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Background Breast cancer survivors’ self-perceived physical activity (PA) and sitting time (ST) may differ significantly from the
general population and other survivor groups, so it is important that PA and ST measurement tools are compared within the breast
cancer survivor population.

Objective To compare accelerometer and self-report estimates of PA and ST in breast cancer survivors.

Methods 414 breast cancer survivors (age, 56.8 years [SD, 9.2 years]; BMI, 26.2 kg/m? [5.4 kg/m?]) wore an accelerometer
for 7 consecutive days and completed a modified Godin Leisure-Time Exercise Questionnaire (GLTEQ), the International Physical
Activity Questionnaire (IPAQ), and the Sitting Time Questionnaire (STQ) which all measured hours/minutes of activity/sitting per
day. Mean differences and correlations of ST, light PA (LPA; <1.5 metabolic equivalents [METs]), and moderate and vigorous PA
(MVPA; >3 METs) were compared using random-intercept mixed-effects regression models and the Spearman rank correlation co-
efficient (Spearman’s rho [r,], where r, = 1 means a perfect positive correlation, and r, = -1 means a perfect negative correlation).
Results Mean daily durations of MVPA were: accelerometer, 20.2 minutes; GLTEQ, 23.6 minutes (P, = .02); and IPAQ, 87.4
minutes (P, < .001). Correlations between accelerometer-estimated MVPA were moderate for the GLTEQ (r, = 0.56) and poor
for the IPAQ (r, = 0.02). Mean daily durations of LPA were 239.5 minutes for the accelerometer and 15.4 minutes for the GLTEQ
(Pss < .001); the measures were not correlated (r, = 0.004). Mean daily durations of ST were: accelerometer, 603.9 minutes;
STQ, 611.8 minutes P,z = 0.9); and IPAQ, 303.8 minutes (P4 < 0.001). Correlations with the accelerometer were fair (STQ: r, =
0.26; IPAQ: r, = 0.30). Differences in estimates varied by disease stage, age, presence of chronic conditions, and race.
Limitations Participants were predominantly white, highly educated, and high earners, which reduced generalizability.
Conclusions Congruency of measurement was dependent on tool, intensity of activity, and participant characteristics. Target out-
come, implementation context, and population should be considered when choosing a measurement for physical activity or sitting
time in breast cancer survivors.
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hysical activity has numerous physical, men-
Ptal, and psychosocial benefits for cancer survi-

vors, such as a reduction in the risk of mobil-
ity disability, depression, and anxiety, and improved
patient quality of life."* In addition, higher levels of
physical activity are associated with reduced cancer-
specific and all-causes mortality as well as cancer-
specific outcomes including reduced risk of can-
cer progression and recurrence and new primary
cancers.>”> However, fewer than one-third of can-
cer survivors are meeting government and cancer-
specific recommendations of 150 minutes a week
of moderate to vigorous physical activity (MPVA;
23 metabolic equivalents [METs]).%” Growing evi-

dence also demonstrates a significant association
between higher levels of sedentary behavior and
many deleterious health effects after cancer, includ-
ing an increased risk for decreased physical func-
tioning and development of other chronic diseases
such as cardiovascular disease or diabetes.® Distinct
from physical activity, sedentary behavior is defined
as any waking activity resulting in low levels of
energy expenditure (<1.5 METs) while in a seated
or reclined position.” Increased sedentary behav-
ior, even when controlling for moderate and vig-
orous physical activity (MVPA), is associated with
poor quality of life and increased all-cause mortal-
ity in cancer survivors.'®! Given the associations
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observed between higher levels of physical activity, lower
levels of sedentary behavior, and improved health and dis-
ease outcomes among the large and increasing number of
cancer survivors in the United States, it is important to
identify low-cost methods that can be used in a in a vari-
ety of settings (ie, research, clinical, community) to accu-
rately and efficiently measure survivors’ lifestyle behaviors
to identify high-risk survivors for early intervention, bet-
ter understand the effects of these behaviors on survivors’
health outcomes and disease trajectories, and ultimately,
improve survivors’ health and quality of life.'3

Two methods commonly used to capture physical activ-
ity and sedentary behavior across the lifespan are acceler-
ometry (Actigraph, Pensacola, FL) and self-report ques-
tionnaires such as the Godin Leisure-Time Questionnaire
(GLTEQ), International Physical Activity Questionnaire
(IPAQ), and Sitting Time Questionnaire (STQ)."*'” Each
method has unique strengths and weaknesses. Sending
accelerometers to multiple individuals at a single time
point can be costly, particularly in large-scale epidemio-
logical studies, and the accelerometer’s waist-worn, non-
waterproof design may prevent researchers from capturing
certain activities such as swimming and resistance train-
ing. However, the accelerometer provides objective, pre-
cise assessments of most physical activities and may help
remove response bias.’® Conversely, self-report question-
naires rely solely on individuals’ memories and often result
in recall bias, inaccurate reporting, and under- or overesti-
mation of physical activity engagement.’®® Nevertheless,
these questionnaires can be widely disseminated at low cost
in a variety of settings (eg, clinical, research, community)
and are less of a burden to participants.

Recent studies comparing objective (eg, accelerome-
ter) with subjective (eg, self-report) methods of measur-
ing physical activity and sedentary behavior in healthy
middle-aged adults and older adults have demonstrated
mixed findings with no distinct trends in the degree to
which these methods differ.?"?? To date, little consider-
ation has been given to the measurement of these lifestyle
behaviors in cancer survivors. Boyle and colleagues recently
investigated the concurrent validity of an accelerometer to
the GLTEQ_in colon cancer survivors, finding significant
differences in estimated MVPA (~11 minutes). However,
no studies, to our knowledge, have compared accelerom-
eter and self-report measures in breast cancer survivors, so
it remains unclear how these different measurement tools
relate to each another in this population.

It is particularly important to compare these measure-
ment tools among breast cancer survivors because evidence
indicates this population’s behavioral habits, self-perceived
activity, and sitting time and movement patterns may difter
significantly from the general population and other survi-
vor groups across the lifespan.?** Further, previous studies
examining these behaviors in cancer survivors focused pri-
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marily on sitting time and MVPA.»*?2 Examining other
lower-intensity intensities (eg, light activity or lifestyle) in
cancer survivors may also be important given that increased
levels of activity are associated with health benefits, ranging
from reduced disability and fatigue to improved cardiovas-
cular health and quality of life, and that breast cancer survi-
vors engage in fewer of these activities compared with non-
cancer controls.” These lower levels of physical activity may
be more prevalent among cancer survivors of their high lev-
els of fatigue and propensity toward increased sitting time
during the first year of treatment,' so it is important to be
able to accurately assess these activities in this population.
'The purpose of the present study was to compare estimates
of time spent in light physical activity (LPA), MVPA, and
sitting time (ST) obtained from an accelerometer and 3
self-report measurement tools (GLTEQ, IPAQ, STQ) in a
large, US-based sample of breast cancer survivors. A second-
ary purpose was to determine whether estimate comparisons
among measurements changed by participant characteristics.

Methods

Participants and procedures

'This study consisted of a subsample of women who partici-
pated in a larger study whose findings have been reported
elsewhere by Phillips and McAuley.?” In that study, breast
cancer survivors (n = 1,631) were recruited nationally to
participate in a 6-month prospective study on quality
of life. Eligibility criteria included being aged 18 years
or older, having had a diagnosis of breast cancer, being
English speaking, and having access to the internet. Once
consented to participate in the study, 500 women were ran-
domly selected to wear the accelerometer.

Participants in this group were mailed an accelerome-
ter, an activity log, instructions for use, and a self-addressed
stamped envelope to return the monitor. They were asked
to wear the accelerometer during all waking hours for 7
consecutive days of usual activity. They were also sent a
secure link to complete 3 activity questionnaires online.
The questionnaires were to be completed by the end of the
7-day monitoring period. Only women with >3 valid days
of accelerometer data and complete data on variables of
interest (n = 414) were included in the present analyses.
All of the participants consented to the study procedures

approved by the University of Illinois Institutional Review
Board.

Measures

Demographics. The participants self-reported their age,
level of education, height, and weight. Their body mass
index (BMI; kg/m?) was estimated using the standard
equation. They also self-reported their health and cancer
history, detailing breast cancer disease stage, time since
diagnosis, treatment type, and whether they had had a can-
cer recurrence. They were also asked to report whether they
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had ever been diagnosed (Yes/No) with 18 chronic condi-
tions (eg, diabetes, arthritis).

Godin Leisure-Time Exercise Questionnaire.’ The
GLTEQ assessed participants’ weekly frequency and mean
amount of time performing MVPA (moderate exercise,
such as fast walking, combined with vigorous exercise, such
as jogging), and LPA (light/mild exercise, eg, easy walk-
ing) during the previous 7 days. The mean daily duration
(in minutes) for each intensity category (MVPA, LPA)
was calculated using activity frequencies and the amount of
time spent in each activity presented as minutes/day.

The International Physical Activity Questionnaire."
The IPAQ_evaluated participants’ physical activity of at
least moderate intensity in 4 domains of everyday life:
job-related physical activity, transportation, housework/
caring for family, and leisure-time activity. Within each
domain, participants were asked the number of days per
week and time per day (hours and minutes) spent perform-
ing MVPA. To estimate sitting time, the questionnaire asks
participants to report the total amount of time spent sitting
per day in 2 conditions, during weekdays and during week-
ends. The present analysis averaged sitting time for a typical
7-day (5 week days, 2 weekend days) period. We multiplied
reported minutes per day and frequency per week of each
activity category (MVPA and ST) to calculate the mean

number of minutes per day.?*

Sitting Time Questionnaire.’ The STQ_estimated the
mean time (hours and minutes) participants spent sitting
each day on weekdays and at weekends within 5 domains:
while traveling to and from places, at work, watching tele-
vision, using a computer at home, and at leisure, not includ-
ing watching television (eg, visiting friends, movies, dining
out). Mean minutes per day of ST were calculated using all
sitting domains.

Actigraph accelerometer (model GT1M, Health One
Technology, Fort Walton Beach, FL). The Actigraph
GT1M is a reliable and objective measure of physical
activity.!*® Participants wore the monitor on the right
hip for 7 consecutive days during all waking hours, except
when bathing or swimming. Activity data was analyzed in
1-minute intervals. A valid day of accelerometer wear time
was defined as >600 minutes with no more than 60 min-
utes of consecutive zero-values, with allowance of <2 min-
utes of observations <100 counts/minute within the non-
wear interval.®* Each minute of wear time was classified
according to intensity (counts/min) using the following
cut-points:** sedentary, <100 counts/min; LPA, 100-2,019
counts/min; and MVPA, 22,020 count/min. Mean daily
durations (min/day) spent in each behavior were estimated
by dividing the number of minutes in each category by the
number of valid days.
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Statistical analysis

All statistical analyses were completed in SPSS Statistics
23 (IBM, Chicago, IL). Descriptive statistics were used to
define participant characteristics. Rank-order correlation
between the methods was assessed using Spearman’s rho
(r.) and results were interpreted as follows: r, = 0.10, small;
0.30, moderate; and 0.50, strong.*® Within each activity
intensity group, we jointly modeled daily minutes of self-
report and accelerometer data using a random-intercept
mixed-effects regression model. Differences between
measurement tools were assessed based on regression
coeflicients with accelerometer as the reference category.
Finally, we did a post hoc analysis of leisure-time—only
MVPA from the IPAQ_to compare with other estimates
of MVPA.

We calculated the measurement tool difference scores
for each estimated intensity category (ST, LPA, MVPA),
that is, accelerometer estimated ST minus STQ_ esti-
mated ST, and GLTEQ_estimated MVPA minus IPAQ_
estimated MVPA. We used these data in an exploratory
analysis to examine whether there were statistically signifi-
cant differences between measurement difference scores by
demographic or disease characteristics using linear regres-
sion stratified analyses. For example, we were interested
in whether there was a significant difference in measure-
ment tool estimates for sitting time in older compared with
younger survivors. Analyses were stratified by age (<60/260
years), body mass index (<25 kg/m?*225 kg/m?), race
(white/people of color), disease stage (I and II/III and IV),
years since diagnosis (<5 years/>5 years), recurrence (Yes/
No), received chemotherapy (Yes/No ), received radiation
(Yes/No ), and the presence of 1 or more chronic diseases

(Yes/No ).

Results

Participants

The mean age of the participants was 56.8 years [9.2],
they were overweight (BMI, 26.2 kg/m? [5.4]), and pre-

TABLE 1 Participant characteristics (N = 441)

Characteristic Value
Mean age, y (SD) 56.8 (9.2)
Mean body mass index, kg/m? (SD) 26.2 (5.4)
Race, % persons of color 7.5
Disease stage, % late stage 12.2
Time since diagnosis, % <5y 45.6
Received chemotherapy, % Yes 54.9
Received radiation, % Yes 64.9
Recurrence, % Yes 11.1
Presence of chronic disease, 68.5

(% reporting <1)
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TABLE 2 Mean daily duration (min/d) in intensity category by measurement tool

Accelerometer 603.9 (78.0) 239.5 (61.7) 20.2 (17.8)

GLTEQ NA 15.4 (22.3) 23.6 (23.4)

STQ 605.2 (296.2) NA NA

IPAQ 303.8 (163.4) NA 87.4 (120.5)

Acclerometer-GLTEQ NA 224.5[218.2,230.7] P< .001 2.8 [-4.9,-0.9] P= .02

Accelerometer-PAQ 300.1 [283.6,317.0) P< NA 67.4-78.6,-55.8] P<
.001 .001

Accelerometer-STQ 8.1 [-35.5, 19.4) P= .56 NA NA

GLTEQIPAQ NA NA 64.6 [-76..(?(5 ]-52.5] P<

IPAQ-STQ 301.5 [-330.1, -272.8] P < .001 NA NA

GITEQ, Godin Leisure-Time Exercise Questionnaire; IPAQ, International Physical Activity Questionnaire; NA, not applicable; STQ, Sitting Time Questionnaire

dominantly white (96.7%; Table 1). Table 2 provides a
summary of mean daily duration of activity estimates for
ST, LPA, and MVPA and the estimate mean difference
scores between measurements. Also shown are the results
of the stratified analyses to investigate whether congru-
ence among the questionnaires and accelerometer mea-
sures were different based on participant characteristics for

physical activity (Table 3) and ST (Table 4) estimates.

Moderate and vigorous physical activity

Accelerometer-GLTEQ. The mean difference in MVPA
estimates between the accelerometer and GLTEQ was less
than 5 minutes (M, ceromerer = 20.2 minutes; Mgpreg = 23.6
minutes), even though the difference was statistically sig-
nificant (P = .02). Estimates of MVPA from the acceler-
ometer and GLTEQ (r, = 0.564, P < .001) showed a strong

relationship. Stratified analyses showed that the difference

TABLE 3 Stratified analysis of mean difference scores of physical activity minutes (Accelerometer—questionnaire) by participant characteristics

Measurement tool

GLTEQ IPAQ
Level of intensity
Characteristic Light Moderate and vigorous Moderate and vigorous
D P-value D P-value D P-value

Age (260'y) -18.3¢ .005¢ -6.8¢ .001¢ 21.9 .064
Body mass index (>25 kg/m? 9.7 127 3.9 .062 -4.7 .688
Race (person of color) 9.0 .54 4.1 .394 47.5¢ .033°
Disease stage (late) -1.8 .849 1.0 739 -41.8° .018¢
Time since diagnosis (<5 y) 3.6 .62 1.2 .563 16.4 159
Treatment

Chemotherapy (Yes) 5.2 422 2.5 225 -4.9 .67

Radiation (Yes) 6.3 .355 0.3 .878 -14.1 .245
Recurrence (Yes) 13.8 .254 -0.04 .989 -16.8 366
Chronic disease present (Yes, <1) -12.0 .084 0.4 .849 1.7 .89

GLTEQ, Godin Leisure-Time Exercise Questionnaire; IPAQ, International Physical Activity Questionnaire

eSignificant (P < .05) difference score by participant characteristic group.
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scores between the GLTEQ_and

accelerometer were lower for older

survivors (260 years) compared
with younger survivors such that

TABLE 4 Stratified analysis of mean difference score of sedentary time (Accelerometer—questionnaire) by
participant characteristics

Measurement tool

older survivors reported signifi- sTQ IPAQ
gz&l‘}é‘}ess time indM\.fl}DlA on lthe Characteristic D P-value D P-value
t —_
Q_compared with acceler Age (260 y) 39.8 164 47.6° .006°
ometer estimates (difference score
[D] = 6.8 minutes less, P = .001). Body mass index (>25 kg/m?) -53.2 .058 27.0 112
Race (person of color) 1.1 .984 -30.3 .502
Accelerometer-IPAQ. The accel- Disease stage (late) -158.3° <.001° 0.5 .985
erometer estimated significantly L ) )
Ti d <5 39.9 719 91.0 136
fewer minutes of MVPA per day ime since diagnosis (<3 )
when compared with the IPAQ_  Treatment
(Myg = -67.4; 95% confidence
! ’ Ch th \( -18.1 519 -12.2 474
interval [CI], -78.6, -55.8; P < emotherapy {Yes
.001). Estimates of MVPA from Radiation (Yes) 6.6 821 1.3 942
the accelerometer and IPAQ (rS Recurrence (Yes) 33.4 463 17.3 515
= 0.011, P = .680) were poorly Chronic disease present (Yes, <1) 7.5 .804 -19.0 .303

related. Differences between the
TPAQ_ and accelerometer were
greater for later-stage breast can-
cer, compared with -early-stage
diagnoses such that participants with late-stage disease
reported significantly less MVPA on the IPAQ_compared
with accelerometer estimates (D = 41.8 minutes less than
early-stage disease, P = .018). Finally, participants of color
reported a greater difference in MVPA between the accel-
erometer and the IPAQ_than did their white counterparts
(D = 47.5 minutes, P = .033).

GLTEQ-IPAQ. GLTEQ_estimated significantly fewer
minutes of MVPA per day compared with the IPAQ_ (M
= -64.6; 95% CI, -76.6, -52.5; P < .001). The estimates of
MVPA from the GLTEQ_had a small correlation with
TPAQ estimates (r, = 0.128, P = .011).

IPAQ _estimates showed almost triple the MVPA min-
utes per day as were estimated by the accelerometer and
GLTEQ. As the MVPA estimate for the IPAQ_include
nonleisure activities, we conducted a post hoc analyses
that only included the leisure-time items from the IPAQ.
Leisure-time only IPAQ_items, estimates indicated sur-
vivors spent a mean 18.5 [SD, 14.2] min/day in MVPA.
Although the magnitude of the difference between the
accelerometer and GLTEQ_estimates (~10 minutes) was
much smaller using the leisure-time only IPAQ_items, a
repeated measures analysis of variance revealed there was
still a significant difference between these estimates (P <

.05 for both) and negligible correlation.

Light intensity physical activity
Accelerometer-GLTEQ. There was a large and signifi-
cant difference between LPA estimates from the GLTEQ_
and accelerometer (M 5= 224.5; 95% CI, 218.2,230.7; P <
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IPAQ, International Physical Activity Questionnaire; STQ, Sitting Time Questionnaire

eSignificant (P < .05) difference score by participant characteristic group.

.001) with estimates from the accelerometer being higher
than those for the GLTEQ. Additionally, the measure-
ments showed a negligible correlation (r, = 0.004, P = .94).
Difference scores for GLTEQ and accelerometer estimated
LPA were significantly different by age, with survivors aged
60 years or older demonstrating a difference that was 18.3
minutes shorter (P = .005) than the difference in younger
survivors (<60 years).

Sitting time

Accelerometer-IPAQ. Mean IPAQ estimates were signif-
icantly lower (M = 303.8 [63.4]) than accelerometer esti-
mates (M = 603.9 [78.0]). Rank-order correlations between
TPAQ and accelerometer estimated ST was small (r, =0.26,
P <.001). Difference scores between IPAQ and accelerom-
eter estimates were significantly greater for survivors who
were 60 years or older, compared with those younger than
60 years (D = 47.6 minutes, P = .006), indicating that older
survivors tended to self-report significantly more ST than
estimated by the accelerometer.

Accelerometer-STQ. There was no significant differ-
ence in estimated mean ST minutes per day between the
STQ_and the accelerometer, but the correlation between
estimates was low (r, = 0.30, P < .001). Stratified analy-
ses revealed estimates for the difference scores for mean
daily ST between the STQ_and accelerometer were greater
for participants who were diagnosed with later-stage breast
cancer (D= -158.3 minutes, P < .001) and those who
had received chemotherapy (D= -61.7 minutes, P = .028;
Table 2) than for those who were diagnosed with early-
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stage breast cancer or had not received chemotherapy.
Women who had later-stage disease reported significantly
less ST than did women diagnosed with early-stage dis-
ease, when compared with estimates by the accelerometer.

IPAQ-STQ. The estimated mean ST was significantly
lower for IPAQ_(M = 303.8 minutes [163.4]) than for the
STQ_(M = 605.2 minutes [296.2]). There were no signifi-

cant estimate differences among the stratified groups.

Discussion

'The purpose of the present study was to compare 4 mea-
surement tools, an accelerometer-based activity monitor
and 3 self-report questionnaires, to estimate ST, LPA, and
MVPA in breast cancer survivors. Developing and evaluat-
ing accurate and precise measurement tools to assess physi-
cal activity and ST in breast cancer survivors remains a crit-
ical step toward better understanding the role of physical
activity in cancer survivorship. Our results indicate that the
congruency of the measurement tools examined was highly
dependent on the activity intensity of interest and partici-
pants’ demographic or disease characteristics. Overall, the
accelerometer estimated a greater amount of time spent sit-
ting and engaging in LPA and less time in MVPA than was
estimated on the STQ, GLTEQ, and IPAQ. In addition,
our findings suggest significant subgroup difterences that
will be important in future development and implemen-
tation of physical activity measurement for breast cancer
survivors.

MVPA has been the most commonly measured activity
intensity among cancer survivors to date.’>?>% The present
results indicate mean daily MVPA estimates were signifi-
cantly higher for the GLTEQ_compared with the acceler-
ometer (M= 2.8 min/d, P=.019),although the magnitude
of these differences was relatively small. This difference is
lower than in another study that compared these measures
in colon cancer survivors and found the GLTEQ over-esti-
mated MVPA by 10.6 min/day compared with the accel-
erometer (P < .01)." However, the correlation between the
2 tools in our study was similar to that of Boyle and col-
leagues (r, = 0.56 and r, = 0.51, respectively). A possible
explanation for the equivocal findings across these studies
may lie in the difference in study sample demographics; a
previous study results finding breast cancer survivors may
be better at recalling their physical activities because they
may be more attentive to activities they perform daily.*

The IPAQ_significantly estimated more than an hour
more of MVPA minutes per day compared with the accel-
erometer and GLTEQ. There are a number of limitations
to the reporting of MVPA on the IPAQ. These limitations
have been previously reported in the literature and include
cross-cultural differences as well as overreporting of non-
leisure-time MVPA (eg, occupational or household activi-
ties). However, the IPAQ_has consistently been shown to
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be a valid and reliable tool for physical activity surveillance
in different populations across the world.?*¢" This shows
that although MVPA was overestimated in our population,
we do not mean to undermine the IPAQ_value in other
populations in which it has shown great utility for overall
physical activity surveillance. When we excluded nonlei-
sure-time MVPA, MVPA equated to about 18 min/day,
which was closer in magnitude to the GLT'EQ and acceler-
ometer. These data highlight the importance of identifying
the specific activity parameters of interest when selecting a
measurement tool to ensure congruency between the tool
and construct of interest.

The differences in MVPA estimation from the 3 tools
have significant translational consequences, notably the
potential for misclassification of meeting physical activity
guidelines. For example, the percentage of women in the
present sample that met physical activity guidelines ranged
from 0% (using the accelerometer) to 19.5% (using the
IPAQ), depending on the measurement tool used. These
findings have meaningful implications for future physical
activity assessment because multiple measurement tools are
currently being used to estimate physical activity in breast
cancer survivors and would provide useful information
regarding how breast cancer survivors report their physi-
cal activity time.

For example, scores from the IPAQ may result in a survi-
vor being classified as meeting physical activity guidelines
when in fact they are not, and thereby missing the oppor-
tunity for intervention; or the accelerometer may classify
an active survivor as inactive, which could result in using
time and resources for a behavior change intervention that
is not necessary. The clinical significance of these findings
is to provide providers with data-based information on the
strengths and limitations of the measurement tools so that
they can accurately estimate physical activity and ST and
appropriately optimize resources and treatments.

The degree of measurement tool congruence is likely
influenced by a number of factors. First, survivors’ per-
ceptions of the intensity of their activity are relative and
subjective to their state of feeling during the activity. For
example, breast cancer survivors with lower functional
capacity may perceive activities with lower absolute inten-
sity as having a higher relative intensity (ie, they think they
are working at a moderate intensity so record an activity
as such, but the activity is classified as light by the acceler-
ometer). Second, although our self-report measures asked
survivors to record the time they had spent active over the
previous 7 days, survivors might report on what they con-
sider a “usual” week, which may reflect the ideal rather than
the reality. Third, the accelerometer cut-points used were
derived from young, healthy adults on a treadmill. Thus,
generalization to an older, sick, less active population that
could be experiencing treatment-related side effects could
lead to underestimation of time spent in MVPA. To bet-
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ter understand measurement congruency in breast cancer
survivors, future research should investigate how functional
capacity and activity intensity perceptions are influenced by
a breast cancer diagnosis and how those factors may influ-
ence subjective and objective physical activity measure-
ment. If those factors were found to have significant influ-
ence on activity in breast cancer survivors, it would warrant
future development of breast-cancer—specific accelerome-
ter reduction techniques.

The comparison of LPA presented another interesting
significant contrast between self-report (GLTEQ) and
accelerometry. Results indicated the GLTEQ_underes-
timated LPA by 224.5 [3.2] min/day compared with the
accelerometer. This equates to over 3.5 h/day of active time
(or about 280 kcal/day) that was potentially unaccounted
for by the GLTEQ. The difference between these estimates
could be due to the fact that the GLTEQ_was designed to
measure exercise time and therefore may not be as sensi-
tive as the accelerometer to nonexercise-related LPA. Light
intensity activities typically span a large range of domains
(ie, occupational, leisure time, household) and tend to occur
in higher volumes than MVPA, which may lead to some
challenges with recall. Expanding existing LPA question-
naires to encompass these domains would likely provide
increased congruency between self-reported and acceler-
ometer-derived estimates for LPA, as it may provide a bet-
ter trigger for recalling these high volume activities. With
increasing literature advocating the important role of LPA
in adults’ health in concert with data suggesting survivors
may engage in lower levels of LPA than healthy controls,?,
accurately accounting for these lower intensity activities to
provide a “whole picture” of a survivor’s active day remains
an important future research direction. Combining accel-
erometer and self-report data using ecological momentary
assessment to capture these behaviors in real-time in the
real world could provide a better understanding of the con-
text in which LPA occurs as well as survivors’ perceptions
of intensity to build more accurate and scalable measure-
ment tools for LPA.

Our ST results indicate nonsignificant difference esti-
mates from the accelerometer and the STQ_ (M4 = 1.3
[15.3] min/day) with slightly higher estimates for the STQ_
versus accelerometer. This finding is consistent with the
one other study that has examined these relationships in
cancer survivors.” However, our findings also indicate the
IPAQ significantly underestimated ST compared with the
accelerometer and the STQ by about half (Table 1). These
differences may be because both the STQ_and Marshall
questionnaire used in the previous study measure multiple
domains of sitting (ie, computer, television, travel) on both
weekdays and weekends whereas the IPAQ_uses only two
recall items of overall sitting time (for weekday and week-
end separately). The domain-specific, structured approach
has been shown to improve recall and may help to pre-

Volume 15/Number 1

vent underestimation and general underreporting of the
high volume, ubiquitous behavior of sitting.'”*® Finally, we
would be remiss to not acknowledge the known limitations
to estimating ST using the count-based approach on the
waist-worn accelerometer. Due to the monitor’s orienta-
tion at the hip, the accelerometer may misrepresent total
ST by misclassifying standing still as sitting. However,
Kozey-Keadle and colleagues have previously examined
estimation of ST using waist-worn accelerometers and
have shown the 100 count per minute cut off yields ST
estimates within 5% range of accuracy for a seated position
compared with direct observation.*

Of further interest are our exploratory results indicat-
ing that age and disease stage may modify the congruency
between activity and ST measures. Specifically, older sur-
vivors and those with more advanced disease stage gener-
ally reported more PA and less ST than were measured
by the accelerometer. These differences raise the question
of whether these subgroups are systematically reporting
more time physically active, overestimating their intensity,
or the accelerometer is misclassifying their activity inten-
sity. These misclassifications could be due to their age, dis-
ease stage, fatigue status, functional status, cognitive func-
tion, occupational status, etc. and would be important next
steps for exploration of measurement of physical activity
in breast cancer survivors. Finally, the difference score for
MVPA was greater for survivors of color than for white
survivors, with survivors of color overreporting MVPA
compared with accelerometer-derived estimates. This may
be due in part to cultural differences between white survi-
vors and survivors of color. Previous research has suggested
that people of color may accumulate a majority of their
activity in occupational or household-related domains,
thus explaining lower levels of leisure-time MVPA but
high levels of reported total MVPA from other nonleisure
domains.*® However, given the small number of survivors
of color in the present study, these results should be inter-
preted with caution.

With the multitude of physical activity and ST measure-
ment tools available, many factors including cost, sample
size, primary outcome of interest, and activity character-
istics of interest (eg, duration, intensity, energy expendi-
ture) need to be considered® when choosing a tool. Our
findings may help inform these decisions for breast can-
cer survivors. For example, if LPA is of interest, an acceler-
ometer may provide a more comprehensive assessment of
these activities than the GLTEQ. In contrast, if MVPA is
the activity of interest, our results suggest the GLTEQ and
accelerometer were more congruent than the IPAQ_was
with either measure, therefore, if budgetary constraints are
a concern, the more cost-efficient GLTEQ_could provide
similar results to an accelerometer. In addition to consider-
ing measurement congruency, it is also critically important
to carefully consider the population (breast cancer survi-
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vors) and subsequent burden that accompanies the mea-
surement tool of choice. Overall, our results indicate, when
choosing a questionnaire for ST or LPA for breast can-
cer survivors, the more comprehensive the questions, to
encompass multiple domains or time of day, the greater
amount of time that will be captured within that activity
category. Conversely, since the majority of MVPA is com-
pleted in leisure-time, dependent on the age and race of
the population, a shorter questionnaire may be sufficient.
Additionally, dependent on time since diagnosis and treat-
ment received, activity recall or body movement patterns
may be affected which could influence measurement tool
selection.®?* Finally, it is also important to consider the
setting in which measurement is taking place. In busy
clinical settings, shorter, self-report measures may have a
greater chance of being implemented than accelerometers
or longer self-report measures and would still provide use-
ful information regarding an overall snapshot of survivors’
MVPA or ST that could be used to initiate a conversation
or referral for a program to help survivors positively change
one or both of these behaviors.

Limitations

There were a few limitations within the current study that
should be taken into account. First, the accelerometer cut-
points used were developed with healthy, young adults;
therefore using different cut-points may have yielded difter-
ent results.** Given the large age range in our participants
(23-84 years), we believe the use of these cut-points was
justified, in lieu of population-specific (ie, older adults) cut-
points. In addition, limitations to estimating activity from an
accelerometer include the inability to capture certain activi-
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