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1 |  INTRODUCTION

Exercise usually refers to a physical or mental activity 

to improve health, well-being, a physical or mental skill. 

Physical exercise improves mental health and cognitive 

function.1,2 Children who exercise regularly and have a

high aerobic capacity perform better on tests of memory 

and cognitive function than those who do not exercise.3

High aerobic capacity and cognitive function in children are

linked to high blood flow, volume and neuroplastic function 

in the hippocampus as well as better memory function.4-6

Furthermore, exercise in children leads to a thinning of the 

gray substance in the frontal cortex, upper temporal area,

and lateral occipital cortex, which is associated with im-

proved mathematical and arithmetic ability.7 Regular ex-

ercise increases microstructures in the white matter of the 

Received: 31 March 2020 | Revised: 30 July 2020 | Accepted: 31 July 2020

DOI: 10.1002/tsm2.190  

O R I G I N A L  A R T I C L E

Effects of a single exercise workout on memory and learning 

functions in young adults—A systematic review

Peter Blomstrand
1,2 |   Jan Engvall

3

This is an open access article under the terms of the Creative Commons Attribution-NonCommercial License, which permits use, distribution and reproduction in any medium, 

provided the original work is properly cited and is not used for commercial purposes.

© 2020 The Authors. Translational Sports Medicine published by John Wiley & Sons Ltd

1Department of Clinical Physiology, County 

Hospital Ryhov, Jönköping, Sweden

2Department of Natural Science and 

Biomedicine, School of Health and Welfare, 

Jönköping University, Jönköping, Sweden

3Department of Clinical Physiology and 

Department of Health, Medicine and Caring 

Sciences, Linköping University, Linköping, 

Sweden

Correspondence

Peter Blomstrand, Department of Clinical 

Physiology, County Hospital Ryhov, 

Jönköping, Sweden

Email peter.blomstrand@rjl.se

Abstract

Background: Physical exercise improves mental health and cognitive function. The

purpose of this systematic review was to evaluate the current literature examining 

the acute effects of a single exercise workout on learning and memory functions in 

young adults.

Methods: The review was conducted in alignment with the PRISMA guidelines.

Studies were included if they were indexed in PubMed, published between 2009 and 

2019, used an experimental study design and conducted on young human adults. The 

MeSH terms “exercise,” “learning,” and “young adults” were used together with 

the filters Publication dates—10 years; Human Species; and Article types—Clinical 

Trial.

Results: Thirteen studies met the inclusion criteria and were evaluated. The types

of exercise stimulus that were used was walking, running, or bicycling. Several dif-

ferent test instruments were used such as Rey Auditory Verbal Learning Test, Trail 

Making Test A and B, and Stroop Color Word Test. Exercise for two minutes to one 

hour at moderate to high intensity had a favorable effect on learning and memory 

functions in the selected studies.

Conclusions: This systematic review shows that aerobic, physical exercise before

encoding improves learning and memory functions in young adults.
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corpus callosum which integrate cognitive, motor and sen-

sory information between the hemispheres and are of im-

portance for cognition and behavior in children.8 A number 

of studies have shown links between regular exercise and 

cognitive function in children, teenagers and the elderly, but

there is a lack of studies in young adults, here defined as 

individuals between 18 and 35 years of age.

There are three phases in the learning process when in-

formation is stored in memory denoted encoding, consol-

idation, and retrieval.9 Encoding takes place immediately

and includes processing of the information. Subsequently,

the consolidation phase follows when information is moved 

to the more stable long-term memory.10  There are several 

types of memory including sensory memory, short-term 

memory, working memory, and long-term memory.9 The 

latter could be divided into explicit/declarative memory 

(memory of facts, data, and events), implicit/procedural 

memory (unconscious memory or automatic memory), and 

prospective memory (ability to remember to carry out in-

tended actions in the future). Studies have shown that recall 

of information is improved when emotional stimulus and 

exercise is added.11-13

Several single studies have shown that chronic, repeated

physical exercise improves cognitive functions, learning, 

and memory. However, review studies with meta-analysis 

analyzing the effect of a single, acute exercise activity have 

reported varying effects from favorable to small or adverse 

effect.14-16 Exercise duration, intensity, and type of cogni-

tive performance assessed seems crucial for the outcome. 

The purpose of this systematic review was to evaluate the

current literature examining acute effects of a single exer-

cise workout on learning and memory function in young

adults.

2 | MATERIALS AND METHODS

A systematic review was conducted in alignment with the 

PRISMA guidelines. Studies were included if they were 

indexed in PubMed, published between 2009 and 2019, 

written in the English language, used an experimental study 

design (ie, a randomized, controlled trial using an exercise 

intervention) and conducted on healthy young human adults 

(Figure 1). Reports were accepted if the participants were 

between 18 to 35 years of age. Studies of one or both sexes 

were accepted. Studies on subjects with a specific disease or 

condition were excluded. The participants were randomized 

to either rest or exercise alternatively; they completed both 

sessions and were their own controls. Physical aerobic ex-

ercise on a bicycle ergometer, walking, and running was ac-

cepted as exercise interventions. Only reports conducting 

neuropsychological tests of learning, memory, and cogni-

tion were accepted.

3 |  RESULTS

The PubMed search was conducted using the following 

terms: ((”exercise”[MeSH Terms]) AND (”learning”[MeSH 

Terms]) AND (”young adults”[MeSH Terms])). This search 

resulted in 467 unique studies. Next, the filters “Publication 

dates, 10 years,” “Human Species,” and “Article types, 

Clinical Trial” were applied yielding 83 studies whose titles 

and abstract the author No.1 reviewed.

Forty-nine studies were excluded since they did not assess 

memory and learning functions. Twelve reports were omitted 

since they concerned studies of patients with a specific dis-

ease or condition. One study was performed on non-humans 

and another on adults >35 years. Seven studies did not in-

volve an exercise stimulus and were excluded. Thirteen stud-

ies fulfilled the inclusion criteria for the study. These thirteen 

studies were scrutinized in their entirety by author No. 1. Five 

studies were excluded: two examined the effect of chronic 

and not acute exercise, one investigated both young and old 

adults, one investigated the effect of prolonged exercise-in-

duced fatigue, and one did not concern effects on learning 

and memory. Eight studies met the established criteria and 

were included in the study. Another five studies were identi-

fied from the references published with the eight initially in-

cluded studies. In total, thirteen studies were included in this 

systematic review. A Cochrane “Risk-of-Bias2”-analysis was 

performed, which found low risk of bias as for the outcome 

of the systematic review in relation to the included primary 

studies, see Appendix.

Results of the thirteen evaluated studies are shown in 

Table 1. The participants were randomized either to exercise 

versus rest, or within subject repeated measures using differ-

ent exercise and rest protocols. The exercise stimulus used in 

the studies were walking, running, or bicycling varying from 

light and moderate to vigorous intensity. Seven studies used 

walking or running and six studies used bicycle ergometer 

as physical activity to improve learning functions.2,10,17-27

The duration of the exercise stimulus varied between 2,21

15,19,22,23 30,10,18,25,26 and 60 minutes.24  Two studies analyzed 

the impact of several different durations (10-60 minutes).2,17

There were several instruments used for assessment of 

cognitive function, memory, and learning in the selected 

studies (Table 1). Most frequently used was Rey Auditory 

Verbal Learning Test, Trail Making Test A and B, and Stroop 

Color Word Test. There was a predominance of tests that 

measure verbal memory, short-term memory, learning, and 

visual perception.

Exercise at moderate to high intensity improved learning 

memory, planning and problem-solving, concentration-re-

lated cognitive functions, long-term memory, working 

memory, verbal fluency but not spatial memory, object rec-

ognition, or passive avoidance learning. The effects remained 

for 30-120 minutes. A short, 5 minutes of recovery, before 
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encoding improved memory functions. Exercise durations of 

10-60minutes may have different effects on memory func-

tions based on the recovery period. In summary, the studies 

showed that a single boost of aerobic exercise workout fol-

lowed by a brief recovery before encoding improves atten-

tion, concentration learning, and long-term memory in young 

adults.

4 |  DISCUSSION

This systematic review shows that aerobic exercise improves 

the learning ability and storage in memory when exercise is 

performed before and in close connection with the learning 

activity.

How long time should the exercise effort should last and 

with what intensity to get the most beneficial effect on learn-

ing? In these studies, there is support for exercise sessions 

from a couple of minutes to one hour in duration of moderate 

to high intensity. Two studies compared different lengths of 

the efforts one of whom recommended a bicycle exercise ses-

sion consisting of a 5 minutes warm-up, 20 minutes of mod-

erate-intensity exercise, and a 5 minute cooldown.2 Crush 

and Loprinzi claimed that the duration of exercise might be 

important for cognition but is less important for the mem-

ory function.17 Two studies compared physical training of 

F I G U R E  1  PRISMA flow-chart describing the selection of reports to the study
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different intensity with conflicting results. One study found 

support for high-intensity exercise being preferable and 

the other for moderate intensity being best.18,20 Crush and 

Loprinzi compared recovery periods from 5 to 30 minutes 

and found that a short recovery of 5 minutes may have favor-

able effect on memory functions but not on planning abil-

ity.17 Whereas exercise improves the first encoding phase of 

learning, exercise immediately after learning, in conjunction 

with the consolidation phase, has less favorable effect.10,19

Several cognitive functions associated with learning were im-

proved after an exercise stimulus in the selected studies such 

as: attention, concentration, working memory, short-term 

memory, long-term memory, verbal fluency, and capability 

to plan and solve problems. These higher orders of executive 

processes are depending on the prefrontal cortex.24 However, 

more studies are needed to identify optimal exercise strate-

gies to improve learning and memory.

Several mechanisms have been proposed to explain how 

acute exercise can improve memory and learning functions. 

Exercise-induced long-term potentiation (LTP) represents a 

sustained post-synaptic potentiation and a cellular mecha-

nism of episodic memory function.28 Physical activity may 

induce plasticity-related proteins that tag nearby synapses

for capturing by the memory stimuli.29 Exercise may en-

hance attention and memory encoding through modulation

of dopamine transmitters and increase the expression of

dopamine.30 Animal studies have demonstrated increased

post-synaptic excitatory activity and improved long-term 

memory after high-intensity exercise.31,32 Physical training 

may affect the levels of cAMP-responsive element bind-

ing protein-1 (CREB-1) and neuronal excitability which

may facilitate prime neuronal cells to encode memory.33,34

Brain-derived neutropic factor (BDNF) may also promote 

memory functions.18 In summary, several mechanisms have 

been suggested but more research is needed to understand 

how morphological, neurochemical, and electrophysiologi-

cal alterations in various regions interact.

5 |  PERSPECTIVES

The present study provides knowledge about how a single 

boost of aerobic exercise workout improves attention, con-

centration, and learning and memory functions in young 

adults. Identifying optimal exercise strategies may have im-

portant education-related implications.

6 | LIMITATIONS TO THE STUDY

There are some limitations to the study. A meta-analysis 

would have strengthened the validity of the paper but was not 

performed. The search was only performed in PubMed and 
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limited to the last 10 years. There are several older studies 

published in the field.12 There are other databases available 

such as PsycINFO (American Psychological Association) and 

ERIC (Institute of Education Sciences), however, PubMed is 

the far greatest of them all and covers the knowledge area. 

The delimitation is performed in order to focus on the current 

state of knowledge. Exercise in the form of walking, running, 

and bicycling has been used as exercise stimulus without find-

ings supporting that these forms of activity would improve 

learning better than other forms of exercise. However, in our 

review, the results are comparable regardless of type of exer-

cise used.

7 |  CONCLUSION

This systematic review strongly suggests that aerobic, physi-

cal exercise followed by a brief recovery before encoding 

improves attention, concentration, and learning and memory 

functions in young adults. The results of this review may 

have important education-related implications. Identifying 

optimal exercise strategies may help students to enhance 

their learning and memory.
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Revised Cochrane risk-of-bias tool for randomized trials (RoB 2)
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Edited by Julian PT Higgins, Jelena Savović, Mahew J Page, Jonathan AC Sterne

on behalf of the RoB2 Development Group

Version of 22 August 2019

The development of the RoB 2 tool was supported by the MRC Network of Hubs for Trials Methodology Research (MR/L004933/2- N61), with the support of the 

host MRC ConDuCT-II Hub (Collaboraon and innovaon for Difficult and Complex randomised controlled Trials In Invasive procedures - MR/K025643/1), by MRC

research grant MR/M025209/1, and by a grant from The Cochrane Collaboraon.
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Study details

Reference Effects of a Single Exercise Workout on Memory and Learning Functions in Young Adults – a Systematic Review 

by Blomstrand P and Engvall J

Study design

X Individually-randomized parallel-group trial

 Cluster-randomized parallel-group trial

X Individually randomized cross-over (or other matched) trial

For the purpos ons being coes of this assessment, the interven mpared are defined as

Experimental: Comparator:yes

Specify which outcome is being assessed for risk of bias Studies reporng improved learning and memory funcons aer

exercise

Specify the numerical result being assessed. In case of mulple alternave

analyses being presented, specify the numeric result (e.g. RR = 1.52 (95% CI 

0.83 to 2.77) and/or a reference (e.g. to a table, figure or paragraph) that 

uniquely defines the result being assessed.

The main numerical results for the included thirteen reports are

listed below.

igure 2)- Basso 2015 (Ref 24)(Table 3, F

Figure 3)- Chang 2011 (Ref 25)(Table 4, 

igure 1 and 2)- Chang 2015 (Ref 2)(Table 2, F

- Crush 2017 (Ref 17)(Table 3)

)- Etnier 2016 (Ref 18)(Figure 1

- Frith 2017 (Ref 19)(Figure 4)

- Labban 2011 (Ref 26)(Figure 4)

- Labban 2018 (Ref 10)(Table 3)

nd 2)- Liu 2017 (Ref 27)(Figure 1 a

e 2)- Loprinzi 2015 (Ref 20)(Tabl

able 1)- McNerney 2015 (Ref 21)(T

)- Sng 2018 (Ref 22)(Figure 1

- Sng 2018 (Ref 23)(Table 1)

Is the review team’s aim for this result…?

x to assess the effect of  (the ‘intenon-to-treat’ effect)assignment to intervenon

x to assess the effect of  (the ‘per-protocol’ effect)adhering to intervenon

If the aim is to assess the effect of adhering to intervenon, select the deviaons from intended intervenon that should be addressed (at least one

must be checked): 

 occurrence of non-protocol intervenons

x failures in implemenng the intervenon that could have affected the outcome

 non-adherence to their assigned intervenon by trial parcipants

Which of the es were to help inform the risk-of-bias assessment? (ck as many as apply)following sourc obtained 

X J (s) with results of the trialournal arcle

 Trial protocol

 Stascal analysis plan (SAP)

 record (e.g. ClinicalTrials.gov record)Non-commercial trial registry 

  record (e.g. GSK Clinical Study Register record)Company-owned trial registry

 ished thesis)“Grey literature” (e.g. unpubl

  the trialConference abstract(s) about

 linical Study Report, Drug Approval Package)Regulatory document (e.g. C

 Research ethics applicaon

 PORTER or Research Councils UK Gateway to Research)Grant database summary (e.g. NIH Re

 Personal communicaon with trialist

 Personal communicaon with the sponsor

P
rinted by [Jonkoping C

ounty C
ouncil - 194.103.119.066 - /doi/epdf/10.1002/tsm

2.190] at [10/09/2020]. 



| 11BLOMSTRAND  ENGVALLAND

Risk of bias assessment

Responses underlined in green are potential markers for low risk of bias, and responses in  are potential markers for a risk of bias. Where questions relate onlyred

to sign posts to other questions, no formatting is used.

Domain 1: Risk of bias arising from the randomization proces s

Signalling questions Comments Response options

1.1 Was the allocation sequence random? Y / PY / PN / N / NI

1.2 Was the allocation sequence concealed

until participants were enrolled and 

assigned to interventions?

PY

PY
Y / PY / PN / N / NI

1.3 Did baseline differences between

intervention groups suggest a problem with 

the randomization process? 

N Y / PY / PN / N / NI

Risk-of-bias judgement Low Low / High / Some concerns

Optional: What is the predicted direction of

bias arising from the randomization process?

NA / Favours experimental /

Favour wards s comparator / To

nul ll / l /Away from nu

Unpredictable

Domain 2: Risk of bias due to deviations from the intended interventions (effect of assignment to intervention)

Signalling questions Comments Response options

2.1. Were participants aware of their

assigned intervention during the trial?

Y / PY / PN / N / NI

2.2. Were carers and people delivering the

interventions aware of participants'

assigned intervention during the trial?

Y

Y Y / PY / PN / N / NI

2.3. If Y/PY/NI to 2.1 or 2.2: Were there

on deviations from the intended interventi

that arose because of the trial context?

N NA / Y / PY / PN / N / NI

2.4 If Y/PY to 2.3: Were these deviations

likely to have affected the outcome?

NA / Y / PY / PN / N / NI

2.5. If Y/PY/NI to 2.4: Were these

tervention deviations from intended in

balanced between groups?

NA / Y / PY / PN / N / NI

2.6 Was an appropriate analysis used to

ffect of assignment to estimate the e

intervention?

Y Y / PY / PN / N / NI

2.7 If N/PN/NI to 2.6: Was there potential

f for a substantial impact (on the result) o

the failure to analyse participants in the

group to which they were randomized?

NA / Y / PY / PN / N / NI

Risk-of-bias judgement Low Low / High / Some concerns

Optional: What is the predicted direction of

bias due to deviations from intended 

interventions?

NA / Favours experimental /

Favours comparator /

To m wards null /Away fro

null / Unpredictable
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Domain 2: Risk of bias due to deviations from the intended interventions (effect of adhering to intervention)

Signalling questions Comments Response options

2.1. Were participants aware of their

assigned intervention during the trial?

Y / PY / PN / N / NI

2.2. Were carers and people delivering the

interventions aware of participants'

assigned intervention during the trial?

Y

Y

Y / PY / PN / N / NI

2.3. [If applicable:] If Y/PY/NI to 2.1 or 2.2:

ntions Were important non-protocol interve

balanced across intervention groups?

N NA / Y / PY / PN / N / NI

2.4. [If applicable:] Were there failures in

on that could implementing the interventi

have affected the outcome?

N NA / Y / PY / PN / N / NI

2.5. [If applicable:] Was there non-

d intervention adherence to the assigne

 affected regimen that could have

participants’ outcomes?

N NA / Y / PY / PN / N / NI

2.6. If N/PN/NI to 2.3, or Y/PY/NI to 2.4 or

propriate analysis used to 2.5: Was an ap

ffect of adhering to the estimate the e

intervention?

Y NA / Y / PY / PN / N / NI

Risk-of-bias judgement Some concerns Low / High / Some concerns

Optional: What is the predicted direction of

bias due to deviations from intended 

interventions?

NA / Favours experimental /

Favours comparator /

To m wards null /Away fro

null / Unpredictable

Domain 3: Missing outcome data

Signalling quesons Comments Response opons

3.1 Were data for this outcome available

for all, or nearly all, parcipants 

randomized?

 Y Y / PY / PN / N / NI

3.2 If N/PN/NI to 3.1: Is there evidence that

the result was not biased by missing 

outcome data?

NA / Y / PY / PN / N

3.3 If N/PN to 3.2: Could missingness in the

outcome depend on its true value?

NA / Y / PY / PN / N / NI

3.4 If Y/PY/NI to 3.3: Is it likely that

missingness in the outcome depended on 

its true value?

NA / Y / PY / PN / N / NI

Risk-of-bias judgement Low Low / High / Some concerns

Oponal: What is the predicted direcon of

bias due to missing outcome data?

NA / Favours experimental /

Favours comparator /

To m wards null /Away fro

null / Unpredictable
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Domain 4: Risk of bias in measurement of the outcome

Signalling questions Comments Response options

4.1 Was the method of measuring the

outcome inappropriate?

N Y / PY / PN / N / NI

4.2 Could measurement or ascertainment

differed between of the outcome have 

intervention groups?

N Y / PY / PN / N / NI

4.3 If N/PN/NI to 4.1 and 4.2: Were

sors aware of the outcome asses

eceived by study intervention r

participants?

NA NA / Y / PY / PN / N / NI

4.4 If Y/PY/NI to 4.3: Could assessment of

the outcome have been influenced by

knowledge of intervention received?

NA / Y / PY / PN / N / NI

4.5 If Y/PY/NI to 4.4: Is it likely that

ed assessment of the outcome was influenc

by knowledge of intervention received?

NA / Y / PY / PN / N / NI

Risk-of-bias judgement Low Low / High / Some concerns

Optional: What is the predicted direction of

bias in measurement of the outcome?

NA / Favours experimental /

Favours comparator /

To m wards null /Away fro

null / Unpredictable

Domain 5: Risk of bias in selecon of the reported result

Signalling quesons Comments Response opons

e data that produced this result 5.1 Were th

 accordance with a pre-specified analysed in

an that was finalized before analysis pl

 outcome data were available for unblinded

analysis?

Y / / NIY / PY PN / N 

Is the numerical result being assessed likely

lected, on the basis of the to have been se

results, from...

5.2. ... mulple eligible outcome

measurements (e.g. scales, definions, 

me points) within the outcome 

domain?

N Y / PY / PN / N / NI

5.3 ... mulple eligible analyses of the

data?

N Y / PY / PN / N / NI

Risk-of-bias judgement Low Low / High / Some concerns

Oponal: What is the predicted direcon of

bias due to selecon of the reported result?

NA / Favours experimental /

Favours comparator /

To m wards null /Away fro

null / Unpredictable

Overall risk of bias

Risk-of-bias judgement Low Low / High / Some

concerns

Oponal: What is the overall predicted

direcon of bias for this outcome?

NA / Favours

ex rs perimental / Favou

co ds mparator / Towar

nul ll / l /Away from nu

Unpredictable
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