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Abstract

Background: Few studies have prospectively examined how changes in physical activity in the first year after a breast cancer diagnosis may affect
patient-reported outcomes (PROs) including quality of life and fatigue.

Purpose: The purpose of this study was to examine changes in device-measured physical activity and associations with changes in quality of life
[physical composite summary score (PCS) and mental composite summary score (MCS)] and fatigue from the first year after diagnosis among
newly diagnosed women with breast cancer in the Alberta Moving Beyond Breast Cancer Study.

Methods: In this prospective cohort study, we assessed women within a median of 60 days postsurgery (N=1442) and again 1year later (N=1194).
At both timepoints, participants wore an ActiGraph accelerometer for 7 days to measure light and moderate-to-vigorous physical activity (MVPA)
and an activPAL accelerometer for daily steps. We used analysis of covariance to compare PRO change scores (dependent variables: PCS and
MCS, and fatigue) across activity change quartiles (Q).

Results: Participants were categorized into Q1 (decreased activity: mean changes = —-37.2 minutes/day), Q2 (stable activity: mean change = -4.8 min-
utes/day), Q3 (modest increase in activity: mean change = 13.2 minutes/day), and Q4 (large increase in activity: mean change = +49.8 minutes/
day). For MVPA, participants in Q4 had significantly larger improvements in PCS and MCS compared with those in the lowest quartiles (PCS: Q1
A=15 points, P=.026; Q2 A=1.6 points, P=.017; MCS: Q1 A=2.2 points, P = .007). Significant differences also emerged for fatigue as partic-
ipants in Q4 of MVPA reported improvements in fatigue compared to those in Q1 (A=1.9 points, P = .017) and Q2 (A=1.9 points, P = .016).
Improvements in PCS, MCS, and fatigue were observed when comparing the highest quartile of change (Q4) in light intensity activity, daily steps,
and MVPA in 210-minute bouts to those in Q1 and Q2.

Conclusions: \Women with breast cancer who increased physical activity from diagnosis to 1year had significantly better improvements in PCS,
MCS, and fatigue compared with those who decreased or maintained their physical activity.
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Lay Summary

We recently completed the Alberta Moving Beyond Breast Cancer (AMBER) study; the first and only prospective cohort study designed to examine
the role of device-based and self-reported physical activity, sedentary behavior, and health-related fitness in breast cancer survivorship from the
time of diagnosis and into survivorship. In this paper, we examined associations between device-measured physical activity (ie, average daily
steps, daily light intensity hours, and moderate-to-vigorous physical activity intensity hours) with changes in quality of life and fatigue in the first
year after diagnosis. Few studies have monitored physical activity behaviors in the first year after a breast cancer diagnosis. In the first year after
diagnosis, we found that participants with the largest increases in moderate-to-vigorous physical activity had significantly greater improvements
in quality of life and fatigue compared with those participants that decreased in their physical activity behaviors. These findings add to the literature
highlighting the importance of being physically active after a breast cancer diagnosis.
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Introduction

The World Health Organization estimates 2.3 million women
were diagnosed with breast cancer in 2022, and 670 000 died
from this disease.! Despite advances in treatments,
patient-reported outcomes (PROs) including quality of life
(QoL) and fatigue remain important considerations after a
breast cancer diagnosis, and are important outcome indicators
in women with breast cancer.” After diagnosis, PROs are pre-
dictive of both adverse events and overall survival.’ In a recent
pooled analysis of clinical trials, PROs were associated with
clinical outcomes in a linear association, with physical func-
tioning being the most prognostic for overall survival.* For
mental health, research suggests close to 40% of newly diag-
nosed breast cancer survivors report clinically significant symp-
toms.’ Positive associations between physical activity and PROs
after individuals have completed adjuvant therapy for breast
cancer are well established. Less is known about the changes
in physical activity and PROs during treatment and the first
year after diagnosis. Understanding PROs after a breast cancer
diagnosis and throughout the first year of survivorship, and
the predictors of PROs, is important to help facilitate the tran-
sition to breast cancer survivorship.°

Physical activity is one lifestyle behavior that may influence
QoL and other important PROs including fatigue. One recent
network meta-analysis of 45 studies found that aerobic, resis-
tance, and combined aerobic and resistance activity were sig-
nificantly associated with QoL.” For fatigue, an overview of 29
systematic reviews concluded physical activity interventions to
be effective in alleviating cancer-related fatigue in breast cancer
survivors.® Few studies have implemented prospective cohort
designs to examine how changes in physical activity from diag-
nosis to posttreatment are associated with changes in PROs.
Prospective cohorts allow the opportunity to study physical
activity and PROs across a longer period, and in a naturally
occurring environment.”!'! More studies are now using accel-
erometers to monitor daily activity patterns among cancer
survivors.'? Accelerometry provides a more precise, detailed,
and reliable measurement across the movement continuum (eg,
light, moderate, vigorous-intensity, steps, sedentary time).
Implementing self-report physical activity to supplement
device-based measures allows for a more complete picture of
physical activity volume and expands our understanding of
physical activity behaviors beyond the timeframes assessed by
device-based measures (ie, prediagnosis and during treatment).

The Alberta Moving Beyond Breast Cancer (AMBER) study
is the first and only prospective cohort study designed to exam-
ine the role of device-based and self-reported physical activity,
sedentary behavior, and health-related fitness in breast cancer
survivorship from the time of diagnosis and into survivor-
ship.'»!* We recently examined cross-sectional associations
between physical activity, sedentary behavior, and PROs (ie,
QolL, fatigue, and depression) shortly after diagnosis.'*!'® Here,
we examine prospective associations between changes in phys-
ical activity and PROs (ie, QoL and fatigue) from diagnosis to
1year postdiagnosis.

The primary objective of this study was to examine associ-
ations between device-measured physical activity (ie, average
daily steps, daily light intensity hours, and moderate-to-vigor-
ous physical activity [MVPA] intensity hours) with changes in
QoL and fatigue in the first year after diagnosis. The secondary
objective was to examine associations between physical activity
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changes based on self-reported data from the year prior to
breast cancer diagnosis to the year following diagnosis with
changes in QoL and fatigue. We hypothesized that those with
the greatest improvements in device-based and self-reported
activity (ie, quartile [Q] 4) 1 year after diagnosis would demon-
strate greater improvements in QoL and fatigue profiles com-
pared with participants who reduced (ie, Q1), and did not
change (ie, Q2) their physical activity patterns.

Methods

Study design and participant recruitment

We have previously published a description of the AMBER
study design and methods'? as well as a baseline description of
the full cohort that participated in the AMBER study (eg,
demographic, clinical, behavioral variables).'* In summary, the
mean age of participants was 54.9 (10.8) years, 55% had stage
I or 1T disease, and 58.2% received chemotherapy. Mean body
mass index (BMI) was 27.5 kg/m?. We recruited women with
newly diagnosed breast cancer between July 2012 and July
2019. Women living in Edmonton or Calgary, Alberta, Canada
were eligible if they had histologically confirmed stage I (>T1c)
to stage Illc breast cancer, were 18-80years old, were able to
complete questionnaires in English, and were not pregnant at
the time of recruitment. We obtained ethics approval through
the Health Research Ethics Board of Alberta: Cancer Commit-
tee (HREBA.CC-17-0576), and each participant completed a
signed consent form.

Timing of assessments and measurements

Participants completed baseline assessments prior to neoadju-
vant therapy or within 90 days of surgery and prior to adjuvant
therapy. To include those who may have started adjuvant treat-
ment soon after surgery, participants were eligible for the
cohort if they had completed up to 2 cycles of chemotherapy
or 10 fractions of radiation therapy. In a subset of women who
received neoadjuvant treatment, the goal was to complete base-
line assessments before initiating adjuvant chemotherapy but
always before the third cycle of chemotherapy. Follow-up
assessments were repeated 1year after the baseline assess-
ment date.

The Baseline Health Questionnaire included participants
sociodemographic characteristics such as age, marital status,
ethnicity, education, income, and employment. The question-
naire also assessed participants’ medical history, comorbidities,
medication use history, family history of cancer, lifetime smok-
ing and alcohol use. All questionnaires were completed via
pencil and paper at a time suitable to the participant.

Clinical information about the participants’ cancer diagnosis
was extracted from medical charts by trained study staff. Data
extracted included date of diagnosis, tumor stage, grade, his-
tology, surgery type, and treatment(s) received.

Quality of life was measured using the SF-36 Version 2
(SF-36v2).'7!% This measure yields 8 health domain scales
which are aggregated to form 2 distinct component summary
measures: physical component summary score (PCS) and men-
tal component summary score (MCS). These scores represent
a summary of the individual’s physical and mental health sta-
tus. In this paper, we present the PCS and MCS data. Low PCS
scores suggest limitations in physical functioning and poor
general health, while low MCS scores suggest frequent
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psychological distress due to emotional problems and poor
general health. All health domain scales, and component sum-
maries are scored using a T-score metric. Scoring the SF-36v2
involves the application of proprietary algorithms (Quality-
Metric Incorporated, Lincoln, RI).

Fatigue was measured using the Functional Assessment of
Chronic Illness Therapy-Fatigue (FACIT-F)."” The FACIT-F
includes 13 items, such as “I feel fatigued” and “I feel weak all
over.” Items are scored on a range from 0 to 52, with higher
scores indicating less fatigue. A 3.0-point change on the FACT-F
is considered a clinically important difference,?’ defined as the
smallest benefit that is of value to patients.?!

Physical activity was assessed using the ActiGraph GT3X+
accelerometer (ActiGraph, LLC, Pensacola, FL). This Acti-
Graph device records acceleration using a tri-axial accelerom-
eter. Participants wore the device on their right hip during all
waking hours for 7 consecutive days. Light intensity activity,
MVPA, and MVPA accumulated in 10-minute bouts were esti-
mated using a hybrid machine learning technique that com-
bined a decision tree and an artificial neural network (R
Sojourn package version 1.1.0, S0j3x).?> The Soj3x prediction
method incorporates a broad range of 30 common daily activ-
ities in the neural network to estimate the energy cost of activ-
ities, and avoids the use of cut-point based methods that can
underestimate MVPA.”> This method has also been
cross-validated in free-living studies using direct observation*
and doubly labeled water.”

Daily steps were measured using the activPAL device (PAL
Technologies, Glasgow, Scotland). Participants were instructed
to adhere the activPAL device to the front-midline portion of
the thigh with stretch tape that was provided, and they reported
their time out of and into bed each day via monitor wear logs.
Raw data were initially processed to generate event files using
activPAL software (CREA v8.10.12.60). These data were fur-
ther processed using the R-package activPAL processing
(v0.4.1) to generate daily summaries over the waking day.”
Previous work has suggested that the activPAL yields more
accurate step counts compared with the ActiGraph.?®

Self-report physical activity was assessed using the Past Year
Total Physical Activity Questionnaire (PYTPAQ).?” This ques-
tionnaire captures physical activities done in the previous
12 months from the time of questionnaire completion. The
PYTPAQ assessed the frequency, duration, and intensity of
total recreational, occupational, household, and transit phys-
ical activity performed over the previous 12 months prior to
diagnosis. At 1year after diagnosis, the PYTPAQ assessed the
same variables since diagnosis which included when the par-
ticipant was going through breast cancer treatment(s).
Self-report physical activity was reported in hours/week, and
has demonstrated acceptable reliability and validity for the
measurement of past-year physical activity.?”

Statistical analysis

Descriptive statistics were used to examine demographic, clin-
ical, and behavioral characteristics of the sample. Analyses
included preliminary evaluations of the relevant data, including
checks for sparsity, distributions, and missingness. We handled
missing data on covariates via multivariate imputations through
chained equations, which includes all correlated covariates in
regression models to avoid reducing the sample size.”®* For
missing independent (ie, activity variables) and dependent

(PROs) variable data, we used complete case analysis. We com-
puted change scores for all physical activity variables and PROs
(ie, A change=1year — baseline). For each activity variable,
quartiles were generated. We used analysis of covariance to
compare PRO change scores (dependent variable) across activ-
ity change quartiles (independent variable). All models were
adjusted for relevant covariates that demonstrated association
(P < .20) with the relevant dependent variable including PCS
(ie, age, income, comorbidity, tumor grade, chemotherapy, %
body fat at 1 year, and VO2_, at lyear), MCS (ie, age, income,
comorbidity, and chemotherapy), and fatigue (ie, age, income,
comorbidity, smoking, chemotherapy, and % body fat at
1year). An a of .05 was used as a threshold for determining
statistical significance. All models were generated using SPSS
version 29.0.2.

Results

Baseline demographic and clinical characteristics are presented
in Table 1.!%!"" To summarize, the mean age of the sample was
55.5years of age (SD=10.7). Most were White (87.6%) and
had an average BMI of 27.5 (SD = 5.6). Most participants were
diagnosed with stage II or III (55%) breast cancer, 40.9% had
a mastectomy, and 58.2% received chemotherapy. Of the 1528
recruited into the cohort study, we assessed 884 patients in
Calgary and 644 in Edmonton. We collected PRO and accel-
erometer assessments 55 and 50days after surgery (median),
respectively. Of the sample, 117 (7.7%) participants received
neoadjuvant treatment. For participants scheduled to receive
chemotherapy, 20% started treatment before their baseline
accelerometer assessment. For those scheduled to receive radi-
ation, 6.6% started radiation before their baseline accelerom-
eter assessment. We previously reported baseline sensitivity
analyses where we excluded participants who had already
started treatment before their baseline accelerometer assess-
ment (n=378) and found that the associations between accel-
erometer variables and PROs were similar to the full sample
analysis.

At baseline, 1442 participants had complete (ie, at least 4
valid days) ActiGraph data, 1424 had complete activPAL data
(1422 had both ActiGraph and activPAL data at baseline), and
1457 completed the PYTPAQ. At 1year, 1194 participants had
complete ActiGraph data (83% follow-up rate), 1172 had com-
plete activPAL data (82% follow-up rate), and 1276 completed
the PYTPAQ (88% follow-up rate). At the 1-year timepoint,
there were significantly more participants lost to follow up in
Calgary compared to Edmonton for the activPAL and Acti-
graph assessments (P < .05). Reasons for not participating at
the 1-year timepoint were consistent across both sites and
include deceased, unable to contact, and withdrew (eg, due to
health condition, cancer recurrence, work, too busy).

At 1year, 1104 participants had complete ActiGraph and
PRO data and were included in the final models for analysis.
For the steps analysis, 1075 participants had complete activPAL
and PRO data and were included in the final models for anal-
ysis. For self-reported physical activity, 1250 participants had
complete PYTPAQ and PRO data and were included in the
final models for analysis.

Descriptive information regarding physical activity, daily
steps, self-reported physical activity, and PROs both at baseline
and at 1year are included in Table 2. Participants wore the
ActiGraph for an average of 5.5 valid days and 14.2 hours each
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Table 1. Demographic and clinical characteristics of the Alberta Moving Beyond Breast Cancer cohort participants at baseline, 2012-2019 (N = 1422).?

Characteristic N % Mean + SD
Demographic
Age at diagnosis 55.5+£10.7
Study location

Edmonton 619 43.5

Calgary 803 56.5
Marital status

Married or common-law 1065 74.9

Widowed/separated/divorced 257 18.1

Single/never married 100 7
Ethnicity

Caucasian 1246 87.6

Asian 97 6.8

Indian/South Asian 31 2.2

Black 9 0.6

Latino/Hispanic 18 1.3

First Nations/Indigenous/Metis 13 0.9

Other 8 0.6
Education

High school or below 316 222

College 458 322

University 373 26.2

Graduate school 275 19.3
Annual family income

<$50 000 227 16

50-100k 454 31.9

100-150k 335 23.6

>150k 406 28.6
Employment Status

Works <35 hours per week 950 66.8

Works 235 hours per week 472 332
Clinical
Body mass index (kg/m?) 27.5+5.6
Waist circumference (cm) 92.8+13.4
Waist-to-hip ratio (cm) 0.9+0.1
% body fat 43+7.2
Total caloric intake (kcal/day) 1716745
Number of first-degree relative breast cancer family history 0.3+0.6
Stage

I 641 45.1

I 657 46.2

il 124 8.7
Histology

Ductal carcinoma 1203 84.6

Invasive ductal and lobular carcinoma mixed 56 3.9

Invasive lobular carcinoma 150 10.6

Other 13 0.9
Mastectomy

Yes 581 40.9

No 841 59.1
Received neoadjuvant therapy 117 7.7
Comorbidity score (0-8) 0.9+1.0
Smoking

Never smoker 820 57.7

Past smoker 511 35.9

Occasional smoker 11 0.8

Current smoker 80 5.6

“Data are presented as the mean (SD) for continuous variables and frequency (percentage) for categorical variables.
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Table 2. Baseline and 1year descriptive statistics for self-reported and
device-measured physical activity, quality of life, and fatigue in Alberta
Moving Beyond Breast Cancer cohort study participants, 2012-2021.7

Variable Baseline 1 Year P value®
Mean (SD) Mean (SD)
Device-based physical ~ N=1442 N=1194
activity
Actigraph valid days  5.51 (1.59) 5.72 (1.44) <.001
Actigraph weartime  14.2 (1.32) 14.4 (1.36) .003
(hours/day)
Light-intensity 4.51 (1.28) 4.73 (1.33) <.001
activity
(hours/day)
Moderate-intensity 52.2 (28.8) 57 (32.4) <.001
activity (min-
utes/day)
Vigorous-intensity 9.6 (11.4) 11.4 (13.2) <.001
activity (min-
utes/day)
MVPA (min- 61.8 (34.2) 68.4 (38.4) <.001
utes/day)
MYVPA 10-minute 18 (20.4) 19.2 (22.8) .08
bouts (min-
utes/day)
Daily steps N=1424 N=1172
activPAL valid days ~ 5.72 (1.6) 5.8 (1.65) .088
activPAL weartime ~ 14.29 (1.33) 14.41 (1.31) .006
Daily steps 7307 (3018) 7868 (3346) <.001
Self-reported physical ~ N=1457 N=1276
activity
Overall physical 52.1(19.6) 41.4 (18.6)
activity (min-
utes/day)
Health-related quality = N=1458 N=1277 <.001
of life and fatigue
Physical compos- 49.24 (7.52) 50.4 (8.2) <.001
ite score
Mental compos- 47.84 (10.1) 51.6 (9.1) <.001
ite score
Fatigue scale (0-52)  39.25(9.9) 40.2 (9.7) 011

Abbreviation: MVPA, moderate and vigorous intensity physical activity.
*Data are presented as the mean (SD).
"Paired-samples #-tests were used to test for differences between values.

day at baseline, and 5.7 valid days and 14.4hours at 1year.
Participants wore the activPAL for an average of 5.7 valid days
and 14.3 hours at baseline, and 5.8 valid days and 14.4 hours
at the 1-year timepoint. All exposure quartiles and means are
defined in Tables 3 and 4. In Table 4, we present the mean and
median values for Q1 and Q4 given there are no lower and
upper bound values to constrain the quartile. Comparison of
these values suggests convergence between the mean and
median and thus limited influence of values at the tails of the
distributions. Table 5 summarizes the differences in changes in
PROs across activity variable quartiles, and Figure 1A-C graph-
ically represents the differences in PRO change across activity
variable quartiles.

Moderate-to-vigorous physical activity

Participants were categorized into Q1 (decreased MVPA: mean
changes=-37.2 minutes/day), Q2 (stable MVPA: mean
change =-4.8 minutes/day), Q (modest increase in MVPA:
mean change=13.2 minutes/day), and Q4 (large increase in
MVPA: mean change = +49.8 minutes/day). For MVPA,

participants in Q4 reported significantly greater improvements
in PCS, MCS, and fatigue compared to those in the lower quar-
tiles. Participants in Q4 had the largest improvements in MVPA
(a minimum improvement of 25 min/day) and reported signifi-
cantly greater improvements in PCS compared with those who
decreased (Q1: A = 1.5, P = .026) and those who reported no
changes in MVPA (Q2: A = 1.6, P = .017). Participants with
the largest improvements in MVPA also had significantly
greater improvements in MCS compared with those who
decreased their MVPA (Q1: A = 2.2, P = .007). Significant
differences also emerged on fatigue change scores when com-
paring those with the largest improvements in MVPA to those
participants who decreased their minutes of MVPA (Q1: A =
1.9, P = .017) and demonstrated no change/maintenance in
MVPA (Q2: A = 1.9, P = .016). Participants in the highest
quartile of change in MVPA in 10-minute bouts (Q4: a mini-
mum improvement of 9 minutes/day) reported significantly
larger improvements in PCS compared with those who
decreased (Q1: A = 1.5, P =.024; Q2: A=1.3, P =.042). A
similar pattern emerged for fatigue where those with the largest
increases in MVPA in 10-minute bouts reported significantly
larger improvements in fatigue compared with those who
decreased the most (A = 1.7, P = .032).

Light intensity activity

Participants were categorized into Q1 (decreased light intensity:
mean change =-73.2 minutes/day), Q2 (stable light activity:
mean change =-7.8 minutes/day), Q3 (modest increase in light
activity: mean change = +32.4minutes/day), and Q4 (large
increase in light activity: mean change = +98.4 minutes/day).
For light intensity activity, participants in Q4 reported signifi-
cantly greater improvements in PCS and fatigue compared to
those in Q1. Participants in Q4 had the largest improvements
in light intensity physical activity (ie, a minimum improvement
of at least 55 minutes/day) and reported significantly larger
improvements in PCS compared with who decreased in min-
utes/day (Q1: A= 1.7, P =.009), those who had slight decreases
or remained stable (Q2: A = 2.2, P <.001), and those who had
slight improvements (Q3: A = 2.0, P = .002). Participants with
the largest increases in light intensity activity also reported
significantly greater improvements in fatigue compared with
those in Q1 (A = 1.9, P = .015), Q2 (A = 2.3, P = .004), and
Q3 (A = 2.1, P = .008). There were no significant differences
in MCS change across light intensity activity quartiles.

Daily steps

Participants were categorized into Q1 (decreased steps: mean
change=-2785 steps/day), Q2 (stable steps: mean change =
+400 steps/day), Q3 (modest increase in steps: mean change =
+975 steps/day), and Q4 (large increase in steps: mean change
= +3811 steps/day). For daily steps, participants in Q4 reported
significantly greater improvements in PCS, MCS, and fatigue
compared to those in the lower quartiles. Participants in Q4
demonstrated the largest improvements in daily steps (ie, a
minimum improvement of 1796 steps per day) and reported
significantly larger improvements in PCS compared with par-
ticipants who demonstrated the largest daily step decreases per
day (Q1: A=2.2, P =.001), slight step decreases or maintained
daily steps (Q2: A=1.8, P =.008), and slight improvements in
daily steps (Q3: A =1.4, P =.033). Participants with the largest
increases in daily steps also reported significantly greater
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Table 3. Physical activity and step change quartiles in Alberta Moving Beyond Breast Cancer cohort study participants, 2012-2021.

Physical activity outcome 25th percentile ~ 50th percentile 75th percentile Min to Max Range
ActiGraph

Light intensity (minutes/day) -30.6 13.2 54.6 -313.2to 303 616.2

MVPA (minutes/day) -15.6 3.6 24.6 -129 to 340.2 469.2

MVPA 10-minute bouts (minutes/day) -6.6 .00 9 -115.8 t0 265.8 381.6
activPAL

Daily steps -1171 289 1796 -18210to 11 892 30102
PYTPAQ

Self-report physical activity (minutes/day) -16.2 -4.7 4.58 -87.6 to 77.00 164.6

Abbreviations: MVPA, moderate and vigorous intensity physical activity; PYTPAQ, Past Year Total Physical Activity Questionnaire.

Table 4. Physical activity means (medians) across quartiles in Alberta Moving Beyond Breast Cancer cohort study participants, 2012-2021.¢

Physical activity outcome Quartile Quartile Quartile Quartile
1 2 3 4

ActiGraph

Light intensity (minutes/day) -73.2 (-61.8) -7.8 32.4 98.4 (86.4)

MVPA (minutes/day) ~37.2 (-30.6) 4.8 13.2 49.8 (40.2)

MVPA 10-minute bouts (minutes/day) -21(-17.4) -3 4.2 24 (18)
activPAL

Daily steps -2785 (-2346) 400 975 3811 (3192)
PYTPAQ

Self-report total physical activity (minutes/day) -28 (-25) -10 0 14 (11)

Abbreviations: MVPA, moderate and vigorous intensity physical activity; PYTPAQ, Past Year Total Physical Activity Questionnaire.
“We present the median value in parentheses for Q1 and Q4 given there are no lower and upper bound values to constrain the quartile.

Table 5. Differences in QoL and fatigue change across device-based and self-reported activity (mean and SE) physical activity change quartiles.®

Quartile 1 Quartile 2 Quartile 3 Quartile 4 P value (trend)
(N=271) (N=276) (N =281) (N=276)
Light intensity activity 0.82 = 0.46 0.28 = 0.46 0.49 = 0.45 2.53 £ 0.46'2 .002
Physical composite score”
Mental composite score 2.92 +0.57 3.27 £0.57 3.91 +£0.56 4.34 £ 0.57 299
Fatigue! 0.32 £0.56 0.00 = 0.55 0.19 = 0.55 2.26 £ 0.56"%3 .014
MVPA (N=271) (N=277) (N=277) (N=278)
Physical composite score 0.46 = 0.47 0.37 = 0.46 1.34 £ 0.4627 1.92 + 0.46">* .053
Mental composite score 2.12 +0.57 4.29 +0.57" 3.58 +0.57 4.37 £0.57" .024
Fatigue 0.01 £ 0.56 0.01 £ 0.55 0.08 = 0.55 1.9 £ 0.5512+ .05
MVPA in 10-minute bouts (N=280) (N=309) (N=238) (N=277)
Physical composite score 0.36 = 0.46 0.52 = 0.44 1.54 = 0.50 1.82 + 0.46'>* .056
Mental composite score 3.58 £0.57 3.11 £ 0.54 3.91+0.61 3.96 = 0.57 .686
Fatigue -0.16 = 0.55 0.28 £ 0.53 1.27 + 0.60 1.52 + 0.56' .106
Daily steps (N=265) (N=269) (N=272) (N=268)
Physical composite score 0.34 = 0.47 0.78 = 0.47 1.12 + 0.47 2.54 + (0.48123+ .007
Mental composite score 2.59+0.59 3.42£0.58 3.86 =£0.58 4.91 £0.58" .007
Fatigue -0.14 = 0.57 0.15 £ 0.57 0.92 = 0.56 2.1 £0.57"4 .009
Self-reported activity (N=309) (N=312) (N=315) (N=314)
Physical composite score 0.18 £ 0.45 1.13+0.45 1.43 £ 0.44"3 1.25 = 0.44 206
Mental composite score 2.16 =+ 0.55 3.49 = 0.54 4.12 +0.53"3 4.1 £0.54 .039
Fatigue -0.25 £ 0.53 0.72 £ 0.52 0.59 = 0.52 1.41 = 0.521+ 177

Abbreviation: MVPA, moderate and vigorous intensity physical activity.

“Bold values indicate a significant difference between quartiles (superscript numbers denote quartile groups comparison).

"Physical composite models were adjusted for age, income, comorbidity, tumor grade, chemotherapy, % body fat at 1year, and VO2
‘Mental composite models were adjusted for age, income, comorbidity, and chemotherapy.

dFatigue models were adjusted for age, income, comorbidity, smoking, chemotherapy, and % body fat at 1year.

peak AL lyear.
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Figure 1. Differences in quality of life and fatigue from baseline to 1year follow-up across physical activity quartiles in Alberta Moving Beyond Breast
Cancer cohort study participants, 2012-2021.



improvements in MCS compared with those with the largest
decreases (Q1: A=2.3, P =.006). For fatigue, participants with
the largest step increases also reported significantly larger
improvements in fatigue compared with Q1 (A =2.3, P =.006)
and Q2 (A=2.0, P =.015).

Self-reported past year total physical activity

Participants were categorized into Q1 (decreased total physical
activity: mean change = -28 minutes/day), Q2 (small decrease
in total activity: mean change=-10minutes/day), Q3 (no
change in total activity: mean change = 0 minutes/day), and Q4
(large increase in total activity: mean change = +14 minutes/
day). For self-reported activity, participants in Q4 reported
significantly greater improvements in MCS and fatigue com-
pared to those in the lower quartiles. Participants in Q3 (main-
tained their self-reported physical activity) reported
significantly larger improvements in PCS compared with those
with the largest decreases in self-reported physical activity
(Q1: A=1.3, P =.049). For MCS, compared with participants
with the largest decreases, significantly greater improvements
were reported by those who maintained their activity (Q3: A
=2.0, P =.011) and those with the largest increases in activity
(Q4: A = 1.9, P = .012). Participants in Q4 reported signifi-
cantly greater improvements in fatigue compared with Q1 (A
=1.7, P =.027).

Discussion

In our sample, participants with the largest increases in physical
activity (most often Q4) reported significantly larger improve-
ments in QoL and fatigue outcomes compared with those who
demonstrated the largest decreases in physical activity (most
often Q1 and Q2). Compared with those who decreased, par-
ticipants with the largest increases in MVPA, light activity, and
daily steps reported significantly greater improvements in PCS,
MCS, and fatigue. Participants with the largest increases in
MVPA reported changes in QoL and fatigue from diagnosis to
1year that approached thresholds for determining a minimally
important difference in PCS and MCS (3-4 points),'**° and
fatigue (3 points),’! defined as the smallest benefit that is of
value to patients.?!

After 1year, participants were engaging in almost 7 more
minutes of MVPA per day (ie, 49.8 minutes per week), and 560
more steps per day compared with their baseline assessment at
diagnosis. Research has suggested that women temporarily
reduce their self-reported physical activity soon after a breast
cancer diagnosis (~6-8 months postdiagnosis), after which
improvements in physical activity are observed after the com-
pletion of treatment(s). In a recent prospective study of 1696
newly diagnosed breast cancer patients, women were assessed
on physical activity at diagnosis and approximately 8 months
postdiagnosis.’> A decrease of 1.28 hours was observed at the
8-month timepoint compared with baseline. In the Pathways
Study, data from 3000 breast cancer survivors suggested that
physical activity reductions were observed at 6 months after
baseline, with improvements observed 24 months after base-
line.** In a smaller study by Devoogdt et al,** physical activity
levels 1year after surgery did not fully recover. In these studies,
physical activity was assessed via self-reported measures which
may limit the precision of the activity assessment. We did not
include a device-based activity assessment at 6 months to
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capture a more proximal impact of breast cancer treatment(s)
on activity behaviors. Our study does provide robust
device-based evidence that women experience a gradual phys-
ical activity increase during the months following treatment
completion. We may have captured lower than usual baseline
levels of physical activity since the participants were recovering
from surgery and some had already started adjuvant therapy.
Future research could include multiple device-based assess-
ments during treatment-related time periods in the first year
postdiagnosis to examine temporal patterns of activity more
completely.’ Future research should also continue to include
self-reported physical activity assessments before diagnosis, and
during and after treatment.

Our device-based physical activity assessments only captured
a 7-day period of physical activity and did not yield an assess-
ment of physical activity throughout the year after diagnosis.
In contrast, we examined a self-reported assessment of past
year total physical activity to capture average daily activity
minutes in the year before and after diagnosis. This assessment
was able to capture the impact of treatment(s) on activity
behavior given participants reported engaging in an average of
11 fewer minutes per day (~20% decrease) in the year after
diagnosis compared with the year before diagnosis. Our find-
ings are similar to previously published research. For example,
Irwin et al*® found that breast cancer survivors reported an
11% decrease (17 minutes per day) in total physical activity
between prediagnosis and postdiagnosis timepoints. Our
results also corroborate previous research that also reported
decreases in physical activity during treatment(s).’>** The
self-reported past year physical activity assessment comple-
ments the device-based assessments and provides an assessment
of the total physical activity patterns of participants throughout
the year after diagnosis.

In our study, participants with the largest increases in MVPA
and MVPA accumulated in 10-minute bouts (ie, more inten-
tional movement synonymous with planned and structured
physical activity) reported the greatest improvements in QoL
and fatigue (Table 4). Participants with the highest MVPA
change reported an almost 4.5-point improvement in mental
health (ie, MCS), more than double the improvement observed
for PCS. The improvement in MCS was 2.2 points higher than
the improvement observed in Q1. The notable improvement
in MCS across the sample is likely attributed to participants
completing their baseline QoL assessment shortly after receiv-
ing their diagnosis and having surgery when mental health may
have been compromised, and then again 1 year later when par-
ticipants had likely completed treatments and experienced
some relief.

For both MVPA and MVPA in 10-minute bouts, participants
in the highest quartiles also reported significantly greater
improvements in PCS and fatigue compared with those in the
lowest quartile. Participants in the highest quartile of daily step
change reported significantly greater improvements in QoL and
fatigue suggesting that the overall volume of daily steps (irre-
spective of length or cadence) is most important for QoL and
fatigue benefits. These findings are noteworthy given that fatigue
is often reported as the most common and debilitating symptom
for breast cancer survivors. The most recent review of fatigue
among breast cancer survivors identified 104 studies where 66 %
of survivors had reported some degree of fatigue, with up to
30% indicating that their fatigue was problematic.’”
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Few prospective cohort studies have explored changes in
physical activity and associations with QoL or fatigue from the
time of breast cancer diagnosis and throughout treatment.”"!
Variability in QoL, fatigue, and physical activity assessment
methods (ie, different QoL measurement scales, self-report vs
device-based physical activity) make it difficult to compare our
research to the few studies that have been previously published.
Most similar to our study design, Lucas et al'’ followed 554
breast cancer survivors in the Women’s Hormonal Initiation
and Persistence study. Women were assessed at diagnosis and
lyear after diagnosis with self-reported activity and QoL
assessments. Results suggested that changes in activity were
not significantly associated with changes in QoL at the
follow-up timepoint. Our results suggest that activity behaviors
were associated with changes in QoL and fatigue. Our
self-reported past year total physical activity data may be more
comparable in design to Lucas et al. Although differences across
quartiles were small, participants in Q3 and Q4 reported sig-
nificantly greater improvements in QoL and fatigue compared
with those in Q1.

There are strengths and limitations of our study that warrant
mention. Key strengths are the use of comprehensive physical
activity assessments including both self-report and device-based
measurements, and the recruitment of a homogeneous sample
of women newly diagnosed with breast cancer. The ActiGraph
and activPAL devices are precise and valid tools for measuring
activity patterns throughout the day. The activPAL is considered
the gold standard for the measurement of stepping activity in
chronic disease populations.’® Our study used the Soj3x pro-
cessing approach?? which differs from the approaches of other
studies that have used cut-points to determine time spent in
different physical activity intensities. The Soj3x is more sophis-
ticated when compared to cut points as it uses neural network
prediction from 30 different activities varying in intensity.?> Few
studies have examined physical activity and PROs following
diagnosis but before initiating adjuvant therapy or neoadjuvant
systemic treatments and evaluated again at 1year after diagno-
sis. The time after a diagnosis is a phase in the cancer trajectory
that is associated with distinct psychosocial needs and women
often report psychosocial distress, including anxiety and fear
regarding upcoming treatments.”” This study has the largest
sample of women with breast cancer in the literature to date,
and we were able to achieve strong follow-up rates at the 1-year
timepoint (ActiGraph=83%; activPAL=82%).

A limitation of our study is our inability to capture the acute
effects of different treatments and combinations given the 1year
follow-up assessment. While the SF-36 and activity device mea-
surements were both administered soon after diagnosis, it is
possible the measurement timeframes do not overlap given the
SF-36 items ask participants to recall the past 4 weeks, whereas
the devices captured physical activity over the 7 days partici-
pants wore them. Given physical activity and PROs were mea-
sured concurrently, it is difficult to establish causality. Other
limitations include potential sampling bias, as the study pop-
ulation may represent a healthier subset of breast cancer sur-
vivors living in Alberta, Canada.

Participants with the largest increases in physical activity had
significantly greater improvements in QoL and fatigue 1year
after breast cancer diagnosis compared with those participants
that decreased in their physical activity behaviors. To our
knowledge, this investigation is one of the first prospective
cohort studies of newly diagnosed women with breast cancer
to assess device-based physical activity outcomes at diagnosis

and 1year later. These results will help to inform clinical prac-
tice and policies about incorporating physical activity as part
of adjuvant therapy for newly diagnosed breast cancer, both
during and after treatment(s) for improving QoL and reducing
fatigue.
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