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Abstract
Purpose Identifying correlates of physical activity and sedentary behaviour allows for the identification of factors that may be 
targeted in future behaviour change interventions. This study sought to determine the social-cognitive, demographic, clinical, 
and health-related correlates of physical activity and sedentary behaviour in individuals recently diagnosed with breast cancer.
Methods Data were collected from 1381 participants within 90 days of diagnosis in the Alberta Moving Beyond Breast 
Cancer (AMBER) Cohort Study. Physical activity and sedentary behaviour were measured with ActiGraph GT3X+® and 
 activPALTM devices, respectively, for seven consecutive days. Correlates were collected via a self-reported questionnaire, 
medical record extraction, or measured by staff.
Results Multivariable models were fitted for sedentary behaviour, light physical activity, and moderate-to-vigorous physical 
activity. Greater sedentary behaviour was associated with higher body fat percentage (BF%) (ß=0.044; p<0.001) and being 
single (ß=0.542; p<0.002). Lower light physical activity was associated with higher BF% (ß=−0.044; p<0.001), higher 
body mass index (ß=−0.039; p<0.001), greater disease barrier influence (ß=−0.006; p<0.001), a HER2-positive diagnosis 
(ß=−0.278; p=0.001), and being single (ß=−0.385; p= 0.001). Lower moderate-to-vigorous physical activity was associ-
ated with higher BF% (ß =−0.011; p=0.001), greater disease barrier influence (ß=−0.002; p<0.001), and being of Asian 
(ß=−0.189; p=0.002) or Indian/South American (ß=−0.189; p=0.002) descent. Greater moderate-to-vigorous physical 
activity was associated with having greater intentions (ß=0.049; p=0.033) and planning (ß=0.026; p=0.015) towards physi-
cal activity.
Conclusion Tailoring interventions to increase physical activity for individuals recently diagnosed with breast cancer may 
improve long-term outcomes across the breast cancer continuum.
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Introduction

Physical activity has functional, fitness, and psychosocial 
benefits for those living with and beyond breast cancer [1]. 
The significance of physical activity engagement after a 
breast cancer diagnosis is evident when considering the 
number of individuals estimated to be diagnosed (~28,900 
new cases in Canada) [2], combined with the reduced 
physical activity levels reported across the breast cancer 
continuum [3, 4]. Despite breast cancer being highly stud-
ied in exercise oncology and physical activity research, 
few studies have examined physical activity in individuals 
recently diagnosed with breast cancer (i.e. prior to initial 
treatment and/or surgery) [5]. Additionally, we have previ-
ously reported that greater physical activity after diagnosis 
was associated with less fatigue and better quality of life 
[6]. These findings of physical activity being associated 
with symptom severity [6], along with reports of reduced 
physical activity levels after a breast cancer diagnosis [3, 
4], underscore the need to improve understanding of physi-
cal activity behaviour in newly diagnosed breast cancer 
patients.

Identifying correlates of physical activity and sedentary 
behaviour is important for understanding different factors 
that may be targeted in health behaviour change interven-
tions to increase physical activity. Demographic, clinical, 
and health-related characteristics help to identify who may 
be susceptible to physical inactivity, allowing future inter-
ventions to focus on these sub-populations [7]. In addition, 
social-cognitive factors [8] may be used to tailor specific 
components of health behaviour change interventions to 
promote physical activity engagement. Within breast can-
cer specifically, lower physical activity history, older age, 
greater BMI, lower self-efficacy, lack of social support and 
planning, smoking, and disease stage have been associ-
ated with reduced physical activity engagement [7, 9, 10]. 
Greater symptom severity (i.e. anxiety, fatigue, pain) and 
greater BMI have also been linked to increased sedentary 
behaviour [11–13]. However, these associations have pre-
dominantly been identified either during or after complet-
ing breast cancer-related treatments.

The Alberta Moving Beyond Breast Cancer (AMBER) 
study is the first observational study to measure physical 
activity and sedentary behaviour objectively across the 
entirety of the breast cancer continuum (diagnosis through 
survivorship) [14]. Accordingly, the primary objective of 
this study was to identify correlates (social-cognitive, 
demographic, clinical characteristics, and health-related) 
of objectively measured physical activity and sedentary 
behaviour in a cohort of recently diagnosed breast can-
cer patients (after diagnosis and before or up to the start 
of treatment). This baseline analysis will fill a major gap 

in the current breast cancer and physical activity litera-
ture by identifying correlates at this timepoint, a first step 
in developing tailored interventions aimed at addressing 
physical inactivity early in the breast cancer continuum.

Methods

Participants and study design

The AMBER study’s prospective cohort design, recruitment, 
methods, and full description of the baseline cohort have 
been previously described in detail [14, 15]. Briefly, partici-
pants eligible for the study were newly diagnosed with early-
stage breast cancer (stage I–IIIc), had either not initiated 
neo-adjuvant therapy, or had not completed more than two 
cycles, were within 90 days of surgery and prior to adjuvant 
therapy, 18–80 years of age, were not pregnant at the time of 
recruitment, and were able to answer questionnaires in Eng-
lish. Those who had started adjuvant therapy (post-surgery) 
but had not completed more than two cycles of chemother-
apy or ten fractions of radiation therapy were also eligible 
for the AMBER study. Eligible participants were recruited 
from Edmonton or Calgary, Alberta, Canada from July 2012 
through July 2019. Study approval was obtained through the 
Health Research Ethics Board of Alberta: Cancer Committee 
(HREBA.CC-17-05076). Each participant provided a signed 
consent form prior to commencing study-related activities.

Measures

Physical activity and sedentary behaviour

Participants were provided an ActiGraph GT3X+® (Acti-
Graph, LLC, Pensacola, FL) to be worn on the right hip and a 
thigh-worn  activPALTM (PAL Technologies, Glasgow, Scot-
land) accelerometer to wear for 7 days during their time out 
of bed (i.e. waking hours) for the day to measure objective 
light, moderate, and vigorous intensity physical activity as 
well as sedentary behaviour. Physical activity was estimated 
on the ActiGraph GT3X+® via the Soj3x prediction method 
(R Sojourn package version 1.1.0, Soj3x) which has been 
validated in comparison to direct observation in free-living 
adults [16]. Sedentary behaviour (i.e. sitting, lying) was esti-
mated using  activPALTM algorithms (PAL Software version 
8), which has been validated in laboratory and free-living 
studies in adults [17]. Moderate and vigorous intensity physi-
cal activity hours per day were summed together, generating 
a moderate-to-vigorous intensity physical activity hours per 
day variable (MVPA). Both physical activity and sedentary 
behaviour were reported in hours per day (hours/day).
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Self-reported physical activity and sedentary behaviour 
were collected as descriptive measures to provide additional 
context to the multivariable models. Self-reported physi-
cal activity was assessed with the Past Year Total Physical 
Activity Questionnaire [18]. This questionnaire measures 
time spent performing recreational household activities, 
occupational, and transportation activities within the past 12 
months. Total non-sedentary activity was derived by sum-
ming the four domains. Recorded activity for each domain 
was reported in hours/week and converted to MET-hours/
week using the Compendium of Physical Activities [19]. 
Self-reported sedentary behaviour was assessed with the 
Sedentary Behaviour Questionnaire (SBQ), which was 
adapted from the Australian Longitudinal Study on Women’s 
Health [20]. The questionnaire captures time spent sitting 
during the following domains: during recreational time, 
while traveling, and while at work. Total time spent sitting 
is derived by summing the three domains. Recorded sitting 
time in each domain is reported in hours/day.

Social‑cognitive measures

Social-cognitive measures of physical activity behaviour 
included self-administered questionnaires developed in 
accordance with the Theory of Planned Behaviour, all of 
which have been used previously by the research team and 
are reliable and valid in cancer populations [21]. Specific 
variables included perceived attitude towards physical activ-
ity (affective and instrumental, 6 items), subjective norm 
(injunctive and descriptive, 4 items), perceived behavioural 
control/self-efficacy (6 items) towards physical activity, in 
addition to intentions (3 items) and planning (5 items). Each 
variable ranged on a scale of 1–7, in which higher scores 
indicated more positive beliefs towards physical activity.

Self-reported barriers to physical activity were also 
assessed. Barriers included those related to life (9 items, 
range 9–63), disease (10 items, range: 10–70), and motiva-
tion (7 items, scale range: 7–49). Participants were asked 
about barrier influence and frequency for each respective 
category. These scores were then summed to generate a 
‘total’ score (i.e. disease barrier frequency + disease bar-
rier influence = disease barrier total). Each barrier (‘life’, 
‘disease’, and ‘motivation’) ranged on a scale of 1–7, with 
higher scores being indicative of greater barrier influence 
for physical activity.

Demographic and clinical characteristics

A self-administered baseline health history questionnaire 
(BHQ) was used to collect demographic and health vari-
ables. Demographics included age, ethnicity, education, 
annual family income, employment, and marital status. Clin-
ical characteristics were extracted from medical records and 

included tumour stage (I, II, or III), histology (‘ductal car-
cinoma’, ‘ductal + lobular carcinoma’, ‘lobular carcinoma’, 
‘other’), mastectomy status (‘Yes’ or ‘No’ to have had mas-
tectomy), oestrogen receptor status (ER positive/negative), 
progesterone status (PR positive/negative), human epidermal 
growth factor receptor 2 status (HER2 positive/negative), 
neoadjuvant therapy status (‘Yes’ or ‘No’ to received), and 
menopausal status (‘Pre’ or ‘Post’).

Health‑related outcomes

Self-reported health-related outcomes from the BHQ 
included items related to smoking status and alcohol drink-
ing history. For the present analyses, variables included 
patient reporting of smoking status (‘never smoked’, ‘past 
smoker’, ‘occasional smoker’, or ‘current smoker’) and 
amount of alcohol consumed per day (g/day). Health-related 
outcomes related to body composition and anthropometry 
included waist-to-hip ratio, BMI (kg*m−2), and BF%. Waist 
circumference was assessed with the National Institutes of 
Health (NIH) protocol and hip circumference was measured 
using the World Health Organization (WHO) procedure with 
a Gulick (Gilroy, CA) tape measure. Waist-to-hip ratio and 
BMI were both calculated via procedures outlined in the 
Canadian Physical Activity, Fitness & Lifestyle Approach 
[22]. A full body scan via dual x-ray absorptiometry (DXA) 
was used to assess BF%.

Statistical analysis

Descriptive statistics were used to summarize study sample 
baseline characteristics (demographic, clinical characteris-
tics, health-related, social-cognitive, physical activity/sed-
entary behaviour) and were expressed as mean ± standard 
deviation (SD) or number (percent). Missing data checks 
were completed prior to conducting any statistical analy-
ses and were handled via multivariate imputations through 
chained equations, which includes all correlated baseline 
variables in regression models [23, 24].

Unadjusted univariable models were used to identify sig-
nificant independent associations of sedentary behaviour, 
light physical activity, and MVPA with social-cognitive, 
demographic, clinical, and health-related outcomes. Signifi-
cant univariable outcomes were then fitted into multivari-
able linear regression models for sedentary behaviour, light 
physical activity, and MVPA. Each multivariable model was 
generated by starting with the strongest statistically signifi-
cant independent association from the univariable model, 
identified by examining univariable model p values, fol-
lowed by the remaining significantly associated variables 
from the univariable models added one at a time (i.e. for-
ward selection).
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Akaike information criterion (AIC) was calculated to 
identify the most appropriate physical activity and sed-
entary behaviour multivariable models. The AIC statis-
tic balances both the fit and simplicity of the model (i.e. 
a model with a lower AIC value is considered to have 
a better ‘goodness of fit’ within the same dataset). AIC, 
compared to Bayesian information criterion, also performs 
well with smaller sample sizes. While ~1300 participants 
may be considered small in some fields, it is still sufficient 
to support reliable estimation of model parameters and 
evaluate model fit. AIC also allows for more flexibility in 
model selection, which is valuable when exploring a range 
of potential models to identify the best-fitting one. The 
variance inflation factor (VIF) was calculated for each pre-
dictor variable in the final multivariable models to account 
for multicollinearity. A VIF of 1 indicated ‘no multicollin-
earity’, 1-5 indicated ‘moderate multicollinearity’, and > 
5 indicated ‘high multicollinearity’. A VIF >5 warranted 
dropping the respective predictor variable from the mul-
tivariable model. All statistical analyses were performed 
in RStudio Version 4.0.0 (Boston, MA, USA).

Results

Sample characteristics

Of the1528 newly diagnosed early breast cancer patients 
recruited into the AMBER cohort study, there were 1381 
participants with complete data on physical activity and 
sedentary behaviour (ActiGraph® and  activPALTM), demo-
graphic and clinical characteristics, health-related outcomes, 
and social-cognitive factors. The average age at diagnosis 
was 55.4 years. Most participants were Caucasian (n=1209; 
87.5%), married or living common-law (n=1040; 75.3%), 
post-menopausal (n=811; 58.7%), diagnosed with stage I 
or II breast cancer (n=1262; 89.4%), and had not received a 
mastectomy (n=823; 59.6%) (Table 1). All physical activity 
and sedentary behaviour results can be seen in Table 2. On 
average, participants wore the ActiGraph® and  activPALTM 
devices for 14.0 and 14.2 h/day, respectively. Wear time 
resulted in an average of 5.5 valid days/week for the Acti-
Graph® and 5.9 valid days/week for the  activPALTM (10 h of 
wear time per day = one valid day). Participants had an aver-
age of 1.0 h/day of MVPA and 8.9 h of sedentary behaviour.

Correlates of physical activity and sedentary 
behaviour

All unadjusted univariable model results can be seen in 
Table 3. AIC values and VIF values for chosen multivari-
able models can be seen in Supplemental Tables 1, 2, 3, 4, 
5, and 6 (Supplemental File 1). Three separate multivariable 

Table 1  Sociodemographic, clinical, health-related, and social cogni-
tive variables at baseline in the AMBER cohort study (n = 1381)

Characteristic N (%) or mean ± 
standard deviation

Age at diagnosis 55.4 ± 10.7
Ethnicity
 Caucasian 1209 (87.5)
 Asian 95 (6.9)
 Indian/South Asian 29 (2.1)
 Black 9 (0.7)
 Latino/Hispanic 18 (1.3)
 First Nations/Indigenous/Metis 13 (0.9)
 Other 8 (0.6)
Education
 High school or below 305 (22.1)
 College 444 (32.2)
 University 362 (26.2)
 Graduate school 270 (19.5)
Annual family income
 < $50,000 216 (15.6)
 $50,000–100,000 444 (32.2)
 $100,000–150,000 325 (23.5)
 > $150,000 396 (28.7)
Employment
 Works < 35 h/week 921 (66.7)
 Works > 35 h/week 460 (33.3)
Marital
 Married or common-in-law 1040 (75.3)
 Separated or divorced or widowed 246 (17.8)
 Single or never married 95 (6.9)
Clinical characteristics
Breast cancer stage
 I 621 (43.0)
 II 641 (46.4)
 III 119 (8.6)
Histology
 Invasive ductal carcinoma 1164 (84.3)
 Invasive ductal and lobular carcinoma mixed 55 (4.0)
 Invasive lobular carcinoma 150 (10.9)
 Other 12 (0.8)
Mastectomy
 No 823 (59.6)
 Yes 558 (40.4)
ER positive 1222 (88.5)
PR positive 1059 (76.7)
HER2 positive 210 (15.2)
Received neoadjuvant therapy 104 (7.5)
Menopause status
 Pre 570 (41.3)
 Post 811 (58.7)
Health-related
Body mass index (kg*m−2) 27.5 ± 5.6
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models for sedentary behaviour, light physical activity, and 
MVPA are presented below.

Sedentary behaviour

In the multivariable model (Table 4), greater sedentary 
behaviour was associated with higher BF% (ß = 0.044; p 
< 0.001) and being single or never married (ß = 0.542; p = 
0.002). No other factors were associated with fewer hours of 
daily sedentary behaviour. The amount of variance in sed-
entary behaviour explained by the model was 4% (adjusted 
R-square = 0.04).

Light physical activity

Lower light intensity physical activity was associated 
(Table 5) with higher BF% (ß = −0.044; p < 0.001), higher 
BMI (ß = −0.039; p < 0.001), greater disease (ß = −0.006; 
p < 0.001) and life (ß = 0.008; p < 0.001) barrier influences 
(ß = 0.008; p < 0.01), having a diagnosis that was stage 3 
(ß = −0.261; p = 0.023) or HER2 positive (ß = −0.278; p 
= 0.001), and being single or never married (ß = −0.385; p 
= 0.001). The amount of variance in light intensity physical 

activity explained by the model was 21% (adjusted R-square 
= 0.21).

Moderate‑to‑vigorous intensity physical activity (MVPA)

Lower MVPA was associated (Table 6) with higher BF% 
(ß = −0.011; p = 0.001), greater disease (ß = −0.002; p 
< 0.001) and life-related barrier influence (ß = −0.002; p 
< 0.01), having a HER2-positive diagnosis (ß = −0.097; 
p = 0.02), and being of Asian (ß = −0.189; p = 0.002) or 
Indian/South American descent (ß = −0.323; p = 0.002). 
Greater MVPA was associated with positive intentions for 
physical activity (ß = 0.049; p = 0.03), planning for physi-
cal activity (ß = 0.026; p = 0.015), and having an annual 
income > $150,000 (ß = 0.128; p = 0.007). The amount 
of variance in MVPA explained by the model was 10% 
(adjusted R-square = 0.10).

Table 1  (continued)

Characteristic N (%) or mean ± 
standard deviation

Waist to hip ratio 0.9 ± 0.1
Percent body fat (BF%) 43.0 ± 7.2
Smoking
 Never smoker 792 (57.4)
 Past smoker 500 (36.2)
 Occasional smoker 11 (0.8)
 Current smoker 78 (5.6)
Alcohol (g/day) 7.1 ± 16.4
Social cognitive
 Disease-related barriers (10–70 scale)* 49.7 ± 22.3
 Life-related barriers (9–63 scale)* 41.3 ± 19.3
 Motivation-related barriers (7–49 scale)* 41.4 ± 19.1
 Affective attitude (1–7 scale)** 5.4 ± 1.1
 Instrumental attitude (1–7 scale)** 6.4 ± 0.8
 Injunctive subjective norm (1–7 scale)** 6.4 ± 0.8
 Descriptive subjective norm (1–7 scale)** 4.3 ± 1.2
 Perceived behavioural control (1–7 scale)** 5.8 ± 1.1
 Self-efficacy (1–7 scale)** 5.7 ± 1.2
 Intentions (1–7 scale)** 5.9 ± 1.1
 Planning (1–7 scale)** 4.5 ± 1.8

* Higher scores are indicative of greater barrier influence for physical 
activity
** Higher scores are indicative of more positive beliefs towards physi-
cal activity

Table 2  Physical activity and sedentary behaviour at baseline in the 
AMBER cohort study (n = 1381)

MVPA, moderate-to-vigorous physical activity; PYTPAQ, Past Year 
Total Physical Activity Questionnaire; SBQ, Sedentary Behaviour 
Questionnaire

Variable Mean ± stand-
ard deviation

Objective physical activity (ActiGraph®)
 Valid days 5.5 ± 1.4
 Weartime (h/day) 14.0 ± 1.4
 Light-intensity physical activity (h/day) 4.4 ± 1.2
 Moderate intensity physical activity (h/day) 0.9 ± 0.5
 Vigorous intensity physical activity (h/day) 0.2 ± 0.2
 MVPA (h/day) 1.1 ± 0.7
Self-report physical activity (PYTPAQ — ‘Time spent perform-

ing…’)
 Recreational activity (h/week) 6.6 (5.6)
 Recreational activity (MET-h/week) 29.0 (27.1)
 Occupational activity (h/week) 12.4 (12.6)
 Occupational activity (MET-h/week) 41.0 (44.1)
 Household activity (h/week) 21.7 (13.3)
 Household activity (MET-h/week) 60.3 (40.4)
 Total activity (h/week) 40.7 (18.3)
 Total activity (MET-h/week) 130.3 (63.4)
Objective sedentary behaviour (activPALTM)
 Valid days 5.9 ± 1.5
 Weartime (h/day) 14.2 ± 1.2
 Sedentary behaviour (h/day) 8.9 ± 1.6
Self-report sedentary behaviour (SBQ — ‘Time spent sitting dur-

ing…’)
 Recreational time (h/day) 6.0 (2.7)
 Occupational time (h/day) 2.1 (2.3)
 Travel time (h/day) 1.3 (1.0)
 Total sitting time (h/day) 9.3 (3.5)
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Table 3  Unadjusted univariable models of sedentary behaviour and physical activity in the AMBER baseline population

Variable Sedentary behaviour Light-intensity physical 
activity

MVPA

Estimate (SE) p value Estimate (SE) p value Estimate (SE) p value

Sociodemographic
 Age 0.002 (0.004) 0.64 −0.002 (0.003) 0.57 0.002 (0.001) 0.18
Ethnicity (Caucasian is referent)
 Asian −0.167 (0.174) 0.41 0.432 (0.131) 0.04* −0.190 (0.106) <0.01*

 Indian/South Asian −0.291 (0.307) −0.172 (0.231) −0.359 (0.106)
 Black 0.297 (0.547) −0.117 (0.412) −0.189 (0.189)
 Latino/Hispanic −0.545 (0.388) −0.011 (0.292) −0.201 (0.134)
 First Nations/Indigenous/Metis −0.135 (0.456) −0.008 (0.343) −0.070 (0.158)
 Other 0.814 (0.580 −0.406 (0.436) −0.378 (0.200)
Education (‘high school’ is referent)
 College −0.256 (0.121) 0.10 0.034 (0.092) 0.34 −0.017 (0.042) 0.03*

 University −0.185 (0.127) 0.114 (0.096) 0.061 (0.044)
 Graduate school −0.313 (0.136) 0.163 (0.103) 0.099 (0.047)
Employment (‘< 35’ is referent)
 Works > 35 h/week 0.108 (0.093) 0.26 −0.048 (0.070) 0.50 −0.018 (0.033) 0.59
Marital status (‘married or common-law’ is referent)
 Separated or divorced or widowed 0.246 (0.116) <0.01* −0.070 (0.087) 0.01* −0.0001 (0.040) 0.88
 Single or never married 0.518 (0.175) −0.408 (0.132) −0.031 (0.061)
Income (< $50k is referent)
 $50,000–100,000 −0.147 (0.136) 0.15 0.172 (0.102) 0.06 0.087 (0.047) <0.01*

 $100,000–150,000 −0.244 (0.143) 0.280 (0.108) 0.107 (0.050)
 > $150,000 −0.304 (0.138) 0.224 (0.104) 0.225 (0.048)
Clinical characteristics
Cancer stage (‘stage 1’ is referent)
 Stage 2 0.184 (0.092) 0.06 −0.189 (0.069) <0.01* −0.049 (0.032) 0.15
 Stage 3 0.315 (0.163) −0.426 (0.123) −0.092 (0.057)
ER status (‘negative’ is referent)
 Positive 0.000 (0.138) 0.93 0.137 (0.104) 0.19 −0.013 (0.048) 0.79
PR status (‘negative’ is referent)
 Positive −0.169 (0.104) 0.09 −0.175 (0.104) 0.12 0.023 (0.036) 0.52
HER2 status (‘negative’ is referent)
 Positive 0.268 (0.122) 0.03* −0.322 (0.092) <0.01* −0.100 (0.043) 0.02*

Histology (‘ductal carcinoma’ is referent)
 Ductal and lobular carcinoma 0.121 (0.226) 0.30 0.025 (0.170) 0.13 0.039 (0.078) 0.15
 Lobular carcinoma −0.227 (0.142) 0.246 (0.107) 0.111 (0.049)
 Other −0.524 (0.456) −0.170 (0.358) 0.070 (0.165)
Mastectomy status (‘no’ is referent)
 Yes −0.076 (0.090) 0.42 0.063 (0.068) 0.35 −0.018 (0.031) 0.57
Neoadjuvant status (‘no’ is referent)
 Yes 0.145 (0.167) 0.39 −0.336 (0.125) 0.01* 0.008 (0.058) 0.89
Menopause Status (‘pre’ is referent)
 Post 0.070 (0.089) 0.44 −0.106 (0.067) 0.12 0.024 (0.031) 0.44
Health-related
Smoking status (‘never’ is referent)
 Past smoker −0.080 (0.093) 0.12 0.077 (0.070) 0.43 −0.009 (0.032) 0.22
 Occasional smoker −0.598 (0.496) −0.045 (0.374) 0.227 (0.173)
 Current smoker 0.339 (0.194) −0.150 (0.146) −0.108 (0.068)
Alcohol (g/day) −0.002 (0.003) 0.41 0.002 (0.002) 0.40 −0.0004 (0.002) 0.18
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Discussion

The current study sought to identify social-cognitive, 
demographic, clinical, and health-related correlates of 
objectively assessed physical activity and sedentary 

* Significant at the p<0.05 level
MVPA, moderate-vigorous physical activity

Table 3  (continued)

Variable Sedentary behaviour Light-intensity physical 
activity

MVPA

Estimate (SE) p value Estimate (SE) p value Estimate (SE) p value

BMI 0.038 (0.008) <0.01* −0.090 (0.005) <0.01* −0.014 (0.003) <0.01*

Percent body fat 0.040 (0.006) <0.01* −0.072 (0.004) <0.01* −0.015 (0.002) <0.01*

Waist to hip ratio 1.598 (0.661) 0.01* −3.555 (0.491) <0.01* −0.619 (0.230) 0.01*

Social cognitive
 Disease-related barriers 0.002 (0.002) 0.36 −0.010 (0.001) <0.01* −0.003 (0.001) <0.01*

 Life-related barriers 0.004 (0.002) 0.08 −0.004 (0.002) 0.022* −0.003 (0.001) 0.0003*

 Motivation-related barriers 0.009 (0.002) <0.01* −0.012 (0.002) <0.01* −0.005 (0.001) <0.01*

 Affective attitude −0.154 (0.040) <0.01* 0.179 (0.030) <0.01* 0.098 (0.014) <0.01*

 Instrumental attitude −0.197 (0.058) <0.01* 0.209 (0.043) <0.01* 0.125 (0.020) <0.01*

 Injunctive subjective norm −0.104 (0.036) 0.92 0.019 (0.028) <0.01* 0.054 (0.013) <0.01*

 Descriptive subjective norm −0.007 (0.054) <0.01* 0.057 (0.041) 0.49 0.068 (0.019) <0.01*

 Perceived behavioural control −0.094 (0.041) 0.02* 0.069 (0.031) 0.03* 0.059 (0.014) <0.01*

 Self-efficacy −0.114 (0.036) <0.01* 0.129 (0.027) <0.01* 0.077 (0.012) <0.01*

 Intentions −0.163 (0.042) <0.01* 0.195 (0.031) <0.01* 0.127 (0.014) <0.01*

 Planning −0.090 (0.024) <0.01* 0.087 (0.018) <0.01* 0.067 (0.008) <0.01*

Table 4  Correlates of sedentary behaviour (hours/day) in the 
AMBER cohort study

SE, standard error
Bold/italic print denotes significant p value (p < 0.05)
Model: p < 0.0001
Adjusted R-square = 0.04

Variable Estimate (SE) p value

Percent body fat 0.044 (0.010) < 0.01
BMI −0.014 (0.013) 0.27
Motivation barriers 0.001 (0.002) 0.54
Affective attitude −0.018 (0.052) 0.73
Intentions −0.003 (0.063) 0.96
Planning −0.023 (0.031) 0.45
Instrumental attitude −0.058 (0.043) 0.44
Self-efficacy −0.030 (0.043) 0.49
Marital status (‘married or common 

law’ is referent)
 Separated or divorced or widowed 0.213 (0.114) 0.07
 Single or never married. 0.542 (0.175) < 0.01

Table 5  Correlates of light-intensity physical activity (hours/day) in 
the AMBER cohort study

SE, standard error
Bold/italic print denotes significant p value (p < 0.05)
Model: p < 0.0001
Adjusted R-square = 0.21

Variable Estimate (SE) p value

Percent body fat −0.044 (0.007) < 0.01
Body mass index −0.039 (0.009) < 0.01
Waist to hip ratio 0.090 (0.496) 0.86
Motivation barriers −0.004 (0.002) 0.08
Disease barriers −0.006 (0.002) < 0.01
Intentions 0.050 (0.043) 0.25
Affective attitude −0.008 (0.036) 0.81
Instrumental attitude 0.035 (0.052) 0.50
Self-efficacy −0.013 (0.031) 0.68
Planning 0.012 (0.021) 0.55
HER2 positive −0.278 (0.084) < 0.01
Stage (‘stage 1’ is referent)
 Stage 2 −0.123 (0.063) 0.05
 Stage 3 −0.261 (0.115) 0.02
Marital status (‘married or common 

law’ is referent)
 Separated or divorced or widowed −0.039 (0.119) 0.62
 Single or never married −0.385 (0.119) < 0.01
Received neoadjuvant therapy −0.123 (0.118) 0.30
Life barriers 0.008 (0.002) < 0.01
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behaviour in a sample of recently diagnosed breast can-
cer patients. Higher BF% was the only outcome associ-
ated with both physical activity (i.e. reduced light and 
MVPA) and sedentary behaviour (i.e. increased sedentary 
behaviour), while having positive intentions and planning 
towards physical activity were both associated with greater 
MVPA in those recently diagnosed with breast cancer. 
Being ‘single or never married’ was associated with two 
outcomes, less light physical activity and greater sedentary 
behaviour.

Correlates of sedentary behaviour

Findings from previous literature are mixed regarding 
associations of sedentary behaviour in cancer populations 

[11, 25]. For example, D’Silva et al. reported that being 
overweight/obese was associated with increased sedentary 
behaviour in a sample of individuals with lung cancer [25], 
which aligns with our findings of greater BF% being asso-
ciated with greater sedentary behaviour in individuals with 
breast cancer. To our knowledge, only two other studies have 
provided evidence on associations of sedentary behaviour in 
a breast cancer samples, reporting associations of increased 
sedentary behaviour with greater symptom severity (i.e. 
pain, fatigue, anxiety) [11, 12]. Recently, isotemporal sub-
stitution interventions have been used with cancer popula-
tions, which includes reallocating sedentary behaviour with 
more active behaviours (i.e. light or MVPA). Welch et al. 
recently reported on the success of this approach in which 30 
min of sedentary time was reallocated to 30 min of MVPA 
in a sample of breast cancer survivors, resulting in increased 
overall physical activity and improved quality of life [26]. It 
is worth noting that our results showed the greatest amount 
of self-reported sedentary behaviour took place during rec-
reational and leisure time (e.g. while watching television). 
Our findings suggest that these interventions may consider 
targeting recreational and leisure time activities that sub-
stitute physical activity for sedentary behaviour in recently 
diagnosed individuals with breast cancer who may be over-
weight/obese and/or identify as ‘single or never married’.

Correlates of light physical activity

Clinically, a HER2- positive diagnosis was associated with 
less light physical activity. Most work to date has focused 
on pre-diagnosis physical activity levels as a risk factor for 
more biologically aggressive breast cancer tumours [27]. 
Our findings indicate that more biologically aggressive 
tumours are also associated with reduced physical activity, 
specifically of light intensity, in recently diagnosed individu-
als with breast cancer. Our findings of greater BF% and BMI 
being associated with reduced light physical activity sup-
port previous literature as well, and show these relationships 
also exist prior to starting breast cancer treatments, not just 
within survivorship [7, 13]. Based on previous work that 
suggests a relationship between decreased physical activity, 
higher body composition at diagnosis, and an increased risk 
of breast cancer recurrence [28, 29], these findings empha-
size the importance of promoting physical activity amongst 
overweight and obese individuals early in the breast cancer 
continuum.

Additionally, being ‘single or never married’ was associ-
ated with reduced light physical activity. Although not a 
direct measure of social support, this finding may indicate 
the importance of social support for physical activity engage-
ment. Previous research has reported on positive health ben-
efits and high adherence rates to exercise for individuals 
with prostate cancer when participating with someone else 

Table 6  Correlates of MVPA (hours/day) in the AMBER cohort 
study

SE, standard error
Bold/italic print denotes significant p value (p < 0.05)
Model: p < 0.0001
Adjusted R-square = 0.10

Variable Estimate (SE) p value

Intentions 0.046 (0.217) 0.03
Planning 0.026 (0.011) 0.02
Affective attitude 0.017 (0.018) 0.33
Percent body fat −0.011 (0.003) < 0.01
Motivation barriers −0.002 (0.001) 0.10
Instrumental attitude 0.007 (0.026) 0.80
Self-efficacy 0.010 (0.020) 0.63
Disease barriers −0.002 (0.001) 0.02
BMI 0.002 (0.004) 0.53
Income (< $50,000 is referent)
 $50,000–100,000 0.058 (0.045) 0.20
 $100,000–150,000 0.061 (0.049) 0.21
 > $150,000 0.128 (0.048) 0.01
Descriptive subjective norm 0.019 (0.014) 0.18
Perceived behavioural control −0.002 (0.021) 0.92
Ethnicity (‘Caucasian’ is referent)
 Asian −0.189 (0.061) < 0.01
 Indian/South American −0.323 (0.103) < 0.01
 Black −0.159 (0.183) 0.39
 Latino/Hispanic −0.104 (0.129) 0.42
 First Nations/Indigenous/Metis −0.054 (0.152) 0.72
 Other −0.270 (0.193) 0.76
Injunctive subjective norm −0.014 (0.022) 0.52
Life barriers −0.002 (0.001) 0.01
Waist to hip ratio 0.272 (0.250) 0.278
HER2 positive −0.097 (0.041) 0.02
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[30]. Finally, greater influence of disease-related barriers 
was the only social-cognitive factor associated with reduced 
light physical activity. This finding was not surprising since 
disease-related side effects, such as cancer-related fatigue, 
have been shown to contribute to reduced physical activity 
in individuals living with breast cancer [31]. Since increased 
light physical activity has been associated with less fatigue 
in cancer populations [32], this finding provides rationale for 
providing education on disease barrier-management tech-
niques, such as managing fatigue with exercise, at diagnosis.

Correlates of moderate to vigorous physical activity

Additional sub-populations associated with reduced physical 
activity were identified in our MVPA model. Being of Asian 
or Indian/South American descent, as well as those in a 
lower socioeconomic status bracket (<$50,000), were asso-
ciated with lower MVPA. These objective physical activity 
associations are similar to prior literature that indicates those 
diagnosed with breast cancer who identify with an ethnic 
minority group or report a lower socioeconomic annual 
income self-report lower physical activity [33, 34]. Social 
cognitive correlates of MVPA included a greater influence of 
disease- and life-related barriers with less MVPA. Perceived 
barriers, such as not having time to exercise due to other 
responsibilities (e.g. work-related), have been previously 
reported in breast cancer samples receiving adjuvant therapy 
[35], and contribute to the reduction in MVPA engagement. 
Our results are consistent with this previous work and again 
promote the use of education on barrier management tech-
niques in future physical activity interventions to reduce the 
likelihood of decreased physical activity across the breast 
cancer continuum.

The additional social cognitive associations identified in 
our analysis suggest that having both the intention and plan 
to be physically active may be necessary to achieve recom-
mended MVPA levels in individuals recently diagnosed with 
breast cancer. While this finding supports previous literature 
in other cancer populations that utilized self-reported physi-
cal activity methods [36–39], they are in contrast to earlier 
work supporting additional correlates including self-efficacy, 
perceived behavioural control, attitude, and subjective norm, 
all of which can influence exercise intentions [37, 38]. Fur-
thermore, given the limited variance explained across all 
multivariable models (sedentary behaviour = 4%; light phys-
ical activity = 21%; MVPA = 10%) at this single timepoint, 
considering other potential correlates such as environmen-
tal factors that are beyond the individual (e.g. availability 
and accessibility of exercise facilities and resources) will 
be important to assess.

This research may be best conducted by using a social 
ecological model approach [40], which would allow for 

identification of associations amongst policy, the physical 
environment, the interpersonal environment, and physical 
activity behaviour within recently diagnosed breast cancer 
samples. Provided that self-reported physical activity and 
sedentary behaviour in our sample showed that individuals 
recently diagnosed with breast cancer spent the least amount 
of time being active and the greatest amount of time being 
sedentary within the domain of recreational and leisure 
activities, focusing on this domain may be an approach to 
optimize changing physical activity levels.

Taken together, our study’s findings provide valuable 
information pertaining to correlates of physical activity 
behaviour after a recent breast cancer diagnosis. Higher 
BF% was strongly associated with both physical activity 
and sedentary behaviour. This finding alone clearly identi-
fies a breast cancer sub-population that should be targeted 
prior to starting treatment for future exercise and physical 
activity interventions. Targeting individuals with a recent 
breast cancer diagnoses and greater BF% could be a focus 
for future prehabilitation interventions to improve both long- 
and short- term outcomes via tailored total body exercise 
(aerobic + resistance training), nutritional, and behaviour 
change support [5, 41]. Provided the well-established body 
composition benefits of exercise in breast cancer populations 
[1], doing so may not only improve BF%, but also positively 
impact physical function and fatigue [42], both of which can 
influence overall quality of life.

While this study adds to our understanding of poten-
tial correlates of both objectively measured physical 
activity and sedentary behaviour at an understudied time-
point, limitations must be considered in the interpretation 
and impact of these findings. First, our analyses may be 
prone to type I error and should be interpreted as such. 
However, these analyses were primarily hypothesis gen-
erating given the exploratory nature of our study. Addi-
tionally, this was a cross-sectional analysis; thus, causal 
relationships cannot be determined from our statistical 
analyses. For example, although we did observe strong 
relationships with higher BF% and reduced physical 
activity at both light and moderate/vigorous intensities 
as well as sedentary behaviour, we are unable to deter-
mine if higher BF% causes decreased physical activity 
or increased sedentary behaviour, and vice versa. The 
AMBER cohort study will examine these relationships 
across time in future analyses [14]. Second, our sample 
was particularly active (MVPA = 1.1 h/day), which con-
trasts with previous studies exploring physical activity 
levels in those living with breast cancer [43] and may 
impact the generalizability of the observed relationships 
in our analyses with other studies. However, it is impor-
tant to note that our analysis focused on the period prior 
to treatment, an understudied timepoint, and provides 
context into which factors may contribute to physical 
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activity and sedentary behaviour across the continuum. 
Lastly, our sample was also predominantly comprised of 
those of Caucasian descent (87.5%). As such, the gener-
alizability of our results to all individuals recently diag-
nosed with breast cancer across all ethnicities may be 
limited in scope, and findings related to ethnic descent 
should be interpreted cautiously given the relatively 
smaller sample size.

Conclusion

Our findings showed that higher BF% was associated 
with increased sedentary behaviour, reduced light physi-
cal activity, and reduced MVPA in individuals recently 
diagnosed with breast cancer. Our study also identified 
other sub-populations within the breast cancer sample 
that were associated with decreased physical activity, 
including HER2-positive diagnoses, ethnic minorities, 
single or never married, and lower socioeconomic status. 
Social-cognitive factors related to greater levels of MVPA 
included having stronger intentions and planning towards 
physical activity. Future research should aim to identify 
additional correlates of physical activity and sedentary 
behaviour in recently diagnosed breast cancer patients, 
including factors beyond the individual at community, 
environmental, and policy levels.
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