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Abstract

The health benefits of resistance exercises are well established; however, the effects of resistance training on cognition are
not as well understood. The purpose of this meta-analysis was to evaluate the evidence of resistance exercise’s effects on
cognition. A systematic search identified 24 studies that were included in the analyses. These articles ranged in the protocols
utilized and in how they studied the effects of resistance training on cognition. Four primary analyses were carried out to
assess the effects of resistance exercise on cognitive outcomes: (1) composite cognitive scores, (2) screening measures of
cognitive impairment, (3) measures of executive functions, and (4) measures of working memory. Results revealed positive
effects of resistance training on composite cognitive scores (SMD 0.71, 95% CI 0.30-1.12), screening measures of cogni-
tive impairment (SMD 1.28, 95% CI 0.39-2.18), and executive functions (SMD 0.39, 95% CI 0.04-0.74), but no effect
on measures of working memory (SMD 0.151, 95% CI —0.21 to 0.51). High heterogeneity was observed in all analyses.
Resistance training appears to have positive effects on cognition; however, future research will need to determine why the

effects are so variable.

Introduction

The health and physical benefits of exercise are well
established, including increased cardiorespiratory fitness,
increased muscular strength, improved body composition,
and even decreased risk of certain diseases (Hillman et al.,
2008; Janssen and Leblanc, 2010; Nelson et al., 2007;
Ortega et al., 2008; Penedo and Dahn, 2005; Radak et al.,
2008; Voss et al., 2011; Warburton et al., 2006). In con-
trast, the effects of exercise on our emotional and cognitive
processes are not as clear. For example, although exercise
has been shown to improve mood and symptoms associated
with depression and anxiety (Penedo and Dahn, 2005; Singh
et al., 1997), and in general has been shown to improve the
cognitive capacity of individuals (Erickson et al., 2015; Hill-
man et al., 2008), the mechanisms responsible and the nature
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of these changes (i.e., changes in cognitive processing due
to exercise) are not as well understood.

Studies of the effects of exercise on cognition have var-
ied the forms of exercise (i.e., aerobic, strength training
and multimodal forms of exercise), the duration of exercise
(i.e., acute and long-term), the cognitive domains tested
(i.e., executive function, memory, global cognition, etc.)
and the age groups of participants (i.e., children to older
adults) (Altug, 2014; Colcombe and Kramer, 2003; Hill-
man et al., 2008; Sibley and Etnier, 2003; Verburgh et al.,
2014). Reviews of this literature have generally revealed
positive effects of exercise on cognition. However, the vast
majority of current research on this topic has investigated
the effects of aerobic exercise on broad domains of cogni-
tion such as executive functions and memory (Baker and
Frank, 2012; Cassilhas et al., 2016; Colcombe and Kramer,
2003; Hopkins et al., 2012; Hétting et al., 2012; Skriver
et al., 2014; Smith et al., 2010; Stroth et al., 2009; Vasques
et al., 2011; Voss et al., 2011) while ignoring the effects that
isolated resistance exercise may have on cognition. Hence,
the purpose of this meta-analysis was to assess the effects
and potential benefits of resistance exercise on human cog-
nitive abilities.

Resistance training, exemplified by activities such as
weight lifting, is associated with numerous health benefits
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in both younger and older populations (Cavani et al., 2002;
Hillman et al., 2008; Latham et al., 2004) and is engaged
in by millions of people daily as a primary form of physi-
cal activity (“Physical Activity”, 2016). It also serves as an
alternative form of exercise for those who suffer from cardi-
orespiratory problems (e.g., asthma) or individuals who are
limited physically (e.g., lower limb restrictions) and cannot
perform other forms of exercise such as jogging or cycling
(Ouellette et al., 2004; Yerokhin et al., 2012). This is espe-
cially true in older populations, in which cardiorespiratory
and physical limitations are more prevalent. Resistance exer-
cise can also help prevent decreases in strength and muscular
size that have been correlated with aging and which make
it more difficult to perform crucial everyday tasks, such as
walking, getting up after falling, and lifting objects (Borst,
2004; Frontera et al., 2000; Hughes et al., 2001; Kim et al.,
2012; Kimura et al., 2010).

Similarly, aging has also been associated with neuro-
logical changes (e.g., decreased white and gray matter) and
cognitive changes (e.g., decreased processing speeds) that
make it more difficult to complete everyday tasks, such as
driving or remembering to take medications (Anstey et al.,
2005; Insel et al., 2006). Prior studies and reviews have
found that increased levels of fitness can aid in the preven-
tion of neural and cognitive declines associated with aging
(Kennedy et al., 2017; Middleton et al., 2011; Voss et al.,
2011). For example, Colcombe and colleagues found that
fitness training could benefit the cognitive abilities of sed-
entary older adults (Colcombe and Kramer, 2003) and in
another study found that an aerobic training intervention
lead to increases in both gray and white matter volume in
older adults (Colcombe et al., 2006). These results have been
echoed by numerous other studies and reviews have found
that increased fitness levels (i.e., increased aerobic capacity
and/or strength) are associated with a decreased risk and
prevention of Alzheimer’s disease and other forms cognitive
decline (Carvalho et al., 2014; Kirk-Sanchez and McGough,
2014; Paillard, 2015).

In sum, although the physical benefits of resistance
training have been established, there has not been as much
attention given to how isolated resistance training impacts
cognition. Reviews specifically examining how resistance
exercise affects cognition have in general found positive
effects (Chang et al., 2012; Gates et al., 2013; Heyn et al.,
2004; Kelly et al., 2014; Li et al., 2018). However, these
reviews were either qualitative in nature (e.g., Chang et al.,
2012; Li et al., 2018) or were restrictive in their approach
(i.e., Kelly et al., 2014 excluded studies with cognitively
impaired participants and Gates et al., was exclusive to stud-
ies of participants with MCI). Therefore, the purpose of
this meta-analysis was to take a broader and more inclusive
approach in evaluating the effects of resistance exercise on
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cognition and to determine if this relationship is moderated
by factors such as age and mental health.

Methods

The meta-analysis was carried out in accordance with the
Cochrane Review Guidelines, which provides authors with a
set of recommendations for carrying out systematic reviews
and meta-analyses (e.g., only including randomized control
trials and rules for assessing bias). For more information,
see Higgins and Green, 2011.

Search strategy

Literature searches were conducted in the following data-
bases: Web of Science,! PsycInfo, SportsDiscus and Pub-
Med. The final search was carried out by the first author
in October, 2018 and included all years prior to the search
dates. The search string was broken into three components:
a component for exercise modality, a portion for cognitive
terms, and an age group term. The final search string used
was:

(“Anaerobic Exercise” OR “Resistance Training” OR
“Resistance Exercise” OR “Strength Training” OR
“Strength Exercise” OR “Weight Lifting”)

AND

(“Cognition” OR “Memory” OR “Attention” OR
“Executive Function”)

AND

(“Adults™)

This string was designed to catch as many papers as pos-
sible and included multiple terms for resistance exercise as
researchers describe it in various ways. All search result
references were downloaded and imported into an EndNote
library for screening. An initial total of 783 articles were
found, however after removing duplicate references there
was a final total of 547 articles, which were screened for
inclusion in the review.

! The search performed in the Web of Sciences database was limited
to the following categories: neuroscience, sport sciences, pediatrics,
psychology, rehabilitation, clinical neurology, psychology experimen-
tal, public environmental occupational health, psychology develop-
mental, behavioral sciences, psychiatry, psychology multidisciplinary,
geriatrics gerontology, physiology, psychology biological, multidis-
ciplinary sciences, gerontology, psychology applied, education edu-
cational research, psychology clinical, psychology educational and
medicine research experimental.
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Screening

Papers were screened by two of the authors for inclusion.
The initial screening was based on the abstracts and titles
of the articles, then on their full text. To be included in the
review, articles needed to meet the following criteria:

1. Define resistance exercise as exercise that forces skel-
etal muscles to contract due to external force and whose
intervention protocols called for the use of resistance
bands, machines or free weights to perform their exer-
cises. Studies that used balance training as their resist-
ance intervention were excluded because some studies
used balance training as an active control.

2. Participants in the study were aged 18 or older. Studies
of children were excluded due to the variability caused
by development. In addition, there has been very little
(if any) research on the exclusive effects of resistance
exercise in children. Thus, comparisons between adult
and youth populations were inappropriate.

3. Directly measured the effect of resistance exercises on
cognition (i.e., an individual’s mental capacity to pro-
cess and understand information) using performance-
based cognitive measures (e.g., Stroop, Erickson
Flanker, etc.).

4. Was along-term intervention (i.e., minimum of 4 weeks)
comparing a resistance training group to an active or
passive control group.

Studies were excluded from the review for the following
reasons:

1. Review articles that did not provide novel evidence, but
only summarized prior findings including some of the
individual articles identified.

2. Studies that mixed exercise modalities (i.e., both aerobic
and resistance) or added other factors to their interven-
tion (i.e., diet protocols). This was done to examine the
effects of resistance training programs on cognition as
exclusively as possible.

3. Studies that did not explicitly state the contents of their
exercise intervention.

4. Investigations that did not measure cognitive perfor-
mance directly. For example, those that used neural
measures such as EEG, and made indirect inferences
about cognition.

Two of the authors performed the screening of abstracts
and full text articles for inclusion, and 28 articles were
included (k=91%, any disagreements were settled by a third
author). However, when a study produced multiple publi-
cations they were considered one study within the analy-
sis (i.e., Fiatarone Singh et al., 2014, Mavros et al., 2017

and Suo et al., 2016; Iuliano et al. (2015) and Iuliano et al.
(2017); Nagamatsu et al., 2012 and ten Brinke et al., 2015),
resulting in 24 studies for the analysis. See Fig. 1 for a dia-
gram of the search and screening process. In cases where
studies included multiple resistance training groups that
varied in intensity or frequency, only the higher intensity or
more frequent training groups were included in the analysis
(i.e., Cassilhas et al., 2007; Liu-Ambrose et al., 2012; Yoon
et al., 2016). These higher intensity/frequency conditions
better matched the exercise intensity/frequency of the other
studies, thus producing a more consistent meta-analysis
without biasing the results by over-sampling studies with
multiple intervention groups.

Data pooling

Within studies, outcomes were recorded as mean differences
(changes in cognitive scores) before and after exercise and
control interventions. All mean differences were transformed
so that positive values indicate cognitive enhancement due
to resistance training (expected direction) and negative val-
ues indicate cognitive decrement after resistance exercise
(unexpected direction) after controlling for practice effects.
For most cases, standard deviation of differences and paired
correlations were unreported. Therefore, imputation was
required to calculate effect size and previous literature
has shown valid results using imputation (Furukawa et al.,
2006). The imputation method for this investigation utilized
the formula suggested by Borenstein et al. (2010). Next, a
standard mean difference for cognitive domain(s) was calcu-
lated for each study. This value is equivalent to the Cohen’s d
measure of effect size and represents the magnitude of cog-
nitive change from resistance training intervention compared
to control conditions.

In the case of articles that reported multiple measures
within a single domain, a single effect size and standard
error were calculated to meet the assumption of independ-
ence in our statistical analyses. This was accomplished by
pooling the effects and standard errors across the measures.
The pooled outcome was calculated by taking the mean of
the effect sizes and the root mean squared standard errors
across the included measures. See Table 1 for citations of
the included studies and general study characteristics and
Table 2 for the effect sizes included in analysis.

Analysis

Meta-analyses were conducted to determine the impact of
resistance training interventions on cognition. However,
the studies varied very broadly both in the number and
type of cognitive measures, from screening tests of cog-
nitive impairment such as the MMSE to tests of specific
domains of cognitive function such as the Stroop task.
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(Anaerobic Exercise OR Resistance Training OR Resistance Exercise OR Strength Training OR Strength Exercise OR Weight Lifting)
AND
(Cognition OR Memory OR Attention OR Executive Function)
AND
(Adults)

v v

v v

Web of Science Psycinfo

SPORTDiscus PubMed

547 Abstracts and Titles
Screened (after removing
duplicates)

—> 465 Excluded

82 Full text articles
screened

54 Excluded

A 4

28 Articles Identified

!

24 Studies Included

Fig. 1 Flow chart of the search and screening process

Therefore, four separate sets of analyses were carried out:
(1) an analysis of the composite cognitive scores, which
included all cognitive-behavioral measures, (2) an analy-
sis on screening measures of cognitive impairment (e.g.,
MMSE, MoCA which are used as clinical measures to
assess the cognitive impairment of individuals), (3) tests
primarily examining executive functions (e.g., Stroop),
and (4) tests of working memory (e.g., Digit Span). For
each of these primary analyses, the following potential
moderators of the relationship between resistance training
and cognition were tested: (a) cognitive health status (i.e.,
healthy: individuals with no reported cognitive impair-
ments vs. impaired: participants were reported to have a
cognitive impairment e.g., MCI), (b) duration (i.e., studies
were split into groups based on a median split in duration
in weeks, Mdn =16.00), (c) age (i.e., studies were split
into groups based on a median split of the mean age of the
participants, Mdn=70.1), and (d) control group type (i.e.,
active: control group participants who performed activi-
ties beyond their normal daily routines e.g., stretching and
balance exercises vs. passive: control groups participants
who did not deviate from their normal daily routines and/
or incorporate other activities). For the age moderator
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analyses, one study (Goekint et al. 2010) was excluded
because it was a clear outlier in regards to the mean age of
participants (M =20.10) as compared to the other studies
(M =68.84). For the analysis of working memory, the type
of working memory measure was included as a modera-
tor: verbal versus visuospatial working memory. Random-
effects meta-analysis (Borenstein et al., 2010) was used
to provide a pooled effect size for each cognitive domain.

All analyses were conducted in R version 3.4.0 using
functions provided by the metafor package (Viechtbauer,
2010). All tests included random-effects models using the
maximum-likelihood estimator. Random-effects analyses
calculate average standard mean differences without assum-
ing that all studies come from the same population. This
aligned with the review’s goal to summarize the impact of
resistance training without assuming one true effect across
interventions and populations. Furthermore, random effect
models yielded measures of heterogeneity known as I,
which specifies the percent of variability in the effect size
across studies. In addition to the pooled standard mean dif-
ferences, 95% confidence intervals, I estimates, and for-
est plots for each grouping of cognitive outcomes were
produced.
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Table 1 Study characteristics

Study Cognitive health Mn Age Gender Exp N CntN Duration Frequency Control type
Anderson-Hanley et al. (2010) Healthy 72.1 Mix 16 16 4 2-3 x week Passive
Ansai and Rebelatto (2015) Impairment 82.8 Mix 23 23 16 3 X week Passive
Best et al. (2015) Healthy 69.4 Female 46 42 52 2 x week Stretch and balance
Cassilhas et al. (2007) (High) Healthy 68.4 Male 20 23 24 3 X week Warm-up and stretch
Cherup et al. (2018) Healthy 72.2 Mixed 30 7 14 3 x week Passive
Chupel et al. (2017) Impairment 83.5 Female 16 17 28 2inc to 3 X week Passive
David et al. (2015) Impairment 59 Mix 20 18 96 2 X week Stretch and balance
Davis et al. (2013) Impairment 74.1 Female 28 28 24 2 X week Stretch and balance
Fallah et al. (2013) Healthy 69.4 Female 106 49 24 2 X week Stretch and Balance
Fernandez-Gonzalo et al. (2016) Impairment 61.2 Mix 12 14 12 2 X week Passive
Fiatarone Singh et al. (2014)/Mavros Impairment 70.1 Mix 22 27 72 2 dec to 3 X week Passive

et al. (2017)/Suo et al. (2016)
Fragala et al. (2014) Healthy 70.64  Mix 13 12 6 2 x week Passive
Goekint et al. (2010) Healthy 20.1 Mix 15 8 10 3 x week Passive
Irandoust and Taheri (2018) Impairment 549 Males 15 15 9 3 X week Passive
Tuliano et al. (2015) / Iuliano et al. Healthy 65.8 Mix 20 20 12 3 X week Passive

(2017)
Komulainen et al. (2010) Healthy 66.5 Mix 220 226 24 2 or 3 X week Passive

(individualized)

Lachman et al. (2006) Healthy 75.32 Mix 102 108 24 3 x week Passive
Liu-Ambrose et al. (2012) (twice Healthy 68.9 Female 15 17 84 2 X week Stretch and balance

week)

Nagamatsu et al. (2013)/ten Brinke Impairment 73.9 Female 25 25 24 2 x week Stretch and balance
et al. (2015)

Perrig-Chiello et al. (1998) Healthy 73.2 Mix 23 23 8 1 x week Passive

Smolarek et al. (2016) Healthy 65.87 Female 29 8 12 3 x week Passive

Venturelli et al. (2010) Impairment 83.3 Female 15 15 12 3 x week Passive

Yoon et al. (2016) (High) Impairment 75 Female 14 7 12 2 X week Stretch and balance

Yoon and Song (2018) Impairment 73.9 Mixed 20 23 16 3 x week Stretch and balance

Cognitive health cognitive health of participants, Mn Age mean age of participants, Exp N number of participants in the experimental group, Cnt
N number of participants in the control group, Duration number of weeks of intervention, Frequency frequency of intervention

Risk of bias assessment

Risk of bias was assessed according to the Cochrane guide-
lines. The risk of bias was classified as being low, uncertain
or high across the following domains: random sequence
generation, allocation concealment, blinding of participants
and personnel, blinding of outcome assessment, incomplete
outcome data, selective reporting and other forms of bias.
In accordance with Cochrane guidelines if a study did not
report on a method it was deemed as uncertain risk.

Results

Of the identified studies, 23 out of the 24 studies had a mean
participant age of 50 years old or above [mean age of partici-
pants in Goekint et al. (2010) was 20.1]. Ten of the studies
investigated the effects of resistance exercise in cognitively

impaired populations (note that the impairments varied:
probable MCI, MCI, Parkinson’s disease, chronic stroke,
subjective memory complaints, cognitive impairments due
to depression, sleep disorders). The duration in weeks varied
across studies ranging from 4 to 96 weeks. Finally, 15 stud-
ies compared the intervention to a passive control group and
the majority of interventions were carried out twice weekly.

Composite cognitive scores

This analysis included measures from all cognitive domains.
Twenty-four studies were included in this analysis, totaling
868 participants assigned to intervention groups and 774
control participants. Composite scores were computed for 11
out of the 24 studies. Seven of the studies solely used screen-
ing measures of cognitive impairment, three studies used a
single measure of executive functions and one study solely
used a measure of working memory. Meta-analysis revealed
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Anderson-Hanley et al. (2010)
Ansai et al. (2015) 4

Best et al., (2015) 4

Cassilhas et al. (2007) (High) 4
Cherup et al. (2018) 4

Chupel et al. (2017) 4
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)
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David et al.
Davis et al.
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)1
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Perrig-Chiello et al. (1998)

Smolarek et al. (2016) 1

Venturelli et al. (2010)

Yoon et al. (2016) (High) 4

Yoon et al. (2018)
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Fig.2 Forest plot of effects of resistance training interventions on composite cognitive scores. Values in the accompanying table are the effect

size and the 95% confidence intervals in brackets

that resistance training had a positive effect on measures
of cognition (SMD 0.71, 95% CI 0.30-1.12, p <0.001, see
Fig. 2 for forest plot) though there was high heterogeneity
across studies (I>=93.42%, p <0.001).

Screening measures of cognitive impairment

In total, eight studies used brief screening measures for cog-
nitive impairment (n,, = 369, nq = 330). These included
the MMSE (k=4), the MoCA (k=2), NIH toolbox com-
posite (k=1) and the ADAS-Cog (k=1). The results of the
analysis revealed that resistance training had a strong posi-
tive effect on cognitive screening measures (SMD 1.28, 95%
CI 0.39-2.18, p=0.005) though there was high heterogene-
ity across studies (I*=94.06%, p <0.001). See Fig. 3 for
accompanying forest plot of effect sizes.

Executive functions

A total of 16 studies were included in this analysis. 608
participants were assigned to the intervention conditions and
546 participants were assigned to control groups. Tests in
this analysis included letter digit substitution (k= 1), Stroop
tasks (k=6), trail making tests (k=4), Toulouse-Pieron

cancellation numbers (k= 1), tests of immediate recall and
recognition (k=6), the Brief Test of Attention (k= 1), WAIS-
Matrices (k= 1), WAIS-Similarities (k=1), symbol digit
tests (k=2), peripheral visuomotor reaction time (k=1),
neurotracker threshold speed spatial awareness (k=1),
Ravens Test (correct answers) (k=1), Attentive Matrices
(time) (k=1), flanker interference score (k=1), Conner’s
Continuous Performance test (reaction time) (k= 1), Cogni-
trone psychomotor test (k= 1), Frontal Assessment Battery,
(k=1), Walking Response and Inhibition Test (k=1), and a
choice reaction time test (k= 1) (when a study used multiple
measures, the SMD scores were pooled into a single effect,
see Sect. 2.3 for details). Resistance training had a positive
effect on measures of executive function (SMD 0.39, 95%
CI10.04-0.74, p=0.029), and compared to the prior analyses
relatively less heterogeneity (I*=86.45%, p <0.001) (Fig. 4).

Working memory

In total, 11 studies investigated the effects of resistance train-
ing (n=318) on working memory as compared to a control
group (n=324). Two of the studies (Cassilhas et al., 2007
and Fernandez-Gonzalo et al., 2016) included measures of
both verbal and visuospatial working memory. Rather than
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Fig. 3 Forest plot of effects of resistance training effects on screening measures of cognitive impairment

pooling these measures together, only the visuospatial meas-
ures were included from these studies, as the majority of
studies only used measures of verbal working memory and
this exclusion enabled the subsequent moderator analysis
of verbal versus visuospatial working memory. The final
set of measures included in this analysis was digit span
tasks (forwards and backwards) (k=11), Rey auditory ver-
bal learning task (k=4), Corsi block tapping task (forward
and backward) (k=2), spatial span (forward and backward)
(k=2), spatial memory task (k=1), Prose-Immediate Recall
(k=1), and the list learning memory task from ADAS-Cog
(k=1). There was no statistically significant effect of resist-
ance training on measures of working memory (SMD 0.151,
95% CI —0.21 to 0.51, p=0.408), with relatively lower het-
erogeneity across studies (I>=79.55%, p <0.001). See Fig. 5
for the accompanying forest plot.

Moderator analyses

Effects on screening measures of cognitive impairment were
the only ones to exhibit statistically significant effects of
moderator variables. The effect of resistance training on
screening measures was significantly moderated by cogni-
tive health (SMD —1.57,95% CI —3.01 to —0.13, p=0.03,
accounting for 41.53% of the heterogeneity), intervention
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duration (SMD —1.57, 95% CI —2.96 to —0.18, p=0.03,
accounting for 45.21% of the heterogeneity), and con-
trol group type (SMD —2.73, 95% CI —5.19 to —0.27,
p=0.03, accounting for 43.15% of the heterogeneity).
More specifically, participants suffering from cognitive
impairments tended to improve more than healthy par-
ticipants, studies falling below the median duration (Mdn
duration = 16.00 weeks) showed larger effects then those
with durations above the median duration and studies that
compared the effects of resistance training against active
control groups (stretching and balance exercises) showed
larger effects than those with passive control groups. Note
the moderation of control type and duration is most likely
being driven by the unusually large effect in the Yoon et al.,
2016 study (SMD 3.84), which had a below-median dura-
tion and compared the intervention group to an active con-
trol group. None of the other moderator analyses revealed
any statistically significant moderators of the relationship
between resistance training and cognition. See Table 3 for
percent heterogeneity explained for each analysis by each
moderator.

Including type of working memory (i.e., verbal k=9 or
visuospatial k=3) as a moderator had a significant effect
(SMD —0.75,95% CI —1.46 to —0.04, p=0.039), account-
ing for 37.88% of the heterogeneity. The negative direction
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of the effect suggests that there was slightly more improve-
ment on tests of visuospatial working memory as opposed
to tests of verbal working memory.

Risk of bias

Most of the studies reported using a random sequence
to assign participants and only a small subset of studies
reported on concealment methods. All studies were deemed
as having uncertain risk in regards to the blinding of par-
ticipants and personnel to the intervention because it is
impossible to blind participants in the exercise groups, and
it is unclear how this would affect performance on the out-
come measures. This is a limitation inherent in research on
exercise interventions and behavioral interventions more
generally. A majority of the studies did not report on the
blinding of participants to the outcomes, and were therefore
deemed as uncertain risk in accordance with the Cochrane
guidelines.

It was also unclear whether the studies reported all of the
measures that they collected, so a majority of the studies
were deemed as having uncertain risk. For the full sum-
mary, see Fig. 6. To determine if there was publication bias,
funnel plots were created for each of the primary analyses
(Fig. 7), which reiterate the high degree of variability among

study results and suggest that publication bias was present in
each of those analyses. The publication bias appeared to be
less severe in the analysis of resistance exercises effects on
executive functions as compared to the other analyses (note
that the executive functions analysis also had substantially
lower heterogeneity).

Discussion
Summary and interpretation

Researchers have taken a keen interest in the effects that
exercise may have on an individual’s cognitive abilities.
However, the majority of that research has focused on aer-
obic exercise while the role of isolated resistance exercise
has been somewhat overlooked. Therefore, the purpose of
this meta-analysis was to take a broad look at the available
evidence and evaluate the effects of resistance training on
cognition, in isolation from other forms of exercise. In all,
24 studies were included based on: (1) strength training
interventions that used resistance bands, machines, or free
weights, (2) included study populations that were 18 years
of age or older, (3) used direct behavioral measures of cog-
nition, and (4) were long term interventions comparing an
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Table 3 Percent heterogeneity explained by moderator

Health  Duration Age Control type
General cognition 11.97 10.87 0.25 1.34
Screening measures ~ 41.53%  45.21% 30.67 43.15%
Executive functions 0 0 20.11 1.20
Working memory 34.50 2.62 31.39 1.52

#p<0.05

exercise group and a control group. Although this is a rela-
tively small number of studies compared to other fields of
psychological research, it represents a useful point to take
stock of what we know and to identify promising future
directions and challenges that will need to be overcome. In
line with prior reviews on the topic, it appears that resist-
ance exercise has beneficial effects on cognition (Chang
et al., 2012; Heyn et al., 2004; Kelly et al., 2014; Li et al.,
2018). Specifically, analyses revealed positive effects
of resistance training on composite cognitive scores,
on screening measures of cognitive impairment, and on
executive functions. The effect on measures of working
memory was not statistically significant. Only the analy-
sis of screening measures revealed significant moderator
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effects of the mean age of the participants, duration of
intervention, and control group type.

Although these results show some promise for the use of
resistance exercise to improve cognitive abilities, there was
a high amount of heterogeneity. Nevertheless, all included
effects in the analyses of composite cognitive scores and
executive functions were positive (see Figs. 2, 4), only one
of the seven effects in the analysis of screening measuring of
cognitive impairment was zero (Fig. 3), and effects ranged
from slightly negative to greater then two in the analysis
of working memory measures (Fig. 5). The moderators
included in the analyses only accounted for a small amount
of the heterogeneity (i.e., only two of the 16 moderator
analyses were statistically significant). Moving beyond the
included moderators, another possible factor contributing
to the heterogeneity is the differences in the measures that
were used. The strongest effects were observed for screening
measures of cognitive impairment (e.g., MMSE, MoCA),
which are specifically designed to measure changes in cog-
nition that indicate clinically meaningful levels of cognitive
impairment or dementia. In contrast, laboratory measures
of specific aspects of executive functions (e.g., the Stroop
task) and measures of working memory (e.g., the digit span
task) often yield small and noisy effects, and therefore, when
results are pooled together, the effects may be washed out.
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It could also be that resistance exercise selectively
enhances aspects of cognition due to differential cognitive
demands. More specifically, resistance training may selec-
tively improve the cognitive abilities that are more heavily
engaged during the exercises. For example, while weight
lifting individuals need to constantly attend to what they are
doing so that they do not harm themselves or the individuals
around them. These bouts of vigilance may act as a form of
attention training and explain why there was improved per-
formance on tests of executive functions, as many of these
tasks measure an individual’s ability to attend to specific
stimuli. Conversely, weight lifting does not engage work-
ing memory as much and the meta-analysis found no effect
on measures of working memory, though this was moder-
ated by working memory type, with visuospatial working
memory showing larger effects. Note that visuospatial work-
ing memory may be engaged during resistance training for
visualizing and recalling body and weight positions. On this
view, consistent long-term resistance training may act as a
form of cognitive training, similar to computer programs
and games that aim to improve or sustain various cogni-
tive abilities. Although there is some controversy about the
effectiveness and generalizability of computerized cognitive
training (Au et al., 2015; Simons et al., 2016), the effects
tend to be stronger for tasks that are similar to those that
were performed during the training program (Lustig et al.,
2009; Sala and Gobet, 2017). Thus, if resistance exercise is
another form of cognitive training, then it may similarly lead
to enhanced neural and cognitive efficiency specifically in
the domains that are most engaged during the exercises. This
suggestion aligns with prior reviews on the topic, which have
also found differential effects of resistance training depend-
ing on the cognitive outcome examined (e.g., Chang et al.,
2012; Kelly et al., 2014). Specifically, Kelly et al., 2014 sug-
gested that resistance exercise could have greater effects on
specific tasks of executive functions. Differential effects of
resistance exercise on cognition could also aid in explain-
ing the observed high level of heterogeneity. Specifically,
combining measures of different aspects of cognition in sin-
gle analyses could equate to more variance in the observed
effects (e.g., the effects on measures of executive functions
were generally positive and the heterogeneity was much less
then the heterogeneity of the composite scores which com-
bined measures from multiple domains). This is just one
possibility to keep in mind for future research, not a conclu-
sion that can be drawn from the currently available evidence.

There is also the possibility that the effects of resistance
exercise on cognition may be mediated by neurobiologi-
cal mechanisms that are unrelated to the specific cognitive
demands of exercise. Such mechanisms include increases
in neurotropic factors such as brain derived neurotropic fac-
tor (BDNF) (Bramham and Messaoudi, 2005), increases in
proteins such as insulin-like growth factor 1 (IGF-1) (see
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Cotman, Berchtold, and Christie, 2007 for review), changes
in hormone levels, increases in cerebral blood flow, and oth-
ers (Babaei et al., 2014; Cassilhas et al., 2007; Fragala et al.,
2014; Hillman et al., 2008; Kraemer and Ratamess, 2005;
Moreau et al., 2015; Timinkul et al., 2008). These molecu-
lar level changes are believed to lead to structural changes,
such as increased white and gray matter volume (Colcombe
et al., 2006), which could then lead to cognitive changes
as well (for further discussion see Cassilhas et al., 2016).
Neurobiological and cognitive mechanisms may also work
synergistically. For example, the neurobiological mecha-
nisms may increase neuroplasticity, which then enhances
the cognitive training effects for the cognitive functions that
are most strongly and consistently engaged during resistance
exercises. However, clear connections have yet to be demon-
strated between exercise, neurobiological mechanisms, and
cognitive changes.

Open questions and future directions

Much of the literature investigating the effects of resistance
exercise on cognition was motivated by the important pos-
sibility that resistance training may help to stave off cogni-
tive declines associated with aging and neurological impair-
ments. Although the inclusion of cognitive health status and
age as moderating variables accounted for a large amount of
variance in the effects on screening measures of cognitive
impairment, these factors were not significant moderators
on any of the other outcomes. Further, the age distribution
was largely skewed towards older adults (i.e., 65+) and
there was a mix of cognitive impairments (i.e., self reported
impairment, diagnosed mild cognitive impairment, cogni-
tive impairments attributed to depression, and others). The
limited age distribution and mixed set of impairments could
have limited the ability to detect interactions between age
and health. For example, if resistance training is particu-
larly effective for individuals diagnosed with mild cogni-
tive impairment but not for individuals with depression, then
combining them into one “impaired” group would reduce
the ability to detect moderation by cognitive health status.
Unfortunately, at this point, there are not enough published
studies with any one form of cognitive impairment to con-
duct a more precise analysis of the effects of resistance train-
ing. Therefore, although the observed benefits of resistance
training show some promise for its use in staving off cog-
nitive decline, it remains unclear how resistance training
interacts with age and varying disease progressions, both at
cognitive and neurobiological levels.

Further, and possibly most important for the public
interest, more ecologically valid tests need to be used. For
example, although there were benefits found on measures
of executive functions, there is no real way to quantify
how much this will translate into benefits in everyday
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living. Using tasks or follow-up measures that relate
better to everyday life would help to evaluate the real-
life impacts of possible cognitive benefits of resistance
training. Along these lines, exercise in older populations,
resistance exercise in particular (LaStayo et al., 2003),
has been associated with both reduced risk and fear of
falling, leading to increased levels of daily activity (Bar-
nett et al., 2003; Chou et al., 2012; Li et al., 2003; Pluijm
et al., 2006). Increased levels of daily activity (performing
chores, etc.) have been associated with benefits to cogni-
tive functions (Kramer and Erickson, 2007) and decreased
risk of dementia and Alzheimer’s disease (Rovio et al.,
2005). Therefore, there may be an interactive effect: exer-
cise leads to increased amounts of daily activity, which
further enhances cognitive functions and helps to stave
off cognitive declines. As such, it would be beneficial for
future studies to examine this relationship more closely
(i.e., the relationship between exercise, daily activity, and
cognition) to determine how the potential cognitive and
functional gains translate to everyday life and to determine
whether the gains are worth the costs (e.g., gym member-
ships and personal trainer costs).

Another area that needs to be investigated more thor-
oughly is the role of exercise duration, frequency, and inten-
sity. Although several of the studies (Cassilhas et al., 2007,
Liu-Ambrose et al., 2012; Yoon et al., 2016) investigated
how differences in these factors contribute to the effects of
resistance training on cognition, the number of studies was
too small and their designs too heterogeneous to perform a
formal meta-analysis. Therefore, it is important for future
studies to investigate these factors with multiple interven-
tion groups to determine the optimal levels of duration,
frequency, and intensity of exercise in relation to cognitive
performance.

Finally, long-term interventions need to carefully con-
sider the variety of the exercises utilized throughout the
duration of the interventions. A lack of exercise variation
and/or intensity could lead to periods of physical adaptation,
which could hinder cognitive benefits (Baker and Newton,
2011; Fleck, 1999; Peterson et al., 2005; Rhea et al., 2003;
Sale, 1988). If a person becomes overly accustomed to the
exercises, then those exercises will not be as physically tax-
ing, which will decrease the physical benefits and could
lead to decreased neurobiological and cognitive demands,
hindering any potential cognitive and neural benefits. One
way to test this claim would be to utilize a stable long-term
intervention (i.e., not varying exercises used throughout the
intervention) and to perform multiple physical and cognitive
tests throughout the protocol period (rather than just pre-
and post-intervention). This would allow testing for periods
of physical adaptation (i.e., periods where physical benefits
plateau) and whether such periods correspond with plateaus
of cognitive performance. If this is the case, then simply

varying the exercises could enhance both the physical and
the cognitive benefits.

Limitations

There were a number of limitations in carrying out this meta-
analysis. One of the primary limitations was that there was a
large amount of heterogeneity in the observed effects. This
heterogeneity, may have affected the results of the analysis
by skewing the effects away from the true effect. Further,
the observed results may have been subject to publication
bias: studies that found significant effects may have been
more likely to be published than studies with non-significant
effects, thus skewing the results in the literature. Note, how-
ever, that many of the studies included multiple measures of
cognition [e.g., Anderson-Hanley et al., (2010) who included
digit span, Trail Making task, and Stroop] and while some
effects were significant, others were not, possibly reducing
the risk of publication bias (i.e., some non-significant effects
were published because they were included with significant
effects on other measures).

Conclusion

The results of this meta-analysis revealed an overall effect
of resistance training on cognition, on screening measures
of cognitive impairment, and on executive functions, but no
effects were found on measures of working memory. This
shows promise for the use of resistance exercise as a way to
improve cognition and/or stave off cognitive decline. How-
ever, the reported effects were highly variable and more
investigation is needed, especially in regards to the precise
mechanisms that drive these improvements, before any firm
recommendations can be made.

Supplementary materials

The data used in this meta-analysis (i.e., Tables 1 and 2) can
be found here: https://osf.io/8shn5/?view_only=f91e072d18
884ad38ba7253101297¢l1.
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