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Experimental Effects of Acute High-Intensity Resistance
Exercise on Episodic Memory Function: Consideration for
Post—Exercise Recovery Period
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Background: The present experiments evaluated the effects of acute high-intensity resistance exercise on episodic
memory.

Methods: Two experiments were conducted. For Experiment 1, participants (N = 40; M, = 21.0 years) were randomized
into one of two groups, including an experimental exercise group and a control group (seated for 20 min). The ex-
perimental group engaged in an acute bout of resistance exercises (circuit style exercises) for 15 minutes, followed by
a 5-min recovery period. Memory function was subsequently assessed using a multiple trial (immediate and delay),
word-list episodic memory task (Rey Auditory Verbal Learning Test, RAVLT), and then followed by a comprehensive,
computerized assessment of episodic memory (Treasure Hunt task, THT). The THT involved a spatio-temporal assess-
ment of what, where, and when components of episodic memory. Experiment 2 evaluated if altering the recovery period
would influence the potential negative effects of high-intensity resistance exercise on episodic memory function. For
Experiment 2, participants (N = 51) were randomized into the same acute resistance exercise protocol but either with
a 10-min recovery period, 20-min recovery period, or a control group.

Results: For Experiment 1, for RAVLT, the exercise group performed worse (Fgroup x time = 3.7, p = .001, 7 p = .09). Across
nearly all THT outcomes, the exercise group had worse spatio-temporal memory than the control group. These results
suggest that high-intensity resistance exercise (with a 5-min recovery) may have a detrimental effect on episodic memory
function. For Experiment 2, for RAVLT, the exercise with 10-min recovery group performed better (Fgroup x time = 3.1,
p =.04, 7%p =.11). Unlike Experiment 1, exercise did not impair spatio-temporal memory, with the 20-min exercise
recovery group having the best “where” component of episodic memory.

Conclusion: Collectively, the results from these two experiments suggest that acute high-intensity resistance exercise
may impair episodic memory when a short exercise recovery period (e.g., 5-min) is employed, but with a longer recovery
period (10+ min), acute high-intensity resistance exercise may, potentially, enhance episodic memory.
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strate that acute aerobic exercise can enhance short- and
long-term episodic memory function, as well as semantic
memory [11,12]. These exercise-induced improvements in
memory function have important health implications, as
memory function is an independent predictor of premature
mortality [13].

We have previously discussed the potential mechanisms
through which acute aerobic exercise may influence epi-
sodic memory function [14-18]. These postulated acute
aerobic exercise-related mechanisms include, for example,
1) enhanced neuronal excitability; 2) enhanced attentional
resource allocation to facilitate memory encoding; 3) upre-
gulation of AMPA receptor levels, opening NMDA chan-
nels, and increasing EPSP (excitatory post-synaptic poten-
tials) in the hippocampus; 4) the priming of neurons to be
encoded in the memory trace by increasing CREB tran-
scription; 5) BDNF (brain-derived neurotropic factor) ex-
pression; and 6) enhanced dendritic spine growth. Such ef-
fects may arise from physiological changes that enhance
memory consolidation, as well as psychological effects, such
as exercise-induced enhancement in attention, which may
facilitate enhanced memory encoding [19,20]. As detailed
elsewhere [21], attentional processes may involve involun-
tary or bottom-up attention, as well as voluntary or top-
down attention. Acute aerobic exercise has also been shown
to induce neuronal excitation in the mesencephalic reticular
formation [22,23], thalamus [24], and limbic structures
[25], which are key brain structures involved in bottom-up
attentional processes. Similarly, acute aerobic exercise may
help to facilitate top-down attention via increases in neuro-
nal activity in both the frontal and parietal structures
[26,27]. Notably, however, emerging research demonstrates
that both aerobic and resistance exercise may enhance epi-
sodic memory function, but they may activate unique intra-
cellular pathways to exert such memory-enhancing effects
[28-32].

Emerging work is starting to demonstrate that resistance
exercise may confer unique health benefits when compared
to aerobic exercise [33,34]. Although recent work suggests
that aerobic exercise may confer mnemonic benefits, much
less investigated is whether resistance exercise confers sim-
ilar benefits to episodic memory as does aerobic exercise

[35-42]. As we detailed in a recent systematic review [43],
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of the 7 chronic training studies, 4 [36,37,39,41] did not
demonstrate beneficial effects of resistance training on epi-
sodic memory function, whereas 3 studies [38,40,42] pro-
vided some evidence that chronic resistance training was
beneficial in improving episodic memory function. A recent
review [44] demonstrates that acute resistance exercise may
enhance cognition, particularly inhibitory control.

To our knowledge, only one study has examined the ef-
fects of an acute resistance training bout (isokinetic dyna-
mometer knee extension exercises) on memory function
[35]. This study demonstrated mostly null effects, poten-
tially because the knee extension exercises were employed
only after memory encoding. Recent work from this [4,5]
and other labs [8-10] suggest that exercise occurring prior
to encoding (vs. other temporal periods) may be more bene-
ficial in enhancing episodic memory.

Given the dearth of research in this area, the purpose of
this study was to examine the effects of an acute bout of
resistance exercise on episodic memory function. There is
plausibility for resistance exercise to confer unique effects
on memory, when compared to other modalities of exercise
(e.g., aerobic exercise). For example, Ozkaya et al. [45]
evaluated neuroelectrical correlates of memory function
among those engaging in an aerobic vs. resistance exercise
program. Both interventions improved various event-related
potential parameters, but the strength training group pro-
duced a shorter latency for P2/N2 and a larger amplitude
for N1P2, P2N2, and N2P3 (event-related potentials),
which may help to facilitate information processing. Fur-
ther, emerging work in animal models suggest that the
mechanisms through which resistance exercise improves
memory function may differ from mechanisms modulated
by aerobic exercise, with different intracellular pathways
being activated [28-32].

We recently demonstrated that the post-exercise recovery
period may play an important role in influencing the rela-
tionship between acute moderate-intensity aerobic exercise
on cognitive function [3]. This is also supported by meta-
analytic research [7]. Herein, we evaluate the experimental
effects of acute high-intensity resistance exercise on epi-
sodic memory function. Specifically, we conducted two ex-
perimental studies. Experiment 1 evaluated the effects of

acute high-intensity resistance exercise, with a 5-minute re-



covery period, on episodic memory function. We initially
hypothesized that acute resistance exercise would enhance
episodic memory function. As will be discussed, these find-
ings provided evidence that acute high-intensity resistance
exercise with a relatively short recovery period had a poten-
tially detrimental effect on episodic memory function. This
served as the motivation for Experiment 2, in which two
additional high-intensity resistance exercise groups were in-
cluded, involving longer recovery periods (10-min and
20-min). For this second experiment, we hypothesized that
extending the post-exercise recovery period would attenuate
any potential negative effects on memory, and possibly, en-
hance memory function. These two experiments were con-
ducted sequentially (Experiment 1 in the Spring of 2018,
with Experiment 2 in the Summer of 2018). These findings
may have important implications for exercise prescription
purposes. For example, these implications include the timing
of exercise and the duration of recovery period to try and
optimize memory function, and regarding the latter, may
provide individuals with evidence that other modalities of
exercise, besides aerobic exercise, may improve their health,
which may influence their initiation and maintenance of re-
sistance exercise behavior. We study these research ques-
tions among a convenience sample of young adults. This
study serves as a proof-of-concept study to evaluate wheth-
er acute resistance exercise may influence memory function.
As discussed previously [46], this is a population where
memory may start to decline, and as such, is a useful pop-
ulation to evaluate this question. Of course, for general-
izability purposes, future studies on this topic, among other

populations, will be needed.

MATERIALS AND METHODS
- Experiment 1

1. Study design

A two-arm, parallel-group randomized controlled inter-
vention was employed. Participants were randomized into
one of two groups, including an experimental group and a
control group. The experimental group engaged in an acute
bout of resistance exercises for 15 minutes, while the control
group engaged in a seated task that involved playing an

on-line game (Sudoku). All memory assessments occurred
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after the exercise or control periods. This study was ap-
proved by the authors’ institutional review board and partic-

ipants provided written consent prior to study participation.
2. Participants

Each group included 20 participants (N = 40). This is
based from a power analysis indicating adequate statistical
power for sample sizes ranging from 8-24 (d, 0.84-1.36;
two-tailed @ error probability, 0.05; 1-4 error probability,
0.80; allocation ratio, 1). This also aligns with our other re-
lated experiment work on this topic demonstrating adequate
statistical power [2-5]. Recruitment occurred via a con-
venience-based, non-probability sampling approach (class-
room announcement and word-of-mouth). Participants in-
cluded undergraduate and graduate students between the
ages of 18 and 35 yrs. Students were sampled from a variety
of disciplines, such as exercise science, psychology, and
biology. Additionally, participants were excluded if they:

Self-reported as a daily smoker [47,48]; self-reported be-
ing pregnant [49]; exercised within 5 hours of testing [8];
consumed caffeine within 3 hours of testing [50]; had a
concussion or head trauma within the past 30 days [51];
took marijuana or other illegal drugs within the past 30 days
[52] or were considered a daily alcohol user (> 30 drinks/

month for women; > 60 drinks/month for men) [53].
3. Resistance exercise protocol

All resistance exercises were weight-free, i.e., only using
the human body and no external loads. This approach was
employed to maximize generalizability. Participants per-
formed 5 supervised circuits, with each circuit lasting 3
minutes. Thus, the bout of exercise was 15-minutes in
duration. Each circuit, in this order, involved:

* Human squats for 30 seconds

* Push-ups for 30 seconds

 Sit-ups for 30 seconds

» Plank exercise for 30 seconds

» Rest (laying) for 60 seconds™

*For the last circuit, instead of a rest period for
60-seconds, participants completed push-ups (or sit-ups, if
they could not maintain the push-ups for the full 60-secs)
to failure for one-minute. This was performed to ensure

that all participants had a similar level of physical exertion

o JLM



Journal of Lifestyle Medicine Vol. 10, No. 1, January 2020

by the end of the bout of exercise. After the 15-minute
bout of exercise, participants sat (and played Sudoku) qui-

etly for 5-minutes before commencing the memory task.
4. Control protocol

Similar to other related experiments [54], those random-
ized to the control group completed a medium-level, on-line
administered, Sudoku puzzle. Participants engaged in this
task to prevent boredom. Participants completed this
time-matched puzzle for 20-minutes prior to completing the
memory task (described below). The website for this puzzle
is located here: https://www.websudoku.com/. We have ex-
perimental evidence that playing Sudoku does not prime or
enhance episodic memory function; thus, we have limited
concern as to whether this type of control activity would

induce any cognitive benefits.
5. Memory assessments

Participants completed two memory tasks in a fixed order.
The first memory task was a multiple trial, word-list epi-
sodic memory task (Rey Auditory Verbal Learning Test;
RAVLT) [55]. This task, described in more detail below,
involves an immediate memory assessment, as well as a de-
layed free-recall test, occurring approximately 10-minutes
after memory encoding. Between the immediate and de-
layed free recall RAVLT assessments, participants com-
pleted a comprehensive, computerized ‘what-where-when’

assessment of episodic memory (Treasure Hunt Task; THT).

1) RAVLT

Identical to our other experimental work [4,5], short-term
(immediate) and longer-term memory (10-min delay, i.e.,
10-minutes after the completion of the final trial of the
RAVLT) were assessed using the standardized Rey Audito-
ry Verbal Learning Test (RAVLT) [56], which takes ap-
proximately 10-15 minutes to complete. Participants were
asked to listen to and immediately recall a recording of a
list of 15 words (List A) five times in a row (Trials 1-5).
Each word list was played at a rate of approximately 1 word
per second. Participants were then asked to listen to and im-
mediately recall a list of 15 new words (List B). Immedi-
ately following the recall of List B (Trial 6), participants
were required to recall the words from List A (Trial 7). The
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outcome variables included in the number of words recalled
for Trials 1-7, as well as the 20-min delay free recall. The
RAVLT has been shown to provide evidence of reliability
and validity [57].

2) THT

The THT (Treasure Hunt Task) is a computerized task
assessing ‘what-where-when’ episodic memory, taking ap-
proximately 10-minutes to complete. Details of this THT
have been discussed elsewhere [58,59]. In brief, this task in-
volved ‘hiding’ items in various scenes, then later indicating
what items were hidden, where and on what occasion. This
requires the integration of item, location and temporal
memory into a single coherent representation (What-
Where-When memory, WWW). Participants are also as-
sessed for their memory for the individual components
(what, where and when) without requirement for integra-
tion. Fig. 1 displays a schematic of the WWW task.
Reliability for these tasks has been previously demonstrated
(ICCs > 0.7) [59]. The outcome variables assessed included
an absolute WWW score (in which the location of the cor-
rect object for the correct time is identified exactly), and
the proportion of correct responses for the separate what,
where and when sub-tasks. This study used the ‘medium’
difficulty version of the task, assessing 16 unique item-loca-

tion-time combinations.
6. Additional assessments

Various behavioral and psychological assessments were
completed (at the beginning of the visit) to ensure that the
two groups were similar on these parameters. To assess
mood status, participants completed the Positive and Nega-
tive Affect Schedule (PANAS) [60]. For this mood survey,
participants rated 20 items (e.g., excited, upset, irritable, at-
tentive) on a Likert scale (1, very slightly or not at all; to
5, extremely), with half of the items constituting a “posi-
tive” mood state, with the other half being a “negative”
mood state. As a measure of habitual physical activity be-
havior, participants also completed a survey (Physical
Activity Vital Signs Questionnaire) and reported time spent
per week in moderate-to-vigorous physical activity
(MVPA) [61]. Further, participants self-reported whether

they currently participate in resistance exercise at least 2
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Did you hide
something

here? =,
Did you hide
this?

Yes No

days per week (yes/no). Height/weight (BMI) were meas-
ured to provide anthropometric characteristics of the
sample. Lastly, before, during and after the exercise and
control conditions, heart rate (chest-strapped Polar monitor,
F1 model) and rating of perceived exertion (RPE, range
6-20) were assessed. For the 6-20 RPE scale, 6 represented
no exertion at all, 9 was light exertion, 13 somewhat hard,

15 hard, and 20 being maximal exertion.
7. Statistical analysis

All statistical analyses were computed in SPSS (v. 24).
Independent sample t-tests were computed to examine group
differences in the THT sub-tasks as well as for manipulation

checks (e.g., heart rate differences). A repeated measures
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Fig. 1. Schematic of an example
version of the Treasure Hunt Task
(THT). Participants “hid” items in
two different scenes, across days
that were labeled as “day 1”7 and
“day 2”. After this encoding task,
participants then were prompted
to indicate where they hid each
of the items on each day (WWW
score). Following this, participants

Po— cqmp!eted recognition and d|sFr|-

hide first? mination tasks for the calculation

® = END of the “where”, “what”, and “when”
parameters.

ANOVA (RM-ANOVA) was employed to evaluate group
differences in the RAVLT outcomes. For the RM-ANOVA
for the RAVLT outcomes, group assignment served as the
between-subject variable, time-point served as the with-
in-subject variable, and group X time interactions were
evaluated for interaction effects. In addition to RM-
ANOVA analyses, we computed RM-ANCOVA analyses,
controlling for post-exercise heart rate and RPE. Statistical
significance was set at an alpha of 0.05. Partial eta-squared

(77p) effect size estimates were calculated.

RESULTS - Experiment 1

Table 1 displays the demographic and behavioral charac-
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teristics of the experimental and control groups for
Experiment 1. Groups were similar regarding the demo-
graphic (e.g., age) and behavioral (e.g., habitual physical
activity, engagement in habitual resistance exercise) charac-
teristics (all p’s > .05).

Table 1 also displays the physiological (heart rate) and
psychological (RPE) responses to the exercise bout and seat-
ed control condition. There were no significant respective
differences in resting (baseline) heart rate (75.0 vs. 70.2
bpm; t(38) = 1.41, p = .16) or resting RPE (6.0 vs. 6.0;
t(38) = 1.00, p = .32) between the groups. However, both
heart rate (155.5 vs. 73.7 bpm; t(38) = 16.8, p < .001)

Table 1. Characteristics of the study variables

and RPE (15.9 vs. 6.0; t(38) = 28.5, p < .001) were sig-
nificantly higher at the end of the exercise bout when com-
pared to the end of the control condition. Similarly, even
5-minutes post-exercise (i.e., immediately prior to the start
of the memory tasks), heart rates was significantly higher
in the exercise group compared to the control group (102.7
vs. 71.7 bpm, t(38) = 9.06, p < .001).

Table 2 displays the memory (RAVLT and THT) scores
between the exercise and control groups. For the RAVLT,
the exercise group had slightly higher free recall scores for
Trials 1-3. However, these did not reach statistical sig-
nificance (Trial 1: t(38) = 1.85, p = .07; Trial 2: t(38) = .76,

Experiment 1

Experiment 2

Variable

Exercise w/ Exercise w/ Exercise w/
. Control p-value . . Control p-value
5 min recovery 10 min recovery 20 min recovery
n 20 20 17 16 18
Age, mean years 20.8 (1.2) 21.2 (1.4) 0.35 22.3 (2.1) 21.0 (1.8) 219 (2.2) 0.15
% Female 55.0 40.0 0.34 47.1 73.7 84.2
% White 90.0 80.0 0.55 41.2 57.9 36.8
Body mass index, mean kg/m’ 25.5 (4.1) 25.9 (5.4) 0.76 24.0 (3.3) 25.3 (3.6) 26.8 (6.5) 0.20
% Taking medication to 5.0 5.0 1.00 5.9 5.3 5.3
regulate mood
Affect, mean (PANAS)
Positive 27.9 (6.2) 31.1 (6.5) 0.12 31.1 (6.9) 29.7 (7.0 30.6 (7.6) 0.84
Negative 2.2 (3.1) 12.6 (4.0 0.70 11.7 (2.5 11.5 (1.7) 11.4 (2.3) 0.94
MVPA, mean 257.5 (166.9) 273.5 (126.2) 0.73  190.0 (113.6) 205.3 (160.0) 196.6 (147.0) 0.95
Resistance Exercise, %
Currently engaging in 85.0 75.0 0.43 64.7 52.6 68.4
resistance exercise
Heart Rate, mean
Resting 75.0 (10.8) 70.2 (10.6) 0.16 77.0 (11.0) 74.1 (13.9) 72.1 (12.7) 0.52
Midpoint 144.5 (19.6) 76.7 (9.5) < 0.001 129.3 (21.4) 127.5 (21.1) 73.7 (11.5) < 0.001
Endpoint 155.5 (18.9)  73.7 (10.4) < 0.001 135.7 (24.6) 137.8 (21.1) 68.6 (11.8) < 0.001
Post 102.7 (12.7) 71.7 8.4) < 0.001 91.8 (14.5) 86.2 (14.5) - 0.26
Rating of Perceived
Exertion (RPE), mean
Resting 6.0 (0.2) 6.0 (0.0) 0.32 6.4 (1.2) 6.1 (0.3) 6.2 (1.1) 0.64
Midpoint 12.8 (1.6) 6.0 (0.0) < 0.001 13.1 (1.9) 12.4 (1.6) 6.5 (1.6) < 0.001
Endpoint 15.9 (1.5) 6.0 (0.00 < 0.001 15.5 (2.2) 14.2 (2.3) 6.3 (1.1) < 0.001
Post 7.9 (1.9 6.0 (0.0) < 0.001 7.6 (1.7) 6.2 (0.4) 6.0 (0.0) 0.008
Resistance training circuit
# of circuits completed 5.0 (0.0) - N/A 4.9 (.26) 5.0 (0.0) - 0.15
(max = 5)
Duration engaged in 15.0 (0.0) - N/A 13.3 (4.7) 15.0 (0.0) - 0.13
circuit (max = 15 min)

Values in parentheses are SD estimates.
MVPA: Moderate to vigorous physical activity.
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Table 2. Memory scores across the two experiments
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Experiment 1

Variable Test-statistic
Exercise w/5 min recovery Control

RAVLT, mean recall of words
Trial 1 7.55 (2.0) 6.60 (1.0) Fime = 97.91, p < .001,
Trial 2 9.60 (1.9) 9.15 (1.7) 7°p = .72
Trial 3 11.75 (1.9) 11.70 (1.6) Feroup x time = 2.86,
Trial 4 12.25 (1.9) 12.85 (1.8) p = .007, 7]2p = .07
Trial 5 12.75 (2.5) 13.50 (1.0)
Trial 6 5.70 (1.5) 6.20 (1.7)
Trial 7 11.00 (3.8) 12.45 (1.5)
20-min delay 10.70 (3.6) 12.40 (1.9)

WWW, mean proportion correct
WWW 47.90 (18.0) 56.7 (18.0) t(38) = 1.54, p = .13
What 99.00 (2.4) 97.10 (8.4) t(38) = .96, p = .33
Where 81.85 (11.9) 88.20 (6.9) t(38) = 2.05, p = .04
When 88.40 (10.1) 92.85 (9.0) t(38) = 1.40, p 15

Experiment 2
Exercise w/ Exercise w/ Test-statistic
. . Control
10 min recovery 20 min recovery

RAVLT, mean recall of words
Trial 1 7.47 (1.9) 6.94 (1.8) 7.06 (1.6) Fime = 180.03,
Trial 2 9.76 (2.3) 9.63 (2.7) 9.94 (2.2) p < .00f1, 772p = .79
Trial 3 12.00 (2.1) 10.50 (2.6) 11.17 (1.9) Feroup x time = 3.08,
Trial 4 12.65 (2.4) 11.31 (2.6) 11.61 (2.6) p = .04, 772p = .11
Trial 5 13.35 (2.0) 12.00 (2.2) 11.94 (2.2)
Trial 6 5.35 (1.1) 5.00 (1.8) 5.39 (1.6)
Trial 7 12.00 (2.5) 10.94 (2.2) 10.78 (2.7)
20-min delay 11.71 (3.1) 10.31 (3.1) 10.20 (2.5)

WWW, mean proportion correct
WWW 39.06 (24.3) 37.17 (27.5) 35.52 (18.8) F(2) = .10, p = .90
What 99.62 (1.5) 99.17 (2.0) 97.03 (7.3) F2) = 1.70, p = .19
Where 80.50 (12.8) 74.66 (17.6) 80.57 (21.0) F2) = .69, p = .50
When 77.20 (17.3) 88.15 (11.0) 76.97 (16.6) F(2) = 3.29, p = .04

p = .44; Trial 3: t(38) = .09, p = .93). After the third trial,
there was an orthogonal shift occurring for Trials 4-7, in
that the exercise group performed worse for these respective
trials. Indeed, a group x trial interaction effect was statisti-
cally significant (Faoup x tme = 3.7, p = .001, 7°p = .09).
Results were also similar for the THT task. Across nearly
all THT outcomes, the exercise group had numerically worse
spatio-temporal memory than the control group. Specifi-
cally, spatial memory (“where”) was significantly worse in
the exercise vs. control group (81.5 vs. 88.2; t(38) = 2.05,
p = .04), but results did not reach statistical significance for
the item (“what”) (99.0 vs. 97.1; t(38) = .96, p = .33) or
temporal (“when”) memory (88.4 vs. 92.5; t(38) = 1.40, p =

.15) parameters.

DISCUSSION - Experiment 1

The motivation for Experiment 1 was threefold: Emer-
ging work suggests that acute aerobic exercise is favorably
associated with episodic memory function, meanwhile, re-
search demonstrates that resistance exercise may confer
unique health benefits, however very little research has ex-
amined the effects of acute resistance exercise on episodic
memory function. The main finding of Experiment 1 was
that, a relatively high-intensity acute bout of resistance ex-

ercise, compared to a seated control condition, was asso-
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ciated with worse episodic memory function.

Recent meta-analytic research [9] focused on aerobic ex-
ercise suggests that exercise intensity may moderate the re-
lationship between acute aerobic exercise and memory
function. Specifically, low- to moderate-intensity aerobic
exercise (vs. higher intensity aerobic exercise) appears to be
optimal for enhancing memory function [62,63]. This in-
tensity-specific effect also aligns with our previous ex-
perimental work on aerobic exercise and cognition [2].
Although the collective empirical research suggests that
moderate-intensity aerobic exercise may be optimal in en-
hancing episodic memory function [9], others [64,65] have
suggested that, on physiological grounds, high-intensity ex-
ercise should be more beneficial in enhancing episodic
memory. In theory, high-intensity exercise is hypothesized
to be superior in enhancing episodic memory, as higher in-
tensity exercise is more effective in augmenting neuro-
trophic factors (e.g., BDNF) and catecholamines (e.g., dop-
amine, epinephrine, and norepinephrine), which are sug-
gested to play an integral role in the exercise-memory link
[17]. Indeed, recent work from this [4] and other labs
[66,67] demonstrate that acute high-intensity aerobic ex-
ercise has been shown to enhance memory function. Of
course, high-intensity exercise would also augment cortisol
concentrations, which may impair memory function [68].
However, and as suggested elsewhere, acute exercise-indu-
ced increases from exercise, as opposed to a psychosocial
stressor, may attenuate HPA axis activity via increases in
dopamine in the medial prefrontal cortex, as well as favor-
ably influence the cortisol recovery curve [69]. Taken to-
gether, the studies examining the effects of high-intensity
exercise and memory function are equivocal. From a mech-
anistic perspective, theoretically, it would seem that high-in-
tensity exercise would be optimal for enhancing episodic
memory. However, the dose-response effects of BDNF, for
example, may follow an inverted U-shaped relationship,
with intermediate concentrations yielding optimal benefits
(e.g., sprouting of serotoninergic neurons) [70,71]. An ex-
ample of this can be seen in evidence that high levels of
BDNF may induce TrkB desensitization, impairing memory
function [72]. High-intensity may also increase levels of fa-
tigue, and thus, induce an attention deficit effect, ultimately

impairing memory encoding or inhibiting resources to facili-
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tate memory retrieval [73].

Couched within the above, it is possible that the mixed
findings regarding high-intensity exercise on episodic mem-
ory function is a result two primary factors. First, it is possi-
ble that the post-exercise recovery period may play an im-
portant role in subsequent memory performance [10].
Shorter post-exercise recovery periods, for example, may
impair memory via depletion of cognitive resources needed
to effectively encode the stimuli. In Experiment 2, we spe-
cifically evaluated whether changing the duration of the
post-exercise recovery period would have a differential ef-
fect on episodic memory. We have provided suggestive evi-
dence of this (implications of recovery period) for acute,
moderate-intensity aerobic exercise [3]. It seems conceivable
that post-exercise recovery would play an even more im-
portant role for higher-intensity exercise. Our recent work
[4] suggests that high-intensity aerobic exercise is not asso-
ciated with immediate, short-term episodic memory func-
tion, but is associated with improved episodic memory func-
tion 20-minutes (aligning with the temporal period of the
present study’s [Experiment 2] THT assessment) and
24-hours post-memory encoding.

In addition to the post-exercise recovery period (Experi-
ment 2), it would be worth investigating whether the famil-
iarity of the modality of exercise plays a moderating role.
Although speculative, even at the same relative degree of
high-intensity exercise, those with a history of engaging in
that high-intensity modality of exercise may have a differ-
ential memorial effect from the bout of exercise. Although
measured in our study (Table 1), most of the participants
reported currently engaging in resistance exercise; thus, this
prevented our ability to evaluate this as a potential mode-
rator. Of course, our results somewhat contradict this spec-
ulation, as we observed a worse episodic memory perform-
ance among the exercise group, which included a high pro-
portion of individuals currently engaging in habitual resist-
ance exercise. A group X time interaction effect continued
to remain even when controlling for post-exercise (i.e., im-
mediately prior to the memory task) heart rate (Fgoup x dme = 2.00,
p =.06, p°p = .05) and RPE (Faouwp x tme = 4.1, p = .001,
7°p = .10).

Experiment 1 provides some suggestive evidence that an

acute bout of high-intensity resistance exercise may have a



detrimental effect on episodic memory function. Based on
this, we conducted a follow-up experiment to evaluate
whether altering the post-exercise recovery period would in-
fluence the potential negative effects of high-intensity re-
sistance exercise on episodic memory function. It is con-
ceivable that a short duration recovery period after a
high-intensity bout of exercise will induce cognitive fatigue,
and thus, impair subsequent memory encoding. Memory en-
coding may be influenced by the degree of cognitive atten-

tion toward the memory stimuli [74].

MATERIALS AND METHODS -
Experiment 2

A three-arm, parallel-group randomized controlled inter-
vention was employed. Participants were randomized into
one of three groups, including two experimental groups and
a control group. The experimental groups included an acute
bout of resistance exercises for 15 minutes, with either a
10-min (n = 17) or 20-min (n = 16) seated recovery period,
while the control group (n = 18) engaged in a seated task
that involved playing an on-line game (Sudoku). This study
was approved by the authors’ institutional review board and
participants provided written consent prior to study parti-
cipation.

All other aspects of Experiment 2 were identical to

Experiment 1.

RESULTS - Experiment 2

Table 1 displays the study variable characteristics for the
3 groups for Experiment 2. Groups were similar regarding
the demographic (e.g., age) and behavioral (e.g., habitual
physical activity, engagement in habitual resistance ex-
ercise) characteristics (all p’s > .05). Table 1 also displays
the physiological (heart rate) and psychological (RPE) re-
sponses to the 3 conditions. There were no significant re-
spective differences in resting (baseline) heart rate (F(2) = .66,
p = .52) or resting RPE (F(2) = .44, p = .64) between the
groups. However, both heart rate (F(2) = 70.9, p < .001)
and RPE (F(2) = 108.3, p < .001) were significantly higher
at the end of the exercise conditions when compared to the

end of the control condition.
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Table 2 displays the memory (RAVLT and THT) scores
for Experiment 2. Similar to Experiment 1, results for
Experiment 2 showed a statistically significant main effect
for time (F = 180.03, p < .001, »°p = .79) and a group
by time interaction (F = 3.08, p = .04, »°p = .11). For the
RAVLT, the exercise group with a 10-min recovery period
had higher free recall scores across nearly all trials. Results
were in partial agreement for the THT task (Table 2). For
the THT outcomes, there were no group differences for ab-
solute WWW (F = .10, p = .90), “what” (F = 1.70, p =
.19), or “where” (F = .69, p = .50), but the exercise group
with a 20-min recovery period had the highest “when” epi-
sodic memory (F = 329, p = .04).

DISCUSSION - Experiment 2

The results from Experiment 1 provide evidence that
acute high-intensity resistance exercise with a short (5-min)
recovery period was associated with worse episodic memory
performance. The results from Experiment 2 extend these
findings by providing suggestive evidence that extending
this post-exercise recovery period may have enhancing ef-
fects on memory. Specifically, for Experiment 2, we ob-
served that acute high-intensity exercise with a 10-min re-
covery period resulted in higher memory scores on the
word-list task, whereas the exercise group with a 20-min re-
covery period had the highest “when” performance on the
computerized episodic memory task. These collective find-
ings are in alignment with assertions mentioned elsewhere,
noting that “...the exercise stimulus can mask gains in mem-
ory performance easily due to disproportionate ex-
ercise-induced fatigue and/or arousal, especially when ex-
ercise Is performed at higher intensity” [10]. Further, our
findings also are in alignment with meta-analytic research
among predominately aerobic exercise studies, which
showed that the greatest beneficial effects on cognition oc-
curred approximately 11-20 minutes post-acute exercise [7].

Memory encoding, in part, is influenced by the perceived
nature of the event. The degree of mental fatigue may in-
fluence attentional resources needed to effectively encode
the memory stimuli [75]. This suggests that fatigue may in-
duce depletion of cognitive resources needed to effectively

encode (and/or retrieve) memories. Relatedly, research
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demonstrates that cognitive fatigue may reduce error-re-
lated negativity (ERN), and in turn, impair cognitive con-
trol [76]. Additionally, cognitive fatigue may reduce hippo-
campal activation, leading to reduced memory encoding
[77]. Further, and as noted previously, high-intensity ex-
ercise may sub-optimally increase neurotrophic and cat-
echolamine levels, which may have an unfavorable effect
of memory [70-73]. This explanation, however, is an un-
likely candidate to explain our findings, as it is unlikely that
levels of these parameters would be drastically different
across the recovery periods employed herein.

From Experiment 2, we observed that exercise with a
10-min recovery period appeared to favor the word-list
memory task, whereas exercise with a 20-min recovery peri-
od was more advantageous for improving the “when” com-
ponent of episodic memory function. This potential exercise
recovery-dependent difference is difficult to explain, and
thus, should not be overemphasized. Although we observed
exercise-induced differences for select components of epi-
sodic memory, we notably did not observe any differences
for this bound what-where-when-memory. This, however,
does not discount the possibility that exercise may have a
differential effect on the individual components (what,
where, when) that comprise episodic memory. In fact, re-
cent meta-analytic research demonstrates that exercise ap-
pears to have a greater enhancement effect for spatial-based
episodic memories [9]. Critical thought and experimentation
will be needed to determine if exercise does indeed have
a unique role in the constituents of episodic memory, and
if so, what underlying mechanisms are responsible for this

potential effect.

GENERAL DISCUSSION

As stated in the introduction, the majority of work exam-
ining the effects of acute exercise on episodic memory func-
tion have focused on aerobic exercise. Among the studies
examining the effects of resistance exercise on memory
function, findings are equivocal, with nearly all of these
studies employing a chronic resistance training program
[43]. The one study employing an acute resistance exercise
protocol used a knee extension task, which did not show

convincing evidence of memory benefits [35]. Thus, the ef-
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fects of acute resistance exercise on memory function is an
under-investigated area of research. The present study
builds upon this gap in the literature by evaluating the ef-
fects of acute resistance exercise on episodic memory
function. We employed a circuit-style resistance exercise
program (no weights) to maximize the potential for greater
application into society. Our main findings are as follows.
High-intensity acute resistance exercise may have an un-
favorable effect of memory if the recovery period is of an
insufficient duration (e.g., 5-minutes) (Experiment 1).
However, we also provide some suggestive evidence that if
this recovery period is lengthened (e.g., 10-20 minutes),
then acute high-intensity exercise may have a beneficial ef-
fect on episodic memory (Experiment 2).

In addition to future research evaluating the effects of
exercise recovery on episodic memory (including its con-
stituents), we are in need of future modality-specific work
employing a side-to-side comparison of aerobic and resist-
ance exercise (matched for intensity and duration) on epi-
sodic memory function. Other work suggests that aerobic
walking may enhance memory function over aerobic cycling
exercise [9]. However, it is uncertain as to whether there
is an exercise modality effect for aerobic exercise vs. resist-
ance exercise on memory function in humans. Such an ef-
fect is plausible, as aerobic exercise may have a differential
effect on BDNF when compared to resistance exercise [78].
Similarly, animal work suggests that different intracellular
pathways are activated based on the modality of exercise
[28-32].

Such work should also consider whether the time course
of memory assessment plays a moderating role. It is con-
ceivable that high-intensity resistance exercise may have a
detrimental effect on short-term memory but may help to
facilitate the consolidation of the memory trace (via in-
creases in plasticity-related proteins), and in turn, positively
influence long-term memory function. Whether this poten-
tial enhanced consolidation effect occurs when the exercise
bout is placed before memory encoding or during memory
consolidation, should also be investigated. That is, whether
preferentially priming encoding, consolidation, or both has
a unique effect on episodic memory.

Limitations of this study include the relatively small ho-

mogenous sample, limiting the study’s generalizability and



statistical power. Further, we employed a between-subject
post-test comparison, as opposed to a between-subject pre-
test posttest comparison. Our employed design was specifi-
cally chosen because, for example, for the RAVLT assess-
ment, which involves encoding a list of words, if this proto-
col was employed pretest and posttest, then this could have
induced a proactive memory interference effect. That is, the
pretest word list may interfere with the encoding and re-
trieval of the different posttest word list. When feasible
(based on the cognitive parameter evaluated), future care-
fully designed work should consider employing a be-
tween-subject pretest posttest comparison or a within-sub-
ject crossover pretest posttest comparison. Our second ex-
periment would have also benefited by employing a 5-mi-
nute recovery period group. Another potential limitation is
that our experiments appeared to have elicited a perceived
intensity at the lower end of high-intensity exercise. For lo-
gistical reasons, we employed a progressive bout of resist-
ance exercise, with the last portion inducing a larger ex-
ertion level. Future work is needed to carefully design cir-
cuit-style resistance exercise bouts to elicit sustained high-
intensity exercise. Strengths of our study include the ex-
perimental design, study novelty, and integration of two ex-
perimental studies.

In conclusion, we provide some suggestive evidence that
high-intensity resistance exercise may have a detrimental
effect on memory performance if it is coupled with a
short-duration recovery period. Our results did not provide
convincing evidence that lengthening the recovery period
would reverse this effect. However, our data suggest that
the recovery period may, potentially, play a role in the ex-
ercise-memory interaction. Future confirmatory work on
this topic is needed. Such work should evaluate high-in-
tensity exercise for multiple modalities, should vary the in-
tensity within the higher-intensity range, and should also
vary the recovery period beyond our evaluated recovery
periods. If confirmed by future work, then these findings
may have important implications for exercise prescription
purposes, such as the timing of exercise and the duration
of recovery period to optimize memory function. Further,
if future work demonstrates enhancement effects of acute
resistance exercise on memory, then this will provide in-

dividuals with evidence that other modalities of exercise, be-
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sides aerobic exercise, may improve their memory function,
which may influence their initiation and maintenance of re-
sistance exercise behavior. Future research should consider
conducting a side-to-side comparison between aerobic and

resistance exercise on human memory function.
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