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Abstract

Background: Greater physical activity is associated with improved outcomes in people living with and beyond cancer. However, most studies in
exercise oncology use self-reported measures of physical activity. Few have explored agreement between self-reported and device-based meas-
ures of physical activity in people living with and beyond cancer. This study aimed to describe physical activity in adults affected by cancer
across self-reported and device-assessed activity, to explore levels of agreement between these measures in terms of their utility for categorizing
participants as meeting/not meeting physical activity guidelines, and to explore whether meeting guidelines is associated with fatigue, quality of
life, and sleep quality.

Methods: A total of 1348 adults living with and beyond cancer from the Advancing Survivorship Cancer Outcomes Trial completed a survey
assessing fatigue, quality of life, sleep quality, and physical activity. The Godin-Shephard Leisure-Time Physical Activity Questionnaire was
used to calculate a Leisure Score Index (LSI) and an estimate of moderate-to-vigorous physical activity (MVPA). Average daily steps and
weekly aerobic steps were derived from pedometers worn by participants.

Results: The percentage of individuals meeting physical activity guidelines was 44.3% using LSI, 49.5% using MVPA, 10.8% using average
daily steps, and 28.5% using weekly aerobic steps. Agreement (Cohen’s k) between self-reported and pedometer measures ranged from 0.13
(LSI vs. average daily steps) to 0.60 (LSI vs. MVPA). After adjusting for sociodemographic and health-related covariates, meeting activity
guidelines using all measures was associated with not experiencing severe fatigue (odds ratios (ORs): 1.43—1.97). Meeting guidelines using
MVPA was associated with no quality-of-life issues (OR = 1.53). Meeting guidelines using both self-reported measures were associated with
good sleep quality (ORs: 1.33—1.40).

Conclusion: Less than half of all adults affected by cancer are meeting physical activity guidelines, regardless of measure. Meeting guidelines is
associated with lower fatigue across all measures. Associations with quality of life and sleep differ depending on measure. Future research
should consider the impact of physical activity measure on findings, and where possible, use multiple measures.
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1. Introduction increasing." However, cancer and treatments can lead to
long-term side effects like fatigue, impaired health-related
quality of life, and sleep problems.” * Supportive strategies
are therefore required to help with management of these.
There is evidence that among adults living with and beyond
Peer review under responsibility of Shanghai University of Sport. cancer, higher levels of physical activity are associated with
*Corresponding author. lower levels of fatigue and higher quality of life and sleep
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1JT;:Z::;fg:ﬂﬁfrsconmbmed equally to this work. that people living with and beyond cancer should aim for

As early diagnosis and treatments improve, the number of
people living beyond their cancer diagnosis is continually
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>150 min of moderate-to-vigorous physical activity (MVPA)
per week.”

The majority of the literature describing physical activity
among people living with and beyond cancer uses self-reported
levels of physical activity, usually the Godin-Shephard
Leisure-Time Physical Activity Questionnaire (GSLPAQ).” "
It is well accepted from general population data that self-
reported physical activity is prone to recall bias'* and, when
compared to device-based measures, can substantially overes-
timate the proportion of people meeting guidelines.'™'* Very
few studies in exercise oncology have used device-based
measures of physical activity, and the ones that do tend to
have small samples. For instance, a cross-sectional study of
178 people from Alberta, Canada, affected by colon cancer
found that approximately half (53.4%) of participants were
achieving at least 150 minutes of accelerometer-assessed
MVPA per week.'> Another cross-sectional study including
127 people affected by lung cancer found that participants
averaged 4596 accelerometer-assessed steps per day.'®

Furthermore, few studies have explored agreement between
self-reported and device-based measures of physical activity
in people living with and beyond cancer. Of those that have,
findings have been mixed with some studies showing accept-
able agreement between self-reported and device-based meas-
ures of physical activity'’ ' and others showing poor
agreement.””' However, since most studies use different
measures of self-reported physical activity, findings are hard
to generalize across studies. The few studies that have exam-
ined associations between the GSLPAQ and device-based
physical activity have had small sample sizes (n < 200 partici-
pants) and have been conducted across a range of cancer types
and ages (mean age range: 10.7—64.3 years).”” >° The only
one of these studies that was specifically designed to assess
agreement (n=176) found poor agreement between meeting
physical activity guidelines based on self-reported data and
accelerometer data in those with colon cancer (k = 0.32).%

A small number of observational and intervention studies
have examined whether device-based physical activity is asso-
ciated with fatigue, quality of life, and sleep quality among
people living with and beyond cancer; the results are mixed
results.' > A cross-sectional study of 299 women
affected by breast cancer found accelerometer-assessed
MVPA to be inversely associated with fatigue.”” A cross-
sectional study of 178 people affected by colon cancer found
accelerometer-assessed MVPA to be positively associated
with health-related quality of life.'> Another cross-sectional
study of 540 people affected by lung cancer found that for
every one-minute increase in accelerometer-assessed MVPA,
the predicted value of the 25th percentile on the 13-item
Fatigue Scale’” increased by 0.16 points.'® However, in the
same study,'® no association was found between physical
activity and health-related quality of life. These few
studies have mainly assessed associations using continuous
levels of physical activity rather than by categorizing partici-
pants as meeting vs. not meeting physical activity guidelines.
In addition to the possibility of poor agreement between esti-
mates using different measures of physical activity, there
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could also be differential associations with fatigue, quality of
life, and sleep quality.

Therefore, the aims of this study were to (1) describe the
levels of physical activity reported in this sample of adults
living with and beyond cancer across different measures; (2)
explore the level of agreement between these measures in
terms of their utility for categorizing participants as meeting
vs. not meeting physical activity guidelines (150 min of
MVPA per week); and (3) explore whether meeting physical
activity guidelines (assessed using different measures) is asso-
ciated with not experiencing severe fatigue, having no quality-
of-life issues, and having good sleep quality.

2. Materials and methods
2.1. Data

This paper reports on data collected as part of the baseline
assessment for the Advancing Survivorship Cancer Outcomes
Trial (ASCOT) trial.>> ASCOT is a randomized controlled
trial of brief lifestyle advice for cancer survivors.* In order to
assess baseline levels of activity, participants were asked to
complete a self-report questionnaire (a modified version of the
GSLPAQ’ ') and to wear a pedometer for 6 days. This
dataset therefore provides a unique opportunity to explore
self-reported and device-based physical activity and their rela-
tive associations with patient-reported outcomes of fatigue,
quality of life, and sleep quality in a large sample of people
living with or beyond breast, prostate, or colorectal cancer.

Participants in the ASCOT trial were recruited from 10
hospital sites across London and Essex (UK). These hospital
sites were asked to send a questionnaire to patients diagnosed
with breast, prostate, or colorectal cancer between 2012 and
2015. The hospitals did not always correctly identify patients,
and so some participants in the trial were diagnosed outside of
these dates. Patients who completed the questionnaire returned
it to the research team. On the back of the questionnaire, there
was the space to leave contact details if patients were inter-
ested in learning more about a trial of a lifestyle intervention.
Those who expressed interest were assessed for trial eligibility.
If eligible, patients could consent to participate in the trial.
Eligibility criteria included being over 18 years old; reporting
being diagnosed with Stages I—III breast, prostate, or colo-
rectal cancer; and no longer receiving cancer treatments (with
the exception of oral treatments taken at home). It was later
discovered that 14 participants did have Stage IV cancer at
diagnosis. There was no upper age limit for participation in the
trial. Ethical approval for the ASCOT trial was obtained
through the National Research Ethics Service Committee
South Central—Oxford B (reference number 14/SC/1369),
and all participants provided informed consent.

If, at the point of consent, it had been more than 8 weeks
since a participant completed the initial questionnaire, a
second questionnaire was sent along with the additional base-
line measures, including a pedometer and log-book for partici-
pants to record when the pedometer was worn. This second
questionnaire repeated the measures from the initial question-
naire, apart from those relating to demographics and clinical
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characteristics (e.g., quality of life measures). Participants
were not required to complete all baseline assessments to be
randomized. Therefore, not all participants completed the
second questionnaire or provided pedometer data.

2.2. Participants

Demographic and clinical characteristics of the sample are
show in Table 1. A total of 1348 patients diagnosed with
breast, prostate, or colorectal cancer were recruited to the trial
between August 2015 and July 2019. Participants were on
average 64.3 years old and mostly female (61.4%); 54.2% had
breast cancer, 27.0% had prostate cancer, and nearly 18.8%
had colorectal cancer. Participants were nearly 3.5 years post-

Table 1
Demographic and clinical characteristics of the sample.

Characteristics Included Missing ~ Value

sample sample

Demographics

Age (year) 1345 (99.8) 3(02) 643+£114

Gender 1348 (100.0)  0(0.0)
Male 520 (38.6)

Female 828 (61.4)

Highest education 1254 (93.0) 94 (7.0)
None 226 (18.0)
GCSE/vocational 412 (32.9)

A level 174 (13.9)
Degree or above 442 (35.2)

Marital status 1347 (99.9) 1(0.1)
Married 957 (71.0)

Unmarried 390 (29.0)

Current employment situation 1340 (99.4) 8(0.6)
Employed 510 (38.1)
Unemployed 830(61.9)

Ethnicity 1342 (99.6) 6(0.4)
White 1242 (92.5)

Any other ethnicity 100 (7.5)
IMD decile 1273 (94.4)  75(5.6) 64+25
Clinical characteristics

Cancer type 1348 (100.0)  0(0.0)
Breast 730 (54.2)

Prostate 364 (27.0)
Colorectal 254 (18.8)

Cancer stage 1151 (85.4) 197 (14.6)
0 24 (2.1)

I 442 (38.4)
I 436 (37.9)
T 235 (20.4)
v 14 (1.2)

Time between cancer and 1348 (100.0)  0(0.0) 1254 + 408

completing questionnaire (day)

Treatment 1321 (98.0) 27 (2.0)
Surgery only 264 (20.0)

Surgery plus any other 780 (59.0)
Any other combination 208 (15.7)
No treatment/active surveillance 69 (5.2)

Total number of comorbidities 1348 (100.0) 0(0.0) 1.2+13

Note: Percentages add up not to 100% due to rounding. Data are presented as
number (%) or mean =+ standard deviation.

Abbreviations: GCSE =General Certificate of Secondary Education;
IMD = Index of Multiple Deprivation.
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diagnosis at the time they completed the baseline question-
naire, on average.

2.3. Measures

2.3.1. Self-reported physical activity

Participants completed a modified version of the
GSLPAQ.” ' They were asked to report, over the past month,
how many times a week on average they did each type of
activity for more than 15 min during their free time. The 3
types of activity were: strenuous exercise (heart beats rapidly),
moderate exercise (not exhausting), and mild exercise
(minimal effort). For each type of activity, they were also
asked to report the duration of each session in hours and
minutes. The GSLPAQ is frequently modified to ask about the
duration of sessions for each type of activity.*

To give an estimate of weekly minutes of MVPA, the
frequency was multiplied by duration values for both moderate
and strenuous activity. The strenuous total minutes were
doubled and added to the total moderate minutes. Participants
were classed as meeting the guidelines if their total weekly
MVPA was 150 min or higher.

The Leisure Score Index (LSI) uses all 3 types of activity,
multiplying the frequency of strenuous activities by 9,
moderate by 5, and mild by 3, and then summing the scores.*”
A score of 24 or above is considered to meet the World Cancer
Research Fund physical activity guidelines.””

2.3.2. Pedometers measured physical activity

Participants were sent an Omron pedometer (Kyoto, Japan)
with the count reader covered.”® Omron pedometer have estab-
lished validity as they provide unbiased estimates of steps at
different walking and running speeds’’® and have been
shown to have an absolute percent error of less than 3% (fewer
than 3 missed steps out of every 100).°° Furthermore, Omron
pedometer have established interdevice reliability as they have
been shown to have coefficient of variation values of
<2.1%.%® Participants were asked to wear the pedometer all
day for 6 days, on their waist or in their pocket, except for
when showering, bathing, swimming, or doing water sports.
They were also told to remove it during contact sports. Partici-
pants were asked to complete a log-book indicating the dates
when they wore the pedometer, when they put the pedometer
on and took it off each day, and whether they participated in
any physical activity while the pedometer was off during the
days they wore it.

Data on returned pedometers were uploaded using the
Omron software Bi-link gateway. This gives the number of
steps taken and the number of these classified as aerobic steps
(steps walked at a pace of 60 steps/min or higher for bouts of
10 min or more””) for each day.

The pedometer data were cleaned using the log-books so
that (1) only days when the pedometer was worn for at least 10
h were included and (2) all minutes of physical activity that
were reported to have been performed when the pedometer
was not worn were included. If data were not available for
2 days, then no pedometer data were retained.”’ We summed
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all additional activity minutes across days participants reported
wearing the pedometer and divided this by the corresponding
number of days to determine a daily estimate of additional
activity. We used the simple conversion method suggested by
Miller et al.,*' where every minute of reported physical
activity when the pedometer was not worn was assumed to be
equivalent to 100 steps. The average number of daily minutes
was therefore multiplied by 100 and added to the average
daily steps from the pedometer to give a final average daily
steps variable. A cut-off of 10,000 steps was used to denote
meeting physical activity guidelines.*

A value for average weekly aerobic steps was calculated by
summing the average daily aerobic steps from the pedometers
and the daily estimate of additional activity (minutes x 100)
and then multiplying this number by 7. Working on the
assumption that when participants were walking at an aerobic
pace, they were on average walking at a pace of 100 steps per
minute, a cut-off of 15,000 aerobic steps a week was used to
indicate physical activity guidelines were met. In a sub-sample
of participants, the software gave aerobic walking time and
number of aerobic steps, and here the average pace was
approximately 100 steps per min.

2.4. Qutcomes

2.4.1. Fatigue

Fatigue was measured using the Functional Assessment of
Chronic Illness Therapy—Fatigue Scale (Version 4),"*** a 13-
item scale designed to measure cancer-related fatigue. Scores
were dichotomized into severe fatigue (scores of 0—34) vs. not
severe fatigue (scores of 35—52).>%

2.4.2. Quality of life

Quality of life was measured using the EuroQol-5 Dimen-
sion descriptive index scale.””"® This scale asks about prob-
lems in 5 areas: mobility, self-care, usual activities, pain/
discomfort, and anxiety/depression. Scores were dichotomized
following the method outlined by Downing et al.*’ to split
participants into those who had no issues (scoring 1 “no prob-
lems” on all 5 items) vs. those who had 1 or more issues
(scoring any value higher than 1 on any item).

2.4.3. Sleep quality

Sleep quality was assessed using the Pittsburgh Sleep
Quality Index.’” The Pittsburgh Sleep Quality Index is
composed of 19 questions that form 7 components with scores
ranging from 0 to 3 for each. Two questions from Question 5
were omitted: “During the past month how often have you had
trouble sleeping because you (1) cannot breathe comfortably
or (2) other reason.” Question 5 is scored by adding together
the responses to the 9 questions and converting the total to a
component score using cut-offs (0, 1 -9, 10—18, and 19-27).
These have therefore been adjusted to 0, 1—7, 8—14, and
15—21 to account for the smaller number of questions within
the component. Components are subjective sleep quality, sleep
latency, sleep duration, habitual sleep efficiency, sleep distur-
bances, use of sleep medication, and daytime disfunction.

P. Lally et al.

Component scores are combined to give a global score ranging
from 0 to 21 points. A score of 0 indicates no sleep difficulties
while 21 is indicative of serious difficulties in all the compo-
nent areas. A Pittsburgh Sleep Quality Index global score of
>5 indicates poor sleep.”’

2.5. Confounders

In the initial questionnaire, participants reported on age,
gender (male or female), their highest educational attainment
(categorized into none, General Certificate of Secondary
Education/vocational, A-level, and degree or above), marital
status (dichotomized into married/living with partner vs.
unmarried), current employment situation (categorized into
employed or unemployed), and ethnicity (categorized into
white and any other due to small numbers of participants with
ethnicities other than white). Participant’s postcodes were
used to categorize them as to their Index of Multiple Depriva-
tion decile based on the 2015 dataset.”’ A lower decile repre-
sents a more deprived area than a higher decile.

Participants also reported on their health. They used a tick-
list and a free-text box to report any comorbidities, and this
was then used to calculate the total number of comorbidities
reported by each participant. Participants who left this entire
question blank may have missed the question, or this may
reflect that they did not have any comorbidities. They reported
on the treatment received for their most recent cancer, which
was categorized into surgery only, surgery plus any other treat-
ment, other treatments, and no treatment/active surveillance.

Participants also reported the date they were diagnosed with
cancer, the cancer type, and stage at diagnosis. However, they
were often not able to accurately report on their cancer stage at
diagnosis. Participants were asked to provide consent for
access to their medical records held by the National Cancer
Registration and Analysis Service. If National Cancer Regis-
tration and Analysis Service data were available, this was used
for their cancer diagnosis date, the site of the cancer and the
cancer stage. If National Cancer Registration and Analysis
Service data were not available, self-reported data were used.
These variables relate to their most recent diagnosis of breast,
prostate, or colorectal cancer before they were randomized
into the trial. The number of days between cancer diagnosis
and completion of the baseline questionnaire (in which they
reported their physical activity, fatigue, quality of life, and
sleep quality) was calculated and reported here.

2.6. Analysis

Statistical Package for the Social Sciences (SPSS) Version
27 (IBM Corp., Armonk, NY, USA) was used. Descriptive
statistics were run for demographic, clinical characteristics,
physical activity, fatigue, quality of life, and sleep quality.

To assess the level of agreement between the 4 physical
activity measures (GSLPAQ LSI, GSLPAQ MVPA, pedom-
eter average daily steps, and pedometer average weekly
aerobic steps) in terms of their capacity for categorizing partic-
ipants as meeting vs. not meeting the physical activity guide-
lines, Cohen’s « values were calculated for each pair of
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measures. The cut-offs used to interpret the « values were:
<0.01 (no agreement), 0.01—0.20 (none to slight), 0.21—-0.40
(fair), 0.41—0.60 (moderate), 0.61—0.80 (substantial), and
0.81—1.00 (almost perfect).’

Missing value analysis found that 2.8% of 83,576 values
were missing, and 49.7% of 1348 cases had at least 1 piece of
missing data. Multiple imputation was conducted to impute
missing data in the predictors, outcomes, and covariates,
which is in line with recommendations.” We generated 20
imputed datasets.”® The imputation was conducted twice, with
similar results; therefore, the first imputed dataset was used.

The imputed dataset was used to run analyses to assess the
associations between meeting physical activity guidelines and
fatigue, quality of life, and sleep quality. A series of logistic
regressions were run with the outcomes of not having severe
fatigue, having no quality-of-life issues, and having better
sleep quality. Separate regressions were run with the 4 alterna-
tive physical activity measures used to categorize participants
as meeting vs. not meeting physical activity guidelines. Unad-
justed regressions were run, followed by adjusted models.
There are a number of confounders that could influence both
physical activity and fatigue, quality of life, and sleep quality
variables (listed above), and these were therefore included in
the adjusted models. Cancer type was not included as this is
highly correlated with gender. Due to the potential for any of
the fatigue, quality of life, and sleep quality variables to be
mediators between physical activity and the other (e.g., sleep
could mediate between physical activity and fatigue), these
were not adjusted for in any of the analyses.

A sensitivity analysis was also performed. It has been
suggested that because older adults have lower levels of back-
ground activity, a daily step count of 8000 steps may represent
meeting physical activity guidelines in this group.”” Sensitivity
analyses were therefore conducted where this number (instead
of 10,000) was used to categorize participants using daily step
counts.

To compare the findings to those from the imputed results,
the regressions were also run among those who had complete
data for each analysis.

3. Results

Well-being and levels of physical activity among the
sample are show in Table 2. Seventy-eight percent were
experiencing severe fatigue, 75.6% had 1 or more quality of
life problem, and 58.4% were experiencing poor sleep. The
proportion classified as meeting physical activity guidelines
varied widely depending on the measure used, with 10.8%
meeting guidelines using average daily pedometer steps
(although this increased to 23.0% when using the lower cut-off
of 8000 steps), 28.5% meeting guidelines using average
weekly aerobic pedometer steps, and 44.3% and 49.5%
meeting guidelines when using the GSLPAQ MVPA and LSI,
respectively.

The agreement between the different measures categoriza-
tion of participants as meeting the physical activity recommen-
dations vs. not meeting them varied from a « of 0.127

Table 2
Well-being and levels of physical activity among the sample.

Included Missing Value
sample sample
Outcomes
Fatigue 1189 (88.2) 159 (11.8)
Not severe 261 (22.0)
Severe 928 (78.0)
Quality of life 1318 (97.8) 30(2.2)
No issues 322 (24.4)
One or more problems 996 (75.6)
Sleep quality 1215 (90.1) 133 (9.9)
Good 506 (41.6)
Poor 709 (58.4)
Physical activity

GSLPAQ Leisure Score Index 1254 (93.0) 94(7.0) 28.6%21.5

Meeting PA guidelines (>24) 621 (49.5)
Not meeting PA guidelines 633 (50.5)
(<24)
GSLPAQ MVPA (min/week) 1235(91.6) 113 (8.4) 202.4 +268.3
Meeting PA guidelines (>150) 547 (44.3)
Not meeting PA guidelines 688 (55.7)
(<150)
Pedometer average daily steps 1236 (91.7) 112 (8.3) 5909 + 3287
Meeting PA guidelines 133 (10.8)
(>10,000 steps)
Not meeting PA guidelines 1103 (89.2)
(<10,000 steps)
Meeting PA guidelines (>8000 284 (23.0)
steps)
Not meeting PA guidelines 952 (77.0)
(<8000 steps)
Pedometer average weekly aerobic 1236 (91.7) 112 (8.3) 11,539 £ 14,669
steps
Meeting PA guidelines 352 (28.5)
(>150,000 steps)
Not meeting PA guidelines 884 (71.5)
(< 150,000 steps)

Data are presented as number (%) or mean =+ standard deviation.
Abbreviations: GSLPAQ = Godin-Shephard Leisure-Time Physical Activity
Questionnaire; MVPA = moderate-to-vigorous PA; PA = physical activity.

(GSLPAQ LSI vs. pedometer average daily steps) to 0.599
(GSLPAQ LSI vs. GSLPAQ MVPA) (Fig. 1).

There was a significant association between meeting phys-
ical activity guidelines and fatigue across all measures of
activity (Table 3). The effect size estimate varied depending
on the measure used and ranged from a 43% to a 97% increase
in the odds of not experiencing severe fatigue after adjustment
for sociodemographic and health-related variables. After
adjusting for potential confounders, meeting physical activity
guidelines was only significantly associated with not having
any quality-of-life issues when the GSLPAQ MVPA was used
(Table 4). Here, meeting the guidelines increased the odds of
not experiencing any issues by 53%. Lastly, meeting physical
activity guidelines was associated with having good sleep
quality when either of the GSLPAQ measures were used but
not when pedometer values were used (Table 5). Using these
measures, meeting the guidelines was associated with a
33%—40% increased odds of having good as opposed to poor
sleep quality.
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Leisure Score Index
Not meeting PA guidelines | Meeting PA guidelines | Total
Padoratsr No_t mgeting PA | 483 335 818
average weekly Eﬂmdgllnes
aerobic steps getlr)g PA 98 242 340
K= 0251 guidelines
Total 581 577 1158
Leisure Score Index
Not meeting PA guidelines | Meeting PA guidelines | Total
Bsdmatss thd ml'eeting PA | 554 477 1031
. | guidelines
:;’;,;:96 Gl Mesting PA o7 100 127
K=0.127 guidelines
Total 581 577 1158
Leisure Score Index
Not meeting PA guidelines | Meeting PA guidelines | Total
Not meeting PA | 532 152 684
| guidelines
’I\(AZI;Aggg Me_etir_lg PA 94 451 545
’ guidelines
Total 626 603 1229
MVPA
Not meeting PA guidelines | Meeting PA guidelines | Total
Padsmater No.’zj ml_eeting PA | 607 409 1016
: guidelines
2:’:;:93 celY Mggtilpg PA 26 99 125
i | guidelines
Rk Total 633 508 1141
MVPA
Not meeting PA guidelines | Meeting PA guidelines | Total
Badbimatar No_t mgeting PA | 514 293 807
VB E ?AUQZEEZGSA 119 215 334
:irc())blzi:ssteps guidelines
) Total 633 508 1141
Pedometer average daily steps
Not meeting PA guidelines | Meeting PA guidelines | Total
Not meeting PA | 868 16 884
Pedometer guidelines
average weekly "poeting PA 235 117 352
ae_r%b|3c8§teps guidelines
= Total 1103 133 1236

Fig. 1. Proportions of agreement between Leisure Score Index, MVPA, average daily steps, and weekly aerobic steps. MVPA =moderate-to-vigorous PA;

PA =physical activity.

In the completers analysis, the results were similar to the
imputed dataset (Supplementary Tables 1—3). When a cut-off
of 8000 rather than 10,000 average daily pedometer steps was
used to classify participants as meeting vs. not meeting the
guidelines, this did not change which outcomes the measure
was associated with (Supplementary Table 4). It reduced the
odds ratio for the association between meeting guidelines and
not experiencing severe fatigue from 1.97 to 1.59.

4. Discussion

The present study found that the proportion of this sample
of adults living with and beyond cancer that meet physical

activity guidelines differed depending on the measure of
activity used. Using Cohen’s original classification of «
values, the level of agreement between self-reported and
pedometer measures of physical activity was between none
and fair, and the level of agreement within the 2 questionnaire
and 2 pedometer measures was between fair and moderate,
respectively.”” Meeting physical activity guidelines was asso-
ciated with not experiencing severe fatigue across all self-
reported and device-assessed measures of physical activity.
Meeting activity guidelines was associated with no quality-of-
life issues when self-reported MVPA was used, and with good
sleep quality across both self-reported measures (but no
pedometer-assessed measures).
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Table 3

Cross-sectional associations between physical activity and fatigue in people
living with and beyond breast, prostate, and colorectal cancer (n = 1348).

Unadjusted Adjusted*
OR (95% CI)  p Value OR (95% CI)  p Value
GSLPAQ Leisure Score  1.71 (1.33,2.22) <0.001 1.66 (1.24,2.21) <0.001
Index
GSLPAQ MVPA 1.84 (1.42,2.38) <0.001 1.63 (1.24,2.16) <0.001

Pedometer average daily

steps
Pedometer average
weekly

1.89(1.15,3.11)  0.012 1.97(1.15,3.39) 0.014

2.67(2.31,3.09) <0.001 1.43 (1.04,1.98) 0.028

aerobic steps

Table 5

Cross-sectional associations between physical activity and sleep quality in
people living with and beyond breast, prostate, and colorectal cancer
(n=1348).

Unadjusted Adjusted*
OR (95%CI) p Value OR (95%CI) p Value
GSLPAQ Leisure 1.45(1.20—1.88) <0.001 1.40(1.10—1.78) 0.007
Score Index
GSLPAQ MVPA 1.50 (1.19—1.88) <0.001 1.33(1.04—1.69) 0.022
Pedometer average 1.11 (0.77—1.62)  0.567 1.02 (0.69—1.50) 0.938
daily steps

Pedometer average
weekly aerobic steps

1.25(0.98—1.60) 0.079 1.19(0.91-1.54) 0.200

Note: Associations with p < 0.05 in boldface.

* Adjusted for age, sex, education, ethnicity, employment status, marital
status, IMD decile, number of comorbidities, time between cancer diagnosis
and completing questionnaire, cancer treatment, cancer stage.

Abbreviations: 95%CI=95% confidence interval; GSLPAQ = Godin-Shephard
Leisure-Time Physical Activity Questionnaire; IMD = Index of Multiple Depriva-
tion; MVPA =moderate-vigorous PA; OR = odds ratio; PA = physical activity.

Less than half of this sample of adults living with and
beyond cancer were categorized as meeting physical activity
guidelines across all measures of physical activity. This
finding is in line with a large body of literature showing that
most people living with and beyond cancer do not meet phys-
ical activity recommendations when physical activity is
assessed using self-report.”* °° A study of 509 people affected
by prostate cancer who completed the GSLPAQ found that
46% were meeting physical activity guidelines.”> Another
study of 483 people affected by breast cancer from rural areas
who completed the GSLPAQ found that even fewer (19.2%)
were meeting physical activity guidelines.”® The lower propor-
tion of people meeting physical activity guidelines in this
study might be because the sample was from a rural popula-
tion. In general, rural populations are less likely to be physi-
cally active than urban populations.”” Our study also found
that fewer people were meeting physical activity guidelines

Table 4

Cross-sectional associations between physical activity and quality of life in
people living with and beyond breast, prostate, and colorectal cancer
(n=1348).

Unadjusted Adjusted*
OR (95% CI) p Value OR (95% CI) p Value
GSLPAQ Leisure 1.37 (1.06—1.77)  0.017 1.21(0.92—1.60) 0.169
Score Index
GSLPAQ MVPA 1.78 (1.38—2.30) <0.001 1.53(1.17—-2.01) 0.002
Pedometer average 1.33(0.89—-1.98) 0.163 1.15(0.75—1.75) 0.527
daily steps

Pedometer average
weekly aerobic steps

1.33(1.00—1.75)  0.047 1.18(0.88—1.59) 0.260

Note: Associations with p < 0.05 in boldface.

* Adjusted for age, sex, education, ethnicity, employment status, marital
status, IMD decile, number of comorbidities, time between cancer diagnosis
and completing questionnaire, cancer treatment, cancer stage.

Abbreviations: 95%CI=95% confidence interval; GSLPAQ = Godin-Shephard
Leisure-Time Physical Activity Questionnaire; IMD = Index of Multiple Depriva-
tion; MVPA =moderate-vigorous PA; OR = odds ratio; PA = physical activity.

Note: Associations with p < 0.05 in boldface.

* Adjusted for age, sex, education, ethnicity, employment status, marital
status, IMD decile, number of comorbidities, time between cancer diagnosis
and completing questionnaire, cancer treatment, cancer stage.

Abbreviations: 95%CI=95% confidence interval; GSLPAQ = Godin-Shephard
Leisure-Time Physical Activity Questionnaire; IMD = Index of Multiple Depriva-
tion; MVPA =moderate-vigorous PA; OR = odds ratio; PA = physical activity.

when physical activity was assessed using pedometers. This
finding is in line with wider literature showing that the propor-
tion of people living with and beyond cancer meeting physical
activity guidelines is lower based on accelerometer (24.3%)
compared with self-reported data (37.6%).”” Given the impor-
tance of physical activity for cancer prevention and
survival,”® °" it is concerning that these proportions are so
low.

Using Cohen’s original classification of « values, we also
found that the level of agreement between self-reported and
pedometer measures of physical activity was between none
and fair, and the level of agreement within the 2 questionnaire
and 2 pedometer measures was fair and moderate, respec-
tively.”” These findings are in line with other studies showing
that the level of agreement between self-reported and acceler-
ometer -based measures of physical activity is poor to
fair.”’~** However, some studies have found acceptable agree-
ment between self-reported and accelerometer-based measures
of physical activity.'” '” It is important to note that pedome-
ters are less precise measures of physical activity compared
with accelerometers, as they only record total activity and not
time spent at different intensities.®’ However, budget did not
allow collection of accelerometer data within the ASCOT
trial. The poor agreement between self-reported and pedometer
measures of physical activity found in our study might reflect
their individual limitations. Self-report can often overestimate
levels of activity, and the pedometer could underestimate them
as data were included when pedometers were worn for a
minimum of 10 h; hence, activity outside of these times is only
captured if participants reported extra activity in their
logbooks, and the adjustment for this can only be an estimate.
Self-reported physical activity was included as a measure in
the ASCOT trial with the intention that this could be used
when pedometer data were missing at any timepoint.’”
However, the lack of agreement between measures when it
comes to categorizing participants as meeting vs. not meeting
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physical activity guidelines means that this is an invalid
approach. Researchers should consider this when planning
similar trials. Further large-scale work using more accurate
measures of physical activity, such as accelerometers, would
help us understand the proportion of adults living with and
beyond cancer in the UK who meet physical activity recom-
mendations.

The results from this study showed that meeting physical
activity guidelines was associated with not experiencing
severe fatigue across all self-reported and pedometer-assessed
measures. These findings are in line with observational studies
showing that self-reported physical activity is inversely associ-
ated with fatigue in people living with and beyond cancer,’>*
and with those showing that physical activity, assessed using
accelerometers, is inversely associated with fatigue in people
affected by cancer.'®*”’ There are several reasons why phys-
ical activity may be associated with fatigue in people living
with and beyond cancer. First, physical activity might influ-
ence fatigue via psychosocial factors. Indeed, a longitudinal
study of 1527 women affected by breast cancer found that
exercise indirectly influenced fatigue at baseline and over a 6-
month period via exercise self-efficacy and depression.’
Another potential mechanism linking physical activity and
fatigue is changes in biological processes like inflammation. A
pilot randomized controlled study of an exercise intervention
with 46 people affected by breast cancer found that inflamma-
tion mediated the effect of exercise on fatigue.”* In reality a
combination of factors may be at play.” Future large-scale
work across a range of cancer types is needed to clarify the
biobehavioral mechanisms linking physical activity and
fatigue, as this could lead to targeted interventions designed to
reduce fatigue.

Our study also found that meeting physical activity guide-
lines was associated with quality of life for one of the self-
reported measures (MVPA) and with sleep quality for both
self-reported measures. Prior observational research has found
that physical activity, measured using the GSLPAQ, is posi-
tively associated with quality of 1ife®*°® and sleep quality® in
people living with and beyond cancer. The MVPA measure
derived from the GSLPAQ is likely to be more accurate than
the LSI because it takes account of participant reports of the
length of time they participate in the different types of activity,
which may explain the differing results for quality of life. It
may be that adults living with and beyond cancer, who are on
average an older group, do shorter bouts of activity than the
general population, and this would explain why fewer appear
to be meeting guidelines using the MVPA measure as opposed
to the LSI.

Finally, we found no associations between meeting physical
activity guidelines using pedometer measures and quality of
life or sleep quality. Past research has found inconsistent
results when testing for associations between quality of life
and physical activity as measured by accelerometer. Some
studies have found no association,'® others have found clini-
cally important but not statistically significant improvements
in some aspects of quality of life,”* and still others have uncov-
ered statistically significant associations.'”**%”  Two

P. Lally et al.

intervention studies with breast cancer patients have shown
that increasing physical activity can improve sleep
quality.””" Tt is important to note that pedometers are not
designed to capture MVPA, and although cut-offs have been
suggested for the number of steps equivalent to meeting phys-
ical activity guidelines, they are only a proxy, which may
explain the lack of significant results here. Again, studies
using accelerometers in larger samples would be useful here to
clarify the link between physical activity and quality of life
and sleep quality.

The present study has several strengths. First, the study
involves a large sample of people living with and beyond
breast, prostate, or colorectal cancer, which are 3 of the most
commonly diagnosed cancers.”® Second, this study incorpo-
rates both self-reported and device-based measures of physical
activity. Third, we took into account a range of demographic
and health-related confounders in the analyses. However, this
study is not without limitations. First, as discussed, the cohort
had agreed to take part in a trial of a lifestyle intervention, so
they might not be representative of all individuals living with
and beyond cancer. The study design is cross-sectional; hence,
causality and the direction of causality cannot be concluded. It
is possible that associations between physical activity and
fatigue, quality of life, and sleep quality are bi-directional.
Future work employing a longitudinal design would help
clarify the direction of the associations found in the present
study. Although the design is cross-sectional, the pedometer
data were not always collected at the same time the question-
naire was completed. On average, the questionnaire was
completed within 13 days of the pedometer data being
collected. However, given that the data used in the study was
from the baseline of the trial, there is no reason to assume that
either physical activity or well-being would change over this
time period.

5. Conclusion

We found that most people living with and beyond cancer
are not meeting physical activity recommendations, regardless
of the measure of physical activity used. We also found no to
slight agreement between self-reported and pedometer meas-
ures of physical activity in people living with and beyond
cancer. Finally, we found that associations between physical
activity with fatigue, quality of life, and sleep quality in
people living with and beyond cancer differed depending on
the measure of physical activity. Future work in exercise
oncology should consider the impact of physical activity
measure on the findings and, where possible, use multiple
measures to account for their individual limitations.
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