. 

(2019) 
1 1 1 1 0 0 1 1 0 1 1 7 Good 

Karssemeijer et 

al. (2019) 
1 1 0 1 0 0 1 1 1 1 1 7 Good 

Kemoum et al. 

(2010) 
1 1 0 1 0 0 0 0 0 1 1 4 Fair 

Kwak et al. 

(2008) 
1 1 0 1 0 0 0 1 0 1 1 5 Fair 

Lamb et al. 

(2018) 
1 1 1 1 0 0 1 0 1 1 1 7 Good 
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Liu-Ambrose et 

al. (2016) 
1 1 1 1 0 0 1 1 1 1 1 8 Optimal 

Miu et al. 

(2008) 
1 1 0 1 0 0 1 1 1 1 1 7 Good 

Pitkälä et al. 

(2013) 
1 1 1 1 0 0 1 1 1 1 1 8 Optimal 

Sanders et al. 

(2020) 
1 1 0 1 0 0 1 0 1 1 1 6 Good 

Steinberg et al. 

(2009) 
1 1 0 0 0 0 1 1 1 1 0 5 Fair 

Stevens et al. 

(2006) 
1 1 0 0 0 0 0 0 0 1 0 2 Poor 

Toots et al. 

(2017) 
1 1 1 1 0 0 1 1 1 1 1 8 Optimal 

Venturelli et al. 

(2011) 
1 1 0 1 0 0 1 1 0 1 1 6 Good 

Yu et al. (2020) 1 1 1 1 0 0 1 1 0 1 1 7 Good 

Yu et al. (2021) 1 1 1 1 0 0 1 1 0 1 1 7 Good 

Telenius et al. 

(2015) 
1 1 1 1 0 0 1 1 1 1 1 8 Optimal 
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Supplemental material 3 - Cognitive function domain criteria and measures 

(neuropsychological tests) 

 

 

1. Global Cognitive Function- Encompasses multiple domains of cognitive function, 

including memory, executive function, and processing speed. 

 

Measures: Montreal Cognitive Assessment (MoCA); Mini–Mental State Examination 

(MMSE); Cambridge Cognition Examination (CAMCOG); Alzheimer's Disease 

Assessment Scale-Cognitive Subscale (ADAS-Cog), including language and memory 

subscores; Severe Impairment Battery – Short Form (SIB-S); Rapid Evaluation of 

Cognitive Function; Clock Drawing Test (CDT) 

 

2. Executive Function- A broad set of thinking abilities, which includes planning, set-

shifting, working memory, and inhibition. 

 

Measures: Verbal fluency (animal category and/or professions, fruits, vegetables); Stroop 

test (speech-accuracy trade off scores, colour-word interference card); Digit span test 

from the Wechsler Adult Intelligence Scale revised (WAIS-R Scale); Digit span test from 

the Wechsler Adult Intelligence Scale III (WAIS-III Scale); Spatial span test from the 

WAIS-III Scale; Digit span forward test from Wechsler Memory Scale Revised (WMS-

R); Digit span backward (WMS-R); Visual memory span forward test (WMS-R); Visual 

memory span backward test (WMS-R); Groningen Intelligence Test (picture completion 

test and category fluency test); Sum-of-Boxes and Cognition score of the Clinical 

Dementia Rating Scale (CDR); Frontal Assessment Battery (FAB), including go-no-go 

test (FAB1) and conflicting instruction test (FAB2); Letter fluency; Rule shift cards test; 

Executive Interview (EXIT-25); Phonemic Fluency Test; Controlled Oral Word 

Association Test (COWAT); Category Fluency Test. 

 

3. Memory- A broad set of thinking abilities, including spatial memory, immediate memory, 

verbal memory, and episodic memory. 

 

Measures: Rey’s auditory verbal learning test (RAVLT); Rivermead Behavioral Memory 

Test (face recognition test and picture recognition test); Eight words test direct recall 

(WMS-R); Eight words test recognition (WMS-R); Fuld Object Memory Evaluation 

(FOME); Verbal immediate recall; Verbal delayed recall, WHO-UCLA-AVLT 

immediate recall and delayed recall; location learning test; Boston Naming Test (BNT); 

Hopkins Verbal Learning Test (HVLT); Hopkins Verbal Learning Test – Revised 

(HVLT-R) 
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4. Processing Speed- Reaction time and ability to process information quickly. 

 

Measures: Eriksen flanker task (congruent and incongruent); Trail Making Test A and B 

(TMT-A and -B); Digit Cancellation Test (DCT); Stroop test (word reading and colour-

naming in seconds). 
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Supplementary material 4 – Study characteristics table. 

 

Study Design 

 

Participants Intervention Comparator 
Cognitive Function 

Outcome Measures 

Arcoverde et 

al. (2014) 

Type of 

analysis: ITT  

Follow-up: No 

Randomization: 

Individual 

Sample Size: 20 

Mean Age: 78.75 

%Female: 55 

Setting: Community-

dwelling (Brazil) 

Mean MMSE: 20.15 

Criteria for dementia 

diagnosis:  

AD: Criteria of NINCDS-

ADRDA 

MD: Criteria of the 

NINDS-AIREN 

Dementia severity: Mild 

Type of dementia: AD, 

MD 

Intervention Length: 

17 weeks  

Type: AT 

Frequency: 2 

days/week 

Session duration: 30 

min 

Volume: 60 

min/week 

Intensity: 40-60% 

VO2max 

Adherence Rate: 

99.6% 

Type: Usual care 

Frequency: Not 

reported 

Duration: Not 

reported  

Intensity: Not 

reported  

Adherence Rate: 

Not reported 

Primary Outcome: 

MMSE, Cambridge 

Cognitive Examination, 

Clock Drawing Test, 

Verbal Fluency 

(Animals), Trail Making 

Test – A, Stroop Test, 

Wechsler Adult 

Intelligence Scale – 

Revised (Digit Span 

Forward, Digit Span 

Backward), Rey’s 
Auditory Verbal Learning 

Test 

 

Secondary Outcome: N/A  

  

Bossers et 

al. (2015) 

Type of 

analysis: ITT  

Follow-up: Yes, 

9-weeks after 

post-

intervention 

measurement 

Sample Size: 82 

Mean Age: 85.5 

%Female: 73.9 

Setting: Community-

dwelling (Netherlands) 

Intervention Length: 

9 weeks  

Intervention #1: 

Type: MT (AT, RT) 

Type: Other 

activities (social 

program) 

Frequency: 4 

days/week 

Primary Outcome: 

MMSE, Rivermead 

Behavioural Memory Test 

(Face Recognition Test, 

Picture Recognition Test), 

Wechsler Memory Scale-

Revised (Visual Memory 

Span Forward Test, 
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Randomization: 

Individual 

Mean MMSE: 15.85 

Criteria for dementia 

diagnosis: Patient’s 
medical file by Team 290 

(i.e., Dutch dementia 

diagnosis team) or a 

medical specialist 

Dementia severity: Mild to 

severe 

Type of dementia: AD, 

VCI, MD, unspecified 

dementia 

Frequency: 4 

days/week (2 days 

AT + 2 days RT) 

Session duration: 30 

min 

Volume: 120 

min/week 

RT: 3 sets of 

progressively 8, 10, 

12 reps per exercise 

Intensity: 50-85% 

max HR; Borg 12-15 

Adherence Rate: 

89.2% 

Intervention #2: 

Type: AT  

Frequency: 4 

days/week 

Session duration: 30 

min 

Volume: 120 

min/week 

 

Intensity: 50-85% 

max HR; Borg 12-15 

Adherence Rate: 

89.1% 

Duration: Not 

reported  

Intensity: 30 min 

Adherence Rate: 

93.2% 

Visual Memory Span 

Backward Test, Digit 

Span Forward, Digit Span 

Backward, Eight Words 

Test Direct Recall, Eight 

Words Test Recognition), 

Groningen Intelligence 

Test (Picture Completion 

Test), Stroop Test, Trail 

Making Test – A, Verbal 

Fluency (Animals, 

Posessions) 

 

Secondary Outcome: N/A 
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Cancela et 

al. (2016) 

Type of 

analysis: ITT 

Follow-up: No 

Randomization: 

Individual 

Sample Size: 189 

Mean Age: 81.76 

%Female: 66.7 

Setting: Long-term care 

facility (Spain) 

Mean MMSE: 15.05 

Criteria for dementia 

diagnosis: According to 

DSM-IV criteria 

Dementia severity: 

Unspecified 

Type of dementia: 

Unspecified 

Intervention Length: 

65 weeks 

Type: AT 

Frequency: 7 

days/week 

Session duration:     

> 15 min 

(participants 

determined their own 

length; M±SD min 

of exercise/week: 

108.45±7.99) 

Volume: 108.45 

min/week (as per 

cited by authors) 

Intensity: Not 

reported 

Adherence Rate: 

88% 

Type: 

Recreational 

activities (card-

playing, reading, 

craftwork, etc.) 

Frequency: Not 

reported 

Duration: Not 

reported  

Intensity: Not 

reported  

Adherence Rate: 

Not reported 

Primary Outcome: 

MMSE, Fuld Object 

Memory Evaluation 

 

Secondary Outcome: N/A 

Cheng et al. 

(2014a) and 

Cheng et al. 

(2014b) 

Type of 

analysis: ITT 

Follow-up: Yes, 

13 and 26-

weeks after 

post-

intervention 

measurement 

Randomization: 

Cluster 

Sample Size: 110 

Mean Age: 81.53 

%Female: 65.33 

Setting: Long-term care 

facility (Hong Kong) 

Mean MMSE: 18.87 

Criteria for dementia 

diagnosis: MMSE of 10-24 

and CDR ≥ 0.5  

Intervention Length: 

12 weeks 

Type: Other (Tai 

Chi)  

Frequency: 3 

days/week 

Session duration: 60 

min 

Volume: 180 

min/week 

Comparison 

group #1: 

Type: Other 

activities 

(Mahjong) 

Frequency: 3 

days/week 

Duration: 60 min 

Intensity: Not 

reported 

Primary Outcome: 

MMSE, Digit Span 

Forward, Digit Span 

Backward, Digit 

Sequence Forward, Digit 

Sequence Backward, 

Verbal Immediate Recall, 

Verbal Delayed Recall, 

Verbal Fluency (Animals, 

Fruits, Vegetables), CDR  

 

Secondary Outcome: N/A 
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Dementia severity: Very 

mild to moderate  

Type of dementia: 

Unspecified  

 

Intensity: Not 

reported 

Adherence Rate: Not 

reported 

Adherence Rate: 

Not reported 

Comparison 

group #2: 

Type: Other 

activities 

(Handicraft) 

Frequency: 3 

days/week 

Duration:60 min 

Intensity: Not 

reported 

Adherence: Not 

reported  

de Oliveria 

Silva et al. 

(2019)* 

Type of 

analysis: PPT 

Follow-up: No 

Randomization: 

Individual 

Sample Size: 27 

Mean Age: 79.38 

%Female: 58.51 

Setting: Community-

dwelling (Brazil) 

Mean MMSE: 20.78 

Criteria for dementia 

diagnosis: Structured 

clinical interview to assess 

mental disorders according 

to the DSM-IV criteria and 

CDR of 0.5-2 

Intervention Length: 

12 weeks 

Type: MT (AT, RT) 

Frequency: 2 

days/week 

Session duration: 60 

min  

AT: 30 min 

RT: 3 sets of 8 to 12 

reps  

Volume: 120 

min/week 

Type: Usual care 

Frequency: Not 

reported 

Duration: Not 

reported  

Intensity: Not 

reported 

Adherence Rate: 

Not reported 

Primary Outcome: 

MMSE, Verbal Fluency, 

Stroop Test 

 

Secondary Outcome: N/A 
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Dementia severity: Mild 

and moderate 

Type of dementia: AD 

Intensity: 70% 

VO2max or 80% 

max HR  

Adherence Rate: 

87% 

de Souto 

Barreto et al. 

(2017) 

Type of 

analysis: ITT 

Follow-up: No  

Randomization: 

Cluster 

Sample Size: 97 

Mean Age: 87.6 

%Female: 79.38 

Setting: Long-term care 

facility (France) 

Mean MMSE: 11.1 

Criteria for dementia 

diagnosis: According to 

DSM-IV criteria 

Dementia severity: 

Moderate and severe 

Type of dementia: AD, 

vascular dementia, mixed 

dementia 

Intervention Length: 

26 weeks 

Type: MT 

(coordination and 

balance, AT, RT)  

Frequency: 2 

days/week  

Session duration: 60 

min  

Volume: 120 

min/week 

Intensity: Targeted to 

be moderate (No 

objective measure 

reported) 

Adherence Rate: 

67.6% 

Type: Other 

activities (social 

activities) 

Frequency: 2 

days/week 

Duration: 60 min 

Intensity: Not 

reported 

Adherence Rate: 

74.2% 

Primary Outcome: Non-

cognitive function 

 

Secondary Outcome: 

MMSE 
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Enette et al. 

(2020) 

Type of 

analysis: 

Complete-case 

Follow-up: No 

Randomization: 

Individual 

Sample Size: 54 

Mean Age: 76.5 

%Female: 62.86 

Setting: Community-

dwelling and long-term 

care facility (France) 

Mean MMSE: 19.45 

Criteria for dementia 

diagnosis: According to 

revised DSM-IV criteria 

Dementia severity: Mild 

and moderate 

Type of dementia: AD 

Intervention Length: 

9 weeks 

Intervention #1: 

Type: Continuous 

AT  

Frequency: 2 

days/week 

Session duration: 30 

min 

Volume: 60 

min/week 

Intensity: 70% 

HRmax or 50% 

maximal tolerated 

power for 

participants who did 

not reach at least 

85% max HR during 

the incremental 

exercise test 

Adherence Rate: Not 

reported 

Intervention #2:  

Type: Intermittent 

AT  

Frequency: 2 

days/week  

Session duration: 30 

min  

Type: Other 

activities 

(information 

sessions) 

Frequency: 1 

day/week 

Duration: 30 min 

Intensity: Not 

reported 

Adherence Rate: 

Not reported 

 

Primary Outcome: Non-

cognitive function 

 

Secondary Outcome: 

MMSE, Rey Auditory 

Verbal Learning Test, 

Digit Span Forward, Digit 

Span Backward  
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Volume: 60 

min/week 

Intensity: 6 x 1 

minute at 80% max 

HR for participants 

who did not reach at 

least 85% max HR 

during incremental 

exercise test or at a 

workload equal to 

maximal tolerated 

power inferior to 10 

watts for others; 4 

min active recovery 

at 60% max HR 

between intervals   

Adherence Rate: Not 

reported 

Fonte et al. 

(2019)* 

Type of 

analysis: ITT 

Follow-up: Yes, 

12 weeks after 

post-

intervention 

measurement   

Randomization: 

Individual 

Sample Size: 60 

Mean Age: 79.33 

%Female: 65 

Setting: Community-

dwelling (Italy) 

Mean MMSE: 18.7 

Criteria for dementia 

diagnosis: According to 

the National Institute on 

Aging-Alzheimer's 

Association diagnostic 

guideline for AD 

Intervention Length: 

24 weeks 

Type: MT (AT, RT) 

Frequency: 3 

days/week 

Session duration: 90 

min 

AT: 45 min 

RT: 3 sets of 12 reps 

Volume: 270 

min/week 

Comparison 

group #1: 

Type: Usual care 

Frequency: Not 

reported 

Duration: Not 

reported  

Intensity: Not 

reported  

Adherence Rate: 

Not reported 

Primary Outcome: 

MMSE, Digit 

Cancellation Test, ADAS-

Cog, Frontal Assessment 

Battery  

 

Secondary Outcome: N/A 
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Dementia severity: 

Unspecified 

Type of dementia: AD 

Intensity:  

AT: 70% max HR 

(or 65% max HR for 

those on beta-

blockers)  

RT: 85% 1RM  

Adherence Rate: Not 

reported 

 

Comparison 

group #2: 

Type: Cognitive 

training  

Frequency: 3 

days/week 

Duration: 90 min  

Intensity: Not 

reported 

Adherence rate: 

Not reported  

Harris et al. 

(2017) 

Type of 

analysis: ITT 

Follow-up: No 

Randomization: 

Individual 

Sample Size: 16 

Mean Age: 83.06 

%Female: 63 

Setting: Long-term care 

facility (Canada) 

Mean MMSE: 12.4 

Criteria for dementia 

diagnosis: Clinical 

diagnosis of dementia and 

MMSE < 23 

Dementia severity: 

Unspecified 

Type of dementia: AD, 

VCI, FTD, mixed, and 

unspecified dementia 

Intervention Length: 

12 weeks 

Type: AT  

Frequency: 3 

days/week 

Session duration: 15 

min 

Volume: 45 

min/week 

Intensity: Self-

selected pace for 15 

min or until they 

reached moderate 

breathlessness 

(measured by talk 

test) 

Type: Other 

activities (social 

activities) 

Frequency: 1 

day/week 

Duration: 30-45 

min  

Intensity: Not 

reported  

Adherence Rate: 

80% 

 

Primary Outcome: MMSE 

 

Secondary Outcome: N/A 
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Adherence Rate: 

74% 

Henskens et 

al. (2018)** 

Type of 

analysis: ITT 

Follow-up: No  

Randomization: 

Individual  

Sample Size: 65 

Mean Age: 85.31 

%Female: 81.7 

Setting: Long-term care 

facility (Netherlands) 

Mean MMSE: 11.83 

Criteria for dementia 

diagnosis: Unspecified  

Dementia severity: Mild to 

severe 

Type of dementia: AD, 

VCI, mixed, and 

unspecified dementia 

Intervention Length: 

26 weeks  

Type: MT (AT, RT) 

Frequency: 3 

days/week 

(alternating AT and 

RT) 

Session duration: 30-

45 min 

RT: 3 sets of 

progressively 8, 10, 

12, to 15 reps 

Volume: 90-135 

min/week 

Intensity: Not 

reported 

Adherence Rate: 

55% 

 

Comparison 

group #1: 

Type: Other 

activities (ADL) 

Frequency: 3 

days/week 

Duration: Not 

reported 

Intensity: Not 

reported 

Adherence Rate: 

68% 

Comparison 

group #1: 

Type: Other 

activities (social 

visits) 

Frequency: 3 

days/week 

Duration: Not 

reported 

Intensity: Not 

reported 

Adherence Rate: 

Not reported 

Primary Outcome: Non-

cognitive function 

 

Secondary Outcome: 

MMSE, Severe 

Impairment Battery – 

Short Form, Groningen 

Intelligence Test 

(Category Fluency), 

Wechsler Digit Span Task 

Backward, Frontal 

Assessment Battery (Go 

No Go Test, Conflicting 

Instruction Test), Digit 

Span Forward 
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Ho et al. 

(2020) 

Type of 

analysis: ITT 

Follow-up: Yes, 

12- and 36-

weeks after 

post-

intervention 

measurement 

Randomization: 

Individual   

Sample Size: 204 

Mean Age: 79 

%Female: 81.9 

Setting: Community-

dwelling and long-term 

care facility (Hong Kong) 

Mean MMSE: Not 

reported 

Criteria for dementia 

diagnosis: According to 

DSM-IV or diagnosis of 

mild neurocognitive 

disorder according to 

DSM-V and CDR of 0.5-1 

Dementia severity: Very 

mild and mild 

Type of dementia: 

Unspecified  

Intervention Length: 

12 weeks 

Intervention #1: 

Type: Other (Dance 

movement therapy) 

Frequency: 2 

days/week 

Session duration: 60 

min 

Volume: 120 

min/week 

Intensity: 40-60% 

VO2max 

Adherence Rate: Not 

reported 

Intervention #2: 

Type: MT 

(Stretching, joint 

movements, exercise 

with towels) 

Frequency: 2 

days/week 

Session duration: 60 

min 

Volume: 120 

min/week 

Type: Other 

activities (wait-

list) 

Frequency: N/A 

Duration: N/A 

Intensity: N/A 

Adherence Rate: 

N/A 

 

Primary Outcome: Fuld 

Object Memory 

Evaluation, Digit Span 

Forward, Digit Span 

Backward, Trail Making 

Test – A and B  

 

Secondary Outcome: N/A 
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Intensity: 40-60% 

VO2max 

Adherence Rate: Not 

reported 

Hsu et al. 

(2018) 

Type of 

analysis: 

Complete case 

Follow-up: No 

Randomization: 

Individual  

Sample Size: 21 

Mean Age: 72 

%Female: 61.9 

Setting: Community-

dwelling (Canada) 

Mean MMSE: 27.25 

Criteria for dementia 

diagnosis: Small vessel 

ischemic disease was 

defined as evidence of 

relevant cerebrovascular 

disease by brain CT or 

MRI. The presence or a 

history of neurological 

signs, such as Babinski 

sign, sensory deficit, gait 

disorder, or extrapyramidal 

signs consistent with sub-

cortical brain lesion(s) was 

required and confirmed by 

study physicians. 

Cognitive syndrome was 

defined as a baseline 

MoCA < 26. 

Dementia severity: 

Unspecified 

Intervention Length: 

26 weeks 

Type: AT 

Frequency: 3 

days/week  

Session duration: 60 

min 

Volume: 180 

min/week 

Intensity: 60-70% 

HRR; Borg 14-15 

Adherence Rate: 

68% 

 

Type: Usual care 

+ educational 

material 

Frequency: Not 

reported 

Duration: Not 

reported 

Intensity: Not 

reported 

Adherence Rate: 

Not reported  

 

Primary Outcome: 

Eriksen Flanker Task 

(Congruent and 

Incongruent) 

 

Secondary Outcome: 

MMSE, MoCA 
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Type of dementia: SIVCI 

Huang et al. 

(2019) 

Type of 

analysis: 

Complete case  

Follow-up: No 

Randomization: 

Individual  

Sample Size: 80 

Mean Age: 81.9 

%Female: 67.5 

Setting: Community-

dwelling and long-term 

care facility (China)  

Mean MMSE: 20.76 

Criteria for dementia 

diagnosis: According to 

DSM-IV criteria 

Dementia severity: Mild  

Type of dementia: 

Unspecified  

Intervention Length: 

43 weeks  

Type: Other (Tai 

Chi) 

Frequency: 3 

days/week 

Session duration: 20 

min 

Volume: 60 

min/week 

Intensity: Not 

reported 

Adherence Rate: Not 

reported 

 

Type: Usual care 

Frequency: Not 

reported 

Duration: Not 

reported 

Intensity: Not 

reported  

Adherence Rate: 

Not reported   

 

Primary Outcome: Non-

cognitive function 

 

Secondary Outcome:  

MMSE, MoCA, WHO-

University of California 

Los Angeles-Auditory 

Verbal Learning Test, 

Trail Making Test 
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Karssemeijer 

et al. 

(2019)*** 

Type of 

analysis: ITT 

Follow-up: Yes, 

12 weeks after 

post-

intervention 

measurement 

Randomization: 

Individual  

Sample Size: 77 

Mean Age: 80.35 

%Female: 45.45 

Setting: Community-

dwelling (Netherlands) 

Mean MMSE: 22.2 

Criteria for dementia 

diagnosis: According to 

the DSM-IV criteria, with 

a MMSE score ≥ 17 

Dementia severity: 

Unspecified  

Type of dementia: AD, 

VCI, mixed, and 

unspecified dementia 

Intervention Length: 

12 weeks 

Type: AT 

Frequency: 3 

days/week 

Session duration: 30-

50 min 

Volume: 90-150 

min/week 

Intensity: 65-75% 

HRR 

Adherence Rate: 

81.1% 

 

Type: Flexibility 

and relaxation 

Frequency: 3 

days/week  

Duration: 30 min 

Intensity: Not 

reported  

Adherence Rate: 

85.4%  

 

Primary Outcome: Trail 

Making Test – B, Stroop 

Test, Letter Fluency, Rule 

Shift Cards Test  

 

Secondary Outcome: 

Location Learning Test, 

Wechsler Adult 

Intelligence Scale-III 

Digit Span, Wechsler 

Memory Scale-III Spatial 

Span, Trail Making Test – 

A, 

 

Kemoum et 

al. (2010) 

Type of 

analysis: 

Complete case 

Follow-up: No 

Randomization: 

Individual 

Sample Size: 38 

Mean Age: 81.8 

%Female: 45.45 

Setting: Long-term care 

facility (France) 

Mean MMSE: 12.75 

Criteria for dementia 

diagnosis: Diagnosis by a 

neurologist according to 

the DSM-IV criteria, with 

a MMSE score < 23 

Intervention Length: 

15 weeks 

Type: MT (aerobic, 

stamina, equilibrium 

exercises) 

Frequency: 3 

days/week (1 day of 

each type of 

exercise: aerobic, 

stamina, equilibrium) 

Session duration: 60 

min 

Type: No 

treatment  

Frequency: N/A 

Duration: N/A 

Intensity: N/A 

Adherence Rate: 

N/A 

 

Primary Outcome: Rapid 

Evaluation of Cognitive 

Function 

 

Secondary Outcome: N/A 
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Dementia severity: 

Unspecified 

Type of dementia: AD 

Volume: 180 

min/week 

Intensity: 60-70% 

HRR 

Adherence Rate: 

90.2% 

Kwak et al. 

(2008) 

Type of 

analysis: ITT 

Follow-up: No 

Randomization: 

Individual  

Sample Size: 30 

Mean Age: 80.97 

%Female: 100 

Setting: Community-

dwelling (South Korea) 

Mean MMSE: 14 

Criteria for dementia 

diagnosis: Diagnosed by a 

physician 

Dementia severity: 

Unspecified 

Type of dementia: AD and 

unspecified dementia 

Intervention Length: 

48 weeks 

Type: MT 

Frequency: 2-3 

days/week 

Session duration: 30-

60 min 

RT: 2-3 sets of 10-20 

reps 

Volume: 60-180 

min/week 

Intensity: Months 1-

3: 30% VO2max, 

months 4-6: 40% 

VO2max, months 7-

9: 50% VO2max, 

months 10-12: 60% 

VO2max 

Adherence Rate: Not 

reported 

 

Type: No 

treatment 

Frequency: N/A 

Duration: N/A 

Intensity: N/A 

Adherence Rate: 

N/A  

 

Primary Outcome: MMSE 

 

Secondary Outcome: N/A 
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Liu-

Ambrose et 

al. (2016) 

Type of 

analysis: ITT 

Follow-up: Yes, 

26 weeks after 

post-

intervention 

measurement 

Randomization: 

Individual  

Sample Size: 71 

Mean Age: 74.25 

%Female: 51.5 

Setting: Community-

dwelling (Canada) 

Mean MMSE: 26.35 

Criteria for dementia 

diagnosis:  Presence of 

both small vessel ischemic 

disease and cognitive 

syndrome. Small vessel 

ischemic disease was 

defined as evidence of 

relevant cerebrovascular 

disease by brain CT or 

MRI. The presence or a 

history of neurologic signs 

such as Babinski sign, 

sensory deficit, gait 

disorder, or extrapyramidal 

signs consistent with 

subcortical brain lesions 

was required and 

confirmed by study 

physicians. Cognitive 

syndrome was defined as a 

baseline MoCA score 

<26/30 and a MMSE score 

of >20 at screening. 

Dementia severity: Mild 

Type of dementia: SIVCI 

Intervention Length: 

26 weeks 

Type: AT 

Frequency: 3 

days/week 

Session duration: 60 

min 

Volume: 180 

min/week 

Intensity: Initial 

intensity of 40% 

HRR, progressed to 

60-70% HRR over 

first 12 weeks, then 

sustained 65% HRR 

for remainder of 

intervention; Borg 

14-15 

Adherence Rate: 

68%  

 

Type: Usual care 

+ education 

Frequency: Not 

reported 

Duration: Not 

reported 

Intensity: Not 

reported  

Adherence Rate: 

Not reported 

 

Primary Outcome: 

ADAS-Cog, EXIT-25 

 

Secondary Outcome: 

Stroop Test, Trail Making 

Test – A and B, Verbal 

Digit Span Forward and 

Backward 
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Miu et al. 

(2008) 

Type of 

analysis: 

Complete case 

Follow-up: Yes, 

12, 26, and 39 

weeks after 

post-

intervention 

measurement 

Randomization: 

Individual  

Sample Size: 85 

Mean Age: 76 

%Female: 54 

Setting: Community-

dwelling (Hong Kong) 

Mean MMSE: 19.56 

Criteria for dementia 

diagnosis: According to 

the DSM-IV-TR criteria 

Dementia severity: Mild 

and moderate 

Type of dementia: AD, 

vascular dementia, mixed 

dementia, Parkinson's 

dementia 

Intervention Length: 

12 weeks 

Type: AT 

Frequency: 2 

days/week 

Session duration: 45-

60 min 

Volume: 90-120 

min/week 

Intensity: Not 

reported 

Adherence Rate: Not 

reported 

 

Type: No 

treatment 

Frequency: N/A 

Duration: N/A 

Intensity: N/A 

Adherence Rate: 

N/A 

 

Primary Outcome: 

MMSE, ADAS-Cog 

 

Secondary Outcome: N/A 

 

Pitkälä et al. 

(2013)**** 

Type of 

analysis: ITT 

Follow-up: No 

Randomization: 

Individual  

Sample Size: 140  

Mean Age: 77.9 

%Female: 40 

Setting: Community-

dwelling (Finland) 

Mean MMSE: 17.75 

Criteria for dementia 

diagnosis: Diagnosis by a 

geriatrician or neurologist 

and according to the 

NINCDS-ADRDA criteria 

Intervention Length: 

52 weeks 

Type: MT  

Frequency: 2 

days/week 

Session duration: 60 

min 

Volume: 120 

min/week 

Intensity: Not 

reported 

Type: Usual care 

+ materials on 

nutrition and 

exercise  

Frequency: Not 

reported 

Duration: Not 

reported 

Intensity: Not 

reported 

Adherence Rate: 

Not reported  

Primary Outcome: Non-

cognitive function  

Secondary Outcome: 

MMSE 
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for diagnosis of probable 

AD 

Dementia severity: Very 

mild to severe 

Type of dementia: AD 

Adherence Rate: Not 

reported 

 

 

Sanders et 

al. (2020) 

Type of 

analysis: ITT 

Follow-up: No 

Randomization: 

Individual  

Sample Size: 91 

Mean Age: 81.9 

%Female: 62.32 

Setting: Community-

dwelling and long-term 

care facility (Netherlands) 

Mean MMSE: 20.45 

Criteria for dementia 

diagnosis: Diagnosis by a 

primary care physician or 

geriatrician according to 

the DSM-IV criteria 

Dementia severity: Mild to 

moderate 

Type of dementia: AD, 

vascular dementia, mixed 

dementia, dementia with 

Lewy bodies, and 

unspecified dementia 

Intervention Length: 

24 weeks (12 weeks 

of LI + 12 weeks of 

HI)  

Type: MT (AT, RT) 

Frequency: 3 

days/week (alternate 

between AT + RT) 

Session duration: 30 

min 

RT: 2-3 sets of 6-12 

reps 

Volume: 90 

min/week 

Intensity:  

AT: LI - 57-63% 

HRmax, Borg 9-11 

HI - interval training, 

alternating 4 min 

intervals at 83-89% 

HRmax, Borg 15-16, 

3 min active rest at 

71-77% HRmax, 

Borg 13-14 

Type: Flexibility 

+ recreational 

activities  

Frequency: 3 

days/week 

Duration: 30 min 

Intensity: Not 

reported 

Adherence Rate: 

69.5% 

 

Primary Outcome: 

MMSE, Trail Making 

Test – A, Digit Span 

Forward and Backward, 

Visual Memory Span 

Forward and Backward, 

Stroop Test, Phonemic 

Fluency Test 

 

Secondary Outcome: N/A 
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RT: LI - Borg 9-11 

HI - Borg 13-16 

Adherence Rate: 

60.7% 

Steinberg et 

al. (2009) 

Type of 

analysis: ITT 

Follow-up: No 

Randomization: 

Individual  

Sample Size: 27 

Mean Age: 75.25 

%Female: 70.37  

Setting: Community-

dwelling (United States) 

Mean MMSE: 17.8 

Criteria for dementia 

diagnosis: According to 

the NINCDS-ADRDA 

criteria 

Dementia severity: 

Unspecified 

Type of dementia: AD 

Intervention Length: 

12 weeks 

Type: MT (AT, RT, 

balance and 

flexibility)   

Frequency: 7 

days/week 

Duration: Not 

reported 

Volume: Not 

reported 

Intensity: Not 

reported  

Adherence Rate: Not 

reported 

Type: Other 

activities (home 

safety) 

Frequency: Not 

reported 

Duration: Not 

reported 

Intensity: Not 

reported 

Adherence Rate: 

Not reported 

 

Primary Outcome: Non-

cognitive function 

 

Secondary Outcome: 

MMSE, Boston Naming 

Test, Hopkins Verbal 

Learning Test  

 

Stevens et 

al. (2006) 

Type of 

analysis: Not 

reported 

Follow-up: No  

Randomization: 

Individual 

Sample Size: 75 

Mean Age: 80.5 

%Female: 74.67 

Setting: Long-term care 

facility (Australia) 

Mean MMSE: Not 

reported 

Intervention Length: 

12 weeks  

Type: MT (Joint and 

large muscle group 

movement) 

Frequency: 3 

days/week 

Type: No 

treatment  

Frequency: N/A 

Duration: N/A 

Intensity: N/A 

Adherence Rate: 

N/A 

Primary Outcome: Clock 

Drawing Test 

 

Secondary Outcome: N/A 

  

BMJ Publishing Group Limited (BMJ) disclaims all liability and responsibility arising from any reliance
Supplemental material placed on this supplemental material which has been supplied by the author(s) Br J Sports Med

 doi: 10.1136/bjsports-2021-104955–9.:10 2022;Br J Sports Med, et al. Balbim GM



Criteria for dementia 

diagnosis: Assessments of 

dementia were made by 

the Local Aged Care 

Assessment Team 

responsible for the aged 

care facilities involved in 

this study and MMSE < 23 

Dementia severity: Mild to 

moderate 

Type of dementia: 

Unspecified  

Session duration: 30 

min 

Volume: 90 

min/week 

Intensity: Not 

reported 

Adherence Rate: Not 

reported 

Toots et al. 

(2017) 

Type of 

analysis: ITT 

Follow-up: Yes, 

12 weeks after 

post-

intervention 

measurement 

Randomization: 

Cluster 

Sample Size: 186  

Mean Age: 85.1 

%Female: 75.8 

Setting: Long-term care 

facility (Sweden) 

Mean MMSE: 14.9 

Criteria for dementia 

diagnosis: According to 

the DSM-IV-TR criteria 

Dementia severity: Mild to 

moderate 

Type of dementia: AD, 

VCI, mixed dementia, and 

unspecified dementia 

Intervention Length: 

16 weeks 

Type: MT (RT, 

Balance) 

Frequency: 2-3 

days/week  

Session duration: 45 

min 

RT: 8-12 reps  

Balance: 13-15 reps 

Volume: 90-135 

min/week 

Intensity: Target was 

high intensity  

RT: 8-12 RM 

Type: Other 

activities 

(reading, 

listening to 

music, 

conversations) 

Frequency: 2-3 

days/week 

Duration: 45 min 

Intensity: Not 

reported 

Adherence Rate: 

70% 

Primary Outcome: 

MMSE, ADAS-Cog, 

Verbal Fluency 

 

Secondary Outcome: N/A 
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Adherence Rate: 

73% 

Venturelli et 

al. (2011) 

Type of 

analysis: 

Complete-case 

Follow-up: No 

Randomization: 

Individual 

Sample Size: 24 

Mean Age: 84 

%Female: Not reported 

Setting: Long-term care 

facility (Italy) 

Mean MMSE: 12.5 

Criteria for dementia 

diagnosis: MMSE between 

5-15 and CDR of 3-4 

Dementia severity: 

Moderate and severe  

Type of dementia: AD 

Intervention Length: 

26 weeks 

Type: AT 

Frequency: 4 

days/week 

Session duration: 30 

min 

Volume: 120 

min/week 

Intensity: The 

caregiver was 

instructed to 

encourage 

participant to 

maintain “fastest” 
walking speed 

possible.  

Type: Other 

activities (bingo, 

sewing, music 

therapy) 

Frequency: 7 

days/week 

Duration: Not 

reported 

Intensity: Not 

reported  

Adherence Rate: 

Not reported  

Primary Outcome: MMSE 

 

Secondary Outcome: N/A 
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Adherence Rate: 

93.4% 

Yu et al. 

(2020) 

Type of 

analysis: 

Complete-case 

Follow-up: No 

Randomization: 

Individual 

Sample Size: 78 

Mean Age: 77.4 

%Female: 41 

Setting: Community-

dwelling (United States) 

Mean MMSE: Not 

reported 

Criteria for dementia 

diagnosis: Verified by 

participants’ providers and 
investigators, with MMSE 

between 15-26 and CDR 

of 0.5-2 

Dementia severity: Mild to 

moderate  

Type of dementia: AD 

Intervention Length: 

26 weeks 

Type: AT 

Frequency: 3 

days/week 

Session duration: 30-

60 min 

Volume: 90-180 

min/week 

Intensity: 50-75% 

HRR; Borg 9-15 

Adherence Rate: 

86.7% 

Type: Stretching 

Frequency: 3 

days/week 

Duration: 30-60 

min 

Intensity: Not 

reported  

Adherence Rate: 

83.2% 

Primary Outcome: 

ADAS-Cog 

 

Secondary Outcome: N/A 
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Yu et al. 

(2021) 

Type of 

analysis: 

Intention-to-

treat 

Follow-up: Yes, 

26 weeks after 

post-

intervention 

measurement 

Randomization: 

Individual 

Sample Size: 96 

Mean Age: 77.4 

%Female: 45 

Setting: Community-

dwelling (United States) 

Mean MMSE: 21.4 

Criteria for dementia 

diagnosis: Verified by 

participants’ providers and 
investigators, with MMSE 

between 15-26 and CDR 

of 0.5-2 

Dementia severity: Mild to 

moderate  

Type of dementia: AD 

Intervention Length: 

27 weeks 

Type: AT 

Frequency: 3 

days/week 

Session duration: 40-

60 min 

Volume: 120-180 

min/week 

Intensity: 50-55% 

HRR or 9-11 RPE 

(weeks 1 and 2), 55-

60% HRR or 10-12 

RPE (week 3) until 

reaching 70-75% or 

12-14 RPE (week 

10-27) 

Adherence Rate: 

82.8% 

Type: Stretching 

Frequency: 3 

days/week 

Duration: 40-60 

min 

Intensity: Not 

reported  

Adherence Rate: 

81.3% 

Primary Outcome: 

ADAS-Cog 

 

Secondary Outcomes: 

Composite scores of 

episodic memory, 

executive function, 

attention, 

processing speed, and 

language.  

 

Telenius et 

al. (2015) 

Type of 

analysis: 

Intention-to-

treat 

Follow-up: No 

Randomization: 

Individual 

Sample Size: 163 

Mean Age: 86.7 

%Female: 73.6 

Setting: Long-term care 

facility (Norway) 

Mean MMSE: 15.7 

Criteria for dementia 

diagnosis: CDR of 1 or 2 

Intervention Length: 

12 weeks 

Type: RT 

Frequency: 2 

days/week 

Session duration: 50-

60 min/8-12 

repetitions per 

exercise 

 

Type: Light 

physical activity, 

reading, playing 

games, listening 

to music and 

conversations 

Frequency: 2 

days/week 

Duration: 50-60 

min 

Primary Outcome: 

Balance (Berg Balance 

Scale) 

 

Secondary Outcomes: 

MMSE 
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Dementia severity: Mild to 

moderate 

Type of dementia: 

Unspecified 

Volume: 100-120 

min/week 

Intensity: 70-80% 

RM 

Adherence Rate: 

75% 

Intensity: Light  

Adherence Rate: 

69% 

Abbreviations: AD = Alzheimer’s disease, ADL = activities of daily living, AT = aerobic training, CDR = Clinical Dementia Rating, CT = 

cognitive training, HI = high-intensity, HRmax = maximum heart rate, HRR = heart rate reserve, ITT = intention-to-treat, LI = low-intensity, MD 

= mixed dementia, MMSE = Mini-Mental State Examination, MoCA = Montreal Cognitive Assessment Battery,  MT = multicomponent training, 

PPT = per-protocol, RT = resistance training, RM = repetition maximum, SIVCI = subcortical ischemic vascular cognitive impairment, VCI = 

vascular cognitive impairment, VO2max = maximum rate of oxygen consumption. 

*Included participants with mild cognitive impairment (MCI). Authors had a group for participants with MCI and a group for participants with AD 

along with separate data analysis. Sample size, mean age, % female, and mean MMSE data do not include participants with MCI. 

**Had an ADL + exercise group that was not included. Sample size, mean age, % female, and mean MMSE data do not include ADL + exercise 

participants. 

***Had an Exergame + CT intervention group that was not included. Sample size, mean age, % female, and mean MMSE data do not include 

ADL + exercise participants. 

****Had a home-based exercise + CT intervention group that was not included. Sample size, mean age, % female, and mean MMSE data do not 

include ADL + exercise participants. 
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Supplementary material 6 - Summary of exercise training interventions and comparison 

group characteristics 

 

Exercise training intensity was high (n = 3),1–3 moderate (n = 5),4–8 and mixed intensity (n = 

9).2,9–15 Thirteen studies did not report physical training intensity or reported a target intensity 

without an objective measure.16–28 One study with two intervention groups was classified with 

different exercise training intensities (high and mixed intensity).2 The frequency of exercise 

training ranged from two to seven sessions per week, with an average of three times a week. 

Each session lasted from 15 to 90 minutes, with an average of 43 minutes. The intervention 

length ranged from nine to 65 weeks, with an average of 18 weeks. The exercise training volume 

(min/week) ranged from 45 to 270 minutes, with an average of 129 minutes/week. 

Exercise training interventions were compared with participants receiving usual care (n = 

8);1,3–5,11,25,27 cognitive training (n = 3);3,17,21 active training (n = 3);10,12,14 other activities, such as 

card-playing, reading, craftwork, social activities, etc. (n = 11);2,9,16–18,20–24,28 no treatment (n = 

4);7,13,19,26 or wait-list (n = 1).6 One study offered active training (i.e., light physical activity), 

reading, playing games, listening to music, and conversations.8 Three studies had two exercise 

training intervention groups2,6,9 and four studies had two comparison groups.3,17,21,24 We 

considered each of these studies with more than one intervention or comparison group twice 

(e.g., Bossers et al. (2015) AT vs. social program and Bossers et al. (2015) MT vs. social 

program). 
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Supplemental material 6 - Forest plot of the effects of exercise training on cognitive function (neuropsychological tests) of older adults 
living with all- cause dementia

Studies (Intervention group x Comparison group)

Arcoverde et al. (2014) (AT x Usual care)
MMSE

CAMCOG

Clock Drawing Test

Verbal Fluency (animal category)

TMT A (sec)

Stroop test

Digit Span (WAIS−R Scale)

Digit span forward

Digit span backward

Rey's auditory verbal learning test

Bossers et al. (2015) (AT x Other activities)
MMSE

Face recognition test (Rivermead Behavioral Memory Test)

Picture recognition test (Rivermead Behavioral Memory Test)

Visual memory span forward test (WMS−R)

Visual Memory Domain Composite Score

Digit span forward test (WMS−R)

Eight words test direct recall (WMS−R)

Eight words test recognition (WMS−R)

Verbal Memory Domain Composite Score

Verbal fluency (animals and professions)

Digit span backward test (WMS−R)

Digit span backward test (WMS−R)

Stroop test

TMT A (sec)

Visual memory span backward test (WMS−R)

Executive Function Domain Composite Score

Bossers et al. (2015) (MT x Other activities)
MMSE

Face recognition test (Rivermead Behavioral Memory Test)

Picture recognition test (Rivermead Behavioral Memory Test)

Visual memory span forward test (WMS−R)

Visual Memory Domain Score

Digit span forward test (WMS−R)

Eight words test direct recall (WMS−R)

Eight words test recognition (WMS−R)

Verbal Memory Domain Composite Score

Verbal fluency (animals and professions)

Digit span backward test (WMS−R)

Picture completion test (Groningen Intelligence Test)

Stroop test

TMT A (sec)

Visual memory span backward test (WMS−R)

Executive Function Domain Composite Score

Cancela et al (2016) (AT x Other activities)
MMSE

Fuld Object Memory Evaluation (FOME)

Cheng et al. (2014a) (Alternative form of exercise x Cognitive training)
MMSE

Digit forward span

Digit backward span

Digit forward sequence

Digit backward sequence

Verbal immediate recall

Verbal delayed recall

Verbal fluency (animals, fruits, and vegetables)

Cheng et al. (2014a) (Alternative form of exercise x Other activities)
MMSE

Digit forward span

Digit backward span

Digit forward sequence

Digit backward sequence

Verbal immediate recall

Verbal delayed recall

Verbal fluency (animals, fruits, and vegetables)

Cheng et al. (2014b) (Alternative form of exercise x Cognitive training)
Clinical Dementia Rating Scale − Sum−of−Boxes

Cheng et al. (2014b) (Alternative form of exercise x Other activities)
Clinical Dementia Rating Scale − Sum−of−Boxes

de Oliveira Silva et al. (2019) (MT x Usual care)
MMSE

Clock Drawing Test

Verbal fluency

Stroop test (third card − ST3)

de Souto Barreto et al. (2017) (MT x Other activities)
MMSE

Enette et al. (2020) (Continuous AT x Other activities)
MMSE

Rey Auditory Verbal Learning Test − RAVLT

Digit span test (forward)

Digit span test (backward)

Enette et al. (2020) (Intermittent AT x Other activities)
MMSE

Rey Auditory Verbal Learning Test − RAVLT

Digit span test (forward)

Digit span test (backward)

Fonte et al. (2019) (MT x Cognitive training)
MMSE

Digit Cancellation Test (DCT)

ADAS−Cog

Frontal Assessment Battery (FAB)

Fonte et al. (2019) (MT x Usual care)
MMSE

Digit Cancellation Test (DCT)

ADAS−Cog

Frontal Assessment Battery (FAB)

Harris et al. (2017) (AT x Other activities)
MMSE

Henskens et al. (2018) (MT x Active comparison)
MMSE

Severe Impairment Battery ... Short Form (SIB−S)

Category fluency subtest of the Groninger Intelligentie Test

Wechsler Digit Span Task Backward

FAB 1 (inhibitory control) − Go no go test

FAB 2 (resistance to interference) −  Conflicting instruction test Composite 

EF domain

Digit Span Task Forward (DSF)

Henskens et al. (2018) (MT x Other activities)
MMSE

Severe Impairment Battery ... Short Form (SIB−S)

Category fluency subtest of the Groninger Intelligentie Test

Wechsler Digit Span Task Backward

FAB 1 (inhibitory control) − Go no go test

FAB 2 (resistance to interference) −  Conflicting instruction test Composite 

EF domain

Digit Span Task Forward (DSF)

Ho et al. (2020) (MT x Usual care)
Fuld Object Memory Evaluation − Total Retrieval

Fuld Object Memory Evaluation − Delayed recall

Fuld Object Memory Evaluation − Verbal fluency

Digit Span Test Forward

Digit Span Test Backward

TMT A (min)

TMT B (min)

Ho et al. (2020) (Alternative form of exercise x Usual care)
Fuld Object Memory Evaluation − Total Retrieval

Fuld Object Memory Evaluation − Delayed recall

Fuld Object Memory Evaluation − Verbal fluency

Digit Span Test Forward

Digit Span Test Backward

TMT A (min)

TMT B (min)

Hsu et al. (2018) (AT x Usual care)
MMSE

MoCA

Eriksen flanker task − congruent

Eriksen flanker task − incongruent

Huang et al. (2019) (Alternative form of exercise x Usual care)
MMSE

MoCA

WHO−UCLA−AVLT immediate recall

WHO−UCLA−AVLT delayed recall

TMT

Karssemeijer et al. (2019) (AT x Active comparison)
TMT B (sec)

Stroop test speed−accuracy trade off scores

Stroop test colour−word interference card (sec)

Stroop test colour−word interference card (number of errors)

Letter fluency

Rule shift cards test

Executive function composite score (z−score)

Location learning test − displacement score trial 1−5

Location learning test − displacement score delayed recall

Episodic memory composite score (z−score)

WAIS−III Digit span

WMS−III Spatial span

Working memory composite score (z−score)

TMT A (sec)

Stroop test word − reading (sec)

Stroop test colour − naming (sec)

Psychomotor speed composite score (z−score)

WMS−III Spatial span

Kemoum et al. (2010) (MT x Other activities)
Rapid Evaluation of Cognitive Function

Kwak et al. (2008) (MT x Usual care)
MMSE

Liu−Ambrose et al. (2016) (AT x Other activities)
ADAS−Cog

EXIT−25

Stroop test (incongruent − congruent)

TMT (part B − part A)

Verbal digit span (digit forwards − digit backwards)

Miu et al. (2008) (AT x Usual care)
MMSE

ADAS−Cog

Pitkälä et al. (2013) (MT x Other activities)
MMSE

Sanders et al. (2020) (Low/high−intensity MT x Active comparison) 
MMSE

TMT A (sec)

Digit Span Forward

Digit Span Backward

Visual Memory Span Forward

Visual Memory Span Backward

Stroop word (number of correct responses)

Stroop color (number of correct responses)

Stroop color−word

Stroop − Interference

Phonemic Fluency Test

Sanders et al. (2020) (Low−intensity MT x Active comparison)
MMSE

TMT A (sec)

Digit Span Forward

Digit Span Backward

Visual Memory Span Forward

Visual Memory Span Backward

Stroop word (number of correct responses)

Stroop color (number of correct responses)

Stroop color−word

Stroop − Interference

Phonemic Fluency Test

Telenius et al. (2015) (RT x Other activities)
MMSE

Toots et al. (2017) (MT x Other activities)
MMSE

ADAS−Cog

Verbal fluency (animals)

Venturelli et al. (2011) (AT x Other activities)
MMSE

Yu et al. (2021) (AT x Active comparison)
ADAS−Cog

Memory composite score (z−score)

Executive function composite score (z−score)

Attention composite score (z−score)

Processing speed composite score (z−score)

Language composite score (z−score)

Global cognition composite score (z−score)

0.749

1.014

0.728

0.707

0.080

0.974

0.348

−0.225

0.101

0.179

0.220

0.615

0.116

0.049

0.258

0.324

0.156

0.399

0.287

0.237

0.234

0.154

0.037

0.102

0.335

0.168

0.482

0.579

0.393

0.397

0.456

0.341

0.309

0.420

0.367

0.314

0.427

0.557

−0.133

0.420

0.360

0.367

0.886

0.302

−0.010

−0.079

−0.036

−0.094

0.073

−0.093

−0.040

−0.074

0.164

0.102

0.090

0.084

0.138

0.102

0.045

0.072

−0.051

0.037

0.340

−0.300

−0.568

0.143

−0.093

2.254

0.348

0.761

1.824

0.930

−0.964

1.950

0.325

0.083

0.225

−0.113

0.226

0.834

1.059

0.000

1.566

−0.014

0.076

0.084

−0.442

−0.417

−0.308

−1.562

−0.488

0.462

0.048

−0.101

0.443

−0.905

0.390

0.134

0.127

−0.504

−0.050

−0.238

0.011

−0.199

−0.132

0.000

−0.175

−0.040

−0.153

0.098

−0.274

0.120

−0.181

−0.057

−0.250

0.256

−0.384

−0.246

0.298

0.585

0.027

0.124

−0.093

0.347

0.055

0.017

0.509

0.422

−0.037

0.244

0.241

0.158

0.238

0.029

0.471

0.338

0.582

0.765

0.305

0.552

0.265

1.249

0.894

0.310

−0.255

0.005

−0.455

0.058

−0.210

−0.171

0.000

−0.069

−0.122

−0.136

0.102

−0.047

0.311

0.123

0.025

−0.372

−0.359

0.128

−0.069

−0.031

0.159

−0.029

0.042

0.141

0.064

0.166

−0.251

−0.454

−0.058

0.100

−0.078

0.095

−0.138

2.400

−0.125

0.157

0.045

−0.152

0.058

0.070

0.030

Hedge's g

−3 −2 −1 0 1 2 3 4

Effect Size

Summary effect: g = 0.19 (95% CI: 0.05, 0.33; p = 0.009, I2 = 69.26%, T2 = 0.13)

Favours comparison          Favours exercise

BMJ Publishing Group Limited (BMJ) disclaims all liability and responsibility arising from any reliance

Supplemental material placed on this supplemental material which has been supplied by the author(s) Br J Sports Med

 doi: 10.1136/bjsports-2021-104955–9.:10 2022;Br J Sports Med, et al. Balbim GM



Supplemental material 7 - Statistical code for RStudio version 1.4.1717 
 
 
####LOAD REQUISITE PACKAGES#### 
if (!require("pacman")) install.packages("pacman") 
pacman::p_load(readxl, plyr, robumeta,metafor, clubSandwich, ggplot2, psych, devtools) 
 
 
####LOAD AND PREPARE DATA#### 
 
meta_data<-
read_excel("DataExtractionForm_Exercise,CogFunc&Dementia_SR&MA_NoFW_ForMeta-
Analysis_20210513.xlsx") 
 
spaceless <- function(x) {colnames(x) <- gsub(" ", "_", colnames(x));x} 
 
meta_data_spaceless <- spaceless(meta_data) 
 
colnames(meta_data_spaceless) 
 
meta_data2 <- rename(meta_data_spaceless, c("Author_Year"="Study", 
"Study_Name_(Acronym)"="Acronym", "Parent_Study=1;_Secondary=2"="Study_P1_S2",  
                                                 "Randomization_level_(Individual,_Cluster)"="Randomization", 
                                                 
"Type_of_dementia_(AD,_VCI,_Mixed_types_of_dementia,_unspecified_dementia)"="Dementi
a_Type", 
                                                 
"Dementia_severity_(Mild,_Mixed_severity,_Unspecified)"="Dementia_Severity", 
                                                 "Outcome_Type_(Cognitive_domain)"="Cognitive_Domain", 
                                                 "Outcome_(Neuropsychological_test)"="Neuropsych_Test", 
                                                 "Participants_(Community-dwelling=1;_Living_in_long-
term_care_facilities=2;_Both=3)"="Participants", 
                                                 "Total_Sample_Size"="Total_N","%Female"="Pct_Female", 
                                                 "Type_of_analyses_(Intent-to-treat,_Per-protocol,_Complete-
case,_Not_reported)"="ITT_PPT_CC", 
                                                 "Intervention_Mode__(AT;_RT;_MT;_Other)"="INT_Type", 
                                                 "Intervention_Length__(weeks)"="INT_Length", 
                                                 
"Intervention_Session_Duration__(min)"="INT_SessionDuration", 
                                                 "Intervention_Exercise_Frequency__(days/week)"="INT_Freq", 
                                                 
"Intervention_Intensity_(Low,_Moderate,_High,_Mixed_intensity,_Unspecified)"="INT_Intensi
ty", 
                                                 "Intervention_%_Adherence"="INT_Adherence", 
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"Control_Group_(Usual_care;_Cognitive_training;_Active_training;_Other_activities)"="CON_
Type", 
                                                 "Control_Group_Length_(weeks)"="CON_Length", 
                                                 
"Control_Group_Session_Duration__(min)"="CON_SessionDuration", 
                                                 "Control_Group_Frequency__(days/week)"="CON_Freq", 
                                                 "Control_%Adherence"="CON_Adherence", 
                                                 "RoB2_-_Domain_1_or_1a_(Randomization)"="Bias_Rand", 
                                                 "RoB2_-_Domain_1b_(Cluster_-
_Timing_recruitment_and_randomization)"="Bias_Timing_Cluster", 
                                                 "RoB2_-
_Domain_2_(Deviation_from_intended_intervention)"="Bias_Int_Dev", 
                                                 "RoB2_-_Domain_3_(Missing)"="Bias_Missing", 
                                                 "RoB2_-_Domain_4_(Outcome_measurement)"="Bias_Measure", 
                                                 "RoB2_-_Domain_5_(Selected_result)"="Bias_SelResult", 
                                                 "Overall_Risk_of_Bias"="Bias_Overall", 
                                                 "Intervention_Group_Size"="INT_n", 
                                                 "Control_Group_Size"="CON_n", 
                                                 "Intervention_Mean_Baseline"="INT_Mean_Pre", 
                                                 "Intervention_SD_Baseline"="INT_SD_Pre", 
                                                 "Intervention_Mean_Follow-Up"="INT_Mean_Post", 
                                                 "Intervention_SD_Follow-up"="INT_SD_Post", 
                                                 "Control_Mean_Baseline"="CON_Mean_Pre", 
                                                 "Control_SD_Baseline"="CON_SD_Pre", 
                                                 "Control_Mean_Follow-up"="CON_Mean_Post", 
                                                 "Control_SD_Follow-up"="CON_SD_Post", 
                                                 
"Effect_Sizes_(Standardized_towards_expected_direction)"="SMD", 
                                                 
"Effect_Size_Calculated_(1=_All_info_present_(M,SD,n);_2=_median_data;_3=_ES_Calculate
d_by_paper,_4=Change_score,_5=Contacted_the_authors,_6=More_than_one_method)"="How
_d_Calculated")) 
 
colnames(meta_data2) 
 
meta_data_final<-subset(meta_data2, select = -c(Acronym, Country)) 
 
 
####RENAMING STUDIES WITH MORE THAN ONE INTERVENTION OR CONTROL 
GROUP##### 
 
colnames(meta_data_final) 
 
meta_data_final$Study <- ifelse(meta_data_final$Study == "Enette et al. (2020)" & 
meta_data_final$AT_or_MT_Type=="Continuous",  
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                              "Enette et al. (2020) (Continuous AT)", meta_data_final$Study) 
 
meta_data_final$Study <- ifelse(meta_data_final$Study == "Enette et al. (2020)" & 
meta_data_final$AT_or_MT_Type=="Intermittent",  
                                   "Enette et al. (2020) (Intermittent AT)", meta_data_final$Study) 
 
meta_data_final$Study <- ifelse(meta_data_final$Study == "Sanders et al. (2020)" & 
meta_data_final$AT_or_MT_Type=="Low intensity",  
                                "Sanders et al. (2020) (Low-intensity)", meta_data_final$Study) 
 
meta_data_final$Study <- ifelse(meta_data_final$Study == "Sanders et al. (2020)" & 
meta_data_final$AT_or_MT_Type=="High intensity",  
                                "Sanders et al. (2020) (Low- and high-intensity)", meta_data_final$Study) 
 
table(meta_data_final$Study) 
 
meta_data_final$Study_INT_CON<-paste(meta_data_final$Study, meta_data_final$INT_Type,  
                                 meta_data_final$CON_Type, sep=' ') 
 
meta_data_final$Study_INT_CON 
 
####HEDGE'S G CALCULATION#### 
 
meta_data_final$var.d <- (((meta_data_final$INT_n + meta_data_final$CON_n) / 
(meta_data_final$INT_n * meta_data_final$CON_n)) +  
                      ((meta_data_final$SMD^2) / (2*(meta_data_final$INT_n + 
meta_data_final$CON_n)))) 
 
meta_data_final$J <- 1 - (3/(4 * (meta_data_final$INT_n + meta_data_final$CON_n -2) - 1)) 
 
meta_data_final$hedge.g <- meta_data_final$SMD * meta_data_final$J 
meta_data_final$hedge.g 
 
meta_data_final$var.g <- meta_data_final$J^2 * meta_data_final$var.d 
 
meta_data_final$se.g<-
sqrt(meta_data_final$var.g/(meta_data_final$INT_n+meta_data_final$CON_n)) 
 
table(meta_data_final$Study, meta_data_final$INT_Type) 
count(meta_data_final$INT_Type=="AT") 
 
describeBy(meta_data_final$hedge.g) 
 
describeBy(meta_data_final$hedge.g, meta_data_final$Cognitive_Domain) 
 
####SUBSETTING BY INTERVENTION AND CONTROL GROUP###### 
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subset.meta_data_final.wide.1<-ddply(meta_data_final, "INT_Type", transform, time = 
seq_along(Study)) 
 
subset.meta_data_final.wide<-
reshape(subset.meta_data_final.wide.1,idvar="Study_INT_CON",timevar="time", 
                              direction="wide",v.names=c("hedge.g","var.g")) 
 
View(subset.meta_data_final.wide) # Looks fine (Bossers, Ennette, and Ho [2 Ex int]  
                                  # with 2 rows each, and Cheng a, Cheng b, Fonte, Henskens 
                                  # with 2 rows each [2 Con]) 
 
colnames(subset.meta_data_final.wide) 
 
# Averaging Hedges.g for each outcome # 
 
library(openxlsx) 
write.xlsx(subset.meta_data_final.wide, "subset.meta_data_final.wide.xlsx") 
 
subset.meta_data_final.wide$cog.var<-
rowMeans(subset.meta_data_final.wide[c(54,56,58,60,62,64,66,68, 
                                                                          70,72,74,76,78,80,82,84, 
                                                                          86,88,90,92,94,96,98,100, 
                                                                          102,104,106,108,110,112, 
                                                                          114,116,118,120,122,124, 
                                                                          126,128,130,132,134,136, 
                                                                          138,140,142,144,146,148, 
                                                                          150,152,154,156,158,160, 
                                                                          162,164,166,168,170,172, 
                                                                          174,176,178,180,182,184, 
                                                                          186,188,190,192,194,196, 
                                                                          198,200,202,204,206,208, 
                                                                          210,212,214,216)],na.rm=TRUE) 
 
subset.meta_data_final.wide$cog.g<-
rowMeans(subset.meta_data_final.wide[c(55,57,59,61,63,65,67, 
                                                                            69,71,73,75,77,79,81, 
                                                                            83,85,87,89,91,93,95, 
                                                                            97,99,101,103,105,107, 
                                                                            109,111,113,115,117, 
                                                                            119,121,123,125,127, 
                                                                            129,131,133,135,137, 
                                                                            139,141,143,145,147, 
                                                                            149,151,153,155,157, 
                                                                            159,161,163,165,167,169, 
                                                                            171,173,175,177,179,181, 
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                                                                            183,185,187,189,191,193, 
                                                                            195,197,199,201,203,205, 
                                                                            207,209,211,213,215)],na.rm=TRUE) 
 
 
###### OVERALL META-ANALYSIS ###### 
 
## Overall forest plot ## 
 
View(meta_data_final) 
overall.g<-robu(hedge.g~1,var=var.g,studynum=Study_INT_CON,meta_data_final) #Clustered 
at level of overall study 
print(overall.g) 
sensitivity(overall.g) 
forest.plot<-forest.robu(overall.g,es.lab="Neuropsych_Test",study.lab="Study_INT_CON", 
                         "hedge.g" = effect.size) 
 
 
## Type of dementia specific effect sizes ## 
 
# Subsetting data # 
 
subset.AD<-subset(meta_data_final, Dementia_Type=="1") 
subset.VCI<-subset(meta_data_final, Dementia_Type=="2") 
subset.Mixed<-subset(meta_data_final, Dementia_Type=="3") 
subset.Unspecified<-subset(meta_data_final, Dementia_Type=="4") 
 
## Dementia type-specific forest plots ## 
 
# AD 
 
describeBy(subset.AD$hedge.g, subset.AD$Cognitive_Domain) 
describe(subset.AD$hedge.g) 
 
ADOverall.g<-robu(hedge.g~1,var=var.g,studynum=Study_INT_CON,subset.AD) 
print(ADOverall.g) 
forest.AD<-forest.robu(ADOverall.g,es.lab="Neuropsych_Test",study.lab="Study_INT_CON", 
                              "hedge.g" = effect.size) 
 
# VCI 
 
describeBy(subset.VCI$hedge.g, subset.VCI$Cognitive_Domain) 
describe(subset.VCI$hedge.g) 
 
VCIOverall.g<-robu(hedge.g~1,var=var.g,studynum=Study_INT_CON,subset.VCI) 
print(VCIOverall.g) 
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forest.VCI<-forest.robu(VCIOverall.g,es.lab="Neuropsych_Test",study.lab="Study_INT_CON", 
                               "hedge.g" = effect.size) 
 
# Mixed types of dementia 
 
describeBy(subset.Mixed$hedge.g, subset.Mixed$Cognitive_Domain) 
describe(subset.Mixed$hedge.g) 
 
MixedOverall.g<-robu(hedge.g~1,var=var.g,studynum=Study_INT_CON,subset.Mixed) 
print(MixedOverall.g) 
forest.mixed<-
forest.robu(MixedOverall.g,es.lab="Neuropsych_Test",study.lab="Study_INT_CON", 
                           "hedge.g" = effect.size) 
 
# Unspecified dementia 
 
describeBy(subset.Unspecified$hedge.g, subset.Unspecified$Cognitive_Domain) 
describe(subset.Unspecified$hedge.g) 
 
UnspecifiedOverall.g<-
robu(hedge.g~1,var=var.g,studynum=Study_INT_CON,subset.Unspecified) 
print(UnspecifiedOverall.g) 
forest.unspecified<-
forest.robu(UnspecifiedOverall.g,es.lab="Neuropsych_Test",study.lab="Study_INT_CON", 
                           "hedge.g" = effect.size) 
 
#### LEAVE ONE OUT ANALYSIS + Z SCORES FOR ALL-CAUSE DEMENTIA AND 
OVERALL COGNTIVE FUNCTION #### 
 
 
leave_out_cog<-robu(hedge.g~1,var=var.g,studynum=Study_INT_CON,meta_data_final) 
print(leave_out_cog) 
 
leave.one.out <- function(rownum){ 
   
  # subset dataframe 
  vec <- rep(TRUE, nrow(meta_data_final)) 
  vec[rownum] <- FALSE 
  inf <- subset(meta_data_final, vec) 
   
  # fit reference model 
  rve.model.ref <- robu(hedge.g~1,var=var.g,studynum=Study_INT_CON,meta_data_final) 
   
  # fit adjusted model 
  rve.model <- robu(hedge.g~1,var=var.g,studynum=Study_INT_CON, data = inf) 
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  # return results 
  results.vec <- c(g.study = round(meta_data_final$hedge.g[rownum], 3), 
                   g.adj = round(rve.model$reg_table$b.r, 3), 
                   se.g.adj = round(rve.model$reg_table$SE, 3), 
                   p.adj = round(rve.model$reg_table$prob, 5), 
                   diff.g = round(rve.model$reg_table$b.r - rve.model.ref$reg_table$b.r, 3), 
                   diff.se.g = round(rve.model$reg_table$SE - rve.model.ref$reg_table$SE, 3), 
                   diff.p = round(rve.model$reg_table$prob - rve.model.ref$reg_table$prob, 5), 
                   diff.isq = round(rve.model$mod_info$I.2 - rve.model.ref$mod_info$I.2, 3)) 
  return(results.vec) 
} 
 
inf.cog <- sapply(1:nrow(meta_data_final), leave.one.out) 
inf.cog <- data.frame(t(inf.cog)) 
inf.cog <- data.frame(label = paste(meta_data_final$Study_INT_CON, 
meta_data_final$Cognitive_Domain, sep = " / "), 
                      inf.cog) 
inf.cog$z.g.study <- round(scale(inf.cog$g.study), 2) 
inf.cog$g.min.sumeff.div.sdg <- round((meta_data_final$hedge.g - 
leave_out_cog$reg_table$b.r) / sd(meta_data_final$hedge.g), 2) 
 
View(inf.cog) 
 
####ROBU MODERATION ANALYSES#### 
 
# note: All models contain all effect sizes, no outliers have been removed here.  
 
# Convert Intervention frequency, intervention duration, and control length from character to 
numeric 
colnames(meta_data_final) 
 
meta_data_final[, c(22,23,27,29)] <- sapply(meta_data_final[, c(22,23,27,29)], as.numeric) 
 
meta_data_final_noLamb<-subset(meta_data_final, StudyID!="18") #Excluding Lamb b/c was 
impossible to categorize duration and frequency 
 
 
# Categorize intervention length to Northey MA  
 
meta_data_final_noLamb$INT_Length_Cat<-NA 
meta_data_final_noLamb$INT_Length_Cat[meta_data_final_noLamb$INT_Length>=8 & 
meta_data_final_noLamb$INT_Length<=12]<-"Short" 
meta_data_final_noLamb$INT_Length_Cat[meta_data_final_noLamb$INT_Length>12 & 
meta_data_final_noLamb$INT_Length<=26]<-"Medium" 
meta_data_final_noLamb$INT_Length_Cat[meta_data_final_noLamb$INT_Length>26]<-
"Long" 
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table(meta_data_final_noLamb$Study, meta_data_final_noLamb$INT_Length_Cat) 
 
# Create volume variable (frequency*session duration) and categorize 
 
meta_data_final_noLamb$INT_Volume <- 
meta_data_final_noLamb$INT_Freq*meta_data_final_noLamb$INT_SessionDuration 
View(meta_data_final_noLamb$INT_Volume) 
 
# Categorize type of dementia 
 
meta_data_final$Dementia_Type_Cat <- NA 
meta_data_final$Dementia_Type_Cat[meta_data_final$Dementia_Type==1] <- "AD" 
meta_data_final$Dementia_Type_Cat[meta_data_final$Dementia_Type==2] <- "VCI" 
meta_data_final$Dementia_Type_Cat[meta_data_final$Dementia_Type==3] <- "Mixed" 
meta_data_final$Dementia_Type_Cat[meta_data_final$Dementia_Type==4] <- "Unspecified" 
 
 
# Categorize cog domain 
 
meta_data_final$Cognitive_Domain_Cat <- NA 
meta_data_final$Cognitive_Domain_Cat[meta_data_final$Cognitive_Domain==1] <- "Global 
cognition" 
meta_data_final$Cognitive_Domain_Cat[meta_data_final$Cognitive_Domain==2] <- 
"Memory" 
meta_data_final$Cognitive_Domain_Cat[meta_data_final$Cognitive_Domain==3] <- 
"Executive function" 
meta_data_final$Cognitive_Domain_Cat[meta_data_final$Cognitive_Domain==4] <- 
"Processing speed" 
 
# Categorize overall bias 
 
meta_data_final$Bias_Overall_Cat <- NA 
meta_data_final$Bias_Overall_Cat[meta_data_final$Bias_Overall==1] <- "Low" 
meta_data_final$Bias_Overall_Cat[meta_data_final$Bias_Overall==2] <- "Some concerns" 
meta_data_final$Bias_Overall_Cat[meta_data_final$Bias_Overall==3] <- "High" 
 
# Categorize sex into >65% and <65% female (median split) 
 
meta_data_final$Pct_Female_Cat<-NA 
meta_data_final$Pct_Female_Cat[meta_data_final$Pct_Female<=65]<-"Low_Female" 
meta_data_final$Pct_Female_Cat[meta_data_final$Pct_Female>65]<-"High_Female" 
 
table(meta_data_final$Study, meta_data_final$Pct_Female_Cat)  
 
## MODERATION ANALYSES ## 
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moderation.models <- list( 
   
  # this list contains all moderation models with intercepts 
   
  # Treatment-Level Moderator 
  typetreat = robu(hedge.g~INT_Type, var.eff.size = var.g, studynum = Study_INT_CON, data = 
meta_data_final),  ## Type of Training 
  lengthtreat_cat = robu(hedge.g~INT_Length_Cat, var.eff.size = var.g, studynum = 
Study_INT_CON, data = meta_data_final_noLamb),  ## Length of Training Cat 
  intensitytreat = robu(hedge.g~INT_Intensity, var.eff.size = var.g, studynum = 
Study_INT_CON, data = meta_data_final),  ## Intensity of Training 
  adheretreat = robu(hedge.g~INT_Adherence, var.eff.size = var.g, studynum = 
Study_INT_CON, data = meta_data_final),  ## Training adherence 
  volumetreat = robu(hedge.g~INT_Volume, var.eff.size = var.g, studynum = Study_INT_CON, 
data = meta_data_final_noLamb),  ## Frequency of Training 
   
  # Study-level Moderator 
  typedementia = robu(hedge.g~Dementia_Type_Cat, var.eff.size = var.g, studynum = 
Study_INT_CON, data = meta_data_final), 
  overallbias = robu(hedge.g~Bias_Overall_Cat, var.eff.size = var.g, studynum = 
Study_INT_CON, data = meta_data_final), 
   
  # Participant-Level Moderators 
  age = robu(hedge.g~scale(Mean_Age, scale= FALSE), var.eff.size = var.g, studynum = 
Study_INT_CON, data = meta_data_final),  ## Mean age 
  mmse = robu(hedge.g~Mean_MMSE, var.eff.size = var.g, studynum = Study_INT_CON, data 
= meta_data_final),  ## Mean MMSE 
  pct.female_cat = robu(hedge.g~Pct_Female_Cat, var.eff.size = var.g, studynum = 
Study_INT_CON, data = meta_data_final),  ## Pct female cat at 65% 
   
  # Outcome-level Moderator 
  cogdomain = robu(hedge.g~Cognitive_Domain_Cat,var.eff.size = var.g, studynum = 
Study_INT_CON, data = meta_data_final) 
) 
   
moderation.models 
 
# fit no-intercept models 
 
moderation.models.noint <- list(   # this list contains all moderation models without intercepts 
   
  # Treatment-Level Moderator 
  typetreat = robu(hedge.g~INT_Type-1, var.eff.size = var.g, studynum = Study_INT_CON, data 
= meta_data_final),  ## Type of Training 
  lengthtreat_cat = robu(hedge.g~INT_Length_Cat-1, var.eff.size = var.g, studynum = 
Study_INT_CON, data = meta_data_final_noLamb),  ## Length of Training Cat 
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  intensitytreat = robu(hedge.g~INT_Intensity-1, var.eff.size = var.g, studynum = 
Study_INT_CON, data = meta_data_final),  ## Intensity of Training 
  adheretreat = robu(hedge.g~INT_Adherence, var.eff.size = var.g, studynum = 
Study_INT_CON, data = meta_data_final),  ## Training adherence 
  volumetreat = robu(hedge.g~INT_Volume, var.eff.size = var.g, studynum = Study_INT_CON, 
data = meta_data_final_noLamb),  ## Volume of Training 
   
  # Study-level Moderator 
  typedementia = robu(hedge.g~Dementia_Type_Cat-1, var.eff.size = var.g, studynum = 
Study_INT_CON, data = meta_data_final), 
  overallbias = robu(hedge.g~Bias_Overall_Cat-1, var.eff.size = var.g, studynum = 
Study_INT_CON, data = meta_data_final), 
   
  # Participant-Level Moderators 
  age = robu(hedge.g~scale(Mean_Age, scale= FALSE), var.eff.size = var.g, studynum = 
Study_INT_CON, data = meta_data_final),  ## Mean age 
  mmse = robu(hedge.g~Mean_MMSE, var.eff.size = var.g, studynum = Study_INT_CON, data 
= meta_data_final),  ## Mean MMSE 
  pct.female_cat = robu(hedge.g~Pct_Female_Cat-1, var.eff.size = var.g, studynum = 
Study_INT_CON, data = meta_data_final), 
   
  # Outcome-level Moderator 
  cogdomain = robu(hedge.g~Cognitive_Domain_Cat-1,var.eff.size = var.g, studynum = 
Study_INT_CON, data = meta_data_final) 
) 
 
moderation.models.noint 
 
 
#### Run HTZ tests for categorical moderators #### 
 
constraints = sapply(unname(unlist(lapply(moderation.models, function(x)return(x$p))))+1, seq, 
from = 2)  # retrieve positions of coefficients to be tested in the HTZ tests 
constraints 
 
 
  # Treatment-Level Moderator 
typetreat_htz = robu(hedge.g~INT_Type, var.eff.size = var.g, studynum = Study_INT_CON, 
data = meta_data_final)  ## Type of Training 
Wald_test(typetreat_htz,constraints = constrain_zero(2:4), vcov ="CR2")  
 
lengthtreat_cat_htz = robu(hedge.g~INT_Length_Cat, var.eff.size = var.g, studynum = 
Study_INT_CON, data = meta_data_final_noLamb)  ## Lenght of Training 
Wald_test(lengthtreat_cat_htz,constraints = constrain_zero(2:3), vcov ="CR2") 
 

BMJ Publishing Group Limited (BMJ) disclaims all liability and responsibility arising from any reliance
Supplemental material placed on this supplemental material which has been supplied by the author(s) Br J Sports Med

 doi: 10.1136/bjsports-2021-104955–9.:10 2022;Br J Sports Med, et al. Balbim GM



intensitytreat_htz = robu(hedge.g~INT_Intensity, var.eff.size = var.g, studynum = 
Study_INT_CON, data = meta_data_final)  ## Intensity of Training 
Wald_test(intensitytreat_htz,constraints = constrain_zero(2:3), vcov ="CR2") 
 
dementiatype_htz = robu(hedge.g~Dementia_Type_Cat, var.eff.size = var.g, studynum = 
Study_INT_CON, data = meta_data_final)  ## Type of dementia 
Wald_test(dementiatype_htz,constraints = constrain_zero(2:4), vcov ="CR2") 
 
cogdomain_htz = robu(hedge.g~Cognitive_Domain_Cat, var.eff.size = var.g, studynum = 
Study_INT_CON, data = meta_data_final)  ## Cog domaing 
Wald_test(cogdomain_htz,constraints = constrain_zero(2:4), vcov ="CR2") 
 
overallbias_htz = robu(hedge.g~Bias_Overall_Cat, var.eff.size = var.g, studynum = 
Study_INT_CON, data = meta_data_final)  ## Cog domaing 
Wald_test(overallbias_htz,constraints = constrain_zero(2:3), vcov ="CR2") 
 
 
 
############################################ 
# Small-study Effects and Publication Bias # 
############################################ 
 
# Egger's Regression Test 
## for dependent effect sizes 
pet.rve <- robu(hedge.g~se.g, var.eff.size = var.g, studynum = Study_INT_CON, data = 
meta_data_final) 
print(pet.rve) 
 
 
# Funnel Plot 
meta.res<-
rma.mv(yi=hedge.g,V=var.g,random=~factor(Study_INT_CON)|Study,data=meta_data_final,sla
b=Study) 
 
funnel(meta.res, xlab = "Hedges' g for Cognitive Outcomes") 
 
# Precision-effect estimate with standard errors - PEESE 
 
meta_data_final$sesqrd.g<-meta_data_final$se.g^2 
 
peese.rve <- robu(hedge.g~sesqrd.g, var.eff.size = var.g, studynum = Study_INT_CON, data = 
meta_data_final) 
print(peese.rve) 
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