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Abstract

Purpose Research suggests that physical activity may be a

promising treatment for cancer-related cognitive impair-

ment; however, evidence is limited by small samples and

self-report measures and little is known about the under-

lying mechanisms. The purpose of this study was to

examine the effects of physical activity on cognitive

function in a national sample of breast cancer survivors

(BCSs) using objective measures. We hypothesized that

physical activity’s effects on cognition would be indirect

through survivors’ self-reported fatigue.

Methods Participants (N = 299; M = 57.51 ± 9.54 years)

included BCSs with access to an iPad. Participants wore an

accelerometer for seven consecutive days to measure their

average daily minutes of moderate-to-vigorous physical

activity (MVPA) and completed a battery of questionnaires

and neuropsychological tests via an iPad application to

measure fatigue and cognitive function. Cognitive function

was modeled as two latent factors—executive function and

working memory—comprising performance across seven

cognitive tasks. A structural equation modeling framework

was used to test the hypotheses.

Results MVPA was associated with less fatigue

(c = 0.19), which, in turn, was associated with faster times

on executive function tasks (c = -0.18) and greater

accuracy on working memory tasks (c = 0.16). The indi-

rect paths from MVPA to cognitive performance were also

significant (executive function: b = -0.03, memory:

b = 0.03).

Conclusions Findings suggest that MVPA may be associ-

ated with greater executive function and working memory

in BCSs. Further, this effect may be partially indirect

through cancer-related symptoms (e.g., fatigue). Results

emphasize the need for additional scientific investigation in

the context of prospective and efficacy trials.

Keywords Cancer-related cognitive impairment � Physical

activity � Fatigue � Breast cancer

Introduction

Cancer-related cognitive impairment (CRCI) is increas-

ingly receiving recognition as a priority in clinical research

and practice [1, 2]. Among the cognitive functions most

susceptible to cancer and its treatments are executive

function and working memory [1, 3, 4], which involve top-

down mental processes that control and regulate behaviors

and actions and include the ability to temporarily store,

translate, and apply information. Breast cancer survivors

(BCS) have reported difficulties returning to work, con-

centrating, multi-tasking, and fulfilling social roles and

have cited these side-effects as distressing and damaging to

their self-confidence [5–7]. Unfortunately, these disrup-

tions to daily functioning may be more extreme and
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common than in aging adults without cancer and may have

lasting effects on survivors’ quality of life [8, 9]. Scientific

investigation to develop evidence-based treatments of

CRCI is needed.

The trajectory of cognitive impairment after cancer is

thought to be parallel to that of aging, but may occur

substantially earlier and at an accelerated rate when com-

pared with healthy adults [8, 10, 11]. Therefore, aging

models of cognition may have utility in BCS. The aging

literature has provided strong evidence in support of aer-

obic physical activity for ameliorating age-related cogni-

tive decline in older adults [12–16]. Recent studies in

exercise oncology have extended these findings to cancer

survivors [17–21]. Mackenzie et al. [19] found that more

physically active BCS performed better on a working

memory task regardless of treatment(s) received. Likewise,

Hartman et al. [22] observed greater performance on tests

of executive function and attention among BCS reporting

the highest levels of physical activity. This nascent litera-

ture warrants further research, as findings to date are pre-

liminary and limited by self-report measures and small

samples. Few studies have investigated associations in

larger samples, using objective measures of both physical

activity and cognitive function [23], and in combination

with self-report measures of physical, behavioral, and

psychological correlates.

Fatigue has been identified as an important psycholog-

ical correlate of both physical activity and CRCI. Specifi-

cally, physical activity is a well-documented, evidence-

based treatment of cancer-related fatigue [2, 24, 25].

Fatigue has also been identified as a potential mechanism

of cognitive impairment in cancer and non-cancer popu-

lations [4, 26–28]. As such, it is possible that increased

physical activity may benefit fatigue symptoms, which, in

turn, may improve cognitive functioning among survivors.

However, to our knowledge, this path has not been

investigated.

The purpose of this study was to examine relationships

among physical activity, fatigue symptoms, and cognitive

function (i.e., executive function and working memory) in

a national sample of BCS using objective measures of

physical activity (i.e., accelerometry) and cognitive func-

tioning. We hypothesized that (1) average daily minutes of

moderate-to-vigorous physical activity (MVPA) would be

directly associated with self-reported fatigue, (2) fatigue

would be directly associated with performance on cogni-

tive tasks, and (3) MVPA would be indirectly associated

with cognitive performance via fatigue symptoms. We

hypothesized that these relationships would be evident

independent of covariates of CRCI (e.g., age, treatment

history) [24, 29].

Methods

Participants and procedures

Participants included 299 women aged 21 years and older,

diagnosed with breast cancer at any stage, and who had

access to an iPad with iOS 6.1 or later. Women were

recruited through the Army of Women�, social media,

http://BreastCancerTrials.org, electronic fliers, and word of

mouth. Interested individuals enrolled in the study by

downloading an iPad app designed specifically for this

study (powered by BrainBaseline�, Digital Artefacts, Iowa

City, IA). Those who expressed interest were emailed links

to a full description of the study. Upon logging into the app

for the first time, participants confirmed their eligibility and

electronically signed the institutional review board

approved informed consent.

Participants were instructed to complete a battery of

questionnaires and cognitive tasks via the app within

14 days of signing the consent form. The app provided

participants with feedback on their progress through the

assessments and on Day 10 of the data collection period

automatically sent emails to remind participants to com-

plete the assessments. Participants were also mailed an

accelerometer to wear for seven consecutive days.

Measures

Demographic and clinical information

Demographics, breast cancer history, and general health

history questionnaires were used to measure demographic

and clinical information (Table 1). Covariates of CRCI and

MVPA, including age, body mass index (BMI) category,

menopausal status, comorbidities, treatment history, and

hormonal therapies, were derived from these question-

naires. To measure comorbidities, participants were asked

to respond yes/no to the following question: ‘‘Has your

doctor diagnosed you with any of the following condi-

tions?’’ This item was consistent with our previous research

in BCS [30]. Comorbidities were summed across self-re-

ported diagnosis of ten chronic diseases consistent with

Goodman et al. [31]: arthritis, osteoporosis, asthma,

chronic obstructive pulmonary disorder, congestive heart

failure, heart attack, stroke, dementia, Type 2 diabetes, and

depression. Participants were also asked to report if they

ever received chemotherapy and/or radiation therapy.

Treatment history was defined as receipt of chemother-

apy ? radiation, chemotherapy only, radiation only, or

neither. Hormonal therapy history was derived from an

item asking participants to choose which
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medication(s) they were currently taking and the number of

months taking these medications. The list included aro-

matase inhibitors (e.g., anastrozole, exemestane, letrozole),

tamoxifen, fulvestrant, toremifene, raloxifene, and none of

these. Hormonal therapy history was modeled in months,

and individuals reporting no medication were coded as

0 months.

Physical activity

Only participants who agreed via the consent form were

mailed an accelerometer (Actigraph GT3X, Pensacola,

FL). Participants were instructed to wear the device for

seven consecutive days on a waistband on their non-dom-

inant hip during their wake period, to move the device to

their non-dominant wrist at bedtime, and return it to their

waist upon wakening. Sleep time was filtered out before

processing the accelerometer data for physical activity.

When scored with an interruption period of 60 min, those

with at least 10 h of wear time on at least 4 days were

retained in analyses [32]. Devices were initialized to cap-

ture movement in 1-s epochs. Physical activity data were

scored using Freedson cutpoints [33] and are represented as

average daily minutes spent in MVPA (C1952 counts/min).

Fatigue

The functional assessment of chronic illness therapy-fa-

tigue scale (FACIT-F) [34] was used to measure fatigue.

The FACIT-F is a 13-item questionnaire assessing self-

reported fatigue and its impact upon daily function during

the past 7 days. Higher scores signify less fatigue. Internal

consistency in the present sample was high (a = 0.94).

Cognitive function

Cognitive function was measured as participants’ perfor-

mance on tasks of executive function and working memory

(detailed below) administered through the BrainBaseline�

iPad platform. Raw data from each task were downloaded

from BrainBaseline� and processed in MATLAB R2014b

Version 8.4 (MathWorks, Inc., Natick, MA) to calculate

summary scores for each variable included in data analy-

ses. Extreme values were Winsorized at ±3.0 standard

deviations from the mean for each variable. Reaction times

on the flanker and task-switch tasks were coded as missing

when corresponding accuracy was less than 50%.

Executive function

Flanker During the flanker task [35], participants were

presented with a central fixation cross for 500 ms. Next, a

flanker display consisting of five arrows was presented for

2000 ms or until a response was made. On a random half of

the trials, the flanking arrows (two on each side) pointed in

the same direction as the target arrow (congruent), and on the

other half they pointed in the opposite direction (incongru-

ent). Participants were instructed to focus on the central

arrow and report as quickly and accurately as possible

whether the arrow pointed to the right or left. Task perfor-

mance was defined as reaction time across incongruent trials.

Mazes The mazes task required participants to use their

finger to draw a line from the start of the maze to the finish.

Task performance was measured as the total time spent

drawing while completing the maze.

Table 1 Sample characteristics

M ± SDa

n (%)

Age (years) 57.51 ± 9.54

Bachelors degree 207 (69.5)

Income C$75,000/year 214 (75.9)

White 284 (95.3)

Married 229 (76.8)

Cancer stages

0 22 (7.4)

1 119 (39.9)

2 104 (34.9)

3 47 (15.8)

4 6 (2.0)

Months since diagnosis 94.49 ± 72.18

History of chemotherapy 212 (71.1)

History of radiation 217 (72.8)

History of chemotherapy and radiation 163 (54.7)

Hormonal therapy (months) 20.75 ± 30.40

None 151 (50.5)

Therapy B1 year 38 (12.8)

Therapy[1 year 108 (36.4)

Body mass index (BMI) 26.58 ± 5.72

Normal weightb 141 (47.3)

Overweight 93 (31.2)

Obese 62 (20.8)

Post-menopausal 270 (90.6)

Number of comorbidities (out of 10)c 1.01 ± 0.94

0 103 (34.7)

1–2 170 (57.2)

C3 24 (8.1)

a Mean, standard deviation
b BMI was categorized as underweight or normal weight (\25.00 kg/

m2), overweight (25.00–29.99 kg/m2), obese (C30.00 kg/m2)
c Sum of self-reported diagnosis of: arthritis, osteoporosis, asthma,

chronic obstructive pulmonary disorder (COPD), congestive heart

failure, heart attack, stroke, dementia, Type 2 diabetes, and depression
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Task-switch Task-switch [36] trials began with the pre-

sentation of a pink or blue square, inside of which was a

number (1–4 or 6–9). Numbers were presented individually

for 2500 ms. If the background was blue, participants were

asked to report (by touching buttons on the screen with their

left hand) whether the number was higher or lower than 5. If

the background was pink, participants were asked to report

whether the number was odd or even using the right hand.

Participants completed 48 trials in which the task switched

unpredictably from trial to trial. Task performance was

defined as reaction time across switch trials.

Trails B During trails B [37] participants used their finger

to draw a line as quickly as possible between a series of

alternating numbers and letters in ascending order (i.e., 1,

A, 2, B, etc.). Task performance was defined as the total

time to complete the trail.

Working memory

Spatial span Spatial span required participants to identify

a pattern of green dots. Individual dots momentarily turned

green in a particular order. When prompted, the subject

was asked to tap the dots in the reverse order in which the

dots were highlighted. The patterns became progressively

longer across each trial. Task performance was defined as

the maximum number of dot locations correctly remem-

bered in sequence.

Spatial working memory (SPWM) Each SPWM trial began

with presentation of a central fixation point for 1500 ms. Next,

sets of two or three black dots appeared on the screen for

500 ms. The locations of the dots were randomly determined

on each trial. Participants were instructed to remember the

location of each dot in the array. After a 1000 ms delay, a

single red probe dot appeared at one location on the screen,

and participants were asked to determine if the location of the

red dot matched one of the locations occupied by one of the

black dots. The red probe dot remained on the screen for

2000 ms or until the participant responded. The probe dot

matched the location of one of the black dots on half of the 60

trials. Task performance was defined as accuracy for the sets

containing three dots.

Swap Participants first observed the spatial positioning of

three or five ordinary objects on the screen (e.g., table and

chairs, banana, drum, teacup, and saucer). The viewing

window then becomes blank and the objects are lined

across the bottom of the screen. When prompted, the par-

ticipant was asked to use their finger to drag the objects

back to their original position in the window. Task per-

formance for the present study was defined as the average

number of distortions, or placement of objects in positions

not used in the initial array, on sets including five objects.

Data analysis

The hypothesized pathways from MVPA to fatigue to

executive function and working memory were tested using

a structural equation modeling framework (MPlus v7.31;

Muthén and Muthén, 1998–2015). This approach allowed

us to test relationships while controlling for covariates.

Preliminary analyses indicated that missing data were

missing at random; therefore, the full information maxi-

mum likelihood estimation was used [38, 39]. Only indi-

viduals with valid accelerometer wear-time were included

(N = 299/340 sent). Data were missing due to device

malfunction (n = 1), participant decline to wear upon

device receipt (n = 35), incomplete wear (B4 days of

valid wear; n = 2), and loss of device (n = 3). The extent

of missing data on the app-based assessments ranged from

1.7% (fatigue) to 7.0% (spatial span).

Prior to hypothesis testing, a confirmatory factor anal-

ysis was conducted to model executive function and

working memory as latent constructs. The executive

function latent factor comprised flanker incongruent reac-

tion time, mazes drawing time, task-switch reaction time

on switch trials, and trails B overall time. Working memory

comprised SPWM accuracy on three-probe trials, spatial

span correct responses, and swap distortions. Flanker

reaction time and SPWM accuracy were fixed to 1 to

identify each scale, while other indicators were freely

estimated. The hypothesized pathways were then tested as

follows: (1) direct effect of MVPA on fatigue, (2) direct

effect of fatigue on executive function and working

memory, and (3) indirect effect of MVPA on executive

function and working memory via fatigue. To further test

that the effect of MVPA on cognitive performance was

indirect, we tested the direct effect of MVPA on executive

function and working memory. Age, BMI category,

menopausal status, comorbidities, treatment(s) received,

and months of hormonal therapy were included in all

models to test the effects of MVPA and fatigue on cogni-

tive performance independent of covariates. Significant

effects are presented as standardized effects at a one-tailed

alpha of p\ 0.05. Model fit was assessed using standard,

accepted indices: non-significant normal theory weighted

v2, comparative fit index (CFI [0.90), root mean square

error of approximation (RMSEA\0.05), and standardized

root mean residual (SRMR\0.08) [40].

Results

Participant characteristics and descriptive statistics of pri-

mary outcome variables are reported in Tables 1 and 2,

respectively. Briefly, participants ranged in age from 28 to
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79 years (M = 57.51 ± 9.54 years) and were primarily

white, educated, affluent, and married. Most were not

currently taking any of the listed medications (n = 151).

Among those taking medication, most reported an aro-

matase inhibitor (n = 84), followed by tamoxifen

(n = 47). The measurement model for the executive

function and working memory latent factors provided

excellent fit to the data (v2 = 14.24 [13], p = 0.36,

CFI = 0.99, RMSEA = 0.02 [90% CI = 0.00–0.06],

SRMR = 0.03), and all factor loadings were significant

(p\ 0.001; Fig. 1). Next, a model was tested that specified

the direct effects of MVPA on fatigue; direct effects of

fatigue on executive function and working memory; and

indirect effects of MVPA on executive function and

working memory. The model including age, BMI category,

menopausal status, comorbidities, treatment history, and

hormonal therapy as covariates had excellent fit to the data

(v2 = 53.82 [55], p = 0.52, CFI = 1.00, RMSEA = 0.00

[90% CI = 0.00–0.04], SRMR = 0.03).

As hypothesized, a direct path from MVPA to fatigue

symptoms was observed (c = 0.19, z = 3.44, p\ 0.001)

whereby greater daily MVPA was associated with fewer

fatigue symptoms (Fig. 2). Additionally, direct paths from

fatigue to executive function and working memory were

observed whereby fewer fatigue symptoms were associated

with faster times on executive function tasks (c = -0.18,

z = -2.50, p = 0.005) and higher accuracy on working

memory tasks (c = 0.16, z = 1.88, p = 0.03). The indirect

paths from MVPA to cognitive performance, through

fatigue, were also significant (executive function:

b = -0.03, z = -2.01, p = 0.02, memory: b = 0.03,

z = 1.65, p\ 0.05). Finally, we did not find evidence of a

direct path from MVPA to working memory (c = 0.03,

z = 0.31, p = 0.76). However, contrary to our hypothesis,

a direct effect of MVPA on executive function was

observed (c = -0.13, z = -1.95, p = 0.03). Goodness of

fit of the model including the latter path was similar to that

of the hypothesized model (v2 = 50.08 [54], p = 0.63,

CFI = 1.00, RMSEA = 0.00 [90% CI = 0.00–0.03],

SRMR = 0.03).

A number of associations between covariates and other

model constructs were observed. Age emerged as the

strongest correlate of fatigue, executive function, and

working memory (c = 0.35, z = 5.89, p\ 0.001; c = 0.53,

z = 6.98, p\ 0.001; c = -0.38, z = -3.99, p\ 0.001,

respectively). Older women reported fewer fatigue symp-

toms, had slower performance on executive function tasks

and lower accuracy on working memory tasks. Menopausal

status and months of hormonal therapy were not associated

with cognitive performance (p[ 0.32), but were negatively

associated with fatigue (menopause: c = -0.13, z = -2.30,

p = 0.01, hormonal: c = 0.10, z = 1.81, p = 0.04). Post-

menopausal women and those taking adjuvant hormonal

therapies for fewer months reported greater fatigue. The

number of self-reported comorbidities was significantly

associated with fatigue and cognitive performance (fatigue:

c = -0.26, z = -4.71, p\ 0.001, executive function:

c = 0.14, z = 1.89, p = 0.03, memory: c = -0.18,

z = -2.08, p = 0.02). Those with more comorbidities had

more fatigue symptoms and worse performance on execu-

tive function and working memory tasks. BMI category was

associated with executive function (c = -0.13, z = -1.89,

p = 0.03), but not with fatigue or working memory

(p[ 0.15). Overweight and obese women had faster reac-

tion times on executive function tasks when compared with

normal weight women. Treatment history was not associated

Table 2 Descriptive statistics

of physical activity, fatigue, and

cognitive function

M ± SDa Range

n (%) Min Max

Daily moderate-to-vigorous PA (min)b 30.03 ± 22.53 2.14 221.57

Daily wear time on valid days (min) 912.53 ± 60.38 708.17 1041.86

Fatigue (out of 52) 41.45 ± 9.11 9 52

Flanker incongruent RT (ms)bc 612.28 ± 129.08 422.78 1206.58

Mazes drawing time (s)b 8.07 ± 3.20 2.27 24.45

Task-switch switch RT (ms)bc 1371.41 ± 172.62 866.74 1899.82

Trails B time (s)b 67.42 ± 28.26 31.15 293.48

Spatial working memory accuracy (%) 83.99 ± 9.76 50.00 100.00

Spatial span (# correct) 4.47 ± 1.17 2 8

Swap (mean distortions) 2.29 ± 1.05 0 5.6

a Mean, standard deviation
b Variable was Winsorized at ±3.0 standard deviations from the mean prior to data analysis. Descriptive

statistics represent observed values
c Reaction times set to missing when corresponding accuracy was\50%
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with fatigue or cognitive performance (p[ 0.17). The

model including covariates explained 40 and 24% of the

variance in executive function and working memory,

respectively (Fig. 2).

Discussion

Findings of the present study support an emerging litera-

ture on exercise and CRCI. Notably, positive relationships

between MVPA, executive function, and working memory

were observed via objective measures of both physical

activity and cognitive function, using multiple indicators of

cognitive function, across a national sample of BCS, and

independent of hypothesized covariates. Results extend

previous research in suggesting the effects of MVPA on

CRCI may be partially explained by MVPA’s influence on

cancer-related symptoms such as fatigue. Additionally, in

testing multiple cognitive domains together, the current

study suggests that both executive function and working

memory may be sensitive to the benefits of exercise. Taken

together, findings contribute to our knowledge of the

Flanker 
Incongruent RT

0.590.52 0.56

Executive 
Function

0.48

SPWM 
Accuracy

0.48 0.51

Working 
Memory

0.52

Task-Switch 
Switch RT

Mazes Drawing 
Time

Trails B 
Overall Time

Swap
Distortions

Spatial Span 
Correct

Fig. 1 Confirmatory factor

model of latent cognitive

factors. Note all coefficients

represent standardized factor

loadings from model output.

Swap distortions reflected to

align direction of factor loading

with other working memory

indicators

Fatigue0.19b

-0.18c
Execu�ve 
Func�on

MVPA

-0.13a

R2=0.40

Working 
Memory

-0.74
0.16d

0.03

R2=0.24

Fig. 2 Structural equation model of relationships among moderate-

to-vigorous physical activity (MVPA), fatigue, and cognitive func-

tion. Note all coefficients represent standardized estimates from

model output. Solid lines reflect statistical significance at p\ 0.05,

one-tailed. Covariate paths have been omitted for clarity, but are

presented in the text. aNegative path indicates more daily minutes of

MVPA were associated with faster reaction times on executive

function tasks. bPositive path indicates more daily minutes of MVPA

were associated with less fatigue. cNegative path indicates less fatigue

was associated with faster reaction times on executive function tasks.
dPositive path indicates less fatigue was associated with greater

accuracy on working memory tasks
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mechanisms of CRCI and indicate a need for experimental

trials testing the effects of exercise on cognitive function in

cancer survivors.

Results are consistent with the aging literature

[12, 13, 16, 41] and corroborate previous cross-sectional

work in cancer survivors. For instance, Hartman et al. [22]

observed a positive association between BCS’s self-re-

ported physical activity and performance on neuropsy-

chological tests of executive function and attention. A

number of studies have also observed a positive effect of

MVPA on working memory [18, 19, 42]. The cancer lit-

erature suggests that cognitive processes may be differen-

tially affected by cancer and its treatments [27], and the

benefits of exercise to CRCI may also be specific to par-

ticular cognitive domains. Consistent with this, reviews

and meta-analyses in older adults, while observing benefits

of MVPA on multiple cognitive domains, indicate that the

effects may be strongest for executive control processes

[12, 41]. Our results also indicate that MVPA may differ-

entially affect cognitive domains in BCS. Specifically, the

data suggest a stronger effect of MVPA on executive

function when compared with working memory, in addi-

tion to a direct effect of MVPA on executive function.

However, additional studies testing the effects of exercise

on multiple domains of cognitive function concomitantly

are needed.

Mackenzie et al. [8] have noted that treatment of CRCI

is limited due to a lack of understanding of the underlying

mechanisms. As such, of further interest is the finding that

MVPA’s effects on executive function and working

memory were indirect through fatigue. This finding is

consistent with a framework proposed by Janelsins et al.

[27] in which fatigue and inflammation may be important

mechanisms between cancer treatment(s) and CRCI.

Specifically, fatigue has been associated with increased

levels of pro-inflammatory cytokines (IL-6, IL-8, IL-10),

which have been linked to CRCI [4, 24, 26, 43]. In non-

cancer populations, inflammation has also been associated

with aging and cognitive decline [28], and physical

activity is known to protect against systemic inflammation

[44]. Therefore, an important area of future research

includes examination of fatigue and inflammation as

mediators of the pathway between exercise and CRCI. If

our preliminary findings are corroborated, exercise inter-

vention studies targeting cancer-related fatigue may be

useful in informing the design of exercise interventions

addressing CRCI [45].

Further research examining the influence of exercise on

brain structure and function, in addition to cognitive

functions, is also warranted. The direct effect of MVPA on

executive function suggests that mechanisms other than

fatigue (e.g., brain structure, function) may also contribute

to exercise’s influence on cognitive function in BCS. Most

of the available literature on the effects of exercise on brain

health in cancer patients and survivors has focused on the

hippocampus and memory functions [17, 21, 46]. Our

findings support this research and suggest that memory

may be a strong candidate for modifiable lifestyle inter-

vention among cancer survivors [14]. However, deficits in

prefrontal cortex-dependent processes (e.g., executive

function) are also frequently reported by cancer survivors

[47], but rarely have been investigated in neurobiological

studies of CRCI [21]. Our findings support further inves-

tigation of exercise’s influence on prefrontal cortex health

and function, in addition to hippocampal health and func-

tion. Exercise studies combining neuropsychological test-

ing with neurobiological assessments may be most

informative.

Interestingly, being overweight or obese was associated

with faster reaction times on executive function tasks. This

finding is contrary to those of previous studies in which

overweight and obese participants exhibited worse perfor-

mance on cognitive tasks [22] and MVPA was associated

with cognitive performance only in overweight and obese

BCS [23]. Treatment(s) received and current hormonal

therapy use were not associated with executive function or

working memory in the present study. Similar to

Mackenzie et al. [19], MVPA’s effects on cognitive per-

formance were evident regardless of the treatments sur-

vivors received. As participants in our study were generally

long-term survivors, studies examining interactions

between MVPA and treatment-related factors during active

treatment and the early survivorship period may uncover

for whom and when physical activity may be most bene-

ficial in mitigating CRCI.

Approximately two-thirds of our sample reported at

least one chronic condition, and comorbidities were

associated with fatigue and cognitive performance. BCS

represent a population facing the intersection of cancer

and aging [48] and, as a result, a number of other health

conditions in addition to or following cancer. Physical

activity represents a modifiable, non-pharmacologic

treatment that benefits many health outcomes in addition

to cognitive functioning, including reduced risk of cancer

recurrence; decreased levels of fatigue, depression, and

anxiety; improved physical fitness; and enhanced self-

worth and quality of life [8, 30]. Unfortunately, surveil-

lance data suggest that BCS may participate in as little as

3.7 min of MVPA/day [49]. While we observed a positive

effect of MVPA on cognitive function independent of

comorbidities, further research focusing on the effects of

physical activity in survivors with multiple chronic con-

ditions is warranted. These individuals may not only

represent survivors with the greatest cognitive impair-

ment, but they may also have the lowest physical activity

levels [50].
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Limitations

Despite the strengths of this study (e.g., national sample,

app-based assessment), there are some notable limitations.

As data were cross-sectional, causal links among MVPA,

fatigue, and CRCI cannot be discerned. Efficacy trials are

needed to confirm the preliminary findings of this study

and others. Additionally, although we gathered data from a

national sample, participants were generally well-educated,

affluent, and white, thereby limiting the generalizability of

the results. This may in part be due to the iPad inclusion

criterion. Although we still observed effects in this

homogeneous sample, testing platforms that are mobile-

phone compatible (e.g., BrainBaseline� for the iPhone) and

available in other languages (e.g., NIH toolbox) may

broaden our understanding of CRCI in more diverse pop-

ulations of BCS. Finally, the mechanisms of fatigue and

CRCI are complex and may include a number of psycho-

logical, physiological, genetic, behavioral, and treatment-

related determinants [4, 24]. Therefore, while the present

study provides preliminary information on the role of

fatigue along the pathway between MVPA and CRCI,

studies examining other symptoms (e.g., anxiety, depres-

sion), biomarkers (e.g., inflammation, fitness, brain vol-

ume), and behaviors (e.g., sleep) may further contribute to

our knowledge and treatment of CRCI.

Conclusions

Findings suggest that participation in daily MVPA may be

associated with greater executive function and working

memory in BCS. The effect of MVPA may be partially

indirect through cancer-related symptoms such as fatigue.

Results emphasize the need for additional scientific

investigation of relationships between MVPA and CRCI,

particularly prospective and efficacy trials that test effects

temporally and against a comparison group. As BCS rep-

resent a rapidly growing population of women at the

intersection of aging and cancer, the personal and public

health burden of CRCI may be considerable. Identification

of evidence-based treatments is critically needed.
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