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Abstract

Background: Few studies have examined accelerometer-measured physical activity and incident
breast cancer (BC). Thus, this study examined associations between accelerometer-measured
vector magnitude counts per 15 seconds (VM/15s) and average daily minutes of light physical
activity (LPA), moderate-to-vigorous PA (MVPA), and total PA (TPA) and BC risk among women
in the Women’s Health Accelerometry Collaboration (WHAC).

Methods: The WHAC comprised 21,089 postmenopausal women (15,375 from the Women'’s
Health Study [WHS]; 5714 from the Women’s Health Initiative Objective Physical Activity and
Cardiovascular Health Study [OPACH]). Women wore an ActiGraph GT3X+ on the hip for >4
days and were followed for 7.4 average years to identify physician-adjudicated in situ (n=

94) or invasive (7= 546) BCs. Multivariable stratified Cox regression estimated hazard ratios
(HRs) and 95% confidence intervals (ClIs) for tertiles of physical activity measures in association
with incident BC overall and by cohort. Effect measure modification was examined by age, race/
ethnicity, and body mass index (BMI).

Results: In covariate-adjusted models, the highest (vs. lowest) tertiles of VM/15s, TPA, LPA,
and MVPA were associated with BC HRs of 0.80 (95% Cl, 0.64-0.99), 0.84 (95% Cl, 0.69-1.02),
0.89 (95% CI, 0.73-1.08), and 0.81 (95% ClI, 0.64-1.01), respectively. Further adjustment for BMI
or physical function attenuated these associations. Associations were more pronounced among
OPACH than WHS women for VM/15s, MVPA, and TPA; younger than older women for MVPA;
and women with BMI =30 than <30 kg/m? for LPA.

Conclusion: Greater levels of accelerometer-assessed PA were associated with lower BC risk.

Associations varied by age and obesity and were not independent of BMI or physical function.

Keywords
accelerometer; breast cancer; incidence; physical activity; postmenopause; women’s health

INTRODUCTION

In 2023, an estimated 29,770 United States (US) women will be diagnosed with breast
cancer (BC), which, except for skin cancer, is the most common cancer diagnosed and the
second leading cause of cancer-related death among US women.! For postmenopausal breast
cancer in particular, it is estimated that approximately one-third of cases are attributable to
modifiable risk factors such as physical inactivity.2 Prospective cohort studies assessing

the relationship between self-reported physical activity and postmenopausal BC have
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consistently reported lower BC risk in association with higher physical activity levels.3-5
However, self-reported physical activity measures are prone to measurement error, which
can be mitigated by using accelerometry.”8 Generally, the correlation coefficient for self-
reported and accelerometer-measured physical activity is approximately 0.4.9-11

To our knowledge, only one study to date has prospectively examined the association
between accelerometer-measured physical activity and incident BC.12 In that study, using
data from the United Kingdom Biobank, Guo and colleagues’? reported an inverse linear
association between physical activity and BC risk among postmenopausal women; however,
the unit of physical activity measurement used, overall acceleration average, cannot be
directly translated into practice (i.e., minutes of physical activity per day or week) or
intensities (i.e., light, moderate, and/or vigorous), limiting the ability to understand the
extent to which their results support current physical activity guidelines for BC prevention.

To help fill this gap, we examined the prospective associations between physical activity
and incident BC among postmenopausal women in the US Women’s Health Accelerometry
Collaboration (WHAC). We performed a comprehensive assessment using multiple metrics
of physical activity including daily vector magnitude counts per 15 seconds (VM/15s), a
summary metric of output from the three accelerometer axes (i.e., the vertical [up—down],
horizontal [forward-backward], and lateral [left-right] axes) and serves as an indicator of
total volume of physical activity and daily time spent in intensity-specific categories of light
physical activity (LPA), moderate-to-vigorous physical activity (MVVPA), and total physical
activity (TPA; LPA + MVVPA). We also evaluated whether the associations between physical
activity and postmenopausal BC incidence varied according to subgroups defined by age,
race/ethnicity, and body mass index (BMI).

MATERIALS AND METHODS

Study population

The WHAC is a consortium of two harmonized prospective cohort studies, the Women’s
Health Study (WHS) and the Women’s Health Initiative (WHI) Objective Physical Activity
and Cardiovascular Health (OPACH) Study. Details of each study’s history, participant
recruitment, and methodology and the WHAC harmonization have been previously
described.13 Briefly, the WHS is a completed randomized trial (1992—2004) that tested
aspirin, p-carotene, and vitamin E for the prevention of cardiovascular disease and cancer
among 39,876 US women >45 years old.14-16 From 2011 to 2014, 18,289 women
participated in an ancillary study that collected accelerometry data, and of these, 17,466
(96%) women returned the accelerometers with usable data.1” The OPACH study is an
ancillary to the WHI Long Life Study, a 2012-2014 study of US postmenopausal women
focused on healthy aging,8 and is a prospective study of accelerometry and chronic
disease outcomes including cancer.1® Among the 9252 women consented to the WHI
Long Life Study, 7048 participated in OPACH and, of these, 6489 (92%) women returned
accelerometers with usable data.

All study protocols were approved by institutional review boards of each participating
institution and all women provided informed consent before participating in the studies.
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Physical activity

Physical activity was measured in WHS and OPACH using the ActiGraph GT3X+ triaxial
accelerometer (ActiGraph LLC, Pensacola, Florida) worn for up to 7 consecutive days, as
previously described.® In WHS, women were asked to wear the accelerometer over the right
hip, removing it only during sleep or when in water.1” In OPACH, women were asked to
wear the accelerometer over the right hip including during sleep but not when in waterl®;
subsequently, the time spent sleeping was removed for all analyses. Mean accelerometer
wear time was 14.9 hours/day for both cohorts.13 For WHS and OPACH, accelerometer
wear adherence was defined as wearing time of =10 hours on =4 days of device wear.

Raw acceleration signals at 30 Hz were aggregated using ActiLife software (V.6) to counts
per 15-second epochs using the normal filter setting. VM counts were derived by taking

the square root of the sum of counts from the three axes squared. Accelerometer nonwear
time was removed using the validated Choi algorithm,20-21 which was applied to VM counts/
minute with a 90-minute window, 30-minute stream frame, and 2-minute tolerance. Daily
average physical activity volume was summarized as average VM/15s. Using cutpoints
derived from a calibration study among women of similar ages,?2 average time spent in
intensity-specific categories was defined for LPA as average minutes per day with VM/15s
19-518 and for MVPA as average minutes per day with VM/15s =519. TPA time was
defined as the sum of the number of minutes spent in LPA and MVPA.

Breast cancer incidence

Covariates

In WHS and OPACH, participants received annual mailed questionnaires in which they
were asked to self-report new cancer diagnoses. Medical records were obtained for all self-
reported cancers except nonmelanoma skin cancers.23 Adjudicators reviewed the medical
records and incident cancers. The primary end point of interest for this study was a
composite of reported and confirmed incident /n s/tu or invasive BCs. In sensitivity analyses,
we considered as the outcome invasive BCs only. Time-to-event was computed from the
first day of accelerometry to the date of BC diagnosis, with participants right-censored

due to death or their last returned annual questionnaire from the time of accelerometer
measurement either 2011-2014 in WHS or 2012-2014 in OPACH (i.e., baseline) through
December 31, 2021 in WHS or March 31, 2021 in OPACH.

For both studies, age, race/ethnicity, and education level were self-reported at enrollment
into the original study. Data on health history and health behaviors were ascertained
annually, and data from the measure closest in time to accelerometer wear was used.
Self-rated general health was assessed with the question, “In general, would you say your
health is excellent, very good, good, fair or poor?” Women also reported on smoking status,
frequency of alcohol use, postmenopausal hormone therapy use, and history of cancer,
diabetes, and confirmed cardiovascular disease. Height and weight were self-reported in
WHS and measured by study personnel in OPACH. BMI was calculated as weight (kg)
divided by squared height (m?) and categorized as underweight (<18.5), healthy weight
(18.5-24.9), overweight (25.0-29.9), or obese (=30.0 kg/m?). Physical function was based
on responses to the RAND-36 (scores range from 0 to 100; higher scores reflect better
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function).24 Number of mammograms received from baseline to date of BC diagnosis and/or
censoring was ascertained by self-report annually in OPACH and approximately every 2
years in WHS.

Statistical analysis

Average daily VM/15s and minutes of TPA, LPA, and MVPA variables were residualized to
control for differing accelerometer wear times in the statistical models using combined data
from both cohorts, as described elsewhere.25-28 Physical activity variables were categorized
into tertiles using cut-points from the overall sample for the primary analysis, and using
cohort-specific cut-points for cohort-specific analyses. Multivariable Cox proportional
hazards models estimated hazard ratios (HRs) and 95% confidence intervals (Cls) for
incident BC in association with each physical activity measure. Models were a priori
stratified by cohort to allow for baseline hazards of the two cohorts to differ.2 The
proportional hazards assumption was inspected using plots of the Schoenfeld residuals;

no violations were evident. We present results adjusted for age-only (model 1) and

the fully adjusted model (model 2) that included adjustment for age, race/ethnicity,
education level, self-rated general health, smoking status, alcohol use status, postmenopausal
hormone therapy use, number of mammograms during follow-up, and history of diabetes,
cardiovascular disease, and cancer at the time of accelerometry measurement. We also
evaluated the impact of further adjusting model 2 for BMI or physical function, as both
measures are presumed confounders or mediators of the association between physical
activity and BC. Linear trends (i.e., Prreng) Were examined using continuous physical
activity measures.

Nonlinear dose—response trajectories were assessed by including in model 2 restricted cubic
spline functions for each physical activity measure. Models with three knots placed at the
10th (referent), 50th, and 90th percentiles were evaluated and departures from linearity were
examined using x ? tests.

To maximize statistical power, continuous physical activity variables (per standard deviation
increase) were used to examine associations with a priori strata of interest in WHAC
including age (<75 vs. =75 years), race/ethnicity (White, African American/Black and
Hispanic), and BMI (<30 vs. =30 kg/m?). Tests for multiplicative interaction were evaluated
using likelihood ratio tests comparing fully adjusted models (model 2) with cross-product
terms for continuous physical activity and each of the categorical covariates, with the
reduced model without the interaction terms.

To account for missing data, we used multiple imputation using chained equations with
predictive mean matching. Overall, missing data was low with physical function having the
greatest proportion of missing values (6.5%). Data were imputed separately by cohort. A
total of 25 imputations with 20 iterations were used and included all covariates, wear time-
standardized physical activity variables, the incident BC indicator, and the Nelson—-Aalen
estimator of the cumulative hazard.30 In sensitivity analyses, results from complete-case
analyses were compared to those using imputed data sets. All analyses were conducted in R
v4.0.2 (R Foundation for Statistical Computing; Vienna, Austria).
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From the 23,955 combined participants with accelerometer data (7= 17,466 WHS and n

= 6489 OPACH), we excluded 1087 women (7= 724 WHS and n= 363 OPACH) with
nonadherent accelerometer wear, 1763 women (n7= 1351 WHS and 7= 412 OPACH) with

a history of BC at the time of accelerometer wear, and 16 WHS women who reported
prevalent cancer post-trial randomization. These exclusions resulted in an analytic sample of
21,089 women (n= 15,375 WHS and n=5714 OPACH).

RESULTS

Over a mean follow-up time of 7.4 (interquartile range = 6.9-8.6) years, a total of 640
women (3.0%) were diagnosed with incident BC (1= 94 in situ, /7= 546 invasive).
Participant baseline characteristics stratified by tertiles of wear-time standardized MVPA
are presented in Table 1. Overall, women with higher versus lower levels of MVVPA were
younger, had lower BMI, and higher frequency of alcohol use, better self-rated general
health, and were less likely to have a history of cardiovascular disease, diabetes, or cancer.
Cohort-stratified descriptive characteristics are provided in Table S1.

Overall, the average daily VIM/15s was 134.2 (SD = 53.8) (mean = 146.3, SD =52.7 in
WHS; mean = 101.8, SD = 42.1 in OPACH). In the fully adjusted model (model 2), women
in the highest (vs. lowest) tertile of VM/15s had a BC HR of 0.80 (95% CI, 0.64-0.99)
(Table 2). However, this association was attenuated after adjusting for BMI or physical
function. By cohort, BC HR estimates were 0.77 (95% CI, 0.61-0.97) in WHS and 0.66 in
OPACH (95% Cl, 0.43-1.01).

The average daily time spent in wear-time standardized TPA was 369.0 (SD = 92.0) (mean
=380.4, SD =90.0 in WHS; mean = 338.3, SD = 90.4 in OPACH) minutes/day. As shown
in Table 3, women in the highest (vs. lowest) tertile of minutes of daily TPA had a BC HR
of 0.84 (95% Cl, 0.69-1.02). By cohort, BC HR estimates were 0.81 (95% CI, 0.65-1.02)
in WHS and 0.67 (95% Cl, 0.44-1.01) in OPACH and were attenuated in both cohorts when
adjusting for BMI or physical function.

In WHAC, average daily time spent in wear-time standardized LPA was 287.9 (SD = 67.0)
(mean = 288.1, SD = 65.0 in WHS; mean = 287.5, SD = 72.3 in OPACH) minutes/day. None
of the associations between LPA and incident BC were statistically significant overall or by
cohort (Table S2).

Average daily time spent in wear-time standardized MVPA was 81.0 (SD = 45.6) (mean =
92.3 [SD =44.3] in WHS; mean = 50.7 [SD = 33.7] in OPACH) minutes/day. As shown

in Table 4, women in the highest (vs. lowest) tertile of minutes of daily MVPA had a BC
HR of 0.81 (95% ClI, 0.64-1.01). By cohort, BC HR estimates were 0.81 (HR, 0.81; 95%
Cl, 0.63-1.03) in WHS and 0.63 (95% Cl, 0.41-0.98) in OPACH and were attenuated when
adjusting for BMI or physical function.

In Table 5, we report the results examining effect measure modification by age, race/
ethnicity, and BMI using data from both cohorts combined. We observed statistically
significant modification by age for MVPA (Pinteraction = 0.03) and by BMI for LPA
(Pinteraction = 0.03) and no significant modification by race/ethnicity. Among women <75
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years old, a one-standard deviation increase in MVPA was associated with a HR of 0.86
(95% Cl, 0.77-0.96) and among women =75 years old with a HR of 1.12 (95% ClI, 0.92—
1.35). Among women with BMI =30 kg/m?, a one-standard deviation increase in LPA was
associated with a BC HR of 0.85 (95% CI, 0.73-1.01) and among women with BMI <30
kg/m?2 with a HR of 1.04 (95% ClI, 0.94-1.14).

Sensitivity analyses

Sensitivity analyses were generally consistent with the primary findings. Results from the
complete-case analysis (Tables S3-S6) and for the outcome definition that included invasive
BC only (Tables S7-S10) were not materially different from the main analysis. Dose—
response associations between each continuous physical activity variable and incident BC
modeled using restricted cubic splines are displayed in Figures S1-S4; inverse associations
between higher physical activity levels with lower BC risk were consistent with the primary
analyses, although not statistically significant.

DISCUSSION

In this study of over 20,000 US postmenopausal women, higher daily accelerometer vector
magnitude counts and greater amounts of time spent in TPA and MVPA were inversely
associated BC risk over a mean 7 years of follow-up; however, associations were attenuated
and not statistically significant after adjustment for BMI or physical function. Associations
of physical activity were stronger among women younger than 75 years than those 75

or older and among women with obesity than among women without obesity. For all
accelerometer-based physical activity measures, associations with incident BC were more
pronounced in OPACH than in WHS. WHS women had nearly double the amount of average
daily MVPA compared to OPACH women. The substantially lower MVPA in OPACH
women may partially explain the different estimates observed between cohorts. For example,
the amount of average daily MVPA in the OPACH-specific referent tertile (19.0 min/day)
was considerably lower than the WHS-specific referent tertile (47.4 min/day), resulting

in different cohort-specific hazard ratio estimates. Differences in baseline characteristics
between cohorts may further explain these differences; however, we allowed the baseline
hazards to differ in the statistical models and adjusted for covariates that differed between
the two cohorts.

This study builds on our previous work in OPACH where accelerometer-measured TPA and
MVPA were associated with reduced incidence of 13 types of invasive cancers.3! However,
in that study, incident BC could not be examined separately due to small numbers of

cases. In a study of postmenopausal women in the United Kingdom Biobank, an increase
of 5 milli-gravity assessed using a wrist-worn accelerometer was associated with a 21%
reduction in BC risk that attenuated to 16% after adjusting for adiposity.12 Although their
estimates cannot be directly compared to those from our study, our conclusions are in
agreement.12 The only other study that has examined accelerometer-measured physical
activity in association with incident BC was a 2012 population-based case-control study of
Polish women.32 In that study, Dallal et al.32 reported a strong inverse association between
MVPA and postmenopausal BC. However, the case-control design may have resulted in
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biased results because women with BC may engage in greater physical activity following a
diagnosis of BC to improve their prognosis or quality of life.33 Our results are also in line
with a number of previous studies that have examined self-reported physical activity and BC
risk including previous meta-analyses and systematic reviews.3:6:34.35

We observed a 20% reduced risk of BC when comparing women in the highest versus lowest
tertiles of accelerometer VM counts. Although a comparable reduction was observed for
TPA, the association was not statistically significant. One explanation for the differences
observed is that although both these measures are intended to capture a similar construct
(i.e., total volume of daily movement), TPA relies on a calibrated cutpoint applied to VM
counts and time spent above this cutpoint. Conversely, the raw VM counts include values
below this cutpoint threshold, which reflect low intensity movement, but are often classified
as sedentary behavior?; the inclusion of these movements may have resulted in the observed
stronger association for VM counts and incident BC compared to TPA.

Increasing physical activity levels has been shown to play an important role in
postmenopausal BC prevention,36 and the biologic pathways are complex. Physical activity
is hypothesized to inhibit breast carcinogenesis through the alterations in sex steroid
hormones including estrogens and metabolic hormones.3” In addition, physical activity
reduces inflammation, improves immune system functioning, and reduces adipocity.38:39

In our study, all associations between physical activity and BC were attenuated when
controlling for BMI or physical function, and in analyses stratified by obesity, we

observed stronger inverse associations among women with BMI =30 kg/m2. These findings
highlight the important role of obesity in the relationship between physical activity and
postmenopausal BC risk, as well as a possible role of physical function in preventing
physical activity or which may be impacted by obesity. In addition, our findings suggest
that physical activity may have a stronger inverse association with breast cancer in women
under 75 years compared to women over 75 years. Although evidence for a waning
beneficial effect of physical activity on breast cancer with increased age is limited,® a
possible explanation is that biological pathways that protect against oxidative stress and
DNA damage weaken throughout the aging process,*%41 thereby limiting the protective role
of physical activity.

To our knowledge, this study is the first US-based prospective cohort study of
accelerometer-assessed physical activity and BC risk. Our study had a number of strengths
including the harmonization of physical activity, covariate, and cancer data from OPACH
and WHS to create a large and diverse cohort of women.13 In addition, we used
accelerometer cutpoints calibrated for older women.22 Limitations include having only one
physical activity measurement, which prohibited examination of changes in physical activity
over time. Furthermore, we did not examine BC subtypes, which may reveal differences
that are masked when aggregating all BC subtypes and could provide additional insight
into the biological mechanisms by which physical activity impacts BC. Finally, most WHS
participants in this study were non-Hispanic White, had a college education, self-rated their
health as very good or excellent, and all women were post-menopausal at baseline, which
may limit the generalizability of our findings. Notably, the OPACH cohort had greater
diversity in race/ethnicity, education, and health status!3; however, future studies should
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consider multiple assessments of physical activity and molecular characterization of breast
tumors among diverse women.

In conclusion, higher levels of physical activity, and in particular MVPA, measured by
accelerometer were associated with lower risk of BC in older women, but these findings
were not independent of BMI or physical function. US public health guidelines recommend
engaging in physical activity to reduce BC risk,#2 although evidence has been almost
exclusively based on studies of self-reported physical activity.5 Here, we provide evidence
on the relationship of device-measured physical activity with postmenopausal BC risk.
However, additional studies are needed in large and diverse cohorts of women over a broad
age range to further refine physical activity guidelines for the primary prevention of BC.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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