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Abstract

The current body of evidence suggests that both acute and chronic exercise have a positive impact on executive function (i.e., top-
down mental processes for achieving internal goals). Previous reviews have mainly focused on the effects of aerobic exercise,
whereas possible benefits following resistance training have received far less attention. Therefore, the present review examines
both the acute and long-term effects of resistance training on the three core facets of executive function (inhibitory control,
working memory, and cognitive flexibility). Comparing the effects of resistance training on different subcomponents, benefits
were most pronounced for inhibitory control in both the acute and long-term exercise paradigms. Although some studies also
reported positive effects of resistance training on working memory and cognitive flexibility, the interpretation of these improve-
ments is limited due to heterogeneous findings and a small number of studies. Thus, it is premature to conclude that resistance
training selectively benefits the inhibitory aspect of executive function. Further, it remains unclear how frequency, duration, and
intensity of resistance training influence such cognitive enhancements. Consequently, future studies are encouraged to address
possible influences of exercise characteristics on the subcomponents of executive function, and to further examine the effects of

resistance training across all age groups.
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Introduction

Higher order cognition and executive functioning in particular
are associated with numerous health-related outcomes across
all ages. For example, executive functions are related to aca-
demic achievement (Best et al. 2011), instrumental activities
in daily living (e.g., traveling, shopping and cleaning;
Vaughan and Giovanello 2010) and mental health (Royall
et al. 2002). The executive function domain refers to a family
of top-down mental processes needed for achieving internal
goals and orchestrating thoughts and plans (Diamond 2013).
Its core components include (a) inhibitory control (override a
prepotent response or suppress irrelevant stimuli); (b) working
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memory (maintain and manipulate information to guide re-
sponse); and (c) cognitive flexibility (flexibly shift between
mental sets; Miyake et al. 2000).

Among different interventions that are considered to be
efficient for the elicitation of cognitive benefits, physical ac-
tivity has attracted increasing attention within the last decade.
The majority of studies have examined the effects of aerobic
exercise, defined as rhythmic contractions of large muscle
groups over a prolonged time, which utilize oxygen to meet
the energy demands (Fletcher et al. 2013; Howley 2001), on
executive function. In this respect, meta-analytical findings
support that a single session of aerobic exercise elicits tempo-
rary benefits for this cognitive domain across age (Chang et al.
2012b; Ludyga et al. 2016). Similarly, reviews of longitudinal
findings in children and older adults support long-term effects
of aerobic exercise on executive function (Chaddock et al.
2011; Erickson et al. 2013, 2014). These benefits have been
attributed to a cascade of neurobiological mechanisms elicited
by physical exercise, including increased expression of brain-
derived neurotrophic factor (BDNF) and insulin-like growth
factor-1 (IGF-1), as well as structural changes of the cortical
and subcortical regions (Lubans et al. 2016). Additionally,


http://crossmark.crossref.org/dialog/?doi=10.1007/s41465-018-0079-y&domain=pdf
mailto:sebastian.ludyga@unibas.ch

J Cogn Enhanc (2018) 2:200-207

201

favorable changes in the allocation of attentional resources,
speed of stimulus evaluation, and conflict monitoring have
also been considered as processes that contribute to enhanced
cognitive performance after both a single session and a period
of regular exercise training (Alderman et al. 2016; Hillman
etal. 2011).

Although the majority of studies have focused on the ef-
fects of aerobic exercise on executive function, other types of
training, such as resistance training, have received far less
attention. Resistance training is categorized into anaerobic ex-
ercise, in which a muscle contraction is opposed by force,
leading to increased lactate levels, blood pressure, and oxygen
consumption (Fletcher et al. 2013; Spurway 1992). In com-
parison to aerobic exercise, resistance exercise is therefore
characterized by different physiological (i.e., cardiovascular,
musculoskeletal, metabolic, etc.) demands, which may have
an impact on its cognitive effects. With regard to neurotrans-
mitters, aerobic exercise has been found to increase BDNF
levels (Huang et al. 2014), whereas resistance exercise rather
elicits an elevated IGF-1 expression (Cassilhas et al. 2007,
Chang et al. 2012¢; Tsai et al. 2014). Given this distinct re-
sponse profile, it is likely that executive function benefits fol-
lowing resistance exercise are triggered by a different
pathway.

However, acute and long-term effects of this specific exer-
cise modality have not been summarized in a review. So far,
literature overviews have been provided on the long-term ef-
fects of different exercise types on various cognitive functions
in healthy older adults (Barha et al. 2017; Chang et al. 2012a,
b, c; Levin et al. 2017). Although these reviews provide some
indications for a positive influence of resistance training on
executive function, it should be noted that findings are to some
extent based on studies investigating effects of resistance ex-
ercise combined with other modalities. Consequently, it is
difficult to draw conclusions on cognitive benefits following
a period of pure resistance exercise. Additionally, possible
acute effects of this exercise modality have not been summa-
rized yet. Therefore, the purpose of this review is to examine
both acute and long-term effects of pure resistance training on
executive function. To provide insights into possible benefits
of resistance training across all ages, studies with healthy older
adults and other age groups (e.g., young adults) are included.

Long-term Effects of Resistance Training
on Executive Function

Any changes in executive function following a period of reg-
ular engagement in resistance training are referred to as long-
term effects in the present review. The improvements in this
cognitive domain induced by such an exercise paradigm are of
high practical relevance, because the benefits may last lon-
ger than those elicited by a single exercise session (Best et al.

2015; Perrig-Chiello et al. 1998). However, it remains unclear
how many resistance training sessions are required and how
they should be designed to provoke a durable improvement in
different core facets of executive function. In this respect, an
overview of findings from longitudinal studies is provided in
Table 1.

Focusing on quantitative aspects of resistance training, Liu-
Ambrose et al. (2010) examined the influence of its frequency
on the three fundamental components of executive function
and whole brain volume in senior women. Participants were
randomly assigned to either once-weekly training, twice-
weekly training, or twice-weekly balance training and toning
over a period of 12 months. Regardless of exercise frequency,
resistance training resulted in greater improvements of inhib-
itory control compared to balance training and toning, where-
as changes in working memory and cognitive flexibility were
not significantly different between groups. Interestingly, only
twice-weekly training elicited benefits for peak muscle power,
so that improvements in inhibitory control in the once-weekly
training group were independent of changes in muscular fit-
ness. With regard to MRI assessments, both training interven-
tions led to decreased whole brain volume (0.32-0.43%),
probably due to changes in cerebral fluid. Based on an exam-
ination of further outcomes of the same study, Liu-Ambrose
et al. (2012) reported improved inhibitory control along with
increased cortical activity in prefrontal regions associated with
executive functions.

Further support for beneficial effects of resistance training
on inhibitory control in older adults was provided by Forte
et al. (2013). The authors found similar improvements of in-
hibitory control after 3 months of multimodal and resistance
training. Mediation analyses further revealed that multimodal
training directly affected this core facet of executive control,
whereas resistance training elicited benefits through increased
muscular fitness. Using a slightly longer intervention period
(4 months), Coetsee and Terblanche (2017) examined the ef-
fects of resistance exercise and aerobic exercise in comparison
to no exercise training in older adults. The findings further
support improvements of inhibitory control after resistance
training as well as aerobic training.

In addition to inhibitory control, the current evidence pro-
vides some indications that other components of executive
function are also sensitive to resistance training. Anderson-
Hanley et al. (2010) found that older adults assigned to
1 month of resistance training improved both inhibitory
control and working memory compared to a wait list control
group. Investigating neurotransmitter levels, Cassilhas et al.
(2007) have gained insights into the mechanisms by which
exercise benefits working memory. In their study, older adults
were randomly assigned to moderate- or high-intensity resis-
tance training or no intervention. Independent of intensity
levels, the resistance training groups showed improved work-
ing memory performance, peak muscle power, and higher
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IGF-1 serum levels compared to the control group after
24 weeks. Because IGF-1 is involved in neurogenesis and
angiogenesis, adaptations of brain structure might have con-
tributed to enhanced working memory performance (Voss
et al. 2011). However, it should be noted that other studies
failed to find increased IGF-1 levels (Goekint et al. 2010) and
improvements in executive function (Tuliano et al. 2015) fol-
lowing resistance training.

In summary, most of the experimental findings (from older
adults) support beneficial effects of resistance training (per-
formed at least 2—-3x/week over 1 month) on inhibitory con-
trol. Less is known on the effect of long-term resistance train-
ing on other facets of executive function, although some stud-
ies also reported improved working memory performance fol-
lowing a period of regular engagement in resistance training.

Acute Effects of Resistance Training
on Executive Function

Acute effects of resistance training differ from long-term ef-
fects as changes are considered to be transient in nature.
Although the maintenance of cognitive benefits over an ex-
tended period of time may have a higher practical relevance,
the fact that a single session may provoke (temporary) im-
provements of executive control is a crucial advantage of the
acute resistance training paradigm. Probably due to this ad-
vantage, much more research is available on the acute effects
compared to the long-term effects of resistance training. An
overview of studies investigating core facets of executive con-
trol following a single session of resistance training is provid-
ed in Table 2.

Using a controlled crossover design, Pontifex et al. (2009)
examined the effects of moderate aerobic exercise and intense
resistance training on working memory in young adults. The
behavioral performance on the working memory task was
improved after aerobic exercise compared to baseline,
whereas no such effect was observed for resistance training.
In contrast, Hsieh et al. (2016) found greater enhancements of
working memory in both young and older adults after resis-
tance training, but no change following the control condition.
However, it should be noted that participants completed mod-
erately intense resistance training, so that the intensity was
lower than the one used in the study by Pontifex et al.
(2009). Thus, it is possible that quantitative aspects of this
exercise modality influence the facilitation of working
memory.

With regard to the other core facets of executive function,
Alves et al. (2012) compared the acute effects of aerobic ex-
ercise, resistance training and stretching on inhibitory control
and cognitive flexibility in healthy older women. Although
aerobic and resistance training sessions both elicited greater
improvements for inhibitory control than stretching, changes

in cognitive flexibility did not differ across conditions. In
contrast, Dunsky et al. (2017) only found a non-significant
trend towards improved inhibitory control following both aer-
obic and resistance training relative to a physically inactive
control condition in middle-aged adults. Nonetheless, further
evidence corroborates the notion that this core component of
executive function is sensitive to resistance training. Chang
and Etnier (2009) examined how intensity influences
exercise-induced benefits for behavioral performance on an
inhibitory control task. Young adults were therefore assigned
to 40, 70, and 100% of the 10-repetition maximum or an
inactive control group. Their findings showed that the effect
of resistance training intensity on inhibitory control resembled
an inverted-U curve, suggesting that moderately intense resis-
tance training leads to greater improvements than resistance
training at low or high intensity. Similar acute benefits of
moderately intense resistance training for inhibitory control
have been observed in older adults (Chang et al. 2014).
However, it should be noted that the effects of resistance train-
ing were compared to those of reading, which constitutes a
cognitively demanding task. Based on the examination of an-
other outcome from the same study, Chang et al. (2012a) also
reported improved planning abilities following moderately in-
tense resistance training. This indicates that resistance exercise
may also have a positive influence on more complex execu-
tive functions.

Possible neurophysiological and endocrinological mecha-
nisms underlying the exercise-induced benefits for executive
functions have been investigated by Tsai et al. (2014). In their
study, young adults were randomly assigned to high intensity
resistance training, low intensity resistance training or reading,
which can be regarded a cognitively challenging control condi-
tion. Inhibitory control, neurotrophic factors, cortisol, and
event-related potentials measured via electroencephalography
were assessed before and after the experimental conditions.
Comparing both measurement time points, there were increased
allocation of attentional resources, improved inhibitory control,
and increased growth hormone and IGF-1, whereas serum cor-
tisol levels were decreased. Only the changes of cortisol levels
were associated with an exercise-induced improvement for in-
hibitory control. These results suggest that a reduction of corti-
sol levels rather than an increased expression of neurotrophic
factors contributes to enhanced inhibitory control after 40 min
of low and high intensity resistance training.

Whereas there is accumulating evidence for temporary
benefits of resistance training for some aspects of executive
function, only few insights have been gained regarding the
duration of these effects. In this respect, Brush et al. (2016)
examined how resistance training intensity influences the time
course of the facilitation of the three core executive functions.
Using a crossover design, young adults completed resistance
training at 40, 70, and 100% of 10 repetitions maximum and
watched a video while seated. Executive functions were
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assessed at 15 and 180 min after each experimental condition.
The findings revealed that compared to the control condition,
highly intense resistance training improved inhibitory control
at 15 min post-exercise. In contrast, resistance training at low
and moderate intensities elicited greater benefits for cognitive
flexibility than the control condition at 180 min post-exercise.
In line with Pontifex et al. (2009), working memory seemed to
be unaffected by resistance training. Consequently, these find-
ings point towards intensity- and component-specific effects
of resistance training on executive functions.

Similar to experimental studies investigating long-term ef-
fects of resistance training, findings of the acute exercise par-
adigm support the view that inhibitory control is more sensi-
tive to resistance training than other aspects of executive func-
tion. Benefits for this executive function component were pre-
dominantly found in young and older adults following mod-
erately intense resistance training, although some studies also
reported similar effects after exercise at higher intensity. With
regard to working memory and cognitive flexibility, the few
studies that have investigated effects of resistance training on
these aspects of executive function have produced heteroge-
neous findings.

Limitations and Future Directions

Although evidence is limited, the current state of research
supports positive acute and long-term effects of resistance
training on the inhibitory aspect of executive function.
However, knowledge on the efficiency of specific resistance
training programs in different populations and age groups is
still lacking, so that potential moderators and mediators
should be addressed in future studies.

First, it remains unclear how resistance training affects ex-
ecutive function in children and adolescents. The findings on
possible long-term effects of resistance training are based on
experimental studies with older adults only. Similarly, the
acute effects of resistance training on executive function
should not be generalized across age groups, because there
is a paucity of studies with children. Considering the growing
body of research that indicates positive effects of aerobic ex-
ercise on children’s cognitive performance (Alvarez-Bueno
et al. 2017; Ludyga et al. 2016), it is likely that resistance
training may also have a favorable impact on executive func-
tion in this age group.

Second, the current literature does not allow conclusions on
whether possible executive function gains following acute or
regular resistance training are subject to ceiling effects. For
other exercise modalities, previous studies have provided ev-
idence that individuals with low compared to high cognitive
performance can expect greater benefits for executive function
following exercise (Budde et al. 2010; Drollette et al. 2014;
Sibley and Beilock 2007). Thus, baseline cognitive

performance might mediate the cognitive benefits of resis-
tance exercise.

Third, intensity- and dose-dependent effects of resistance
training on executive function should be examined further. For
long-term effects, the limited number of studies does not allow
conclusions on how quantitative aspects of resistance training
influence executive function. Regarding the acute effects,
some findings suggest that intensity has an impact on im-
provements observed following a single session of resistance
training (Brush et al. 2016; Chang and Etnier 2009). The few
experimental findings support the notion that acute moderate-
ly intense resistance training in particular leads to improved
inhibitory control (Alves et al. 2012; Brush et al. 2016; Chang
and Etnier 2009; Chang et al. 2014; Tsai et al. 2014).
Moreover, it is possible that the beneficial effects of moderate
and high exercise intensities for the elicitation of improve-
ments in executive function differ between studies investigat-
ing acute and long-term effects. Therefore, experimentally
manipulating exercise intensity and other quantitative charac-
teristics in future intervention studies may be necessary to gain
further insights.

Fourth, investigating the beneficial effects of resistance
training (alone or in combination with other exercise types)
compared to other interventions that target cognitive per-
formance seems worthwhile. So far, possible differential
effects of aerobic exercise and resistance training on exec-
utive function have been compared in long-term exercise
(Coetsee and Terblanche 2017; Iuliano et al. 2015) and in
the acute exercise paradigm (Alves et al. 2012; Dunsky
et al. 2017; Pontifex et al. 2009). Due to heterogeneous
findings, more research is necessary to evaluate which ex-
ercise type elicits the greatest benefits for the different com-
ponents of executive function. Given that aerobic exercise
and resistance training seem to affect executive functions
by different pathways (Huang et al. 2014; Cassilhas et al.
2007; Tsai et al. 2014), it should be elucidated whether or
not a combination of both results in further enhancements
of cognitive performance. In this respect, Levin et al.
(2017) implied that combined aerobic and resistance exer-
cise compared to a single exercise modality elicits improve-
ments across different cognitive domains. Thus, further ex-
amination of the acute and long-term effects of mixed ex-
ercise types is fundamental for developing exercise pro-
grams that efficiently improve executive function.

Lastly, although the present review summarized acute and
long-term effects of resistance training on executive function,
it did not address possible benefits for other cognitive do-
mains. However, some studies have already reported improve-
ments of memory function following resistance training
(Lachman et al. 2006; Perrig-Chiello et al. 1998; Weinberg
et al. 2014). Thus, it is possible that this exercise type elicits
similar or even greater performance enhancements for tasks
capturing other cognitive domains.

@ Springer



206

J Cogn Enhanc (2018) 2:200-207

Conclusion

Evidence, albeit limited, suggests that resistance training has
beneficial effects on the inhibitory component of executive
function. For working memory and cognitive flexibility, re-
sults are inconsistent from both the acute and long-term exer-
cise paradigms. So far, researchers were not yet able to draw
general conclusions in terms of the impact of resistance train-
ing on executive function, although it should be noted that
there is no evidence for any detrimental effects on this cogni-
tive domain. To further elucidate the potential benefits of re-
sistance training on executive function, possible moderators
and mediators (such as age of participants, intensity, duration,
and type of resistance training) need to be examined in future
studies.
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