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Abstract

Background—For breast cancer survivors, moderate to vigorous physical activity (MVPA) is 

associated with improved survival. Less is known about the interrelationships of daytime activities 

(sedentary behavior [SB], light-intensity physical activity, and MVPA) and associations with 

survivors’ health outcomes. This study will use isotemporal substitution to explore reallocations of 

time spent in daytime activities and associations with cancer recurrence biomarkers.

Methods—Breast cancer survivors (N = 333; mean age 63 y) wore accelerometers and provided 

fasting blood samples. Linear regression models estimated the associations between daytime 

activities and cancer recurrence biomarkers. Isotemporal substitution models estimated cross-

sectional associations with biomarkers when time was reallocated from of one activity to another. 

Models were adjusted for wear time, demographics, lifestyle factors, and medical conditions.

Results—MVPA was significantly associated with lower insulin, C-reactive protein, homeostatic 

model assessment of insulin resistance, and glucose, and higher sex hormone-binding globulin (all 

P < .05). Light-intensity physical activity and SB were associated with insulin and homeostatic 

model assessment of insulin resistance (both P < .05). Reallocating 18 minutes of SB to MVPA 

resulted in significant beneficial associations with insulin (−9.3%), homeostatic model assessment 

of insulin resistance (−10.8%), glucose (−1.7%), and sex hormone-binding globulin (7.7%). There 

were no significant associations when 79 minutes of SB were shifted to light-intensity physical 

activity.

Conclusions—Results illuminate the possible benefits for breast cancer survivors of replacing 

time spent in SB with MVPA.

Keywords

lifestyle behaviors; accelerometers; survivorship; insulin resistance

Breast cancer remains the most common cancer among women.1–3 Currently, in the United 

States, an estimated 3.5 million women are living with a history of breast cancer.2 Due to 

earlier diagnosis and advances in treatment methodologies, the likelihood of survival after a 

breast cancer diagnosis continues to increase.2 Survivors face a new set of challenges as they 

remain at risk for cancer recurrence and mortality.4,5

Several breast cancer risk-related biomarkers have been found to be significantly associated 

with poor lifestyle factors such as reduced physical activity (PA) and elevated body mass 

index (BMI). These biomarkers are related to glucoregulation, chronic inflammation, and 

endogenous sex hormones and are thought to be mechanistic drivers of cancer progression.
6–10 Notably, elevated fasting insulin, estradiol, and C-reactive protein (CRP) are associated 

with an approximate 2-fold increased risk of cancer risk or recurrence.11–16

For survivors, many lifestyle behavior treatment plans focus on increasing minutes of daily 

PA to reduce risk of cancer recurrence.5 Meta-analyses and reviews provide consistent 

evidence showing that daily PA, and more specifically moderate to vigorous physical 

activity (MVPA), is linked to better breast cancer survival outcomes.17,18 A meta-analysis by 
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Beasley et al19 concluded that survivors who had at least 10 MET hours of PA per week (ie, 

180 min of MVPA) had 27% lower mortality than survivors with lower levels of MVPA. 

Despite the suggested benefits of PA, only 32% of breast cancer survivors are meeting 

current PA guidelines of 150 minutes of weekly MVPA.20,21

Besides MVPA, there is limited evidence on how the other activities that make up the 

waking hours of the day, including sedentary behavior (SB) and light-intensity physical 

activity (LIPA), are related to breast cancer recurrence. Independent of the benefits of PA, 

prolonged sitting is associated with increased risk of cancer.22–24 We have recently shown in 

breast cancer survivors that a greater number of sit-to-stand transitions each day (indicative 

of interrupted sitting patterns) is significantly associated with reduced fasting insulin, insulin 

resistance, and CRP.25 Furthermore, engaging in LIPA has shown to have beneficial 

associations with glucoregulatory markers, including blood glucose and insulin, after 

adjusting for minutes of MVPA.26,27 Therefore, reducing SB or increasing LIPA may be 

feasible alternatives for breast cancer survivors who are currently not meeting MVPA 

guidelines.

The 24-hour activity behaviors are relative, meaning reducing time spent in one activity 

directly corresponds to increasing time spent in another activity. Isotemporal substitution 

modeling techniques28 are used to explore how the interrelationships of daily activities may 

be associated with health, and to estimate the associations if a fixed amount of time spent in 

one activity is reallocated to another activity. In Figure 1, we provide a conceptual example 

of daytime activity behavior substitution. During this day, a 30-minute decrease in SB could 

be the result of either reallocating an additional 30 minutes to LIPA or an additional 30 

minutes to MVPA. The isotemporal substitution approach allows us to examine the 

hypothetical associations with health outcomes when time spent in one activity is reallocated 

to another activity. In contrast to a behavioral intervention, which may not achieve sufficient 

reductions in behaviors to understand the impact on risk, this statistical modeling technique 

allows us to estimate the potential impact of meaningful behavioral substitution. Recent 

isotemporal studies in breast cancer survivor populations suggest it is worthwhile to move 

beyond examining daily activities independently and start to explore how time spent in 

activities throughout the day is associated to health.29,30

The primary aim of this study is to use accelerometer data to construct isotemporal 

substitution models to assess the associations to cancer recurrence biomarkers of 

reallocating time spent in SB, LIPA, and MVPA in a sample of postmenopausal breast 

cancer survivors. The goal of these analyses is to explore how the reallocation of time spent 

in daytime activities may be beneficial to markers of breast cancer recurrence. This study 

may provide insight on current cancer lifestyle treatment guidelines and potentially highlight 

opportunities for the development of novel survivorship interventions.

Methods

Sample and Study Design

The current analyses use baseline data from participants enrolled in The Reach for Health 

study.31 To be eligible for participation in the study, women must be overweight or obese 
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with a history of early-stage postmenopausal breast cancer. Women were excluded from the 

study if they had diabetes, kidney failure or liver impairment, or were diagnosed with an 

additional primary or recurrent invasive cancer within the last 10 years. Data were collected 

between August 2011 and May 2015. The UC San Diego Institutional Review Board 

approved all study procedures, and all participants provided written informed consent.

A full description of the study protocol has been previously published.31 In brief, women 

who appeared to be eligible for the study based on a telephone interview were invited to a 

screening visit to confirm eligibility. After completion of the screening visit, participants 

completed a questionnaire, physical measurements, and were given a hip-worn 

accelerometer. Participants were asked to wear the device during waking hours for 7 days 

and return at the follow-up baseline visit.

All 333 of the women participating in the Reach for Health study were included in this 

analysis with valid accelerometer data, a completed study questionnaire, and fasting 

biomarker results.

Daytime Activities

Daytime activities were assessed with a hip-worn triaxial accelerometer (ActiGraph GT3X 

accelerometer; ActiGraph LLC, Pensacola, FL). Participants were instructed to wear the 

device during waking hours and remove the device for bathing, swimming, and sleeping. 

Participants received oral and written instructions on how to properly wear the device and 

received 2 reminder phone calls from study staff during the 7-day wear period. Participants 

returned the accelerometers by mail at the end of the wear period. Raw accelerometer data 

was recorded at 30 Hz.

After devices were returned, data were downloaded using ActiLife software (version 6.3.4; 

ActiGraph) and screened for device wear time using the validated Choi wear time criteria.32 

According to the criteria, 90 consecutive minutes of zero counts were classified as nonwear, 

and a 2-minute spike tolerance and a 30-minute small window were applied to remove 

artifactual movement.32 To be considered valid, a day must include at least 600 minutes (10 

h) of wear. Sufficient wear time was classified as 5 days with ≥600 minutes or >3000 

minutes over a 4-day period. Participants who did not meet the minimum criteria were asked 

to rewear the device. The GT3X ActiGraph device (ActiGraph), worn on the hip, has been 

used previously to assess PA and SB in older adult samples.33–36

Daytime activity behaviors were classified as previously described.37 Each minute of wear 

time was classified according to intensity (counts per minute) using established cut points as 

follows: SB (0–99), LIPA (100–1951), and MVPA (1952+).38 For each valid day, the 

estimated total time spent in activities (SB, LIPA, and MVPA) was approximated by 

summing the total number of minutes classified in each activity intensity. Day-level 

estimates of minutes spent in SB, LIPA, and MVPA were averaged across all valid days per 

participant to create average time spent in SB, LIPA, and MVPA. An estimate of average 

total PA was calculated by summing the minutes of LIPA and MVPA.
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Cancer Recurrence Biomarkers

From overnight fasting blood samples collected at the clinic visit, buffy coat and red blood 

cell samples were obtained. Plasma and serum were used to measure insulin, glucose, CRP 

(plasma), bioavailable sex hormones (estradiol and testosterone), and sex hormone-binding 

globulin (SHBG; serum), as described previously.39 Overnight fasting is the standard 

method used to clinically control for dietary effects on these biomarkers. Intraplate and 

interplate coefficients of variance, respectively, were 3.5% and 6.5% for insulin, 2.1% and 

3.2% for glucose, and 8.4% and 18.0% for CRP, measured at UC San Diego as reported 

previously. Serum estradiol, testosterone, and SHBG were measured at the Reproductive 

Endocrine Research Laboratory at the University of Southern California (Director: Frank Z. 

Stancyzk). Assay sensitivities for testosterone and estradiol were 1.5 ng/dL and 2 pg/mL, 

respectively; values for all participants were above the assay sensitivities. Intraassay and 

interassay coefficients of variance ranged from 3% to 6% and 9% to 12%, at low and high 

levels, respectively, in quality control samples. SHBG assay sensitivity was 0.1 nmol/L, and 

the intraassay coefficients of variance was 7.0%. Blood was drawn immediately following 

the accelerometer wear time period and, thus, is reflective of the physiological state 

associated with the daytime activity measured.

Covariates

At the screening visit, participants self-reported demographic information including age, 

race (categorized as white or European American, black or African American, or other), and 

level of education (categorized as high school or less, some college, college graduate, or 

graduate school). Additional information about lifestyle behaviors and health status 

collected from the baseline questionnaire included self-reported smoking status (never, 

former, and current), alcohol consumption in the past 3 months (yes or no), and medical 

conditions including high blood pressure and high cholesterol. Age at breast cancer 

diagnosis, cancer stage and medication being taken at study enrollment (including aromatase 

Inhibitors) were obtained through medical chart reviews. BMI (measured in kilogram per 

square meter) was calculated from height and weight measures.

Statistical Analysis

Average minutes of SB, LIPA, and MVPA were included in a series of regression models to 

examine the associations with each cancer recurrence biomarker. Prior to analysis, values for 

the biomarkers were log transformed due to their nonnormal distribution and daytime 

activity variables were summed to create a total wear time variable.

Single activity variable linear regression models estimated the association for each of the 

activities and the cancer recurrence biomarkers. Adjusted linear regression models were run 

for each biomarker and SB, LIPA, and MVPA individually. Models adjusted for total wear 

time and multiple covariates, but not for the other daytime activities. Models included 

adjustment for wear time, age, race, education, smoking status, alcohol consumption, age at 

diagnosis, cancer stage, aromatase inhibitor use, high blood pressure, and high cholesterol.

The associations between daytime activity and the biomarkers of interest could be 

influenced by medications used to regulate medical conditions such as high blood pressure 
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and high cholesterol. To test the extent to which associations may vary by medical 

conditions, interactions were tested for high blood pressure (high blood pressure × activity) 

and high cholesterol (high cholesterol × activity) in the single-variable models. In additional 

sensitivity analyses, we ran the single activity variable models with and without adjusting for 

BMI.

When significant associations were observed in the single activity variable models, 

isotemporal substitution models were performed on that biomarker. Isotemporal substitution 

models estimated the association with the cancer biomarkers of reallocating time from one 

activity to another activity. The substitution models for each biomarker included a variable 

for each daytime activity besides the activity of interest, the total wear time variable, and the 

aforementioned covariates. For example, to test the reallocation of time from SB, both LIPA 

and MVPA variables would be included in the model with the total wear time variable and 

covariates. Including a total wear time variable in the model holds time constant and allows 

for the interpretation of the cross-sectional associations of biomarker levels observed with 

reducing the mean time spent in one activity by equivalently increasing the mean time spent 

in another activity. Results are reported for 1 SD unit substitution of the activity of interest.

As data are cross-sectional, it is important to note that the resulting coefficients cannot be 

interpreted as causal effects, but as estimated associations from a modeled reallocation of a 

fixed amount of time. All analyses were performed using R statistical software (version 

3.1.1).40

Results

Sample Characteristics

Characteristics of the 333 postmenopausal breast cancer survivors according to total PA 

level are presented in Table 1. The mean age of participants was 62.6 (6.9) years, and 83.2% 

of the women in the study sample were Non-Hispanic white. Approximately 45% of the 

women were former or current smokers and almost 80% had consumed alcohol in the past 3 

months. The average BMI of participants was 31.1 (5.0) kg/m2, and approximately 50% of 

women reported having high blood pressure and 49% reported having high cholesterol.

Study participants wore the accelerometer for approximately 829 minutes per day (almost 14 

h) across the 7-day period. On average, participants in the sample recorded 19.9 minutes per 

day of MVPA (±17.9), 300.9 minutes or approximately 5 hours of LIPA (±79.0 min), and 

508 minutes or approximately 8.5 hours per day of SB (±92.1 min).

Women in the lowest tertile of total daily PA (T1) were older, were more likely to be white 

or black than other race, had the highest BMI, and often had more unfavorable cancer 

recurrence biomarker levels compared with those in the higher tertiles of total PA.

Associations of Daytime Activities With Fasting Levels of Cancer Recurrence Biomarkers

Time spent in the daytime activities was significantly associated with several cancer 

recurrence biomarkers. The results from the single activity variable models are presented in 

Table 2. After adjustment for wear time, sociodemographic characteristics, lifestyle 
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behaviors, and health status indicators, MVPA was significantly associated with lower 

values of insulin (B = −2.01, P < .001), CRP (B =−1.18, P = .04), homeostatic model 

assessment of insulin resistance (HOMA-IR; B = −2.14, P < .001), and glucose (B = −1.43, 

P = .01), and higher values of SHBG (B = 1.45, P < .01). Similarly, LIPA was significantly 

associated with lower values of insulin (B = −1.17, P = .04) and HOMA-IR (B = −1.10, P 
= .05). SB was significantly associated with higher values of insulin (B = 1.71, P < .01) and 

HOMA-IR (B = 1.67, P < .01). None of the daytime activities were significantly related to 

bioavailable estradiol or bioavailable testosterone in the single-variable models.

There were no statistically significant interactions between daytime activities and high blood 

pressure or high cholesterol status on any of the cancer recurrence biomarkers. Although all 

women were overweight or obese, BMI varied significantly across total PA tertiles. Results 

of the single activity models with additional adjustment for BMI are presented in 

Supplemental Table 1 (available online).

Isotemporal Substitution Models: Reallocation of Time Spent in Daytime Activity

The results of the isotemporal substitution models are displayed in Figure 2. Reallocating 79 

minutes of SB to LIPA was beneficially associated with lower values of insulin (estimated 

percentage change: −4.6%; 95% confidence interval [CI], −9.8 to 1.0), CRP (−7.6%; −18.7 

to 5.2), and HOMA-IR (−4.5%; −10.2 to 1.6), but none of these associations were 

significant.

Reallocating 18 minutes of SB to MVPA was beneficial across almost all of the biomarkers, 

including lower values of insulin (−9.3%; 95% CI, −14.2 to −4.1), HOMA-IR (−10.8%; 95% 

CI, −16.1 to −5.2), glucose (−1.7%; 95% CI, −3.0 to −0.4), and higher values of SHBG 

(7.7%; 95% CI, 1.8 to 14.0). The reallocation of SB to MVPA was also associated with 

lower CRP, but the association was not significant (−11.3%; 95% CI, −22.0 to 0.7).

Reallocating 18 minutes of LIPA to MVPA also was shown to have beneficial associations, 

including significantly lower values of insulin (−9.9%; 95% CI, −15.5 to −3.9), HOMA-IR 

(−9.9%; 95% CI, −15.5 to −3.9), glucose (−1.7%; 95% CI, −3.1 to −0.3), and higher values 

of SHBG (7.6%; 95% CI, 1.4 to 14.2). Again, the reallocation of LIPA to MVPA was 

associated with lower values of CRP, but the association was not significant (−9.7%; 95% 

CI, −21.2 to 3.3).

Discussion

Previous research of daytime activity among breast cancer survivors has focused on the 

protective effect of MVPA and LIPA, or the deleterious effect of SB independently. In this 

study, we leveraged objective accelerometer data in a cohort of postmenopausal breast 

cancer survivors to examine the entirety of waking day activity, taking into consideration the 

interdependence of these activities. We used isotemporal substitution modeling to explore 

how the reallocation of time spent in daytime activities is associated with cancer recurrence 

biomarkers. The results of our isotemporal models suggest that the reallocation of time spent 

in SB or LIPA to MVPA was associated to significantly lower values of insulin, HOMA-IR, 

and glucose, and higher values of SHBG. This research adds to the accumulating evidence 
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that suggests that increasing minutes of daily MVPA may have a beneficial effect on cancer 

recurrence biomarkers.

The results of our study provide insight on the daytime activity profiles of postmenopausal 

breast cancer survivors. Consistent with previous studies, our results indicate that this 

population may accumulate daytime activity differently than cancer-free populations.41 With 

accelerometer-measured daytime activity in a highly compliant cohort, our study makes a 

contribution to the existing evidence. Study participants recorded just under 20 minutes of 

MVPA a day, and only one-third of the women in our sample are meeting current PA 

guidelines (150 min/wk of MVPA). Furthermore, participants in our sample accumulated 

over 5 hours of LIPA (36% of day), and over 8 hours of SB (61% of day) throughout the day. 

Thus, our results provide support for the consideration of the amount of time spent in SB 

and LIPA when developing lifestyle interventions for survivors.42,43

Meta-analyses and reviews have concluded that breast cancer survivors who participate in 

higher levels of PA have significantly lower risk of cancer recurrence.44,45 In our study, 

accelerometer-measured MVPA was significantly associated with lower values of several 

cancer recurrence biomarkers. In our isotemporal models, increasing minutes of MVPA by 

reallocating time from SB or LIPA was associated with a greater estimated percentage 

change in insulin, HOMA-IR, glucose, and SHBG than reallocating minutes of SB to LIPA. 

These isotemporal results are consistent with findings from previous studies among breast 

cancer survivors that reported estimated benefits in reallocating time to MVPA.29,30 In a 

sample of 256 breast cancer survivors, Boyle et al30 found a 30-minute reallocation of SB or 

LIPA to MVPA was associated with lower self-reported waist circumference and BMI. 

Current lifestyle treatment plans for breast cancer survivors encourage achieving 30 minutes 

of daily PA and meeting weekly PA guidelines (150 min of MVPA a week)5; however, our 

findings add to the literature by demonstrating that even an 18-minute shift, or 1 SD, from 

SB or LIPA to MVPA may have beneficial associations for breast cancer survivors.

Similar to previous findings,41 breast cancer survivors in our cohort spent a large amount of 

their day sedentary. Both the single variable and isotemporal model results in our analysis 

suggest decreasing time spent in SB may be beneficial for breast cancer survivors. It is 

important to note that our results demonstrate significant benefits of decreasing time in SB 

when it reallocated to MVPA. Although beneficial trends were observed when time was 

shifted to LIPA, the associations were not significant. Future research is needed to explore 

the effectiveness and feasibility of targeting SB reduction in breast cancer survivors. In our 

previous work, we found that increasing sit-to-stand transitions is a feasible intervention 

target for breast cancer survivors25; however, more research is needed to test long-term 

interventions and understand how effects on health outcomes may vary depending on where 

the time previously spent in SB is shifted to MVPA, LIPA, or sleep.

This analysis has several strengths and limitations. The objective assessment of daytime 

activity (4–7 d period) using accelerometry is a strength. The use of cross-sectional data, 

however, only allows for cross-sectional isotemporal models that do not address the real-

world difficulties of increasing or decreasing time spent in activity. In addition, although SB, 

LIPA, and MVPA were measured objectively, accelerometers that were only worn during 

Full et al. Page 8

J Phys Act Health. Author manuscript; available in PMC 2021 February 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



waking hours and sleep could not be included in the analysis. As research including 24-hour 

device monitoring increases,46 the opportunity to include objectively measured sleep in 

isotemporal models using 24-hour accelerometer data will increase. In addition, our 

activities were classified with previously validated and accepted cut points38,47; however, 

these cut points may not be the best way to classify activity behaviors in older populations.48 

Finally, our sample was limited to overweight or obese breast cancer survivors for the 

purpose of a weight loss intervention, and therefore, our results may not be generalizable to 

the entire population of breast cancer survivors.

With an increasing number of breast cancer survivors, it is critical to develop lifestyle 

treatment guidelines that help this population minimize the risk of cancer recurrence. 

However, for survivors, public health efforts should not only be focused on staying cancer 

free, but also on healthy aging, free of all chronic conditions. In this study, multiple 

biomarkers were examined that are not only cancer recurrence biomarkers, but also markers 

of cardiometabolic health. Beyond encouraging survivors to increase MVPA, there is a need 

for a better understanding of how survivors accumulate activity throughout the day and how 

the interdependence of time spent in daytime activities may be associated to risk of cancer 

recurrence, as well as overall health. Future studies are needed to examine the 

interdependence of SB, LIPA, and MVPA in the breast cancer survivor population to inform 

lifestyle treatment guidelines and the development of survivorship interventions to improve 

healthy aging.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. 
— A conceptual example of activity behavior substitution. LIPA indicates light-intensity 

physical activity; MVPA, moderate to vigorous physical activity; SB, sedentary behavior.
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Figure 2. 
— Reallocation of 1 SD of daytime activity and estimated percentage change to cancer 

recurrence biomarkers. +Models adjusted for wear time, age, race, education, smoking 

status, alcohol consumption, age at diagnosis, cancer stage, aromatase inhibitor use, high 

blood pressure, and high cholesterol. CI indicates confidence interval; CRP, C-reactive 

protein; HOMA-IR, homeostatic model assessment of insulin resistance; LIPA, light 

physical activity; MVPA, moderate to vigorous physical activity; SB, sedentary behavior; 

SHBG, sex hormone-binding globulin.
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Table 2

Single Activity Variable Models for Daytime Activities and Fasting Levels of Cancer Recurrence Biomarkers 

(N = 333)

Cancer recurrence biomarkers
B

a
SE

a P value

Insulin, pg/mL

 SB 1.71 0.62 <.01

 LIPA −1.17 0.56 .04

 MVPA −2.01 0.55 <.001

CRP, mg/L

 SB 1.19 0.65 .07

 LIPA −0.86 0.59 .14

 MVPA −1.18 0.58 .04

HOMA-IR

 SB 1.67 0.62 <.01

 LIPA −1.10 0.56 .05

 MVPA −2.14 0.55 <.001

Glucose, mg/dL

 SB 0.48 0.65 .46

 LIPA −0.13 0.59 .83

 MVPA −1.43 0.58 .01

Sex hormone-binding globulin, nmol/L

 SB −0.67 0.62 .28

 LIPA 0.31 0.56 .58

 MVPA 1.45 0.55 <.01

Bioavailable estrodial, pg/mL

 SB 0.85 0.48 .07

 LIPA −0.63 0.43 .15

 MVPA −0.81 0.43 .06

Testosterone, ng/dL

 SB 0.86 0.64 .17

 LIPA −0.76 0.58 .19

 MVPA −0.27 0.57 .63

Abbreviations: CRP, C-reactive protein; HOMA-IR, homeostatic model assessment of insulin resistance; LIPA, light-intensity physical activity; 
MVPA, moderate to vigorous physical activity; SB, sedentary behavior. Note: Models adjusted for wear time, age, race, education, smoking status, 
alcohol consumption, age at diagnosis, cancer stage, aromatase inhibitor use, high blood pressure, and high cholesterol.

Note: Bold values indicate significance at the 0.05 level.

a
Beta coefficients are log transformed; beta coefficients and SEs reflect associations for 10 min of activity.
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