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Abstract.

Background: Epidemiologic evidence suggests that physical activity benefits cognition, but results from randomized trials
in sedentary individuals are limited and inconsistent.

Objective: To evaluate the effects of physical activity on cognition among sedentary older adults.

Methods: A systematic literature search for eligible studies published up to January 1, 2021, was performed on six interna-
tional (PubMed, Cochrane Library, Web of Science, Sinomed, FMRS, and OVID) and three Chinese databases (Wanfang,
China National Knowledge Infrastructure, and VIP). We estimated the effect of physical activity on the cognition of seden-
tary elderly by standardized mean differences (SMD) and 95% confidence intervals (CI) using a random-effects model. We
evaluated publication bias using funnel plots and heterogeneity using I? statistics. Subgroup analyses were conducted by
baseline cognition, intervention duration, activity type, and country.

Results: Seven randomized controlled trials (RCTs) comprising 321 (experimental group, 164; control group, 157) sedentary
older adults were included in the meta-analysis. Physical activity significantly improved cognition in sedentary elderly adults
compared with controls (SMD: 0.50, 95% CI:0.09-0.92). Subgroup analyses showed significant effects of baseline cognition
impairment (SMD: 9.80, 95% CI: 5.81-13.80), intervention duration > 12 weeks (SMD: 2.85, 95% CI: 0.73-4.96), aerobic
exercise (SMD: 0.74, CI: 0.19-1.29), and countries other than the United States (SMD: 10.50, 95% CI: 7.08-13.92).
Conclusion: Physical activity might have a general positive effect on the cognition of sedentary older adults. Intervention
> 12 weeks and aerobic exercise can effectively delay their cognitive decline; however, more rigorous RCTs are needed to
support our findings.
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INTRODUCTION

As of 2018, about 50 million people worldwide
suffer from dementia, a number expected to increase
to 152 million by 2050 [1]. Alzheimer’s disease (AD)
is the most common cause of dementia, accounting
for 60% to 80% of all dementia cases [2]. However, its
exact etiology and pathogenesis are still unclear. AD
is the fourth largest cause of death in older adults after
cancer, heart disease, and cerebrovascular disease [3,
4], whose single most important non-modifiable risk
factor is age [5]. The increasing incidence of AD
and the huge associated social and economic bur-
den have stimulated research into multiple protective
factors to prevent the occurrence and development of
this neurodegenerative disease. Among them, reduc-
ing sedentary behavior or increasing physical activity
(PA) is a low-cost and low-risk intervention proved
to have a positive impact on the physical and mental
health of patients with AD [6].

Sedentary behavior is defined as any behavior with
an energy expenditure of < 1.5 metabolic equivalents
and includes behaviors such as sitting, watching tele-
vision, and lying down [7]. Sedentary behavior is
associated with numerous health risks including type
2 diabetes, cardiovascular disease and all cause mor-
tality [8—10]. Given the health risks of a sedentary
lifestyle, recommendations for sedentary time sug-
gest limiting discretionary sedentary time to < 2 h/day
and accumulating > 2 h/day of light-intensity activity
(i.e., standing and light walking) [11, 12]. For the
elderly, watching TV or other visual content together
with poor physical strength caused by disease or
aging leads to the generation and/or maintenance of
a sedentary lifestyle. The data show that the elderly
have an average of 9.4 h of immobility per day, which
is equivalent to 65%—80% of their waking time [13].

In observational studies, individuals who are phys-
ically active often show less cognitive decline and
a lower risk of dementia than sedentary individu-
als [14]. A meta-analysis concluded that people who
were not previously physically active start showing
improved cognitive functioning after exercising for
as little as four months [15]. Furthermore, exercise
interventions may also reduce the rate of cognitive
decline in people with cognitive impairment [16].
However, more recent studies are much less consis-
tent. For example, a large randomized controlled trial
(RCT) of sedentary adults showed no effect on cogni-
tion outcomes after 24 months of moderate intensity
physical exercise [17], and no cognitive improvement
in AD patients after 16 weeks of aerobic exercise

training [18]. In addition, a recent meta-analysis of
aerobic, resistance training and tai chi interventions
in people older than 50 years showed little benefit
of exercise on cognitive function [19]. In addition to
these differences, it is still unclear how to combine
the type, intensity, and time of exercise for a max-
imum benefit on the cognition of sedentary elderly
people.

The present review and meta-analysis aimed to
appropriately explore the effects of PA on the cog-
nition of sedentary older adults. Considering the
significant health and economic burden of demen-
tia, the results of our study may serve as a basis
for establishing guidelines and recommendations for
future sedentary behavior interventions in the elderly
and provide highly operational and popular non-
pharmacological interventions for the prevention of
cognitive decline.

METHODS

Literature search

This systematic review and meta-analysis was con-
ducted according to the Preferred Reporting Items
for Systematic Review and Meta-analysis (PRISMA)
reporting guidelines [20]. We did not publish or
register a protocol for this study. A systematic lit-
erature search for eligible studies published before
January 2021 was performed on six international
databases (PubMed, The Cochrane Library, Web of
Science, Sinomed, FMRS, and OVID) and three Chi-
nese databases (Wanfang Data, VIP, and CKNI). The
search items included a combination of Medical Sub-
ject Heading terms and free words. The following
keywords were searched: “Exercise” OR “Physical
Activity” OR “Activity, Physical” AND “sedentary
behavior” OR “physical inactivity” OR “television
time” OR “screen time” AND “cognition” OR “cog-
nitive function” OR “brain function” were searched.
In this search, we retrieved 20019 studies. Titles and
abstracts from a final total of 1,464 studies were then
reviewed for further inclusion. In addition, the refer-
ence lists of the retrieved original articles and relevant
review articles were also comprehensively examined
to identify further pertinent studies.

Inclusion and exclusion criteria
To be eligible for inclusion in this systematic

review, studies had to satisfy the following criteria:
1) design: RCTs, had an exercise-only intervention
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Records identified through database searching (n=20019)
Pubmed (9989), OVID (7934), SCI (718), Sinomed (20), The Cochrane
Library (723), FMRS (479), VanFang (31), VIP (7), CNKI (118) (n=0)

Additional records
identified through grey literature

l

l

Records screened (n=16687) —>

Records after duplicates
Removed (n=3332)

l

Records excluded by title (n=1464)  |—»[ Records excluded by RCT and abstract

[ Screening J [Identiﬁcation]

v

(n=51)

Articles excluded, with reasons (n=23)
-Participants did not meet the

inclusion criteria (n=17)

Lack of valid data results the

inclusion criteria (n=6)

Records identified through examining

reference lists of the included studies
(n=0)

()
= Full-text articles assessed for eligibility
= (n=30)
S
50
-
=
-
e <
=
S
E} Quantitative synthesis of the included
E studies (meta-analysis) (n=7)

Fig. 1. Flowchart for searching and selection of the included studies.

in the experimental group and a non-exercise control
group (i.e., subjects who maintain their current seden-
tary lifestyle); 2) eligibility of participants: subjects
aged > 60 years with or without cognitive impairment
and living a sedentary lifestyle; 3) Eligibility criteria:
articles examining the association between physical
activity and cognition in sedentary elderly adults; 4)
sedentary behavior: Studies were included as long as
they included older adults with sedentary lifestyles,
regardless of the sedentary criteria; 5) Outcome mea-
surements: involved global cognition or other specific
domains such as memory and executive function; 6)
only articles published in English or Chinese were
included.

Studies that failed to meet the initial criteria
were rejected on initial review. Reviews, conference
papers, animal experiments and abstracts without
available full text were also excluded. Qualitative
studies or studies on the effects of exercise on cogni-
tive function in combination with other interventions,
such as cognition therapy or cognitive stimulation,
were excluded. Two authors independently reviewed
full texts of all articles that were considered rele-
vant for inclusion in this review. A third author was

consulted in case of disagreement. The study selec-
tion process is described in Fig. 1.

Data extraction

The titles and abstracts of the studies identified in
the initial search were imported into EndNote for ini-
tial filtering. Document screening and data extraction
were independently performed by two researchers,
with third-party arbitration for inconsistent results.
Data extraction of the screened accepted studies,
including author, publication year, journal, number
of experimental and control groups, interventions
and time, outcome indicator, and cognitive assess-
ment method. The study characteristics are shown in
Table 1.

Risk of bias

Studies meeting the inclusion criteria were individ-
ually scored by two authors independently according
to the Cochrane risk of bias tool; the third author
would be consulted in case of disagreement. Seven
items regarding the risk of bias were assessed: ran-
dom sequence generation, allocation concealment,
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Table 1
Baseline characteristics and intervention details of the included studies.

Intervention (frequency, duration, intensity) Outcome measures

Intervention type

Sample condition

Age (v)
Mean (SD) Experimental Control

Year Country

Author

group

group

2 in-person health coach visits and 4 biweekly calls; Self-reported Health Outcomes

work with health coaches,

29

29

60-89 (-)

2019 USA

Matson et al. [13]

12 weeks; moderate
3 times a week; 12 weeks; light

exercise
spin aerobic cycling

D-KEFS Verbal Fluency Test
DSST, RAVLT, 3MSE,

8
52

10
50

71.95 (5.24)

77.44 (4.26)

USA

2015

Nocera et al. [21]

exercise sessions 40 — 60 min per week for the first

multicomponent training

2009 USA

Williamson et al.

Modified Stroop Test

2 months, 2 times per week in the next 4 months,

[22]

and flexibility exercises 3 or more times per week;

12 months; moderate
Three 1-h sessions per week on non-consecutive

MoCA, CDT, Verbal Fluency,

multicomponent training

23 23

82.4 (2.4)

2015 Brazil

Ansai et al. [23]

Dual Task (TUGT-cognitive)

MMSE, Clinical Dementia

days; 16 weeks; moderate
a minimum of 30 min of moderate exercise

12 12 Exercise (walking)

84 (5)

Italy

2011

Venturelli et al.
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Rating Scale
ADAS-Cog

(walking) 4 times a week; 24 weeks; moderate
338 min per week; 10 weeks; light and moderate
30-min twice a week; 9.5 weeks; moderate

[24]
Dillon et al. [25]

11 light walking

14
27

86.7 (5.3)

72.9 (2.5)

2020 Canada

Bouaziz et al. [26] 2019 France

TMT, PASAT, Verbal Fluency

short-term interval aerobic

29

training
SD, standard deviation; MoCA, Montreal Cognitive Assessment; CDT, Clock Drawing Test; TUGT-cognitive, Timed Up and Go test associated with cognitive task; DSST, Digit Symbol

Substitution Test; RAVLT, Rey Auditory Learning Test; 3MSE, Modified Mini-Mental State Examination; ADAS-Cog, The AD assessment scale-cognitive; SF-36, 36-Item Short-Form Health

Survey; MMSE, Mini-Mental State Examination; TMT, Trail Making Test; PASAT, Paced Auditory Serial Addition Test; —, data not available.

blinding of participants and personnel, blinding
of outcome assessment, incomplete outcome data,
selective outcome reporting, and other sources of
bias. The included RCTs were classified as being at
low risk, high risk, or unclear risk in the above fields.

Statistical analysis

Analyses were conducted using Reviewer Man-
ager 5.3 (Copenhagen: The Nordic Cochrane Centre,
The Cochrane Collaboration, 2014). For the meta-
analysis, we synthesized continuous outcome data
using the mean difference and standard deviation.
When different measurements for the same outcome
were performed in different studies, we used the stan-
dardized mean difference (SMD) instead to obtain
a summary effect. We used a random-effects model
with generic inverse-variance to pool the effect and
its corresponding 95% CI. The I? statistic was used
to examine the heterogeneity of the included studies.
If large, the source of heterogeneity was investigated
through a sensitivity test and subgroup analysis. Sub-
group analyses were conducted to explore potential
sources of heterogeneity with the following sub-
groups: cognitive function at baseline, length of
intervention duration, type of PA, and study countries.
A two-sided p <0.05 indicated significance. Publica-
tion bias was graphically illustrated using a funnel
plot.

RESULTS

Identification of studies

The initial search identified a total of 20,019 arti-
cles (Ovid: 7,934 articles, PubMed: 9,989 articles,
Sinomed: 20 articles, FMRS: 479 articles, SCI: 718
articles, The Cochrane Library: 723 articles, VIP: 7
articles, CKNI: 118 articles, Wanfang: 31 articles).
We excluded 3,332 articles because of duplication.
Upon application of the eligibility criteria, 1,464
studies were further excluded. A total of 51 full-text
articles were then scrutinized, of which seven pub-
lications were eligible for this review [13, 21-26],
The whole screening process was completed inde-
pendently by two reviewers. Figure 1 illustrates the
study selection process.

Study characteristics

Table 1 presents the detailed characteristics of each
study. The total number of participants in all seven
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included studies was 350. There were a total of 29
dropouts, leaving 321 subjects (experimental group
164, control group 157) with a mean baseline age > 60
years. Three studies were conducted in the United
States [13, 21, 22]; the other four studies were con-
ducted in Brazil [23], Italy [24], Canada [25], and
France [26].

Measurement of sedentary behavior

Measurement of sedentary behavior varied con-
siderably with a total of six different measures
used across the seven studies. One study mea-
sured sedentary behavior via an objective method
(accelerometry) [25]. Two studies measured expo-
sure as sedentary time (i.e., time spent sitting, lying
down, or sleeping) [21, 22]. Three studies exam-
ined sedentary behavior using a previously developed
questionnaire [13, 23, 26]. Two studies did not exact
explanation of how to assess sedentary behavior [23,
24], another study used the validated PA measures
of the same psychosocial constructs, which includes
sedentary habits (PACE and Self-Report Habit Index)
[13], and the last study used an International Physical
Activity Questionnaire [26].

Measurement of cognition

Table 1 describes the measures of cognitive func-
tion used. Sixteen different measures of cognitive
function were used across the seven studies. The
first study in Table 1 used the Self-reported Health
Outcomes [13]. The second study used the Verbal
Fluency Test of the Delis-Kaplan Executive Func-
tion System [21]. The third study was based on the
LIFE-P (Lifestyle Interventions and Independence
for Elders pilot) study and assessed CF using a battery
adapted from the Action to Control Cardiovascu-
lar Risk in Diabetes (ACCORD) trial. The cognitive
battery consisted of four primary components: Digit
Symbol Substitution Test (DSST) as a measure of
psychomotor speed and working memory. The mod-
ified Stroop test was used as a measure of processing
speed, cognitive flexibility, and inhibition or disinhi-
bition. The modified Mini-Mental State Examination
(BMSE) is a widely used measure of global cogni-
tive functioning. The Rey Auditory Verbal Learning
Test (RAVLT) is a test of short- and long-term ver-
bal memory that assesses the ability to learn a list
of 15 common words [22]. The fourth study used
the Montreal Cognitive Assessment (MoCA; 0-30),
Clock Drawing Test (CDT; 0-10), verbal fluency and

dual task to assess cognitive function [23]. The fifth
study used the Mini-Mental State Exam (MMSE) and
the Clinical Dementia Rating Scale. A psychologist
specialized in neuropsychology assessed the global
cognitive functions of the participants through the
MMSE [24]. The sixth study used the AD assess-
ment scale—cognitive subscale (ADAS-Cog) [25]. As
shown in Table 1, that study, used verbal fluency
tasks, the Trail Making Test, and the Paced Audi-
tory Serial Addition Test (PASAT). Lexical-semantic
memory was measured via the Verbal Fluency. Exec-
utive function was measured via the Trail Making
Test [26].

The studies examined the following areas of cog-
nition: 1) two studies measured memory [22, 26];
2) two measured executive function [21, 26]; 3) one
measured processing speed [22]; and 4) three stud-
ies created scores for overall cognitive function [22,
24, 26].

Quality assessment

The seven studies included were published be-
tween 2009 and 2020. Of them, four reported ran-
dom assignment procedures and three reported a
blinding procedure. All described movement patterns
and cognitive measures in the experimental group.
The general quality of the articles was high. Fig-
ures 2 and 3 show the quality evaluations for all
studies.

Meta-analysis results

Primary outcome

The statistical analysis showed the comprehen-
sive effect of PA on cognition during the whole
intervention period. The heterogeneity test results
showed a moderate degree of statistical heterogeneity
among the studies (x> =17.57, I> =66%, p=0.007),
therefore, the random effects model was adopted for
analysis. The meta-analysis results showed a signif-
icant combined effect size of SMD: 0.50, 95% CI
[0.09-0.92], p=0.02, indicating that physical exer-
cise can improve cognitive function in sedentary
elderly individuals (Fig. 4).

Results of the subgroup analysis

Subgroup analysis by baseline cognition
The heterogeneity test of the baseline normal cog-
nition group was significant (x> =12.38, I>=68%,
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Fig. 2. Risk of bias in trials of each item.

Ansai et al.(2015)

Bouaziz et al.(2019)
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Fig. 3. Assessment for the risk of bias in the included studies.
Green circle, the risk of bias was low; Red circle, the risk of bias
was high; Yellow circle, the risk of bias was unclear.

p=0.01), but the combined effect size was not (SMD:

1.02, 95% CI: —0.25-2.30, p=0.12). However, the
heterogeneity test was significant in the impairment
cognition group (x> =29.25,12 =79%, p <0.0001), as
was the combined effect size (SMD: 1.84, 95% CI.:
0.62-3.06, p=0.003) (Fig. 5).

Subgroup analysis by intervention duration

The studies with an intervention duration of less
than 12 weeks were compared with those with a
duration more than 12 weeks. The heterogeneity
test within 12 weeks was significant (x2=14.77,
12 =80%, p=0.002), but the combined effect size was
not (SMD: 1.34, 95% CI: 0.15-2.83, p=0.08). The
heterogeneity test for intervention duration more than
12 weeks was also significant (X2 =13.16, 1> =85%,
p=0.001), as was the combined effect size (SMD:
2.85, 95% CI: 0.73-4.96, p=0.008). Therefore, an
intervention duration more than 12 weeks led to
significant cognitive improvement in the sedentary
elderly (Fig. 6).

Subgroup analysis by PA forms

Multi-component exercise intervention and aero-
bic exercise studies were compared. Heterogeneity
test of multi-groups showed a non-significant
(x*>=0.17,1>=0%, p=0.68) or combined effect size
(SMD: 0.07, 95% CI: 0.25-0.39, p =0.67). However,
for the aerobic exercise group, the result was sig-
nificant (x2=10.97, I> =64%, p=0.03), as was the
combined effect size (SMD: 0.74,95% CI: 0.19-1.29,
p=0.009). These results showed that aerobic exercise
had a significant effect on the cognitive improvement
of the sedentary elderly (Fig. 7).

Subgroup analysis by country

The heterogeneity test of the US showed non-
significant results (X2 =0.50, 2=0%, p=0.78) and
combined effect size (SMD: 0.51, 95% CI: 0.98-
2.01, p=0.50). In contrast, the heterogeneity test
of the other countries showed significant effects
(x*=19.72, 12=85%, p=0.0002) and a signifi-
cant combined effect size (SMD: 4.46, 95% CI:
2.36-6.57, p<0.0001), indicating that the cognitive
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23
29
1
24

8
10
52

Std. Mean Difference

Std. Mean Difference
1V, Random, 95% Cl

963

0.17 [-0.41, 0.75]
0.97 [0.42, 1.53]
0.70 [0.12, 1.52]
0.09 [-0.45, 0.64]
0.38 [-0.56, 1.32]
1.90 [0.83, 2.97]
0.02 [-0.36, 0.41)]

Experimental Control
_StudyorSubgroup  Mean  SD Total Mean SD Total Weight IV, Random,95% Cl

1.1.1 All
Ansai et al.(2015) 17.5 49 23 167 4.3
Bouaziz et al.(2019) 4581 1326 27 334 11.87
Dillon et al.(2020) 318 132 14 229 11
Matson et al.(2019) 17.3 3.2 29 17 3
Nocera et al.(2015) 337 6 10 318 26
Venturelli et al.(2011) 42 4 N 32 6
Williamson et al.(2009) 46.84 15.31 50 46.5 13.37
Subtotal (95% Cl) 164

157

Heterogeneity: Tau? = 0.19; Chi? = 17.57, df = 6 (P = 0.007); I = 66%

Test for overall effect: Z = 2.39 (P = 0.02)

Total (95% CI) 164

187

Heterogeneity: Tau? = 0.19; Chi* = 17.57, df = 6 (P = 0.007); I* = 66%

Test for overall effect: Z =2.39 (P = 0.02)
Test for subaroup differences: Not abolicable

100.0%

0.50 [0.09, 0.92]

0.50 [0.09, 0.92]

2 1 0 1 2
Favours [control] Favours [experimental]

Fig. 4. Effect of physical activity on the cognitive function of sedentary elderly individuals. CI, confidence interval; SD, standard deviation.

Experimental Control
2.1.1 Baseline cognition normal
Ansai et al.(2015) 175 49 23 167 43
Bouaziz et al.(2019) 4581 13.26 27 334 11.87
Matson et al.(2019) 173 32 29 17 3
Nocera et al.(2015) 33.7 6 10 318 26
Williamson et al.(2009) 46.84 15.31 50 46.5 13.37
Subtotal (95% CI) 139

Heterogeneity: Chi? = 12,38, df =4 (P = 0.01); I = 68%
Test for overall effect: Z = 1.57 (P = 0.12)

2.1.2 Baseline cognition impairment

Dillon et al.(2020) 318 132 14 229 1
Venturelli et al.(2011) 42 4 11 32 6
Subtotal (95% CI) 25

Heterogeneity: Chi? = 0.04, df = 1 (P = 0.84); I? = 0%
Test for overall effect: Z = 4.81 (P < 0.00001)

Total (95% Cl) 164
Heterogeneity: Chi? = 29.25, df = 6 (P < 0.0001); I’ = 79%
Test for overall effect: Z = 2.96 (P = 0.003)

23
29
24
8
52
136

11
10
21

157

20.9%
3.4%
53.0%
8.7%
4.7%
90.7%

1.6%
7.6%
9.3%

100.0%

Test for subaroup differences: Chi? = 16.82. df = 1 (P < 0.0001). ? = 94.1%

Mean Difference
% CI

Mean Difference
IV, Fixed, 95% Cl

0.80 [-1.86, 3.46]
12.41[5.80, 19.02]
0.30 [-1.37, 1.97]
1.90 [-2.23, 6.03]
0.34[-5.25, 5.93]
1.02 [-0.25, 2.30]

8.90 [0.59, 18.39)
10.00 [5.59, 14.41)
9.80 [5.81, 13.80]

1.84 [0.62, 3.06]

1

i

¢

i

*

20

-10 0 10
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Fig. 5. Subgroup analysis categorized by baseline cognitive function. CI, confidence interval; SD, standard deviation.

Experimental Control
3.1.1 intervention duration within 12 weeks
Bouaziz et al.(2019) 4581 13.26 27 334 11.87
Dillon et al.(2020) 318 132 14 229 1
Matson et al.(2019) 173 32 29 17 3
Nocera et al.(2015) 337 6 10 318 26
Subtotal (95% CI) 80

Heterogeneity: Chi? = 14,77, df = 3 (P = 0.002); I* = 80%
Test for overall effect: Z = 1.76 (P = 0.08)

3.1.2 intervention duration more than 12 weeks

Ansai et al.(2015) 175 49 23 167 43
Ventureli et al.(2011) 42 4 11 a2 6
Williamson etal.(2009) 46.84 1531 50 465 13.37
Subtotal (95% Cl) 84

Heterogeneity: Chi* = 13,16, df = 2 (P = 0.001); I* = 85%
Test for overall effect: Z = 2.64 (P = 0.008)

Total (95% Cl) 164
Heterogeneity: Chi? = 29.25, df = 6 (P < 0.0001); I’ = 79%
Test for overall effect: Z = 2.96 (P = 0.003)

23
10
52
85

157

3.4%
1.6%
53.0%
8.7%
66.7%

20.9%
7.6%
4.7%

33.3%

100.0%

Test for subaroup differences: Chi? = 1.31. df = 1 (P = 0.25). I’ = 23.7%

Mean Difference
% Cl

Mean Difference

1V, Fixed, 95% CI

20

12.41[5.80, 19.02]
8.90 [-0.59, 18.39)
0.30 [-1.37, 1.97]
1.90 [-2.23, 6.03]
1.34 [-0.15, 2.83]

0.80 [-1.86, 3.46]
10.00 [5.59, 14.41]
0.34 [-5.25, 5.93)
2.85 [0.73, 4.96]

1.84 [0.62, 3.06]

*

10 0 10
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Fig. 6. Subgroup analysis categorized by the length of intervention duration. CI, confidence interval; SD, standard deviation.
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Experimental Control
—Studyor Subgroup _Mean  SD Total Mean SD Total Weight IV, Random.95% Cl

4.1.1 multcomponent

Ansai et al.(2015) 17.5 49 23 16.7 4.3 23 16.0%
Williamson et al.(2009)  46.84 15.31 50 46.5 13.37 52 19.3%
Subtotal (95% CI) 75 352%
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improvement of sedentary elderly people in countries
other than the US was statistically significant (Fig. 8).

Sensitivity and publication bias

We conducted sensitivity analyses to identify
potential sources of heterogeneity in the association
between PA and cognition among sedentary older
adults. After eliminating one study, we obtained a
range of combined effect size of SMD from 0.35 to
0.62 and an I? from 46% to 72% (p < 0.05). The pro-
cessing results indicate low data sensitivity. None of
the studies interfered much with the results of this
meta-analysis, indicating its good stability and reli-
ability. The results of the funnel plot test (Fig. 9)

o SE(EHD)

02T 6

06T /

08T /

Fig. 9. Funnel plot for studies of physical activity and cognitive
function in sedentary elderly individuals. SE, standard error; SMD,
standardized mean differences.
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showed that one study fell outside the dotted line
and two intersected with it, indicating heterogene-
ity. However, the distribution was roughly symmetric,
suggesting no significant publication bias.

DISCUSSION

To the best of our knowledge, this is the first meta-
analysis to evaluate the effects of PA on the cognition
of sedentary older adults. Our results showed that
after a period over 12 weeks of intervention, the
cognitive function scores of the sedentary elderly in
the experimental group were significantly improved
compared with the control group. Furthermore, PA
had a positive effect on delaying the cognition decline
of sedentary older adults. Sensitivity analysis showed
that the study had good reliability and stability. In
addition, we performed four subgroup analyses to
explain the sources of heterogeneity across the seven
studies. We found that baseline cognition, interven-
tion duration, PA forms, and geographic location
differently affect the degree of the delay in cognition
decline in sedentary older adults.

The question arises as to how sedentary behavior
accelerates cognition decline. Previous data sug-
gested that sedentary time may cause impairment of
glucose and lipid metabolism [27, 28], which is con-
sidered a risk factor for cognitive function decline
and all-cause dementia [29]. In addition, sedentary
behavior may, in turn, induce or aggravate individ-
ual inflammation, which has also been identified as a
potential risk factor for dementia [30, 31]. At present,
the specific effect mechanism of physical exercise
on the cognition of sedentary elderly individuals is
not clear. Research studies have shown that cerebral
perfusion is an important mechanism for maintain-
ing cognition [32, 33]. PA can not only increase
blood flow in the brain and improve cardiovascular
function, but also affect the entire metabolic system.
In addition, as physical exercise involves cognitive
and social activities, it may enhance overall brain
function. In the elderly, cardiovascular and metabolic
efficiency are reduced, PA might effectively compen-
sate for these issues, delaying the negative effects of
sedentarism in the elderly.

In some of the included studies, PA was found to
affect not only overall cognitive function, but also
some specific effects cognitive domains, in seden-
tary elderly subjects. For example, Nocera et al.
[21] found that PA can affect the verbal fluency of
the elderly, usually considered as a component of

executive function. In the study by Ansai and Rebe-
latto, the naming and attention domains improved
significantly as well [23]. It was found that 9.5
weeks of interval aerobic training programs helped
improve a number of cognitive functions, such as
attention, mental flexibility, and working memory
[26]. This suggested that the improvements in cogni-
tion could be directly attributed to the improvement
in mood and quality of life caused by PA. This can
be explained by the positive effects of PA over psy-
chological stress and depression. In animal models,
PA decreases amyloid load [34], positively affects
hippocampal neuronal function [35] as well as hip-
pocampal and parietal cortical cholinergic function
and spatial learning [36], increases brain-derived neu-
rotrophic factor levels, and may prevent the formation
of oxidative stress associated with other forms of neu-
ronal damage [37]. All these findings suggest that
PA is an effective intervention for delaying cognitive
decline. However, as the included studies had scat-
tered evaluations of cognitive domains, we could not
perform a subgroup analysis, which would require
the inclusion of more relevant RCTs.

Considering that a substantial heterogeneity was
observed in the included studies, we further per-
formed a subgroup analysis to determine the potential
sources of heterogeneity. Subgroup analysis showed
that cognition of participants with baseline cognitive
impairment was significantly more severe than that
of normal cognition, which was consistent with pre-
viously reported results showing that intervention,
such as physical activities including aerobic exer-
cises, can improve cognitive function among older
adults with MCI [38, 39]. In addition, the subgroup
analysis of the duration revealed significant differ-
ences between the intervention group and the control
group for different intervention durations (<12w,
> 12w). After > 12 weeks of intervention, the cogni-
tion of sedentary older adults was better than shorter
interventions. However, the effect of PA interven-
tion duration is still controversial. Rao et al. [40]
conducted a meta-analysis that indicated that longer
sessions were not associated with better progno-
sis, similar to the Rolland and Vellas’s study [41].
Although no clear relationship was found between
intervention duration and effect size, the longest inter-
vention in the study did not produce a large effect;
therefore, longer interventions should be performed
with caution. Previous studies also showed no dif-
ference between the experimental and control groups
in overall cognition and other areas after a 3-month
intervention [42]. Conversely, other trials with longer
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duration or follow-up found some degree of cogni-
tive improvement [43, 44]. However, this difference
may also be due to compliance issues. If we can
raise the awareness of the importance of PA and
regular voluntary exercise as well as the harm of
sedentary behavior in the elderly, this conclusion
might change. Therefore, it is important to improve
compliance of the sedentary elderly, and an inter-
vention more than 12 weeks is preferred to modify
their sedentary lifestyle and protect their cognition.
However, future studies are needed to verify this
possibility.

Interestingly, the results of the subgroup analysis
of PA forms showed that the studies using aerobic
exercise showed more efficiency than those using
multicomponent exercise, indicating that aerobic
exercise, rather than multicomponent exercise could
considerably improve the cognition of sedentary
elderly individuals. Nevertheless, the multicompo-
nent group should not be considered ineffective in
delaying cognitive decline, because a large num-
ber of studies have confirmed that both aerobic and
multicomponent exercises have a positive effect on
cognition. Moreover, only two of the studies included
in this meta-analysis used multicomponent training,
and it is likely that the result of the subgroup analysis
of different intervention types is less reliable due to
the small sample size. More clinical studies on the
use of multicomponent exercise to improve cogni-
tion are needed to provide stronger evidence in the
future. We also performed a subgroup analysis by
country where the study was conducted; there were
subtle differences between the US and other coun-
tries, but the reasons underlying this finding remain
to be investigated. Therefore, more RCTs involv-
ing people from different backgrounds are needed to
explore whether any of these cofactors influence the
results.

Clinical implications

This study shows that PA is clinically correlated
with cognitive protection in the sedentary elderly.
For this population, a PA intervention > 12 weeks can
effectively postpone cognitive decline; aerobic exer-
cise also has a positive effect on cognitive function.
This study provides certain theoretical support for
practical training strategies. Further, it points toward
the importance of further research on the type, fre-
quency, and intensity of PA that can better diminish
the impact of sedentarism on cognitive function in
older adults.

Strengths and limitations

There are some potential limitations of our study.
First, the number of articles included was small (only
seven studies); and the total sample size was small as
well. Second, we limited our search to articles writ-
ten in English and Chinese, which may lead to some
limitations. Third, inconsistent assessment tools for
cognitive outcome indicators may lead to bias in
actual size estimates, but this is unavoidable due to the
lack of literature on the cognitive state of sedentary
older adults. Fourth, as the included studies focused
on different cognitive domains, it was not possible
to determine how PA might affect specific cogni-
tive domains in sedentary older adults. This could be
direction for future research. Last, we did not publish
or register a study protocol for this systematic review
and meta-analysis.

Our study has the following strengths: 1) we con-
ducted a comprehensive literature search using nine
medical databases, and the study selection and qual-
ity assessments were performed independently by
two researchers, which ensured strict quality control
during the study process, including data collection;
2) all studies in our analysis were RCTs, which is
the most common type of interventional study and
has certain advantages over other types of studies
[45]; 3) we measured the subjects’ general charac-
teristics at baseline, and the included population was
homogenous. Through subgroup analysis, the base-
line status of each group was relatively consistent, the
comparability was good, bias was low, and the exter-
nal implementation of the results was strong [46]; 4)
despite the heterogeneity observed in the study, the
consistent results of the sensitivity analysis indicate
that our findings are reliable and robust.

Conclusion

Taken together, the current evidence suggests that
PA has positive effects on cognitive function in
sedentary older adults, especially in those who have
impairment cognition. An intervention more than 12
weeks and aerobic exercise can effectively postpone
cognitive decline in the sedentary elderly. However,
it is still unclear which PA intensity and frequency
are more effective in improving cognition in the
sedentary elderly. Therefore, future multicenter, large
sample, high-quality RCTs should be conducted to
determine the best protocol and exercises for pre-
venting cognitive decline in the elderly. Based on the
above, we suggest that older adults should reduce
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sedentary time as much as possible, and exercise
regularly to delay the appearance of cognitive impair-
ment, thus improving their quality of life, reducing
the burden on families, and achieving the correspond-
ing public health benefits.
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