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Abstract

Background

Cancer related cognitive impairments have been subjectively reported and objectively
detected in breast cancer patients treated with chemotherapy and are known to have a pro-
found negative impact on productivity, psychosocial well-being and overall quality of life.
Moderate levels of walking are known to be of benefit to the psychosocial well-being of
those affected by breast cancer and for managing cognitive impairment in healthy adults,
children, and the elderly. The purpose of this study is to investigate the effects of a home-
based, self-managed, moderate intensity walking intervention on subjective and objective
cognitive functioning in breast cancer patients undergoing chemotherapy.

Methods

A home-based, self-managed intervention that consisted of moderate levels of walking was
compared to usual care among breast cancer patients treated with chemotherapy in a ran-
domised controlled trial. Outcome measures included changes in subjective (CFQ) and
objectively detected cognitive functioning (Stroop, SART and two subscales from the WAIS-
Digit Span and Block Design). Fifty participants were randomised to either the intervention
group (n = 25), who completed 12 weeks of moderate intensity walking, or to the control
group (n = 25) mid-way through chemotherapy.
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Results

Compared with the control group, the self-managed walking intervention had positive effects
on perceived cognitive function but not on sustained attention, executive function, memory
or visual spatial skills when assessed objectively using neuropsychological measures.

Conclusion

This home-based, self-managed intervention is beneficial for protecting against perceived
cognitive decline in breast cancer patients treated with chemotherapy. There is a need for
further research to objectively assess cognitive decline within this population with larger
sample sizes of patients.

Trial registration
Current Controlled Trials ISRCTN50709297

Introduction

Cancer related cognitive impairments (CRCI) in breast cancer patients and survivors have
been subjectively reported [1] and objectively detected [2], [3] as an adverse reaction to che-
motherapy. Subjective cognitive function is defined as a patient’s self-perceived experience of
mental processes and function [4], whereas objective cognitive function refers to mental pro-
cesses that are assessed using neuropsychological measures [5]. Evidence suggests that 21-90%
of breast cancer patients report difficulties in cognitive function [1] and 15-45% are objectively
detected [6]. Chemotherapy can have long-term effects on self-reported and objective cogni-
tive functioning of breast cancer patients, with impairments evident from four months to 20
years post-chemotherapy [7], [8]. CRCI have been objectively detected and subjectively
reported in a range of cognitive domains including memory, attention, concentration and
executive function [5], [9], [10] and can be subtle or dramatic, temporary or permanent, and
stable or progressive [11]. Furthermore, cognitive decline as subjectively reported by cancer
survivors can have a profound negative impact on productivity and work ability [12], as well as
detrimental effects on patients’ feelings of fatigue, anxiety, depression and overall quality of life
[13], [14]. It has been suggested that subjective complaints and objective assessment of CRCI
are not associated with one another [15-18] but in fact associated with psychosocial distress
and fatigue [19] which may be a predisposing risk factor for developing CRCI following che-
motherapy for breast cancer [15-18], [20-24].

Despite growing evidence for subjective and objective CRCI, interventions addressing these
difficulties among breast cancer patients both during and following primary treatment for can-
cer have been limited, varied in methods, and report mixed results. The wide range of inter-
vention methods have included: cognitive behavioural training [25], [26]; cognitive training
[27-29]; memory training [30]; and physical activity programs ranging from Tai Chi, yoga and
Qigong (posture and breathing) to aerobic and resistance training and walking [31-38]. Mixed
effects on objective cognitive function have been found post-treatment in breast cancer survi-
vors, through the implementation of cognitive behavioural training [26], memory and health
training [30], cognitive training [27], [29] and physical activity [32], [33], [36], [38], [39]. Hart-
man et al. (2017) noted improvements in processing speed following a 12 week physical activ-
ity intervention in their sample of breast cancer survivors who were within 2 years of
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diagnosis, leading them to suggest the need for early implementation of exercise interventions.
Similarly, interventions to manage cognitive difficulties experienced by breast cancer patients
during chemotherapy have yielded mixed results [28], [31]. Poppelreuter et al. (2009) imple-
mented cognitive training strategies during chemotherapy and found no effects on objective
cognitive function, whereas Baumann et al. (2011) found positive effects on cognitive function
following 12 weeks of resistance training using a battery of neuropsychological measures.

In contrast, evidence demonstrates promising effects of easy-moderate levels of walking as
a protective strategy for managing cognitive impairment in healthy individuals, and the elderly
[40], [41] as assessed by objective measures. Greater physical activity has also been associated
with better working memory and executive function in breast cancer survivors [19], [42] as
detected objectively using neuropsychological measures. In light of the evidence outlined
above, we propose that moderate levels of walking may also be of benefit to patients receiving
chemotherapy for their breast cancer.

To our knowledge, this is the first intervention to investigate the effects of a self-managed,
home based, moderate intensity walking intervention among breast cancer patients receiving
chemotherapy.

The primary outcomes for the intervention were changes in subjective and objective cogni-
tive functioning. Secondary outcome measures investigated the effects of the intervention
upon the psychosocial functioning (anxiety, depression, fatigue, self-esteem and mood) of
breast cancer patients. The results for the secondary outcomes have been published elsewhere
[43].

In the current study we hypothesise that a self-managed, home based moderate intensity
walking intervention may help in managing CRCI experienced by breast cancer patients dur-
ing chemotherapy.

Method
Design

The randomised controlled parallel trial compared 12 weeks of self-managed moderate inten-
sity walking plus usual care (n = 25) to usual care alone (n = 25). Subjective and objective
assessments of cognitive functioning and psychosocial measures were completed pre-interven-
tion and 12 weeks later at post-intervention (the same measures were also completed prior to
the experimental sessions, but as this was only for the purpose of familiarisation, these data did
not contribute towards the main analyses). Ethical approval for the study was obtained from
both Loughborough University and the NHS Research Ethics Committee in East Midlands
and Northampton (REC ref: 11/EM/0437, date of REC approval: 02/02/12). All participants
provided written consent. Research was conducted according to the principles expressed in
the Declaration of Helsinki. At the time of initial participant enrolment, the researchers were
unaware of trial registration resulting in a delay in registering the current study. The authors
confirm that all ongoing and related trials for this intervention are registered.

Recruitment

Participants were recruited over a 16-month period from three outpatient clinics at the Leices-
ter Royal Infirmary, UK between 01/06/12 and 01/10/2013. Patients with a diagnosis of breast
cancer waiting to begin adjuvant or neo-adjuvant chemotherapy who were considered fit to
participate in moderate intensity exercise by their oncologist were invited to take part in the
study. The researcher met the participants following their initial consultations with their
oncologist, provided them with a participant information sheet and explained the nature of
the study. Those who showed an interest were followed up 5-7 days later. Women aged
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between 18 and 75 years were eligible for the study if they: had a primary diagnosis of stage I to
III breast cancer; were waiting to begin chemotherapy; were able to read and speak English;
were able to walk unassisted; and were relatively inactive (<30min a day, 5 times a week of
moderate intensity walking). They were excluded if they had previously been diagnosed with
cancer or if they had a current psychiatric illness that could hinder participation in the
intervention.

Procedure

Cognitive functioning was measured objectively using neuropsychological assessments and
subjectively using self-report measures of cognitive difficulties. Measures of Psychosocial well-
being and both objective and subjective measures of physical activity were also collected.
Experimental assessments took place at two-time points: pre-intervention (after two cycles of
chemotherapy) and post-intervention (after the completion of six cycles of chemotherapy). All
participants had been prescribed eight cycles of FEC or FEC-T chemotherapy. Participants
were randomised to either the intervention (n = 25) or control (n = 25) group after completing
the pre-intervention assessment. Following guidance from oncologists, the same measures
were also completed pre-chemotherapy to enable familiarisation with the researcher and
research methods (see Fig 1). Measures were counterbalanced within each of the cognitive
tasks to avoid practice effects.

Participants began the walking intervention after two cycles of treatment, as discussions
with oncologists suggested that the intervention would be better received after patients had
begun chemotherapy and understood what they were facing. Therefore, assessments of cogni-
tive and psychosocial functioning were compared at time two and time three (pre- and post-
intervention) in line with oncologist recommendations. Those who were randomised into the
physical activity group were provided with the intervention materials and those in the control
group continued with usual medical care alone provided by oncology nurses and doctors. At
the time of data collection, patients receiving treatment at the Leicester Royal Infirmary were
not routinely advised of the benefits of physical activity during chemotherapy and therefore
the control group did not receive any information from either the researcher or their medical
team encouraging them to be more active.

Intervention

The intervention consisted of 12 weeks of home-based, self-managed, moderate intensity
walking compared with usual care alone. The design of the walking intervention was based on
the Theory of Planned Behaviour (TPB) [44]. Full details of the intervention and materials are
reported elsewhere [43], [45]. Patients were provided with an intervention booklet including
guidance and recommendations to promote adherence to the intervention, tips and encour-
agement outlining the benefits of walking, and a copy of the Borg Rating of Perceived Exertion
Scale [46] (RPE) which encouraged them to rate the intensity of their walking. They were also
provided with a diary to keep a log of walking duration and intensity (using the RPE) and to
log their weekly goals based on principles of the TPB. Walking schedules were self-managed;
however, the researcher recommended that participants begin by completing 10 minutes of
walking at any one time and then steadily increasing the duration to 30 minutes five times a
week, in line with recommended guidelines of 150 minutes of moderate to vigorous intensity
exercise per week for the general population [47] and breast cancer survivors [48]. Patients
were also provided with the researcher’s contact details in case they had any questions regard-
ing the intervention or the booklet and were encouraged to discuss any potential side effects
with their health professionals should they occur.
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Fig 1. CONSORT Flowchart: Study recruitment and attrition rates.

https://doi.org/10.1371/journal.pone.0206874.9001

PLOS ONE | https://doi.org/10.1371/journal.pone.0206874 November 28, 2018

5/23


https://doi.org/10.1371/journal.pone.0206874.g001
https://doi.org/10.1371/journal.pone.0206874

®PLOS | one

Walking and cognitive function among breast cancer patients undergoing chemotherapy

The intervention group was provided with a Yamax Digi-Walker SW-200 pedometer for
the duration of the intervention to measure daily step count, to provide patients with immedi-
ate feedback, and with the aim of enhancing motivation for the 12-week period. They were
also asked to keep a daily exercise diary including the number of steps taken, duration of walk-
ing bouts and perceived exertion rates. Those randomised to the control group continued to
receive usual care alone.

Measures

Demographic information was gathered via a recruitment questionnaire and disease or treat-
ment related data was gathered via medical records. Assessments of psychosocial well-being
included anxiety and depression (Hospital Anxiety and Depression Scale) [49], mood (Profile
of Mood States) [50], fatigue (Functional Assessment of Cancer Therapy- Fatigue) [51], and
self-esteem (The Self-Esteem Scale) [52]. Further details about psychosocial measures can be
found elsewhere [43], [45]. Measures of cognitive functioning and physical activity are
described below. Self-reported physical activity and subjectively and objectively measured cog-
nitive function were conducted at familiarisation, pre and post intervention.

Objective measures of cognitive functioning

Executive function. A computerised version of the Stroop task [53] was used to measure
executive function in two blocks. The first required participants to name, using a key press, the
print colour of a series of four Xs, and the second consisted of colour words printed in incon-
gruent ink colours (e.g. the word ‘red’ printed in blue). The incongruent condition requires
inhibition of the pre-potent response of responding to word meaning. Reading the colour
name occurs as an automatic cognitive sub-routine, which interferes with the recognition of
the colour itself. In each of the two blocks, 96 stimuli were presented (24 presentations of four
colours: red, green, blue, and yellow) and in the incongruent task each colour word was pre-
sented six times in each of the four colours. The task was counterbalanced each time it was
completed (familiarisation, time two, and time three). Mean reaction time was recorded for
each of the two tasks, following the removal of outliers +/- 2 standard deviation’s (SD’s), and
an interference (difference) score was calculated to give a measure of executive functioning.
This task was chosen as it has frequently been used to illustrate CRCI in chemotherapy patients
[13], [23], [54], [55].

Working memory. Working memory was assessed using forwards and backwards digit
span as used in the Wechsler Adult Intelligence Scale-III [56]. Each task is made up of six pairs
of numbers which were read aloud by the researcher. The ‘digits forward’ version specifically
targets the phonological loop and requires participants to repeat number sequences in the
order in which they are presented. ‘Digits backwards’ targets the visuospatial sketchpad and
central executive processes of working memory by asking participants to repeat the number
sequence in reverse order, therefore making the task more challenging. Scoring was paper-
based with scores for digits forward ranging from 3-9 and digits backwards ranging from 2-8
with high scores in both tasks indicating better performance. Digit span is commonly used to
demonstrate CRCI in breast cancer patients [13], [23], [54], [55], [57], [58]. A meta-analysis of
the sensitivity of neuropsychological tests used to detect CRCI in breast cancer patients [59]
found that digit span produced the largest effect size out of all the tests they reviewed.

Attention. Sustained attention was measured using a computerised version of the Sus-
tained Attention to Response Task (SART) [60]. The task presented participants with
sequences of digits between 1 and 9 in a quasi-random order and varying font size at a rhyth-
mic rate of one every 250 milliseconds. There were 225 stimuli (each of the 9 digits displayed
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25 times), each followed by a mask displayed for 900 milliseconds. The mask is a ring with a
diagonal cross inside which acts as a distracter to break up the presentation of the digits. Par-
ticipants were asked to press the same response key each time, which rapidly becomes an auto-
matic response. However, they were required to withhold this automatic response when they
were presented with the number 3’. The number of false presses (responses to the number 3’)
and reaction times before and after false presses were recorded. The SART has previously dem-
onstrated lower scores of sustained attention in cancer patients who had higher levels of emo-
tional distress following diagnosis in comparison to patients who were more emotionally
stable at this same time point [61].

Perceptual organisation. Visuospatial skills were measured using the WAIS Block Design
as used in the Wechsler Adult Intelligence Scale-III [56]. This task required participants to
arrange a set of coloured blocks in the same pattern as that demonstrated by the researcher or
shown in picture format within the specified time limit. This becomes increasingly difficult
through the addition of blocks and the complexity of the designs presented. This test was
selected as in a previous meta-analysis [59] it demonstrated significant moderate effect sizes of
sensitivity in determining CRCI in breast cancer patients.

Self-reported cognitive functioning. The Cognitive Failures Questionnaire (CFQ) [62]
measured subjective cognitive functioning on a 25 item scale focusing on minor mistakes
made across a one month time frame. This self-report measure generates a score between 1
and 100, with higher scores indicating higher levels of subjective cognitive failures. The scale
takes approximately five minutes to complete and has frequently been used with breast cancer
patients [16], [21], [54], [63-65].

Physical activity

Accelerometer. All participants were provided with ActiGraph GT3X+ accelerometers
and were instructed to wear the device for 10 hours a day for seven days at baseline and after
the completion of chemotherapy. In line with previous findings, seven days of continuous
monitoring is recommended to assess habitual physical activity in adults and provides a trade-
off between feasibility, reliability and acceptable participant burden [66]. Accelerometers were
clipped to clothing or worn on a belt above the hip and measured the frequency, intensity and
duration of physical activity assessed through body movement.

Pedometer. The Yamax Digi-walker SW-200 pedometer was worn by participants rando-
mised to the intervention group for 10 hours a day for the duration of the 12-week interven-
tion. The devices were attached to participants’ clothing above the hip and recorded the
number of steps taken per day. Participants were asked to make a daily note of steps taken
before resetting the device.

Exertion. The Borg Rating of Perceived Exertion Scale [46] was completed by participants
in the intervention group to measure the intensity of walking exercises. Subjective measures of
perceived exertion are often measured using the RPE in this population [67-70]. The scale
asked participants to rate how hard they feel their bodies are working based on the physical
sensations they experience, including increased heart rate, breathing rate and sweating. Exer-
tion is measured on a rating scale between ‘6’ and 20’ with ‘6’ indicating ‘no exertion at all’
and 20’ indicating ‘maximal exertion’. Moderate intensity exercise is rated between 12 and 14
on Borg’s scale. Patients in the intervention group were asked to rate the exertion of their walk-
ing sessions and record it in their walking diaries. They were encouraged to aim towards walk-
ing at a moderate intensity.

The Talk Test [71] was used by participants within the intervention group as a guide to
monitor the intensity and pace of their walking. This informal subjective measure allows
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individuals to judge their own intensity with the understanding that if they are carrying out
moderate intensity walking they should still be able to maintain a conversation but not sing
(whereas carrying out vigorous intensity exercise will prevent individuals from speaking more
than a couple of words). The Talk Test was verbally explained to all participants in the inter-
vention group and it was also outlined in the booklets. Participants in the intervention group
were encouraged to use the measure whilst carrying out their walking exercises to gauge the
intensity of their walking and ensure that they were walking at moderate intensities. As this is
an informal measure for personal use by participants no data were recorded. However, it pro-
vided participants with immediate feedback regarding the intensity of their walking.

Levels of physical activity. The General Practice Physical Activity Questionnaire is a vali-
dated tool published by the Department of Health in 2002 to assess physical activity levels in
16-74 year olds. The questionnaire rates physical activity on four levels: active, moderately
active, moderately inactive, and inactive. The measure was used to gain subjective measures of
physical activity levels pre and post intervention.

Randomisation

Block randomisation using four blocks was used to allocate patients into one of two groups.
Within each group of four patients, two were allocated to the intervention group and two to
the control group, and the allocation of groups within each block was random. This method
was used rather than simple random allocation, to ensure equal numbers of consecutive
patients in both groups, as recruitment was staggered [72].

Sample size

Sample size calculations were based previous research with this population [25], [26]. The
study was designed to detect a standardised effect size of 0.5 [73] for repeated measures
ANOVA with a power of 0.80 and two-tailed o set at 5% significance level. Thus, 26 partici-
pants were needed per arm. To allow for attrition, 62 participants (31 in each arm) were
planned for recruitment. Over the recruitment period, a total of 63 participants completed
time one measures. However, 13 were lost due to attrition before randomisation and therefore
a total of 50 participants were split between the intervention and control arms.

Statistical analysis

All analyses were carried out using IBM SPSS version 21.0 for Windows. All between-group
differences in categorical variables were analysed using Pearson’s chi-square. Initial analyses
compared baseline ratings of subjective and objective outcomes of cognitive function.

Intention to treat (ITT) [74] analysis was used to include all randomised patients in the
groups to which they were randomly assigned regardless of subsequent withdrawal from treat-
ment or deviation from the protocol. Mixed model ANOVAs were used to test the difference
between the two groups (intervention and control) and difference within each group (pre and
post) on outcome measures of cognitive function. Scores at time one and time two were com-
pared for the control and intervention groups using t-tests to follow-up on significant interac-
tions. Lastly, Pearson’s correlations were conducted to explore the relationship between
variables of psychosocial well-being and self-reported cognitive function.

Results

Of the 96 eligible participants 33 (34%) declined participation due to high levels of distress fol-
lowing their diagnosis. In total, 63 breast cancer patients due to begin adjuvant and neo
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adjuvant chemotherapy met the inclusion criteria, consented to take part, and completed
recruitment measures (recruitment rate of 69%). A further 13 participants were lost to attri-
tion, due to changes in treatment as a result of chemotherapy related side effects, after provid-
ing consent. Therefore, 50 participants receiving chemotherapy were randomised to the
intervention (n = 25) or control group (n = 25) see Fig 1.

Sample characteristics

The age of participants in the intervention group ranged from 27-74 years (mean = 52.1 years;
SD =11.7) and 29-66 years in the control group (mean = 52.4; SD = 8.9). The majority of par-
ticipants received adjuvant chemotherapy: 20 (80%) in the intervention group and 21 (84%) in
the control group (see Table 1).

Baseline characteristics

Chi-Square analysis revealed no significant differences in self-reported levels of physical activ-
ity between groups at pre-intervention x° (2, N = 50) = 0.12, p = 0.94 (findings published else-
where [43]). Sixty four percent of the intervention group classed themselves as ‘inactive’
compared to 60% in the control group. There were no significant between group differences in
baseline measures using neuropsychological tests in the domains of sustained attention, execu-
tive function, memory and visuospatial skills. The intervention group had significantly lower
baseline scores on the measure of perceived cognitive function in comparison to the control
group; however, when within group effects was entered as a factor this difference was
accounted for within the analysis.

There was no significant difference in age between those who completed the study
(mean = 52 years; SD = 10.29) and those who withdrew (mean = 55 years; SD = 12.67) follow-
ing familiarisation. Those who withdrew from the study had lower educational qualifications
and were less likely to be in employment. Participants did not differ on any other demographic
or cancer-related characteristics (breast cancer type & grade, chemotherapy, treatment and
surgery type and menopausal status)- please refer to [43].

Adherence to the walking intervention

Adherence for the intervention group was calculated based upon the completion of the
12-week physical activity intervention, completion of intervention diaries, and goal setting.
Although adherence was not calculated based on total amount of physical activity completed
(as walking schedules were self-prescribed by individuals), the duration, intensity and fre-
quency of physical activity completed across the 12-week intervention is reported below.
Twenty (80%) out of the twenty-five participants who were randomised to the physical activity
group adhered to the intervention and completed walking diaries through recording of goal
setting, duration, intensity and frequency of their walking. Five participants discontinued par-
ticipation within the first few weeks of the 12-week intervention, did not complete diaries, but
completed all follow up measures post-intervention. Reasons for discontinuing participation
in the intervention included hospitalisation or medical complications.

Of the 20 participants that continued with the intervention, 16 completed walking diaries
on a weekly basis and four had one or more weeks of missing data due to hospitalisation but
continued with the intervention after they were discharged. Walking schedules were self-pre-
scribed, but it was recommended that participants should aim to walk for 30 minutes, five
times a week at moderate intensity. Analysis of weekly walking diaries revealed that the 20 par-
ticipants who completed the intervention walked at moderate intensity (as recorded using the
RPE) for an average of 157.4 minutes per week across the 12-week intervention. On average,
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Table 1. Demographic and treatment characteristics for intervention and control group.

Characteristic Intervention (n = 25) Control (n = 25)
Age (years) M (SD) 52.08 (11.7) 52.36 (8.9) p =.500
BMI M (SD) 27.20 (4.82) 28.25 (5.83) p=.501
N % N % *
Education
None 3 12 6 24
GCSE (or equivalent) 11 44 9 36
A level (or equivalent) 12 7 28 279
Degree 20 2
Higher Degree 12 1
Marital status
Single 2 8 3 12
Married/living with partner 19 76 19 76
Separated/divorced 3 12 2 8
Widowed 1 4 1 4 .940
Employment status
Working 5 20 5 20
Sick leave 17 68 16 64
Retired 3 12 4 16 917
Breast cancer type
Invasive ductal 24 96 23 92
Invasive lobular 1 4 2 8 .552
Cancer grade
I 0 0 1 4
II 20 8 32
111 20 80 16 64 344
Chemotherapy type
FEC 12 48 9 36
FEC-T 13 52 16 64 390
Treatment type
Adjuvant 20 80 21 84
Neo-adjuvant 5 20 4 16 713
Surgery type
Lumpectomy 17 68 15 60
Mastectomy 7 28 10 40
Segmental 1 4 0 0 437
Menopausal status
Pre-menopausal 12 48 7 28
Post-menopausal 13 52 18 72 .150
Self-report physical activity
Inactive 16 64 15 60
Moderately inactive 16 16
Moderately active 20 24
Active 0 0 .940

Note. FEC (fluorouracil, epirubicin and cyclophosphamide); FET-T (FEC followed by taxotere).

https://doi.org/10.1371/journal.pone.0206874.t001

patients participated in 4.85 walking sessions per week for an average of 30.49 minutes. Find-
ings suggest that the 20 participants who adhered to the intervention met the recommended
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guidelines of 30 minutes of moderate intensity walking 5 times a week. There was no signifi-
cant difference between week one and week 12 of the intervention in the number of minutes
walked F (1, 19) = 0.14, p = 0.71 or the number of sessions completed F (1, 19) = 0.03, p = 0.85.
Findings indicate that patients were able to complete the recommended dose of physical activ-
ity throughout the course of the intervention and their chemotherapy treatment.

Findings revealed that participants walked an average of 36,217 steps per week as gathered
using the Yamax Digi-walker SW-200. There was no significant difference in the number of
steps recorded between week one and week 12 of the intervention F (1, 19) = 2.13, p = 0.16,
suggesting that levels of walking remained consistent across the 12-week period.

Effects of intervention on physical activity

Subjective. Chi-Square analysis showed that at post-intervention significant differences
were observed between groups on perceived levels of physical activity, x* (3, N = 50) = 17.15,
p = 0.001. When looking at groups separately, the majority of the intervention group (36%)
classed themselves as ‘active’ compared with 0% in the control group (please refer to table of
result published elsewhere [45]. Those who received the physical activity intervention altered
their levels of perceived physical activity from ‘inactive’ to ‘active’. Furthermore, the majority
of the control group remained in the inactive group across the 12-week period. Findings indi-
cate a positive change in subjective levels of physical activity following the 12-week
intervention.

Objective. Comparisons between objective measures of physical activity between groups
were not possible due to low compliance of wearing and returning accelerometers. Thirty-one
participants (49%) out of the 63 who completed the familiarisation session at baseline (pre-
chemotherapy), returned accelerometers. A total of 32 patients were lost due to non-compli-
ance. The most common reasons for missing data were forgetting to wear the device and for-
getting to return the device to the researcher. Out of the 31 participants who returned data, six
participants complied with recommended wear time with an average of five days, and average
wear per day ranged from 39 minutes to 7 hours. Wear time for the 25 participants that did
not comply ranged from 7 hours to 3 days.

Participants were asked to wear the device for a further 7 days post-intervention, after the
completion of their chemotherapy. Of the 50 participants randomised, seven participants in
the intervention arm and three in the control group returned accelerometers at post-interven-
tion. The most common reasons for missing data at post-intervention were forgetting to wear
the device, wearing the device incorrectly preventing valid data collection, declining to wear
the device, or not returning the device. Due to low numbers and non-compliance, wear time
analysis between groups across the intervention period were not possible. At post-interven-
tion, Chi-square analyses showed no significant differences between the intervention and con-
trol group in the proportion of patients forgetting to wear the accelerometer, wearing the
device incorrectly preventing valid data collection, declining to wear the device, or not return-
ing the device, x* (3, N = 40) = 2.41, p = 0.49.

Effect of physical activity intervention on cognitive functioning

Analysis of objectively measured cognitive performance revealed no significant main effects
for between or within group, or a significant interaction between the two for Stroop interfer-
ence, sustained attention, visuospatial skills, or memory as assessed by the digit backwards
task. There was also no significant interaction for the digit span forwards task. Additional anal-
yses were conducted to examine the main effects whilst removing the interaction as this can
mask a significant main effect. There were small effect sizes for the non-significant interactions
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effects for all measures of objective cognitive functioning. Therefore, these non-significant

findings could be due to an inadequate sample size. However, there were significant main
effects between groups F (1, 48) = 8.27, p < 0.01, 7p” = 0.147 and within groups, F (1, 48) =
4.55, p = 0.03, p° = 0.087. Inspection of the means indicated that digit span was slightly,
though significantly, greater in the intervention group (mean = 7.8, SD = 1.21) than the control
group (mean = 6.8, SD = 1.09) and at post-intervention (mean = 7.4, SD = 1.24) compared
with pre-intervention (mean = 7.0, SD = 1.18).

Analysis of self-reported cognitive failures revealed a significant interaction, F (1, 48) =

3.90; p = 0.05, izpz =0.075. As seen in Table 2, although scores remained stable in the interven-
tion group across the 12 week period, t (24) = -1.26, p = 0.9, they increased significantly in the

Table 2. Mixed model ANOV As to test the difference between the two groups (intervention and control) and difference within each group (pre and post) on out-
come measures of cognitive function.

Variable

Pre-intervention

Post-intervention

Intervention (n = 25)

Control (n = 25)

Intervention (n = 25)

Control (n = 25)

Perceived cognitive functioning 32.48 (7.05) 39.20 (10.12) 32.68 (8.36) 45.44 (17.35) Test of Time x Group Interaction
CFQ F=3.90
p=0.5
np’ =0.075
Test of Main Effects
Between-participant effects | Within-participant effects
(Group) (Time)
Sustained attention
Errors of omission 7.60 (4.53) 8.96 (4.43) 6.56 (3.35) 9.08 (4.41) F=3.18 F=0.88
p=081 p=035
np” = 0.062 np° =0.018
Correct 396.95 (55.25) 378.62 (89.99) 407.59 (35.02) 386.22 (97.92) F=1.01 F=157
p=031 p=021
np” =0.021 np° = 0.032
Incorrect 364.65 (54.21) 352.32 (83.83) 357.69 (80.38) 353.47 (68.22) F=021 F=0.08
p=0.64 p=0.76
np” = 0.004 np® = 0.002
Executive Function
Stroop Interference 145.87 (203.85) 219.18 (190.20) 118.93 (125.98) 177.08 (172.71) F=217 F=278
p=0.15 p=0.10
np” = 0.042 np° = 0.055
Memory
Digit forwards 7.32(1.37) 6.68 (0.85) 7.84 (1.21) 6.81 (1.09) F=827 F=458
p<0.001"* p =0.03*
np’ =0.147 np° = 0.087
Digit backwards 5.56 (1.32) 5.13 (1.54) 521 (1.71) 4.88 (1.45) F=103 F=191
p=0.84 p=0.173
np” =0.022 np® = 0.040
Visual Spatial Skills
Block Design 36.58 (10.77) 35.52 (18.75) 34.83 (12.38) 36.26 (8.67) F=0.00 F=0.76
p=0.95 p=0.78
np°<0.01 np° = 0.002

M, Mean, SD, standard deviation

*p<0.05
**p<0.01.

*Welch’s F (assumption of homogeneity of variance violated).

https://doi.org/10.1371/journal.pone.0206874.1002
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control group, t (24) = -2.39, p = 0.02, suggesting that the walking intervention protected
against self-reported cognitive decline. Inspection of the means indicated that self-reported
cognitive failures were significantly higher in the control group (mean = 45.4, SD = 17.3) than
the intervention group (mean = 32.7, SD = 8.4) post-intervention.

Exploratory analysis between self-reported cognitive function, psychosocial
well-being and physical activity

Further exploratory analysis was conducted in order to examine if any psychosocial wellbeing
variables contributed towards self-reported cognitive failures. Change scores from pre- to
post-intervention were calculated, and correlations conducted for each group between change
in reported cognitive failures and change in depression, anxiety, self-esteem, fatigue, and
mood; however no significant associations were observed. Similarly, correlations conducted
for each group between change in reported cognitive function and objectively detected cogni-
tive function were non-significant.

Exploratory analyses were conducted using Pearson’s two-tailed correlations to explore the
relationship between the amount of self-reported physical activity completed by the interven-
tion group and subjective cognitive function. These revealed a significant negative correlation
between mean duration of walking (in minutes) and self-reported cognitive failures, r, = -0.40,
p = 0.05, suggesting that as physical activity increased, self-reported cognitive failures
decreased.

Discussion

This randomised controlled trial is the first to investigate moderate levels of a self-managed,
home-based walking intervention on cognitive functioning of patients during chemotherapy
treatment for their breast cancer. The aim of the study was to assess the effectiveness of a self-
managed, home-based walking intervention on subjectively reported and objectively assessed
cognitive function during chemotherapy. There was no effect of the intervention on neuropsy-
chological measures of cognitive function. However, small effect sizes for all non-significant
interactions for objective measures of cognitive function suggest that these could be explained
by the small sample size. We found that perceived cognitive impairment (as measured by self-
reported cognitive failures) remained stable in the intervention group whereas it declined in
the control group, indicating that moderate levels of walking may help to protect against
decline in self-reported cognitive functioning. The maintenance of subjectively perceived cog-
nitive function in the intervention group provides further support for previous literature
reporting the benefits of physical activity such as Tai Chi [39] and Qigong [36] in breast cancer
patients on improving self-reported cognitive function. Patients are aware of perceived cogni-
tive impairments and the negative impact they can place on overall quality of life, therefore the
maintenance of perceived cognitive functioning is noteworthy as it has important implications
for the overall health of patients during treatment.

Exploratory correlations between change in reported cognitive failures and change in
depression, anxiety, self-esteem, fatigue, and mood were non-significant. Contrary to predic-
tions, maintenance of perceived cognitive function was not due to improvements in psychoso-
cial well-being following the completion of the home-based moderate intensity walking
intervention but may be due to a direct effect of participating in the self-managed walking
intervention.

Furthermore, duration of walking completed by patients was negatively associated with
self-reported cognitive function, suggesting that as physical activity increased, self-reported
cognitive failures decreased, and that improvements in subjectively detected cognitive function
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might be dose-dependent. The dose-dependent relationship between duration of physical
activity and perceived cognitive function make vital contributions to limited literature within
this area of research, leading to crucial implications for the healthcare of breast cancer patients
treated with chemotherapy.

As previously reported [43], breast cancer patients completing 12 weeks of moderate inten-
sity walking had better psychosocial functioning in comparison to usual care alone. Therefore,
this suggests that improvements in psychosocial well-being are not a direct reflection of the
amount of physical activity completed but rather the result of patients participating in physical
activity. Findings from our study do not support previous findings which suggest a direct rela-
tionship between the amount of physical activity completed and psychosocial well-being in
breast cancer survivors treated with chemotherapy [75]. Inconsistencies between our study
and previous findings may be explained by the self-prescribed nature of our study. Our find-
ings suggest that rather than imposing pressure to conform to a prescribed dose of exercise,
successful outcomes may be achieved with self-prescribed levels of physical activity. This
notion is further supported by a study investigating the effects of prescribed doses of exercise
in depressed patients [76] which reported that completing preferred levels of physical activity
produced better psychological and social outcomes in comparison to those completing inter-
ventions with prescribed doses of exercise.

To the authors” knowledge, this is the first intervention to investigate the effects of a self-
managed, home-based, walking intervention during chemotherapy for breast cancer and
makes vital contributions to current evidence and clinical practice. This self-managed inter-
vention requires very little input from health professionals and therefore has the potential to
mitigate impairments in perceived cognitive function for a large number of breast cancer
patients’ receiving chemotherapy. However, as it is the first intervention of its kind and has a
relatively small sample size, as highlighted by small effect sizes for all non-significant measures
of objective cognitive function, further research with larger sample size is required to confirm
findings. Future interventions could examine the dose and intensity of physical activity
required for effective maintenance of self-reported cognitive function.

Contrary to previous research, there was no effect of the intervention on neuropsychologi-
cal measures assessing sustained attention, executive function, memory and visuospatial skills.
However, as the effect sizes for non-significant interactions were small, this suggests that fur-
ther research with larger sample sizes would help to clarify these findings. Moderate levels of
exercise have demonstrated positive effects on cognitive function among breast cancer patients
[31], [42], healthy adults, and the elderly [41], [77]. In line with the current study, 20 minute
bouts of moderate intensity walking have previously been found to reduce the risk of develop-
ing Alzheimer’s disease in adults [41]. Moderate to vigorous amounts of physical activity
among breast cancer survivors has also been associated with better executive function and
working memory [19], [42]. Therefore, findings from the current study were unexpected, as it
was anticipated that similar benefits would be seen among our sample of breast cancer
patients.

A possible explanation for null findings of objective cognitive function in the current study
may be the intensity and dose of physical activity completed in our small sample of patients.
As discussed above, evidence suggest that moderate levels of physical activity can help to
improve cognitive functioning [19], [31], [41], [42]. However, unfortunately, due to the lack of
valid data collected through accelerometers as an objective measure of physical activity, in the
current study we are unable to objectively determine if patients were completing the intensity
of physical activity required to observe improvements in neuropsychological measures of cog-
nitive function. Furthermore, although the self-perception of activity levels changed from
‘inactive’ to ‘active’ in the intervention group following 12 weeks of walking, data collected

PLOS ONE | https://doi.org/10.1371/journal.pone.0206874 November 28, 2018 14/23


https://doi.org/10.1371/journal.pone.0206874

®PLOS | one

Walking and cognitive function among breast cancer patients undergoing chemotherapy

through diaries suggested that overall there was no increase in physical activity over the
12-week period. Therefore, it is possible that the amount and levels of physical activity com-
pleted by our sample were not effective in eliciting changes in objective cognitive function and
is a limitation of the current study.

A further possible explanation for not detecting an effect of the intervention on objectively
measured cognitive function may be due to the selection of neuropsychological measures and
the subtle nature of cognitive difficulties experienced by breast cancer patients. Evidence sug-
gests that many standard neuropsychological tests do not detect subtle change experienced by
cancer patients [9]. The neuropsychological measures included in the study were selected as in
previous research they have successfully detected chemotherapy-induced cognitive decline in
breast cancer patients. However, it may be that the selected tests are not sensitive enough to
pick up on subtle differences experienced by patients across the 12-week intervention period.
A review by the International Cognition and Cancer Task Force [78] has proposed the use of
the Hopkins Verbal Learning Test-Revised, Trail Making Test and the Controlled Oral Word
Association [79]. Unfortunately, the recommendation to use these tests was not published at
the time of designing the current study but may be a valuable addition for future studies to
detect subtle cognitive deficits experienced by breast cancer patients during chemotherapy.

In the present study there were no significant effects relating to the backwards digit span
task, whilst there was a small but significant improvement in recall on the forwards task from
pre- to post-intervention, and superior performance overall for the intervention group com-
pared with the control. It is unclear why our findings differed for the forwards and backwards
tasks. However, there is evidence that different strategies are employed during forwards and
backwards recall. One argument suggests that, unlike forwards recall, backwards recall
involves executive control and may be considered as a complex span measure of working
memory [80]. Similarly, the improvements in the forwards task could be explained by the sim-
ple recall of digits forwards as opposed to the complex nature of recalling digits backwards
which require the use of executive function and attention. Therefore, this is consistent with the
null findings observed in the other complex measures of cognitive functioning used in the
present study. Mixed measures analyses comparing objective levels of physical activity between
groups at pre- and post-intervention were not possible due to low compliance of wearing and
returning accelerometers. This is a limitation of the current study but provides vital contribu-
tions to research within this vulnerable population. It is anticipated that low compliance was
largely the result of the timing in which participants were asked to wear the device. Baseline
data was collected in the period between initial consultations with oncologists informing par-
ticipants that they would receive chemotherapy and beginning treatment. This is a highly dis-
tressing time for patients when many are still coming to terms with their diagnosis and are
preparing for chemotherapy both physically and emotionally. Follow up measures of objective
levels of physical activity were gathered post-intervention when patients had completed treat-
ment and were no longer visiting the hospital.

Previous home-based studies have successfully measured objective levels of physical activity
using pedometers or accelerometers, [81-83] and therefore our lack of valid data is surprising.
However, these studies were conducted with cancer survivors post-treatment. For breast can-
cer patients facing treatments other validated measures worn on the wrist or thigh, which were
not available at the time of this study, may provide more convenient and accurate collection of
objective physical activity. Furthermore, direct interaction with health care professionals in
previous studies may have acted as motivation to wear the device for the recommended 7 days.
Future self-managed, home-based studies assessing objective levels of physical activity during
treatment should consider daily notifications reminding participants to wear their device.
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The 80% adherence rate to the intervention is noteworthy and a strength of the self-man-
aged, home-based intervention in line with previous evidence which reported that over 50% of
breast cancer patients prefer to exercise alone [84]. Current findings suggest that the interven-
tion was well-received by breast cancer patients receiving chemotherapy and emphasises the
need for more self-managed interventions within this population. Further self-managed inter-
vention studies with larger sample sizes of patients receiving treatment for their breast cancer
are required in order to strengthen current findings that moderate levels of physical activity
can protect patients from a decline in subjective cognitive function.

Overall, our study reports benefits of a self-managed, home-based, moderate intensity walk-
ing intervention upon cognitive function when subjectively reported but not objectively
detected. These findings further support existing evidence for the lack of associations between
subjective and objective measures of cognitive decline experienced by breast cancer patients
[1]. A possible explanation for the discrepancy in the reporting and measuring of cognitive
decline in our study could be due to differences in methodological procedures involved in the
gathering of data. Objective measures of cognitive function only provide a snapshot of the
individual’s levels of functioning at the time of assessment and may not detect decline. On the
other hand, self-report measures ask patients to rate their experiences over a period of time,
which may result in more accurate levels of reporting. Discrepancies between the reporting
and measurement of cognitive decline in our sample further support previous studies [1] and
confirms the need to include both objective and subjective measures of assessment to provide
a comprehensive understanding of patients’ cognitive function.

Positive findings using self-report measures are noteworthy, as patients are concerned with
perceived deficits and the impact it places on their quality of life. Therefore, maintaining self-
reported cognitive function is important to patients, even though perceived deficits have a lim-
ited association with objective measures. This study makes a vital contribution towards the
advancement of current clinical practice to improve the quality of life of patients during treat-
ment. Furthermore, the self-managed, home-based nature of the study requires little input
from healthcare professionals and therefore can be implemented to benefit a larger population
of patients.

Conclusion

The self-managed, home-based intervention had a good adherence rate and was successful in
protecting against decline in self-reported cognitive difficulties experienced by patients treated
with chemotherapy for their breast cancer. Surprisingly, intervention effects were not detected
for objective measures of sustained attention, executive function, memory and visual spatial
skills in the current study, which could be explained by our small effect sizes. Therefore, fur-
ther investigations with large sample sizes conducted over multiple sites are required in order
to examine the effects of physical activity upon objectively detected cognitive impairment
among breast cancer patients. These studies should optimise the use of the standardised set of
neuropsychological measures recently acknowledged as suitable for detecting subtle cognitive
decline experienced by breast cancer patients [78] and should also provide daily notification
reminders to patients to wear their accelerometers in order to optimise the collection of objec-
tive measures of physical activity.

Supporting information

S1 File Consort checklist.
(DOC)

PLOS ONE | https://doi.org/10.1371/journal.pone.0206874 November 28, 2018 16/23


http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0206874.s001
https://doi.org/10.1371/journal.pone.0206874

®PLOS | one

Walking and cognitive function among breast cancer patients undergoing chemotherapy

S2 File Protocol.
(PDF)

S$3 File Proposal.
(DOCX)

Acknowledgments

We would like to thank all the ladies who agreed to participate in the clinical trial and have
given their time and input into the study.

The study was funded by Loughborough University as a part of a PhD project to KG. Dr
Fehmidah Munir acknowledges support from the National Institute for Health Research
(NIHR) Leicester Biomedical Research Centre, which is a partnership between University
Hospitals of Leicester NHS Trust, Loughborough University and the University of Leicester.
The views expressed in this publication are those of the author(s) and not necessarily those of
the NHS, the National Institute for Health Research Leicester BRC or the Department of
Health. The funders had no role in study design, data collection and analysis, decision to pub-
lish, or preparation of the manuscript.

Author Contributions

Conceptualization: Kajal Gokal, Fehmidah Munir, Samreen Ahmed, Kiran Kancherla, Debo-
rah Wallis.

Data curation: Kajal Gokal.

Formal analysis: Kajal Gokal.

Funding acquisition: Fehmidah Munir, Deborah Wallis.
Investigation: Kajal Gokal.

Methodology: Kajal Gokal, Fehmidah Munir, Deborah Wallis.
Resources: Fehmidah Munir, Kiran Kancherla, Deborah Wallis.
Software: Kajal Gokal, Deborah Wallis.

Supervision: Fehmidah Munir, Samreen Ahmed, Deborah Wallis.
Writing - original draft: Kajal Gokal.

Writing - review & editing: Kajal Gokal, Fehmidah Munir, Samreen Ahmed, Kiran Kan-
cherla, Deborah Wallis.

References

1. Pullens MJJ, De Vries J, Roukema J a. Subjective cognitive dysfunction in breast cancer patients: a
systematic review. Psychooncology [Internet]. 2009 Nov; 19(11):1127-38. Available from: http://www.
ncbi.nlm.nih.gov/pubmed/20020424

2. Ahles TA, Saykin AJ, McDonald BC, Li Y, Furstenberg CT, Hanscom BS, et al. Longitudinal assess-
ment of cognitive changes associated with adjuvant treatment for breast cancer: impact of age and cog-
nitive reserve. J Clin Oncol [Internet]. 2010 Oct 10 [cited 2014 Jul 13]; 28(29):4434—40. Available from:
http://jco.ascopubs.org/content/28/29/4434.short https://doi.org/10.1200/JC0O.2009.27.0827 PMID:
20837957

3. JimHSL, Phillips KM, Chait S, Faul LA, Popa MA, Lee Y-H, et al. Meta-analysis of cognitive functioning
in breast cancer survivors previously treated with standard-dose chemotherapy. J Clin Oncol [Internet].
2012 Oct 10 [cited 2014 Sep 12]; 30(29):3578-87. Available from: http://jco.ascopubs.org/content/30/
29/3578.short https://doi.org/10.1200/JC0O.2011.39.5640 PMID: 22927526

PLOS ONE | https://doi.org/10.1371/journal.pone.0206874 November 28, 2018 17/23


http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0206874.s002
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0206874.s003
http://www.ncbi.nlm.nih.gov/pubmed/20020424
http://www.ncbi.nlm.nih.gov/pubmed/20020424
http://jco.ascopubs.org/content/28/29/4434.short
https://doi.org/10.1200/JCO.2009.27.0827
http://www.ncbi.nlm.nih.gov/pubmed/20837957
http://jco.ascopubs.org/content/30/29/3578.short
http://jco.ascopubs.org/content/30/29/3578.short
https://doi.org/10.1200/JCO.2011.39.5640
http://www.ncbi.nlm.nih.gov/pubmed/22927526
https://doi.org/10.1371/journal.pone.0206874

®PLOS | one

Walking and cognitive function among breast cancer patients undergoing chemotherapy

10.

11.

12

13.

14.

15.

16.

17.

18.

19.

Biegler K a Chaoul MA, Cohen L. Cancer, cognitive impairment, and meditation. Acta Oncol [Internet].
2009 Jan [cited 2014 Aug 14]; 48(1):18-26. Available from: http://www.ncbi.nIm.nih.gov/pubmed/
19031161 https://doi.org/10.1080/02841860802415535 PMID: 19031161

Fan HGM, Houédé-Tchen N, Yi Q-L, Chemerynsky |, Downie FP, Sabate K, et al. Fatigue, menopausal
symptoms, and cognitive function in women after adjuvant chemotherapy for breast cancer: 1- and 2-
year follow-up of a prospective controlled study. J Clin Oncol [Internet]. 2005 Nov 1 [cited 2014 Aug 15];
23(31):8025-32. Available from: http://jco.ascopubs.org/content/23/31/8025.full https://doi.org/10.
1200/JC0.2005.01.6550 PMID: 16258100

Vardy J, Tannock |. Cognitive function after chemotherapy in adults with solid tumours. Crit Rev Oncol
Hematol [Internet]. 2007 Sep [cited 2014 Aug 5]; 63(3):183—-202. Available from: http://www.
sciencedirect.com/science/article/pii/S1040842807001 138 https://doi.org/10.1016/j.critrevonc.2007.
06.001 PMID: 17678745

Myers JS. Chemotherapy-related cognitive impairment: the breast cancer experience. Oncol Nurs
Forum [Internet]. 2012 Jan [cited 2014 Sep 29]; 39(1):E31—40. Available from: http://www.ncbi.nlm.nih.
gov/pubmed/22201666 https://doi.org/10.1188/12.0NF.E31-E40 PMID: 22201666

Reid-Arndt SA, Hsieh C, Perry MC. Neuropsychological functioning and quality of life during the first
year after completing chemotherapy for breast cancer. Psychooncology [Internet]. 2010 May [cited
2014 Aug 1]; 19(5):535—-44. Available from: http://www.pubmedcentral.nih.gov/articlerender.fcgi?artid=
2861143&tool=pmcentrez&rendertype=abstract https://doi.org/10.1002/pon.1581 PMID: 19472296

Janelsins MC, Kesler SR, Ahles TA, Morrow GR. Prevalence, mechanisms, and management of can-
cer-related cognitive impairment. Int Rev Psychiatry [Internet]. 2014 Feb [cited 2014 Aug 24]; 26
(1):102—13. Available from: http://www.pubmedcentral.nih.gov/articlerender.fcgi?artid=4084673&tool=
pmcentrez&rendertype=abstract https://doi.org/10.3109/09540261.2013.864260 PMID: 24716504

Wefel JS, Kesler SR, Noll KR, Schagen SB. Clinical characteristics, pathophysiology, and management
of noncentral nervous system cancer-related cognitive impairment in adults. CA Cancer J Clin [Internet].
2015 Mar [cited 2017 Jun 13]; 65(2):123—38. Available from: http://www.ncbi.nim.nih.gov/pubmed/
25483452 https://doi.org/10.3322/caac.21258 PMID: 25483452

Ahles TA, Root JC, Ryan EL. Cancer- and cancer treatment-associated cognitive change: an update on
the state of the science. J Clin Oncol [Internet]. 2012 Oct 20 [cited 2014 Aug 5]; 30(30):3675—-86. Avail-
able from: http://www.pubmedcentral.nih.gov/articlerender.fcgi?artid=3675678&tool=
pmcentrez&rendertype=abstract https://doi.org/10.1200/JC0.2012.43.0116 PMID: 23008308

Ottati A, Feuerstein M. Brief self-report measure of work-related cognitive limitations in breast cancer
survivors. J Cancer Surviv [Internet]. 2013 Jun 4 [cited 2017 Jun 13]; 7(2):262—73. Available from:
http://link.springer.com/10.1007/s11764-013-0275-9 PMID: 23552976

Jenkins V, Shilling V, Deutsch G, Bloomfield D, Morris R, Allan S, et al. A 3-year prospective study of
the effects of adjuvant treatments on cognition in women with early stage breast cancer. Br J Cancer
[Internet]. 2006 Mar 27 [cited 2014 Aug 13]; 94(6):828-34. Available from: http://dx.doi.org/10.1038/sj.
bjc.6603029 PMID: 16523200

Shilling V, Jenkins V. Self-reported cognitive problems in women receiving adjuvant therapy for breast
cancer. Eur J Oncol Nurs [Internet]. 2007 Feb [cited 2014 Aug 5]; 11(1):6—15. Available from: http://
www.sciencedirect.com/science/article/pii/S146238890600041X https://doi.org/10.1016/j.ejon.2006.
02.005 PMID: 16844416

Bender CM, Sereika SM, Berga SL, Vogel VG, Brufsky AM, Paraska KK, et al. Cognitive impairment
associated with adjuvant therapy in breast cancer. Psychooncology [Internet]. 2006 May [cited 2014
Aug 5]; 15(5):422-30. Available from: http://www.ncbi.nlm.nih.gov/pubmed/16097037 https://doi.org/
10.1002/pon.964 PMID: 16097037

Castellon SA, Ganz PA, Bower JE, Petersen L, Abraham L, Greendale GA. Neurocognitive perfor-
mance in breast cancer survivors exposed to adjuvant chemotherapy and tamoxifen. J Clin Exp Neu-
ropsychol [Internet]. 2004 Oct [cited 2014 Aug 2]; 26(7):955-69. Available from: http://dx.doi.org/10.
1080/13803390490510905 PMID: 15742545

Hermelink K, Untch M, Lux MP, Kreienberg R, Beck T, Bauerfeind |, et al. Cognitive function during
neoadjuvant chemotherapy for breast cancer: results of a prospective, multicenter, longitudinal study.
Cancer [Internet]. 2007 May 1 [cited 2014 Aug 13]; 109(9):1905—-13. Available from: http://www.ncbi.
nlm.nih.gov/pubmed/17351951 https://doi.org/10.1002/cncr.22610 PMID: 17351951

Jansen CE, Dodd MJ, Miaskowski CA, Dowling GA, Kramer J. Preliminary results of a longitudinal
study of changes in cognitive function in breast cancer patients undergoing chemotherapy with doxoru-
bicin and cyclophosphamide. Psychooncology [Internet]. 2008 Dec [cited 2014 Aug 28]; 17(12):1189—
95. Available from: http://www.ncbi.nim.nih.gov/pubmed/18506671 https://doi.org/10.1002/pon.1342
PMID: 18506671

Ehlers DK, Aguifiaga S, Cosman J, Severson J, Kramer AF, McAuley E. The effects of physical activity
and fatigue on cognitive performance in breast cancer survivors. Breast Cancer Res Treat [Internet].

PLOS ONE | https://doi.org/10.1371/journal.pone.0206874 November 28, 2018 18/23


http://www.ncbi.nlm.nih.gov/pubmed/19031161
http://www.ncbi.nlm.nih.gov/pubmed/19031161
https://doi.org/10.1080/02841860802415535
http://www.ncbi.nlm.nih.gov/pubmed/19031161
http://jco.ascopubs.org/content/23/31/8025.full
https://doi.org/10.1200/JCO.2005.01.6550
https://doi.org/10.1200/JCO.2005.01.6550
http://www.ncbi.nlm.nih.gov/pubmed/16258100
http://www.sciencedirect.com/science/article/pii/S1040842807001138
http://www.sciencedirect.com/science/article/pii/S1040842807001138
https://doi.org/10.1016/j.critrevonc.2007.06.001
https://doi.org/10.1016/j.critrevonc.2007.06.001
http://www.ncbi.nlm.nih.gov/pubmed/17678745
http://www.ncbi.nlm.nih.gov/pubmed/22201666
http://www.ncbi.nlm.nih.gov/pubmed/22201666
https://doi.org/10.1188/12.ONF.E31-E40
http://www.ncbi.nlm.nih.gov/pubmed/22201666
http://www.pubmedcentral.nih.gov/articlerender.fcgi?artid=2861143&tool=pmcentrez&rendertype=abstract
http://www.pubmedcentral.nih.gov/articlerender.fcgi?artid=2861143&tool=pmcentrez&rendertype=abstract
https://doi.org/10.1002/pon.1581
http://www.ncbi.nlm.nih.gov/pubmed/19472296
http://www.pubmedcentral.nih.gov/articlerender.fcgi?artid=4084673&tool=pmcentrez&rendertype=abstract
http://www.pubmedcentral.nih.gov/articlerender.fcgi?artid=4084673&tool=pmcentrez&rendertype=abstract
https://doi.org/10.3109/09540261.2013.864260
http://www.ncbi.nlm.nih.gov/pubmed/24716504
http://www.ncbi.nlm.nih.gov/pubmed/25483452
http://www.ncbi.nlm.nih.gov/pubmed/25483452
https://doi.org/10.3322/caac.21258
http://www.ncbi.nlm.nih.gov/pubmed/25483452
http://www.pubmedcentral.nih.gov/articlerender.fcgi?artid=3675678&tool=pmcentrez&rendertype=abstract
http://www.pubmedcentral.nih.gov/articlerender.fcgi?artid=3675678&tool=pmcentrez&rendertype=abstract
https://doi.org/10.1200/JCO.2012.43.0116
http://www.ncbi.nlm.nih.gov/pubmed/23008308
http://link.springer.com/10.1007/s11764-013-0275-9
http://www.ncbi.nlm.nih.gov/pubmed/23552976
http://dx.doi.org/10.1038/sj.bjc.6603029
http://dx.doi.org/10.1038/sj.bjc.6603029
http://www.ncbi.nlm.nih.gov/pubmed/16523200
http://www.sciencedirect.com/science/article/pii/S146238890600041X
http://www.sciencedirect.com/science/article/pii/S146238890600041X
https://doi.org/10.1016/j.ejon.2006.02.005
https://doi.org/10.1016/j.ejon.2006.02.005
http://www.ncbi.nlm.nih.gov/pubmed/16844416
http://www.ncbi.nlm.nih.gov/pubmed/16097037
https://doi.org/10.1002/pon.964
https://doi.org/10.1002/pon.964
http://www.ncbi.nlm.nih.gov/pubmed/16097037
http://dx.doi.org/10.1080/13803390490510905
http://dx.doi.org/10.1080/13803390490510905
http://www.ncbi.nlm.nih.gov/pubmed/15742545
http://www.ncbi.nlm.nih.gov/pubmed/17351951
http://www.ncbi.nlm.nih.gov/pubmed/17351951
https://doi.org/10.1002/cncr.22610
http://www.ncbi.nlm.nih.gov/pubmed/17351951
http://www.ncbi.nlm.nih.gov/pubmed/18506671
https://doi.org/10.1002/pon.1342
http://www.ncbi.nlm.nih.gov/pubmed/18506671
https://doi.org/10.1371/journal.pone.0206874

®PLOS | one

Walking and cognitive function among breast cancer patients undergoing chemotherapy

20.

21.

22,

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

2017 Oct 4 [cited 2018 Jan 24]; 165(3):699-707. Available from: http://www.ncbi.nim.nih.gov/pubmed/
28677009 https://doi.org/10.1007/s10549-017-4363-9 PMID: 28677009

Biglia N, Bounous VE, Malabaila A, Palmisano D, Torta DME, D’Alonzo M, et al. Objective and self-
reported cognitive dysfunction in breast cancer women treated with chemotherapy: a prospective study.
Eur J Cancer Care (Engl) [Internet]. 2012 Jul [cited 2014 Aug 26]; 21(4):485-92. Available from: http://
www.ncbi.nim.nih.gov/pubmed/22211832

Schilder CM, Eggens PC, Seynaeve C, Linn SC, Boogerd W, Gundy CM, et al. Neuropsychological
functioning in postmenopausal breast cancer patients treated with tamoxifen or exemestane after AC-
chemotherapy: cross-sectional findings from the neuropsychological TEAM-side study. Acta Oncol
[Internet]. 2009 Jan 8 [cited 2014 Jul 28]; 48(1):76—-85. Available from: http://informahealthcare.com/
doi/abs/10.1080/02841860802314738 PMID: 18777410

Weis J, Poppelreuter M, Bartsch HH. Cognitive deficits as long-term side-effects of adjuvant therapy in
breast cancer patients: “subjective” complaints and “objective” neuropsychological test results. Psy-
chooncology [Internet]. 2009 Jul [cited 2014 Aug 6]; 18(7):775-82. Available from: http://www.ncbi.nlm.
nih.gov/pubmed/19061196 https://doi.org/10.1002/pon.1472 PMID: 19061196

Mehlsen M, Pedersen AD, Jensen AB, Zachariae R. No indications of cognitive side-effects in a pro-
spective study of breast cancer patients receiving adjuvant chemotherapy. Psychooncology [Internet].
2009 Mar [cited 2014 Aug 13]; 18(3):248-57. Available from: http://www.ncbi.nlm.nih.gov/pubmed/
18756583 https://doi.org/10.1002/pon.1398 PMID: 18756583

Jung MS, Zhang M, Askren MK, Berman MG, Peltier S, Hayes DF, et al. Cognitive dysfunction and
symptom burden in women treated for breast cancer: a prospective behavioral and fMRI analysis. Brain
Imaging Behav [Internet]. 2017 Feb 25 [cited 2017 Jun 23]; 11(1):86-97. Available from: http://www.
ncbi.nim.nih.gov/pubmed/26809289 https://doi.org/10.1007/s11682-016-9507-8 PMID: 26809289

Ferguson RJ, McDonald BC, Rocque M a, Furstenberg CT, Horrigan S, Ahles T a, et al. Development
of CBT for chemotherapy-related cognitive change: results of a waitlist control trial. Psychooncology
[Internet]. 2012 Feb; 21(2):176-86. Available from: http://www.pubmedcentral.nih.gov/articlerender.
fcgi?artid=3955296&tool=pmcentrez&rendertype=abstract https://doi.org/10.1002/pon.1878 PMID:
22271538

Schuurs A, Green HJ. A feasibility study of group cognitive rehabilitation for cancer survivors: enhanc-
ing cognitive function and quality of life. Psychooncology [Internet]. 2012 May; 22(5):1043-9. Available
from: http://www.ncbi.nlm.nih.gov/pubmed/22570263 https://doi.org/10.1002/pon.3102 PMID:
22570263

Kesler S, Hadi Hosseini SM, Heckler C, Janelsins M, Palesh O, Mustian K, et al. Cognitive training for
improving executive function in chemotherapy-treated breast cancer survivors. Clin Breast Cancer
[Internet]. 2013 Aug [cited 2014 Aug 27]; 13(4):299-306. Available from: http://www.pubmedcentral.
nih.gov/articlerender.fcgi?artid=3726272&tool=pmcentrez&rendertype=abstract https://doi.org/10.
1016/j.clbc.2013.02.004 PMID: 23647804

Poppelreuter M, Weis J, Bartsch HH. Effects of specific neuropsychological training programs for breast
cancer patients after adjuvant chemotherapy. J Psychosoc Oncol [Internet]. 2009 Jan [cited 2014 Aug
22]; 27(2):274-96. Available from: http://www.ncbi.nim.nih.gov/pubmed/19337933 https://doi.org/10.
1080/07347330902776044 PMID: 19337933

Von Ah D, Carpenter JS, Saykin A, Monahan P, Wu J, Yu M, et al. Advanced cognitive training for
breast cancer survivors: a randomized controlled trial. Breast Cancer Res Treat [Internet]. 2012 Oct
[cited 2014 Jul 7]; 135(3):799-809. Available from: http://www.pubmedcentral.nih.gov/articlerender.
fcgi?artid=3677054&tool=pmcentrez&rendertype=abstract https://doi.org/10.1007/s10549-012-2210-6
PMID: 22918524

McDougall GJ, Becker H, Acee TW, Vaughan PW, Delville CL. Symptom management of affective and
cognitive disturbance with a group of cancer survivors. Arch Psychiatr Nurs [Internet]. 2011 Feb [cited
2014 Aug 4]; 25(1):24-35. Available from: http://www.pubmedcentral.nih.gov/articlerender.fcgi?artid=
3057534 &tool=pmcentrez&rendertype=abstract https://doi.org/10.1016/j.apnu.2010.05.004 PMID:
21251599

Baumann FT, Drosselmeyer N, Leskaroski A, Knicker A, Krakowski-Roosen H, Zopf EM, et al. 12-
Week Resistance Training with Breast Cancer Patients during Chemotherapy: Effects on Cognitive
Abilities. Breast Care [Internet]. 2011 [cited 2017 May 22]; 6(2):142-3. Available from: http://www.
karger.com/doi/10.1159/000327505

Campbell KL, Kam JWY, Neil-Sztramko SE, Liu Ambrose T, Handy TC, Lim HJ, et al. Effect of aerobic
exercise on cancer-associated cognitive impairment: A proof-of-concept RCT. Psychooncology [Inter-
net]. 2017 Jan 11 [cited 2017 Jun 23]; Available from: http://www.ncbi.nlm.nih.gov/pubmed/28075038

Derry HM, Jaremka LM, Bennett JM, Peng J, Andridge R, Shapiro C, et al. Yoga and self-reported cog-
nitive problems in breast cancer survivors: a randomized controlled trial. Psychooncology [Internet].

PLOS ONE | https://doi.org/10.1371/journal.pone.0206874 November 28, 2018 19/23


http://www.ncbi.nlm.nih.gov/pubmed/28677009
http://www.ncbi.nlm.nih.gov/pubmed/28677009
https://doi.org/10.1007/s10549-017-4363-9
http://www.ncbi.nlm.nih.gov/pubmed/28677009
http://www.ncbi.nlm.nih.gov/pubmed/22211832
http://www.ncbi.nlm.nih.gov/pubmed/22211832
http://informahealthcare.com/doi/abs/10.1080/02841860802314738
http://informahealthcare.com/doi/abs/10.1080/02841860802314738
http://www.ncbi.nlm.nih.gov/pubmed/18777410
http://www.ncbi.nlm.nih.gov/pubmed/19061196
http://www.ncbi.nlm.nih.gov/pubmed/19061196
https://doi.org/10.1002/pon.1472
http://www.ncbi.nlm.nih.gov/pubmed/19061196
http://www.ncbi.nlm.nih.gov/pubmed/18756583
http://www.ncbi.nlm.nih.gov/pubmed/18756583
https://doi.org/10.1002/pon.1398
http://www.ncbi.nlm.nih.gov/pubmed/18756583
http://www.ncbi.nlm.nih.gov/pubmed/26809289
http://www.ncbi.nlm.nih.gov/pubmed/26809289
https://doi.org/10.1007/s11682-016-9507-8
http://www.ncbi.nlm.nih.gov/pubmed/26809289
http://www.pubmedcentral.nih.gov/articlerender.fcgi?artid=3955296&tool=pmcentrez&rendertype=abstract
http://www.pubmedcentral.nih.gov/articlerender.fcgi?artid=3955296&tool=pmcentrez&rendertype=abstract
https://doi.org/10.1002/pon.1878
http://www.ncbi.nlm.nih.gov/pubmed/22271538
http://www.ncbi.nlm.nih.gov/pubmed/22570263
https://doi.org/10.1002/pon.3102
http://www.ncbi.nlm.nih.gov/pubmed/22570263
http://www.pubmedcentral.nih.gov/articlerender.fcgi?artid=3726272&tool=pmcentrez&rendertype=abstract
http://www.pubmedcentral.nih.gov/articlerender.fcgi?artid=3726272&tool=pmcentrez&rendertype=abstract
https://doi.org/10.1016/j.clbc.2013.02.004
https://doi.org/10.1016/j.clbc.2013.02.004
http://www.ncbi.nlm.nih.gov/pubmed/23647804
http://www.ncbi.nlm.nih.gov/pubmed/19337933
https://doi.org/10.1080/07347330902776044
https://doi.org/10.1080/07347330902776044
http://www.ncbi.nlm.nih.gov/pubmed/19337933
http://www.pubmedcentral.nih.gov/articlerender.fcgi?artid=3677054&tool=pmcentrez&rendertype=abstract
http://www.pubmedcentral.nih.gov/articlerender.fcgi?artid=3677054&tool=pmcentrez&rendertype=abstract
https://doi.org/10.1007/s10549-012-2210-6
http://www.ncbi.nlm.nih.gov/pubmed/22918524
http://www.pubmedcentral.nih.gov/articlerender.fcgi?artid=3057534&tool=pmcentrez&rendertype=abstract
http://www.pubmedcentral.nih.gov/articlerender.fcgi?artid=3057534&tool=pmcentrez&rendertype=abstract
https://doi.org/10.1016/j.apnu.2010.05.004
http://www.ncbi.nlm.nih.gov/pubmed/21251599
http://www.karger.com/doi/10.1159/000327505
http://www.karger.com/doi/10.1159/000327505
http://www.ncbi.nlm.nih.gov/pubmed/28075038
https://doi.org/10.1371/journal.pone.0206874

®PLOS | one

Walking and cognitive function among breast cancer patients undergoing chemotherapy

34.

35.

36.

37.

38.

39.

40.

41.

42,

43.

44,

45.

46.

47.
48.

2015 Aug [cited 2017 May 22]; 24(8):958—-66. Available from: http://doi.wiley.com/10.1002/pon.3707
PMID: 25336068

Galantino M Lou, Greene L, Daniels L, Dooley B, Muscatello L, O’Donnell L. Longitudinal Impact of
Yoga on Chemotherapy-Related Cognitive Impairment and Quality of Life in Women with Early Stage
Breast Cancer: A Case Series. Explor J Sci Heal [Internet]. 2012 [cited 2017 May 22]; 8(2):127-35.
Available from: http://www.sciencedirect.com/science/article/pii/S1550830711003387

Knobf MT, Thompson AS, Fennie K, Erdos D. The effect of a community-based exercise intervention
on symptoms and quality of life. Cancer Nurs [Internet]. 2014 [cited 2017 May 22]; 37(2):E43-50. Avail-
able from: http://www.ncbi.nlm.nih.gov/pubmed/23519041 https://doi.org/10.1097/NCC.
0b013e318288d40e PMID: 23519041

Oh B, Butow PN, Mullan BA, Clarke SJ, Beale PJ, Pavlakis N, et al. Effect of medical Qigong on cogni-
tive function, quality of life, and a biomarker of inflammation in cancer patients: a randomized controlled
trial. Support Care Cancer [Internet]. 2012 Jun [cited 2014 Aug 26]; 20(6):1235—42. Available from:
http://www.ncbi.nim.nih.gov/pubmed/21688163 https://doi.org/10.1007/s00520-011-1209-6 PMID:
21688163

Reid-Arndt S a, Matsuda S, Cox CR. Tai Chi effects on neuropsychological, emotional, and physical
functioning following cancer treatment: a pilot study. Complement Ther Clin Pract [Internet]. 2012 Feb
[cited 2014 Aug 26]; 18(1):26—30. Available from: http://www.ncbi.nlm.nih.gov/pubmed/22196570
https://doi.org/10.1016/j.ctcp.2011.02.005 PMID: 22196570

Hartman SJ, Nelson SH, Myers E, Natarajan L, Sears DD, Palmer BW, et al. Randomized controlled
trial of increasing physical activity on objectively measured and self-reported cognitive functioning
among breast cancer survivors: The memory & motion study. Cancer [Internet]. 2017 Jan 1 [cited 2018
Jan 24];124(1):192-202. Available from: http://www.ncbi.nIm.nih.gov/pubmed/28926676

Reid-Arndt SA, Matsuda S, Cox CR. Tai Chi effects on neuropsychological, emotional, and physical
functioning following cancer treatment: a pilot study. Complement Ther Clin Pract [Internet]. 2012 Feb
[cited 2014 Aug 26]; 18(1):26—30. Available from: http://www.ncbi.nlm.nih.gov/pubmed/22196570
https://doi.org/10.1016/j.ctcp.2011.02.005 PMID: 22196570

Biddle SJH, Asare M. Physical activity and mental health in children and adolescents: a review of
reviews. Br J Sports Med [Internet]. 2011 Sep 1 [cited 2014 Jul 12]; 45(11):886-95. Available from:
http://bjsm.bmj.com/content/early/2011/07/31/bjsports-2011-090185.short https://doi.org/10.1136/
bjsports-2011-090185 PMID: 21807669

Norton S, Matthews FE, Barnes DE, Yaffe K, Brayne C. Potential for primary prevention of Alzheimer’s
disease: an analysis of population-based data. Lancet Neurol [Internet]. 2014 Aug [cited 2014 Jul 14];
13(8):788-94. Available from: http://www.thelancet.com/journals/a/article/PI1S1474-4422%2814%
2970136-X/fulltext https://doi.org/10.1016/S1474-4422(14)70136-X PMID: 25030513

Mackenzie MJ, Zuniga KE, Raine LB, Awick EA, Hillman CH, Kramer AF, et al. Associations Between
Physical Fitness Indices and Working Memory in Breast Cancer Survivors and Age-Matched Controls.
J Women'’s Heal [Internet]. 2016 Jan [cited 2018 Jan 24]; 25(1):99—108. Available from: http://www.
ncbi.nim.nih.gov/pubmed/26418463

Gokal K, Wallis D, Ahmed S, Boiangiu |, Kancherla K, Munir F. Effects of a self-managed home-based
walking intervention on psychosocial health outcomes for breast cancer patients receiving chemother-
apy: a randomised controlled trial. Support Care Cancer [Internet]. 2016 Mar 15 [cited 2016 Mar 17]; 24
(3):1139-66. Available from: https://www.researchgate.net/publication/281055520_Effects_of _a_self-
managed_home-based_walking_intervention_on_psychosocial_health_outcomes_for_breast_
cancer_patients_receiving_chemotherapy_a_randomised_controlled_trial https://doi.org/10.1007/
s00520-015-2884-5 PMID: 26275768

Ajzen |. The theory of planned behavior. Organ Behav Hum Decis Process [Internet]. 1991 Dec [cited
2014 Jul 11]; 50(2):179-211. Available from: http://www.sciencedirect.com/science/article/pii/
074959789190020T

Gokal K, Munir F, Wallis D, Ahmed S, Boiangiu |, Kancherla K. Can physical activity help to maintain
cognitive functioning and psychosocial well-being among breast cancer patients treated with chemo-
therapy? A randomised controlled trial: study protocol. BMC Public Health [Internet]. 2015 Jan 23 [cited
2016 Mar 11]; 15(1):414. Available from: http://bmcpublichealth.biomedcentral.com/articles/10.1186/
$12889-015-1751-0

Borg G. Borg'’s perceived exertion and pain scales. 1998.
Department of Health. No Title. Reducing Obes Improv diet. 2011;

Schmitz KH, Courneya KS, Matthews C, Demark-Wahnefried W, Galvao D a, Pinto BM, et al. American
College of Sports Medicine roundtable on exercise guidelines for cancer survivors. Med Sci Sports
Exerc [Internet]. 2010 Jul [cited 2014 Jun 11]; 42(7):1409-26. Available from: http://www.ncbi.nlm.nih.
gov/pubmed/20559064 https://doi.org/10.1249/MSS.0b013e3181e0c112 PMID: 20559064

PLOS ONE | https://doi.org/10.1371/journal.pone.0206874 November 28, 2018 20/23


http://doi.wiley.com/10.1002/pon.3707
http://www.ncbi.nlm.nih.gov/pubmed/25336068
http://www.sciencedirect.com/science/article/pii/S1550830711003387
http://www.ncbi.nlm.nih.gov/pubmed/23519041
https://doi.org/10.1097/NCC.0b013e318288d40e
https://doi.org/10.1097/NCC.0b013e318288d40e
http://www.ncbi.nlm.nih.gov/pubmed/23519041
http://www.ncbi.nlm.nih.gov/pubmed/21688163
https://doi.org/10.1007/s00520-011-1209-6
http://www.ncbi.nlm.nih.gov/pubmed/21688163
http://www.ncbi.nlm.nih.gov/pubmed/22196570
https://doi.org/10.1016/j.ctcp.2011.02.005
http://www.ncbi.nlm.nih.gov/pubmed/22196570
http://www.ncbi.nlm.nih.gov/pubmed/28926676
http://www.ncbi.nlm.nih.gov/pubmed/22196570
https://doi.org/10.1016/j.ctcp.2011.02.005
http://www.ncbi.nlm.nih.gov/pubmed/22196570
http://bjsm.bmj.com/content/early/2011/07/31/bjsports-2011-090185.short
https://doi.org/10.1136/bjsports-2011-090185
https://doi.org/10.1136/bjsports-2011-090185
http://www.ncbi.nlm.nih.gov/pubmed/21807669
http://www.thelancet.com/journals/a/article/PIIS1474-4422%2814%2970136-X/fulltext
http://www.thelancet.com/journals/a/article/PIIS1474-4422%2814%2970136-X/fulltext
https://doi.org/10.1016/S1474-4422(14)70136-X
http://www.ncbi.nlm.nih.gov/pubmed/25030513
http://www.ncbi.nlm.nih.gov/pubmed/26418463
http://www.ncbi.nlm.nih.gov/pubmed/26418463
https://www.researchgate.net/publication/281055520_Effects_of_a_self-managed_home-based_walking_intervention_on_psychosocial_health_outcomes_for_breast_cancer_patients_receiving_chemotherapy_a_randomised_controlled_trial
https://www.researchgate.net/publication/281055520_Effects_of_a_self-managed_home-based_walking_intervention_on_psychosocial_health_outcomes_for_breast_cancer_patients_receiving_chemotherapy_a_randomised_controlled_trial
https://www.researchgate.net/publication/281055520_Effects_of_a_self-managed_home-based_walking_intervention_on_psychosocial_health_outcomes_for_breast_cancer_patients_receiving_chemotherapy_a_randomised_controlled_trial
https://doi.org/10.1007/s00520-015-2884-5
https://doi.org/10.1007/s00520-015-2884-5
http://www.ncbi.nlm.nih.gov/pubmed/26275768
http://www.sciencedirect.com/science/article/pii/074959789190020T
http://www.sciencedirect.com/science/article/pii/074959789190020T
http://bmcpublichealth.biomedcentral.com/articles/10.1186/s12889-015-1751-0
http://bmcpublichealth.biomedcentral.com/articles/10.1186/s12889-015-1751-0
http://www.ncbi.nlm.nih.gov/pubmed/20559064
http://www.ncbi.nlm.nih.gov/pubmed/20559064
https://doi.org/10.1249/MSS.0b013e3181e0c112
http://www.ncbi.nlm.nih.gov/pubmed/20559064
https://doi.org/10.1371/journal.pone.0206874

®PLOS | one

Walking and cognitive function among breast cancer patients undergoing chemotherapy

49.

50.

51.

52,
53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

Zigmond AS, Snaith RP. The hospital anxiety and depression scale. Acta Psychiatr Scand [Internet].
1983 Jun [cited 2014 Jul 11]; 67(6):361-70. Available from: http://www.ncbi.nlm.nih.gov/pubmed/
6880820 PMID: 6880820

Shacham S. A shortened version of the Profile of Mood States. J Pers Assess [Internet]. 1983 Jun
[cited 2014 Aug 15]; 47(3):305-6. Available from: http://www.ncbi.nlm.nih.gov/pubmed/6886962
https://doi.org/10.1207/s15327752jpa4703_14 PMID: 6886962

Yellen SB, Cella DF, Webster K, Blendowski C, Kaplan E. Measuring fatigue and other anemia-related
symptoms with the Functional Assessment of Cancer Therapy (FACT) measurement system. J Pain
Symptom Manage [Internet]. 1997 Feb [cited 2014 Aug 14]; 13(2):63—74. Available from: http://www.
sciencedirect.com/science/article/pii/S0885392496002746 PMID: 9095563

Rosenberg M. Rosenberg self-esteem scale (RSE). Accept Commit Ther. 1965; 61.

Wallis DJ, Hetherington MM. Stress and eating: the effects of ego-threat and cognitive demand on food
intake in restrained and emotional eaters. Appetite [Internet]. 2004 Aug [cited 2014 Jul 25]; 43(1):39—
46. Available from: http://www.ncbi.nlm.nih.gov/pubmed/15262016 https://doi.org/10.1016/j.appet.
2004.02.001 PMID: 15262016

Shilling V, Jenkins V, Morris R, Deutsch G, Bloomfield D. The effects of adjuvant chemotherapy on cog-
nition in women with breast cancer—preliminary results of an observational longitudinal study. Breast
[Internet]. 2005 Apr [cited 2014 Aug 13]; 14(2):142-50. Available from: http://www.sciencedirect.com/
science/article/pii/S0960977604002152 https://doi.org/10.1016/j.breast.2004.10.004 PMID: 15767184

van Dam FSAM, Boogerd W, Schagen SB, Muller MJ, Droogleever Fortuyn ME, WallE v. d., et al.
Impairment of Cognitive Function in Women Receiving Adjuvant Treatment for High-Risk Breast Can-
cer: High-Dose Versus Standard-Dose Chemotherapy. JNCI J Natl Cancer Inst [Internet]. 1998 Feb 4
[cited 2014 Aug 6]; 90(3):210-8. Available from: http:/jnci.oxfordjournals.org/content/90/3/210.short
PMID: 9462678

Crowley S. The Effect of a Structured Exercise Program on Fatigue, Strength, Endurance, Physical
Self-Efficacy, and Functional Wellness in Women With Early Stage Breast Cancer [Internet]. 2011
[cited 2014 Aug 20]. Available from: http://www.nursinglibrary.org/vhi/handle/10755/165449

Collins B, Mackenzie J, Stewart A, Bielajew C, Verma S. Cognitive effects of hormonal therapy in early
stage breast cancer patients: a prospective study. Psychooncology [Internet]. 2009 Aug [cited 2014
Sep 24]; 18(8):811-21. Available from: http://www.ncbi.nlm.nih.gov/pubmed/19085975 https://doi.org/
10.1002/pon.1453 PMID: 19085975

Wefel JS, Lenzi R, Theriault RL, Davis RN, Meyers CA. The cognitive sequelae of standard-dose adju-
vant chemotherapy in women with breast carcinoma: results of a prospective, randomized, longitudinal
trial. Cancer [Internet]. 2004 Jun 1 [cited 2014 Aug 6]; 100(11):2292-9. Available from: http://www.ncbi.
nim.nih.gov/pubmed/15160331 https://doi.org/10.1002/cncr.20272 PMID: 15160331

Jansen CE, Miaskowski CA, Dodd MJ, Dowling GA. A meta-analysis of the sensitivity of various neuro-
psychological tests used to detect chemotherapy-induced cognitive impairment in patients with breast
cancer. Oncol Nurs Forum [Internet]. 2007 Sep [cited 2014 Aug 3]; 34(5):997—1005. Available from:
http://www.ncbi.nIm.nih.gov/books/PMH0025158/ https://doi.org/10.1188/07.ONF.997-1005 PMID:
17878128

Robertson IH, Manly T, Andrade J, Baddeley BT, Yiend J. “Oops!”: performance correlates of everyday
attentional failures in traumatic brain injured and normal subjects. Neuropsychologia [Internet]. 1997
Jun [cited 2014 Aug 13]; 35(6):747-58. Available from: http://www.ncbi.nIm.nih.gov/pubmed/9204482
PMID: 9204482

Kim LS, Hwang HS, Jon D-I, Ham B-J, Seok J-H. Dysfunction of the neural network associated with sus-
tained attention in cancer patients with clinically significant depressive symptoms. Neurosci Lett [Inter-
net]. 2008 Dec 5 [cited 2014 Dec 4]; 447(1):1-6. Available from: http://www.sciencedirect.com/science/
article/pii/S0304394008013025 https://doi.org/10.1016/j.neulet.2008.09.077 PMID: 18845225

Broadbent DE, Cooper PF, FitzGerald P, Parkes KR. The Cognitive Failures Questionnaire (CFQ) and
its correlates. Br J Clin Psychol [Internet]. 1982 Feb 12 [cited 2014 Aug 13]; 21(1):1-16. Available from:
http://doi.wiley.com/10.1111/j.2044-8260.1982.tb01421.x

Shilling V, Jenkins V, Trapala IS. The (mis)classification of chemo-fog—methodological inconsistencies
in the investigation of cognitive impairment after chemotherapy. Breast Cancer Res Treat [Internet].
2006 Jan [cited 2014 Aug 12]; 95(2):125-9. Available from: http://www.ncbi.nlm.nih.gov/pubmed/
16261398 https://doi.org/10.1007/s10549-005-9055-1 PMID: 16261398

Quesnel C, Savard J, Ivers H. Cognitive impairments associated with breast cancer treatments: results
from a longitudinal study. Breast Cancer Res Treat [Internet]. 2009 Jul [cited 2014 Aug 13]; 116(1):113—
23. Available from: http://www.ncbi.nim.nih.gov/pubmed/18629633 https://doi.org/10.1007/s10549-
008-0114-2 PMID: 18629633

PLOS ONE | https://doi.org/10.1371/journal.pone.0206874 November 28, 2018 21/23


http://www.ncbi.nlm.nih.gov/pubmed/6880820
http://www.ncbi.nlm.nih.gov/pubmed/6880820
http://www.ncbi.nlm.nih.gov/pubmed/6880820
http://www.ncbi.nlm.nih.gov/pubmed/6886962
https://doi.org/10.1207/s15327752jpa4703_14
http://www.ncbi.nlm.nih.gov/pubmed/6886962
http://www.sciencedirect.com/science/article/pii/S0885392496002746
http://www.sciencedirect.com/science/article/pii/S0885392496002746
http://www.ncbi.nlm.nih.gov/pubmed/9095563
http://www.ncbi.nlm.nih.gov/pubmed/15262016
https://doi.org/10.1016/j.appet.2004.02.001
https://doi.org/10.1016/j.appet.2004.02.001
http://www.ncbi.nlm.nih.gov/pubmed/15262016
http://www.sciencedirect.com/science/article/pii/S0960977604002152
http://www.sciencedirect.com/science/article/pii/S0960977604002152
https://doi.org/10.1016/j.breast.2004.10.004
http://www.ncbi.nlm.nih.gov/pubmed/15767184
http://jnci.oxfordjournals.org/content/90/3/210.short
http://www.ncbi.nlm.nih.gov/pubmed/9462678
http://www.nursinglibrary.org/vhl/handle/10755/165449
http://www.ncbi.nlm.nih.gov/pubmed/19085975
https://doi.org/10.1002/pon.1453
https://doi.org/10.1002/pon.1453
http://www.ncbi.nlm.nih.gov/pubmed/19085975
http://www.ncbi.nlm.nih.gov/pubmed/15160331
http://www.ncbi.nlm.nih.gov/pubmed/15160331
https://doi.org/10.1002/cncr.20272
http://www.ncbi.nlm.nih.gov/pubmed/15160331
http://www.ncbi.nlm.nih.gov/books/PMH0025158/
https://doi.org/10.1188/07.ONF.997-1005
http://www.ncbi.nlm.nih.gov/pubmed/17878128
http://www.ncbi.nlm.nih.gov/pubmed/9204482
http://www.ncbi.nlm.nih.gov/pubmed/9204482
http://www.sciencedirect.com/science/article/pii/S0304394008013025
http://www.sciencedirect.com/science/article/pii/S0304394008013025
https://doi.org/10.1016/j.neulet.2008.09.077
http://www.ncbi.nlm.nih.gov/pubmed/18845225
http://doi.wiley.com/10.1111/j.2044-8260.1982.tb01421.x
http://www.ncbi.nlm.nih.gov/pubmed/16261398
http://www.ncbi.nlm.nih.gov/pubmed/16261398
https://doi.org/10.1007/s10549-005-9055-1
http://www.ncbi.nlm.nih.gov/pubmed/16261398
http://www.ncbi.nlm.nih.gov/pubmed/18629633
https://doi.org/10.1007/s10549-008-0114-2
https://doi.org/10.1007/s10549-008-0114-2
http://www.ncbi.nlm.nih.gov/pubmed/18629633
https://doi.org/10.1371/journal.pone.0206874

®PLOS | one

Walking and cognitive function among breast cancer patients undergoing chemotherapy

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

Schilder CMT, Seynaeve C, Linn SC, Boogerd W, Beex LVAM, Gundy CM, et al. Self-reported cognitive
functioning in postmenopausal breast cancer patients before and during endocrine treatment: findings
from the neuropsychological TEAM side-study. Psychooncology [Internet]. 2012 May [cited 2014 Jul
15]; 21(5):479-87. Available from: http://www.ncbi.nlm.nih.gov/pubmed/21351188 https://doi.org/10.
1002/pon.1928 PMID: 21351188

Corder K, Brage S, Ekelund U. Accelerometers and pedometers: methodology and clinical application.
Curr Opin Clin Nutr Metab Care [Internet]. 2007 Sep [cited 2014 Aug 13]; 10(5):597—603. Available
from: http://www.ncbi.nlm.nih.gov/pubmed/17693743 https://doi.org/10.1097/MCO.
0b013e328285d883 PMID: 17693743

Culos-Reed SN, Carlson LE, Daroux LM, Hately-Aldous S. A pilot study of yoga for breast cancer survi-
vors: physical and psychological benefits. Psychooncology [Internet]. 2006 Oct [cited 2014 Aug 13]; 15
(10):891-7. Available from: http://www.ncbi.nim.nih.gov/pubmed/16374892 https://doi.org/10.1002/
pon.1021 PMID: 16374892

Daley AJ, Crank H, Mutrie N, Saxton JM, Coleman R. Determinants of adherence to exercise in women
treated for breast cancer. Eur J Oncol Nurs [Internet]. 2007 Dec 12 [cited 2014 Nov 13]; 11(5):392-9.
Available from: http://www.ejoncologynursing.com/article/S1462388907000531/fulltext https://doi.org/
10.1016/j.ejon.2007.03.001 PMID: 17524796

Dimeo F, Schwartz S, Fietz T, Wanjura T, Béning D, Thiel E. Effects of endurance training on the physi-
cal performance of patients with hematological malignancies during chemotherapy. Support Care Can-

cer [Internet]. 2003 Oct [cited 2014 Aug 13]; 11(10):623-8. Available from: http://www.ncbi.nlm.nih.gov/
pubmed/12942360 https://doi.org/10.1007/s00520-003-0512-2 PMID: 12942360

Friedenreich CM, Woolcott CG, McTiernan A, Ballard-Barbash R, Brant RF, Stanczyk FZ, et al. Alberta
physical activity and breast cancer prevention trial: sex hormone changes in a year-long exercise inter-
vention among postmenopausal women. J Clin Oncol [Internet]. 2010 Mar 20 [cited 2014 Jul 22]; 28
(9):1458-66. Available from: http://jco.ascopubs.org/content/28/9/1458.short https://doi.org/10.1200/
JC0.2009.24.9557 PMID: 20159820

Persinger R, Foster C, Gibson M, Fater DCW, Porcari JP. Consistency of the talk test for exercise pre-
scription. Med Sci Sports Exerc [Internet]. 2004 Sep [cited 2014 Aug 13]; 36(9):1632—6. Available from:
http://www.ncbi.nIm.nih.gov/pubmed/15354048 PMID: 15354048

Altman DG, Bland JM. Statistics notes: How to randomise. BMJ [Internet]. 1999 Sep 11 [cited 2014 Aug
13]; 319(7211):703—4. Available from: http://www.bmj.com/content/319/7211/703.1?variant=full-
text&maxtoshow="?eaf PMID: 10480833

Cohen J. A power primer. Psychol Bull [Internet]. 1992 Jul [cited 2014 Nov 16]; 112(1):155-9. Available
from: http://www.ncbi.nim.nih.gov/pubmed/19565683 PMID: 19565683

Gupta SK. Intention-to-treat concept: A review. Perspect Clin Res [Internet]. 2011 Jul [cited 2014 Jul
22]; 2(3):109-12. Available from: http://www.pubmedcentral.nih.gov/articlerender.fcgi?artid=
3159210&tool=pmcentrez&rendertype=abstract https://doi.org/10.4103/2229-3485.83221 PMID:
21897887

Pinto BM, Dunsiger S, Waldemore M. Physical activity and psychosocial benefits among breast cancer
patients. Psychooncology [Internet]. 2013 Mar 15 [cited 2014 Sep 10]; Available from: http://www.ncbi.
nim.nih.gov/pubmed/23494869

Callaghan P, Khalil E, Morres |, Carter T. Pragmatic randomised controlled trial of preferred intensity
exercise in women living with depression. BMC Public Health [Internet]. 2011 Jan [cited 2014 Nov 24];
11(1):465. Available from: http://www.biomedcentral.com/1471-2458/11/465

Hillman CH, Pontifex MB, Raine LB, Castelli DM, Hall EE, Kramer AF. The effect of acute treadmill walk-
ing on cognitive control and academic achievement in preadolescent children. Neuroscience [Internet].
2009 Mar 31 [cited 2014 Oct 28]; 159(3):1044-54. Available from: http://www.sciencedirect.com/
science/article/pii/S0306452209001171 https://doi.org/10.1016/j.neuroscience.2009.01.057 PMID:
19356688

Wefel JS, Vardy J, Ahles T, Schagen SB. International Cognition and Cancer Task Force recommenda-
tions to harmonise studies of cognitive function in patients with cancer. Lancet Oncol [Internet]. 2011 Jul
[cited 2014 Sep 3]; 12(7):703-8. Available from: http://www.thelancet.com/journals/a/article/P11S1470-
2045%2810%2970294-1/fulltext https://doi.org/10.1016/S1470-2045(10)70294-1 PMID: 21354373

Benedict RHB, Schretlen D, Groninger L, Brandt J. Hopkins Verbal Learning Test—Revised: Normative
Data and Analysis of Inter-Form and Test-Retest Reliability. 2010 Aug 9 [cited 2014 Dec 13]; Available
from: http://www.tandfonline.com/doi/abs/10.1076/clin.12.1.43.1726#.VIw8VHtrZ-w

Alloway TP, Gathercole SE, Pickering SJ. Verbal and Visuospatial Short-Term and Working Memory in
Children: Are They Separable? Child Dev [Internet]. 2006 Nov [cited 2018 Sep 26]; 77(6):1698-716.
Available from: http://www.ncbi.nIm.nih.gov/pubmed/17107455 https://doi.org/10.1111/j.1467-8624.
2006.00968.x PMID: 17107455

PLOS ONE | https://doi.org/10.1371/journal.pone.0206874 November 28, 2018 22/23


http://www.ncbi.nlm.nih.gov/pubmed/21351188
https://doi.org/10.1002/pon.1928
https://doi.org/10.1002/pon.1928
http://www.ncbi.nlm.nih.gov/pubmed/21351188
http://www.ncbi.nlm.nih.gov/pubmed/17693743
https://doi.org/10.1097/MCO.0b013e328285d883
https://doi.org/10.1097/MCO.0b013e328285d883
http://www.ncbi.nlm.nih.gov/pubmed/17693743
http://www.ncbi.nlm.nih.gov/pubmed/16374892
https://doi.org/10.1002/pon.1021
https://doi.org/10.1002/pon.1021
http://www.ncbi.nlm.nih.gov/pubmed/16374892
http://www.ejoncologynursing.com/article/S1462388907000531/fulltext
https://doi.org/10.1016/j.ejon.2007.03.001
https://doi.org/10.1016/j.ejon.2007.03.001
http://www.ncbi.nlm.nih.gov/pubmed/17524796
http://www.ncbi.nlm.nih.gov/pubmed/12942360
http://www.ncbi.nlm.nih.gov/pubmed/12942360
https://doi.org/10.1007/s00520-003-0512-2
http://www.ncbi.nlm.nih.gov/pubmed/12942360
http://jco.ascopubs.org/content/28/9/1458.short
https://doi.org/10.1200/JCO.2009.24.9557
https://doi.org/10.1200/JCO.2009.24.9557
http://www.ncbi.nlm.nih.gov/pubmed/20159820
http://www.ncbi.nlm.nih.gov/pubmed/15354048
http://www.ncbi.nlm.nih.gov/pubmed/15354048
http://www.bmj.com/content/319/7211/703.1?variant=full-text&maxtoshow=?eaf
http://www.bmj.com/content/319/7211/703.1?variant=full-text&maxtoshow=?eaf
http://www.ncbi.nlm.nih.gov/pubmed/10480833
http://www.ncbi.nlm.nih.gov/pubmed/19565683
http://www.ncbi.nlm.nih.gov/pubmed/19565683
http://www.pubmedcentral.nih.gov/articlerender.fcgi?artid=3159210&tool=pmcentrez&rendertype=abstract
http://www.pubmedcentral.nih.gov/articlerender.fcgi?artid=3159210&tool=pmcentrez&rendertype=abstract
https://doi.org/10.4103/2229-3485.83221
http://www.ncbi.nlm.nih.gov/pubmed/21897887
http://www.ncbi.nlm.nih.gov/pubmed/23494869
http://www.ncbi.nlm.nih.gov/pubmed/23494869
http://www.biomedcentral.com/1471-2458/11/465
http://www.sciencedirect.com/science/article/pii/S0306452209001171
http://www.sciencedirect.com/science/article/pii/S0306452209001171
https://doi.org/10.1016/j.neuroscience.2009.01.057
http://www.ncbi.nlm.nih.gov/pubmed/19356688
http://www.thelancet.com/journals/a/article/PIIS1470-2045%2810%2970294-1/fulltext
http://www.thelancet.com/journals/a/article/PIIS1470-2045%2810%2970294-1/fulltext
https://doi.org/10.1016/S1470-2045(10)70294-1
http://www.ncbi.nlm.nih.gov/pubmed/21354373
http://www.tandfonline.com/doi/abs/10.1076/clin.12.1.43.1726#.VIw8VHtrZ-w
http://www.ncbi.nlm.nih.gov/pubmed/17107455
https://doi.org/10.1111/j.1467-8624.2006.00968.x
https://doi.org/10.1111/j.1467-8624.2006.00968.x
http://www.ncbi.nlm.nih.gov/pubmed/17107455
https://doi.org/10.1371/journal.pone.0206874

o ®
@ ’ PLOS | ONE Walking and cognitive function among breast cancer patients undergoing chemotherapy

81. Matthews CE, Wilcox S, Hanby CL, Der Ananian C, Heiney SP, Gebretsadik T, et al. Evaluation of a 12-
week home-based walking intervention for breast cancer survivors. Support Care Cancer [Internet].
2007 Feb [cited 2014 Sep 9]; 15(2):203—11. Available from: http://www.ncbi.nim.nih.gov/pubmed/
17001492 https://doi.org/10.1007/s00520-006-0122-x PMID: 17001492

82. Rogers LQ, Markwell SJ, Verhulst S, McAuley E, Courneya KS. Rural breast cancer survivors: exercise
preferences and their determinants. Psychooncology [Internet]. 2009 Apr [cited 2014 Nov 23]; 18
(4):412-21. Available from: http://www.ncbi.nim.nih.gov/pubmed/19241491 https://doi.org/10.1002/
pon.1497 PMID: 19241491

83. Vallance JKH, Courneya KS, Plotnikoff RC, Yasui Y, Mackey JR. Randomized controlled trial of the
effects of print materials and step pedometers on physical activity and quality of life in breast cancer sur-
vivors. J Clin Oncol [Internet]. 2007 Jun 10 [cited 2014 Jun 2]; 25(17):2352—9. Available from: http://
www.ncbi.nlm.nih.gov/pubmed/17557948 https://doi.org/10.1200/JC0O.2006.07.9988 PMID: 17557948

84. van Waart H, van Harten WH, Buffart LM, Sonke GS, Stuiver MM, Aaronson NK. Why do patients
choose (not) to participate in an exercise trial during adjuvant chemotherapy for breast cancer? Psy-
chooncology [Internet]. 2016 Aug [cited 2017 Jun 23]; 25(8):964—70. Available from: http://www.ncbi.
nim.nih.gov/pubmed/26282696 https://doi.org/10.1002/pon.3936 PMID: 26282696

PLOS ONE | https://doi.org/10.1371/journal.pone.0206874 November 28, 2018 23/23


http://www.ncbi.nlm.nih.gov/pubmed/17001492
http://www.ncbi.nlm.nih.gov/pubmed/17001492
https://doi.org/10.1007/s00520-006-0122-x
http://www.ncbi.nlm.nih.gov/pubmed/17001492
http://www.ncbi.nlm.nih.gov/pubmed/19241491
https://doi.org/10.1002/pon.1497
https://doi.org/10.1002/pon.1497
http://www.ncbi.nlm.nih.gov/pubmed/19241491
http://www.ncbi.nlm.nih.gov/pubmed/17557948
http://www.ncbi.nlm.nih.gov/pubmed/17557948
https://doi.org/10.1200/JCO.2006.07.9988
http://www.ncbi.nlm.nih.gov/pubmed/17557948
http://www.ncbi.nlm.nih.gov/pubmed/26282696
http://www.ncbi.nlm.nih.gov/pubmed/26282696
https://doi.org/10.1002/pon.3936
http://www.ncbi.nlm.nih.gov/pubmed/26282696
https://doi.org/10.1371/journal.pone.0206874

