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Abstract 

Purpose. To test the feasibility and acceptability of a remote physical activity (PA) intervention 

coupled with motivational text messages among women experiencing severe depressive and/or anxiety 

symptoms during or after breast cancer (BC) treatment.  

Methods and materials. A three-phase-single-case experimental study design (16-week) was 

conducted among 18 women diagnosed with BC reporting high levels of depressive and anxiety 

symptoms. Our intervention included behaviour change techniques (BCTs) and 2 to 3 supervised PA 

sessions per week, for at least 30 minutes, coupled with 4 to 7 weekly personalized text messages. 

Feasibility (satisfaction and drop-out rates), acceptability (participation rates, therapeutic alliance, and 

qualitative data), fidelity (quality of BCTs delivered), and the efficacy on PA level and physical fitness 

were assessed. 

Results. Participants expressed high satisfaction and reported an excellent working alliance with their 

kinesiologist. Notably, there was a very high participation rate (90%) along with a low dropout rate 

(11%). However, only 3 patients significantly increased their PA post-intervention. 

Conclusion. This study highlighted the importance to personalize remote PA interventions for women 

with BC and severe depressive or anxiety symptoms. The combination of a remote PA intervention with 

daily text messages appears to be very suitable to increase their adherence.

Keywords. Telerehabilitation, physical exercise, breast cancer, anxiety, depression, telemedicine, self-

paced intensity 
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1. Introduction

Physical activity (PA) plays a crucial complementary role in breast cancer (BC) care by offering 

numerous physical and psychological benefits during and after BC treatment [1]. Regular PA has been 

shown to improve fitness, health-related quality of life, self-esteem, tolerance, and treatment adherence 

while reducing fatigue for women diagnosed with a nonmetastatic BC during or after adjuvant cancer 

therapy (chemotherapy or radiotherapy) [2]. Moreover, high post-diagnostic PA levels were associated 

with lower mortality rates in women diagnosed with BC [3]. However, despite the benefits, adherence 

to PA interventions is notably low (9-20%) [4,5]. One possible reason is that most PA interventions 

used a “one-size-fits-all” approach, which fail to address the specific needs of women, thereby 

increasing the risk of poor adherence and low acceptability [6]. Expert consensus and qualitative 

investigations on PA modalities in women diagnosed with BC suggests that PA should be adapted to 

their individual preferences [7]. In addition, previous studies indicated that a significant proportion of 

women drastically reduce their PA level after completing exercise programs and return to their pre-

treatment PA behaviour and physical fitness after BC treatment [8]. Recent meta-analyses have 

revealed that the combination of active components of intervention, such as behaviour change 

techniques (BCTs), during supervised PA sessions coupled with personalized motivational and 

educative short text messages increased PA adherence [9], including in BC [10,11].

The issue of PA adherence is especially relevant for women diagnosed with BC and severe depressive 

and anxiety symptoms, 13.2% and 20% of the population, respectively [12,13]. High levels of 

psychological distress are associated with lower adherence to BC treatments (i.e., radiotherapy, 

chemotherapy or surgery), including PA adherence [4], as well as higher health-related costs and 

impaired health-related quality of life in both, the short and long term [14]. Current treatments for 

psychological distress (i.e., pharmacological and psychological interventions) can reduce symptom 

intensity in women diagnosed with BC and moderate levels of depressive and anxiety symptoms, but 

their respective effectiveness remains limited [15-17]. The American College of Sport Medicine 
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(ACSM)’s guidelines highlight that PA interventions are an evidence-based strategy to decrease the risk 

of developing depressive or anxiety symptoms during or after BC treatment [18]. Meta-analyses have 

highlighted that PA interventions effectively reduce depressive and anxiety symptoms both during and 

after adjuvant therapies for BC (i.e., chemotherapy or radiotherapy) [2,19]. However, these studies 

excluded women diagnosed with BC and severe psychological distress from their PA intervention, 

therefore no evidence-based consensus has been established [20]. To date, a PA intervention for this 

specific population has not yet been developed and investigated. Consequently, individualized PA 

interventions [21], along with a clear and adapted methodology, should be proposed for women 

diagnosed with BC and severe depressive and anxiety symptoms to ensure good adherence and 

promote sustainable PA behaviour change. Our team specifically developed an intervention for this 

population, combining a remote, tailored PA program supervised by a kinesiologist with weekly 

motivational text messages over a 12-week period. This approach is grounded in ACSM 

recommendations and incorporates personalized strategies, effective BCTs, and preferred PAs, modeled 

for individuals with breast cancer and those experiencing psychological distress.

The primary aim of the present study was to evaluate the feasibility and acceptability of this PA 

intervention for women diagnosed with a non-metastatic BC during or after adjuvant BC treatment and 

severe levels of depressive or anxiety symptoms. The secondary aims were to assess the fidelity of 

intervention delivery and investigate the potential effects of this intervention on PA level and physical 

fitness. 

2. Material and methods

2.1. Study design and setting

The present study employed a single-case experimental design with daily Ecological Momentary 

Assessments (EMAs). Single-case experimental design, which has garnered increasing interest in 

oncology and PA research [22,23], appears well-suited to examine personalized interventions. An 

intervention tailored at the individual level may be more effective than a one-size-fits-all approach [23] 
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because variations in cognition, affect, and behaviour may be undetected when using between-person 

design [9]. This specific method assesses experimental manipulations at the individual level and 

requires multiple measures of dependent variables facilitated by real-time monitoring technology. More 

precisely, a three-phase design, A(2 weeks)- B(12 weeks)- A’(2 weeks), was implemented. Phase A 

represented the pre-intervention baseline measures. Phase B represented the intervention phase with 

personalized PA intervention coupled with daily text messages. Phase A’ represented the post-

intervention follow-up period. EMAs were conducted throughout these phases. Following Phase A’, 

participants were invited to participate in a remote, individual, semi-structured interview to share their 

opinions and feelings about the intervention. This study received approval from the Ethic Boards of the 

Eastern Montreal Integrated University Health and Social Services Centre (2022-4319) and adheres to 

the Single-Case reporting Guideline in behavioural Interventions [24] (see checklist in supplementary 

file). 

2.2 Participants and procedures

Participants were recruited from Maisonneuve Rosemont or Santa Cabrini Hospitals (Montreal, 

Canada). Flyers, outlined the study aims, inclusion criteria and contact information of the research 

coordinator, were distributed through psycho-oncology consultations and shared to patients on the 

psycho-oncology unit waitlist and on the oncology center’s website and social networks. Potential 

participants were screened by telephone and included if they: 1) were diagnosed with a non-metastatic 

BC and currently completing treatment or completed treatment at least 3 months prior; 2) were 

physically inactive (less than 150 minutes per week or Godin’s questionnaire score < 23) [25]; 3) were 

aged 18 to 65 years; 4) possessed a smartphone; 5) reported a high level of self-reported depressive 

(Patient Health Questionnaire score > 15) [26] or anxiety symptoms (General Anxiety Disorder 

questionnaire score > 15) [26]. 

Participants were excluded if they: 1) reported a diagnosis of severe mental illness (i.e., schizophrenia, 

bipolar,  severe substance  use  disorders);  2)  were unable  to  provide  consent;  3)  received a  weekly 
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psychological  treatment  from a  clinician;  4)  reported  a  major  functional  or  physical  disability;  5) 

answered positively to the PA Readiness Questionnaire. The consent form was sent via e-mail before 

the initial evaluation. Participants were remunerated $150 CA upon study completion. 

2.3. Intervention development

The characteristics of our PA intervention (frequency, session, intervention durations, and intensity) 

were based on the ACSM recommendations’ [18] and results from previous meta-analyses on the 

effects of PA on depressive and anxiety symptoms among women diagnosed with BC [2,27,28]. 

Furthermore, adherence to the ACSM recommendations highlights the importance of aligning PA 

interventions with patient’s preferences and incorporating motivational strategies (Figure 1). Our 

intervention was designed to ensure a high adherence rate, induce changes in PA behaviour and to be 

personalized and reproducible. We adopted an evidence-based approach to identify effective BCTs, 

their modes and timing of delivery, and personalization strategies.

Physical activity intervention

Participants had three supervised remote PA sessions from week 1 to 4. From week 5 to 12, participants 

had  two  supervised  remote  PA sessions,  and  had  the  choice  between  supervised  or  unsupervised 

sessions  for  the  third  weekly  session  (see  supplementary  files  for  more  details  on  PA sessions 

schedule).  The  supervised  PA sessions  were  structured  as  follows:  1)  combination  of  counseling 

(implemented BCTs during supervised session are in Table 2) and aerobic exercise with resistance or 

yoga exercises (depending on participants’ choice); 2) the session durations ranged from 30 (weeks 1-

4) to 60 minutes (weeks 5-12), and actual durations were adaptable based on participants’ self-reported 

fatigue level; 3) Effort intensity was self-selected by participants, guided by exercise physiologist’s 

recommended daily intensity, which was explained using the rating of perceived exertion. Intensity 

progressively  increased  over  the  12  weeks  and  varying  between  1  and  8  (different  for  aerobics, 

resistance, yoga) on a scale of 10. Unsupervised PA sessions could be based on supervised sessions or 

personalized  after  discussions  with  the  participant  (e.g.,  3  weekly  walks  of  15  minutes).  Each 
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participant freely received a training kit including a yoga mat, elastic bands, and a suspension trainer. 

All intervention contents are in supplementary files.

Remote physical activity intervention 

Given that limited time and transportation are the most frequent organizational barriers to PA 

participation in women diagnosed with BC, we chose to implement a remote PA intervention. 

Participants and kinesiologists used any internet-connected device at their disposition (computer, tablet, 

smartphone) to attend the online sessions via Zoom. This mode of intervention is doable in BC context 

[29,30] and requires minimal technical skills [30]. 

Personalization 

Based on three reviews examining PA preferences in interventional contexts among women during and 

after BC treatment [7,31,32], preferences associated with social support, PA characteristics, and 

environmental context were selected. Each participant had the flexibility to engage in supervised 

remote PA sessions with a partner or friend of their choice, either in the same room or remotely. 

Participants could select the type (resistance or yoga), intensity, and duration of each session, as well as 

their preferred music playlist. After the first month of intervention, participants could choose whether 

the third weekly PA session was supervised or unsupervised [7]. Unsupervised sessions were 

collaboratively prepared with a kinesiologist, tailored to each participant’s personal and environmental 

contexts.

Behaviour change techniques

Systematic reviews have identified the most effective BCTs to promote PA among women diagnosed 

with BC or depressive and anxiety disorders [33,34]. Twelve BCTs were selected for our intervention 

(see details in Supplementary file). The delivery timing of BCTs was structured to primarily address 

initiation, adherence, and maintenance at the beginning, during, and at the end of the intervention, 

respectively [34]. Based on previous meta-analyses [9,10], BCTs were implemented during the 
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supervised PA sessions, and were also used to develop personalized motivational and educative short 

text messages. 

Kinesiologist training

Three student kinesiologists underwent 20 hours of training by the study principal investigator (PB) 

and the study coordinator (JL). These students had to have passed two courses in their PA sciences 

department: psychology of PA, and promotion of PA for health. PB has a solid clinical and academic 

experience in behaviour change in patients with cancer [35] and mental health diagnostics [36–38]. JL 

is working as kinesiologist, with adults with chronic illnesses for 8 years. She holds a master's degree 

in kinesiology, and developed a behaviour change intervention to promote PA for inactive adults [22]. 

The training focused on BCTs, PA intervention implementation, therapeutic alliance development in the 

oncological context, safety of a remote PA intervention, and PA practices during BC treatment. An 

intervention manual was also provided to guide implementation.

Short text messages

Based on identified BCTs and ACSM recommendations [39], a first set of short text messages was 

developed to: 1) promote positive affects (e.g., using words such as happy, joyful, cool, great, fun); 2) 

promote the perception of gains (e.g., listing potential PA benefits); 3) use non-verbal information (e.g., 

onomatopoeia, emoticons); 4) formulate very clear and simple information; and 5) provide links to 

resources for participants interested in learning more about PA. A pretest was carried out by inviting 

seven women with BC to provide feedback on message content and structure. A 1-hour workshop was 

conducted, featuring an initial 15-minute presentation of the study details. Subsequently, the workshop 

addressed a discussion covering the frequency of weekly message delivery, whether the communication 

was one-way (no replies) or two-way (allowing responses), as well as considerations of message 

context themes and forms. Following this workshop, the text messages were revised based on patients’ 

feedback. 
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For this intervention, the text messages were unidirectional (no responses) and personalized according 

to the following criteria: 1) participant’s first name; 2) kinesiologist’s first name; 3) delivery timing and 

4) use of formal or informal content, depending on each participant’s preference. An example of text 

messages  associated  with  selected  BCTs  is  presented  in  Table  1.  All  delivered  text  messages  are 

presented in supplementary files. During the intervention phase, each participant received 4 to 7 weekly 

personalized text messages. 

2.4. Measures 

Initial evaluation

Before the intervention, online questionnaires collected information on age, educational achievements, 

marital status, income, number of children, date of diagnosis, treatments, current medications, and 

history of cancer. Subjective social status was assessed with the MacArthur scale [42]. The 9-item 

Patient Health Questionnaire (PHQ-9) and the 7-item Generalized Anxiety Disorder (GAD-7) are self-

reported questionnaires used to assess the severity of depression and anxiety, respectively, on a scale 

ranging from 0 “not at all” to 3 “nearly every day” [26]. The respondent is asked to rate how often each 

symptom occurred over the last 2 weeks. In line with the Canadian association of psychosocial 

oncology recommendations [27], a score > 15, for the PHQ-9 and the GAD-7, is associated with a 

severe level of depression, and severe anxiety disorder, respectively [26].

Feasibility

The feasibility of the intervention was assessed through two indicators. At the end of phase B, a 

satisfaction questionnaire with three items [40], employing a Likert scale (0- Totally disagree to 5- 

Totally agree), evaluated participant’s satisfaction with the intervention. The items were: 1) would you 

recommend this intervention to friends or family members?; 2) if you had the possibility to continue 

the project, would you do it?; 3) did the project meet your expectations?. Participation (i.e., number of 

participants meeting the inclusion criteria who accepted to participate) and dropout (i.e., number of 
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participants who started the PA intervention but further decide to withdraw or leave the study and did 

not return) rates were also considered as indicators of feasibility.  

Acceptability was measured by the adherence rate to the remote PA intervention. An adherence rate 

exceeding 60% or 80% was considered as good or very good, respectively [4]. Moreover, the 6-item 

Therapeutic Alliance Questionnaire (TAQ) [43] was filled by participants during the intervention at 

weeks 6 and 12 to evaluate the quality of their relationship with their kinesiologist. A constant or 

improved therapeutic alliance score indicates good alliance quality.

Treatment fidelity, defined as “the methodological strategies used to monitor and enhance the reliability 

and validity of behavioural interventions” [40], was characterized by assessing the quality of BCTs 

implementation. To this end, we recorded two randomly selected supervised sessions per participant. 

Based on the coding strategy used by Thompson et al. [41], two researchers with expertise in behaviour 

change (JL, PB) evaluated the implementation of BCTs via audio recording. Scores of 0 or 1 denotated 

poor or no delivery of BCTs, while a score of 3 or more denotated a reasonable quality of intervention 

delivery. Scores of 5 or 6 represented an excellent quality of delivery. Discrepancies in scores were 

compared, and a consensus was reached through discussion. 

Participant interviews 

During an individual remote semi-structured interviews, participants were invited to share their 

opinions, and experiences regarding the intervention. The interviews were conducted after the 

intervention by the study coordinator (JL), who was not involved in supervised PA sessions. The 

interviews were recorded and transcribed by the JL. A stand-alone narrative analysis was performed for 

each participant. A combination of deductive (codes developed a priori) and inductive (codes developed 

in the course of the analysis) approaches was used to explore the text within each transcript from a pre-

established list of themes (i.e., positive and negative experiences, perceived benefits and suggestions 

for improvements) [44]. The coding process was iterative [44] (i.e., positive and negative experiences, 

perceived benefits, and suggestions).  Throughout the analysis, two narrative analytic levels (personal, 
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interpersonal) were utilized [44]. The coding process was iterative. Investigators (JC, PB) read the 

transcripts several times, annotating which participants supported each theme and highlighted 

particularly illustrative passages. One or two quotes from the transcripts were selected to represent the 

three themes. These verbatim were chosen because the investigators agreed that they provided 

particularly good illustrations.

Effectiveness

During the two weeks of phase A and A’, participants were instructed to wear a waterproof wrist-worn 

GENEActiv accelerometer 24/7 validated for measuring low, moderate, and high intensity PAs [45]. 

Twice during phase B (first and last session), participants performed a push-up test, a modified Apley 

scratch test, and a 30-second sit-to-stand. They are proven to be safe, reliable, and valid in an oncologi-

cal  population  [46].  The  30-second  sit-to-stand  test  was  used  to  assess  function  and  lower  limb 

strength. 

2.5. Statistical Analyses

The mean equivalence between TAQ scores was tested by computing an equivalence interval (i.e., + /- 

20% of the mean of reference), and then compared with the confidence interval of the second 

assessment of the therapeutic alliance [47]. PA data were analyzed with a Tau-U, a non-parametric test 

providing effect size estimates [45]. The Tau-U coefficient was calculated for each participant and PA 

variables (i.e., daily total of PA, daily time spent in moderate to vigorous PA). An effect size of less 

than 0.20 can be interpreted as a small effect; 0.20-0.60 as a moderate effect; 0.60-0.80 as a large 

effect; and 0.80 or above as a very large effect [48]. A paired sample t-test or Wilcoxon rank test was 

used to test the intervention effectiveness on physical fitness performance outcomes, depending on data 

distribution. 

2.6 Transparency and openness. 
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The study protocol was registered a priori on OSF registries [49]. Analyses and graphics were 

performed with R 4.3 and the tidyverse, ggir, ggplot2, and scan packages [50,51]. Data, open materials 

and R scripts are available online [44].     

3. Results

3.1. Participants’ enrollment 

Between 2022 May and 2023 June, 47 women were contacted to be assessed for eligibility and only 20 

met the inclusion criteria, but two did not return our call (cf. Figure 2). Regarding the 18 participants 

recruited, 10 were undergoing BC treatment and 8 were in the post BC treatment phase. Their mean age 

was 43.8 ± 10 years (ranging from 29 to 61 years), 39% were married, 50% had a college diploma and 

67% were on sick leave. Among the 10 participants who were currently receiving BC treatment, 90% 

had  surgery,  10%  had  chemotherapy  or  hormonotherapy,  and  20%  radiotherapy.  Among  the  8 

participants  who completed  BC treatment  at  least  3  months  prior,  all  of  them had a  surgery  and  

chemotherapy treatment and 87.5% had radiotherapy (see Table 1 for more details). Regarding scores 

on PHQ-9 and GAD-7, all participants experienced severe psychological distress (score > 15 on, at 

least, one scale) with 13 patients who had severe depressive disorders, one who had severe anxiety 

disorders and four who had severe depressive and concomitant anxiety disorders. 

3.2. Feasibility

Based on the  questionnaires  completed  by 12 of  the  18  participants,  92% (n= 11)  of  participants 

reported they would recommend the project to a friend or a relative, 92% (n= 11) said they would want 

to  continue  the  project,  and  100%  (n=  12)  reported  that  the  project  met  their  expectations.  The 

participation rate (18/20; 90%) was high and the drop-out rate (2/18; 11%) was low. Figure 2 illustrates  

the recruitment flowchart. Adherence rates to EMAs ranged between 48% and 88%, with 8 participants 

above 70%. A detailed description of PA sessions, EMAs adherence rates, and preferences for each 

participant is available in supplementary file.
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The global adherence rate to PA sessions was 85% (min 32%, max 100%). Sessions performed with a 

partner  accounted for  14% of  supervised  sessions  (min  0,  max 57%).  After  the  aerobic exercises, 

participants chose: 61 %, 29%, 6%, and 4% for resistance, yoga, both or other activities, respectively, 

during their supervised sessions. After the fourth intervention week, women had the option to transform 

one supervised PA session in a non-supervised PA session and only four women did so. They performed 

between 1 and 4 unsupervised sessions weekly during the whole intervention. Regarding TAQ scores, 

the confidence interval of the second measure (95% confidence interval [6.73-7.01]) enclosed the 20% 

equivalence interval (+ /- 1.35 [5.4-8.1]), hence the two-score can be considered equivalent.

Concerning fidelity treatment, the implementation scores of BCTs ranged from 2.3 (SD= 2.0) to 6 (SD= 

0) for  behavioural practice/ rehearsal and social support (emotional) BCTs, respectively. The overall 

mean was 4.4 (SD= 1.5). The respective score of each assessed BCTs is in supplementary file.

3.3. Participant interviews

Among the 16 women who completed the entire PA intervention, 14 agreed to take part in an end-of-

program interview. Three themes emerged from the deductive and inductive analysis. 

Theme 1: Positive and negative experiences

All expressed a positive impression of the intervention. They identified the working alliance with their 

kinesiologist and the personalized approach (e.g., self-paced intensity, session duration) as major deter-

minants of their adherence. Remote supervised sessions were perceived as enjoyable and interactive. 

Most participants reported incorporating various types of PA (e.g., active transport) into their daily lives 

and developing new routines (e.g., climbing stairs). None of the participants reported issues with the 

use of their tablet or computer during training sessions. All participants endorsed positive views of re-

mote training as an effective solution to manage work- or family-related duties. Participants with chil-

dren at home highlighted that they performed some exercise with them. 

« I have more opportunities to do PA that do not require me to spend money or leave the 

house. »
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« The intervention didn’t only teach me how to do PA but also what to think about before 

and after so that I can move. »

« She [kinesiologist] is human and is interested in me, and at the same time, she knows a 

lot about how to train when you have a cancer. »

Theme 2: Perceived benefits

Participants indicated that the intervention improved their global and physical self-esteem but also alle-

viated their  depressive or anxiety symptoms and cancer-related fatigue.  Some participants included 

short PA tasks (yoga, outdoors walks with music) in their daily life as an effective solution to cope with 

sad mood and low energy. Participants shared various skills that they found helpful in becoming active 

(again) throughout the intervention. Many continued to implement goal setting on a weekly scale.

« The more I saw what I could do, the more I wanted to do it, and the higher my self-es-

teem... »

« I wanted to be the person I was before the diagnosis, but I understood my limits and the 

program enabled me to push back against them a little at my own pace and to be more 

realistic. Now, I am active but in a different way. »

« Physical activity became a way to regain control of/over myself. »

Theme 3: Suggestions for improvement

Most participants believed the intervention should be followed by weekly or monthly booster sessions 

with their kinesiologist (remote or in person). Participants endorsed mixed views of text messages re-

garding their PA behaviours. Some found them very supportive, particularly for shared resources and 

motivational content. Others, however, reported concerns because they could not answer or exchange. 

Some women suggested providing opportunities to perform supervised sessions with other study partic-

ipants after 4 or 6 weeks of intervention might be useful. 

« Some text messages have been really helpful, I have even shared some of them with my 

family to motivate them to train with me. »
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3.4. Effectiveness

Seven participants had pre- and post-accelerometer data. Three accelerometers have been lost 

by participants or postal services. Two participants wore their accelerometer for only one day, making a 

comparison with phase A’ impossible. Three participants (id2, id4, id17) significantly increased their 

PA daily level with small to very large effect. Id2 and id17 also significantly improved their daily level 

of moderate to vigorous PA (with large effects). Two participants (id7, id8) significantly decreased her 

daily moderate to vigorous PA. More details are in Table 4 and the supplementary file.

No significant differences were found pre- and post-intervention for the 30-second sit-to-stand 

and modified  Apley  scratch  tests.  For  the  push-up test,  7  participants  could  not  perform the  pre-

intervention test and 6 the post-intervention test. Consequently, the planned statistical analysis was not 

performed. Graphical representations of the results suggest a ceiling effect for the Apley scratch tests 

(see supplementary file). 

4. Discussion

The aim of the present study was to assess the feasibility and acceptability of a 12-week remote PA 

intervention combined with short text messages for women during or after BC treatment experiencing 

severe levels of depressive and/or anxiety symptoms. We also explored the fidelity of intervention 

delivery and effects of intervention on PA and fitness. 

Overall, our intervention and tools assessment were highly feasible and acceptable. Our feasibility 

criteria showed that participants were highly satisfied, reporting the intervention met their expectations, 

and they would continue the intervention. This high level of satisfaction and feasibility was confirmed 

by a very high participation rate and a low dropout rate during the intervention. These results present 

better rates than previous studies examining the effects of exercise in oncological context [4] or among 

adults with severe depressive symptoms [35]. The drop-out rate was similar to previous studies 

conducting online supervised exercise interventions among cancer survivors [29,52,53] but these 

interventions were shorter (8 weeks) and patients with mental health comorbidities were excluded 
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[29,53]. Concerning our acceptability criteria, the adherence rate (85%) was very good compared to 

exercise interventions carried out in the oncological context (~65%) [4] but similar with Wonder’s 

study [29]. In addition, our participants reported an excellent working alliance with their respective 

kinesiologist, representing a notable result because: 1) working alliance has been identified as a major 

determinant of psychosocial and exercise interventions’ efficacy among adults with a cancer or with 

severe mental disorder [54] and 2) it confirms a very good working alliance can also be developed 

during a remote intervention [55]. 

In terms of intervention effectiveness, an increase of total device-measured PA among three participants 

was observed. This post-intervention improvement was also observed for two of these 3 participants, 

indicating that their PA behaviour change is associated with more time spent in PAs with various 

intensities. However, one participant decreased their PA post-intervention, which may be explained by 

a possible measurement reactivity effect (i.e., changes in people’s behaviour due to being measured as 

part of a research project) [53] associated with device PA assessment during the phase A. This effect 

has also been observed in previous single-case experimental studies [22]. Lastly, participants reported, 

during their individual interviews, that our intervention had positive effects on self-esteem, cancer-

related fatigue, anxiety, and depressive symptoms. This is in line with previous trials examining the 

effects of PA among patients diagnosed with BC but not mood or anxiety disorders [2,56]. 

Some findings from our PA intervention should be highlighted. First, participants mostly selected 

resistance exercises for the second part of their remote training sessions. This result is in line with 

studies examining PA preferences among BC where resistance training is frequently reported after 

walking [7]. However, this choice could be associated with lower mental health benefits for patients 

because yoga related activities were associated with lower levels of depressive and anxiety symptoms 

in comparison to resistance exercises. Indeed, a previous meta-analysis found that yoga based 

interventions were associated with higher mental health benefits in comparison to resistance based 

interventions in patients with BC [19]. Secondly, the participation rate of PA session performed with 
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someone (remote or not) was surprisingly low. Individual interviews suggested that some participants 

were uncomfortable with this option and the planning was perceived as a time-consuming task. Thirdly, 

no remarkable health or technical issues were mentioned during individual interviews. These factors 

did not affect the overall intervention fidelity, which was higher than previous behaviour change studies 

focusing on PA [41]. However, two BCTs obtained (i.e., behavioural practice/rehearsal and social 

support [practical]) the lowest scores, suggesting that their implementation requires more training of 

kinesiologists or more practical solutions accounting for the presence of severe depressive symptoms.

The evidence-based approach (e.g., use of BCTs during the PA session and via text messages), patient-

centered intervention (e.g., considering PA preferences), the use of distance-based methods for data 

collection (e.g., EMAs), and intervention delivery (e.g., offering remote PA sessions and supplying 

materials) are strengths of this study. The findings also demonstrate that a well-structured PA 

intervention, coupled with text messages, is efficient in terms of feasibility and acceptability for 

participants with severe depressive or anxiety symptoms, a population often excluded from 

interventional studies. Additionally, our participation and dropout rates illustrate a good collaboration 

for recruitment with care providers of psycho-oncology services and reinforce the idea that 

multidisciplinary approach is a major determinant of treatment involving among patients diagnosed 

with BC and mood or anxiety disorders [57]. Another strength of the present study was the assessment 

of intervention fidelity, which is rare in the literature but essential to understand significant or non-

significant results produced by the intervention [58].

The present study also presents some methodological and interventional limitations. Given the small 

sample size, the results should be interpreted with caution. Moreover, missing accelerometer data is a 

major concern that could bias our findings regarding the impact of our intervention on PA level. 

Investigator-based strategies (calling part to encourage wearing monitors or providing incentives for 

monitor return) or participant-based strategies (keeping logs or placing reminders in prominent area at 

home) [59] could be useful for limiting accelerometer data loss. Although validated in the oncological 
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context [46], our tools assessing physical fitness appeared to be unsuitable for our population with 

severe depressive or anxiety symptoms. Other physical fitness tests, such as the modified sit and stand 

test, the partial curl up test or the hand grip dynamometer test [29], should be considered in future 

studies. Concerning the intervention, the absence of booster sessions after the 12 weeks of training was 

reported during the individual interviews. Participants described them as a motivational support to stay 

active and a review supported the interest of booster sessions in oncological context [60]. However, 

these sessions should include specific BCTs such as relapse prevention or enhancing coping individual 

skills [61]. Moreover, the perception of text messages was not perceived as helpful for all participants. 

Future interventions may offer the possibility to adapt the frequency of text message delivery or stop 

them during the intervention. 

In  conclusion,  this  study  is  one  of  the  first  steps  in  the  rigorous  development  of  a  remote  PA 

intervention coupled with short  text messages for women  diagnosed  with BC and severe levels of 

depressive  or  anxiety  symptoms.  This  research  highlights  the  important  factors  associated  with 

feasibility  (e.g.,  recruitment  methods)  and  acceptability  (e.g.,  working  alliance)  that  need  to  be 

considered when developing PA interventions for this specific population. 
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Figure 1. Characteristics of the intervention

Week 1 Week 12 

W1 W2 W3 W4 W5 W6 W7 W8 W9 W10 W11 W12

Session 1 ● ● ● ● ● ● ● ● ● ● ● ●

Session 2 ● ● ● ● ● ● ● ● ● ● ● ●

Session 3 ● ● ● ● ● /○ ● /○ ● /○ ● /○ ● /○ ● /○ ● /○ ● /○

W = Week
● = Supervised session 

○ = No supervised 
session

Intervention

          

Personnalisation Optimisation

OR+
&

Behavioral Change techniques
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Figure 2. Flow-chart of included participants
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Table 1. Examples of short texts message 

Name of BCT Definition

1.1 Goal setting (behaviour)
{participant name}, it's good to move a little each day IN YOUR 

OWN WAY😇, have you planned any physical activity in the next 
few days?

1.2 Problem solving
{participant name}, when you are tired, or sleeping poorly, moving 
can seem like a mountain😅. A Solution 1: dance to a good song 2: 

move in front of the TV. 

1.3 Goal setting (result)
We all move for different reasons🙂 ... and what do you get out of 

it?

1.4 Action planning
It can be motivating to move at a low intensity every day of the 

week and do a SATURDAY-INTENSE ⚡️. Have you planned to 
increase or decrease the pace once in your week?

2.3
Self-monitoring of 

behaviour

{participant name}! Every time you move, we suggest you write it 
down somewhere. Remember to record the physical activities you 

complete using the method you chose with {interventionist 
name}📝!!!

3.1
Social support 
(unspecified) 

It's helpful to have support from those around you to get moving 
👩‍👧👩‍👩‍👧‍👦👨‍👨‍👧👬. Who could you talk to about what 

you do in our program?

5.1
Information about health 

consequences
It's sometimes difficult to move, but little by little you feel the 

benefits for your health

5.6
Information about 

emotional consequences

Women on breast cancer treatment experience a lot of fatigue, it 
will go away. Fatigue is REVERSIBLE 🙃 thanks to adapted 

physical activity! Here's a video that talks about it: 
https://www.dailymotion.com/video/x2itz7n 

7.1 Prompts / cues
For you, does scheduling your physical activity as a date help you 
to do it? If yes, you can add them when you have time. If not, you 
can use other reminders.

8.7 Graded tasks 
{participant name}, The important thing is to do things at your own 

pace 😉 that's the point of the study!

10.3 Non-specific reward 
I'm sure you've done an activity you're proud of since starting our 
program 😁👏, feel free to share it with those around you, on the 

program group and/or to {interventionist name}

10.5 Social incentive 
In the last few days, have you talked to anyone about what you're 
doing in the study 💬? If so, CONGRATULATIONS! 😊 If not... 

Maybe you can try sharing it today or tomorrow.
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Table 2. Presentation of behaviour change techniques used during supervised physical activity 
sessions

BCT
Mode of 
delivery W1 W2 W3 W4 W5

W
6

W
7

W
8

W
9

W 
10

W 
11

W 
12

Total

Goal setting (behaviour) FTF + TM         1 1 1 1 1 1 1 1 8
Goal setting (result) TM          1  1         1    3

Action planning FTF + TM 1   1   1             1 4

Discrepancy between 
current behaviour and 

goal
FTF + TM          1  1  1 1   1 1 1 1 8

Self-monitoring of 
behaviour

FTF              1         1 2

Social support 
(unspecified) 

FTF + TM   1   1   1   1   1   1 6

Social support (practical) FTF + TM 1  1  1  1 1   1 1  1  1  1 1 1 12

Social support 
(emotional)

FTF  1      1       1      1   4

Informations about 
health consequences

FTF  1  1  1                   3

Information about 
emotional consequences

FTF + TM  1  1  1                   3

Prompts/cues FTF + TM       1          1       2
behavioural practice / 

rehearsal
FTF + TM 1 1 1 1 1 1 1 1 1 1 1 1 12

Pros and cons FTF + TM 1    1   1   1             4
Non-specific reward TM  1 1   1  1  1  1 1  1   1 1 1 1 12

Social reward FTF 3 3 3 3 3 3 3 3 3 3 3 3 36
Social incentive FTF + TM  1                       4

Note. W= Week; BCTs= behavioural change techniques, FTF= Face to face, TM= Text message
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Table 3 Study participant characteristics

id Age
Marital
status

Education
Workin
g status

Incom
es 

(k$)
BMI

Cance
r

stage

Cance
r

surger
y

Radio
curren

t

Chimi
o

curren
t

Radio
past

Chimi
o

past

Horm
onoth
erapy
curren

t

In 
treatm
ent*

Smoki
ng

SSS GAD7 PHQ9

id1 44 Single Coll SL 40-60 23  I Yes No No Yes Yes Yes Yes No 5 13 17
id2 43 III Yes No No Yes Yes No NA 15 17
id3 59 Married Coll FTW >80 25  II Yes No No No No Yes No 7 14 16
id4 29 Married High S SL >80 48  IV No Yes Yes No No Yes No 4 10 18
id5 38 Married Univ SL 20-40 30  II Yes No No No Yes Yes No 5 12 15
id6 44 Married Univ SL >80 27  I Yes No No Yes No Yes No 6 12 15
id7 38 Married Univ SL >80 61  III Yes No No Yes Yes No No 7 14 18
id8 61 Single Univ PTW 40-60 14  I Yes No No Yes Yes Yes No 5 13 21
id9 45 Single Coll FTW 60-80 55  III Yes No No Yes Yes No Yes 6 12 18
id10 30 Married Univ SL >80 37  III Yes No Yes Yes Yes Yes No 8 15 19
id11 50 Other Coll SL 40-60 32  II Yes No No Yes Yes Yes No 6 17 18
id12 37 Other Coll SL 40-60 28  III Yes No No Yes Yes No No 6 10 15
id13 52 Married Coll PTW 20< 40  I Yes No No No No Yes Yes 3 22 13
id14 47 Single Univ SL 40-60 14 DK Yes No No Yes Yes Yes No 4 11 17
id15 29 Single Colle FTW >80 21  II Yes No No Yes Yes No No 7 9 16
id16 37 Divorced Coll SL 20< 28  II Yes No No No Yes No No 3 11 19
id17 45 Divorced Univ SL 40-60 41  II Yes No No Yes Yes No No 8 18 18
id18 60 Other Coll SL 20-40 74  II Yes No No Yes Yes No No 4 11 21

Note. DK = Don’t know; *= chemotherapy or radiotherapy; Univ= University; Coll= College; High S= High school; SL= Sick leave; FTW= 

Full-time work; PTW= Part-time work; BMI= Body Mass Index; SSS= Subjective social status; PHQ= Patient Health Questionnaire; GAD= 

General Anxiety Disorder.
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Table 4. Comparison of physical activity characteristics during phase A and A’

LVPA MVPA

ID Tau CI lower Z p Tau CI lower Z p

2 0.53 0.19 - 0.75 2.37 <.05 0.87 0.73 - 0.94 3.89 <.001

4 0.53 0.15 - 0.77 2.15 <.05  0.30 0.12 - 0.64 1.23 .22

17 1.00 .60 <.05 1.00 2.60 <.05

5 -0.19 -0.54 - 0.21 0.78 .43 0.07 -0.32 - 0.45 0.30 .77

7 -0.45 -0.78 - .05 1.42 .16 -0.75 -0.91 - -0.40 2.32 <.05

8 -0.61 -0.81 - -0.29 2.55 <.05 -0.88 -0.95 - -0.74 3.66 <.001

11 0.06 -0.39 - 0.48 0.21 .83 0.06 -0.39 - 0.48 0.21 .83

Note. LMVPA= Light to vigorous physical activity; MVPA= Moderate to vigorous physical activity; CI = Confidence intervals

32

1

1

2

3

4

5

6


