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The presence of apolipoprotein (Apo) E4 is a genetic risk factor in cognitive impairment. Physical exercise contributes to slowing cognitive
impairment in older adults, but little is known about the influence of exercise on ApoE4 carriers and noncarriers. The objective of systematic
review is to study the role of physical exercise in older adults’ ApoE4
carriers and noncarriers. A systematic literature search was carried
out in five international databases: PubMed, Web of Science, PeDro,
Scopus, and SPORTDiscus. A total of nine randomized controlled trials
were included with a sample size of 2,025 subjects (901 ApoE4 carriers).
The exercise reported a significant improvement on cognitive performance in older adults’ ApoE4 noncarriers (standardized mean difference [SMD]= 0.653; 95% confidence interval [CI], 0.29–1.00; chi2 = 35.36;

degrees of freedom [df ]= 7; P< 0.0001; l 2 = 80%). It was also reported
that a total program duration greater than 50 sessions generated different and significant effects on cognitive performance in older adults’
ApoE4 noncarriers (SMD= 0.878; 95% CI, 0.14–1.61; chi2 = 31.82; df= 3;
P< 0.0001; l 2 = 91%). The results reported that high intensity generated a
differential effect on cognitive performance in older adults’ ApoE4 carriers versus noncarriers (SMD= 0.963; 95% CI, 0.25–1.67; chi2 = 18.11; df= 3;
P< 0.0004; l 2 = 83%). The effect of physical exercise on cognitive performance in older adults is conditioned by the presence or not of ApoE4.
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INTRODUCTION

and Limpawattana, 2018; Lautenschlager et al., 2019) and involves cognitive alterations that, without meeting dementia criteria or significantly affecting functional capacity, represents a deterioration from what is expected by age, and identifies a group of
people at risk of developing dementia in the future (Lautenschlager et al., 2019). Dementia has complex genetics and is associated with both genetic and environmental factors. In addition to
age, which is an important risk factor for the development of dementia (Amieva et al., 2004), the main genetic risk factor for cognitive decline and dementia is the presence of apolipoprotein
(Apo) E4 (Rawle et al., 2018).
ApoE is a gene responsible for encoding a protein that circulates
in plasma and is present in the central nervous system, helping to

The population aged 60 and over will be 1.4 trillion by 2030,
estimated that by 2050 the global elderly population will be close
to 2.1 trillion people (United Nations, 2015). The increase in life
expectancy and consequently the increase in the ageing population in accompanied by an increase in the prevalence of age-related diseases, such as dementia or cognitive impairment. Dementia
is defined as a disorder characterized by cognitive decline acquired
enough severity to affect social and/or professional functioning
(Hugo and Ganguli, 2014). Mild cognitive impairment is common condition in older age and is associated with an increased
risk of future cognitive decline and dementia (Jongsiriyanyong
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regulate cholesterol, lipid metabolism, cell repair processes
(Huebbe et al., 2011; Mahley and Huang, 2012) and eliminate
A-1-42 from the brain (Yu et al., 2014). In addition, intracellular
ApoE modulates cytoskeleton stability processes, mitochondrial
integrity, and dendrite morphology (Huang and Mahley, 2014).
The ApoE gene is located on chromosome 19, is polyphormic and
has three main isoforms: ApoE2, ApoE3, and ApoE4 (Corbo and
Scacchi, 1999). The ApoE2 and ApoE3 alleles confer reduced risks
of ageing-related diseases, however, people carrying the ApoE4 allele increase the risk of Alzheimer disease (AD) (Michaelson, 2014;
Rajmohan and Reddy, 2017; Tai et al., 2016), 3 times while carrying two copies of the allele ε4 can increase it up to 15 times (Qian
et al., 2017).
Physical exercise may thus contribute to preventing and/or delaying AD, cognitive decline, and other types of dementia in older
adults (Stephen et al., 2017) even in carriers of the ApoE4 allele.
The current literature includes several studies investigating the
protective effect of physical exercise on older adults’ ApoE4 carriers, reducing the risk of cognitive decline compared to sedentary
people (Smith et al., 2011; Smith et al., 2013; Woodard et al.,
2012). Based on scientific evidence, we can indicate that physical
exercise can significantly reduce the risk of coronary artery disease
and improve cognitive aging and EA biomarkers in ApoE4 carriers (Erickson et al., 2012).
Currently, there is already important research that analyses the
influence that physical exercise has to slow the onset of cognitive
decline and Alzheimer disease in the population carrying ApoE4.
Defining optimal preventive guidelines in terms of kind, duration
(length of whole intervention) and intensity of physical exercise
intervention program is a very important issue. This systematic
review and meta-analysis study the role of physical exercise as a potentially preventive intervention against cognitive decline in older
adults’ ApoE4 carries and noncarriers, by evaluating the quality of
available evidence. It also aims to investigate what type of physical exercise, how much (number of weeks of intervention) and at
what intensity generates a differential effect on cognitive performance in older adults’ ApoE4 carries and noncarriers.

MATERIALS AND METHODS
This systematic review and meta-analysis were registered in a
publicly accessible registry, the PROSPERO database (registration
number: CRD42020211672). Study report followed the Preferred
Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) guidelines (Moher et al., 2009).
70
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Search strategy
A systematic literature search was performed for eligible studies
published before December 2020 on five international databases
(PubMed, Web of Science, PeDro, Scopus, and SPORTDiscus).
Key words as “physical activity” OR “exercise” AND “ApoE4”
OR “Apolipoprotein E4” AND “cognition.” Thirty-six studies
were retrieved in this search, which were supplemented by manual searches through reference lists of published reports. Titles and
abstracts from a final total of 18 studies were then reviewed for
further inclusion. All analyses were based on published studies;
therefore, no ethical approval and patient consent are required.
Criteria for inclusion
Studies were included that met the following inclusion criteria:
(a) study population must be composed of people 60 years or over
(de Souto Barreto et al., 2018); (b) included subjects ApoE4 carries and noncarriers (Schuit et al., 2001); (c) involved an exerciseonly intervention in the experimental group under the guarantee
of basically medical care (Jia et al., 2019); (d) studies that are randomized controlled trial (RCT). Two authors independently reviewed full text of all articles that were considered relevant for inclusion in this review. A third author was consulted in cases of
disagreements between these two authors. The study selection
process is described in Fig. 1.
Criteria for exclusion
Studies that clearly did not meet initial criteria were rejected on
initial review. Reviews, conference papers, abstracts without available full text and studies written in languages other than English
or Spanish were also excluded. Studies where the size of the experimental group was not equal to or greater than 15 were also excluded.
Data extraction
Titles and abstract of studies identified in the initial search were
imported into Refworks (reference management software). After
duplicates, studies that are clearly irrelevant to the effects of physical activity in the older adults with ApoE4 were removed; full
text of potentially relevant papers was imported for further screening. Two authors performed an initial screening of titles and abstracts independently followed by a screening potential relevant
full text guided by inclusion criteria. A third reviewer was consulted for any screening disagreement. From each study, we collected the following data if available: year of publication, sample
size, participants´ characteristics (age, number of participants from
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30 Records identified through
database searching

Included

Eligibility

Screening

Identification
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6 Additional records identified
through other sources

18 Records after duplicates removed

18 Records screened

8 Records excluded
6 Not a clinical trial
1 Not human subjects
1 Protocol

10 Full-text articles assessed
for eligibility

1 Full-text articles excluded
1 Young older

9 Studies included in
qualitative synthesis

Full-text articles excluded
1 Not cognition score

8 Studies included in
quantitative synthesis
(meta-analysis)

Fig. 1. Study selection process.

experimental groups and control group), intervention characteristics (type of intervention, type of exercise, length of whole duration, frequency, intensity, progression, place, supervision, adherence, dropouts during intervention) and consensus on exercise reporting template (CERT), measurement tools, limitations, and
findings. Relevant information was extracted by two reviewers independently onto a standard template.
Risk of bias
Studies meeting inclusion criteria were individually scored by
two authors independently according to the Cochrane risk of bias
tool, the third author would be consulted when disagreement appeared. Seven items regarding risk of bias was assessed: random
sequence generation, allocation concealment, blinding of participants and personnel, blinding of outcome assessment, incomplete
outcome data, selective outcome reporting, and other sources of
bias. The included RCT’s were classified as being at low risk, high
risk, or unclear in the above fields.
Data analysis
Meta-analysis was conducted using Review Manager Software
(RevMan 5.3). The continuous outcome such as cognitive perfor-
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mance, the standardized mean difference (SMD) was calculated.
All differences calculated were expressed as 95% confidence intervals (CI). All data analyses were performed with the IBM SPSS
Statistics ver. 25.0 (IBM Co., Armonk, NY, USA). Due to heterogeneity between studies, a random-effects model was used for this
meta-analysis. Subgroup analyses were conducted to explore the
differences among the effects of duration and intensity of exercise
program on cognitive performance of subjects.
Meta-analysis
Random-effects meta-analysis was selected due to the existence
of methodological heterogeneity across studies. SMDs were pooled
because outcomes were continuous. Heterogeneity across studies
was quantified using I2 statistic (variation in SMD attributable to
heterogeneity).
Subgroup analysis
Studies were grouped based duration (length of whole duration)
and intensity of exercise intervention program. Intervention effects were estimated within subgroups and compared across subgroups to identify components that modify the intervention effects.
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To examine whether the ApoE-ε4 allele
modifies the previously reported
significant cognitive benefits of a
multidomain lifestyle intervention.

To determine the independent and additive Physical activity,
effects of aerobic exercise and the
neurocognitive
Dietary Approaches to Stop
function
Hypertension diet on executive
functioning in adults with cognitive
impairments with no dementia and risk
factors for cardiovascular disease.

To investigate the effect of 16 weeks of
moderate- to high-intensity physical
exercise on selected biomarkers of
inflammation both systemically and in
the central nervous system, in patients
with Alzheimer disease.

Solomon et al.
(2018)

Blumenthal
et al. (2019)

Jensen et al.
(2019a)

Physical activity
and cognitive
function

Lifestyle and
cognitive
function

n= 198 (EG= 106,
CG= 92)
ApoE4 n= 143
(EG= 72, CG= 71)

n= 79 (EG= 41,
CG= 38)
ApoE4 n= 29
(EG= 10, CG = 19)

n= 74 (EG1= 39,
EG2= 36, CG= 35)
ApoE4 n= 71
(EG1= 26,
EG2= 22, CG= 23)
n= 1109 (EG= 553,
CG= 556)
ApoE4 n= 362
(EG= 173,
CG= 189)

To examine the effects of cognitive
stimulation (Mahjong) and physical
exercise (Tai Chi) on cognitive
performance in persons with dementia.

Cheng et al.
(2014b)

Physical activity
and cognitive
function

n= 74 (EG= 39,
CG= 35)
ApoE4 n= 49
(EG= 23, CG= 26)

To examine the effects of complex
Physical activity
cognitive (mahjong) and physical (Tai Chi) and cognitive
activities on dementia severity in nursing function
home residents with dementia.

Cheng et al.
(2014a)

Subjects
n= 170 (EG= 85,
CG= 85)
ApoE4 n= 51
(EG= 24, CG= 27)

Intervention focus
Physical activity
and cognitive
function

Purpose

Lautenschlager To determine whether physical activity
et al. (2008)
reduces the rate of cognitive decline
among older adults at risk.

Reference

Table 1. Characteristics of included studies
Measurement tools

Results cognitive

EG= 69.90± 7.50
CG= 71.40± 7.30

EG= 65.80± 7.30
CG= 64.70± 6.60

EG= 69.21± 4.50
CG= 68.74± 4.51

(Continued to the next page)

The annual difference between intervention and control
groups was significant among ε4 carriers for
Neuropsychological Test Battery total score (estimate,
0.037; 95% CI, 0.001 to 0.073; P= 0.045) and
abbreviated memory (estimate, 0.070; 95% CI, 0.006
to 0.135; P= 0.03) but not among noncarriers
(estimates, 0.014 [95% CI, -0.011 to 0.039; P= 0.28]
for Neuropsychological Test Battery total score and
0.022 [95% CI, -0.023 to 0.066; P= 0.34] for
abbreviated memory.
Clinical Dementia Rating, The Trail Participants in the aerobic exercise conditions exhibited
Making Test, the STROOP Test
significant improvements in executive function (b= 4.2,
95% CI, 0.2–8.2, d= 0.32, P= 0.046). For the analysis
of global cognitive functioning, significant
improvements were found for the exercise factor on
the modified Clinical Dementia Rating Sum of Boxes
(d= 0.36, P= 0.027); the combined exercise and DASH
diet group had significantly lower scores compared to
the control groups (d= 0.39, P= 0.007)
Mini-Mental State Examination
The findings indicate an effect of physical exercise on
and battery of tests of cognitive
markers of neuroinflammation (increase) in
function
cerebrospinal fluid in patients with Alzheimer disease.

Mini-Mental State Examination
and Neuropsychological Test
Battery

Cognitive section of the Alzheimer At 18 months, participants in the intervention group
Disease Assessment Scale
improved 0.73 points (95% CI, -1.27 to 0.03) on the
(ADAS-Cog), Mini-Mental State
ADAS-Cog, and those in the usual care group
Examination, Cognitive Battery,
improved 0.04 points (95% CI, -0.46 to 0.88). Digit
Digit Symbol-Coding Test and
Symbol did not change significantly. Intervention
Clinical Dementia Rating
group lower Clinical Dementia Rating sum of boxes
scores than those in the usual care control group
EG= 81.80± 7.40 Mini-Mental State Examination
Neither treatments had effects on the cognitive and
CG= 80.90± 7.20
and Clinical Dementia Rating
functional components of the Clinical Dementia
Rating. Mahjong had a significant interaction with
time on the Clinical Dementia Rating slower rate of
global deterioration in the mahjong group as
compared with the control group.
Mahjong and TC differed from control by 4.5 points
EG1= 81.80± 7.40 Mini-Mental State Examination
(95% CI, 2.0 to 6.9; d= 0.48) and 3.7 points (95% CI,
EG2= 81.90± 6.20
CG= 80.90± 7.20
1.4 to 6.0; d= 0.40), respectively, on Mini-Mental
State Examination.

EG= 68.60± 8.70
CG= 68.70± 8.50

Mean age (yr)± SD
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EG= 81.7± 7.16
CG= 82.1± 7.51

Mini-Mental State Examination,
Trail Making test A and The
Color-Word Naming Test
(STROOP test)

Mini-Mental State Examination,
Trail making Test, Sorting test,
Color-Word Interference Test

Cognitive test of attention and
mental speed (SDMT),
ADAS-Cog, STROOP Color and
Word test and Mini-Mental
State Examination

Measurement tools

There were no significant effects of the exercise vs.
control intervention on any of the cognitive measures
(Cohen d= 0.04). ApoE4 carriership did not significantly
moderate exercise effects on physical or cognitive
function. The exercise and control participants
remained stable over 24 weeks which attests to the
beneficial effects of attention and control activities on
cognition.

Patients who were ApoE ε4 carriers benefitted more
from the exercise intervention by preservation of
cognitive performance. Carriers of the ApoE ε4 allele
who participated in the exercise arm maintained their
performance on SDMT while ApoE ε4 carriers who
did not exercise had a decline in performance.
Mini-Mental State Examination no effect between
the ApoE ε4 carriers and the ApoE ε4 noncarriers. No
effect of the exercise intervention was detected on
the other cognitive tests.
Neuropsychological test scores and level of physical
activity did not differ between intervention and control
groups at any time.

Results cognitive

SD, standard deviation; ADAS-Cog, Alzheimer's disease assessment scale–cognitive subscale; ApoE‐ε4: apolipoprotein E epsilon 4 allele; CG, control group; CI, confidence interval; DASH, dietary approaches to stop hypertension; EG, experimental group; SD, standard deviation; SDMT, symbol digit modalities test; STROOP, color-word naming test; TC, Tai Chi.

n= 69 (EG1= 39,
CG= 30)
ApoE4 n= 30
(EG= 18, CG= 12)

EG= 63.10± 6.00
CG= 63.60± 6.60

n= 53 (EG= 30,
CG= 23)
ApoE4 n= 22
(EG= 9, CG= 13)

To investigate the association of a 6-month Physical activity
and cognitive
Zumba intervention with cognition and
function
quality of life among older cognitively
unimpaired apolipoprotein E4 (ApoE4)
carrier and noncarrier women.
To determinate the effects of a 24-week
Physical activity
aerobic and strength training program
and cognitive
with a low- and high-intensity phase on
function
physical and cognitive function.

Stonnington
et al. (2020)

Sanders et al.
(2020)

EG= 70.80± 6.40
CG= 72.50± 6.50

n= 199 (EG= 106,
CG= 93)
ApoE4 n= 144
(EG= 72, CG= 72)

Physical activity
and cognitive
function

Mean age (yr)± SD

To investigate if the to investigate if the
significant improvements in cognitive
and physical outcomes were dependent
on the patients’ ApoE genotype.

Subjects

Jensen et al.
(2019b)

Intervention focus

Purpose

Reference

Table 1. Continued
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RESULTS

2019a; Jensen et al., 2019b; Lautenschlager et al., 2008; Sanders
et al., 2020; Solomon et al., 2018; Stonnington et al., 2020).

Study selection
The original search identified 36 citations underwent a full-text
screen by two independent reviewers, after duplicates, studies irrelevant to AD and exercise or physical activity, animal trails and
reviews were removed. A total of nine trials were included in the
final review. The meta-analysis was developed with eight trials,
because a trial did not provide sufficient quantitative cognitive
performance information. A full report of the selection process can
be found in the PRISMA diagram in Fig. 1.
Description of studies
Descriptive characteristics for nine included studies are presented in Table 1. In total, the trials included 2,025 participants of
which 901 will be ApoE4 carries. The nine included studies were
published between 2008 and 2020. All studies reported beneficial
effects of physical activity on cognition of patients. Table 2 presented the degree of risk of bias for all studies included. The random assignment procedure were reported in nine studies (Blumenthal et al., 2019; Cheng et al., 2014a; Cheng et al., 2014b;
Jensen et al., 2019a; Jensen et al., 2019b; Lautenschlager et al.,
2008; Sanders et al., 2020; Solomon et al., 2018; Stonnington et
al., 2020) only two studies reported a blinding procedure for participants and personnel (Blumenthal et al., 2019; Solomon et al.,
2018). Blinding of outcome assessment was presented in four
studies (Lautenschlager et al., 2008; Sanders et al., 2020; Solomon
et al., 2018; Stonnington et al., 2020). All included trials incomplete outcome data and selective reporting (Blumenthal et al.,
2019; Cheng et al., 2014a; Cheng et al., 2014b; Jensen et al.,

Participants’ characteristics
All included trials contained a sample size of 2,025 subjects.
Exercise and control groups were composed of 1,038 and 987 subjects respectively. From 2,025 subjects 901 will be ApoE4 carriers.
Exercise and control groups were composed of 449 and 452 subjects respectively. Subjects’ average age was 73.06 ± 7.11 (Table 1).
Intervention characteristics
Table 3 showed that of nine included studies, only two articles
(Cheng et al., 2014a; Cheng et al., 2014b) do not report information on the intensity of the exercises, all the others are between
moderate or high intensity carried out moderate- to high-intensity
intervention, the rest of included studies conducted. Aerobic exercise was chosen by seven studies (Blumenthal et al., 2019; Cheng
et al., 2014a; Cheng et al., 2014b; Jensen et al., 2019a; Jensen et
al., 2019b; Lautenschlager et al., 2008; Stonnington et al., 2020),
and two of those seven studies combined aerobics with strength
(Sanders et al., 2020; Solomon et al., 2018). All interventions except in one study (Solomon et al., 2018) that does not report information were conducted at an average of 52.14 ± 11.49 min a
session ranging from 30 (Sanders et al., 2020) to 60 min (Cheng
et al., 2014a; Cheng et al., 2014b, Jensen et al., 2019a; Jensen et
al., 2019b; Stonnington et al., 2020). Interventions were conducted at least 2 days for week. Length of whole duration ranges from
12 to 96 weeks, mean intervention duration was 33.33 ± 30.65
weeks. In terms of adherence to interventions in the studies varied
between 60% (Sanders et al., 2020) and 100% (Cheng et al., 2014a),

Table 2. Assessment for the risk of bias in included studies
Selection bias

Performance bias

Detection bias

Attrition bias

Reporting bias

Allocation
concealment

Blinding of
participants and
personnel

Blinding of
outcome
assessment

Incomplete
outcome data

Selective
reporting

Other
sources
of bias

Total

1

2

2

1

1

1

0

8

1

2

2

2

1

1

0

9

Cheng et al. (2014b)

1

2

2

2

1

1

0

9

Solomon et al. (2018)

1

1

1

1

1

1

0

6

Blumenthal et al. (2019)

1

1

1

2

1

1

0

7

Jensen et al. (2019a)

1

0

0

0

1

1

0

3

Jensen et al. (2019b)

1

0

0

0

1

1

0

3

Stonnington et al. (2020)

1

0

0

1

1

1

0

4

Sanders et al. (2020)

1

0

0

1

1

1

0

4

Random
sequence
generation

Lautenschlager et al. (2008)
Cheng et al. (2014a)

Reference

1, low risk of bias; 2, high risk of bias; 0, unclear risk of bias.
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Type of intervention
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Adding of weights or
Zumba Gold

EG= 24/2/60

Nursing
homes
Nursing
homes
Fitness
Center

NR

Place

NR

NR

NR

EG= 83.3%

High

NR

Daycare or
Trained research EG= 60%
residential
care

Rehabilitation NR
center
Rehabilitation Physical
center
therapists
NR
Certified
Instructor
Zumba

EG= 7

EG= 6

NR

NR

EG= 0

15

12

9

4

12

10

7

13

Appropriate
EG1= 92.85% EG1= 3
instructor
EG2= 9 7.29% EG2= 1
Physiotherapists EG= 91.90% EG= 14

EG= 16

Dropouts CERT

6

EG= 100%

EG= 78.2%

Adherence

EG= 0

NR

NR

Supervisor

1–3 Months 70–85% Rehabilitation Study personnel EG= 100%
4–6 Months 70–80% center

Aerobic: low, 57%–63% 12-Week aerobic
HRmax; moderate-high,
strength program
83%–89% HRmax
low intensity+12
Strength: low, RPE= 9–11;
last week aerobic/
moderate-high, RPE=
strength program
13–16 and ankle weights moderate to high
0.5 kg
intensity

70%–80% maximum HR

EG= 16/3/60

EG= 24/3/30

Moderate to high

EG= 16/3/60

70%–85% HR reserve
70%–80% HR reserve

Progression

CERT, Consensus on Exercise Reporting Template; EG, experimental group; HR, heart rate; NR, not report; RPE, rate of perceived exertion; VO2max, maximum oxygen consumption; Wk/f/min, week/frequency/minutes.

Sanders et al.
(2020)

Jensen et al.
(2019a)
Jensen et al.
(2019b)
Stonnington
et al. (2020)

EG= 24/3/45

NR

NR

EG1= 12/3/60 NR
EG2= 12/3/60
Moderate 55%–65%
EG= 96/NR/
VO2max
NR

NR

NR

EG= 12/3/60

EG= was practiced in a sitting
position
EG1= Sitting Tai Chi
EG2= Mahjong,
EG= Aerobic and resistance training
and balance exercises

Moderate

Intensity

NR

EG= 76/3/50

Intervention
(Wk/f/min)

EG= Walking, strength training or
circuit gym exercise

Type of exercise

EG= warm-up exercises followed
continuous walking or
(stationary) cycling.
EG= Aerobic exercise
EG= treadmill, stationary bike, cross
trainer
EG= Aerobic exercise
EG= Aerobic exercise (stationary
bike, cross-trainer and treadmill)
EG= Zumba
EG= Aerobic movements, which
variously incorporated simple
elements of samba, salsa,
merengue, mambo, hip-hop,
squats, or lunges, performed
to music.
EG= Aerobic and strength EG= Aerobic (outdoor- indoors
exercises
walking)+Strength (knee
extension while sitting, plantar
flexion -toe standing-, hip
abduction -side leg lifts- and
hip extension -back leg lifts-)

Lautenschlager EG= At least 150 min of
et al. (2008)
moderate-intensity
physical activity per
week
EG= Tai chi
Cheng et al.
(2014a)
EG1= Tai chi
Cheng et al.
(2014b)
EG2= Mahjong
Solomon et al. EG= Four intervention
(2018)
components:
1. Nutricional
intervention,
2. Practical exercises
for facilitating
lifestyle changes,
3. Physical exercise and
4. Cognitive training.
Blumenthal
EG= Aerobic exercise
et al. (2019)

Reference

Table 3. Characteristics of intervention program
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Fig. 2. Effect of intervention programmes on cognitive function. SD, standard deviation; CI, confidence interval; df, degrees of freedom.
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mean intervention adherence was 78.94% ± 27.46%. A total of
47 subjects dropped out the intervention programmes, with the
maximum number per a dropped-out programme being 16 (Lautenschlager et al., 2008) and the minimum of 0 (Blumenthal et al.,
2019; Cheng et al., 2014a). The analysis of the description of the
intervention programmes was carried out following the instructions of the Consensus on Exercise Reporting Template-CERT
(Slade et al., 2016). The CERT results revealed a low description
of the intervention programmes (9.77 ± 3.59), whit Sanders et al.,
(2020) program being the best describes.
Meta-analysis
The meta-analysis was carried out on eight trials, as one did not
report enough quantitative cognitive performance information
(Jensen et al., 2019a). Fig. 2 shows the effect of intervention programmes on cognitive function in ApoE4 carriers and noncarriers.
The results report that the effect of physical exercise on cognitive
performance was greater in older adults’ ApoE4 noncarriers than
in ApoE4 carriers (Blumenthal et al., 2019; Cheng et al., 2014a;
Cheng et al., 2014b; Jensen et al., 2019b; Lautenschlager et al.,
2008; Solomon et al., 2018; Stonnington et al., 2020), being this
significant difference (SMD=0.653; 95% CI, 0.29–1.00; chi2 =
35.36; degrees of freedom [df ]=7; P<0.0001; I2 =80%).
The results of cognitive performance in older adults (ApoE4
carriers vs. noncarriers) based on the total duration of the intervention programme (<50 vs. >50 sessions) are shows in Fig. 2.
The results report that lower volume intervention program (<50
sessions) generates similar effects on both groups (SMD=0.529;
95% CI, 0.29–0.76; chi2 =0.89; df=3; P<0.83; I2 =0%). Higher
volume intervention programmes (<50 sessions) have a greater
effect on cognitive performance in noncarriers older adults’
ApoE4, being this significant difference (SMD=0.878; 95% CI,
0.14–1.61; chi2 =31.82; df=3; P<0.00001; I2 =91%).
Finally, Fig. 2 analyses how the intensity of the intervention
program influences cognitive perfa difference significant (SMD=
0.963; 95% CI, 0.25–1.67; chi2 =18.11; df=3; P<0.0004; I2 =
83%).

DISCUSSION
The objective of this systematic review and meta-analysis was
to study the role of physical exercise as a potentially preventive intervention in cognitive decline in older adults’ ApoE4 carries and
noncarriers, evaluating the quality of available evidence. It also
aimed to investigate what type of physical exercise, how much
https://doi.org/10.12965/jer.2142130.065

(not weeks of intervention) and how intense this physical exercise
generates a differential effect on cognitive performance in older
adults’ ApoE4 carries and noncarriers. There are a growing number of studies suggesting that physical exercise has positive effects
on the cognitive functions of older adults (Du et al., 2018; Jia et
al., 2019; Yu et al., 2006) as well as in older adults’ carries ApoE4
(Smith et al., 2011; Smith et al., 2013; Woodard et al., 2012) reducing the risk of cognitive decline compared to sedentary people.
The findings of this systematic review confirm that physical exercise contributes to positive effects on the cognitive functions of
older adults by following the line of other studies (Rovio et al.,
2005; Stephen et al., 2017) where physical exercise helps prevent
and/or delay AD, cognitive decline and other types of dementia,
even in people carrying the ApoE4 allele as we can see in this
study.
Aerobic and multimodal physical exercise is known to be beneficial for the cognitive functions of older adults (Lam et al., 2018;
Lautenschlager et al., 2019). However, few studies have analysed
the effect of other physical exercise modalities (strength, stretching, Pilates, aquatic exercise) on the cognitive function of older
adults with ApoE4 carriers and noncarriers. In our systematic review, there are only two studies that combine aerobic and strength
exercise (Sanders et al., 2020; Solomon et al., 2018). These studies
indicated that performing this type of physical exercise generates
positive effects on cognition, so we should continue to research in
this line.
Despite increased evidence regarding the positive benefits of
exercise in the health and functionality of older people with cognitive disorders, the specificities of prescription parameters are
still little known. World Health Organization (2013) recommends
physical exercise as a lifestyle to improve health in older adults,
with improvements in cognitive function and positive neurophysiological changes. World Health Organization (2013) advises a
minimum of 150 min per week of moderate-intensity aerobic exercise or 75 min of vigorous intensity with additional strengthening exercises. Of the nine studies analyzed, eight of them meet
these recommendations, where one of them combines aerobic exercise with resistance training (Solomon et al., 2018). Barnard et
al. (2014) states that adopting 40 min of fast walking 3 times a
week as routine physical exercise can improve cognitive function.
However, in our study we can observe that performing 30 min
3 times per week of physical exercise can also improve the cognitive functions of the older adult (Sanders et al., 2020) this follows
the line of other studies (Jia et al., 2019) where it is stated that
performing physical exercise up to 30 min per week improves the
https://www.e-jer.org
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cognitive condition of patients. Based on our results, we could say
that older people who do not carry out ApoE4 should perform
150 min per week of physical exercise, with a minimum of 50 sessions in order to perceive positive benefits over cognitive functions.
With regard to the intensity of physical exercise, our study revealed
that low-moderate intensity has the same effect on cognitive function in both groups (ApoE4 carriers and noncarriers), however at
higher intensity of physical exercise, the effects have significant
differences in cognitive performance in favour of noncarrier ApoE4.
Although methodological differences in exercise protocol (intensity, volume) make it difficult to compare samples, the studies
analyzed indicate that aerobic interventions with a volume >50
sessions and a high intensity, are suitable for older adults carrying
ApoE4 and ApoE4 noncarriers, with greater effects on noncarrier
ApoE4. The primary strength of our meta-analysis lies in its multiple-subgroup design, which provides better quantification of the
associations between specified amounts of physical exercise and
relative effects on cognitive performance (ApoE4 carries and noncarries ApoE4). Another strength is that only RCT studies were
included. The high sample size used in this analysis brings strength
to the results of our study.
There are several limitations that might affect the reporting of
our results. First, the studies are based on an aerobic physical exercise, therefore it cannot be determined whether the same effect can
be achieved with other types of physical exercise. Second, there are
very few studies to analyze. Another limitation of the study is not
being able to know the duration of the effect after cessation of activity, because no study carried out a follow-up, so it will be very
important that in future studies they track the behaviour of cognitive performance once for physical exercise stops. Due to the
limitations set out above, more high-quality studies and RCT are
needed to confirm the differential effect of physical exercise on
cognitive performance in older adults’ ApoE4 carriers/noncarriers.

cant effects in favor of noncarrier ApoE4. Regarding the effect on
cognitive performance that can generate different volumes and intensities of physical exercise programs, we should indicate that
our results support volumes of more than 50 sessions (30–45 min)
and high work intensities. However, due to the small number of
studies analyzed, although high in the sample size used (2015 subjects), and the limitations presented above, we must present this
data whit caution, so new RCTs are needed to contrast the results
presented here.
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