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ABSTRACT

Background. The main aim of this study was to estimate the effect of physical activities (PA) on cognitive
functions (CF) in cognitively impaired older adults divided according to the impairment severity.

Methods. We searched Web of Science, Scopus, and PubMed for randomized controlled trials (RCT). We
focused on the effect of exercise on CF in intervention groups and control groups separately in people with
cognitive impairment across three levels - borderline intact, mild, and moderate cognitive impairment
separately.

Results. Data from 40 studies involving 1,780 participants from intervention groups and 1,508 participants
from control groups were analyzed. 37.0% of intervention groups presented a statistically significant ben-
eficial effect of PA on CF, while 5% presented a statistically significant harmful effect of PA on CF. 40.0% of
the control groups showed a significant decrease in CF. 54.3% interventions had a statistically significant
beneficial effect (Hedges' g > 0). However, there was a great variability between the studies in terms of
exercise program description and cognitive impairment of the subjects.

Conclusions. Physical exercise was associated with cognitive function improvement in older people with
cognitive impairment. The positive effect is stronger in people with a mild level of cognitive impairment.
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BACKGROUND

The number of older adults with dementia is on the rise due to ageing of the global
population. Current estimates suggest that more than 131.5 million people will be
affected by dementia by the year 2050 (Sha et al., 2016). Dementia is generally char-
acterized by a progressive decline in cognitive and physical function, often leading to
a loss of independence, and institutionalization in some cases (Winblad et al., 2016).
Thus, dementia impacts not only the daily lives of individuals diagnosed with the
condition but also their families and broader society. During the past two decades,
epidemiological research has highlighted the link between modifiable lifestyle fac-
tors and cognitive functions. For example, current evidence has demonstrated that
a physically active lifestyle may help to delay the onset of cognitive decline and to
slow down disease progression (Rolland et al., 2008). Also, physically active individ-
uals have been shown to have a smaller risk of developing dementia or mild cognitive
impairment than those who do not take part in any regular physical activity (Rock-
wood & Middleton, 2007). Moreover, results from several prospective studies have
shown that exercise and physical fitness seem to have a positive effect on brain health
(Blondell et al., 2014; Stephen et al., 2017). In particular, it has been demonstrated
that regular physical activity in mid-life is associated with a lower risk of dementia in
later life (Chen et al., 2016), as well as that one of the most effective protections against
neurodegenerative or vascular dementia is to be sufficiently physically active from
mid-life (Rolland et al., 2008). In addition, it is now well known that exercise inter-
ventions increase the functional performance and activities of daily living in patients
with cognitive impairment (Garuffi et al., 2013; Hauer et al., 2012; Pitkala et al., 2013;
Schwenk et al., 2014; Steinberg et al., 2009). Partial confirmation of a general positive
effect of physical exercise was seen as well as stratified effect according to the type of
exercise undertaken on executive function, memory (Gates et al., 2013), and global
cognition (Groot et al., 2016; Song et al., 2018; Wang et al., 2014) in individuals with
mild cognitive impairment. However, there are other important variables that may
influence results; for example the effects of exercise on cognitive function in people
in relation to the level of cognitive impairment, frequency of sessions or duration of
interventions. It is necessary to focus attention on these variables to better understand
this complex issue.

Therefore, the main aim of this study was to investigate which type of exercise
interventions work effectively in the prevention of cognitive decline in older adults
stratified according to the level of cognitive impairment. Additionally, we aimed to
investigate the association between other factors, e.g. whether there is a difference
between passive and active controls. We hypothesized that there is a difference be-
tween exercise programs (mainly from the duration point of view) and that the effect
might vary across different levels of cognitive impairment. We also hypothesized that
different activity programs in control groups might influence the results. For example,
a social program without physical activities may be beneficial for older adults with
cognitive impairment. We also assumed that social or education activities in control
groups might be more helpful against the cognitive decline rather than inactivity in
passive control groups.
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METHODS

Effects of physical exercise on cognitively impaired older adults: a systematic review

This review assessed the effects of physical exercise programs on people with cogni-
tive impairment. It is reported in accordance with the Preferred Reporting Items for
Systematic Reviews and Meta-Analyses (PRISMA) statement (Moher et al., 2019).
A compiled PRISMA checklist is included in Table 1.

Table 1 Checklist of items to include when reporting a systematic review or meta-analysis

Section/topic

Checklist item Reported

on page #

Title
ABSTRACT

Structured summary

Rationale

Objectives

Protocol and registration

Eligibility criteria

Information sources

Search

Study selection

Data collection process

Data items

TITLE

Identify the report as a systematic review, meta-analysis, or both. 51

Provide a structured summary including, as applicable: background; 51
objectives; data sources; study eligibility criteria, participants, and

interventions; study appraisal and synthesis methods; results; limitations;
conclusions and implications of key findings; systematic review registration

number.

INTRODUCTION

Describe the rationale for the review in the context of what is already 52
known.

Provide an explicit statement of questions being addressed with reference 52
to participants, interventions, comparisons, outcomes, and study design
(P1COS).

METHODS

Indicate if a review protocol exists, if and where it can be accessed -
(e.g., Web address), and, if available, provide registration information
including registration number.

Specify study characteristics (e.g., PICOS, length of follow-up) and report 55
characteristics (e.g., years considered, language, publication status) used
as criteria for eligibility, giving rationale.

Describe all information sources (e.g., databases with dates of coverage, 56, Table 2
contact with study authors to identify additional studies) in the search and

date last searched.

Present full electronic search strategy for at least one database, including Table2

any limits used, such that it could be repeated.

State the process for selecting studies (i.e., screening, eligibility, included
in systematic review, and, if applicable, included in the meta-analysis).

58, Figure 1

Describe method of data extraction from reports (e.g., piloted forms, 56
independently, in duplicate) and any processes for obtaining and
confirming data from investigators.

List and define all variables for which data were sought (e.g., PICOS, -
funding sources) and any assumptions and simplifications made.
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Section/topic # Checklist item Reported
on page #

Risk of bias inindividual 12 Describe methods used for assessing risk of bias of individual studies 59

studies (including specification of whether this was done at the study or outcome Table 4
level), and how this information is to be used in any data synthesis.

Summary measures 13 State the principal summary measures (e.g., risk ratio, difference in means). ~ 57-58

Synthesis of results 14 Describe the methods of handling data and combining results of studies, 57-58
if done, including measures of consistency (e.g., I?) for each meta-analysis.

Risk of bias across 15 Specify any assessment of risk of bias that may affect the cumulative -

studies evidence (e.g., publication bias, selective reporting within studies).

Additional analyses 16 Describe methods of additional analyses (e.g., sensitivity or subgroup -
analyses, meta-regression), if done, indicating which were pre-specified.

RESULTS

Study selection 17 Give numbers of studies screened, assessed for eligibility, and included in 57-60,
the review, with reasons for exclusions at each stage, ideally with a flow Figure 1
diagram.

Study characteristics 18  For each study, present characteristics for which data were extracted Tables
(e.g., study size, PICOS, follow-up period) and provide the citations. 3,4,5

Risk of bias within 19 Present data on risk of bias of each study and, if available, any outcome -

studies level assessment (see item 12).

Results of individual 20  Forall outcomes considered (benefits or harms), present, for each study: Tables

studies (a) simple summary data for each intervention group (b) effect estimates 6,7,8
and confidence intervals, ideally with a forest plot.

Synthesis of results 21 Present results of each meta-analysis done, including confidence intervals -
and measures of consistency.

Risk of bias across 22 Present results of any assessment of risk of bias across studies -

studies (see Item 15).

Additional analysis 23 Give results of additional analyses, if done (e.g., sensitivity or subgroup -
analyses, meta-regression [see Item 16]).

DISCUSSION

Summary of evidence 24 Summarize the main findings including the strength of evidence for each 70-71
main outcome; consider their relevance to key groups (e.g., healthcare
providers, users, and policy makers).

Limitations 25 Discuss limitations at study and outcome level (e.g., risk of bias), and at 71
review-level (e.g., incomplete retrieval of identified research, reporting
bias).

Conclusions 26 Provide a general interpretation of the results in the context of other 7
evidence, and implications for future research.

FUNDING
Funding 27 Describe sources of funding for the systematic review and other support 72

(e.g., supply of data); role of funders for the systematic review.
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The PICO (population, intervention, comparisons, and outcomes) framework was
used for framing the inclusion criteria (see below) (Higgins et al., 2019).
- Participants: people >50 years of age with a cognitive impairment
- Intervention: physical exercise interventions
— Comparisons: active or passive controls with no additional physical activities
- Outcomes: cognitive function

Inclusion criteria for this study

Based on the above-mentioned PICO framework, the following inclusion criteria

were applied:

- only data from randomized controlled trials (RCT)

- the participants had to be diagnosed with any stage of cognitive impairment by one
of the standardized tools

- written in the English language

Exercise intervention

We considered only exercise programs that require increased energy output such as
aerobic, resistance exercise, walking, dancing, various types of combat activities or
sports games. The intervention programs involving a combination of physical exercise
and cognitive training were not included. In addition to the program itself, we focused
on the duration of exercise program and exercise frequency. Regarding exercise pro-
gram duration and frequency of exercise per week, we used the same classification as
Forbes et al (2015) in the Cochrane systematic review — “up to three times per week”
or “more than three times per week” and “up to 12 weeks” or “more than 12 weeks”
(Forbes et al., 2015).

According to activities that were prescribed, we have also divided control groups
into two categories — active and passive control groups. All control groups where extra
activities that could have potentially been beneficial for cognitive functions (for ex-
ample, attention-control educational programs, social visits, or recreational activities
such as card playing or home craftwork), were categorized as “active control groups”.
Control groups asked to maintain their usual activities were categorized as “passive
control groups”.

Cognitive function

The following global cognitive function tests were considered appropriate:

— Mini-Mental State Examination (MMSE) (Folstein et al., 1983)

- Rapid Evaluation of Cognitive Function (ERFC) (Gil et al., 1986)

- Alzheimer’s Disease Assessment Scale-Cognitive Subscale (ADAS-Cog) (Mohs
etal., 1997)

- Montreal Cognitive Assessment (MoCA) (Nasreddine et al., 2005)

- Cambridge Cognitive Examination (CAMCOG) (Roth et al., 1998)
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Search strategy
The analysis was conducted by identifying relevant papers referenced in the Web of

Science, Scopus, and PubMed. Search terms used in all databases are presented in
Table 2.

Table 2 Search results in electronic databases

DATABASE KEY NUMBER

Web of Science TOPIC: (training) OR TOPIC: (exercise) OR TOPIC: (physical) ORTOPIC: (activit*) AND 425
TOPIC: (“Mini-Mental State Examination”) OR TOPIC: (MMSE) ORTOPIC: (“Cambridge
Cognitive Examination”) OR TOPIC: (CAMCOG) ORTOPIC: (“Montreal Cognitive
Assessment”) ORTOPIC: (MoCA) ORTOPIC: (“Alzheimer’s Disease Assessment Scale-
Cognitive Subscale”) OR TOPIC: (ADAS-Cog) ORTOPIC: (“Rapid Evaluation of Cognitive
Functions test”) OR TOPIC: (ERFC) AND TITLE: (dementia) OR TITLE: (Alzheimer*) OR
TITLE: (cognitive) OR TITLE: (MCl) AND TITLE: (randomized) ORTITLE: (randomised)
ORTITLE: (trial) OR TITLE: (intervention)

Scopus ((TITLE ( training ) ORTITLE ( exercise ) ORTITLE ( physical ) ORTITLE (activit*))) 460
AND ( (TITLE-ABS-KEY (“Mini-Mental State Examination”) OR TITLE-ABS-KEY
(mmse ) ORTITLE-ABS-KEY (“Cambridge Cognitive Examination”) OR TITLE-ABS-
KEY ( camcog ) ORTITLE-ABS-KEY (“Montreal Cognitive Assessment”) OR TITLE-ABS-
KEY (moca ) ORTITLE-ABS-KEY (“Alzheimer’s Disease Assessment Scale-Cognitive
Subscale”) ORTITLE-ABS-KEY (“Rapid Evaluation of Cognitive Functions test”) OR
TITLE-ABS-KEY (erfc))) AND ( (TITLE ( dementia ) ORTITLE ( alzheimer*) ORTITLE
(cognitive ) ORTITLE (mci) ) ) AND ( (TITLE-ABS-KEY ( randomized ) OR TITLE-ABS-
KEY (randomised ) OR TITLE-ABS-KEY ( trial ) OR TITLE-ABS-KEY (intervention)))
AND NOT ( ( TITLE-ABS-KEY ( review ) ORTITLE-ABS-KEY ( meta-analysis ) OR TITLE-
ABS-KEY ( protocol ) ) )

PubMed Search ((((((((training[Title/Abstract]) OR exercise[Title/Abstract]) OR physical[Title/ 830
Abstract]) OR activit*[Title/Abstract])) AND ((((((((((“Mini-Mental State
Examination”) OR MMSE) OR “Cambridge Cognitive Examination”) OR CAMCOG) OR
“Montreal Cognitive Assessment”) OR MoCA) OR “Alzheimer’s Disease Assessment
Scale-Cognitive Subscale”) OR ADAS-Cog) OR “Rapid Evaluation of Cognitive
Functions test”) OR ERFC)) AND ((((dementia[Title]) OR Alzheimer*[Title])
OR cognitive(Title]) OR MCI[Title])) AND ((((randomized[Title/Abstract]) OR
randomised(Title/Abstract]) OR trial[Title/Abstract]) OR intervention[Title/
Abstract])) NOT (((review[Title/Abstract]) OR meta-analysis[Title/Abstract]) OR
protocol[Title/Abstract])

Data extraction and quality assessment
All potential papers were first downloaded into EndNote. Then, our three review-
ing authors (LS, AT, and MS) deleted all the duplicates and scanned the titles and
abstracts of the papers in order to identify studies that had the potential to meet the
eligibility criteria. Full texts were subsequently assessed for eligibility by reviewers
KD, MS and IH who extracted the data. Any disagreements among reviewers were
resolved through discussions.

We used the Physiotherapy Evidence Database (PEDro) scale to assess the meth-
odological quality of the included studies (Maher et al., 2003).
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Data collection

We collected the following data for both exercise groups and control groups sepa-
rately: the post/pre-intervention mean of the cognitive function test with a 95% con-
fidence interval (CI) and/or standard deviation (SD), if they were not described, we
collected means of the cognitive function tests from baselines and after intervention.
Additionally, we collected information about the type of exercise and control group
activities, age of participants, female ratio, exercise program duration, and frequency
of exercise.

Cognitive impairment classification

We divided the participants according to the level of their cognitive impairment into
three categories — borderline intact, mild, and moderate cognitive impairment. In
the classification, we used the mean of the baseline cognitive function test using the
standard classification of each diagnostic tool from which it was calculated.

Data analysis

To see the effect of physical activity on cognitive function of participants, we calcu-
lated Hedges’ g (Hedges, 1981) for intervention groups and control groups separately
as well as for both groups together as follows:

My — M N -3 N-—-2
Hedges' g = < CGX( )x

SDpooted . \N —2.25 N

where M, — M, is the difference in mean changes in intervention and control groups
andSD__ ,is the pooled and weighted standard deviation. Hedges’ g is interpreted as:

- Small Effect = 0.2

- Medium Effect = 0.5

- Large Effect = 0.8

Negative values represented a harmful effect (i.e. decrease of cognitive functions)
of intervention. To test statistical significance we calculated 95% Confidence Interval
(CI) for each study as follows:

95% CI = g + SE x 1.96

where SE is standard error calculated as:

n, +n, g°

SE =
nyXn, 2(ng+ny)

If the post-pre intervention mean and SD were not available in the paper, we calcu-
lated the post-pre intervention mean as the post-intervention mean minus the pre-in-
tervention mean and SD was estimated as:
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SDgip = Jsugre +SD255e = (2 X COrT X SDpre X SDpost)

We used Corr = 0.8 based on the assumption of a relatively high correlation be-

tween pre and post-measurements.

The statistics were calculated using Microsoft Excel.

RESULTS

We included 40 RCT in the final analysis out of the 1,258 publications resulting from
the database search. These were controlled trials on physical activity and its effect on
cognitive functions in people with cognitive impairment. Figure 1 shows the PRISMA

flow diagram.

Web of Science

Scopus (n=460)

PubMed (n=830)

-

Figure 1 Flowchart illustrating the different phases of the search and study selection
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Across the studies, we extracted data from 3,288 participants, the average age was
77.1 years and the average female ratio was 69.1%. The shortest duration of the exer-
cise program was 6 weeks, and the longest was 60 weeks. As the main outcome, the
following were used: 31x MMSE (Folstein et al., 1983), 5x MoCA (Nasreddine et al.,
2005), 1x ERFC (Gil et al., 1986), and 3x ADAS-Cog (Mohs et al., 1997). The majority
of participants lived in their own homes (21 studies). 19 studies came from Europe, 14
from Asia, 4 from South America, 2 from North America and 1 from Australia. The ba-
sic data on studies included in the analyses are presented in Table 3. All of the included
studies were considered to have a good methodological quality, scoring between 7 and
9 points according to the PEDro. The methodological quality of the included studies
according to the PEDro scale is presented in Table 4.

Table 3 The basic data on studies included in the analyses

Study Year Country  Duration Settings N Mean  Females Main
(weeks) Age (%) Outcome
Arcoverde 2014 Brazil 16 H 20 78.5 60 MMSE
Arrieta 2020  Spain 36 N 88 84.8 7 MoCA
Bademli 2018 Turkey 20 N 60 72.2 60 MMSE
Bossers 2015 Netherlands 9 N 109 85.5 78 MMSE
(Cancela 2016  Spain 60 H 114 80.6 43 MMSE
de Souto Barreto 2017 France 24 N 91 88.3 93 MMSE
Dorner 2007 Austria 10 LTC 30 86.8 77 MMSE
Enette 2020  France 9 Hos 52 71.0 65 MMSE
Fiatarone 2014 Australia 26 H 49 - - ADAS-Cog
Harris 2017 (anada 12 LTC 16 833 63 MMSE
Henskens 2018  Netherlands 26 N 44 85.1 77 MMSE
Holthoff 2015 Germany 12 H 30 724 53 MMSE
Hong 2018  South Korea 12 H 22 712 73 MoCA
Cheng 2014 Hong Kong 12 N 74 81.8 64 MMSE
Christofoletti 2008  Brazil 26 N 37 72.9 7 MMSE
Kemoun 2010  France 15 N 31 81.8 73 ERFC
Kwak 2008  South Korea 12 H 30 79.7 100 MMSE
Lam 2015 Hong Kong 52 H 278 755 77 MMSE
Lamb 2018 UK 26 Hos 443 77.0 55 ADAS-Cog
Langoni 2018 Brazil 24 H 52 72.6 77 MMSE
Lautenschlager 2008 Australia 24 H 170 68.7 50 ADAS-Cog
Miu 2008  Hong Kong 12 H 85 75.0 53 MMSE
Mollinedo Cardalda 2019 Spain 12 N 77 85.4 70 MMSE
Muscari 2009  Italy 52 H 120 69.6 50 MMSE



Lenka Sontdkova et al. 60

Study Year Country  Duration Settings N Mean  Females Main
(weeks) Age (%) Outcome

Nascimento 2015 Brazil 26 H 45 66.7 80 MoCA
Qi 2019  China 12 H 32 70.6 69 MMSE
Sanders 2020  Netherlands 24 H 69 81.7 54 MMSE
Siu 2018  China 16 H 160 71.7 75 MMSE
Song 2019 China 16 H 120 75.8 75 MoCA
Sun 2015 China 26 H 138 68.3 81 MMSE
Tao 2019 China 24 H 57 65.5 68 MoCA
Toots 2017 Sweden 16 N 166 84.4 75 MMSE
Van de Winckel 2004  Belgium 6 Hos 25 813 100 MMSE
Varela 2012 Spain 12 N 48 76.2 56 MMSE
Venturelli 2011 ltaly 26 N 24 83.0 83 MMSE
Vreugdenhil 2012 Australia 16 H 40 73.5 45 MMSE
Wei 2014 China 26 N 60 66.7 30 MMSE
Williamson 2009 US 52 H 102 76.8 72 MMSE
Yang 2015 China 12 Hos 50 72.6 60 MMSE
Yoon 2017 South Korea 12 H 30 75.0 100 MMSE

Note: MMSE — Mini-Mental State Examination; ERFC — Rapid Evaluation of Cognitive Function; ADAS-Cog — Alzheimer Disease Assessment
Scale-Cognitive Subscale; MoCA — Montreal Cognitive Assessment; H — home; N — nursing home; Hos — hospital; LTC — long-term care facility.

Many types of exercise such walking, cycling, exercising with pneumatic resistance
machines or therabands were used in the studies. Altogether 62.5% of control groups
were enrolled in some additional activities such as education, one-to-one conversa-
tion, handicrafts, drinking tea with the nursing staff, watching videos or recreational
activities. The other participants in the control groups were instructed to maintain
their normal physical activities, or they were given standard care in nursing homes.
The shortest session was only 15 minutes and the longest was 75 minutes, 60 minutes
was the most usual (19x). The frequency of exercise program started at 2 sessions
a week, and 3 sessions a week was the most frequent (21x). Four intervention pro-
grams required participants to exercise daily. Descriptions of intervention and control
groups included in the review are presented in Table 5.

When we divided interventions according to cognitive impairment severity, du-
ration of program, frequency of program, type of exercise, and activities in control
groups we created 27 different categories. In general, 37.0% of intervention groups
presented a statistically significant beneficial effect of physical activity, while only two
presented a statistically significant harmful effect on cognitive functions. Neverthe-
less, 40.0% of control groups showed a significant decrease in cognitive functions and
no group showed an increase. 54.3% of interventions had a statistically significant ben-
eficial effect (Hedges’ g significantly > 0). No intervention demonstrated a statistically
significant harmful effect (Hedges’ g significantly < 0). A statistically significant bene-
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ficial effect was found in: 52.7% of interventions with frequency < 3 sessions weekly,
60% of interventions with frequency > 3 sessions weekly, 61.1% of aerobic exercise,
63.3% of resistance exercise, 35.3% of other exercise interventions, 50% of bordeline
intact participants, 60% of participants with mild cognitive impairment, and 45.5%
of participants with moderate cognitive impairment. The highest effect was found in
Bademli (Bademli et al., 2018) in participants with mild cognitive impairment where
the duration was > 12 with frequency < 3 of aerobic exercise against a passive control
Hedges’ g = 3.82 (95% CI2.97-4.67). On the other hand, an almost statistically signif-
icant harmful effect was found in the Miu study (Miu et al., 2008) with a similar design
where the only difference was in the duration that was < 12 weeks Hedges’ g = -0.41
(95% CI —0.84-0.03). The effect of physical exercise on cognitively impaired older
adults according to impairment severity is presented in Tables 6, 7 and 8.

DISCUSSION

It is well-established that cognitive functions decline gradually over time as part of
the natural ageing process (Harada et al., 2013). The findings of this systematic review
partly indicate that physical exercise may have the power to mitigate the cognitive
decline process even in people with cognitive impairment. The similar findings were
found in previous reviews where physical exercise had a positive effect on executive
function (Gates et al., 2013; Song et al., 2018), and on global cognition (Groot et al.,
2016; Wang et al., 2014; Ohman, 2014) in individuals with mild cognitive impairment.
However, the new knowledge from this study is that the positive effect is stronger in
people with a mild level of cognitive impairment and, above all, it points to a very
strong negative effect of physical inactivity on cognitive function in the control groups.

However, it was practically impossible to merge the studies together into one anal-
ysis because so many different approaches were used regarding physical exercise ac-
tivities, control group activities as well as the frequency of exercise program. Studies
included in this review varied in terms of duration of exercise programs. In twenty-
seven studies, the duration of interventions was less than half a year, and in another
nineteen, the duration of the interventions was for more than or equal to half a year.
According to our analysis, it seems that the duration of the exercise program was as-
sociated with cognitive decline, which may be caused by the natural cognitive decline
during ageing. Surprisingly, the frequency of exercise per week did not play any sig-
nificant role in global cognition.

It has been well described that the positive effect of aerobic exercise on brain health
lies in the mechanisms behind aerobic exercise such as neovascularization, synapto-
genesis and angiogenesis, hippocampal high-affinity choline uptake and upregulation
of muscarinic receptor density, increasing of mitochondrial volume in Purkinje cells,
inhibition of the apoptotic biochemical cascades, identified primarily through animal
research (Black et al., 1990; Fordyceet al., 1991; Isaacs et al., 1992; Um et al., 2008).

Moreover, a higher number of female participants in intervention groups experi-
enced a positive effect on global cognitive function. This result could be explained
by both different cognitive responses to exercise between men and women as well as
by the different ratios in elderly females suffering dementia. As described by Baker
et al. (2010), aerobic exercise improved performance on multiple tests of executive
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function, increased glucose disposal during the metabolic clamp, and reduced fasting
plasma levels of insulin, cortisol, and brain-derived neurotrophic factor in women but
not in men (Baker et al., 2010). They also found that peak oxygen consumption was
associated with improved executive function in women. It turns out that gender differ-
ences in cognitive functions can be related to the metabolic effects of physical activity.
However, there are several other reasons why gender may influence trial results. For
instance, women have a higher lifetime risk of dementia (Chene et al., 2015), greater
vulnerability to certain risk factors such as gender-specific chromosomes, APOE ¢4,
gender differences in hormone levels etc. (Snyder et al., 2016), and they demonstrate
higher differential associations between biomarkers and cognitive impairment than
men (Koran et al., 2017). Moreover, there was a higher percentage of female partici-
pants in the intervention studies (32 of 36 intervention groups had a majority of female
participants). One reason for this fact could be higher life expectancy in females (Sa-
maras et al., 2018) although the gender age gap has been narrowing in Europe recently
(Kolip & Lange, 2018). Another explanation could be greater adherence to health-re-
lated exercise programs in older women (Aartolahti et al., 2015). Thus, it would be of
interest to explain which of the above-mentioned proposed factors is responsible for
gender differences.

It should be noted that one of the biggest limitations of this study was consider-
able heterogeneity in all the analyses which hampered the meta-analysis. In fact, het-
erogeneity is a common problem of meta-analyses on this topic (Gates et al., 2013;
Ohman et al., 2014). Moreover, it was almost impossible to create a category with
similar cognitive impairment because it varied considerably among the studies so the
classification has some limitations, because if the variability was high then we could
not be sure that all the participants were allocated correctly. The same is true for ex-
ercise interventions because the interventions included many different activities with
different durations and intensities.

CONCLUSION

Despite the numerous limitations mentioned above, this study has shown that physical
exercise may have the power to influence cognitive functions in people with cognitive
impairment especially in people with a mild level of cognitive impairment. Such find-
ings could have practical implications for recommending physical activity as a non-
pharmacologic treatment to combat the progression of cognitive decline in patients
with dementia. Future research based on longitudinal epidemiological studies is need-
ed to confirm such findings further.

List of abbreviations
ADAS-Cog Alzheimer Disease Assessment Scale- Cognitive Subscale

B Standardized Coefficient Beta
CAMCOG Cambridge Cognitive Examination

CI Confidence Interval

ERFC Rapid Evaluation of Cognitive Function
MMSE Mini Mental State Examination

MoCA Montreal Cognitive Assessment
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PRISMA  Preferred Reporting Items for Systematic Reviews and Meta-Analyses

PEDro Physiotherapy Evidence Database

RCT Randomized Control Trials

SE Standard Error

SMD Standardized Mean Difference

vo, the maximum amount of oxygen the body can utilize during a specified
period of usually intense exercise

WA Weighted Averages
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