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University of Pittsburgh, School of Arts and Sciences, Pittsburgh, PA, USA

Abstract

Physical activity may improve cognitive function in women with breast cancer. In a cross-sectional 

study, we explored the relationship between cognitive function and physical activity (actigraph) 

and cardiorespiratory fitness (sub-maximal graded exercise test) in 73 postmenopausal women 

with early stage breast cancer prior to the initiation of systemic adjuvant therapy. Cognitive 

function was assessed with a standardized battery of neurocognitive measures assessing eight 

domains. Data were analyzed using partial correlations, controlling for age and total hours of 

actigraph wear-time. Women were, on average, 63.71 (± 5.3) years of age with 15.47 (± 2.48) 

years of education. For physical activity, greater average number of steps per day were associated 

with better attention (r=.262, p=.032) and psychomotor speed (r=.301, p=.011); greater average 

hours of moderate and moderate/vigorous intensity physical activity were associated with better 

visual memory (r=.241, p=.049; r=.241, p=.049, respectively); and greater average daily energy 

expenditure was associated with better visual memory (r=.270, p=.027) and psychomotor speed 

(r=.292, p=.017). For fitness, higher peak maximum VO2 was associated with better concentration 

(r=.330, p=.006), verbal memory (r=.241, p=.048) and working memory (r=.281, p=.019). These 

results suggest that higher levels of physical activity and cardiorespiratory fitness are associated 

with better cognitive function in postmenopausal women with breast cancer. Randomized 

controlled trials (RCT) to examine whether physical activity improves cognitive function in 

women with breast cancer are warranted. These RCTs should also determine the mechanisms of 

the influence of physical activity on cognitive function.

Clinical trials registration number: NCT02793921; Date: May 20, 2016
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Introduction

In the United States, breast cancer is the most common cancer diagnosed among women, 

there are currently over 3.5 million breast cancer survivors and it is estimated that 276,480 

new cases of invasive breast cancer will be diagnosed in women in 2020 [1]. Over 75% of 

women with breast cancer are postmenopausal at diagnosis.[2] Women with breast cancer 

often experience changes in cognitive function related to both disease and treatment that 

significantly impacts their quality of life and functional ability, [3] compromises their 

psychological well-being and interferes with work, decision making, and self-management 

including adherence to cancer therapy [4, 5]. Postmenopausal women may be particularly 

vulnerable to cognitive decline with breast cancer and its treatment. Mounting evidence 

suggests that cancer and cancer therapy may accelerate normal aging, an outcome of which 

is a deterioration in cognitive function.[6–9] Thus, postmenopausal women, experiencing 

normal age-related cognitive decline, may experience an acceleration of that decline with 

breast cancer and its treatment. Indeed, our group demonstrated that, compared to age and 

education-matched healthy women, postmenopausal women with breast cancer had worse 

executive function prior to initiating systemic adjuvant therapy that persisted through the 
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first 18 months of therapy [10]. The basis for worse pre-therapy cognitive function is not 

clear [11, 12].

Increasing evidence suggests that being physically inactive with low levels of 

cardiorespiratory fitness are related to worse cognitive function in multiple populations of 

adults without cancer. Physical inactivity is a major risk factor for dementia in the US,[13] 

and predicts normal age-related cognitive decline [14]. These same factors put 

postmenopausal women at a higher risk for breast cancer, are associated with poorer disease 

outcomes, and may be related to worse cognitive function in women with the disease [15]. 

Being physically inactive with low cardiorespiratory fitness may also contribute to worse 

pre-therapy cognitive function. However, little research has examined these relationships in 

postmenopausal women with breast cancer prior to the initiation of systemic adjuvant 

therapy. The purpose of this study was to explore the relationship between cognitive function 

and physical activity and cardiorespiratory fitness in postmenopausal women with early 

stage breast cancer before they begin systemic adjuvant therapy, aromatase inhibitors with or 

without chemotherapy.

Methods

Using a cross-sectional design, we assessed cognitive function, cardiorespiratory fitness, and 

physical activity in 73 postmenopausal women with early stage breast cancer. All data used 

for this investigation were collected prior to randomization (post-breast cancer diagnosis; 

pre-adjuvant therapy) from the Exercise Program in Cancer and Cognition (EPICC) study, 

an ongoing randomized, controlled trial of the use of aerobic exercise to improve cognitive 

function and brain health in women with breast cancer (R01 CA196762). Human subjects’ 

approval was obtained from the University of Pittsburgh Human Research Protection Office, 

all participants provided written informed consent. A detailed description of EPICC study 

methods has been reported elsewhere [16].

Women with breast cancer were recruited from the Comprehensive Breast Cancer Program 

of the UPMC Hillman Cancer Center and UPMC Cancer Centers between 2015 and 2019. 

Eligible women were postmenopausal, younger than 80 years of age, diagnosed with stage 

0, 1, 2 or 3a breast cancer, eligible to receive, but have not yet begun aromatase inhibitor 

therapy, and English-speaking with a minimum of 8 years of education. Women were 

excluded who had evidence of distant metastases, history of neurological illness or cancer, 

self-reported hospitalization for psychiatric illness within 2 years, eating disorders, history 

of substance abuse, use of an assisted walking device, reconstructive surgery, breast cancer 

surgery complication, history of falls or balance problems, or any significant medical 

condition that would make exercise unsafe.

Measures

Cognitive function was measured with a battery of validated neurocognitive measures, with 

demonstrated sensitivity to cognitive function in women with breast cancer [17, 18]. The 

battery assesses multiple cognitive domains and includes measures from the Cambridge 
Neuropsychological Test Automated Battery (CANTAB) [19–21]. Due to the high number 

of scores produced from this battery, we performed empirically-based factor analysis with 
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orthogonal rotation, a data reduction approach, to reduce the number of outcome variables. 

This procedure yielded eight factors. (Table 1) Mean z-scores for the eight factors were 

computed as the average of the participant’s z-scores of individual scores from the tests in 

the battery of neurocognitive measures and relative to our normative data from women 

without breast cancer matched on age and years of education to breast cancer cohorts from a 

previous study [10]. Higher positive z-scores indicate better performance relative to the 

control group at baseline. Based upon evidence of variables that may influence the 

relationships being examined[22–24], we also assessed potential covariates including age, 

years of education, pain (Brief Pain Inventory)[25], fatigue (PROMIS Fatigue Short Form)

[26], depressive symptoms (Beck Depression Inventory II)[27], anxiety (PROMIS 

Emotional Distress Anxiety Short Form)[28], armband wear time[29], and body mass index 

(BMI)[30].

Cardiorespiratory fitness was measured using a sub-maximal graded exercise test which 

requires walking on a treadmill between 2.0 and 4.0 mph as the grade increases 1% each 

minute. Test speed was self-selected by the participant at increments of 0.5 mph within the 

2.0–4.0 mph range. Prior to the test, height and body mass were recorded and the participant 

was fitted with a mouthpiece and nose clip to collect expired air. The test was terminated 

when the participant reached 85% of her age-predicted maximal heart rate (220–age), a Borg 

rating of perceived exertion [31] of 15 or greater in participants taking a beta blocker, or 

volitional exhaustion. Oxygen consumption was analyzed using a ParvoMedics metabolic 

cart and data were extrapolated to estimate maximal oxygen consumption (Peak VO2).

Physical activity was assessed with the SenseWear Armband (BodyMedia, Inc.) [32]. 

Following the completion of cardiorespiratory fitness testing, the device was placed on the 

upper arm and participants were instructed to wear it at all times (other than showering, 

swimming, or bathing) for seven consecutive days. Minute-by minute data were used to 

quantify participants’ average hours of physical activity per day and daily active energy 

expenditure. Bhammar (2013) reported excellent test-retest reliability for the SenseWear 

Armband for energy expenditure (r=0.94) and for total energy expenditure (0.95); the 

coefficient of variation for the test retest reliability for total energy expenditure was 

estimated at 6.3% (95% CI: 4.7 – 9.5%) [33].

Statistical Analysis.

Exploratory analyses were first performed to screen data for any anomalies (e.g., outliers, 

violations of statistical assumptions, etc.) that may invalidate results and potential covariates. 

Descriptive analyses were then performed to summarize the demographic and clinical 

characteristics and the main variables of interest of the sample. Measures of central tendency 

and dispersion (means and standard deviations [SDs]) were computed for continuous type 

variables (e.g., age, BMI) and frequency counts and percentages summarized categorical 

characteristics (e.g., race). Potential covariates/confounders identified from the literature, 

such as age, armband wear time, BMI, education, IQ, depressive symptoms, anxiety, fatigue, 

pain, were screened for possible inclusion in analyses. Controlling for the identified 

covariates of age and total wear time for BodyMedia Sensewear armband, partial 

correlational analyses were conducted to explore the associations between cognitive function 

Bender et al. Page 4

Support Care Cancer. Author manuscript; available in PMC 2022 July 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



domains and the selected measures of physical activity and fitness. This analytic approach 

allowed us to “partial out” the effects of identified extraneous covariates (age, armband wear 

time) when examining the associations between our targeted predictors (physical activity 

and cardiorespiratory fitness) and our outcomes (objectively measured cognitive function) of 

interest. As this was a secondary analysis using currently available baseline (pre-

randomization) data from an ongoing randomized controlled trial that is still accruing 

participants, the maximum sample size for this investigation was fixed at 73 which would 

allow for the detection of population partial correlations (based on the correlation of 

residuals) as small as 0.32 with 0.80 power when testing hypotheses at a significance level 

of .05 (two-tailed).

Results

Figure 1 summarizes the number of women assessed for study eligibility, the number 

enrolled and reasons for exclusion. Women cited time constraints as the major reason for 

participation refusal[. Seventy-three women were enrolled in the study. On average, 

participants were 63.71 years of age with 15.47 years of education and white (89%) (Table 

1). They had stage 1 disease (64.4%), obesity [BMI = 31.06 (6.61)] and their average 

maximum peak VO2 was low [1.38 (0.29)]. Participants had low pain severity and minimal 

depressive symptoms, anxiety and fatigue. Their cognitive function performance did not 

differ markedly from our normative data across domains.

Controlling for age and total armband wear time, fitness level and physical activity were 

significantly related to performance in multiple cognitive domains, including attention, 

concentration, psychomotor speed, verbal and visual memory and working memory (Table 

2). Lower maximum values of peak VO2 were associated with worse concentration (p 

= .006), verbal memory (p = .048) and visual working memory (p=.019) and there was a 

trend for an association with worse psychomotor speed (p=.074). Fewer average number of 

steps per day were associated with worse attention (p = .032) and psychomotor speed (p 

= .011). Neither average hours of light (1.5 – 3.0 METS) nor vigorous (6.0 – 9.0 METS) 

intensity physical activity were associated with any domain of cognitive function (p≥.050). 

Fewer average hours of moderate-intensity physical activity (3.0 – 6.0 METS) per day were 

associated with worse visual memory (p = .049) and there was a trend toward an association 

with worse psychomotor speed (p = .076). Similarly, fewer average hours of moderate/

vigorous intensity physical activity (3.0 – 9.0 METS) were associated with worse visual 

memory (p = .049) and there was a trend toward an association with worse psychomotor 

speed (p = .069). And finally, lower average daily energy expenditure was associated with 

worse visual memory (p = .027) and psychomotor speed (p = .017).

Discussion

Our results suggest that women with breast cancer who are physically inactive or with lower 

fitness levels are more likely to have worse cognitive function, specifically in the attention, 

concentration, psychomotor speed, verbal and visual memory and working memory 

domains. Mounting evidence suggests that women with breast cancer engage in less physical 

activity and more sedentary behavior compared to women without the disease [34]. In fact, 
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women with breast cancer reduce their physical activity after diagnosis [35]. In addition, 

compared to women without the disease, women with breast cancer have low 

cardiorespiratory fitness that declines after adjuvant therapy[36] and persists up to seven 

years after the completion of therapy [37]. We did not observe that vigorous intensity 

physical activity was associated with cognitive function. However, few women in our study 

engaged in vigorous levels of physical activity and those who did, did so for very brief 

periods of time (range 1.2 to 30 minutes). When we combined moderate and vigorous 

intensity physical activity, the results were quite similar.

Higher levels of physical activity and fitness have been associated with better cognitive 

function, particularly executive function, memory and psychomotor speed, in community-

dwelling older adults and in adults with chronic disease [38, 39]. However, few studies have 

examined the relationship between these factors and cognitive function in women with 

breast cancer, particularly in postmenopausal women [40]. In a cross-sectional study, 

Marinac (2015) explored the relationship between physical activity, measured with the 

ActiGraph GT3X+accelerometer (ActiGraph, Pensecola, FL) and objectively measured 

cognitive function in 136 women with early stage breast cancer within five years of 

diagnosis and found improved processing speed (r = 0.20; p = .02) with moderate intensity 

physical activity [29]. Among the cognitive domains that we explored, psychomotor speed 

was also associated with moderate and moderate/vigorous-intensity physical activity as well 

as the average number of steps per day and average daily energy expenditure greater than 3.0 

kcals. In addition, we found significant associations between greater physical activity and 

better attention and visual memory. The bases for our findings of relationships between 

physical activity and more cognitive domains may in part be due to measurement differences 

between the studies. Marinac and colleagues used a different cognitive battery that assessed 

processing speed, executive function and verbal and nonverbal memory, whereas, our battery 

measured a broader number of cognitive domains. Approaches to the assessment of physical 

activity also differed, with Marinac using a hip-worn device versus our use of an armband. 

Finally, the assessments in our study were limited to a narrow timeframe, after a breast 

cancer diagnosis and prior to the initiation of systemic adjuvant therapy, whereas women in 

the Marinac study were assessed up to five years post-breast cancer diagnosis (x = 2.1 ± 1.3
years).

We also compared the magnitude of the associations observed in our study to the results 

reported by Marinac. We observed small to moderate effects (r = .070 to .330) for the 

relationship between physical activity and cognitive function, with the strongest effects for 

the relationships between physical activity and psychomotor speed, visual memory and 

visual working memory. Marinac and colleagues (2015) found small associations for 

processing speed (r = 0.20, p=.02). Differences in in cognitive measures and in samples may 

help to explain these dissimilarities in magnitude of associations. The sample in Marinac’s 

study had a lower mean BMI (28.7 vs. 31.05) and while the average age of their sample 

(x = 62.2 ± 7.8 years) was similar to ours (x = 63.72 ± 5.34 years), it is not clear that their 

sample was limited to postmenopausal women. In addition, their assessments occurred an 

average of 2.1 years post-breast cancer diagnosis, after women completed chemotherapy and 

while many were taking endocrine therapy. Our assessments occurred within months of 
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diagnosis and before women began their adjuvant therapy. Moreover, Marinac controlled for 

accelerometer wear-time, sedentary time and primary language spoken in their correlational 

analyses, we controlled for age and total armband wear time [29].

Finally, few studies have examined the relationship between cardiorespiratory fitness and 

cognitive function in women with breast cancer. In a cross-sectional study, Crowgey (2014) 

assessed cardiorespiratory fitness with a cardiopulmonary exercise test (12-lead 

electrocardiography, peak oxygen consumption, VO2peak) and cognitive function with a 

computerized battery of objective measures in 37 women with women with early stage 

breast cancer. They found weak, non-significant correlations between cardiorespiratory 

fitness and cognitive function with the strongest effects for visual memory (r = 0.20) [41], 

whereas we saw small effects for the relationship between cardiorespiratory fitness and 

cognitive function (r = .074 to .330). In addition to differences in the approach to the 

assessment of cognitive function between our studies, the sample in Crowgey et al was 

younger (52 ± 12 years), with a lower BMI (27 ± 5) and an average of 21.7 months post-

diagnosis. Moreover the average VO2peak in their study was 23.5 ± 6.3, higher than what we 

observed in our study, 17.08 ± 3.62 [41].

Evidence suggests that postmenopausal women may be more vulnerable to decline in 

cognitive function with accelerated aging with breast cancer and cancer therapy [8, 9]. This 

acceleration may be compounded by being physically inactive and obese, a risk factor for 

breast cancer in postmenopausal women [42]. It must be noted that our assessments 

occurred soon after diagnosis for breast cancer and prior to the initiation of systemic 

adjuvant therapy. Additional research is needed to confirm the relationships we observed and 

to determine whether these relationships persist during and after the conclusion of adjuvant 

therapy. Studies with age-matched controls are also needed to test the accelerated aging 

hypothesis and to examine the mechanisms underlying the potential acceleration of aging 

and cognitive decline in women with breast cancer. These studies will provide essential 

information as the basis of interventions to mitigate accelerated aging and improve cognitive 

function in women with the disease.

Our study is limited by its cross-sectional design. However, our results and the work of 

others suggest that longitudinal studies and randomized controlled trials (RCT) examining 

the influence of physical activity on cognitive function are needed to confirm these results in 

women with breast cancer. Results of two randomized controlled trials indicated improved 

Trail Making Test performance with resistance exercise versus control [43–45]. In another 

24-week RCT in women with early stage breast cancer, 3 months to 3 years post-adjuvant 

therapy, women who engaged in aerobic exercise (n=10) showed improved Trail Making 

Test A performance compared to controls (n=9) [46]. Hartman (2018) also found improved 

processing speed with 12 weeks of aerobic exercise in women with BC (n=43), compared to 

controls (n=44). No other group differences in subjective or objective cognitive function 

were found, perhaps due to the short intervention duration [47]. Research is also needed to 

focus on these relationships in older women with breast cancer. In one of the few studies of 

exercise in older cancer survivors, Miki (2014) found improved “cognitive function” 

(Frontal Assessment Battery) with 4 weeks of aerobic exercise (n=38) vs. control (n=40) in 

elderly patients (≥ 65 y/o) with breast and prostate cancer [48].
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Research is also needed to determine the mechanisms of the influence of physical activity 

and fitness on cognitive function in women with breast cancer. These factors may be 

associated with improved cognitive function by mitigating accelerated aging in individuals 

with cancer. Compelling evidence suggests that cancer and cancer therapy accelerate aging 

with increased inflammation, greater senescent cell load, persistent DNA damage with 

reduced repair capacity and changes in brain structure and function [8, 49]. An outcome of 

the acceleration of these aging processes may be a cognitive decline. Moreover, symptoms 

experienced by postmenopausal women as they age, including fatigue, depressive 

symptoms, anxiety, low sleep quality, and pain are commonly exacerbated with breast cancer 

and its therapy and may contribute to cognitive decline [50].

Physical activity may improve cognitive function by targeting similar pathways affected in 

accelerated aging. Physical activity may increase cerebral blood flow [51], may be 

associated with increased levels of neurotrophins such as brain-derived neurotrophic factor 

(BDNF) [52]. Moreover, in our neuroimaging studies in healthy older adults, we 

demonstrated that only modest amounts of exercise are capable of increasing hippocampal 

volume and modifying intrinsic brain connectivity in the prefrontal cortex and hippocampus 

that are affected in the course of normal aging [53, 54]. Physical activity may also reduce 

pro-inflammatory production and promote anti-inflammatory responses [55]. For example, 

in a RCT of 87 healthy older adults, moderate intensity aerobic activity was associated with 

significant reductions in IL-6, CRP, and IL-18 compared to a flexibility control group and 

these changes were correlated with reduced depressive symptoms [56].

Physical activity may also improve cognitive function by mitigating age-related symptoms. 

Two meta-analyses of RCTs in women with breast cancer found that exercise reduces 

fatigue, depressive symptoms, and anxiety [23, 57]. Recent reviews have also shown that 

physical activity is effective in reducing fatigue during and after cancer treatment [23, 40, 

58, 59] and that it is more effective in reducing fatigue and depressive symptoms than 

pharmacological interventions in women with breast cancer [24, 60]. Physical activity has 

also been demonstrated to reduce pain and improve sleep quality in women with the disease 

[61, 62].

Limitations of this study include the cross-sectional design that precludes our ability to test 

causal relationships among the variables. Moreover, while we included objective measures 

of cognitive function, physical activity, and cardiorespiratory fitness, we acknowledge that 

our study may be limited by selection bias and imprecision. The sample size for this ongoing 

study is small and we are not able to test for selections bias. However, we did compare the 

characteristics of our sample to the broader population of postmenopausal women with 

breast cancer in the United States. The average age at diagnosis of breast cancer in the U.S. 

is 55 years.[42] Our participants were older (x = 63.71+/−5.34 years), however, we only 

enrolled women who were postmenopausal at diagnosis. In addition, our participants were 

obese and relatively sedentary. These characteristics match those of the average 

postmenopausal women with breast cancer in the U.S.[63, 64]. Finally, our sample was 

largely white and well-educated thus limiting the generalizability of the results to a less 

diverse population of postmenopausal women with breast cancer. Despite these limitations, 

our results suggest positive correlations between physical activity and cognitive function, the 
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magnitude of these effects were small to moderate. As this is a cross-sectional study we 

cannot determine causal directions between physical activity and cognitive performance. An 

alternative interpretation of our results is that individuals with better cognitive performance 

elect to engage in greater amounts of regular physical activity; to date there are no data 

supporting this hypothesis. Future RCTs will be better positioned to test these alternative 

hypotheses. Moreover, clinical trials are needed to examine the influence of physical activity 

on cognitive function and the mechanisms underlying the benefits of physical activity for 

cognitive function in postmenopausal women with breast cancer. These trials should 

determine the influence of different physical activity modes and intensities and examine the 

mechanisms of the influence of physical activity on cognitive function in women with breast 

cancer.
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Figure 1. 
Flow chart summarizing assessment for eligibility, exclusion and enrollment.
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Table 1.

Eight factors with corresponding measures in neurocognitive battery.

Attention Visual Working Memory

CANTAB* Rapid Visual Information Processing (Total 
hits, A‘, and mean latency)[19]

CANTAB Stockings of Cambridge (Mean subsequent thinking time)[19]

Rey Complex Figure (Immediate and delayed recall)[68]

Concentration

Digit Vigilance Test (Time and errors)[65] Executive Function

CANTAB Stockings of Cambridge (Mean Initial thinking time and problems 
solved in minimum moves)[19]Verbal Memory

Auditory Verbal Learning Test (Trial 6 #, delay and total 
correct)[66]

CANTAB Spatial Working Memory (Errors and strategy)[19]

Rivermead Story (Immediate and delayed recall)[67]

Psychomotor Speed

Visual Memory Grooved Pegboard (Dominant and non-dominant hand time)[69]

CANTAB Paired Associate Learning (Stages completed 
and total errors adjusted)[19]

Digit Symbol Substitution[70]

Rey Complex Figure (Copy)[68]

Mental Flexibility

Delis Kaplan Color Word Interference Test (Scaled scores 1 and 2, composition 
scaled score, inhibition switching norming method scaled score)[71]

CANTAB = Cambridge Neuropsychological Test Automated Battery
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Table 2.

Sample characteristics (N=73)

Mean ± SD or n (%)

Age (years) 63.71 ± 5.34

Race

 White 65 (89.0)

 Black 5 (6.9)

 Multi-racial 3 (4.2)

Education (years) 15.47 ± 2.48

Stage of breast cancer (n=72)

 DCIS 15 (20.8)

 Stage I 47 (64.4)

 Stage IIa 9 (12.3)

 Stage IIb 2 (2.7)

Body mass index (kg/m2) 31.05 ± 6.61

Beck Depression Index II (Total Score) 5.47 ± 5.14

PROMIS Emotional Distress Anxiety Short Form (Total Raw Score) 12.24 ± 5.31

PROMIS Fatigue Short Form (Total Raw Score) 18.24 ± 7.17

Brief Pain Inventory (Mean Severity) 1.62 ± 1.78

Fitness/Physical Activity

Total hours of armband wear time 158.66 ± 34.79

Peak VO2 maximum value 1.38 ± 0.29

Average steps/day 5,345.75 ± 2,614.38

Average hours light physical activity/day (1.5 – 3.0 METS) 3.74 ± 1.46

Average hours moderate physical activity/day (3.0 – 6.0 METS) 0.77 ± 0.57

Average hours vigorous physical activity/day (6.0 – 9.0 METS) 0.01 ± 0.04

Average hours moderate/vigorous physical activity (3.0 – 9.0 METS) 0.79 ± 0.57

Average daily energy expenditure (kcals > 3.0 METS) 228.19 ± 163.23

Cognitive Function Composite/Domain Z-scores*

Verbal Memory −0.20 ± 0.68

Mental Flexibility −0.17 ± 0.82

Psychomotor Speed 0.01 ± 0.71

Attention −0.09 ± 0.81

Visual Memory 0.11 ± 0.86

Executive Function −0.04 ± 0.59

Working Memory 0.06 ± 0.75

Concentration −0.10 ± 0.65

*
Z-scores relative to normative data from women without breast cancer matched on age and education to breast cancer cohorts

SD=standard deviation
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