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The presence of apolipoprotein (Apo) E4 is a genetic risk factor in cog-
nitive impairment. Physical exercise contributes to slowing cognitive
impairment in older adults, but little is known about the influence of ex-
ercise 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 perfor-
mance in older adults’ ApoE4 noncarriers (standardized mean differ-
ence [SMD]=0.653; 95% confidence interval [CI], 0.29-1.00; chi?=35.36;

INTRODUCTION

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 popula-
tion in accompanied by an increase in the prevalence of age-relat-
ed 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 com-
mon condition in older age and is associated with an increased
risk of future cognitive decline and dementia (Jongsiriyanyong

degrees of freedom [df]=7; P<0.0001; /?=80%). It was also reported
that a total program duration greater than 50 sessions generated differ-
ent and significant effects on cognitive performance in older adults’
ApoE4 noncarriers (SMD =0.878; 95% Cl, 0.14-1.61; chi’=31.82; df=3,
P<0.0001; 2=91%). The results reported that high intensity generated a
differential effect on cognitive performance in older adults’ ApoE4 carri-
ers versus noncarriers (SMD =0.963; 95% Cl, 0.25-1.67; chi’=18.11; df=3,
P<0.0004; *=83%). The effect of physical exercise on cognitive perfor-
mance in older adults is conditioned by the presence or not of ApoE4.
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and Limpawattana, 2018; Lautenschlager et al., 2019) and in-
volves cognitive alterations that, without meeting dementia crite-
ria or significantly affecting functional capacity, represents a dete-
rioration from what is expected by age, and identifies a group of
people at risk of developing dementia in the future (Lauten-
schlager et al., 2019). Dementia has complex genetics and is asso-
ciated with both genetic and environmental factors. In addition to
age, which is an important risk factor for the development of de-
mentia (Amieva et al., 2004), the main genetic risk factor for cog-
nitive 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
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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 al-
lele increase the risk of Alzheimer disease (AD) (Michaelson, 2014;
Rajmohan and Reddy, 2017; Tai et al., 2016), 3 times while carry-
ing two copies of the allele €4 can increase it up to 15 times (Qian
etal., 2017).

Physical exercise may thus contribute to preventing and/or de-
laying 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 carri-
ers, 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 carri-
ers (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 po-
tentially 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 physi-
cal exercise, how much (number of weeks of intervention) and at
what intensity generates a differential effect on cognitive perfor-
mance 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 (PRIS-
MA) guidelines (Moher et al., 2009).
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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 manu-
al 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 car-
ries and noncarriers (Schuit et al., 2001); (¢) involved an exercise-
only intervention in the experimental group under the guarantee
of basically medical care (Jia et al., 2019); (d) studies that are ran-
domized controlled trial (RCT). Two authors independently re-
viewed full text of all articles that were considered relevant for in-
clusion 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 avail-
able full text and studies written in languages other than English
or Spanish were also excluded. Studies where the size of the exper-

imental group was not equal to or greater than 15 were also ex-
cluded.

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 phys-
ical activity in the older adults with ApoE4 were removed; full
text of potentially relevant papers was imported for further screen-
ing. Two authors performed an initial screening of titles and ab-
stracts independently followed by a screening potential relevant
full text guided by inclusion criteria. A third reviewer was con-
sulted for any screening disagreement. From each study, we col-
lected the following data if available: year of publication, sample
size, participants” characteristics (age, number of participants from
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Fig. 1. Study selection process.

experimental groups and control group), intervention characteris-
tics (type of intervention, type of exercise, length of whole dura-
tion, frequency, intensity, progression, place, supervision, adhet-
ence, dropouts during intervention) and consensus on exercise re-
porting template (CERT), measurement tools, limitations, and
findings. Relevant information was extracted by two reviewers in-
dependently 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 ap-
peared. Seven items regarding risk of bias was assessed: random
sequence generation, allocation concealment, blinding of partici-
pants 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-

https://doi.org/10.12965/jer.2142130.065

mance, the standardized mean difference (SMD) was calculated.
All differences calculated were expressed as 95% confidence inter-
vals (CI). All data analyses were performed with the IBM SPSS
Statistics ver. 25.0 IBM Co., Armonk, NY, USA). Due to hetero-
geneity 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 I 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 ef-
fects were estimated within subgroups and compared across sub-
groups to identify components that modify the intervention ef-
fects.
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RESULTS

Study selection

The original search identified 36 citations underwent a full-text
screen by two independent reviewers, after duplicates, studies ir-
relevant 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 present-
ed 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 pre-
sented the degree of risk of bias for all studies included. The ran-
dom assignment procedure were reported in nine studies (Blu-
menthal 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 par-
ticipants 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 incom-
plete outcome data and selective reporting (Blumenthal et al.,
2019; Cheng et al., 2014a; Cheng et al., 2014b; Jensen et al.,

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

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

Participants’ characteristics

All included trials contained a sample size of 2,025 subjects.
Exercise and control groups were composed of 1,038 and 987 sub-
jects respectively. From 2,025 subjects 901 will be ApoE4 carriers.
Exercise and control groups were composed of 449 and 452 sub-
jects 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 informa-
tion 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 exer-
cise 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 ex-
cept in one study (Solomon et al., 2018) that does not report in-
formation 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 conduct-
ed 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),

Selection bias Performance bias

Detection bias Attrition bias  Reporting bias

Other

Reference Random o cation Ellilre @ il Incomplete Selective sources Total

SEAUENCE 0 ncealment SRS outcome outcome data reporting of bias

generation personnel assessment
Lautenschlager et al. (2008) o o [ ) [ ) o [ ) 0 8
Cheng et al. (2014a) o ()] o o o o 0 9
Cheng et al. (2014b) o o [ ) [ ] o o 0 9
Solomon et al. (2018) o [ ) o o o o 0 6
Blumenthal et al. (2019) o o o [ ) o o 0 7
Jensen etal. (2019a) o 0 0 0 o o 0 3
Jensen etal. (2019b) o 0 0 0 o o 0 3
Stonnington et al. (2020) o 0 0 o o o 0 4
Sanders et al. (2020) o 0 0 o o o 0 4

1, low risk of bias; 2, high risk of bias; 0, unclear risk of bias.
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Apoe-£4 Noncarriers

Apoe-£4 Carriers Std. Mean Difference

Std. Mean Difference

Study or Subgroup Mean SD  Total Mean SD Total Weight IV, Rand 95% Cl  Year 1V, Rand 95% CI
Lautenschlager et al., 2008 7.73 1.27 85 7.01 1.34 24 13.7% 0.5562 [0.0870, 1.0155] 2008 —_—
Cheng et al,, 2014a 6.8 2.45 39 5.6 3.01 23 12.8% 0.4107 [-0.1100, 0.9313] 2014a T
Cheng et al., 2014k 20.6 2.1 39 187 39 9 10.0% 0.7453 [0.0040, 1.4866] 2014b e
Solomon et al., 2018 0.28 0.8 553 0.17 0.87 173 17.0% 0.1345[-0.0364, 0.3053] 2018 -
Blumental et al., 2019 4.2 0.2 41 3.7 0.2 10 8.8% 2.4615[1.6100,3.3131] 2019 —_—nr
Jensen et al., 2019 10.66 2.02 106 9.67 1.19 72 15.7% 0.5686 [0.2634, 0.8738] 2019 T
Stonmington et al., 2020 559  4.65 30 541 7.9 9 9.9% 0.3196 [-0.4291, 1.0682] 2019 1
Sanders et al., 2020 22 4.5 39 1B.6 4.54 18 12.1% 0.7432 [0.1670, 1.3193] 2020 —_—
Total (95% CI) 932 338 100.0% 0.6534 [0.2973, 1.0096] <
Heterogeneity: Tau? = 0.19; Chi* = 35.36, df = 7 (P < 0.00001); I = 80% l_4 -II & é 7
Test for overall effect: Z = 3.60 (P = 0.0003) Negative Effect Positive Effect
Intervention program at least S0 sessions
Apoe-£4 Noncarriers Apoe-£4 Carriers Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% Cl  Year IV, Random, 95% CI
Cheng et al., 2014a 6.8 2.45 39 569 301 23 20.5% 0.4107 [-0.1100, 0.9313] 2014a T
Cheng et al., 2014b 20.6 2.1 39 187 3.9 9 10.1% 0.7453 [0.0040, 1.4866] 2014b
Jensen etal., 2019 1066 2.02 106 9.67 1.19 72 59.5% 0.5686(0.2634, 0.8738] 2019 1t
Stonmington et al., 2020 55.9 4.65 30 541 7.9 9 9.9% 0.3196 [-0.4201, 1.0682] 2019 -
Total (95% Cl) Z214 113 100.0% 0.5295 [0.2939, 0.7650] &
Heterogeneity: Tau® = 0.00; Chi* = 0.89, df = 3 (P = 0.83); I* = 0% :_4 _12 £ q:
Test for overall effect Z = 4.41 (P < 0.0001) Negative Effect Positive Effect
Intervention program more than 50 sessions
Apoe-g4 Noncarriers Apoe-c4 Carriers Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD  Total Mean SD Total Weight IV, Random, 95% Cl  Year IV, Random, 95% CI
Lautenschlager et al., 2008 7.73 1.27 85 7.01 1.34 24 26.0% 0.5562 [0.0970, 1.0155] 2008 ——
Solomon et al., 2018 0.28 0.8 553 0.17 0.87 173 28.5% 0.1345 [-0.0364, 0.3053] 2018 =l
Blumental et al., 2019 4.2 0.2 41 3.7 0.2 10 20.8% 2.4615[1.6100, 3.3131] 2019 e
Sanders et al., 2020 22 4.5 39 186 4.54 18 24.6% 0.7432[0.1670, 1.3193] 2020 —a
Total (95% Cl) 718 225 100.0% 0.B788 [0.1461, 1.6114] i
Heterogeneity: Tau? = 0.48; Chi’ = 31.82, df = 3 (P < 0.00001); I* = 91% 5_4 —=2 5 } 4{
Test for overall effect: Z = 2.35 (P = 0.02) Negative Effect Positive Effect
Low-Maderate intensity
Apoe-gd4 Noncarriers Apoe-£4 Carriers Std, Mean Difference Std. Mean Difference
Study or Subgroup Mean SD  Total Mean SD _Total Weight IV, Random, 95% Cl___ Year 1V, Rand 95% C|
Lautenschlager et al., 2008 7.73 1.27 85 7.01 134 24  22.6% 0.5562[0.0970, 1.0155] 2008 -
Cheng et al., 2014a 5.8 2.45 39 5.69 3.01 23 19.3% 0.4107 [-0.1100, 0.9313] 2014a T
Cheng et al., 20145 20.6 2.1 39 187 3.9 9 11.5% 0.7453 [0.0040, 1.4866] 2014b —
Solomon et al., 2018 0.28 0.8 553 0.17 087 173 46.5% 0.1345 [-0.0364, D.3053] 2018 3
Total (95% CI) 716 229 100.0% 0.3536 [0.0711, 0.6362] £
Heterogeneity: Tau® = 0.04; Chi* = 5,46, df = 3 (P = 0.14); F = 45% 5_4 _52 s i 45
Test for overall affect Z = 2.45 (F = 0.01) Negative Effect Positive Effect
High Intensity
Apoe-g4 Noncarriers Apoe-£4 Carriers Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD  Total Mean SD Total Weight IV, Random, 95% ClI _ Year IV, Random, 95% C|
Blumental et al., 2019 4.2 0.2 41 3.7 0.2 10 21.5% 2.4615([1.6100,3.3131] 2019 —
Jensen et al,, 2019 10.66 2.02 106  9.67 1.19 72 29.4% 0.5686[0.2634, 0.8738] 2019 -
Stonmington et al., 2020 55.9  4.65 30 54.1 7.9 9 23.2% 0.3196 [-0.4291, 1.0682] 2019 -
Sanders et al,, 2020 22 4.5 39 136 4.54 18 25.9% 0.7432[0.1670, 1.3193] 2020 —a
Tatal (95% CI) 216 109 100.0% 0.9639 [0.2512, 1.6766] -‘-
Heterogeneity: Tau® = 0.42; Chi* = 18.11, df = 3 (P = 0.0004); I = 83% =_4 _I2 5 4=

Test for averall effect: Z = 2.65 (P = 0.008)

0
Negative Effect Positive Effact

Fig. 2. Effect of intervention programmes on cognitive function. SD, standard deviation; Cl, 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 (Laut-
enschlager et al., 2008) and the minimum of O (Blumenthal et al.,
2019; Cheng et al., 2014a). The analysis of the description of the
intervention programmes was carried out following the instruc-
tions 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 pro-
grammes 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; chi’ =
35.36; degrees of freedom [df]=7; P <0.0001; I’ = 80%).

The results of cognitive performance in older adults (ApoE4
carriers vs. noncarriers) based on the total duration of the inter-
vention 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; chi’ = 0.89; df=3; P <0.83; I’'= 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; chi’ = 31.82; df=3; P <0.00001; = 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; chi’= 18.11; df=3; P <0.0004; I’ =
83%).

DISCUSSION

The objective of this systematic review and meta-analysis was
to study the role of physical exercise as a potentially preventive in-
tervention 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 num-
ber 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) re-
ducing the risk of cognitive decline compared to sedentary people.
The findings of this systematic review confirm that physical exer-
cise 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 bene-
ficial 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, stretch-
ing, Pilates, aquatic exercise) on the cognitive function of older
adults with ApoE4 carriers and noncarriers. In our systematic re-
view, 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 cog-
nitive 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 neurophys-
iological changes. World Health Organization (2013) advises a
minimum of 150 min per week of moderate-intensity aerobic ex-
ercise or 75 min of vigorous intensity with additional strengthen-
ing exercises. Of the nine studies analyzed, eight of them meet
these recommendations, where one of them combines aerobic ex-
ercise 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 cogni-
tive 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
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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 ses-
sions 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 func-
tion 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 (in-
tensity, 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 mul-
tiple-subgroup design, which provides better quantification of the
associations between specified amounts of physical exercise and
relative effects on cognitive performance (ApoE4 carties and non-
carries 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 exer-
cise, 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 ac-
tivity, because no study carried out a follow-up, so it will be very
important that in future studies they track the behaviour of cog-
nitive 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.

CONCLUSIONS

Considering that there is no treatment to prevent the onset of
cognitive decline in older adults’ ApoE4 carriers and noncarriers,
it is urgent to find the best way to delay the progression of the
disease. Physical exercise is a low-cost, nonpharmacological thera-
py with no side effects that has been shown to help achieve this
goal in a cost-effective and sustainable way. The results of this study
show that aerobic physical exercise alone or combined with resis-
tance training has a positive impact on cognitive functions of old-
er adults whether or not they are carriers of ApoE4, with signifi-
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cant effects in favor of noncarrier ApoE4. Regarding the effect on
cognitive performance that can generate different volumes and in-
tensities 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 sub-
jects), 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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