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Objective: To examine the differential effects of acute exercise duration on domains of
executive function and processing speed in patients with breast cancer.

Methods: Participants (N = 48, Mage = 56.02 ± 10.99) completed two sessions in
counterbalanced order: moderate-intensity treadmill walking and sitting. Participants
were also randomized to one of three duration conditions: 10 (n = 15), 20 (n = 16),
or 30 (n = 17) min, reflecting the length of time spent walking and sitting. Immediately
before and after each session, women completed a battery of cognitive tasks (e.g.,
inhibition, cognitive flexibility, spatial working memory, and processing speed).

Results: Within- and between-subjects repeated-measures analyses of variance
revealed time by condition interactions on both processing speed (p = 0.02) and spatial
working memory (ps < 0.07), such that women demonstrated improved cognitive
functioning regardless of the time spent walking. There were also several moderately
sized three-way (e.g., time by condition by duration) interactions driven by declines in
cognitive functioning after sitting on cognitive flexibility in the 10 (d = -0.96) and 30-min
(d = -0.52) groups and inhibition in the 20-min group (d = 0.75). On the processing
speed task, women performed significantly faster after walking compared with after
sitting in the 20-min group (d = -0.24).

Conclusions: For select cognitive domains, walking anywhere from 10 to 30 min is
associated with significant benefits. Our findings suggest the need for further research
into the mechanisms and dose–response relationships between acute exercise and
cognition as well as how such acute bouts may be accumulated for larger, lasting
cognitive benefits after breast cancer.

Clinical Trial Registration: www.ClinicalTrials.gov, identifier NCT04255225
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INTRODUCTION

Approximately 75% of cancer patients experience some degree
of cognitive deficit throughout their cancer experience with
upward of one third of patients with breast cancer reporting
impairments up to a decade after treatment (Koppelmans et al.,
2012; Janelsins et al., 2014, 2017; Pendergrass et al., 2018). These
impairments are most commonly reported within the domains
of executive function, a family of executive control processes
responsible for the selection, scheduling, and coordination of
goal-directed behavior (Miyake et al., 2000; Diamond, 2013). Also
known as cancer-related cognitive impairment (CRCI), cognitive
dysfunction after cancer is attracting considerable attention
among clinicians and scientists. The International Cognition and
Cancer Task Force (ICCTF) (Wefel et al., 2011) has identified
understanding, preventing, and improving CRCI as a priority for
quality of life and longevity during cancer survivorship.

Physical activity has been consistently associated with
improved cognition across the lifespan (Hillman et al., 2008).
This behavior is protective against a host of diseases and has
been shown to confer numerous health benefits to patients with
breast cancer, such as reductions in cancer-related morbidity,
recurrence, and all-cause mortality (Campbell et al., 2019; Patel
et al., 2019). Recent work has tentatively highlighted chronic
exercise training as a potential method of improving varying
cognitive domains after breast cancer (Zimmer et al., 2016);
however, cancer patients face a unique set of barriers (e.g., fatigue,
pain, and symptomology) to initiating and maintaining long-
term exercise regimens. The 2nd edition of the Physical Activity
Guidelines for Americans has highlighted the robust benefits of
acute exercise, or single sessions, for improving cognition across
the lifespan (Piercy et al., 2018).

We recently reported on the beneficial effects of acute
exercise on processing speed and spatial working memory in
patients with breast cancer (Salerno et al., 2019), suggesting that
acute bouts of physical activity may mitigate select domains of
CRCI. Specifically, patients in this study demonstrated faster
processing speed and trended toward faster and more accurate
spatial working memory after 30 min of moderate-intensity
walking compared to seated rest. This finding parallels those in
previous studies in both healthy middle-aged and older adults
(Chang et al., 2012) and individuals with varying memory
complaints/impairments (Segal et al., 2012; Tsai et al., 2018). But
half an hour of walking may be challenging to certain subgroups
of patients, particularly those who are deconditioned or with
significant barriers to longer walks such as peripheral neuropathy
or osteoporosis. With a renewed focus on unbouted physical
activity (Piercy et al., 2018), that cancer patients should “avoid
inactivity” (American College of Sports Medicine, 2018), it is
important to better understand the dose or volume of exercise
responsible for providing patients with breast cancer with the
greatest cognitive benefits (Mackenzie et al., 2016).

Limited as we are in our knowledge of the acute exercise–
cognition relationship after cancer, evidence in middle-aged
and older adults, both with and without health conditions,
has highlighted the cognitive benefits of acute exercise (Chang
et al., 2012). This literature further suggests that acute exercise

bouts of a moderate length (e.g., 20 min) may result in greater
improvements in cognitive functioning (Brisswalter et al., 2002;
McMorris et al., 2011; Chang et al., 2012). Indeed, longer bouts
of exercise may result in dehydration and depletion of energy
storages that may contribute to cognitive decline (Brisswalter
et al., 2002). Chang and colleagues (Chang et al., 2015) tested
the dose-response relationship between exercise duration and
cognition functioning whereby participants engaged in 10-, 20-,
or 45-min bouts of exercise on a stationary cycle ergometer
compared with seated reading. Twenty minutes of exercise
produced the largest cognitive benefits, such that the relationship
between exercise bout length and cognition was curvilinear.

The purpose of the current study was to examine the effects
of varying durations of exercise (e.g., 10, 20, and 30 min) on
cognitive function in patients with breast cancer to identify
the optimal length of acute exercise. While metabolic and
demographic differences may exist between previous samples
and patients with breast cancer, previous moderator analyses
of exercise duration focused primarily on younger samples
(Brisswalter et al., 2002; Lambourne and Tomporowski, 2010;
Chang et al., 2012). Thus, based on the existing literature, it was
hypothesized that the exercise duration–cognition relationship in
patients would mirror that of cancer-free adults (Chang et al.,
2012). Specifically, participants who engaged in 20 min of exercise
would demonstrate higher accuracy rates and faster reaction time
on all cognitive domains from pre- to post-exercise compared
with those who exercised for 10 and 30 min.

MATERIALS AND METHODS

Participants, Procedures, and Design
Patients with breast cancer (N = 48, Mage = 56.02 ± 10.99)
were recruited locally from central Illinois to participate in a
randomized, crossover study assessing the optimal length of acute
exercise sessions for improved cognitive health. Recruitment,
randomization, and all testing procedures were conducted
on a rolling basis between September 2016 and February
2017, date of censoring. Recruitment methods utilized local
media and family, friends, and oncologist referrals. Women
were eligible to participate if they (i) were over the age of
18, (ii) had a past diagnosis of breast cancer (stages DCIS-
III), (iii) completed primary treatment, (iv) were cleared for
participation by their primary care physician or oncologist, (v)
self-reported trouble with memory and/or concentration due to
their breast cancer experience, and (vi) and had no other health
reasons contraindicating exercise engagement. Figure 1 details
participant flow through the study. All methods and procedures
were approved by the institutional review board (IRB; ethics
committee; approval #16912) at the University of Illinois at
Urbana-Champaign, and written informed consent was obtained
from all individual participants included in the study. This study
is registered at Clinicaltrials.gov (NCT04255225).

Briefly, women in the current study completed one baseline
appointment to orient participants to the cognitive tasks and
two counterbalanced appointments: a walking session and a
sitting session, both with pre- and post-cognitive testing. The
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FIGURE 1 | Participant flow through the study.

order of the sessions and length of time spent walking and
sitting (i.e., 10, 20, or 30 min) were determined randomly
using block randomization (1:1 allocation ratio; block size of 9)
after participants passed prescreening. Therefore, each patient
completed both a walking and a sitting session in random
order (within-subjects component) and were randomized
to their session length (between-subjects component). The
random allocation sequence was generated by the primary
study investigator, and the first author enrolled and assigned
participants to interventions.

Acute Sessions
Walking (Exercise) Session
The walking session consisted of two rounds of cognitive tasks
and either 10, 20, or 30 min spent walking on a treadmill,
depending on group allocation. Upon arrival, participants
completed a battery of cognitive tasks before being fitted with
a heart rate monitor. They were then instructed to walk on the
treadmill at 60% of their age-predicted maximal heart rate. Speed
was selected by both the participant and supervising exercise
specialist to ensure both comfort and appropriate intensity.

Participants also maintained a rating of perceived exertion
between 8 and 12 to account for varying heart rates that may have
prevented target heart rate achievement (e.g., use of beta blocker
medications) (Borg, 1998). Upon completion of the cool-down,
participants completed the same battery of cognitive tasks.

Sitting (Control) Session
The sitting session was sequentially the same as the walking
session with pre-/post-cognitive testing, but instead of walking,
participants sat quietly in a distraction-free room for their
respective duration (e.g., 10, 20, or 30 min). They were instructed
to sit quietly, refrain from reading, talking, writing, and sleeping.
All participants were given the option to watch a bland television
show. Mean data (e.g., heart rate, blood pressure, and rating of
perceived exertion) from the walking and sitting sessions are
detailed in Table 1. Communication was standardized across
sessions with talking kept to a minimum.

Cognitive Measures
The same cognitive battery was delivered immediately before
and after each walking and sitting session. All instructions for
the cognitive tasks were presented via computer screen or paper
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TABLE 1 | Mean data from walking and sitting sessions.

Walking Session Sitting Session

Mean (SD) n = 46 Mean (SD) n = 48

Heart rate (bpm) 100.0 (10.5) 76.5 (11.7)

Systolic blood pressure (mmHg) 133.2 (14.0) 116.6 (14.7)

Diastolic blood pressure (mmHg) 77.0 (7.0) 71.9 (13.2)

Rating of perceived exertion 9.2 (1.8) 7.3 (8.2)

SD, standard deviation; bpm, beats per minute; mmHg, millimeter of mercury.

(depending on the task) for participants to read followed by a
practice round with accuracy feedback. A trained staff member
was present in the room during practices to answer questions and
troubleshoot comprehension and/or computer difficulties. The
staff member then exited the room before the actual trial began.
Practice rounds were included pre-session and removed for all
post-session assessments to ensure that potential acute effects
were captured during the actual trial in the event of effect decay.
The order of the tasks remained consistent: (1) flanker, (2) spatial
working memory, (3) task switching, and (4) letter comparison.
For each task, participants were encouraged to work as quickly
but as accurately as possible.

Flanker
Designed to measure attention/inhibition, the flanker task was
computer-based and required participants to focus on a cross
in the middle of a black screen (Eriksen and Eriksen, 1974).
Five arrows flashed on the screen before disappearing, and
participants were asked to indicate the direction of the middle
arrow using the keyboard (“X” for left or “M” for right). There
were two separate conditions within this task: congruent and
incongruent. A congruent condition had all five arrows pointed
in the same direction, compared with an incongruent condition
when the arrows pointed in different directions. Outcome
variables were accuracy and reaction time.

Spatial Working Memory
A computer-based task, the spatial working memory paradigm,
required participants to focus on a cross in the middle of a gray
screen (Erickson et al., 2011); then 1, 2, or 3 black dots appeared
for 500 ms before disappearing. A red dot then appeared for
2000 ms; participants were asked to indicate if the red dot
location matched or did not match any of the previous black
dot locations using the keyboard (“M” for match or “X” for
no match). There were three separate trials corresponding to
the number of black dots (1, 2, or 3). Outcome variables were
accuracy and reaction time.

Task Switching
The task-switching paradigm was used to assess cognitive
flexibility. This was a computer-based assessment that required
participants to switch between sets based on the stimuli presented
(Schneider and Logan, 2005). If a blue box was presented,
participants had to indicate if the number inside the box was
higher or lower than 5. If a pink box was presented, participants
had to indicate if the number was odd or even. Participants
completed a single task block for each condition. The third

block was a mixed task block that presented a mix of blue and
pink boxes in random order. Participants responded using the
keyboard (“z” for odd/low or “/” for high/even). Variables from
this paradigm included reaction time and accuracy. Within the
mixed task block, outcome variables were also split by type of
trial: switch and stay. When the presented trial was different from
the preceding one (e.g., blue box followed by a pink box), it was
a switch trial, compared with when the presented trial was the
same as the preceding one (e.g., two pink boxes in a row), it
was a stay trial.

Letter Comparison
Used to assess processing speed, the letter comparison measure
was a paper-pencil based cognitive task that required participants
to determine whether two strings of letters were the same or
different (Salthouse, 1996). Participants were presented with two
pages of several strings of consonants, each separated by a line
(e.g., YSTX ____ YSTX). Participants marked an “S” on the line if
the strings of letters were the same, or a “D” if they were different.
Outcome variables from this task were averaged accuracy and
reaction time across the two pages.

DATA ANALYSIS

Thirty participants provided 80% power at alpha = 0.025
(Bonferroni-adjusted) to detect a moderately sized difference
(η2 = 0.11), the smallest effect detected in our previous study
(Salerno et al., 2019), between walking and sitting over time
between the three different duration groups. It remains to be
seen if such an effect size is clinically meaningful for cognition
in this cancer cohort; however, this study is among the first
to explore differential duration effects of acute exercise on
cognition after cancer.

All analyses were conducted in SPSS (Version 24; IBM
Corp. Armonk, NY) using a per-protocol approach. Descriptive
statistics were used to assess normality as well as calculate means
and standard deviations. We then conducted two (time; pre,
post) by two (condition; walking, sitting) by three (duration;
10, 20, 30 min) repeated-measures analyses of variance to
determine if changes in cognitive function over time between
the walking and sitting conditions differed as a function of the
condition duration. Cohen’s D effect sizes were also calculated.
The threshold for significance was set to alpha < 0.05. Defined as
the standardized difference between treatment and comparison
group means (Cohen, 1988), effect sizes are independent of
sample size and, thus, may be better indicators of group
differences than traditional p values (Sullivan and Feinn, 2012).
Given that the purpose of this project was to gauge the size
of the effects of walking and sitting on cognitive function
over time, we decomposed three-way interactions with a range
of moderate effect sizes (i.e., η2

≥ 0.07) to explore time
by condition interactions within each of the three duration
groups. It was hypothesized that moderately sized three-way
effects would be driven by significant time and condition
interactions favoring walking within the 20-min group. Forty-
eight participants completed all three appointments. Cognitive
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accuracy scores lower than 50% (worse than chance) were
considered participant error and winsorized. Missing data for
health histories and demographic information was minimal
(<10%) and, thus, treated as missing at random.

RESULTS

Participant demographic and cancer-specific characteristics are
displayed in Table 2. Generally, participants were married
(70.8%), Caucasian (85.4%), college educated (70.8%), and
earning at least $75,000 per year (52.1%). Additionally, most
participants underwent radiation (64.6%) or chemotherapy
(66.7%) and had at least stage II malignancy (56.2%). No adverse
events were reported.

Flanker
Three-way RM-ANOVAs revealed a moderately sized three-
way interaction between time, condition, and duration on
incongruent flanker accuracy [F(2,42) = 2.57, p = 0.09, η2 = 0.11].
Exploratory decomposition of this interaction within duration
groups revealed no significant interactions between time and
condition (ps > 0.20). However, there was a large effect size in the
20-min duration group (d = 0.75) with slower performance after
sitting compared with maintenance post-walking. The three-way
interaction for incongruent reaction time was non-significant
with a negligible effect size (p = 0.51, η2 = 0.03). No meaningful
three-way interactions emerged for accuracy or reaction time
on the congruent task. Analyses also revealed a significant main

effect of time for reaction time (p = 0.001) on the incongruent
task such that women performed significantly slower over time
regardless of whether they walked or sat.

Spatial Working Memory
No significant three-way interactions emerged; therefore,
duration groups were collapsed across the sample. Two-way
RM-ANOVAs in the full sample revealed a significant time
by condition interaction for reaction time on 2-dot trials
[F(1,45) = 4.81, p = 0.03, η2 = 0.10]. This interaction was driven
by significantly shorter reaction time (i.e., faster performance)
after exercise compared with rest irrespective of assigned
duration group (d = -0.12). Analyses also revealed a time by
condition interaction that trended toward significance for
accuracy on 3-dot trials [F(1,44) = 3.54, p = 0.07, η2 = 0.07],
explained by improved accuracy after exercise compared with
rest (d = 0.18).

Task Switching
Analyses also revealed a moderately sized three-way interaction
for reaction time on the single task block [F(2,44) = 11.87,
p = 0.21, η2 = 0.07]. Further exploratory decomposition revealed
a significant time by condition interaction in the 10-min
duration group [F(1,13) = 13.56, p = 0.003, η2 = 0.51] and
an interaction approaching significance in the 30-min duration
group [F(1,16) = 3.19, p = 0.09, η2 = 0.17]. These findings were
explained by slower performance after sitting in these groups
(d = -0.96) and (d = -0.52), respectively. The time by condition
interaction in the 20-min duration group mirrored this trend,

TABLE 2 | Participant demographic and breast-cancer specific characteristics.

Full sample N = 48 10 min n = 15 20 min n = 16 30 min n = 17 p value

Mean (SD) or % Mean (SD) or % Mean (SD) or % Mean (SD) or %

Age 56.02 (10.99) 56.80 (10.67) 55.13 (13.26) 56.18 (9.44) 0.92

Married 70.8% 60.0% 81.3% 70.6% 0.06

Employed full-time 43.8% 40.0% 56.3% 35.3% 0.41

Caucasian 85.4% 60.0% 93.8% 100% 0.003

≥College Graduate 70.8% 66.7% 68.8% 76.5% 0.63

Earning ≥$75,000/year 52.1% 40.0% 50.0% 64.7% 0.31

Disease stage 0.38

<Stage 2 39.6% 46.7% 37.5% 35.3%

≥Stage 2 56.2% 53.3% 62.5% 52.9%

Unknown 4.2% 0% 0% 11.8%

Received chemotherapy 66.7% 53.3% 68.8% 76.5% 0.57

Months since chemotherapy 49.6 (38.4) 38.4 (22.1) 64.7 (52.8) 43.7 (29.4) 0.27

Received radiation 66.7% 60.0% 62.5% 76.5% 0.91

Months since radiation 48.7 (40.1) 36.9 (22.1) 67.1 (59.2) 42.7 (27.9) 0.21

Body mass index 29.0 (6.4) 29.0 (7.2) 32.0 (6.9) 27.0 (4.2) 0.09

Depressive symptoms 5.5 (4.4) 6.0 (5.0) 4.0 (4.0) 6.4 (4.0) 0.51

Anxiety symptoms 5.5 (3.6) 5.0 (3.0) 5.9 (4.0) 6.0 (3.0) 0.35

Quality of life 145.1 (16.1) 145.0 (15.0) 145.0 (18.0) 145.0 (16.0) 0.99

Fatigue 52.3 (10.0) 51.0 (12.0) 53.0 (9.0) 53.0 (9.0) 0.85

Predicted VO2max 23.3 (4.7) 22.0 (4.2) 22.0 (5.4) 25.0 (4.1) 0.08

SD, standard deviation.
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but the interaction was non-significant (p = 0.44, d = -0.23). The
three-way interaction for accuracy on the single task block was
non-significant with a negligible effect size (p = 0.87, η2 = 0.01).
No significant three-way interactions emerged for accuracy or
reaction time on either the mixed stay or switch blocks. Analyses
further revealed a significant main effect of time for both accuracy
and reaction time (ps < 0.01) on the single task block such
that women were more accurate but slower over time across
walking and sitting conditions. There was also a significant time
by condition interaction for reaction time (p = 0.001), driven
by significantly slower performance after the sitting condition
regardless of duration group.

Letter Comparison
Three-way RM-ANOVAs revealed a moderately sized three-
way interaction for reaction time on the processing speed task
[F(2,45) = 1.60, p = 0.21, η2 = 0.07]. Upon decomposing
this interaction within duration groups, there was a significant
time by condition interaction in the 20-min duration group
[F(1,15) = 6.43, p = 0.04, η2 = 0.26] driven by significantly faster
performance after walking compared with after sitting (d = -0.24).
No significant or meaningful time by condition interactions
emerged in either the 10- or 30-min duration groups (ps > 0.20,
ds < -0.10). The three-way interaction for accuracy was non-
significant with a negligible effect size (p = 0.41, η2 = 0.04).
Analyses also revealed a significant main effect of time for
accuracy (p < 0.04) driven by increased accuracy over time
regardless of activity condition or duration group. In addition,
there was a significant time by condition interaction across the
full sample for reaction time [F(1,47) = 5.84, p = 0.02, η2 = 0.11],
such that women performed significantly faster after walking
regardless of how long they walked. Means (SE) and effect sizes
for significant outcomes are displayed in Table 3.

DISCUSSION

The present study was designed to determine if the effects of
walking versus sitting on cognitive function in patients with
breast cancer differed as a function of walking duration (i.e., 10 vs.
20 vs. 30 min). To our knowledge, this is the first study to examine
the dose-response relationship between acute exercise duration
and cognition in patients with breast cancer. Analyses revealed
that regardless of how long they walked, patients performed
significantly faster on processing speed and spatial working
memory tasks post-exercise compared with post-sitting. The
capacity of a walk spanning anywhere from 10 to 30 min to confer
cognitive benefits is encouraging when we consider the number
of barriers cancer patients must surmount in their return to daily
life post-treatment; a short walk is an achievable target for a wide
range of patients relative to function and fitness. These results are
consistent with those of our previous study in 27 patients with
breast cancer (Salerno et al., 2019) in which we observed benefits
in the domains of processing speed and spatial working memory
after 30 min of walking. The current findings replicate and extend
this work through evidencing cognitive benefits after shorter
walks and highlighting potential avenues of exploration for the

dose-response relationship between acute exercise and cognition
post-cancer. Of course, both studies were conducted in small
samples of homogeneous patients with breast cancer, and more
research is needed before formally recommending acute exercise
for cognition during cancer survivorship; however, physical
activity benefits are far-reaching, and these results support its
utility for improved health after cancer.

Of further interest were moderately sized three-way
interactions for inhibition accuracy and cognitive flexibility
reaction time, driven by significantly slower performance after
sitting (inhibition accuracy: 20-min; cognitive flexibility: 10-
and 30-min) rather than faster performance after walking.
Historically, dose-response effects in non-diseased populations
have been driven by faster performance after acute exercise
(Tomporowski, 2003; McMorris et al., 2008; McMorris and
Hale, 2012); however, more recent work in children and young
adults has highlighted the detrimental effects of prolonged
sitting time on cognition (Drollette et al., 2012; Pontifex et al.,
2015). Our findings may be the result of screen time during
the sitting session (Takeuchi et al., 2015), where almost 90%
of the current sample opted to watch television. Given the rise
in incentivized sedentary behaviors in the 21st century (e.g.,
desk jobs and delivered goods) and high prevalence of screen
time in our daily lives, it is encouraging that a short bout of
exercise has the capacity to at least maintain select domains of
cognitive functioning.

The present findings then juxtapose two separate
considerations: the beneficial effects of exercise and detrimental
effects of sitting. It appears that for cognitive flexibility and
inhibition, sitting has a more robust, negative effect than acute
exercise does a positive effect, whereas the opposite can be
said for processing speed and spatial working memory. This
selectivity is similar to that seen in cancer-free adults (Colcombe
and Kramer, 2003; Colcombe et al., 2006; Hillman et al., 2008;
Erickson et al., 2011), and may be explained through distinct
biological mechanisms. It is generally accepted that exercise
results in increased concentrations of circulating brain-derived
neurotrophic factor, endothelial growth factor, and insulin-like
growth factor (Lista and Sorrentino, 2010). These factors are
thought to work synergistically in increasing neurogenesis in
distinct areas of the brain such as the hippocampus, which in
turn has been related to improvements in spatial memory in
older adults (Erickson et al., 2011). However, this mechanistic
literature has yet to be clarified with conflicting findings across
studies. A better understanding of the biological/psychosocial
mechanisms underpinning the acute exercise-cognition
relationship in cancer patients specifically is warranted to
highlight targetable pathways and better inform the design of
behavioral interventions. Just as physical activity is distinct from
sedentary behavior, future work may seek to better understand
these differential acute effects. This may include the use of
active control groups or different sedentary activities during
sitting sessions.

These mixed findings may be the product of the cognitive
tests employed. Discordance in the literature between
subjective (e.g., survey and interview) and objective (e.g.,
neuropsychological tests) measures of CRCI (Pullens et al.,
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TABLE 3 | Means (SE) for cognitive tasks.

Measure Pre Post d

Task switching single task

Accuracy (%)

Overall

Walking 0.95 (0.02) 0.98 (0.01) 0.09

Sitting 0.96 (0.01) 0.98 (0.00)

Reaction time (ms)

10 min

Walking 754.49 (33.37) 791.60 (41.13) −0.96

Sitting 775.64 (39.35) 944.20 (47.19)

20 min

Walking 702.10 (20.76) 736.10 (33.66) −0.23

Sitting 782.38 (47.42) 850.70 (34.83)

30 min

Walking 700.71 (15.61) 746.90 (36.11) −0.52

Sitting 785.14 (37.77) 893.13 (44.71)

Spatial Working Memory 2-dot

Accuracy (%)

Overall

Walking 0.90 (0.02) 0.90 (0.03) −0.15

Sitting 0.91 (0.03) 0.90 (0.02)

Reaction time (ms)

Overall

Walking 840.58 (20.48) 805.15 (21.48) −0.12

Sitting 817.22 (19.90) 798.92 (18.68)

10 min

Walking 887.58 (35.96) 864.18 (32.62) −0.06

Sitting 866.56 (35.59) 851.76 (27.70)

20 min

Walking 814.39 (28.64) 761.81 (32.84) −0.35

Sitting 781.93 (26.89) 767.93 (27.74)

30 min

Walking 822.23 (32.50) 791.30 (29.72) −0.05

Sitting 804.81 (28.96) 780.35 (26.23)

Spatial Working Memory 3-dot

Accuracy (%)

Overall

Walking 85.7(0.01) 87.0 (0.01) 0.18

Sitting 86.5(0.01) 86.2 (0.01)

Flanker Incongruent

Accuracy (%)

10 min

Walking 0.97 (0.01) 0.95 (0.02) −0.33

Sitting 0.93 (0.03) 0.94 (0.03)

20 min

Walking 0.97 (0.01) 0.97 (0.01) 0.75

Sitting 0.98 (0.01) 0.96 (0.01)

30 min

Walking 0.97 (0.01) 0.96 (0.01) −0.02

Sitting 0.96 (0.01) 0.95 (0.01)

Reaction time (ms)

Overall

Walking 630.97 (11.33) 651.13 (14.12) 0.07

Sitting 641.10 (16.35) 658.59 (15.36)

(Continued)

TABLE 3 | Continued

Measure Pre Post d

Processing Speed

Accuracy (%)

Overall

Walking 0.94 (0.01) 0.95 (0.01) 0.07

Sitting 0.95 (0.01) 0.96 (0.01)

Reaction time (ms)

Overall

Walking 63.34 (3.90) 60.57 (3.90) −0.10

Sitting 63.05 (4.22) 61.88 (4.18)

10 min

Walking 69.30 (4.19) 67.87 (4.33) −0.01

Sitting 70.26 (4.95) 69.03 (4.96)

20 min

Walking 61.31 (3.21) 57.96 (3.31) −0.24

Sitting 60.14 (3.23) 59.94 (3.50)

30 min

Walking 59.41 (4.31) 55.88 (4.07) −0.08

Sitting 58.74 (4.49) 56.67 (4.09)

SE, standard error; ms, milliseconds.

2010; Janelsins et al., 2014) suggests that patients with breast
cancer suffer impairments in cognition that we may not fully
understand and subsequently fail to test. One solution would
be adopting a transdisciplinary approach with input from
behavioral, neurological, and physiological scientists to develop
more appropriate tests of CRCI (Horowitz et al., 2018). We must
also consider that an acute bout of walking is simply not powerful
enough to meaningfully improve certain cognitive domains after
breast cancer to the extent that chronic exercise engagement
might. Given the differential cognitive and affective effects
(Hopkins et al., 2012) and mechanisms (Pesce, 2012) between
acute and chronic exercise, it will be important to characterize
the domains most amenable to acute bouts of exercise compared
to those requiring sustained, consistent engagement in physical
activity over time. This would allow for the design and delivery
of physical activity programs that maximize cognitive benefits
while also minimizing unnecessary burden.

The present study should be interpreted within the context of
its strengths and weaknesses. It is the first, to our knowledge,
to examine the dose-response relationship between exercise
duration and cognitive function in patients with breast cancer
using an attainable, easily implemented behavior: walking.
Additionally, the cognitive tasks employed were well-validated,
reliable measures of cognitive function across the lifespan;
however, more work should be conducted to validate such
measures in cancer populations specifically as well as ascertain
if such measures adequately measure CRCI. The main limitation
of the present study is the small sample size (i.e., <20 subjects
per group), which was comprised of primarily Caucasian,
highly educated women, limiting generalizability of the results.
However, if the effect sizes reported herein can be replicated in a
larger sample, such findings would have important public health
implications. We also note that several analyses were conducted
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in the full sample of 48 patients, highlighting no difference
between the walking durations for spatial working memory and
processing speed. Further, these findings are only relevant to
four domains of cognitive function. Future research should use
a variety of tasks in randomized order to ensure that the full
effects of exercise on cognition are not lost to task specificity
and/or the possible transient effects of acute exercise. Finally,
blinding was not possible due to the design of this study and may
have introduced bias given the known benefits of physical activity
after cancer. However, we employed objective cognitive tasks,
potentially reducing the risk of bias that may have presented itself
with self-reported outcomes.

Findings from the present study suggest that exercise’s
influence on cognition in patients with breast cancer is selective
by length of time spent walking and sitting, response outcome
(i.e., accuracy or reaction time) and cognitive task type. While
the optimal length of exercise for eliciting the greatest cognitive
benefits remains unclear, our results suggest that walking from 10
to 30 min may provide significant short-term benefits for select
cognitive domains. Given the meaningful effect sizes herein,
future research efforts should focus on elucidating these effects
in larger trials of heterogeneous cancer patients as well as how
such acute bouts may be accumulated for larger, lasting cognitive
benefits after breast cancer.
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