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1General introduction

Incidence and survival of breast cancer
Among women, breast cancer has the highest incidence of all cancer types1. In 2018, it 
accounted for 24% of cancer diagnoses and 15% of cancer deaths1, 2. The incidence of 
breast cancer is expected to increase by more than 46% in 20402. In the Netherlands, 
15.583 women were diagnosed with breast cancer in 2023, compared to 11.808 in 2003, 
an increase of 32%3. While the incidence of breast cancer in the Netherlands continues 
to rise, the number of survivors has also increased, thanks to earlier detection and 
improved treatment options, leading to higher survival rates3. Additionally, the aging 
population has contributed to the growing number of breast cancer survivors3. The 
overall 5-year survival rate of breast cancer is currently 89%3. As the etiology of breast 
cancer may be related to a women’s hormonal milieu, a distinction is made between 
premenopausal and postmenopausal breast cancer (PMBC)4. Postmenopausal status is 
defined as not having menstruated for at least one year5. Postmenopausal breast cancer 
survivors are defined as women who have been diagnosed with breast cancer after 
reaching menopause, including those who have recovered from the disease6.

The relation of lifestyle and body composition with postmenopausal breast cancer
The rising rates of PMBC over time can likely be attributed to changes in lifestyle 
and body composition1. Specifically, a risk factor for developing PMBC is high body 
mass index (BMI) and abdominal adiposity1. During menopause, hormonal changes 
occur which may contribute to increased abdominal obesity and increased central 
abdominal fat, thereby affecting breast cancer risk7. It has been shown that women who 
are overweight or obese have an increased breast cancer risk compared to women with 
a BMI between 18.5 and 25 kg/m28. Specifically, women with a BMI > 35 kg/m2 have a 58% 
increased risk of invasive breast cancer in comparison with women with a BMI < 25 kg/
m2.9 The biological association between BMI and postmenopausal breast cancer risk 
may be attributed to the altered hormone and cytokine profiles observed in overweight 
and obese individuals, compared to women with a BMI between 18.5 and 25 kg/m² 9. 
Obese individuals have larger and more numerous adipose tissue cells compared to 
those of with a BMI between 18.5 and 25 kg/m, and these women often experience higher 
levels of estrogen production in their adipose tissue4, 9. Therefore, overweight and obese 
postmenopausal women have higher levels of endogenous estrogen than women with 
a BMI between 18,5 and 25 kg/m2 4, 9. Leptin, which is elevated in overweight and obese 
individuals, may also contribute to increased estrogen levels9. As the prevalence of 
obesity is rising worldwide, these alterations in hormone and cytokine profiles due to 
higher body weight may partly explain the rise in incidence of PMBC1.
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Besides body composition, lifestyle behaviors may affect breast cancer risk. Specifically, 
alcohol consumption and physical inactivity also increase the risk of developing 
postmenopausal breast cancer6. Drinking alcohol may affect the levels of circulating 
estrogen, hereby affecting breast cancer risk10. Epidemiologic studies generally indicate 
a 30-50% increased risk of breast cancer with moderate alcohol consumption, defined 
as approximately 15-30 grams per day, or about one to two drinks daily11. Due to the 
hormonal differences following menopause, the negative effect of alcohol on breast 
cancer risk may differ following menopause, however findings relating to menopausal 
status and alcohol are inconclusive10-12. Physical inactivity is associated with increased 
breast cancer risk via several biological pathways including its effect on adiposity, 
insulin resistance, adipokines, inflammation level, and sex hormones13. The preventive 
effect of physical activity is present in both premenopausal and postmenopausal 
women13, 14. In general, larger risk reductions were observed in postmenopausal 
women compared to premenopausal women, with risk reductions ranging from 20% 
to 80% in postmenopausal women13, 14. Besides the increased risk for development of 
postmenopausal breast cancer caused by an unfavorable lifestyle, PMBC survivors 
with an unfavorable body composition and lifestyle may have a lower health-related 
quality of life (HRQoL)15. In addition, an unfavorable lifestyle may increase the risk of 
developing type II diabetes mellitus, cardiovascular diseases, second primary cancers, 
cancer recurrences, and mortality following breast cancer diagnosis16-19.

Lifestyle and body weight recommendations for cancer prevention
To decrease the risks for comorbid conditions and to improve HRQoL of PMBC survivors, 
lifestyle and body weight recommendations have been issued by the World Cancer Research 
Fund (WCRF) (see Table 1)6. In addition, it is recommended not to smoke by the American 
Institute for Cancer Research (AICR), and sleep recommendations have been issued by 
the American Academy of Sleep Medicine & Sleep Research Society (AASM&SRS)20 (see 
Table 1). However, the majority of PMBC survivors does not meet these recommondations6, 

15, 21-23. This may be explained by three main causes. First, as an unfavorable lifestyle is 
an important risk factor for development of PMBC, most PMBC survivors already have 
an unfavorable lifestyle and body composition at the moment of diagnosis24-26. Second, 
even though health care professionals can play a key role in lifestyle change during the 
care continuum, promotion of favorable lifestyle change is not structurally embedded in 
breast cancer care27, 28. Due to the Integral Care Agreement (ICA) between the Ministry of 
Health, Welfare and Sport and several large healthcare parties in the Netherlands in 2022, 
fortunately, lifestyle care has gained specific attention in medical care. Thus far, effect 
of the ICA on current lifestyle support for PMBC survivors is unknown. Third, making 
sustained favorable lifestyle changes may be harder for PMBC survivors compared 
to the general population due to impaired physical (e.g., cancer related fatigue) and 
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1psychological functioning (e.g., stress, depressive symptoms) caused by breast cancer 
and its treatment29. Therefore, approaches for promotion of adherence to lifestyle and 
bodyweight recommendations warrant further investigation.

Personalized lifestyle interventions
Thus far, numerous lifestyle intervention studies for PMBC survivors have resulted 
in, mostly short-term, favorable changes in lifestyle and body weight31, 32. However, 
strategies to ensure long-term favorable behavior change remain unknown31, 32. Most of 
these studies used a top-down approach, applying (adapted versions of) interventions 
that were previously found effective in other populations. So far, this approach has not 
led to insights into the optimal method and timing for long-term support of a favorable 
lifestyle change among PMBC survivors. It seems that a bottom-up approach (i.e., starting 
with observations of needs and problems to build interventions, rather than application 
of existing interventions) may be more suited to obtain these insights33. Using a bottom-
up approach to intervention development may also enable tailoring the intervention 
to individual characteristics of the PMBC survivor and is therefore in line with current 
consensus on the importance of personalized care and precision medicine34, 35.

Readiness for favorable lifestyle change
In previous lifestyle intervention studies, interventions were typically offered to those who 
were ready to make favorable lifestyle changes36, 37. Moreover, participants in intervention 
programs are typically seeking treatment or support, making them more ready to adopt 
favorable lifestyle changes, whereas non-participants are generally less inclined to do so. 
In clinical settings, lifestyle support ideally should also be provided to those not ready 
for lifestyle change. Identification of the position of a PMBC survivor in the change 
process (i.e., their readiness for change), may help tailoring lifestyle support to the PMBC 
survivors’ needs38. Favorable lifestyle change is not a single event. If a PMBC survivor is 
willing and able to make favorable lifestyle changes, she will go through a process of several 
stages of behavioral change (Transtheoretical Model of Change)39-41. The stages of change 
are precontemplation (not ready: no intention to change behavior in the near future); 
contemplation (not ready: awareness that a problem exists, thinking about possibilities to 
overcome this problem); preparation (ready: preparing for action in the next month); action 
(ready: modifying behavior and environment to overcome the problem); maintenance 
(ready: consolidate to the new behavior and prevent relapse)39. If someone is unable to 
maintain the new behavior, he or she will relapse into a previous stage42. Every time an 
individual is able to outweigh the benefits of changing over the barriers to change, one is 
able to progress through the stages of change (i.e., positive decisional balance)38, 40. Moving 
too far ahead in the stages of change while offering lifestyle advice, may lead to resistance 
to change38.
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Table 1. Recommendations for cancer prevention for postmenopausal women1

Recommendations Details Goals

1.	 Be a healthy weight2,3 Keep your weight within the healthy range 
(BMI of 18.5–24.9) and avoid weight gain in 
adult life

·	 Ensure that body weight during childhood and adolescence projects towards the lower end 
of the healthy adult BMI range

·	 Keep your weight as low as you can within the healthy range throughout life2

·	 Avoid weight gain (measured as body weight or waist circumference throughout adulthood)

2.	 Be physically active2,3 Be physically active as part of everyday life - 
move more and sit less

·	 Be at least moderately physically active, and follow or exceed national guidelines2

·	 Limit sedentary habits

3.	 Eat a diet rich in wholegrains, 
vegetables, fruit, and beans2,3

Make wholegrains, vegetables, fruit, and 
pulses (legumes) such as beans and lentils a 
major part of your usual diet

·	 Consume a diet that provides at least 30 g/day of fiber from food sources2

·	 Include in more meals foods containing wholegrains, non-starchy vegetables, fruit, and 
pulses (legumes) such as beans and lentils

·	 Eat a diet high in all types of plant foods including at least five portions or servings (at least 
400g or 15 oz in total) of a variety of non-starchy vegetables and fruit every day2

·	 If you eat starchy roots and tubers as staple foods, eat non-starchy vegetables, fruit, and 
pulses (legumes) regularly too if possible

4.	 Limit consumption of “fast foods” 
and other processed foods high in fat, 
starches or sugars2,3

Limiting these foods helps control calorie 
intake and maintain a healthy weight

Limit consumption of processed foods high in fat, starches or sugars – including “fast foods, 
many prepared dishes, snacks, bakery foods and desserts; and confectionery (candy)”2

5.	 Limit consumption of red
 	 and processed meat2,3

Eat no more than moderate amounts of red 
meat, such as beef, pork, and lamb. Eat little, 
if any, processed meat.

If you eat red meat, limit consumption to no more than about three portions per week. Three 
portions are equivalent to about 350 to 500 g (about 12 to 18 oz) cooked weight of red meat. 
Consume very little, if any, processed meat.2

6.	 Limit consumption of 
	 sugar-sweetened drinks2,3

Drink mostly water and unsweetened drinks Do not consume sugar-sweetened drinks2

7.	 Limit alcohol consumption2,3 For cancer prevention, it’s best not to drink 
alcohol

For cancer prevention, it’s best not to drink alcohol2

8.	 After a cancer diagnosis: follow our 
recommendations, if you can2

Check with your health professional what is 
right for you

·	 All cancer survivors should receive nutritional care and guidance on physical activity from 
trained professionals

·	 Unless otherwise advised, all cancer survivors are advised to follow the Cancer Prevention 
Recommendations as far as possible after the acute stage of treatment

9.	 Do not smoke4 Not smoking is best to protect yourself from 
cancer

·	 Not smoking is best to protect yourself from cancer

10.	 Sleep 7 or more hours per night5 ·	 Sleep 7 or more hours per night on a regular basis to promote optimal health.
·	 Sleeping more than 9 hours per night is only recommended for individuals (recovering 

from) with illnesses. For others, it is uncertain whether sleeping more than 9 hours per 
night is associated with health risk

Note. 1This table only describes lifestyle and body recommendations evaluated in this thesis. The 
recommendations are literally obtained from: the World Cancer Research Fund2; the American 
Institute for Cancer Research (AICR)4; and the American Academy of Sleep Medicine & Sleep 
Research Society (AASM&SRS)5.

2 This Recommendation or Goal is operationalized in the 2018 WCRF/AICR Score.6, 30

Abbreviation: BMI, body mass index; WHO, world health organization.
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Need for support
In addition to considering readiness for change of a PMBC survivor when providing 
lifestyle support, a tailored approach of lifestyle support is needed for PMBC survivors 
with and without a perceived need for support. A lower need for support may result 
from better adherence to lifestyle and bodyweight recommendations43. However, it 
could also stem from being in the precontemplation phase, where postmenopausal 
breast cancer survivors may not be considering change, feel resigned, lack a sense of 
control, be in denial (i.e., believing the advice doesn’t apply to them), or perceive the 
consequences of their behavior as insignificant38. For this group, it is recommended 
to empathetically encourage survivors to contemplate change. The goal is to prompt 
them to start considering behavioral changes. Physicians can facilitate this process 
by building and maintaining a positive relationship, personalizing risk factors, and 
asking thought-provoking questions that help patients reflect on their risks38. For 
those with a perceived need for support, receiving information on the behavior is 
not sufficient to achieve behavioral change44. A previous review and meta-analysis 
focusing on weight loss interventions indicated that only providing advice, even 
when it is accompanied by booklets, brochures, weight-loss manuals, or even an 
individualized weight-loss information session, did not result in successful weight 
loss44. Moreover, additional support such as continuous professional support (e.g., 
by dieticians, physicians, or nurses) or continuous social support (e.g., by partner, 
family or friends) needs to be provided. The lifestyle support should be tailored to 
the PMBC survivors’ needs and preferences to promote uptake and effectiveness of 
the support44.

Individual characteristics of the PMBC survivors
In line with using a bottom-up approach for intervention development, it is important to 
consider not only the readiness for change and the need for support of a PMBC survivor 
but also other individual non-changeable general and cancer-related characteristics. 
The diverse psychological and physical consequences of being diagnosed with breast 
cancer and succeeding treatment may either act as barriers or facilitators to lifestyle 
change. Specifically, previous research indicates that cancer-related factors, such 
as the positive and negative psychological consequences of postmenopausal breast 
cancer (e.g., depressive symptoms, posttraumatic growth, and benefit finding), should 
be considered45-48. Depressive symptoms (i.e., a negative psychological consequence) 
following the diagnosis may negatively relate to health behaviors (e.g., being physically 
inactive) and favorable lifestyle change45-47. In contrast, others may experience post-
traumatic growth or benefit finding (i.e., positive psychological consequences) which 
may positively relate to their readiness for favorable lifestyle change48.
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1Timing
During the breast cancer care continuum, readiness for change, need for support, 
and consequences of breast cancer and its treatment may vary over time for each 
PMBC survivor and affect adherence to lifestyle and body weight recommendations. 
Therefore, to deliver a personalized lifestyle intervention it is also important to 
consider the optimal timing of providing an intervention to an individual PMBC 
survivor49-51. Previous studies have suggested that receiving a cancer diagnosis may be 
a ‘teachable moment’ to promote favorable lifestyle changes27. A survey study among 
breast cancer survivors confirms that preferably lifestyle interventions are offered 
soon after diagnosis49. In addition, in this survey study breast cancer survivors also 
favored lifestyle interventions that are available “anytime” during the care continuum49. 
In contrast, a study comparing psychological stress following a cancer diagnosis 
comparing breast cancer and prostate cancer survivors indicated that breast cancer 
survivors are more likely to experience stress longer and therefore may be more 
interested in interventions offered further out from diagnosis50. To date, results of 
studies concerning optimal timing of lifestyle interventions for cancer survivors are 
inconclusive. So far, no quantitative studies have specifically focused on the optimal 
timing of lifestyle support for PMBC survivors. However, two key moments in the 
care continuum have demonstrated beneficial effects of lifestyle interventions on 
both the physical and psychological health of PMBC survivors. These moments are 
during chemotherapy and when starting aromatase inhibitors52-55. Previous studies 
have shown that exercise training is beneficial during chemotherapy, as it may help 
prevent fatigue and maintains VO2max, muscle strength, and health-related quality of 
life52, 53. As a result, physically active survivors were able to return more quickly to their 
pre-treatment levels of functioning after chemotherapy52. In addition, approximately 
80% of PMBC is hormone receptor positive breast cancer and the current standard 
treatment involves taking an aromatase inhibitor which is found to increase disease 
free survival56, 57. Known side-effects of aromatase inhibitors include an increase in 
body fat, a decrease in lean body mass, and a decrease in bone mineral density57, 58. 
These side-effects may be diminished or eliminated by regular physical activity54, 55. 
Previously it has been shown that starting a physical activity intervention at the onset 
of aromatase inhibitor treatment positively impacts body fat, BMI, and lean body mass 
in PMBC survivors54.

The studies exploring specifically the optimal timing of lifestyle support for breast 
cancer survivors (rather than just PMBC survivors) were qualitative in nature. In a meta-
synthesis of 13 qualitative studies, treatment side effects and individuals’ concerns 
about the potential negative impact of physical activity were identified as barriers for 
participation during active treatment59. In contrast, it was also mentioned that engaging 
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in physical activity within a supportive environment offered a welcome distraction, 
allowing cancer survivors to feel ‘normal’ again and start redefining themselves with 
an emphasis on their health and well-being, rather than their cancer59. In a focus group 
study (9 out of 15 were PMBC survivors), all participants agreed that the intervention 
should be offered immediately after cancer treatment, as they believed women would 
be more likely to attend at that time60.

Both the quantitative and qualitative studies that suggested optimal timing for 
lifestyle support primarily focused on physical activity interventions and did not 
primarily target PMBC survivors. Additionally, these studies did not consider the 
individual determinants and characteristics of PMBC survivors, which are crucial 
for determining the most effective lifestyle intervention at specific moments in the 
care trajectory.

Selection of methods and strategies for personalized lifestyle interventions
Common theoretical frameworks to determine a suitable method for a lifestyle 
intervention are the Behavioral Change Wheel (BCW) and the Behavior Change 
Technique Taxonomy. These frameworks can be used to match relevant modifiable 
determinants (i.e., readiness for change, need for support, individual characteristics 
of the PMBC survivor) to active ingredients of an intervention. The active ingredients 
will be the ‘building blocks’ of the personalized lifestyle intervention.

Behavior Change Wheel
The Behavior Change Wheel comprises insights from 19 behavior change frameworks 
and provides a practical method for intervention evaluation and design61. At the center 
of the BCW, the behavior system thrives on the Capability-Opportunity-Motivation-
Behavior model (COM-B model)61, 62. In the COM-B model it is explained that capability, 
opportunity, and motivation interact to be able to generate behavior that in turn also 
influences the COM components. Capability entails an individual’s psychological and 
physical capacity to engage in the behavior (e.g., knowledge, skills). Opportunity 
is defined as the factors lying outside the individual that facilitate or hinder the 
behavior. Last, motivation entails all the brain processes that energize and direct the 
behavior (e.g., habitual processes, emotional responding, analytic decision making)61. 
The COM-B model is the core of the BCW, with a circle of nine intervention functions 
surrounding it, each designed to address deficits in one or more of the key conditions 
‘capability’, ‘opportunity’, and ‘motivation’61. These nine intervention functions are 
encircled by seven policy categories, which are essential for the intervention to take 
place61.
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1Behavior Change Technique Taxonomy
The Behavior Change Wheel is supplemented by a system with a full range of options of 
‘active ingredients’ for interventions. These active components are referred to as Behavior 
Change Techniques, which are defined as “observable, replicable, and irreducible 
elements of an intervention aimed at modifying or redirecting the causal processes 
that govern behavior” (e.g., feedback and self-monitoring)63. The Behavior Change 
Techniques are categorized in the toolbox ‘Behavior Change Technique Taxonomy’ and 
comes along with a rational system for selecting them while designing interventions63. 
While designing lifestyle interventions for PMBC survivors, the system of the Behavior 
Change Taxonomy can be used to systematically match modifiable determinants of 
PMBC survivors (e.g., stage of change; need for support; individual characteristics of 
the PMBC survivor) to required behavior change techniques. In addition, success, or 
lack of success of previous lifestyle interventions can be investigated unravelling the 
BCT’s used in the intervention and linking them to the outcome of the intervention63.

Towards a better understanding of optimal timing and method of lifestyle support
To enhance understanding of optimal timing and method to promote sustained 
adherence to lifestyle and bodyweight recommendations in PMBC survivors, the 
OPTIMUM-study was set up in 2018. Key objectives of the OPTIMUM-study were: 1. To 
gain insight into the optimal timing to promote (sustained) adherence to lifestyle and 
bodyweight recommendations in PMBC survivors; and 2. To gain insight into the optimal 
method for (oncology) health care professionals to promote (sustained) adherence to 
lifestyle and bodyweight recommendations in PMBC survivors64. To address research 
question 1, the OPTIMUM-study longitudinally assessed adherence to lifestyle and 
bodyweight recommendations, readiness for change, and need for support to be able to 
adhere to these recommendations over time. To answer research question 2, modifiable 
determinants of health behavior change were assessed and matched to behavior change 
techniques64.

All postmenopausal (i.e., not having menstruated for at least 1 year) women diagnosed 
with breast cancer between March 2019 and November 2021 in 16 hospitals were 
invited to participate. PMBC survivors were recruited in the following Dutch hospitals: 
Alexander Monro Hospital (Bilthoven); Albert Schweitzer Hospital (Dordrecht); Amphia 
Hospital (Breda); Canisius Wilhelmina Hospital (Nijmegen); Diakonessenhuis (Utrecht); 
Elizabeth-Twee Steden Hospital (Tilburg); Jeroen Bosch Hospital (Den Bosch); Medical 
Center Leeuwarden (Leeuwarden); Medical Spectrum Twente (Enschede); Reinier 
de Graaf Hospital (Delft); Sint Antonius Hospital (Nieuwegein); Sint Jansdal Hospital 
(Harderwijk); VieCuri Medical Center (Venlo).
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1Aims and outline of this thesis
This thesis aimed to gain insight into 1) the optimal timing and 2) the optimal method 
for lifestyle support during the care continuum of PMBC survivors. Within these 2 key 
objectives of the OPTIMUM-study, this thesis has 3 main aims:

1)	 To use and test measurement instruments for lifestyle behavior or body composition;
2)	 To longitudinally evaluate (quantitatively and qualitatively) lifestyle behavior and 

its determinants over time in Dutch PMBC survivors;
3)	 To identify effective behavior change techniques and intervention strategies to 

facilitate favorable lifestyle change and support in PMBC survivors.

Aim 1. To use and test measurement instruments for lifestyle behavior or body composition.
In Chapter 2 we investigated the potential of self-performance during the Five-Times-
Sit-To-Stand (FTSTS)-test. This test assesses functional muscle strength, an indicator 
of frailty65. Frailty increases the risk of mortality, hospitalization, physical limitations, 
falls, and fractures65. While frailty is common in older adults, younger cancer survivors 
may also experience it due to cancer and its treatment66. Early detection can help 
improve frail survivors’ physical reserves through training before intensive treatment 
or surgery67. Current frailty tests are time-consuming and expensive, and screening for 
frailty in younger cancer survivors is rare. To address this, the Five-Times-Sit-To-Stand 
test (FTSTS) could be used for pre-screening. We investigated whether the FTSTS remains 
valid and reliable when performed by survivors at home with written instructions 
and a stopwatch, without medical supervision. In addition, in the OPTIMUM-study we 
measured physical activity and sleep by using the Actigraph wGT3X-BT accelerometer 
(ActiGraph; ActiGraph, LLC, Pensacola, FL, USA). In Chapter 5, we included assessing 
the feasibility of PMBC survivors wearing an Actigraph for 7 consecutive days in their 
daily lives to support the reliability and validity of longitudinal measurements of 
physical activity and sleep.

This thesis continues with the presentation of the study protocol of the OPTIMUM-
study in Chapter 3.

Aim 2. To longitudinally evaluate (quantitatively and qualitatively) lifestyle behavior 
and its determinants over time in Dutch PMBC survivors.
In Chapter 4 we longitudinally explored, by use of qualitative analysis of 42 in-depth 
interviews at 1 and 1.5 year following the diagnosis breast cancer, relevant determinants 
for obtaining and maintaining a favorable lifestyle over time. In addition, we determined 
four phases in the breast cancer care continuum based on PMBC survivors’ experiences. 
Next, we provided an overview of the optimal timing for lifestyle support, aligning it 
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with the preferences and characteristics of PMBC survivors, who described varying 
needs during these four phases related to adopting and maintaining a favorable 
lifestyle. In Chapter 5, we investigated the course of physical activity and sleep of 
PMBC survivors during 1 year of the COVID-19 pandemic. The precise time-point of 
the accelerometer measurements varied for participants and were categorized into 
four time-points: before onset of COVID-19 (T1); during the first COVID-19 lockdown 
(T2); the time in between the first and second COVID-19 lockdown (T3); and during the 
second COVID-19 lockdown (T4). Using generalized linear mixed-effects models we 
examined the course of physical activity and sleep of PMBC survivors comparing these 
four time-points during the COVID-19 pandemic.

Aim 3. To identify e�ective behavior change techniques and intervention strategies to 
facilitate favorable lifestyle change and support in PMBC survivors.
In Chapter 6, we examined, by use of the Delphi method, expert-opinion of oncology 
health care professionals, patient advocates and PMBC survivors on potential barriers 
and facilitators for favorable lifestyle change and lifestyle care among PMBC survivors. 
In addition, we used the BCW to systematically categorize these facilitators and barriers 
at the individual level of the PMBC survivor and HCP, at intervention level, and at policy 
level. Following, based on the expert-opinion of the HCPs, patients advocates, and 
PMBC survivors, we described potential effective intervention strategies to promote 
lifestyle change and lifestyle care among PMBC survivors.

By use of a systematic review of the literature, in Chapter 7 we aimed to provide greater 
insight into effective strategies for achieving sustained improvements in lifestyle 
and body composition among breast cancer survivors, which could enhance health-
related outcomes. It sought to synthesize scientific evidence on the maintenance of 
intervention effects on lifestyle and body composition, as well as to identify, describe, 
and analyze methods and strategies linked to effectiveness.

In Chapter 8, the main findings and methodological considerations of this thesis are 
discussed, and practice implications and suggestions for future research are given. To 
end, a summary of this thesis is provided in Chapter 9.
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Abstract

Purpose. The self-performance of a Five-Times-Sit-To-Stand (FTSTS)-test, without 
the usual supervision by a medical professional, provides valuable opportunities for 
clinical practice and research. This study aimed: 1) to determine the validity of the self-
performed FTSTS-test in comparison to a supervised reference test, and 2) to determine 
the reliability of a self-performed FTSTS-test by cancer survivors.

Patients and Methods. Cancer survivors (n=151) performed two FTSTS-tests 
themselves. One additional reference FTSTS-test was supervised by a physical therapist. 
The intraclass correlation coefficient (ICC), structural error of measurement (SEM), 
and minimally important clinical difference (MID) were calculated comparing a self-
performed FTSTS-test to the reference-test, and comparing two self-performed FTSTS-
tests. The Guidelines for Reporting Reliability and Agreement Studies (GRASS) have 
been used.

Results. Mean age of cancer survivors was 65.6 years (SD=9.3), 54.6% were female, 
median time since diagnosis was 2 years [IQR=1], tumor type varied (e.g., breast cancer 
(31.8%), prostate cancer (17.2%), gastrointestinal cancer (11.9%), and hematological 
cancer (11.9%)). Validity of the self-performed FTSTS-test at home was acceptable in 
comparison to the reference-test (ICC=.74; SEM=3.2; MID=3.6) as was the reliability of 
the self-performed FTSTS-test (ICC=.70; SEM=2.2; MID=3.8).

Conclusions. The self-performed FTSTS-test is a valid and reliable measure to assess 
lower body function, and has potential to be used as objective (pre-)screening tool for 
frailty in cancer survivors.
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Introduction

Frailty is increasingly recognized as an important health concern, increasing the risk of 
mortality, hospitalization, physical limitations, falls and fractures1-3. Although frailty is 
typically a geriatric syndrome, it is important to realize that frailty is also common in 
younger cancer survivors due to cancer and its treatment4, 5. Frail cancer survivors are at 
risk for postoperative complications, chemotherapy intolerance, rapid progression of the 
disease, and death4, 5. Frailty is not an irreversible process, therefore screening for frailty 
and early intervention to improve a frail survivors’ physiological reserve prior to surgery 
or intensive treatment is important4, 6, 7.

Currently, comprehensive geriatric assessment (CGA) is performed to detect the vulnerable 
elderly cancer survivors, however this is time-consuming and expensive8. Therefore, pre-
screening strategies are often used to select survivors who need a full CGA8. In younger 
cancer survivors, screening on frailty status is less common and it may be warranted to 
screen more intensively on frailty status, to identify those at high risk of frailty in order 
to start (prehabilitation) interventions early9. To increase screening on frailty, a short and 
easy-to-perform test is needed. As sarcopenia and increased falls risk are both key elements 
of physical frailty1, 2, the Five-Times-Sit-To-Stand test (FTSTS-test) might be a good objective 
(pre-)screening tool for frailty. The FTSTS-test is a well-established and valid lower body 
function test10, 11, focusing on the performance of one of the most demanding activities in 
daily life (e.g., getting out of a chair, climbing stairs, rising from horizontal positions). The 
FTSTS-test is able to assess balance dysfunction12-14, falls risk15-17, sarcopenia18, and frailty 
status19, 20. In general, the FTSTS-test is instructed and supervised by a physical therapist.

The performance of a FTSTS-test at home, without supervision by a medical professional 
provides valuable opportunities for both clinical practice and research. As the test takes 
less than a minute to perform, the self-performed FTSTS-test could be used for (pre-)
screening of frailty during the treatment process and thereafter. In addition, survivors 
can be instructed to contact a medical professional if their FTSTS-time exceeds a certain 
cut-off value. Hereby, objective (pre-)screening on a larger scale can take place, while 
empowering cancer survivors by involving them in their care plan21, 22. Moreover, with 
respect to research, if the test is found to be valid while self-performed at home, the test can 
be used as measure to assess lower body function in large cohort studies among patients 
with various diagnoses.

The aim of this study is to determine validity of the self-performed FTSTS-test in comparison 
to a FTSTS test supervised by a trained physical therapist among cancer survivors. In 
addition, this study aimed to determine the reliability of the self-performed FTSTS-test 
comparing two self-performed FTSTS-tests.
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Methods

Setting and participants
A prospective repeated measures study, with one week in between measures, was 
performed. Cancer survivors were recruited in the Spring of 2020 from 5 different 
physical therapy practices in the Netherlands. All participants were recruited by their 
treating oncological physical therapist who gave them the study information letter. 
Cancer survivors were eligible when they were aged 50 years or older, able to speak, 
understand and read the Dutch language, diagnosed with cancer, and within 1 year 
after completion of cancer treatment. In addition, cancer survivors in a wheelchair or 
with physical or cognitive problems (assessed by the physiotherapist) hampering their 
ability to perform the FTSTS-test were excluded. Four out of five participating physical 
therapists provided supervised FTSTS-reference measures, participants of all five 
physical therapy practices provided self-performed FTSTS scores. The study protocol 
was approved by the Ethics Review Board of Tilburg University and was exempted 
from medical ethical review by the METC Brabant (the Netherlands), according to the 
Dutch Medical Research Involving Human Subjects Act (WMO). All participants signed 
written informed consent prior to the study. The funders played no role in the design, 
conduct, or reporting of this study.

Data collection
All participants performed the FTSTS measurements three times (see Figure 1), and in 
the following consecutive order:

1.	 Self-performed FTSTS-test 1 = unguided FTSTS-test executed by the cancer survivor 
at the physical therapy practice using written instructions (T1);

2.	 Self-performed FTSTS-test 2 = unguided FTSTS-test executed by the cancer survivor 
at their home using written instructions (T2 = T1 + 1 week);

3.	 FTSTS-reference test = FTSTS-test executed receiving instruction and supervision of 
the physical therapist at the physical therapy practice (T3 = T2 + 1 week).

Measures
Five-Times-Sit-to-Stand-Test (FTSTS-test)
For the self-performed FTSTS-tests, participants received a stopwatch and a paper 
instruction with the test procedures illustrated with pictures. They were asked to read 
the test instructions carefully and to perform the test independently. Specifically, the 
written information instructed them to sit on the chair (i.e., seating height between 41-
45 centimeter, no elbow rests and wheels), to fold arms across the chest (retaining the 
stopwatch), and to stand up and sit down from a chair five times in a row. Participants 
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were instructed to come to a full upright stand, to sit down against the backrest, to refrain 
from using hands while standing up, and to stop the stopwatch as soon as possible after 
finishing the test. No reference standard results were available for the participants. To 
determine the FTSTS reference-test time, the trained physical therapist supervised the 
test following the procedure previously described by Guralnik and colleagues23.

 
Figure 1. Design of the repeated measures study.

Note. FTSTS: Five-Times-Sit-To-Stand test.

Test execution rated by physical therapist
The physical therapist rated the test performance during the self-performed FTSTS-test 
1, when the participant performed the unguided test at the physical therapy practice. 
The physical therapist rated five dimensions of test execution: coming to a full upright 
stand (yes/no), correct number of sitting and standing up (yes/no), lack of using hands 
for standing up (yes/no), sitting down with their back against the chair (yes/no), and 
correct use of the stopwatch (yes/no). The physical therapist only observed and gave 
no verbal information about the test execution by the participants. In addition, the 
test execution ratings were not discussed with the participants to avoid influencing 
the results of the self-performed FTSTS-test 2.

Questionnaire
Following the self-performed FTSTS-test 2 at home, participants completed a 
questionnaire. The questionnaire assessed socio-demographic information including 
gender, age, employment, education level, and clinical information including time 
since diagnosis, tumor localization, tumor stage, and treatment types. Comorbidities 
in the past 12 months were assessed using the validated Self-administered Comorbidity 
Questionnaire (SCQ)24. The SCQ is a list of 14 medical conditions. Due to the age of our 
study population we added 3 extra medical conditions to the list of 14 in advance of 
the study: dementia, multiple sclerosis, and Parkinson’s disease. As in the original SCQ, 
participants had the option to add up to 3 medical conditions to the list of 17.
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that repeated measures of the FTSTS will be ± 3.2 seconds (=1 SEM) of the original score, 
which is a fair score for expected error either from the true score or test-retest fluctuations. 
The MDC95 is 9.0 seconds. However, a smaller time difference in repeated measures may 
already indicate a clinically meaningful change. Specifically, the distribution-based MID 
indicates that a small clinical effect may be visible with a change of .9 seconds, a moderate 
effect with a change of 2.3 seconds, and a large effect with a change of 3.6 seconds.

Table 1. Socio-demographic and clinical characteristics.

Total population (N= 151)
Number (percentage), 

mean±SD, or median[IQR]

Gender

Male 68 (44.7%)

Female 83 (54.6%)

Age

65.6 ± 9.3

Education†

Low 14 (9.3%)

Medium 98 (65.3%)

High 38 (25.3%)

Employment

Yes 57 (38.5%)

No 91 (61.5%)

Time since diagnosis

2 [1-2]

Comorbidities

0 36 (25.7%)

1 28 (20.0%)

≥2 76 (54.3%)

Tumor localization

Gastrointestinal cancer 18 (11.9%)

Lung cancer 15 (9.9%)

Gynaecological cancer 6 (4.0%)

Hematological cancer 18 (11.9%)

Breast cancer 48 (31.8%)
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Table 1. Continued

Total population (N= 151)
Number (percentage), 

mean±SD, or median[IQR]

Prostate cancer 26 (17.2%)

Other 19 (12.6%)

Tumor stage

Stage I 15 (10.3%)

Stage II 16 (11.0%)

Stage III 18 (12.3%)

Stage IV 15 (10.3%)

Unknown 82 (56.2%)

Surgery

Yes 107 (70.9%)

No 44 (29.1%)

Chemotherapy

Yes 90 (59.6%)

No 61 (40.4%)

Radiotherapy

Yes 77 (51.0%)

No 74 (49.0%)

Hormonal therapy

Yes 43 (28.5%)

No 108 (71.5%)

Variables may deviate from 100% due to rounding off.
† Education: Low (no or primary school); medium (lower general secondary education or 
vocational training); high (pre-university education, high vocational training, university).
SD=standard deviation, IQR=interquartile range

The Bland Altman method indicated that the average difference between the FTSTS 
reference test and self-performed FTSTS-test 2 is close to zero, specifically -.668. This 
indicates a small mean difference between both methods. In addition, the visual 
judgement showed no consistent bias of one measurement versus the other (see Figure 
2). Agreement between both methods is acceptable, 80 percent of difference values lies 
within the distribution-based MID’s. Preferably all difference values would have been 
within the MIDs.
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Discussion

This study examined whether a FTSTS-test performed by cancer survivors at their 
home, without supervision of a medical professional, can be a valid and reliable 
substitute for a supervised test. We found an acceptable agreement between the 
self-performed FTSTS-test and the FTSTS reference-test, and a measurement error 
of 3.2 sec. In addition, the test-retest reliability of the self-performed FTSTS-test was 
acceptable, ICC=.70. The distribution-based MID indicated that a change of 3.6 seconds 
may result in a large clinically important effect, which could be used as cut-off value 
during ongoing (pre-)screening for frailty during and after the treatment process. As 
this MID exceeds the measurement error, no unnecessary overburdening of medical 
professionals and cancer survivors is expected.

To the best of our knowledge, no similar studies have been conducted so far investigating 
the strength of the relationship of the FTSTS-test between a trained medical professional 
and a patient, or between two self-performed FTSTS-tests by a patient. Previous studies 
have shown slightly higher interrater reliability scores for the FTSTS-test, compared 
to the agreement between the self-performed FTST-2 and the FTSTS reference-test, 
however these where conducted among equivalent raters (e.g., two trained medical 
professionals). The reliability of the self-performed FTSTS-test is comparable to that of 
measurements performed by trained medical professionals in other populations (ICC 
range, .64-.96)12, 28, 38-41. The strength of the relationship between the FTSTS reference-test 
and self-performed test 2 found in this study is comparable to the previously mentioned 
level of agreement between two FTSTS-tests found in other populations. The FTSTS-
test instructed and supervised by a medical professional has been found effective in 
detecting early declines in functional independence and frailty in previous studies. 
Even biomechanical studies show that the velocity peaks and “modified impulse” 
parameters of the stand-up and sit-down phase can clearly differentiate subjects of 
different frailty levels42.

Overall, the results indicate that the self-performed FTSTS-test at home has potential as 
(pre)-screening tool for frailty in cancer survivors. Measurement error 28 and MID scores 
point toward the potential of monitoring for frailty during and after the treatment 
process by use of the self-performed FTSTS test. Using the self-performed FTSTS-test 
for frailty detection and monitoring resulting in subsequent targeted treatment is in 
line with approaches as personalized care and precision medicine, i.e., treating each 
patient with the most optimal treatment at the right time21. Self-management by cancer 
survivors will (continue to) be an important component of cancer care. It can contribute 
to high quality, cost-effective medical care43. Moreover, cancer survivors can feel more 
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engaged/empowered due to this commitment towards their own care21, 22. In addition, 
the FTSTS-test may transcend using a questionnaire for (pre-)screening for frailty as 
it is a less biased, valid measure of physical performance status (less susceptible for 
social desirable answers), and it may be less time-consuming for medical professionals 
and cancer survivors. Even though the FTSTS-test is expected to be less susceptible 
for social desirable answers, it remains important to explain to the patient that early 
detection of frailty may enable interventions to prevent further deterioration and 
improve cancer outcomes. Otherwise, fear of less intensive treatment schedules might 
influence the patient-reported FTSTS-test scores.

Being unemployed may increase the time difference between a self-performed 
FTSTS-test at home and a FTSTS reference-test. However, age may play a role in this 
association. In some cases deficits in attention, memory, and executive functions may 
be related to unemployment, which may also relate to self-performance on the FTSTS-
test. Moreover, participants with more time difference between the self-performed 
FTSTS-test at home and a FTSTS reference-test showed less optimal test execution 
with respect to sitting down with their back against the chair and correct use of the 
stopwatch, compared to the participants with less than 1 SEM time difference between 
both tests. To optimize test accuracy, it may be valuable to add a video instruction to 
the paper instruction. Furthermore, blended test instructions, combining a face-to-
face instruction with following self-performed FTSTS home-tests by the survivors, 
might also be promising44.

Study limitations and strengths
The present study has a few limitations. Due to the single self-performed 5TSTS-test at 
home, it is not possible to draw conclusions with respect to responsiveness to change 
of the self-performed FTSTS-test at home. Additionally, due to the relatively large MDC95 
it is recommended to be cautious with interpretation of follow-up measurements until 
further results of the responsiveness to change of the self-performed FTSTS-test at 
home become available. However, the difference between both self-performed tests was 
small, and responsiveness to change may be stronger influenced by test execution than 
by test setting (i.e., home vs. at the physical therapy practice). In addition, distribution-
based MIDs were calculated, however, it would be valuable to establish anchor-based 
MIDs in a future study to incorporate the patient’s experience in meaningful clinical 
change31. Moreover, while using the self-performed FTSTS as (pre-)screeningtool for 
frailty, patients may report whether they experience small, moderate, or large change 
with respect to their frailty status. These experiences may be evaluated as anchors 
for relevant MIDs in clinical practice, instead of the determined distribution-based 
MIDs. Furthermore, comparable to other tests, the self-performed FTSTS-test may be 
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at risk for ceiling-effect impairing the ability to detect changes over time, which might 
be useful to consider in certain test populations. Finally, participants were invited 
within one year since their final treatment. Therefore, generalizability of the results to 
participants under treatment may need further investigation.

Our study also had a number of strengths, including a clinical sample of 94 cancer 
survivors all performing the FTSTS-test following their final treatment (i.e., more 
homogenous group), however varying in tumor type, gender, working status, and age. 
In addition, strengths of the study were inclusion of four oncological physical therapist 
practices providing reference measures, included rating of test execution, and the 
first direct comparison of the FTSTS-performance between inequivalent raters (i.e., 
cancer survivors and trained medical professional), and between two tests performed 
unguided by patients.

Conclusions
In conclusion, the results of this study indicate the potential of the self-performed 
FTSTS-test at home as a valid and reliable objective (pre-)screening tool for frailty of 
cancer survivors. The feasibility, short amount of time needed, and potential cost-
effectiveness of the self-performed FTSTS-test can make it a valuable contribution to 
personalized care and precision medicine. In research, the test can be used as measure 
for assessment of lower body function in large cohort studies among patients with 
various diagnoses.



Self-performed Five Times Sit-to-Stand-test at home as (pre-)screeningstool for frailty in cancer survivors

43

2

References

1	 Rizzoli R, Reginster J-Y, Arnal J-F et al. Quality of life in sarcopenia and frailty. Calcified tissue 
international 2013; 93 (2): 101-120.

2	 Cruz-Jentoft AJ, Baeyens JP, Bauer JM et al. Sarcopenia: European consensus on definition and 
diagnosisReport of the European Working Group on Sarcopenia in Older PeopleA. J. Cruz-
Gentoft et al. Age and ageing 2010; 39 (4): 412-423.

3	 Vermeiren S, Vella-Azzopardi R, Beckwée D et al. Frailty and the Prediction of Negative Health 
Outcomes: A Meta-Analysis. Journal of the American Medical Directors Association 2016; 17 
(12): 1163.e1161-1163.e1117.

4	 Baijal P, Periyakoil V. Understanding Frailty in Cancer Patients. The Cancer Journal 2014; 20 
(5).

5	 Ethun CG, Bilen MA, Jani AB et al. Frailty and cancer: implications for oncology surgery, 
medical oncology, and radiation oncology. CA: a cancer journal for clinicians 2017; 67 (5): 
362-377.

6	 McCorkle R, Nuamah I, Strumpf N et al. A specialized home care intervention improves 
survival among older post-surgical cancer patients. JOURNAL-AMERICAN GERIATRICS 
SOCIETY 2000; 48 (12): 1707-1713.

7	 Gill TM, Gahbauer EA, Allore HG et al. Transitions Between Frailty States Among Community-
Living Older Persons. Archives of Internal Medicine 2006; 166 (4): 418-423.

8	 Hamaker ME, Jonker JM, de Rooij SE et al. Frailty screening methods for predicting outcome 
of a comprehensive geriatric assessment in elderly patients with cancer: a systematic review. 
The Lancet Oncology 2012; 13 (10): e437-e444.

9	 Lozano-Montoya I, Correa-Perez A, Abraha I et al. Nonpharmacological interventions to treat 
physical frailty and sarcopenia in older patients: a systematic overview - the SENATOR Project 
ONTOP Series. Clin Interv Aging 2017; 12: 721-740.

10	 Guralnik JM, Simonsick EM, Ferrucci L et al. A short physical performance battery assessing 
lower extremity function: association with self-reported disability and prediction of mortality 
and nursing home admission. J Gerontol 1994; 49 (2): M85-94.

11	 Pavasini R, Guralnik J, Brown JC et al. Short physical performance battery and all-cause 
mortality: systematic review and meta-analysis. BMC medicine 2016; 14 (1): 215.

12	 Lord SR, Murray SM, Chapman K et al. Sit-to-stand performance depends on sensation, speed, 
balance, and psychological status in addition to strength in older people. The Journals of 
Gerontology Series A: Biological Sciences and Medical Sciences 2002; 57 (8): M539-M543.

13	 Lusardi MM, Pellecchia GL, Schulman M. Functional performance in community living older 
adults. Journal of Geriatric Physical Therapy 2003; 26 (3): 14.

14	 Whitney SL, Wrisley DM, Marchetti GF et al. Clinical measurement of sit-to-stand performance 
in people with balance disorders: validity of data for the Five-Times-Sit-to-Stand Test. Physical 
therapy 2005; 85 (10): 1034-1045.

15	 Najafi B, Aminian K, Loew F et al. Measurement of stand-sit and sit-stand transitions using a 
miniature gyroscope and its application in fall risk evaluation in the elderly. IEEE Transactions 
on biomedical Engineering 2002; 49 (8): 843-851.

16	 Buatois S, Miljkovic D, Manckoundia P et al. FIVE TIMES SIT TO STAND TEST IS A PREDICTOR 
OF RECURRENT FALLS IN HEALTHY COMMUNITY-LIVING SUBJECTS AGED 65 AND OLDER. 
Journal of the American Geriatrics Society 2008; 56 (8): 1575-1577.



Chapter 2

44

17	 Doheny EP, Walsh C, Foran T et al. Falls classification using tri-axial accelerometers during 
the five-times-sit-to-stand test. Gait & posture 2013; 38 (4): 1021-1025.

18	 Rier HN, Jager A, Meinardi MC et al. Severe sarcopenia might be associated with a decline of 
physical independence in older patients undergoing chemotherapeutic treatment. Support 
Care Cancer 2018; 26 (6): 1781-1789.

19	 Greene BR, Doheny EP, Kenny RA et al. Classification of frailty and falls history using a 
combination of sensor-based mobility assessments. Physiological measurement 2014; 35 (10): 
2053.

20	 Panhwar YN, Naghdy F, Naghdy G et al. Assessment of frailty: a survey of quantitative and 
clinical methods. BMC Biomedical Engineering 2019; 1 (1): 7.

21	 Kondylakis H, Bucur A, Crico C et al. Patient empowerment for cancer patients through a 
novel ICT infrastructure. Journal of Biomedical Informatics 2020; 101: 103342.

22	 Yamanaka M. A Concept Analysis of Self-Management of Cancer Pain. Asia Pac J Oncol Nurs 
2018; 5 (3): 254-261.

23	 Guralnik JM, Simonsick EM, Ferrucci L et al. A short physical performance battery assessing 
lower extremity function: association with self-reported disability and prediction of mortality 
and nursing home admission. Journal of gerontology 1994; 49 (2): M85-M94.

24	 Sangha O, Stucki G, Liang MH et al. The Self-Administered Comorbidity Questionnaire: a new 
method to assess comorbidity for clinical and health services research. Arthritis Rheum 2003; 
49 (2): 156-163.

25	 Tukey JW. Exploratory data analysis: Reading, MA1977.
26	 Terwee CB, Bot SDM, de Boer MR et al. Quality criteria were proposed for measurement 

properties of health status questionnaires. Journal of Clinical Epidemiology 2007; 60 (1): 34-42.
27	 Koo TK, Li MY. A guideline of selecting and reporting intraclass correlation coefficients for 

reliability research. Journal of chiropractic medicine 2016; 15 (2): 155-163.
28	 Ostchega Y, Harris TB, Hirsch R et al. Reliability and prevalence of physical performance 

examination assessing mobility and balance in older persons in the US: data from the Third 
National Health and Nutrition Examination Survey. Journal of the American Geriatrics Society 
2000; 48 (9): 1136-1141.

29	 Bruton A, Conway JH, Holgate ST. Reliability: what is it, and how is it measured? Physiotherapy 
2000; 86 (2): 94-99.

30	 Keating J. Unreliable inferences from reliable measurements. Aust J Physiother 1998; 44: 5-10.
31	 Turner D, Schünemann HJ, Griffith LE et al. The minimal detectable change cannot reliably 

replace the minimal important difference. Journal of clinical epidemiology 2010; 63 (1): 28-36.
32	 Rankin G, Stokes M. Reliability of assessment tools in rehabilitation: an illustration of 

appropriate statistical analyses. Clinical rehabilitation 1998; 12 (3): 187-199.
33	 Domholdt E. Rehabilitation research: principles and applications: Saunders2005.
34	 Stratford PW, Goldsmith CH. Use of the standard error as a reliability index of interest: an 

applied example using elbow flexor strength data. Physical therapy 1997; 77 (7): 745-750.
35	 Ries JD, Echternach JL, Nof L et al. Test-retest reliability and minimal detectable change scores 

for the timed “up & go” test, the six-minute walk test, and gait speed in people with Alzheimer 
disease. Physical therapy 2009; 89 (6): 569-579.

36	 Riemann BL, Lininger MR. Statistical primer for athletic trainers: the essentials of 
understanding measures of reliability and minimal important change. Journal of athletic 
training 2018; 53 (1): 98-103.

37	 Ferguson CJ. An effect size primer: a guide for clinicians and researchers. 2016.



Self-performed Five Times Sit-to-Stand-test at home as (pre-)screeningstool for frailty in cancer survivors

45

2

38	 Duncan RP, Leddy AL, Earhart GM. Five Times Sit-to-Stand Test Performance in Parkinson’s 
Disease. Archives of Physical Medicine and Rehabilitation 2011; 92 (9): 1431-1436.

39	 Schaubert KL, Bohannon RW. Reliability and validity of three strength measures obtained 
from community-dwelling elderly persons. Journal of Strength and Conditioning Research 
2005; 19 (3): 717.

40	 Bohannon RW, Shove ME, Barreca SR et al. Five-repetition sit-to-stand test performance 
by community-dwelling adults: A preliminary investigation of times, determinants, and 
relationship with self-reported physical performance. Isokinetics and exercise science 2007; 
15 (2): 77-81.

41	 Jette AM, Jette DU, Ng J et al. Are performance-based measures sufficiently reliable for use 
in multicenter trials? Journals of Gerontology Series A: Biomedical Sciences and Medical 
Sciences 1999; 54 (1): M3-M6.

42	 Millor N, Lecumberri P, Gómez M et al. An evaluation of the 30-s chair stand test in older 
adults: frailty detection based on kinematic parameters from a single inertial unit. Journal 
of neuroengineering and rehabilitation 2013; 10 (1): 1-9.

43	 Gulliford M, Naithani S, Morgan M. What is’ continuity of care’? Journal of health services 
research & policy 2006; 11 (4): 248-250.

44	 Wentzel J, van der Vaart R, Bohlmeijer ET et al. Mixing online and face-to-face therapy: how 
to benefit from blended care in mental health care. JMIR mental health 2016; 3 (1): e9.





Chapter 3
TOWARDS OPTIMAL TIMING AND METHOD 
FOR PROMOTING SUSTAINED ADHERENCE 

TO LIFESTYLE AND BODY WEIGHT 
RECOMMENDATIONS IN POSTMENOPAUSAL 

BREAST CANCER SURVIVORS
 (THE OPTIMUM‑STUDY): 

PROTOCOL FOR A LONGITUDINAL 
MIXED-METHOD STUDY.

S.J.M. van Cappellen � van Maldegem, F. Mols, N. Horevoorts, A. de Kruif, L.M. 
Bu�art, D. Schoormans, H. Trompetter, S. Beijer, N.P.M. Ezendam, M.R. de Boer, R. 
Winkels, E. Kampman, J. Schuit, L.V. van de Poll-Franse, J.C. Seidell & M. Hoedjes.

The OPTIMUM research team

BMC women’s health, 2021, 21: 1-14



Abstract

Background: The majority of postmenopausal breast cancer (PMBC) survivors do not 
adhere to lifestyle recommendations and have excess body weight. In this group, this 
is associated with poorer health-related quality of life and an increased risk of type II 
diabetes mellitus, cardiovascular disease, second primary cancers, cancer recurrences, 
and mortality. Gaining and maintaining a healthy lifestyle and body composition 
is therefore important. It is unknown when and how sustained adherence to these 
recommendations can be promoted optimally in PMBC survivors. Therefore, the 
OPTIMUM study aims to identify the optimal timing and method for promoting sustained 
adherence to lifestyle and body weight recommendations in PMBC survivors.

Methods: The OPTIMUM-study has a mixed-methods design. To assess optimal 
timing, a longitudinal observational study is conducted among approximately 1,000 
PMBC survivors. The primary outcomes are adherence to lifestyle and body weight 
recommendations, readiness for change, and need for support. Questionnaires are 
administered at 4-6 months after cancer diagnosis (wave 1: during treatment and 
retrospectively before diagnosis), 1 year after diagnosis (wave 2: after completion of 
initial treatment), and 1.5 years after diagnosis (wave 3: during follow-up). Wave 2 and 3 
include blood sampling, and either wearing an accelerometer for 7 days or completing 
a 3-day online food diary (randomly assigned at hospital level). To assess the optimal 
method, behavioural determinants of the primary outcomes are matched with Behavior 
Change Techniques using the Behaviour Change Technique Taxonomy.

Qualitative research methods are used to explore perceptions, needs and preferences 
of PMBC survivors (semi-structured interviews, focus groups) and health care 
providers (Delphi study). Topics include perceptions on optimal timing to promote 
adherence; facilitators and motivators of, and barriers towards (sustained) adherence 
to recommendations; and acceptability of the selected methods.

Discussion: The OPTIMUM study aims to gain scientific knowledge on when and how 
to promote sustained adherence to lifestyle and body weight recommendations among 
PBMC survivors. This knowledge can be incorporated into guidelines for tailored 
promotion in clinical practice to improve health outcomes.
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Background

A large body of evidence has demonstrated that higher levels of body fatness, adult 
excessive weight gain, drinking alcohol, and physical inactivity increase the risk of 
postmenopausal breast cancer (PMBC)1, 2. PMBC survivors are defined as people who are 
living with a diagnosis of PMBC, including those who have recovered from the disease1. 
PMBC survivors with an unfavorable lifestyle and body composition have a lower 
health-related quality of life (HRQoL), an increased risk for type II diabetes mellitus, 
cardiovascular disease, second primary cancers, cancer recurrences, and mortality3-6. 
Several biological mechanisms, such as enhanced inflammation, underlie these health-
related outcomes7-9. To increase HRQoL and decrease the risk of the development 
of comorbidities and mortality10-15, lifestyle and body weight recommendations 
have been issued1, 16. However, the majority of PMBC survivors does not meet these 
recommendations1, 17-22.

Although numerous studies have shown that lifestyle interventions result in, mostly 
short-term, improvements in lifestyle and body weight in cancer survivors, the optimal 
timing and method to enhance long-term adherence to lifestyle and body weight 
recommendations remains unknown23, 24. Previous studies have used a top-down 
approach to promote adherence to recommendations in cancer survivors. These studies 
have generally applied (adapted versions of) interventions that have previously been 
proven effective in other populations. So far, this approach has not led to increased 
insight into the optimal method and timing to promote sustained adherence to 
recommendations in cancer survivors. Accumulation of scientific evidence is hindered 
by several factors. For instance, poor reporting of intervention components in the 
scientific literature25, 26, and a lack of extensive process evaluations to identify effective 
intervention components and underlying behavior change mechanisms. Moreover, 
intervention studies are typically not designed to assess optimal timing of lifestyle 
support. In addition, these studies typically promote adherence to recommendations 
in those who are ready to change their lifestyle27, 28, as intervention participants are 
generally ready to change their lifestyle whereas non-participants are not. Ideally, 
adherence should also be promoted in those not ready for lifestyle change.

For this reason, readiness for lifestyle change should be taken into account in promoting 
lifestyle, since each stage of change ((not ready: pre-contemplation/ contemplation); 
(ready: preparation/ action/ maintenance); (relapse: relapse)29) requires different 
behavior change techniques29-31. Oncology health-care professionals play a key role 
in lifestyle-related information provision to cancer survivors. (Oncology) health 
care professionals may promote readiness for lifestyle change, since receiving a 
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cancer diagnosis has been marked as a ‘teachable moment’ to promote adherence32. 
Unfortunately, lifestyle and body weight recommendations for cancer survivors are 
currently not well imbedded in Dutch health care. Although oncology health-care 
professionals play a key role in information provision to cancer survivors, they do 
not routinely provide information on the health benefits of meeting lifestyle and 
body weight recommendations (e.g., lower risk of all-cause, cancer-specific, and 
cardiovascular disease morbidity and mortality33).

In addition, a different approach of lifestyle support by (oncology) health care 
professionals is required for those with and without a perceived need for support for 
improving or maintaining a (healthy) lifestyle. For those who perceive a need for support, 
receiving information is not sufficient to achieve adherence, and additional support 
should be offered34. Such support should be tailored to one’s needs and preferences to 
promote uptake of, compliance to, and effectiveness of support34. Tailoring promotion 
of adherence to individual characteristics, is in line with current consensus on the 
importance of personalized care35. Such tailoring typically does not incorporate the 
variety of consequences of cancer and its treatment that may act as barriers or facilitators 
for lifestyle change after a cancer diagnosis. For example, impaired psychological health 
(e.g. depressive symptoms) is typically not taken into account while promoting lifestyle 
change in cancer survivors. However, impaired psychological health is relatively common 
up to years after a cancer diagnosis36 and negatively related to health behaviors (e.g., 
being physically inactive)37, 38. A more holistic approach to promoting health behavior 
change includes incorporation of traditional health behavior change determinants (e.g., 
self-efficacy) as well as the barriers and facilitators related to physical and psychological 
health after cancer diagnosis and treatment.

In contrast with the top-down approach to promotion of health behavior change in 
cancer survivors used in previous studies, the OPTIMUM-study will use a bottom-up 
approach (i.e., building scientific evidence from basic psychosocial research, rather 
than from application of existing complex interventions) for individualised intervention 
development from knowledge on specific modifiable determinants relevant for PMBC 
survivors. By matching specific modifiable determinants relevant for this specific patient 
population to behavior change techniques, a ‘toolbox’ containing a variety of building 
blocks (i.e., intervention ingredients) can be composed. This toolbox can be used to create 
individualized interventions by selecting the right tools for each specific individual.

To accumulate scientific evidence on the optimal timing and method to promote sustained 
adherence to lifestyle and bodyweight recommendations in PMBC survivors, the OPTIMUM-
study (Towards OPtimal TIming and Method for promoting sUstained adherence to 
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lifestyle and body weight recommendations in postMenopausal breast cancer survivors) 
was initiated. The OPTIMUM-study uses a systematic, bottom-up, holistic approach39. The 
overall aim is to gain insight into the optimal timing and method to promote (sustained) 
adherence to lifestyle and bodyweight recommendations in (subgroups) of PMBC survivors.

The OPTIMUM study has two key objectives with several sub-objectives:
Key objective 1: To gain insight into the optimal timing to promote (sustained) adherence to 
lifestyle and body weight recommendations in PMBC survivors.

This is further specified into the following sub-objectives:
1a. 	 To longitudinally assess proportions of PMBC survivors’ non-adherence and need for 

support to be able to improve lifestyle or maintain lifestyle improvements.
1b. 	To examine socio-demographic and clinical characteristics of those who do (not) adhere 

and of those who (not) indicate a need for support over time.
1c. 	 To examine biological markers in relation to lifestyle and bodyweight of those who do 

(not) adhere and of those who (not) indicate a need for support over time.
1d.	  To explore perceptions on optimal timing among PMBC survivors, oncology health 

care professionals, and other relevant stakeholders.

Key objective 2: To gain insight into the optimal method for (oncology) health care professionals 
to promote (sustained) adherence to lifestyle and body weight recommendations in 
subgroups of PMBC survivors.

This is further specified into the following sub-objectives:
2a. 	 To compose ‘patient profiles’ according to ‘adherence to a particular recommendation’, 

‘readiness for change’, and ‘need for support’;
•	 To describe which patient profiles are most prevalent per time point;
•	 To describe socio-demographic and clinical characteristics of the most frequent 

patient profiles.
2b. 	To assess personal, clinical, and cancer-related modifiable determinants of adherence, 

readiness for change, and need for support in PMBC survivors over time;
•	 To gain knowledge on which determinants should be targeted to promote 

sustained adherence;
•	 To describe modifiable determinants of the most frequent patient profiles.

2c.	 To select Behavior Change Techniques30 that could be used to influence the associated 
modifiable determinants (i.e., toolbox containing potential intervention ingredients).

2d. 	To explore the acceptability of the selected Behavior Change Techniques, and to explore 
perceptions on the optimal method to promote (sustained) adherence among PMBC 
survivors, oncology health care professionals, and other relevant stakeholders.
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Design and methods

Design
To increase knowledge on optimal timing for promotion of sustained adherence in 
PMBC survivors, the OPTIMUM-study longitudinally assesses adherence to lifestyle 
and body weight recommendations, readiness for change, and need for support to be 
able to adhere to these recommendations over time. To increase knowledge on the 
optimal method for promotion of sustained adherence in PMBC survivors, modifiable 
determinants of health behavior change relevant for this specific patient population 
will be assessed and matched to behavior change techniques. That knowledge will be 
used to obtain a ‘toolbox’ of ‘building blocks’ (i.e. behavior changes techniques) that can 
be used in composing an individually tailored intervention for PMBC patients 30. PMBC 
survivors are categorized into ‘patient profiles’ according to the answers to the following 
questions: 1) Does one need to change their lifestyle behavior to be able to adhere to 
a particular lifestyle or body weight recommendation? (as assessed by adherence to a 
particular lifestyle recommendation), 2) To what extent is one ready to change her 
lifestyle behavior? (assessed by readiness for change), and 3) Is one able to achieve change 
by herself or does she need support to be able to improve a specific health behavior? 
(assessed by need for support). Each patient profile requires a different combination of 
behaviour changes techniques (building blocks) to promote health behaviour change. 
See Appendix 1 for an overview of patient profiles.

The OPTIMUM-study is a longitudinal observational study with a mixed-methods 
design, comprising both quantitative and qualitative measurements. Quantitative 
measurements include questionnaires at 4-6 months after cancer diagnosis (wave 
1: during treatment, with retrospective measurement before diagnosis), 1 year after 
diagnosis (wave 2: after completion of initial treatment), and 1.5 years after diagnosis 
(wave 3: during follow-up). As additional markers of adherence, at wave 2 and 3 
quantitative measurements include blood sampling (in 9 out of 16 participating 
hospitals) and either wearing an accelerometer for 7 days, or completing an online 3-day 
food diary (randomly assigned at hospital level). Qualitative measurements include 
semi-structured interviews based on purposive sampling at wave 2 and wave 3, focus 
groups after the interviews, and a Delphi-study. The qualitative research methods are 
used to explore perceptions, needs and preferences of PMBC survivors (semi-structured 
interviews, focus groups) and health care providers (Delphi study). See Figure 1 for an 
overview of the design of the OPTIMUM-study.
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Measurements
Table 1 provides an overview of all quantitative measures at wave 1, wave 2, and wave 
3. Table 2 provides an overview of the study criteria used to determine (non-)adherence 
to the lifestyle and body weight recommendations of the World Cancer Research Fund 
(WCRF)1, 2, as well as the recommendation for sleep of the American Academy of Sleep 
Medicine and Sleep Research Society (AASM&SRS) 16.

Quantitative measures
a. Overweight and body fat distribution. Excess body weight and body fat distribution 
will be determined by self-reported height and weight with which we calculate BMI15 and 
self-measured hip- and waist circumference40. The waist circumference and waist/hip ratio 
will provide an indication of body fat distribution (i.e. abdominal fat accumulation) 
and associated disease risk41.

b. Physical activity and sedentary behaviour
•	 Physical activity will be assessed with the Physical Activity Scale for the Elderly 

(PASE)42, a 13-item questionnaire that assesses participation in leisure activities. In 
addition, musclestrengthening activities are recorded, as well as time spent on paid 
or unpaid work, and household activities43. The PASE has shown to have good to 
excellent test-retest reliability, and to be a reasonably valid method to classify healthy 
elderly individuals and cancer patients into categories of physical activity43-45.

•	 Detailed data on participants’ physical activity and sedentary behaviours will be collected 
using an accelerometer, the ActiGraph wGT3X46. Survivors treated in a hospital 
selected for wearing the accelerometer will wear an accelerometer on their wrist 
for 7 consecutive days on their non-dominant arm. Upon return of the ActiGraph, the 
data will be downloaded using the accompanying software ActiLife (Version 6.13.3; 
ActiGraph, Pensacola, FL, USA) and saved in raw format. Subsequently, the .gt3x 
files will be converted to time-stamp free .csv files which could be exported into R 
v.3.6.0. The .csv files will be processed using the R-package GGIR v.2.1-047, 48. Data of 
participants will be excluded from subsequent analysis if their accelerometer files 
demonstrated a post-calibration error bigger than 0.01 g; if there are less than 3 valid 
wear-days (defined as ≥ 16h per day)49; or if there are no wear data present for each 15 
minutes period of the 24h cycle. Physical activity level will be expressed as average 
acceleration across the day (Eucledian Norm Minus One (ENMO), mg)49, intensity 
gradient across the day (IG), average time accumulated in low intensity physical 
activity (LPA) per day (min/day), average time accumulated in moderate-to-vigorous 
physical activity (MVPA) per day (min/day), average time accumulated in vigorous 
physical activity (VPA) per day (min/day), time spent inactively per day (min/day), 
and most active continuous 30 minutes (M30) per day.
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•	 Five-Times-Sit-to-Stand (FTSTS) test ): this test will be used to determine lower body 
muscle function, and may indicate sarcopenia and frailty50. Participants perform 
this test at home using a chair and a stopwatch (included in the information 
package). Participants will measure the time it takes to stand up and sit down five 
times from a chair. This test has been found valid and reliable to assess lower body 
muscle function50.

c. Dietary intake
•	 Food diary: Dietary intake will be assessed by asking the patients to complete an 

online food diary (the ‘Eetmeter’, a digital tool of the Netherlands Nutrition Center) 
to register all foods and drinks, in portion sizes or gram/ml, they have consumed 
during the day51. We will ask patients at wave 2 and wave 3 to register their daily 
intake during three days: two week days and one weekend day. The Eetmeter is 
connected to the Dutch Food Composition Database (NEVO) 52, 53 which allows for 
the calculation of the quantity of daily energy, micro-, and macronutrients (i.e., fat, 
protein, and carbohydrate) consumption automatically.

•	 Adherence to dietary guidelines: Diet quality will be assessed by use of the Dutch Healthy 
Diet index-15 (DHD-15)54. The DHD-15 is a brief food frequency questionnaire that 
estimates diet quality and assesses adherence to the fifteen food-based Dutch dietary 
guidelines of 2015 (e.g., fruit, vegetables, wholegrain products, legumes, nuts, diary, 
fish, tea, fats and oils, coffee, red and processed meat, sweetened beverages and 
fruit juices, alcohol, and salt). Per component, the scores range from 0-10, resulting 
in a total score between 0 (no adherence) to 150 (complete adherence). The ability 
of the DHD-15 to rank persons on their diet quality is considered to be acceptable54. 
Several of the Dutch Dietary Guidelines are similar to the WCRF recommendations, 
therefore, the results of the DHD-15 will also provide insight into adherence to the 
WCRF recommendations.

d. Smoking
•	 Smoking will be assessed by standardized questions on smoking habits (i.e., 

cigarettes/shag, cigars, pipe tobacco, and e-cigarettes). We will classify the PMBC 
survivors in; never, ex, light, and heavy smokers.

e. Sleep
•	 Sleep quality and disturbances will be measured using the Pittsburgh Sleep Quality 

Index (PSQI) 55 which assesses sleep quality and disturbances over a one-month 
period. Nineteen items measure seven ‘component’ scores: subjective sleep quality, 
sleep latency, sleep duration, habitual sleep efficiency, sleep disturbances, use of 
sleeping medication, and daytime dysfunction. The sum of these seven component 
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scores add up to one global score. The total global component score ranges from 0 
to 21. Higher scores indicate lower sleep quality and more sleep disturbances55. The 
PSQI is known for its good validity, it is able to discriminate good from poor sleepers. 
In addition, internal homogeneity and consistency (test-retest reliability) are good.

•	 Detailed data on participants’ sleep pattern will be collected by use of an accelerometer, 
the ActiGraph wGT3X 46. Participants will also wear the accelerometer during the 
night (in total 7 nights) to obtain data on: sleep duration, sleep latency, wake after 
sleep onset, sleep interruptions, and sleep efficiency.

f. Lifestyle and health related measures
For each single lifestyle recommendation, the following possible changeable 
determinants of adherence will be determined.

•	 Readiness for lifestyle change will be measured according to the transtheoretical 
model (not ready: pre-contemplation/ contemplation); (ready: preparation/ action/ 
maintenance); (relapse: relapse) 29 and will be assessed for each recommendation 
with a single item.

For each of the lifestyle recommendations, participants are asked to indicate which 
stage of change fits their current state or their state just before diagnosis (i.e., wave 1) 
best with self-designed questions (see Table 1). If patients have attempted to change 
but could not maintain this change, they automatically relapse to a prior stage of the 
transtheoretical model. For this reason they are allowed to tick boxes of two stages of 
change, both ‘relapse’ and either ‘precontemplation’, ‘contemplation’, or ‘preparation’29, 

31.

•	 Perceived need for support. At all measurement points and for each specific lifestyle and 
body weight recommendation, participants will be asked if they are in need for support 
to be able to change their lifestyle and/or body weight. Also, they will be asked to 
specify the type of support they would prefer by use of an open-ended question.

g. Biological markers in relation to lifestyle and bodyweight.
Blood will be collected by venipuncture at the participants’ treating hospital. All participants, 
in 9 out of 16 participating hospitals, will receive a lab form in their information package (at 
wave 2 and wave 3). Attached to this lab form, they will receive a short questionnaire. This 
questionnaire contains questions concerning fasted state, medication use, and sickness 
at the moment of blood sampling, as these factors can have an impact on the biological 
markers of interest. Time of blood donation will be marked on the questionnaire. Directly 
after blood sampling, the serum blood sample will be allowed to clot at room temperature 
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and is centrifuged. The EDTA blood sample will be centrifuged at room temperature 
directly after blood sampling. The subtracted plasma, serum, and buffy coat samples will 
be processed within 2 hours of collection and are stored at –80°C until further analyses. 
All procedures are defined in a protocol to ensure standardisation over study sites. All 
blood samples will be transported from the laboratory at the treating hospitals to the 
Biobank Maastricht. Following, appropriate ELISAs and ILLUMINA analyses will take place 
to determine the biological markers. Blood samples will be stored in a biobank for later 
analysis of biomarkers. Analysis of the following biomarkers is anticipated:

•	 Inflammation. Pro- and anti-inflammatory cytokines will be determined, including 
Tumor Necrosis Factor-alpha (TNFα), Interleukin-6 (IL-6), Interleukin-10 (IL-10), and 
Interleukin-1 Receptor Antagonist (IL-1Ra), and a general marker of inflammation 
C-reactive protein (CRP).

•	 Metabolism: biomarkers will include leptin, insulin, insulin growth factor-1, 
glucose, glycated haemaglobin (HbA1C1), total cholesterol, triglycerides, High-
Density-Lipoprotein (HDL) cholesterol, Low-Density-Lipoprotein (LDL) cholesterol, 
and vitamin D.

h. Clinical cancer-related variables
Data on clinical cancer-related variables will be retrieved from the Netherlands Cancer 
Registry (NCR), which records clinical data of all newly diagnosed cancer patients in 
the Netherlands.

Qualitative measures
a. Interviews
Semi-structured interviews will be held to explore perceptions on optimal timing for 
support (Key objective 1) and to gain insight in possible changeable determinants of 
adherence to lifestyle and bodyweight recommendations. PMBC survivors will be 
invited for semi-structured interviews based on purposive sampling according to (non)
adherence, readiness for change, and need for support over time as assessed by means 
of questionnaires in wave 2 and 3. The number of participants that will be invited for a 
semi-structured interview or focus group will depend on the information that will come 
up during the interviews. Interviews will be guided by a topic list. Discussion topics 
will include barriers, facilitators, and motivators for adherence to recommendations in 
daily clinical practice, and perceptions on optimal timing of promotion of adherence. 
Interviews will be audiotaped and transcribed verbatim. Transcripts from the interviews 
will be supplemented with field notes from the interviewer. Member checking will be 
performed after the interviews. i.e. returning a summary of an interview to a participant 
to check for accuracy and whether it resonated with their experiences56.
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Table 1. Overview of quantitative measures and measurement instruments in the OPTIMUM-study.

Variables Instrument Wave
11

Wave 
21

Wave 
31

Objective

Sociodemographic and health-related variables

Demographics 
(education, marital 
status, employment 
status)

Demographic questions x x x 1b

Comorbidities Self-administered Comorbidity 
Questionnaire (SCQ)60

x x x 1b

Estrogen/ breast cancer 
related variables

Questionnaire items concerning 
age of onset menarche in years, 

number of pregnancies, total 
duration of breastfeeding, age of 

onset menopause in years

x 1b

Cancer-specific health 
related quality of life

European Organization for 
Research and Treatment Quality 

of Life Questionnaire (EORTC 
QLQ-C30) 61

x x 1a

Overweight and body fat distribution

BMI Weight in kg/(Height in m)2 x x x 1a, 2a

Hip- and waist 
circumference

Self-administrated measurement 
by use of measurement tape

x x x 1a, 2a

Physical activity + sedentary behavior

Physical activity 
level and sedentary 
behavior

Physical Activity Scale for the 
Elderly (PASE)42

x x x 1a, 2a

Physical activity 
accelerometry

7-day accelerometer data 
(ActiGraph) 46.

Physical activity measures: Average 
acceleration (AvAcc), Intensity 

Gradient (IG), total minutes 
light, moderate and vigorous 
physical activity per day, total 
minutes of inactive time per 

day, most active continuous 30 
minutes (M30) per day.

x x 1a, 2a

Functional muscle 
strength

5Times-Sit-To-Stand functional 
muscle strength measurement: 

self-administrated measurement 
by use of stopwatch 50

x x 2b
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Table 1. Continued

Variables Instrument Wave
11

Wave 
21

Wave 
31

Objective

Dietary intake

Diet quality (including 
alcohol consumption)

Dutch Healthy Diet - index 
15 (DHD-15), with minor 

adjustments 54

x 
(short-
ened)

x x 1a, 2a

Dietary intake: energy 
and macronutrients

Online 3-day food diary: 
registration of all foods and 

drinks, in portion sizes of gram/
ml, they have consumed during 

the day using the ‘Eetmeter’ from 
the Dutch ‘Voedingscentrum’

x x 1a, 2a

Smoking

Smoking behaviours Smoking behaviour questions x x x 1a, 2a

Sleep

Sleep quality and 
disturbances

Pittsburgh Sleep Quality Index 
(PSQI) 55

x x 1a, 2a

Sleep accelerometry 7-day accelerometer data 
(wristworn ActiGraph wGT3X) 46

Sleep measures: sleep latency, 
sleep efficiency, daytime 

sleep, frequency of long sleep 
interruptions (>5 min), total 
minutes of sleep per night.

x x 1a, 2a

Lifestyle and health related measures

Readiness for lifestyle 
change

Assessed according to the 
transtheoretical model (not 
ready: pre-contemplation/ 

contemplation); (ready: 
preparation/ action/ 

maintenance); (relapse: 
relapse) 29 with 1 item per 

recommendation

x x x 2a, 2b, 2c

Need for support Need for support assessed with 1 
item per recommendation

x x x 1a, 2a, 2b, 
2c

Posttraumatic growth Posttraumatic Growth 
Inventory (PGI) 62

x x 2b, 2c

Self-compassion Short Form Self-Compassion 
Scale 63: 6 positive items only

x x x 2b, 2c
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Table 1. Continued

Variables Instrument Wave
11

Wave 
21

Wave 
31

Objective

Emotion regulation Cognitive Emotion Regulation 
Questionnaire (CERQ) – short 64

x x 2b, 2c

Mental and physical 
fatigue

Multidimensional Fatigue 
Inventory (MFI) 65

x x 2b, 2c

Symptoms of 
depression and anxiety

Hospital anxiety and depression 
scale (HADS) 66

x x 2b, 2c

Biological determinants of cancer prognosis

Inflammation Pro- and anti-inflammatory 
cytokines (TNFα, IL-6, IL-10, IL-

1Ra) and CRP

x x 1c

Metabolism leptin, insulin, insulin growth 
factor-1, glucose, HbA1C, total 
cholesterol, triglycerides, HDL 
cholesterol, LDL cholesterol, 

Vitamin D

x x 1c

1 wave 1= 4-6 months after diagnosis; wave 2= 1 year after diagnosis; wave 3 =1,5 years after diagnosis.

b. Focus groups.
Focus groups will be conducted after the interviews to validate and enrich the data 
gathered during the interviews, to prioritize possible changeable determinants of 
adherence, and to further explore themes that arise during the interviews. Focus 
groups will be audiotaped and transcribed verbatim. Field notes from the observer 
will be supplemented to the transcripts. Results of each focus group will be discussed 
between the moderator and the observer.

c. Delphi-study.
An iterative three-round online Delphi study will be conducted to gain insight in 
perceptions of medical health care professionals (i.e., mamma oncology surgeons, 
mamma oncology internal medics, mamma oncology nurses, oncology dieticians, 
oncology physical therapists, oncology psychologists), policy makers, and PMBC 
survivors of potential barriers and facilitators for promoting lifestyle adherence in 
daily clinical practice. The three rounds will be respectively used for item generation, 
prioritizing of items, and ranking of the items.
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Table 2. Overview of study measures to determine (non-)adherence to the lifestyle and body weight 
recommendations of the World Cancer Research Fund (WCRF) 1, 2, as well as the recommendation for 
sleep of the American Academy of Sleep Medicine and Sleep Research Society (AASM&SRS)16

Lifestyle and 
Bodyweight 
Recommendations

Operationalization 
of recommendation

Measurement instrument used 
to assess recommendation

Weight 1 •	 BMI between 18,5 and 24,9 kg/m2

•	 Waist circumference below 80 cm
Standardized questions weight and 
height.
Self-administered hip- and waist 
circumference measurement

Physical activity 1 •	 At least 150 minutes of low 
intensity exercise during 1 week, 
spread over several days

•	 At least 2 times a week muscle and 
bone strengthening exercises

•	 Prevent sitting too much and limit 
sedentary behavior

Questionnaire: The Physical Activity 
Scale for the Elderly (PASE) 42

Actigraph (7 days): average 
acceleration (AvAcc), intensity 
gradient (IG), total minutes light, 
moderate and vigorous physical 
activity per day, total minutes of 
inactive time per day, most active 
continuous 30 minutes (M30) per 
day.(randomized at hospital level) 46

Wholegrains, 
vegetables, fruit 
and beans 1

•	 Eat at least 250 grams of 
vegetables each day

•	 Eat at least 2 pieces of fruit each 
day

•	 Eat beans at least once a week
•	 Eat at least 30 grams of 

wholegrains each day

Questionnaire: Dutch Healthy 
Eating Index 54

Online 3 day Food diary (randomized 
at hospital level)

Fast foods 1 •	 Limit consumption of processed 
foods high in fat, starches or 
sugar – including fast foods: any 
pre-prepared dishes, snacks, 
bakery foods, deserts, and 
confectionary (candy).

Questionnaire: Dutch Healthy 
Eating Index 54

Online 3 day Food diary (randomized 
at hospital level)

Meat products 1 •	 Eat no more than 350 to 500 
grams of red or processed meat 
per week

Questionnaire: Dutch Healthy 
Eating Index 54

Online 3 day Food diary (randomized 
at hospital level)

Sugary drinks 1 •	 Drink mostly water and 
unsweetened drinks

Questionnaire: Dutch Healthy 
Eating Index 54

Online 3 day Food diary randomized 
at hospital level)
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Table 2. Continued

Lifestyle and 
Bodyweight 
Recommendations

Operationalization of 
recommendation

Measurement instrument used to 
assess recommendation

Alcoholic drinks 1 •	 Drink no alcohol Standardized questions alcohol 
consumption

Smoking 2 •	 Do not smoke Standardized smoking questions

Sleep 16 •	 Sleep at least 7 hours per night Questionnaire: Pittsburg Sleep 
Quality Index 55

Actigraph (7 days): sleep latency, 
sleep efficiency, daytime 
sleep, frequency of long sleep 
interruptions (>5 min), total 
minutes of sleep per night.
(randomized at hospital level) 46

Data analyses
Quantitative data
Descriptive statistics and Generalized Linear Mixed Models (GLMM) will be used to: 
1a) longitudinally assess proportions of (non-)adherence to each recommendation, 
readiness for change, and the need for support, to 1b) examine sociodemographic 
and clinical characteristics, and to 1c) examine biological determinants, of those 
who do not adhere and of those in need for support over time. The relation between 
adherence to each recommendation and socio-demographic and non-changeable 
clinical characteristics will be longitudinally assessed by fitting GLMM with 
adherence to each recommendation (no/yes) as dependent dichotomous variable and 
time (wave1, wave2, wave3) and socio-demographic and clinical characteristics (age, 
ethnicity, socioeconomic status, marital status, stage of cancer at diagnosis, type of 
treatment) as independent variables. We will assess the need to include interaction 
terms between time and the socio-demographic and clinical characteristics. These 
analyses will be repeated for need for support as outcome variable. Similar analyses 
will be done for biological determinants of cancer prognosis modifiable by lifestyle 
and bodyweight.

With regard to aim 2a, for each single lifestyle recommendation ‘patient profiles’ will 
be composed by creating a cross tabulation of the variables ‘adherence to a particular 
recommendation’ (yes/ no), ‘readiness for change’ (Not ready: pre-contemplation/ 
contemplation; ready: preparation/ action/ maintenance), and ‘need for support’ (yes/ 
no) for each time point (see Appendix 1). Based on these cross tabulations, it will 
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be examined which patient profiles are most prevalent per time point. In addition, 
descriptive statistics will be used to describe changeable socio-demographic (e.g., 
employment, education) and clinical characteristics (e.g., tumor stage, treatment 
received) of the most frequent patient profiles. GLMM will be used to assess socio-
demographic and clinical modifiable determinants of adherence, readiness for 
change, and need for support, as captured by the most prevalent patient profiles 
over time (aim 2b). We will assess the need to include interaction terms between time 
and the socio-demographic and clinical characteristics. Based on the behavior change 
technique taxonomy30, the changeable socio-demographic and clinical determinants 
will be linked to suitable behaviour change techniques (aim 2c). Additionally, with 
respect to aim 2a and 2b, the composition of ‘patient profiles’, multilevel latent class 
modelling will be used combining adherence to all recommendations, readiness for 
change to each specific recommendation, and need for support for each specific 
recommendation, for each time point for all recommendations. The multilevel latent 
class model will be used to gain insight into the course of the patient profiles over 
time.

Qualitative data
Research objectives 1d and 2d, will be addressed by means of qualitative analysis. 
Specifically, exploring perceptions on optimal timing and method among PMBC 
survivors, oncology health care professionals, and other relevant stakeholders. With 
respect to the interviews and focus groups, a thematic analysis will be conducted as 
described in Braun & Clarke57. Transcripts are subsequently disentangled and will 
be divided into fragments and open-coded. Codes are categorized by subthemes and 
main themes. Relationships between the subthemes are explored, to eventually cover 
the subthemes under the overall themes. The codes, subthemes, and themes will be 
discussed by two researchers until consensus is reached. Codes and (sub)themes are 
structured in a code tree. The constant comparison method will be used in order to 
understand the differences, as well as similarities, between respondents and within 
each of the respondents. The main results are discussed in the research team to 
enhance the robustness of the findings.

The output of the rounds of the Delphi-study (aim 1d and 2d) will be analysed (i.e., 
defining items, categorizing items, removal of duplicate items, calculating sum scores 
for prioritizing and ranking of items). Thereafter, the output will be used as input for 
the next round till, in consultation with the oncology medical professionals, a top 
rank of facilitators and barriers for lifestyle care will be created in the third round.



Chapter 3

64

Combined data
Quantitative results obtained from the measurements and questionnaires are 
combined with the qualitative results obtained from the individual interviews and 
focus group sessions. Together, these data sets can provide a more complete and 
comprehensive evaluation of optimal timing and method to enhance lifestyle in PMBC 
survivors (key objective 1 and 2).

Sample size
The sample size calculation was conducted using the validated rule of thumb of a 
minimum of 10 participants per independent variable in the smallest group of the 
dichotomous outcome measure (e.g., 25% non-adherence20, 58 vs. 75% adherence 
to the recommendation on alcohol intake)59. For aim 2b, incorporating the highest 
number of changeable determinants, a maximum of 16 changeable determinants will 
be incorporated in the analyses. Based on data on adherence to recommendations 
from previous studies in Dutch cancer survivors20, 58, the largest number of participants 
needed to be able to detect valid associations between changeable determinants and 
adherence to each recommendation with inclusion of 16 independent variables is 860 
for the recommendation for smoking (assuming 18.6% of women smoke) (16*10)/18,6 x 
100). The required number of participants for the other recommendations are: 462 (160/ 
34,62 x 100) for body weight; 601 (160/26,62 x 100) for physical activity; 375 (160/42,62 x 
100) for foods and drinks that promote weight gain; 351 (160/45,6 x 100) for fruit intake; 
580 (160/27,6 x 100) for vegetable intake; and 624 (160/25,66 x 100) for alcohol intake.

Furthermore, to be able to detect valid associations between (non-)changeable socio-
demographic and clinical characteristics and the most prevalent patient profiles 
per time point (aim 2a and 2b), power analysis indicated a minimum of at least 1076 
participants. Power analysis was based on an ANCOVA including 5 groups (expected 
number of main patient profiles in the cross-tabulation based on ‘adherence to a 
particular recommendation’, ‘readiness for change’, and ‘need for support’) and 3 
covariates (e.g., stage of cancer at diagnosis), assuming a small effect for each predictor 
(partial eta squared = ηp

2 = 0.015).

Stakeholder group
A stakeholder group will actively be involved throughout the study, in order to provide a 
solid basis for implementation and dissemination of study findings. This group consists 
of 10-15 stakeholders, including representatives of: the Dutch breast cancer patient 
association, professional bodies for health care professionals such as oncologists, 
oncology nurses, and general practitioners; policy makers, and a representative of 
health insurance companies. Stakeholders will be: informed about study progress, 
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consulted for advice on issues that may arise throughout the study, involved in 
decision making, and in writing a plan for adoption, implementation, sustainability, 
and evaluation of guidelines on how and when to promote adherence. In addition, 
stakeholders will be consulted individually by telephone or e-mail when necessary.

Ethical considerations
The study protocol has been reviewed and approved by the medical research 
ethics committee METC Brabant (Medical Research Ethics Committee Brabant, the 
Netherlands, reference number: NL66913.028.18). In addition, the study has been 
reviewed and approved by the local ethics committees of the participating centers.

Data security/disclosure of original documents
Confidentiality and anonymity of participants will be guaranteed by assigning a study 
number to each participant. All collected data will all be stored in a secured location 
for 15 years.

Discussion

In most PMBC patients lifestyle and bodyweight are suboptimal1, 17-22, which may be 
related to unhealthy lifestyle behaviors. The OPTIMUM-study aims to provide scientific 
evidence on when and how to promote sustained adherence and in which PMBC patients. 
The study leads to products (i.e. a toolbox) that can be used in clinical practice to 
promote sustained adherence to lifestyle and bodyweight recommendations in PMBC 
patients.

Trial status
The inclusion of patients started in February 2019. Patients will be followed up for 
1,5 years after diagnosis. The COVID-19 pandemic has delayed the inclusion of PMBC 
survivors in the OPTIMUM-study.
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Appendix 1. Overview of the categorization of cancer survivors into ‘Patient Profiles’ according to 
adherence to a particular WCRF-recommendation, stage of change, and perceived need for support.

Stage of change29 Adherence to a particular WCRF-recommendation

Does not meet 
recommendation

Meets recommendation

Not ready for change

Precontemplation 
(not ready): not 
intending to take 
action in the next 
six months

No need 
for 

support

Cancer survivors who do not 
meet a WCRF-recommendation, 

do not intend to change their 
behavior, and do not perceive a 

need for support.

Cancer survivors who meet 
a WCRF-recommendation, 

do not intend to change 
their behavior, and do 
not perceive a need for 

support.

Need 
for 

support

Cancer survivors who do not 
meet a WCRF-recommendation, 

do not intend to change their 
behavior, and perceive a need 

for support*

Cancer survivors who meet 
a WCRF-recommendation, 

do not intend to change 
their behavior, and report 

a perceived need for 
support*

Contemplation 
(getting ready): 
intending to take 
action in the next 
6 months

No need 
for 

support

Cancer survivors who do not 
meet a WCRF-recommendation, 

intend to change in the 
foreseeable future, and do not 
perceive a need for support.

Cancer survivors who meet 
a WCRF-recommendation, 

intend to change in the 
foreseeable future, and 

do not perceive a need for 
support.

Need 
for 

support

Cancer survivors who do not 
meet a WCRF-recommendation, 

intend to change in the 
foreseeable future, and 

perceive a need for support.

Cancer survivors who meet 
a WCRF-recommendation, 

intend to change in 
the foreseeable future, 
and perceive a need for 

support.

Ready for change

Preparation 
(ready): ready to 
take action in the 
next 30 days

No need 
for 

support

Cancer survivors who do not 
meet a WCRF-recommendation, 

intend to take action in the 
immediate future, 

and do not perceive a 
need for support.

Cancer survivors who meet 
a WCRF-recommendation, 

intend to take action in 
the immediate future, and 
do not perceive a need for 

support.

Need 
for 

support

Cancer survivors who do not 
meet a WCRF-recommendation, 

intend to take action in the 
immediate future, and perceive 

a need for support.

Cancer survivors who meet 
a WCRF-recommendation, 

intend to take action in 
the immediate future, and 

perceive a need for support.
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Appendix 1. Continued

Stage of change29 Adherence to a particular WCRF-recommendation

Does not meet 
recommendation

Meets recommendation

Action: has made 
overt lifestyle 
changes in the 
past 6 months

No need 
for 

support

Cancer survivors who do not 
meet a WCRF-recommendation, 

but have made overt lifestyle 
changes in the past 6 months, 
and do not perceive a need for 

support.

Cancer survivors who meet 
a WCRF-recommendation, 
have made overt lifestyle 

changes in the past 6 
months, and do not 
perceive a need for 

support.

Need 
for 

support

Cancer survivors who do not 
meet a WCRF-recommendation, 

but have made overt lifestyle 
changes in the past 6 months, 
and who perceive a need for 
support (to maintain lifestyle 

changes).

Cancer survivors who meet 
a WCRF-recommendation, 
have made overt lifestyle 

changes in the past 6 
months, and who perceive 

a need for support (to 
maintain lifestyle changes).

Maintenance: 
doing a new 
behavior for more 
than six months

No need 
for 

support

Cancer survivors who do not 
meet a WCRF-recommendation, 

but have been maintaining 
lifestyle changes for at least 
6 months, and who do not 

perceive a need for support.

Cancer survivors who meet 
a WCRF-recommendation, 

have been maintaining 
lifestyle changes for at 

least 6 months, and who 
do not perceive a need for 

support.

Need 
for 

support

Cancer survivors who do not 
meet a WCRF-recommendation, 

but have been maintaining 
lifestyle changes for at least 6 
months, and who perceive a 
need for support to maintain 

their changes.

Cancer survivors who meet 
a WCRF-recommendation, 

have been maintaining 
lifestyle changes for at least 
6 months, and who do not 

perceive a need for support 
to maintain their changes.

1 Prochaska JO, Velicer WF. The transtheoretical model of health behavior change. American 
journal of health promotion : AJHP. Sep-Oct 1997;12(1):38-48.
*Unlikely scenario, expected cell-frequency of near zero.
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Abstract

Background: Adopting and maintaining favorable lifestyle changes can be challenging 
for postmenopausal breast cancer (PMBC) survivors. Understanding their experiences 
and needs can help tailor lifestyle support throughout their care journey.

Purpose: This qualitative study explored 1) perceived determinants relevant for 
favorable lifestyle change among PMBC survivors, 2) the needs and preferences of 
PMBC survivors regarding lifestyle support, and 3) perceived determinants relevant 
for preferred timing of lifestyle support among PMBC survivors.

Methods: A total of 42 in-depth longitudinal interviews were conducted at one year 
(n=24) and 1.5 years (n=21) following a breast cancer diagnosis. Data were analyzed 
using thematic analysis.

Results: Our analysis revealed 12 main themes: 1) 3 themes describe determinants 
that may affect the process of favorable lifestyle change (type of lifestyle behavior, 
previous attempts to change lifestyle, comorbidities), 2) 3 themes express PMBC 
survivors’ needs for lifestyle support from health care professionals (HCPs) (need for 
information, need for activation by lifestyle support, need for effective communication 
by HCPs), 3) 6 themes describe determinants influencing PMBC survivors’ preferred 
timing of addressing these needs (type of treatment, coping style, previous experience 
with cancer, personality, motivation for lifestyle change, social support).

Conclusions: Lifestyle support should consider psychological and physical effects of 
breast cancer diagnosis and treatment, which may hinder some PMBC survivors’ ability 
to make favorable lifestyle choices. Our results suggest that HCPs should offer ongoing 
lifestyle support throughout the care continuum to meet the varied needs of PMBC 
survivors.
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Introduction

The development of postmenopausal breast cancer (PMBC) is, at least in part, associated 
with lifestyle factors (e.g., physical inactivity, alcohol consumption) and body fatness 
(e.g., adult weight gain, increased body fat)1-7. Compared to women without cancer, 
PMBC survivors also face an increased risk of second primary cancers (e.g., with a 
two- to fivefold increased risk for second primary breast cancers)3, type II diabetes 
mellitus4, cardiovascular disease5, mortality6, and a reduced health-related quality of 
life8, 9. To mitigate these risks and improve quality of life10-15, lifestyle and bodyweight 
recommendations have been issued by the World Cancer Research Fund1, 16.

Although healthcare professionals (HCPs) could play a crucial role in promoting these 
favorable lifestyle behaviors17-19, this is not consistently integrated into clinical care20. 
Additionally, weight gain is common among PMBC survivors following diagnosis, 
driven by factors like chemotherapy, low levels of physical activity, and increased 
caloric intake21. Given the high prevalence of overweight and obesity in this group, 
along with the lack of structural integration of lifestyle counseling in clinical care, 
further research into effective strategies for promoting sustained adherence to lifestyle 
and body weight recommendations is essential.

For PMBC survivors, maintaining lifestyle changes can be more challenging than for 
the general population due to the physical, psychological, and social impacts of cancer 
and its treatment22. Favorable behavior change is not a single event23. Instead, it can 
be seen as a process through several stages of behavioral change (i.e., Transtheoretical 
Model of Change)23-25. The stages of change are: precontemplation (no intention to 
change), contemplation (awareness of the problem), preparation (planning to act), 
action (modifying behavior), and maintenance (consolidating changes and preventing 
relapse)26. Every stage is characterized by its own struggles. Lifestyle support can be 
tailored to an individuals’ needs by identifying their position in the change process. 
Offering lifestyle support that is not tailored to an individual’s stage of lifestyle change 
may lead to resistance to change27.

Following favorable lifestyle changes, relapse into previous behaviors is common27,28, 29. 
While there are many successful short-term lifestyle interventions for cancer survivors, 
research has shown that sustaining these favorable changes is challenging once the 
intervention program ends30-32. Understanding survivors’ readiness for lifestyle change 
and helping PMBC survivors to anticipate relapse can improve the change process27.
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In addition, attrition from lifestyle interventions is a frequent barrier to achieving 
successful lifestyle changes33. Specifically, attrition ranges from approximately 10% 
to 80% have previously been reported, depending on the setting and type of the 
intervention34-37. Those not completing an intervention often lack the support needed 
to develop skills for relapse prevention or maintenance strategies38-40. For this reason, 
previous studies have stressed the importance of tailoring interventions to the needs 
and preferences of intervention participants33. Moreover, a different approach for 
lifestyle support is needed for those with and without a perceived need for lifestyle 
support41. A personalized approach regarding the need for lifestyle support may 
increase success of interventions aimed to improve lifestyle and aimed at maintenance 
of lifestyle improvement33, 41. However, there is limited understanding of the needs and 
preferences of PMBC survivors regarding lifestyle support that can help them complete 
lifestyle interventions and maintain long-term favorable lifestyle changes.

Throughout the breast cancer care continuum, a PMBC survivor’s readiness for change, 
need for support, and the effects of breast cancer and its treatment can change over 
time, influencing adherence to lifestyle and body weight recommendations. Thus, 
delivering a personalized lifestyle intervention requires considering the optimal 
timing for each individual survivor42-44. To date, studies on the optimal timing of 
lifestyle interventions for cancer survivors have yielded inconclusive results and did 
not specifically target PMBC survivors20, 42, 43. Additionally, these studies overlooked the 
individual determinants and characteristics of cancer survivors, which are crucial for 
tailoring the most effective lifestyle interventions at key moments in the care trajectory.

Therefore, in this qualitative study, we aim to explore 1) perceived determinants 
relevant for obtaining and maintaining a favorable lifestyle among PMBC survivors, 
2) the needs and preferences of PMBC survivors regarding lifestyle support, and 3) 
perceived determinants relevant for preferred timing of lifestyle support among PMBC 
survivors.

Methods

Study design
This study used a longitudinal interpretative qualitative design. The standards for 
reporting qualitative research (SRQR) were used45. This qualitative exploration was 
embedded in the OPTIMUM-study, a longitudinal observational study aiming to gain 
insight on the optimal timing and methods of lifestyle support in PMBC survivors46.
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In-depth interviews were held by the first author (SvC) who is an experienced qualitative 
researcher and second author (AdK) who is an experienced qualitative researcher in the 
field of oncology. Before the interviews, there was no personal involvement with the 
participants. The last author (MH) has ample experience with qualitative research and was 
available for consultation and content discussion during the interview and analytic phase.

Participants and sampling
Patients were eligible for inclusion if they were diagnosed with breast cancer, were 
postmenopausal (i.e., not having menstruated for at least 1 year) at diagnosis, and were 
able to read and understand Dutch. Baseline questionnaires of the OPTIMUM-study were 
used to provide background information for purposive sampling. Purposive sampling was 
conducted based on variation in adherence to lifestyle and bodyweight recommendation 
(including BMI, and variation in weight loss/gain following diagnosis), readiness for 
favorable lifestyle change, and need for support to be able to improve lifestyle to obtain 
a representative sample of PMBC survivors. Based on these criteria, 30 PMBC survivors 
were invited for 2 longitudinal in-depth interviews at approximately 1 year and 1.5 year 
following diagnosis, of which 24 consented to participate. The first round of interviews 
took place from January 2020 till April 2020 (n=24). The second round of interviews, 1.5 year 
following diagnosis, were executed from September 2020 till December 2020 (n=21). At 1 
year following diagnosis the interviews focused on PMBC survivors’ experiences, lifestyle 
and bodyweight prior to the diagnosis breast cancer, the diagnosis of breast cancer, the 
treatment, and in some cases early recovery from diagnosis and treatment. At 1,5 year 
following diagnosis the interviews mainly focused on PMBC survivors’ experiences 
following treatment, on recovering and rehabilitating, and on the time thereafter (See 
Figure 1). Participating PMBC survivors were treated at 7 hospitals in the Netherlands: 
Sint Jansdal (Harderwijk); Elisabeth TweeSteden Ziekenhuis (Tilburg); VieCuri Medical 
Centre (Venlo); Alexander Monro Ziekenhuis (Bilthoven); Amphia Ziekenhuis (Breda); 
Canisius Wilhelmina Ziekenhuis (Nijmegen); Reinier de Graaf Gasthuis (Delft).

Ethical considerations
The OPTIMUM-study was approved by the Medical Ethical Committee Brabant 
(NL66913.028.18). All participants provided written informed consent prior to 
participating in the OPTIMUM-study and provided oral approval for audio recording 
of the interviews.

Data collection
Prior to the interviews, all participants completed a questionnaire to provide insight 
in demographic characteristics (i.e., age, education, employment, marital status), 
comorbidities, anthropometric factors (i.e., bodyweight and height), adherence to 
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lifestyle recommendations (i.e., diet (Dutch Healthy Diet-Index47), physical activity 
(Physical Activity Scale for the Elderly48), smoking, alcohol, sleep (Pittsburgh Sleep 
Quality Index49), stage of readiness for lifestyle change (not ready: pre-contemplation/ 
contemplation; ready: preparation/ action/ maintenance; relapse23), and need for 
support (yes/no) for each lifestyle and bodyweight recommendation.

The interviews at 1-year post-diagnosis were held at the home of the PMBC survivor 
before the onset of COVID-19 in March 2020 (n=14). After the onset of COVID-19, the 
interviews were held by phone call or online videocall (n=10). The interviews at 1.5-
year post-diagnosis were held at the home of the PMBC survivor. It is not expected 
that the results of the phone call or online videocall interviews differ from the face-
to-face interviews50. A topic list was used to guide the interviews (see Appendix A). 
On average, the interviews lasted 1 to 1.5 hours. All interviews were digitally audio-
recorded and transcribed verbatim. To enhance trustworthiness of the study, following 
each interview a summary was made and checked for correctness by the PMBC survivor 
(member checking)51.

Data analysis
Thematic analysis, based on the constructivist research paradigm, was performed using 
Atlas.ti version 2252. The thematic analysis was conducted in six iterative phases52:1) 
familiarizing with the data reading the transcripts; 2) independently open coding of 
all transcripts by 4 research assistants (RAs) and 1 researcher (SvC), all trained in using 
Atlas.ti. First, ten transcripts were independently and inductively coded by SvC and 4 
RAs. In addition to the standard six phases, an intermediate step creating a structured 
code scheme was integrated at this time point53. To create the code scheme, initial codes 
were discussed during weekly meetings by SvC and 4 RAs. Following, once the code 
scheme was defined, the allocated codes in the first 10 transcripts were deleted and all 
interviews were (re)coded using the code scheme. New codes which were added to the 
code scheme were discussed to guarantee consensus; 3) categorizing the codes into 
potential themes. Two levels of themes were determined: main themes and subthemes. 
The themes and subthemes were discussed in group meetings between 4 RAs and 1 
researcher (SvC), and between two researchers (MH and SvC) until consensus was 
reached; 4) review and refinement of the themes and subthemes (MH and SvC); 5) 
defining and refining themes by identifying a theme’s and subtheme’s main content (MH 
and SvC); 6) relating the results to the research questions by identifying determinants 
relevant for adherence to lifestyle and bodyweight recommendations, readiness for 
change, and need for support (MH and SvC).
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Results

Twenty-one interviews were conducted both at 1 year and 1.5 year following diagnosis. 
For three PMBC survivors, only an interview at 1-year post-diagnosis was conducted. 
Characteristics of the study population (n=24) are presented in Table 1. Our analysis 
revealed twelve main themes. The results begin with discussing determinants that may 
affect the process of favorable lifestyle change (aim 1; 3 themes), followed by the needs 
expressed by PMBC survivors for lifestyle support from HCPs (aim 2; 3 themes) (See 
Figure 1). Finally, we will describe determinants influencing the preferred timing of PMBC 
survivors in addressing these needs (aim 3; 6 themes) (See Figure 1). Main themes will be 
printed in bold and sub-themes in italics. Figure 1 provides an overview of the themes and 
subthemes, and their association with preferred timing for lifestyle support.

Table 1. Socio-demographic and clinical characteristics.

Mean (SD)

N1 24

Age (years) 62 (6.2)

BMI

BMI before diagnosis 28.9 (5.6)

BMI interview 1 28.7 (5.5)

BMI interview 2 28.5 (2.1)

N (%)

Partner (yes) 20 (83.3)

Education level

Low 3 (12.5)

Medium 11 (45.8)

High 10 (41.7)

Employment (yes) 12 (50)

Comorbidities

0 6 (25)

1 7 (29.2)

≥2 11 (45.8)

Tumor Stage2

0 2 (10)

I 10 (50)

II 7 (35)
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Table 1. Continued

Mean (SD)

III 1 (5)

IV 0 (0)

Missing 4

Treatment2

Surgery (yes) 3 (15)

Surgery (yes), Radiotherapy (yes) 4 (20)

Surgery (yes), Chemotherapy (yes), Radiotherapy (yes) 1 (5)

Surgery (yes), Chemotherapy (yes), Hormonal therapy (yes) 1 (5)

Surgery (yes), Chemotherapy (yes), Radiotherapy (yes), Hormonal therapy (yes) 5 (25)

Surgery (yes), Radiotherapy (yes), Hormonal therapy (yes) 6 (30)

Missing 4

1 Note. 21 longitudinal interviews with postmenopausal breast cancer survivors were conducted 
at 1 year and 1.5 year following their diagnosis of breast cancer. For 3 postmenopausal breast 
cancer survivors there was 1 interview conducted at 1 year following diagnosis.
2 Note. Clinical data (i.e., tumor stage and treatment) of 4 postmenopausal breast cancer 
survivors is unknown.
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Aim 1: Determinants affecting the process of favorable lifestyle change.
Type of lifestyle behavior
Awareness and knowledge of potential favorable lifestyle changes appeared to vary 
depending on the type of behavior. Most PMBC survivors reported focusing on weight 
loss when discussing favorable lifestyle changes. As a result, the most mentioned 
lifestyle changes involved adjusting their diet and increasing physical activity. In 
general, PMBC survivors seemed unaware of the potential to make lifestyle changes 
related to sleep. While some survivors mentioned experiencing sleep problems, few 
reported seeking medical advice or help for their sleep issues. In contrast to lifestyle 
changes related to diet and physical activity, which were described as more gradual, 
quitting alcohol and smoking seemed to happen more abruptly. A minority of PMBC 
survivors who consumed high levels of alcohol, as well as those who smoked, mentioned 
they quit prior to the onset of treatment for health benefit. “After diagnosis, I heard that 
alcohol could cause cancer, I didn’t know that. Then I thought, during chemotherapy I need to 
be as healthy as possible, so I immediately stopped drinking alcohol”. Some others reduced 
their alcohol consumption or quit smoking at the start of treatment because it didn’t 
align well with the treatment.

Previous attempts to change lifestyle
Some PMBC survivors shared lifelong concerns about their weight and lifestyle, coupled 
with high health awareness and knowledge about making lifestyle changes. However, 
they also mentioned frequently struggling with relapse and maintaining these changes 
over time. “I was always searching for miracle methods to lose weight. I tried all kinds of diets, 
and when I felt good, I could manage. But I always ended up falling back into my old habits”. 
Others had no prior experience with lifestyle changes, feeling it was unnecessary due 
to a healthy weight or a lack of health issues. “I always weigh around 55 kilograms. If my 
weight increases slightly, I immediately pay attention to ensure to bring it back down to 55 
kilograms again”. Additionally, some had made some recent lifestyle changes due to a 
recent diagnosis (e.g., diabetes type 2, need for hip replacement), aging, or a relative’s 
health issues (e.g., cancer diagnosis of partner).

Comorbidities
The presence of comorbid conditions was reported to affect adherence to lifestyle 
and bodyweight recommendations and lifestyle change. In general, PMBC survivors 
suffering from comorbid conditions related to the metabolic syndrome (e.g., type 2 diabetes, 
high blood pressure, etc.) mentioned to have received lifestyle counselling prior to their 
breast cancer diagnosis. However, as they perceived making favorable lifestyle changes 
to be hard, not all of them succeeded in making favorable changes following lifestyle 
counselling. They were, however, often aware of the potential health benefits of making 
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favorable lifestyle changes in relation to their comorbid condition. “I changed my diet 
when I was diagnosed with type 2 diabetes. I started eating less carbs and started to swim”. 
PMBC survivors suffering from comorbid conditions not related to the metabolic syndrome 
(e.g., hip replacement, knee injury, etc.) less often received lifestyle counselling prior 
to the diagnosis of breast cancer and may benefit from more basic lifestyle support and 
guidance. “I’m usually quite active, but now with my hip issues, I can’t exercise. I tried strength 
training, but unfortunately, I developed edema. They then told me that this type of strength 
training wasn’t suitable after breast cancer surgery.”

Aim 2: PMBC survivors’ needs regarding lifestyle support by HCPs
Need for information
Most PMBC survivors told they would have preferred to receive more information 
regarding the relationship between lifestyle and cancer. There were a lot of PMBC 
survivors mentioning to be unaware of the relation between lifestyle and cancer. 
Looking back in retrospect, they would have preferred to receive this information. 
“After diagnosis, I heard that alcohol could cause cancer, I didn’t know that”. PMBC survivors 
also mentioned a need for information with respect to nearby lifestyle services, for example 
by means of a list for referral. This list could, for example, include physical therapists 
with experience in oncology and information about local rehabilitation programs 
available in the area. They also mentioned to prefer to receive practical information 
to make favorable lifestyle changes, for instance, a suggested weekly diet with sample 
meals or a specific exercise program. “I would like to have a nutrition plan, specifically 
for cancer survivors”.

Need for activation by lifestyle support
PMBC survivors in rehabilitation programs with supervised physical activity reported 
enjoying the exercise and experienced more fitness and accompanying health benefit. 
They mentioned “being activated” and continued it independently afterwards. 
However, PMBC survivors felt less activated with diet consultations, finding it difficult 
to incorporate dietary advice into their daily lives without prior active guidance and 
behavioral practice. “I asked the dietitian what I should eat to maintain healthy liver values. 
She told me to follow the ‘Dutch food-based dietary guidelines. 54’ How does that help me? I didn’t 
get any practical advice, like which meals I could prepare or how to do so”.

Need for effective communication by HCPs
PMBC survivors’ progress through the stages of change was influenced by lifestyle advice 
from health care professionals. For example, PMBC survivors in the precontemplation 
stage (i.e., not yet considering change or being unwilling or unable to change), mentioned 
that discussing lifestyle with HCPs in relation to their treatment and prognosis made 
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them start to consider changing behavior. Although not all PMBC survivors received 
lifestyle advice, those who did found it often motivating, particularly when they saw 
their healthcare provider as credible and supportive. “I don’t remember exactly how it was 
phrased, but it did make me think, “Oh, I should eat a lot of dairy products, okay!”.

However, if the communication lacked empathy, survivors were less likely to consider 
the advice seriously, emphasizing the importance of effective communication in 
encouraging lifestyle changes. “My oncologist said as a starter: ‘Oh you are really fat.’ That 
was not nice, since then I did not feel well when meeting the oncologist”.

Aim 3: Determinants influencing the preferred timing for lifestyle support among 
PMBC survivors
The PMBC survivors’ preferred timing of lifestyle support may be influenced by the 
following determinants (6 themes) (See Figure 1).

Type of treatment
The lifestyle support needs of PMBC survivors who received chemotherapy differed 
from those of survivors who did not undergo chemotherapy. Those receiving 
chemotherapy mentioned a lot more practical lifestyle related questions, for example 
questions concerning diet (e.g. in relation to vomiting, taste and smell changes, 
etc.) and exercising. While receiving chemotherapy, a lot of survivors mentioned to 
experience overload, they felt to have started a rollercoaster in which they just go along. 
These PMBC survivors mentioned they had no capacity left to incorporate lifestyle 
changes at this time point. For example: “During chemotherapy you are busy with only one 
thing: surviving”. Both groups reported similar issues with respect to sleep, especially 
in relation to cancer-related fatigue.

Coping style
Based on the experiences women shared during the interviews, it became apparent 
that the ability to make potential favorable lifestyle changes following breast 
cancer diagnosis and treatment seemed to be related to coping style. Three types 
of coping styles came forward during the interviews. First, some PMBC survivors 
mentioned experiencing ‘fighting spirit’ following diagnosis. They mentioned an 
optimistic attitude, accompanied by a search for information regarding breast 
cancer (treatment) and everything in their power to survive the cancer. For most of 
these PMBC survivors, favorable lifestyle change was a way to feel a sense of control. 
“Then I thought, you have to stay positive and tell yourself, ‘I’m going to fight this battle, 
and when I can’t fight anymore, that’s when it ends.’ I also thought, “If you [HCPs] handle 
what I can’t control, and I do everything I can, then I’ll know I’ve done all I could”. These 
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PMBC survivors expressed a preference for receiving lifestyle support as early as 
possible in the care continuum. This would provide them with reliable information 
and save them the time spent searching for lifestyle and cancer-related guidance.

Other PMBC survivors showed ‘stoic acceptance’ following diagnosis. These PMBC 
survivors did their best to ignore the breast cancer and any treatment-related symptoms 
by focusing on other positive aspects of life. They sought to accept the breast cancer 
diagnosis and, in turn, continue living as normally as possible. “That illness has actually 
had so little impact on me.” “I thought as long as I don’t get any aftercare everything is fine…. 
I actually never think about it”. These PMBC survivors did not express a preference 
regarding timing for lifestyle support.

Third, some PMBC survivors mentioned ‘catastrophizing’ following the (suspicion of) 
their diagnosis of breast cancer. They described feeling helpless and hopeless, often 
experiencing excessive worry about the future and their prognosis, accompanied 
by high levels of stress and anxiety. A PMBC survivor mentioned: “Then a scan is 
done, and I am always happy when nothing shows up. Because I still always have cancer 
worry. Because I still always have the feeling that something isn’t right.”. Another PMBC 
survivor said: “Because your trust in your body is really just gone. And especially in the 
beginning, that was really tough. Thankfully, it slowly got better, but now it’s coming 
up again because soon I’ll have to go for a check-up. And this morning, I checked myself 
again. I thought, ‘What is that weird feeling I have here?’ And then I started feeling deeper, 
thinking, ‘It can’t be that it’s there again, can it?’”. PMBC survivors with a tendency to 
catastrophize mentioned being completely focused on the breast cancer diagnosis 
and its treatment at the beginning of their care journey, leaving no room for lifestyle 
advice or change. Later in the care continuum would be the preferred time for 
lifestyle support for these survivors.

Previous experience with cancer
From women’s experiences it was derived, that a previous experience with cancer 
of either themselves or someone close to them, may affect the current experience 
with the cancer diagnosis and its treatment. If someone close struggled a lot during 
treatment or died, the cancer diagnosis was perceived as more negative and fearful. 
This negative previous experience with cancer may affect the choices made following 
diagnosis and needs regarding (lifestyle) counselling compared to PMBC survivors 
with a previous positive experience. PMBC survivors with such a previous negative 
experience expressed a high need for control, a high need for information, high levels 
of fear and lower belief in health care professionals compared to PMBC survivors with 
a previous positive experience. “Deciding whether to undergo radiation treatment was the 
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hardest decision of my life. You don’t really know what the right choice is. My husband had 85 
rounds of radiation before he passed away, and it made him incredibly sick. But in my case, I 
wanted 100% certainty for my daughters, and radiation would give me a 15% higher chance 
of survival”. PMBC survivors with negative experiences mentioned to be very focused 
on the treatment, with high levels of stress, therefore unable to focus on their lifestyle 
early during the care continuum.

Others mentioned to have a previous positive experience with cancer. For example, they 
mentioned that they knew someone who survived cancer without many (additional) 
medical problems and good contact with the health care professional, or they reported 
to have previously survived cancer without complications themselves. Also, they 
mentioned higher levels of trust in health care professionals. These PMBC survivors 
preferred lifestyle support early during their care continuum.

Some PMBC survivors seemed to have experienced posttraumatic growth following 
their diagnosis of cancer. They reported an increased appreciation of life and feelings 
of strength, which caused them to make successful favorable (lifestyle) changes. “In 
October, I started asking myself: who am I, what do I want, what do I want from my work and my 
life? I was told that losing weight could improve my chances of survival, so I changed my diet and 
began walking. I ended up losing 12 kg.”. For PMBC survivors experiencing posttraumatic 
growth, lifestyle support early during the care continuum seems beneficial.

Personality
The experiences women reported suggest that personality characteristics seem to affect 
the way in which PMBC survivors deal with the diagnosis and favorable lifestyle change. 
PMBC survivors who seemed emotionally stable mentioned to plan anything in their 
power to survive cancer and enjoy life as much as possible, in contrast to the PMBC 
survivors who considered themselves to be more emotionally unstable. Emotionally 
stable PMBC survivors would prefer receiving lifestyle advice early in the care 
continuum to implement favorable changes that could improve their prognosis. The 
more emotionally unstable PMBC survivors needed all their energy to go through what 
they called “the rollercoaster” following the diagnosis, which to them included hospital 
visits, treatments, and psychological uncertainty. These PMBC survivors benefit from 
lifestyle support later during the care continuum, for example during recovery and 
the follow-up phase. An emotionally unstable PMBC survivor mentioned: “My glass is 
always ‘half empty’. Right now, I don’t feel balanced. At first, I pretended to be stronger and said 
everything was fine, but that’s no longer the case. Now, I’m getting help from a psychologist and 
talk about how I really feel.”.
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In addition, PMBC survivors seemed to differ in the extent to which they dared to ask 
for help, including lifestyle advice or support. According to some PMBC survivors, this 
may be related to their personality, to their level of introversion or extraversion, with the 
latter generally feeling freer to ask for support and advice. An extravert PMBC survivor 
mentioned: “I just asked for a referral, and I got it”. And another extravert PMBC survivor: 
“No, what I’ve noticed with many people, uh, whom I meet during chemo or at the gym or while 
exercising, is that you often hear people complain about the hospital or say that something is 
unclear, or they don’t know something, like ‘how am I supposed to know that?’ Uh, and I always 
say, ‘Well, if you want to know something or if something is unclear, you can always ask again, 
right?’. No preference regarding timing of lifestyle support was expressed based on level 
of introversion or extraversion.

Last, also the level of psychological flexibility of the PMBC survivor appeared to affect the 
way they dealt with the diagnosis and treatment. PMBC survivors who mentioned they 
normally are flexible, and ‘go with the flow’, seemed to be less affected by the breast 
cancer diagnosis and treatment and less sensitive to stress. For example: “I am the type 
that always waits to see how things turn out and then see how it goes”. These PMBC survivors 
prefer lifestyle support early during the care continuum, in contrast to PMBC survivors 
with lower psychological flexibility, who preferred lifestyle support later during the 
care continuum.

Motivation for favorable lifestyle change
The preferred moment of lifestyle support also depended on the PMBC survivors’ type 
of motivation they had to change their lifestyle. Some PMBC survivors mentioned they 
made favorable lifestyle changes to benefit their health. The diagnosis breast cancer or a 
different diagnosis in the past (such as type 2 diabetes) triggered them to start making 
favorable lifestyle changes. For example, a PMBC survivor mentioned: “I changed my diet 
and worked on getting fitter to improve my chances of survival and for the health benefits”. For 
these PMBC survivors, receiving lifestyle support at the time of diagnosis or shortly after 
could be beneficial. In addition, getting older and having family and peers with physical 
complaints were also mentioned as triggers to start making favorable lifestyle changes.

Other PMBC survivors mentioned that they primarily made favorable lifestyle changes 
to lose weight, focusing on their physical appearance. They appreciated looking slimmer 
and being able to fit into smaller-sized clothes. A PMBC survivor mentioned: “I don’t 
find my body very attractive, which is why I want to lose weight”. The PMBC survivors who 
focused on their physical appearance typically mentioned this later in their care 
journey. For them, receiving lifestyle support during the recovery phase or follow-up 
phase would be most beneficial.
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Social support
Various types of social support were mentioned during the interviews, including 
practical support (e.g., getting a ride to the hospital, receiving cooked meals), 
emotional support (e.g., having the opportunity to express what’s going on), and 
informational support (e.g., receiving information about treatment or lifestyle 
changes). PMBC survivors who expressed feelings of loneliness may require additional 
support compared to those with a larger social network. Loneliness was reported to 
affect self-care including healthy lifestyle behaviors. For example, a lonely PMBC 
survivor mentioned being unable to prepare a healthy dinner for herself at days 
receiving radiotherapy as she was just too exhausted, resulting in not eating at all 
on treatment days. She said: “I started neglecting my self-care. I stopped cooking healthy 
meals for myself and would just have a slice of bread instead. I simply didn’t have the energy 
anymore”. Lonely PMBC survivors may benefit from lifestyle support in a group setting 
early in the care continuum, as it could help connect them with others who are going 
through similar experiences.

Other PMBC survivors mentioned to be part of a social network, however, to still feel 
alone with respect to cancer. They experienced survivorship loneliness and wished to 
get in touch with fellow PMBC survivors to share experiences. A PMBC survivor said: 
“I felt a lack of understanding from others about my illness. I didn’t look sick, I didn’t feel sick, 
but in reality, I was seriously ill. I found this very difficult to deal with”. This desire to share 
experiences included the wish to exchange both successful and unsuccessful lifestyle 
changes (e.g., tasty recipes during chemotherapy). PMBC survivors experiencing 
survivorship loneliness preferred lifestyle support in group setting early in the care 
continuum to get in touch with fellow sufferers.

Most PMBC survivors expressed a need for contact with fellow sufferers for emotional 
support and practical advice. In physical therapy groups, they felt more at ease 
with their bodies around other cancer survivors, as everyone was understanding. 
For PMBC survivors with a need for contact with fellow sufferers offering (group-
based) lifestyle support early in the care continuum would be beneficial. In contrast, 
some PMBC survivors reported to avoid contact with fellow sufferers, fearing it would be 
emotionally overwhelming. They believed such interactions would lead to sadness 
and complaints, and this led some to reject rehabilitation invitations. A PMBC survivor 
avoiding contact with fellow sufferers mentioned: “I didn’t want to go there. I thought 
they would tell all about bad experiences. That thought made me very anxious”. These PMBC 
survivors would prefer to receive lifestyle support individually.
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Many of the interviewed PMBC survivors had a partner. For part of them this was 
very positive, as they received emotional and practical support from their partner. 
“At the hospital they advised me to exercise as much as possible during chemotherapy. So, my 
husband took me for a walk every day for at least 30 minutes”. Some survivors felt hindered 
by partners who didn’t support favorable lifestyle changes, such as expecting the same 
meals or snacks. This lack of support made them feel alone in their efforts to fight 
cancer in every possible way.

Discussion

In this longitudinal qualitative study, we found that relevant determinants of favorable 
lifestyle change in PMBC survivors included the type of lifestyle behavior being 
changed, previous experiences with lifestyle change, and the presence and type of 
comorbidities. In addition, we found that nearly all PMBC survivors expressed a need 
for information and support regarding their lifestyle and body weight in relation to 
cancer (survivorship). Additionally, PMBC survivors expressed a need for activation 
by lifestyle support and a need for effective communication by HCPs while providing 
lifestyle support. Moreover, the timing of this support appears to be influenced type 
of treatment, coping style, prior cancer experiences, personality traits, motivation for 
lifestyle change, and the availability of social support.

Our findings align with previous studies signaling that lifestyle support is not structurally 
embedded in clinical care of PMBC survivors17-20, 55, 56. PMBC survivors expressed a need 
to receive information from their treating HCPs regarding lifestyle advice in relation 
to cancer. Moreover, in line with previous research, PMBC survivors see their treating 
HCPs as default experts and credible source to provide this information57. Important 
in this respect, is the alignment of a HCPs’ and PMBC survivors’ beliefs concerning 
an appropriate communication style57, 58. If these do not align, we also noticed in our 
study, PMBC survivors value and trust their HCP less than PMBC survivors who are 
satisfied with their HCP57, 58. As a result of this ineffective communication style (e.g., 
communication lacking empathy), PMBC survivors mentioned they were less likely to 
adhere to lifestyle and bodyweight suggestions made by their HCP.

In addition, similar to previous studies, PMBC survivors in the current study mentioned 
beneficial effects of an exercise-based revalidation program during treatment or 
thereafter such as feelings of fitness, distraction, and social contact with fellow 
sufferers59, 60. In contrast, while receiving dietary consultation PMBC survivors missed 
demonstration of the behavior, behavioral practice and rehearsal, and contact with 
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fellow sufferers. They reported that receiving dietary advice on paper or through 
explanation alone did not activate them. This finding is supported by a previous 
systematic review on the effectiveness of dietary interventions, which found that active 
dietary consultation, such as cooking demonstrations, teaching real-life skills like 
vegetable preparation, and hands-on cooking experiences, enhanced healthy eating 
habits and self-efficacy regarding favorable dietary choices61, 62.

The interviews revealed a global division of two groups of PMBC survivors over time. 
One group of PMBC survivors felt highly stressed and anxious, had a previous negative 
experience with cancer, felt powerless, and felt emotionally unstable after diagnosis, 
lacking the psychological flexibility to cope, and showed little need for lifestyle support 
early in the care continuum. Their need for lifestyle support emerged later, during the 
phase of recovery and rehabilitation or follow-up. In contrast, the other group of PMBC 
survivors showed a fighting spirit, had a previous positive experience with cancer, felt 
emotionally stable, and felt adaptable preferred lifestyle support early on, often during the 
diagnostic phase, or slightly later during treatment. Providing lifestyle support early saves 
the latter group time searching for reliable information and may improve its effectiveness. 
This finding can be explained by the theory of the Transtheoretical Model of Change23. 
Even though others may influence your motivational readiness for change, the decisional 
balance must shift in favor to new behaviors within the individual attempting change23, 

63-65. Increased levels of stress and anxiety, as well as physical complaints and treatment 
side effects, may hinder the internal decisional balance in favor of a healthier lifestyle at 
that time63. For this reason, it is important to ask PMBC survivors regularly during the care 
continuum if they would prefer to receive lifestyle support at that moment.

In addition, the social network of the PMBC survivor played a vital role in their ability 
to obtain or maintain a favorable lifestyle. Those who reported to receive social support 
could discuss their emotional wellbeing, weigh the pros and cons of a favorable 
lifestyle, and often exercised or shared healthy meals with family or friends. In 
contrast, survivors lacking social support, for example due to smaller social networks, 
felt the burden of self-care, especially during challenging times like chemotherapy or 
radiation, with some unable to prepare meals and resorting to simple options like a 
slice of bread for dinner. This is in line with previous research stating that partners66, 

67, children68, 69, family70, 71, friends72 and community members73 can play an important 
role offering social support during periods of poor health and high stress. In particular, 
social support has been found to potentially mediate the effect of disease on reported 
wellbeing74. In line with this, PMBC survivors experiencing loneliness or survivorship 
loneliness, and those in need for contact with fellow sufferers, expressed a preference 
for group-based lifestyle support early in the care continuum.
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Strengths, limitations, and recommendations for future research
The qualitative design of the study enabled the collection of a complete overview of 
relevant determinants, without the risk of missing determinants caused by using a 
quantitative design with pre-selection of determinants. Another strength was the use of 
purposive sampling which led to a high variety of characteristics of participating PMBC 
survivors (i.e., variation in adherence to lifestyle and bodyweight recommendations, 
variation in readiness for favorable lifestyle change, and variation in need for support). 
In addition, techniques to enhance trustworthiness such as member checking and 
discussion among researchers during all phases of the qualitative analysis, including 
discussion of the determinants until consensus was reached, were performed51. As 
relevant determinants may change over time during the care trajectory, the longitudinal 
design of this study is also a strength.

Even though we used purposive sampling, it should be considered that most of our 
study sample consisted of moderate or higher educated PMBC survivors. This may limit 
the generalizability of the results since women with a lower level of education may 
experience additional or different determinants that are relevant to lifestyle change and 
support. Future studies may focus on PMBC survivors with a lower level of education to 
explore their needs and experiences regarding lifestyle support following their diagnosis. 
In addition, it should be considered that this study is executed in the Netherlands, where 
we have a solidarity-based healthcare system where everyone is required to pay for 
health insurance and thereby receives health care. Future studies may also focus on 
PMBC survivors in countries with limited access to healthcare services to explore their 
experiences regarding lifestyle (support) and their cancer diagnosis and treatment.

Due to the onset of COVID-19 we switched from interviews at the PMBC survivors 
home address to online interviews via Teams or by telephone to limit face-to-face social 
contact. This different setting may have influenced the richness of the data. However, 
based on previous studies comparing online and face-to-face interviews, we expect any 
effect to be minimal or negligible50, 75.

Implications for practice
Sleep problems and insomnia are common among cancer survivors76, 77. However, we 
found that many PMBC survivors were unaware of available therapies or interventions 
for these issues, as only a few sought help from healthcare professionals. Increased 
awareness and attention to treatments for sleep problems by means of discussing sleep 
quality during consultation, increasing awareness of the importance of healthy sleep 
habits in waiting rooms (e.g., pamphlets or on screens), and offering sleep counselling, 
could benefit cancer survivors.
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In addition, some PMBC survivors expressed a desire to connect with others, while others 
preferred to avoid it. Since lifestyle support, including rehabilitation, is often group-
based, this difference should be considered in lifestyle care. A practical solution could 
be a buddy system, allowing individuals to connect with fellow survivors. Additionally, 
offering a social moment (e.g., drinking coffee or tea) after lifestyle sessions would 
accommodate both needs, those wanting interaction can stay, while others can leave.

In conclusion, we identified several determinants relevant to obtaining and maintaining 
a favorable lifestyle following the diagnosis of PMBC. The type of lifestyle behavior 
to be changed, earlier experience with lifestyle change, and the presence and type 
of comorbidities, were found to affect the process of favorable lifestyle change in 
PMBC survivors. Our findings suggest that nearly all PMBC survivors express a need 
for information regarding the association between lifestyle, bodyweight and cancer. 
In addition, some PMBC survivors wish to receive real-life active lifestyle support, 
including for dietary consultation. During provision of lifestyle support, it is important 
for HCPs to use an appropriate and empathetic communication style. The timing 
to meet these needs for lifestyle support depends on the PMBC survivors’ type of 
treatment she receives, their coping style, previous experience with cancer, personality, 
motivation for lifestyle change, and their social support system. To ensure that every 
PMBC survivor receives reliable information and support regarding favorable lifestyle 
change, we suggest offering this during each phase of the care continuum.

Appendix A. Interview topic list

Phase 1:

•	 Thank for hospitality and participation in the study

•	 Introduction of interviewer

•	 Emphasize there are no right or wrong answers

Phase 2:

•	 Introduction to the study

•	 Emphasize everything will be handled confidential/anonymous

•	 Emphasize everyone is free to stop at any time

•	 Ask for informal consent to audiotape the interview

Phase 3:

•	 How are you?

•	 How did you experience last year (before/after diagnosis; changes; complaints; positive and 
negative important moments related to lifestyle/body image/trust in body)?

•	 Do you have previous experiences with cancer in your family (family or genetic)?



Determinants and timing of lifestyle changes in postmenopausal breast cancer survivors

95

4

Appendix A. Continued

Phase 4:

Based on answers on questionnaire OPTIMUM-study Wave 1 (4-6 months following diagnosis breast 
cancer)

•	 How did you experience adherence to a recommendation for lifestyle and bodyweight 
before diagnosis (exercise, diet, sleep, smoking, alcohol)?

•	 Did this differ before and after the diagnosis breast cancer?

•	 Did you experience a need for lifestyle/bodyweight support before or after the diagnosis 
breast cancer?

•	 What do you experience as barriers/facilitators for maintaining favorable lifestyle changes?

•	 Did you attempt to change your lifestyle/bodyweight prior to the diagnoses breast cancer? 
Why (not)? How?

Based on answers on questionnaire OPTIMUM-study Wave 2 (1 year following diagnosis breast cancer)

•	 How did you experience adherence to a recommendation for lifestyle and bodyweight 
(exercise, diet, sleep, smoking, alcohol)?

•	 What makes it (im)possible to adhere to this guideline?

•	 What do you need to adhere to this guideline (from who and when)?

•	 What do you currently experience as barriers/facilitators for maintaining favorable lifestyle 
changes?

•	 Did you attempt to change your lifestyle/bodyweight during the last year? Why (not)? How?

Phase 5 (finishing off ):

•	 Did you receive any information related to lifestyle or bodyweight during the past year? Did 
this lead to change?

•	 Did you receive any support related to lifestyle or bodyweight, for example from a physical 
therapist or dietician?

Phase 6:

•	 Thank you for shared information and experiences

•	 Continuation of the research project: member-checking and interview over half a year

•	 Feedback & Questions
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Abstract

Background: As physical inactivity and poor sleep quality may impose additional risk 
for cancer recurrence and overall mortality in postmenopausal breast cancer (PMBC) 
survivors, it is important to gain insight into the effect of the COVID-19 pandemic on 
their physical activity (PA) and sleep level.

Objective: This study aimed to assess the course of their physical activity (PA) and 
sleep throughout governmental measures against COVID-19 during 12 months of the 
COVID-19 pandemic.

Methods: PMBC survivors (n=96) wore an ActiGraph wGT3X-BT for seven consecutive 
days at 12 and 18 months after diagnosis and additional measurements were taken after 
onset of the second (partial) COVID-19 lockdown. Longitudinal data was categorized 
into four timepoints: before onset of COVID-19 (T1), during the initial lockdown (T2), 
in between initial and second lockdown (T3), and during the second lockdown (T4).
General linear mixed effects models assessed differences in moderate-to-vigorous 
physical activity (MVPA) per day, total minutes of PA per day, average acceleration, 
intensity gradient, sleep efficiency, and sleep duration over time.

Results: Levels of MVPA per day before COVID-19 were low (Median=20.9 min/
day(IQR=10.8;36.2), and time spent physically active was most often in light intensity, 
which remained stable throughout the pandemic. Sleep duration (Median=442.8 min/
night (IQR=418.3;478.0) and efficiency (85.9%(IQR=79.6;88.4) was sufficient before 
COVID-19 and showed stability over time.

Conclusions: Low levels of PA with mostly light intensity, and adequate sleep efficiency 
and duration were observed before COVID in PMBC survivors. This was not further 
affected by COVID-19 governmental measures.
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1 Introduction

The majority of postmenopausal breast cancer (PMBC) survivors have suboptimal lifestyle 
and body weight1-3, poorer health-related quality of life, and an increased risk of type II 
diabetes mellitus, cardiovascular disease, second primary cancers, cancer recurrences, 
and all-cause mortality as compared with a healthy population4-6. These adverse health 
outcomes may partly be prevented by maintenance of healthy levels of physical activity 
(PA; i.e., at least 150 minutes spent on moderate intensity PA per week or at least 75 
minutes spent on vigorous PA per week, or equivalent7, 8). In addition, higher levels of PA 
are associated with lower risk of cancer recurrence and higher cancer survival7, 9; reduced 
symptoms of anxiety and depression, and improved self-confidence8, 10.

In addition to being sufficiently physically active, it is important for PMBC survivors to 
maintain a healthy sleep duration (i.e., sleeping 7-9 hours a night11) and sleep quality. 
Both chronic sleep deprivation and excess sleep have been associated with early mortality 
in the general population12. Sleep deprivation may result in metabolic changes (e.g., 
altered endocrine function and glucoregulation, and increased inflammation) that may 
predispose women to breast cancer13. The influence of sleep on breast cancer prognosis 
is inconclusive, however it has been shown that sleeping nine or more hours per night 
is associated with an increased risk of breast cancer recurrence, and increased risks for 
both breast cancer-specific mortality and all-cause mortality14. In addition, poor sleep 
quality has been linked to negative emotions and mood, and an unhealthy lifestyle15, 16.

The Coronavirus disease 2019 (COVID-19) pandemic has a substantial impact on the lives 
of breast cancer survivors worldwide17. Until a sufficient degree of vaccination has been 
reached, hygienic means and physical distancing, including ‘intelligent’ lockdowns, 
are the most used strategies to minimize the progression and severity of the COVID-19 
pandemic. In addition, the World Health Organization (WHO) strongly recommends 
social isolation for groups at risk of severe illness such as older or individuals with 
obesity and those with underlying health conditions18. In the Netherlands, the first 
partial lockdown took place between 23 March 2020 and 8 June 2020 and the second 
partial lockdown started at 15 December 2020 (see Figure 1 for governmental measures 
during these partial lockdowns).

The COVID-19 pandemic, including COVID-19 lockdowns, may have impacted PA levels 
in PMBC survivors. Restrictions on ‘non-essential’ travel, the closure of gyms and sport 
courts, and the recommendation to stay at home may have decreased overall physical 
activity levels19. Moreover, the recommended social isolation for groups at risk of severe 
illness can make it extra challenging to meet physical activity guidelines20.
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Cancer survivors have shown to be worried about getting infected with COVID-19 more 
often as compared to a normative population17. Anxiety and uncertainties about health 
and economic security, may have negatively affected sleep onset and quality21. However, 
the lower number of social meetings may have resulted in longer sleep duration on 
weekdays and a decreased social jetlag (indicating less variable sleep timing comparing 
week and weekend days), positively affecting sleep quality22. In addition, during the 
second COVID-19 lockdown the COVID-19 pandemic already lasted for over 10 months, 
therefore possibly affecting psychological and emotional resources of cancer survivors. 
In contrast, in other PMBC survivors, the long period of COVID-19 pandemic may have 
led to adaptation and acceptance of the situation. Consequently, the effect of the initial 
and second COVID-19 lockdown on PA and sleep in these cancer survivors may differ.

As physical inactivity and poor sleep quality may impose an additional risk for cancer 
recurrence and overall mortality, it is important to gain insight into the effect of the 
COVID-19 pandemic on PA and sleep in PMBC survivors. To our knowledge, previous 
studies investigating the effect of COVID-19 lockdown on PA and sleep mainly focused 
on the general population, self-reported measures, and only during initial lockdown. 
This study aims to assess the course of accelerometer-measured PA and sleep during 
12 months of the COVID-19 pandemic, and to gain insight into possible changes in PA 
and sleep of both the initial and second COVID-19 lockdown, in postmenopausal breast 
cancer (PMBC) survivors.

2 Methods

2.1 Participants
For the present analyses, data from the OPtimal TIming and Method for promoting 
sUstained adherence to lifestyle and body weight recommendations in postMenopausal 
breast cancer survivors (OPTIMUM)-study was used23. Details of the OPTIMUM-study 
are presented elsewhere23.

Patient recruitment and data collection for the OPTIMUM-study started in September 
2019. Inclusion criteria were being diagnosed with breast cancer up to 6 months 
ago; being postmenopausal, having not menstruated for at least 1 year, and being 
able to read and understand Dutch. Each eligible PMBC survivor, from one of eight 
participating hospitals, was invited to participate in the study. The OPTIMUM-study is 
a longitudinal study with accelerometer measurements at 12 and 18 months following 
diagnosis. For the present analyses, we included data of the first 96 participants of 
the OPTIMUM-study who all had a first accelerometer measurement (at 12 months 
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following diagnosis) between September 2019 and September 2020. Patients included 
in the OPTIMUM study between September 2020 and September 2022 are not included 
in the current analysis. Due to the continuous inclusion and measurement of the 
OPTIMUM-study, the time-point of the accelerometer measurements during the 
COVID-19 pandemic varied for all participating PMBC survivors The measurements 
were categorized into four time-periods: before onset of COVID-19 (T1), during the first 
COVID-19 lockdown (T2), the time in between the first and second COVID-19 lockdown 
(T3), and during the second COVID-19 lockdown (T4)(Figure 2). Of the 96 participants, 
30 had their first accelerometer measurement before the onset of COVID-19 (T1), 25 
had their first accelerometer measurement during COVID-19 lockdown 1, and 41 had 
their first accelerometer measurement between lockdown 1 and lockdown 2 (Figure 2).

Six months following their first accelerometer measurement, the PMBC survivors 
who were 18 months past their diagnosis, were invited for their second accelerometer 
measurement (n=43). In addition, after onset of the second COVID-19 lockdown on the 
15th of December 2021, we re-invited all 96 participants for an additional measurement 
with the accelerometer, of whom 71 (75%) participated. Due to the continuous inclusion 
and measurement in the OPTIMUM-study, the last measurement during the second 
COVID-19 lockdown occurred at varying timepoints since diagnosis (mean = 1.7 years 
since diagnosis (SD=0.3 year)).

All participants were invited to wear the accelerometer at three time-points during 
this COVID-19 timeline. However, due to the continuous measurement and inclusion 
in the OPTIMUM-study not all participants had finished all measurements at the time 
of analyses. Additionally, there was missing data due to physical limitations (e.g., 
intensive breast cancer treatment; illness; broken leg) as well as practical issues (e.g., 
unpractical to wear the accelerometer in work setting, cleaning, healthcare including 
helping someone shower). In the present analyses we were able to include complete 
data for three out of four time-point during the COVID-19 pandemic for 32 PMBC 
survivors. For 42 PMBC survivors we could include data of 2 time-points, and for 14 
PMBC survivors data of 1 time-point (Figure 2). To assess the stability of our results, 
a sensitivity analysis was conducted of pairwise descriptive data of full responders 
across consecutive timepoints: T1 vs. T2 (N=12), T2 vs. T3 (N=23), and T3 vs. T4 (N=58).

All participants provided written informed consent prior to the start of the study, 
and prior to the additional measurement during the second COVID-19 lockdown. The 
study protocol was approved by a medical ethical review board, according to the Dutch 
Medical Research Involving Human Subjects Act (WMO).





Chapter 5

110

abnormalities during the planned week of wearing the accelerometer. Following, all 
participants received the accelerometer together with a paper instruction concerning 
device placement (illustrated in pictures), a wearing log, a sleep diary, and wear 
instructions via mail. Participants were instructed to wear the device 24 hours a day 
for 7 consecutive days, except during water-based activities such as showering, bathing, 
and swimming. Prior to distribution, each accelerometer was initialized to capture data 
at 100 Hz and was synchronized to Greenwich Mean Time.

2.3 Measures
2.3.1 Sociodemographic and clinical characteristics
The baseline questionnaire assessed comorbidities in the past 12 months by use of the 
Self-administered Comorbidity Questionnaire (SCQ)26. The SCQ is a list of 14 medical 
conditions, with the option to list up to three additional medical conditions26. Follow-up 
questionnaires assessed body weight and height. Clinical data (i.e., cancer stage, date 
of diagnosis, and start- and end-date of treatment) was obtained from the Netherlands 
Cancer Registry (NCR). The NCR routinely collects data on all newly diagnosed cancer 
patients in the Netherlands27. Time since diagnosis was calculated by subtracting the 
date of diagnosis from the start day of wearing the accelerometer. Treatment during 
time of measurement was determined by subtracting the time since diagnosis from the 
number of days since treatment ended.

2.3.2 Data processing and accelerometer-measurement of physical activity and sleep
Upon return of the accelerometer, the data was downloaded using the accompanying 
software ActiLife (Version 6.13.3; ActiGraph, Pensacola, FL, USA) and saved in raw 
format as .gt3x files. Subsequently, the .gt3x files were converted to time-stamp free 
.csv files which could be exported into R v.3.6.0. The .csv files were processed using the 
R-package ‘GGIR: Raw Accelerometer Data Analysis’ v.2.1-028. Data processing included 
detection of sustained abnormally high values, detection of nonwear time defined as 
the time not wearing the accelerometer in minutes29, and auto-calibration of the raw 
tri-axial accelerometer signals using local gravity as reference30. In addition, within 
GGIR the Euclidean Norm Minus One (ENMO) (1g) was calculated averaged over 5 
seconds epochs and expressed in milli-gravitational units (mg) as previously described 
by Rowlands and colleagues (2018)31.

Data of participants was excluded from subsequent analysis if their accelerometer 
files demonstrated a post-calibration error larger than 0.01 g (10 mg); or if there were 
less than 3 valid wear-days (defined as ≥ 16h per day)31. Detection of nonwear time 
has previously been described in detail (see “Procedure for nonwear detection” as 
supplementary document to van Hees et al.29). The default nonwear setting was used 
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imputing invalid data by the average of similar time points on different days of the 
week29, which means that for each valid wear day outcome variables were based on the 
complete 24h cycle (1440 minutes) for all participants. PA level was expressed as average 
acceleration across the day (ENMO, mg)31, average time accumulated in light intensity 
PA (LPA) per day (min/day), average time accumulated in moderate-to-vigorous PA 
(MVPA) per day (min/day), and time spent inactive per day (min/day). Time spent in 
LPA and MVPA was the accumulated time above an acceleration of respectively 50 mg 
and 100 mg30. In contrast, time spent inactive was defined as the time accumulated 
below an acceleration of 50 mg31. To determine the distribution of physical activity 
intensity by use of the intensity gradient (IG), the argument “iglevels = TRUE” was used 
in GGIR. The IG reflects the negative curvilinear relation between PA intensity and time 
spent in that intensity31. Periods of physical inactivity, defined as no changes in arm 
angle greater than 5 degrees for 5 minutes or more during a predefined nocturnal sleep 
window (e.g., from the participants’ sleep log), were classified as sleep29, 32. Sleep quality 
was expressed as the sleep efficiency (i.e., proportion of the sleep span actually sleeping 
(%)), the frequency of long sleep interruptions (i.e., the number of long wake episodes 
≥ 5 minutes), and average total number of minutes spent sleeping32, 33.

2.4 Statistical analysis
Descriptive information for the total group and for the participants at each time-point of 
normally distributed variables is presented as mean and standard deviation, otherwise 
the median and interquartile range are used.

Generalized linear mixed-effects models were built, using 3,000 parametric bootstraps, to 
investigate the changes in PA (MVPA per day; total min physical activity per day; average 
acceleration; intensity gradient) and sleep (sleep efficiency and sleep duration) over time. 
Time, the variable of main interest, was handled as categorical fixed effect including the 
four time points (i.e., before COVID-19 (T1); during the first lockdown (T2); in between 
the first and second lockdown (T3); during the second lockdown (T4)) in all models. 
All models included a random intercept to adjust for clustering of observations within 
participants. Time since diagnosis was entered as covariate in the basic mixed-effects 
models to adjust for the course of PA and sleep rehabilitation in the time since diagnosis 
till the first accelerometer measurement. In addition, adjusted mixed-effect models were 
built, extending previous models by adjusting for the following potential confounding 
background variables: age, receiving any active treatment versus no active treatment 
during the time of measurement (i.e., chemotherapy, radiotherapy, hormonal therapy or, 
targeted treatment; yes vs. no), number of comorbidities (0; 1; 2>), and employment. The 
models’ regression coefficients, 95% confidence intervals (CI), and p-values are presented. 
All analyses were performed using R version 4.1.0 (https://cran.r-project.org).
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3 Results

Participants (N=96) were on average 64.3 (SD=7.6) years old, 39% were employed, and 
mean BMI was 26.9 (SD=4.3)(Table 1).

Table 1. Socio-demographic and clinical characteristics.
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N1 96 30 37 72 71

Age, mean (SD) 64.3 (7.6) 62.4 (7.5) 65.0 (8.2) 64.7 (7.2) 64.9 (7.9)

Partner (yes), N (%) 72 (67%) 20 (74%) 29 (85%) 55 (80%) 50 (75%)

Education level, N (%)6

Low 2 (2%) 2 (7%) 2 (6%) 0 (0%) 2 (3%)

Medium 55 (59%) 16 (59%) 24 (71%) 43 (62%) 39 (58%)

High 36 (39%) 12 (44%) 10 (29%) 26 (38%) 27 (40%)

Employment (yes), N (%) 36 (39%) 11 (41%) 13 (38%) 27 (39%) 24 (36%)

BMI, mean (SD) 26.9 (4.3) 26.8 (4.0) 26.6 (4.5) 27.1 (4.4) Unknown9

Comorbidities, N (%)

0 27 (28%) 11 (37%) 12 (32%) 19 (26%) 22 (31%)

1 28 (29%) 7 (23%) 10 (27%) 23 (32%) 18 (26%)

≥2 41 (43%) 12 (40%) 15 (41%) 30 (42%) 31 (44%)

Tumor Stage, N (%)

0 4 (4%) 2 (7%) 3 (8%) 3 (4%) 4 (6%)

I 47 (49%) 15 (50%) 17 (46%) 36 (50%) 36 (51%)

II 40 (42%) 12 (40%) 14 (38%) 29 (40%) 27 (38%)

III 4 (4%) 1 (3%) 3 (8%) 3 (4%) 3 (4%)

IV 1 (1%) 0 (0%) 0 (0%) 1 (1%) 1 (1%)

Time since diagnosis (days), 
mean (SD)

504.3 
(128.7)

392.7 
(57.7)

430.3 
(80.5)

467.6 
(91.6)

626.0 
(108.4)
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Table 1. Continued
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N1 96 30 37 72 71

Treatment during time of measurement7

No treatment, N (%) N/A8 8 (27%) 16 (43%) 27 (38%) 26 (37%)

Surgery (yes), N (%) N/A 0 (0%) 0 (0%) 0 (0%) 0

Chemotherapy (yes), N (%) N/A 0 (0%) 2 (5%) 0 (0%) 0

Radiotherapy (yes), N (%) N/A 0 (0%) 0 (0%) 0 (0%) 0

Hormonal therapy (yes), N (%) N/A 21 (70%) 19 (51%) 38 (53%) 38 (53%)

Targeted therapy (yes), N (%) N/A 1 (3%) 1 (3%) 10 (14%) 9 (13%)

Note. Descriptives of socio-demographic and clinical characteristics for the total group and for the 
participants at each time-point. Due to repeated measures (see Figure 2), the number of participants at 
the different time points does not add up to 96 (i.e., Total N).
1N = number of participants assessed by accelerometer per time point.
Variables may deviate from 100% due to rounding off.
SD standard deviation. BMI Body Mass Index.
2 Measurement before 23 March 2020.
3 Measurement between 23 March till 9 June 2020.
4 Measurement between 9 June till 15 December 2020.
5 Measurements between 15 December 2020 and 1 February 2021.
6 Education level: Low (no or primary school); medium (lower general secondary education 
or vocational training); high (pre-university education, high vocational training, university).
7 Treatment during the time of measurement with the Actigraph. Due to combined treatment in 
certain participants, percentages do not add up to 100%.
8 N/A = not applicable.
9 BMI was not measured during the second COVID lockdown.

All PA measures (min MVPA/day; total min spent physically active/day; average 
acceleration (mg); Intensity gradient) showed mainly engagement in low intensity 
PA and stable levels over the four time points (see Table 2 and Table 3). The largest 
difference in min MVPA was observed between the first lockdown (T2) and the second 
lockdown (T4) (estimated difference 5.91 minutes per day; see Table 3). However, this 
difference was not statistically significant. A sensitivity analysis, conducted through 
pairwise descriptive analysis of full responders across consecutive timepoints (see 
Appendix 1), demonstrated consistent and stable results.
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Table 2. Overview of physical activity and sleep parameters at all study time-points.

Before 
COVID2 

(T1)

During COVID 
lockdown 13 

(T2)

In between COVID 
lockdown 1 and 24 

(T3)

During COVID 
lockdown 25 

(T4)

N 30 37 72 71

Physical activity

MVPA per day (min/day), median (IQR) 20.9 (10.8, 36.2) 14.8 (3.8, 31.1) 18.6 (5.1, 32.9) 26.8 (11.3, 37.1)

MVPA per week (min/week), median (IQR) 146.0 (75.7, 253.4) 103.6 (25.8, 217.5) 130.1 (35.4, 230.2) 187.3 (79.2, 259.9)

Light intensity physical activity (min/day), median (IQR) 117.7 (93.9, 140.6) 110.3 (90.3, 143.1) 113.2 (88.0, 142.8) 105.9 (82.5, 135.2)

Inactive time (min/day), mean (SD) 724.0 (93.3) 725.8 (89.0) 744.8 (75.0) 748.6 (69.0)

Average acceleration (mg), median (IQR) 22.0 (17.2, 25.0) 19.8 (16.1, 26.1) 21.3 (16.3, 25.3) 21.3 (18.2, 24.3)

Intensity gradient, mean (SD) -3.4 (.3) -3.4 (.4) -3.4 (.4) -3.4 (.4)

Total physical activity (min/day), mean (SD) 181.3 (60.8) 183.6 (79.4) 183.2 (69.3) 172.0 (55.6)

Sleep

Sleep duration (min/night), median (IQR) 442.8 (418.3, 478.0) 454.4.0 (425.8, 489.9) 444.1 (396.4, 463.6) 453.2 (414.2, 484.7)

Sleep efficiency (%), median (IQR) 85.9 (79.6, 88.4) 87.5 (83.5, 91.5) 85.8 (82.8, 88.8) 86.3 (83.8, 90.6)

Frequency of sleep interruptions (n/night), median (IQR) 1.9 (1.5, 3.1) 1.8 (0.8, 3.5) 1.9 (1.4, 3.5) 1.9 (1.0, 3.4)

1 Measurement before 23 March 2020.
2 Measurement between 23 March till 9 June 2020.
3 Measurement between 9 June till 15 December 2020.
4 Measurements between 15 December 2020 and 1 February 2021.
MVPA = moderate to vigorous physical activity; SD = standard deviation; IQR = interquartile range.

Also, sleep duration and sleep efficiency was stable over the four time points (see Table 
3). The largest difference in sleep duration was observed between the time before 
COVID-19 (T1) and the time following the first COVID-19 lockdown (T3) (estimated 
difference -16.01 min per day; 95%CI=-39.15;6.36; see Table 3).

Overall average relative nonwear time during waking hours was 1.2 % (SD=1.9) and 
it was 12.7% (SD=3.5) during the hours between sleep onset and wake onset. During 
the whole day average relative nonwear time was 5.5% (SD=1.3). The average number 
of valid wear days was 5.8 (SD=.6), with an average of 1.1 weekend days (SD=.42) (data 
not shown).

Sensitivity analysis excluding the participants with only one Actigraph measurement 
in the COVID-19 timeline, provided comparable results.
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Table 2. Overview of physical activity and sleep parameters at all study time-points.

Before 
COVID2 

(T1)

During COVID 
lockdown 13 

(T2)

In between COVID 
lockdown 1 and 24 

(T3)

During COVID 
lockdown 25 

(T4)

N 30 37 72 71

Physical activity

MVPA per day (min/day), median (IQR) 20.9 (10.8, 36.2) 14.8 (3.8, 31.1) 18.6 (5.1, 32.9) 26.8 (11.3, 37.1)

MVPA per week (min/week), median (IQR) 146.0 (75.7, 253.4) 103.6 (25.8, 217.5) 130.1 (35.4, 230.2) 187.3 (79.2, 259.9)

Light intensity physical activity (min/day), median (IQR) 117.7 (93.9, 140.6) 110.3 (90.3, 143.1) 113.2 (88.0, 142.8) 105.9 (82.5, 135.2)

Inactive time (min/day), mean (SD) 724.0 (93.3) 725.8 (89.0) 744.8 (75.0) 748.6 (69.0)

Average acceleration (mg), median (IQR) 22.0 (17.2, 25.0) 19.8 (16.1, 26.1) 21.3 (16.3, 25.3) 21.3 (18.2, 24.3)

Intensity gradient, mean (SD) -3.4 (.3) -3.4 (.4) -3.4 (.4) -3.4 (.4)

Total physical activity (min/day), mean (SD) 181.3 (60.8) 183.6 (79.4) 183.2 (69.3) 172.0 (55.6)

Sleep

Sleep duration (min/night), median (IQR) 442.8 (418.3, 478.0) 454.4.0 (425.8, 489.9) 444.1 (396.4, 463.6) 453.2 (414.2, 484.7)

Sleep efficiency (%), median (IQR) 85.9 (79.6, 88.4) 87.5 (83.5, 91.5) 85.8 (82.8, 88.8) 86.3 (83.8, 90.6)

Frequency of sleep interruptions (n/night), median (IQR) 1.9 (1.5, 3.1) 1.8 (0.8, 3.5) 1.9 (1.4, 3.5) 1.9 (1.0, 3.4)

1 Measurement before 23 March 2020.
2 Measurement between 23 March till 9 June 2020.
3 Measurement between 9 June till 15 December 2020.
4 Measurements between 15 December 2020 and 1 February 2021.
MVPA = moderate to vigorous physical activity; SD = standard deviation; IQR = interquartile range.

Also, sleep duration and sleep efficiency was stable over the four time points (see Table 
3). The largest difference in sleep duration was observed between the time before 
COVID-19 (T1) and the time following the first COVID-19 lockdown (T3) (estimated 
difference -16.01 min per day; 95%CI=-39.15;6.36; see Table 3).

Overall average relative nonwear time during waking hours was 1.2 % (SD=1.9) and 
it was 12.7% (SD=3.5) during the hours between sleep onset and wake onset. During 
the whole day average relative nonwear time was 5.5% (SD=1.3). The average number 
of valid wear days was 5.8 (SD=.6), with an average of 1.1 weekend days (SD=.42) (data 
not shown).

Sensitivity analysis excluding the participants with only one Actigraph measurement 
in the COVID-19 timeline, provided comparable results.
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Table 3. Summary of mixed-effects analyses.

MVPA per day (min/day)

Basic modela Corrected modelb

Time B LL � UL 95% CI p B LL - UL 95%CI p

T2 vs. T1 (N=67) -.49 -7.13 ; 6.55 .89 .93 -6.17 ; 7.53 .80

T3 vs. T1 (N=102) -.43 -8.76 ; 7.95 .92 1.07 -7.32 ; 8.76 .80

T4 vs. T1 (N=101) 5.42 -6.23 ; 16.85 .36 7.76 -3.38 ; 18.76 .17

Total physical activity (min/day)

Basic modela Corrected modelb

Time B LL � UL 95% CI p B LL � UL 95% CI p

T2 vs. T1 (N=67) 12.23 -8.14 ; 31.93 .25 10.15 -9.12 ; 29.63 .30

T3 vs. T1 (N=102) 14.77 -11.64 ; 41.95 .27 15.10 -11.98 ; 41.03 .26

T4 vs. T1 (N=101) 10.00 -26.06 ; 47.64 .57 11.07 -26.45 ; 46.85 .55

Average acceleration (mg)

Basis modela Corrected modelb

Time B LL � UL 95% CI p B LL � UL 95% CI p

T2 vs. T1 (N=67) -0.31 -2.64 ; 2.06 .80 -0.49 -2.91 ; 1.94 .68

T3 vs. T1 (N=102) -0.05 -2.42 ; 2.50 .96 -0.23 -2.89 ; 2.35 .86

T4 vs. T1 (N=101) 0.06 -3.16 ; 3.37 .97 -0.10 -3.51 ; 3.39 .95

Intensity gradient

Basic modela Corrected modelb

Time B LL � UL 95% CI p B LL � UL 95% CI p

T2 vs. T1 (N=67) .04 -0.14 ; 0.22 .70 .01 -0.17 ; 0.19 .90

T3 vs. T1 (N=102) .04 -0.14 ; .21 .68 .03 -0.14 ; 0.20 .75

T4 vs. T1 (N=101) .10 -0.12 ; 0.32 .37 .07 -0.16 ; 0.29 .52

Sleep duration (min/night)

Basic modela Corrected modelb

Time B LL � UL 95% CI p B LL � UL 95% CI p

T2 vs. T1 (N=67) -5.70 -27.55 ; 15.80 .63 -2.91 -25.00 ; 20.48 .81

T3 vs. T1 (N=102) -16.01 -39.15 ; 6.36 .17 -11.76 -35.50 ; 12.76 .33

T4 vs. T1 (N=101) -13.19 -41.79 ; 15.58 .38 -6.27 -37.91 ; 23.88 .69
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Table 3. Continued

Sleep efficiency (%)

Basic modela Corrected modelb

Time B LL � UL 95% CI p B LL � UL 95% CI p

T2 vs. T1 (N=67) 1.66 -0.84 ; 4.00 .19 1.46 -1.11 ; 4.08 .26

T3 vs. T1 (N=102) 0.42 -2.16 ; 3.05 .75 .44 -2.14 ; 3.06 .75

T4 vs. T1 (N=101) 1.41 -2.07 ; 4.94 .40 1.51 -1.83 ; 4.99 .39

Note: T1 = Before COVID; T2 = During first COVID lockdown; T3 = In between first and second 
COVID lockdown; T4 = During second COVID lockdown; MVPA = moderate to vigorous physical 
activity.
a Basic mixed-effect model for each of the main outcome measures, controlling for time since 
diagnosis (using 3000 bootstraps).
b Corrected model: adjusted for time since diagnosis, age, receiving active treatment at the time 
of measurement (chemotherapy, radiotherapy, hormonal therapy, targeted treatment), number 
of comorbidities (0; 1; 2>), employment.

4 Discussion

This study evaluated changes in PA and sleep during the COVID-19 pandemic in PMBC 
survivors. Overall, we observed that both PA and sleep seem stable over time. Although 
PA was relatively low at the first lock-down, no statistically significant differences were 
found over time. The stable PA levels and intensity we observed are in line with a 
previous study in the general population in the United Kingdom, showing that those 
aged >65 were able to remain physically active during and after the initial COVID-19 
restrictions34. Similarly, in our sample with an average age of 64.3 years, the PMBC 
survivors maintained, on average, a stable level of minutes spent in MVPA per day after 
onset of COVID-19 restrictions.

However, as physical inactivity may impose an additional risk in the population of 
PMBC survivors for cancer recurrence and overall mortality, the observed low levels 
of PA spent in MVPA a day are alarming.

The low level of PA is comparable to other studies investigating cancer survivors prior 
to the pandemic35. Pooled data of eight studies in cancer survivors (using hip-worn 
Actigraphs) showed on average 26 min time spent in MVPA a day35. Our results indicated 
an average of 22.1 min before COVID-19 until the second COVID-19 lockdown, and 27.9 
min a day during the second COVID-19 lockdown. Previous studies indicated that being 
older, having a higher BMI, and being female are associated with lower MVPA levels 
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in cancer survivors36. In addition, compared to other studies, the measurements in 
our sample were relatively shortly following their diagnosis, and even included some 
individuals still receiving treatment during time of measurement (e.g., chemotherapy, 
hormonal therapy, and targeted therapy). This also may explain the low level of MVPA 
per day37.

In addition, the intensity gradient of our sample indicates mainly engagement in low 
intensity PA. Most previous studies that demonstrated a health benefit of PA encouraged 
time spent in moderate or vigorous intensity PA37, 38. It is uncertain whether engaging 
mainly in light PA could also be associated with lower levels of all-cause mortality and 
breast cancer recurrence, especially in case of high levels of sedentary behavior, which 
was shown to be common (66% of waking time) in breast cancer survivors38, 39.

As the majority of PMBC survivors have suboptimal lifestyle and bodyweight, they are 
at increased risk for second primary cancers and comorbid conditions compared to 
women without cancer4-6, 40. The stability in the level and intensity of PA in our sample 
during the COVID-19 governmental measurements indicates that it did not worsen, 
yet their PA levels remained consistently low. Consequently, it is warranted to develop 
strategies to improve PA level in PMBC survivors. Hence, there is a need to investigate 
how to effectively and sustainably change PA behavior in this population.

The norm for sleep duration in Caucasian women aged 60 to 69 years old is 423.8 minutes 
a night41. In comparison, the average minutes spent sleeping in our study sample (mostly 
Caucasian women) was 445.6 per night indicating that overall, the participants did not 
experience major problems in sleep duration. Sleep duration and sleep quality were stable 
and sufficient in our sample of PMBC survivors throughout the COVID-19 pandemic. In 
relation to COVID-19, previous studies attributed poorer sleep quality partially to those 
experiencing higher levels of anxiety or depression during lockdown42. Even though 
it may be expected that cancer survivors are at higher risk for feelings of anxiety and 
depression during lockdown, it has been shown that cancer survivors reported almost 
similar levels of anxiety and depression as compared to a normative population17. This 
may contribute to the stable sleep parameters found in our study.

An important strength of this study is the use of accelerometer-measurement of PA 
and sleep. This may have circumvented reporting errors typically found while using 
self-reported measures (i.e., errors due to recall bias, misinterpretation, and social 
desirability)43. In addition, there was high compliance with daily wear time of the 
accelerometer. As a consequence, very little time needed to be imputed by the average 
of similar time points on different days of the week to add up to a complete 24-h cycle. 
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Nevertheless, the study has several limitations. First, as the COVID-19 pandemic set in 
unexpectedly we could not control the number of observations at the different time 
points during the COVID-19 pandemic. This resulted in different trajectories of repeated 
measures across participants. The number of observations between the first and 
second COVID-19 lockdown was relatively high due to the long time span of this period 
in comparison to the other time points. In addition, the relatively large number of 
observations during the second COVID-19 lockdown can be explained by the invitation 
of all OPTIMUM-participants with a previous accelerometer measurement during 
the COVID-19 time span for this additional measurement. The different number of 
observations for the four time points and the different trajectories of repeated measures 
is taken into account by the use of mixed models but does result in relatively broad 
CI’s for periods with fewer participants. Our sample also precluded investigations into 
different trajectories of PA and sleep in subgroups of PMBC survivors. Second, some 
participants received active treatment (chemotherapy, hormonal therapy or targeted 
therapy) during any of the time points. Although we adjusted for active treatment 
in our analyses this may have affected the results. Specifically, PMBC survivors may 
have gradually increased their PA due to recovery from the diagnosis and subsequent 
treatment possibly balancing out a decrease in PA caused by COVID-19. Finally, only 
the baseline questionnaire included questions regarding the number of comorbidities.

The recommended level of PA holds spending at least 150 minutes on moderate PA per 
week or at least 75 minutes spent on vigorous PA per week. We found an average of 141.8 
minutes spent on MVPA per week, indicating that a large proportion of the participants 
did not meet the PA recommendations. Additionally, a high proportion of PA was 
performed in lower intensity PA. As levels of PA were already low prior to the COVID-19 
pandemic, it is not likely that the pandemic would have changed this behavior. Previous 
studies have shown that favorable lifestyle change following the cancer diagnosis is 
supported with evidence-based lifestyle counselling by oncology clinicians and health 
care practitioners concerning the benefits of sufficient PA for the health and prognosis 
of their cancer survivors44. Moreover, thus far oncology clinicians are found to be the 
most powerful catalysts for the promotion of health behavior45, 46. Due to COVID-19 the 
number of follow-up consultations has diminished, and ongoing follow-up consultation 
was often replaced by telephonic or video consultation17, 47. Consequently, possibly less 
counseling and advice to increase PA level may have occurred. Besides counselling, 
also referral to appropriate exercise-programs in line with clinical possibilities and 
preference may be challenging during the COVID-19 pandemic. Nevertheless, inactive 
patients could be advised to progressively replace sitting behavior with active breaks 
of walking at home and active patients to adopt physical activities to the home setting 
depending on ongoing COVID-19 measures.
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Appendix 1. Sensitivity analysis: pairwise descriptive analysis of physical activity and sleep data of full 
responders for consecutive timepoints, T1 vs. T2 (N=12); T2 vs. T3 (N=23); and T3 vs. T4 (N=58)

Before 
COVID2

(T1)

During COVID 
lockdown 13

(T2)

During COVID 
lockdown 13

(T2)

In between COVID 
lockdown 1 and 24

(T3)

In between COVID 
lockdown 1 and 24

(T3)

During COVID 
lockdown 25

(T4)

N N=12 N=23 N=58

Physical activity

MVPA per day (min/day), median (IQR) 19.2 (13.5, 30.0) 6.0 (2.4, 25.2) 18.3 (8.9, 26.8) 16.4 (2.5, 33.3) 18.2 (9.7, 31.6) 29.0 (13.3, 37.5)

MVPA per week (min/week), median (IQR) 134.5 (94.2, 209.9) 42.0 (16.7, 176.1) 127.9 (62.0, 187.5) 114.9 (17.4, 233.3) 127.4 (68.0, 221.5) 203.3 (39.0, 262.8)

Light intensity physical activity (min/day), 
median (IQR)

117.9 (96.3, 140.6) 120.4 (90.8, 127.6) 99.3 (80.4, 155.5) 99.8 (84.4, 123.3) 118.1 (93.3, 144.7) 102.1 (81.2, 135.3)

Inactive time (min/day), mean (SD) 729.9 (84.9) 717.3 (84.9) 732.8 (94.9) 757.5 (97.0) 739.1 (72.2) 753.0 (65.0)

Average acceleration (mg), median (IQR) 22.2 (17.7, 24.8) 19.4 (16.2, 23.2) 19.5 (15.7, 26.3) 21.2 (16.2, 23.6) 22.7 (17.7, 25.4) 21.1 (18.2, 24.3)

Intensity gradient, mean (SD) -3.4 (0.4) -3.5 (0.5) -3.4 (0.3) -3.5 (0.4) -3.4 (0.4) -3.4 (0.4)

Total physical activity (min/day), mean (SD) 176.4 (56.6) 173.5 (70.9) 186.7 (86.9) 174.4 (76.7) 187.2 (70.1) 172.9 (55.8)

Sleep

Sleep duration (min/night), median (IQR) 447.4 (422.1, 483.0) 447.3 (423.7, 455.5) 457.4 (428.2, 491.4) 454.3 (422.2, 487.1) 443.1 (396.4, 461.5 444.8 (409.2, 473.7)

Sleep efficiency (%), median (IQR) 83.7 (81.0, 86.0) 85.9 (80.3, 88.0) 88.9 (83.9, 92.2) 86.7 (85.3, 87.8) 86.1 (82.8, 88.8) 86.2 (83.8, 90.0)

Frequency of sleep interruptions (n/night), 
median (IQR)

2.0 (1.5, 3.7) 1.9 (1.4, 3.9) 1.4 (0.4, 2.9) 1.9 (1.6, 2.5) 1.9 (1.4, 3.4) 1.9 (1.0, 3.4)

Note: T1 = Before COVID; T2 = During first COVID lockdown; T3 = In between first and second 
COVID lockdown; T4 = During second COVID lockdown; MVPA = moderate to vigorous physical 
activity.

a Basic mixed-effect model for each of the main outcome measures, controlling for time since 
diagnosis (using 3000 bootstraps).
b Corrected model: adjusted for time since diagnosis, age, receiving active treatment at the time 
of measurement (chemotherapy, radiotherapy, hormonal therapy, targeted treatment), number 
of comorbidities (0; 1; 2>), employment.

In conclusion, on average, the PMBC survivors showed low levels of PA before COVID-19, 
and time spent physically active was mostly of light intensity. Sleep duration and sleep 
quality was sufficient before the COVID-19 pandemic in our sample of PMBC survivors. 
Our results point to stable levels of PA and sleep during the COVID-19 pandemic in PMBC 
survivors. As inactive and overweight PMBC survivors are at risk of worse progression of 
COVID-19, and at risk of cancer recurrence and worse prognosis following the diagnosis 
of cancer20, 47, it is important that health care professionals play a role in promotion of 
an active lifestyle for these patients, both during pandemics and thereafter.
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Appendix 1. Sensitivity analysis: pairwise descriptive analysis of physical activity and sleep data of full 
responders for consecutive timepoints, T1 vs. T2 (N=12); T2 vs. T3 (N=23); and T3 vs. T4 (N=58)

Before 
COVID2

(T1)

During COVID 
lockdown 13

(T2)

During COVID 
lockdown 13

(T2)

In between COVID 
lockdown 1 and 24

(T3)

In between COVID 
lockdown 1 and 24

(T3)

During COVID 
lockdown 25

(T4)

N N=12 N=23 N=58

Physical activity

MVPA per day (min/day), median (IQR) 19.2 (13.5, 30.0) 6.0 (2.4, 25.2) 18.3 (8.9, 26.8) 16.4 (2.5, 33.3) 18.2 (9.7, 31.6) 29.0 (13.3, 37.5)

MVPA per week (min/week), median (IQR) 134.5 (94.2, 209.9) 42.0 (16.7, 176.1) 127.9 (62.0, 187.5) 114.9 (17.4, 233.3) 127.4 (68.0, 221.5) 203.3 (39.0, 262.8)

Light intensity physical activity (min/day), 
median (IQR)

117.9 (96.3, 140.6) 120.4 (90.8, 127.6) 99.3 (80.4, 155.5) 99.8 (84.4, 123.3) 118.1 (93.3, 144.7) 102.1 (81.2, 135.3)

Inactive time (min/day), mean (SD) 729.9 (84.9) 717.3 (84.9) 732.8 (94.9) 757.5 (97.0) 739.1 (72.2) 753.0 (65.0)

Average acceleration (mg), median (IQR) 22.2 (17.7, 24.8) 19.4 (16.2, 23.2) 19.5 (15.7, 26.3) 21.2 (16.2, 23.6) 22.7 (17.7, 25.4) 21.1 (18.2, 24.3)

Intensity gradient, mean (SD) -3.4 (0.4) -3.5 (0.5) -3.4 (0.3) -3.5 (0.4) -3.4 (0.4) -3.4 (0.4)

Total physical activity (min/day), mean (SD) 176.4 (56.6) 173.5 (70.9) 186.7 (86.9) 174.4 (76.7) 187.2 (70.1) 172.9 (55.8)

Sleep

Sleep duration (min/night), median (IQR) 447.4 (422.1, 483.0) 447.3 (423.7, 455.5) 457.4 (428.2, 491.4) 454.3 (422.2, 487.1) 443.1 (396.4, 461.5 444.8 (409.2, 473.7)

Sleep efficiency (%), median (IQR) 83.7 (81.0, 86.0) 85.9 (80.3, 88.0) 88.9 (83.9, 92.2) 86.7 (85.3, 87.8) 86.1 (82.8, 88.8) 86.2 (83.8, 90.0)

Frequency of sleep interruptions (n/night), 
median (IQR)

2.0 (1.5, 3.7) 1.9 (1.4, 3.9) 1.4 (0.4, 2.9) 1.9 (1.6, 2.5) 1.9 (1.4, 3.4) 1.9 (1.0, 3.4)

Note: T1 = Before COVID; T2 = During first COVID lockdown; T3 = In between first and second 
COVID lockdown; T4 = During second COVID lockdown; MVPA = moderate to vigorous physical 
activity.

a Basic mixed-effect model for each of the main outcome measures, controlling for time since 
diagnosis (using 3000 bootstraps).
b Corrected model: adjusted for time since diagnosis, age, receiving active treatment at the time 
of measurement (chemotherapy, radiotherapy, hormonal therapy, targeted treatment), number 
of comorbidities (0; 1; 2>), employment.

In conclusion, on average, the PMBC survivors showed low levels of PA before COVID-19, 
and time spent physically active was mostly of light intensity. Sleep duration and sleep 
quality was sufficient before the COVID-19 pandemic in our sample of PMBC survivors. 
Our results point to stable levels of PA and sleep during the COVID-19 pandemic in PMBC 
survivors. As inactive and overweight PMBC survivors are at risk of worse progression of 
COVID-19, and at risk of cancer recurrence and worse prognosis following the diagnosis 
of cancer20, 47, it is important that health care professionals play a role in promotion of 
an active lifestyle for these patients, both during pandemics and thereafter.
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Abstract

Background: Optimal approaches to promote sustained adherence to lifestyle and 
bodyweight recommendations in postmenopausal breast cancer (PMBC) survivors 
are lacking.

Purpose: This Delphi-study aims to identify and understand expert-opinion on potential 
barriers and facilitators for promoting adherence to these lifestyle and bodyweight 
recommendations in (clinical) care for PMBC survivors, and to determine potential 
effective intervention strategies.

Methods: The expert panel consisted of oncology Health Care Practitioners (HCPs) 
(N=57), patient advocates (N=5) and PMBC survivors (N=38). They completed 3 
questionnaires: Q1-idea generation; Q2-validation and prioritization; Q3-ranking. The 
Behavior Change Wheel was used as theoretical framework for analysis. Thematic 
analysis was applied to identify key overarching themes based on the top-ranked 
facilitators and barriers. Potential Behavior Change Techniques (BCTs) and intervention 
strategies were identified using the Behavior Change Technique Taxonomy version 1 
and the Behavior Change Wheel.

Results: 11 core categories of key barriers/facilitators for the promotion of adherence to 
recommendations for lifestyle and bodyweight among PMBC survivors were identified. 
For each core category, relevant BCTs and practical potential intervention strategies 
were selected based on suggestions from the expert panel. These included: increasing 
knowledge about the link between lifestyle and cancer; enabling self-monitoring of 
lifestyle behaviors followed by evaluation; offering group lifestyle counselling for PMBC 
survivors, enhancing social support for favorable lifestyle behaviors; and stimulating 
multidisciplinary collaboration among HCPs.

Conclusions: Findings provide valuable insight for the development of interventions 
changing behavior of PMBC survivors and HCPs towards increased healthy lifestyle 
(support) behavior.
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Introduction

Developing postmenopausal breast cancer (PMBC) is, at least partly, related to 
lifestyle (e.g., physical inactivity, consumption of alcohol) and body fatness (e.g., adult 
weight gain, and increased body fat)1-7. In addition, compared to women without 
cancer, PMBC survivors have an increased risk of second primary cancers (e.g., a 2 to 
5 fold increased risk for second primary breast cancers)3, type II diabetes mellitus4, 
cardiovascular disease5, mortality6, and a diminished health-related quality of life 
(HRQoL)8,9. To decrease these risks and to increase HRQoL10-15, recommendations 
regarding lifestyle and maintaining a healthy body weight have been issued 16. For 
example, the World Cancer Research Fund recommends to be physically active (by 
means of at least 150 minutes of low intensity exercise per week spread over several 
days, muscle and bone strengthening exercises at least 2 times per week, limiting 
sedentary behavior, and prevent sitting too much), to limit alcohol consumption 
(preferably drink no alcohol), and to be a healthy weight (i.e., Body Mass Index 
between 18.5 and 24.9) 16. However, the majority of PMBC survivors does not meet 
these recommendations8,17-21.

Although health care professionals (HCPs) could play a key role in the promotion of 
favorable lifestyle behaviors22-24, this is not structurally embedded in clinical care25. 
Sustained lifestyle changes may be harder for PMBC survivors compared with the 
general population due to impaired physical, psychological, and social functioning 
caused by cancer and its treatment26. In addition, weight gain is common in PMBC 
survivors following diagnosis. Multiple causes for weight gain have been suggested, 
such as receiving chemotherapy, low levels of physical activity, and increased caloric 
intake27. Considering that weight gain after diagnosis is common, that the prevalence 
of overweight and obesity in PMBC survivors is relatively high, and that lifestyle 
counselling is not structurally embedded in clinical care, further investigation 
into approaches to promote (sustained) adherence to lifestyle and body weight 
recommendations is warranted.

Numerous studies have shown that lifestyle interventions may result in improvements 
in lifestyle and body weight in cancer patients, however, these improvements are 
mostly short-term28,29. To illustrate, a systematic review showed that less than half of 
the physical activity and/or dietary interventions achieved successful maintenance 
of lifestyle changes post-intervention (i.e., at least 3 months following the end-of-
intervention)30. Moreover, there is a lack of insight into the methods to achieve 
sustained adherence to lifestyle and bodyweight recommendations.
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Lifestyle interventions developed with involvement of patients and local health 
care professionals are more likely to be effective31. Such interventions match with 
local needs, preferences, and priorities, ensuring the best fit to the needs of relevant 
stakeholders (i.e., patients and HCPs)31. For example, a synthesis of oncology HCPs 
and PMBC survivors’ opinions on needs, preferences and priorities can be used to 
identify appropriate types of intervention or intervention components. As such, 
interventions comprise the needs of relevant stakeholders, and they are likely to 
be more easily embedded in clinical care for PMBC survivors. A needs assessment 
often includes the identification of barriers and facilitators for implementation of 
an intervention32. To our knowledge, no previous studies have assessed potential 
barriers and facilitators for promoting adherence to lifestyle and bodyweight 
recommendations in (clinical) care for PMBC survivors. To increase the fit of 
potential effective intervention strategies in clinical care, this study uses the 
Delphi method to identify and understand expert-opinion of oncology health care 
professionals, patient advocates and PMBC survivors on potential barriers and 
facilitators for promoting adherence to lifestyle and bodyweight recommendations 
in (clinical) care for PMBC survivors.

In addition, as interventions are commonly more successful in changing behavior 
if they are based upon a systematic method of defining the target behavior and 
matching intervention features in a specific target population and context33, this 
study will use the Behavior Change Wheel (BCW) as theoretical framework to 
systematically categorize facilitators and barriers33. The BCW describes targeted 
lifestyle (support) behavior in line with the Capability-Opportunity-Motivation 
for Behavior (COM-B) model supported by the Theoretical Domains Framework33. 
The COM-B model explains how changing behavior (B) is the result of changing 
psychological and/or physical capability (C), social and physical opportunities 
available (O), and automatic and reflective motivation (M)31,33. By use of the BCW, 
we aimed to categorize the relevant barriers and facilitators at the individual levels 
of the PMBC survivor and the HCPs, the intervention level, and the policy level, 
which could assist those designing and implementing interventions and creating 
policy to promote favorable lifestyle change in PMBC survivors. Following, in line 
with the BCW framework, we aimed to determine potential effective intervention 
strategies for promoting adherence to lifestyle and bodyweight recommendations 
in (clinical) care for PMBC survivors.
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Method

Study design
In this study, the stages outlined by the BCW framework were followed to determine 
potential effective intervention strategies. The stages of the BCW framework are: Stage 
1 – Understand the behavior, Stage 2 – Identify intervention options, Stage 3 – Identify 
content and implementation options34. Using the Delphi method, an expert panel 
provided insight in Stage 1 of the BCW, specifically understanding the targeted lifestyle 
(support) behavior. During the Delphi-study, experts formulated a list of meaningful 
ideas concerning facilitators and barriers affecting lifestyle behavior change of PMBC 
survivors35. An expert is defined as knowledgeable and experienced with respect to the 
subject. As strict consensus was not the aim of this Delphi-study, a three-phase sequence 
aimed to structure the iterative feedback process was used with a preset number of 
three questionnaires. This three-phase sequence36,37 is illustrated in Figure 1. Between 
February and July 2019, experts could respond anonymously to the 3 questionnaires to 
minimize peer pressure and enhance the flow of ideas38. Following stage 1 of the BCW 
framework, intervention options were identified by the research team in line with stage 
2 of the BCW. Thereafter, the research team described content and implementation 
options based on practical suggestions made by the expert team (stage 3 of the BCW). 
The study was approved by the Ethics Review Board of Tilburg University. All participants 
provided written informed consent. Study methods and results are reported following the 
Recommendations for Conducting and Reporting of Delphi Studies (CREDES)39.

Participants
This study aimed to compose an expert panel with diverse relevant experience and 
knowledge on (the promotion of) healthy lifestyle changes among PMBC survivors. 
We selected six main groups of HCPs involved in the health care trajectory of PMBC 
survivors: (1) breast cancer oncologists, (2) breast cancer surgeons, (3) breast cancer 
nurses, (4) oncology dieticians, (5) oncology physiotherapists, (6) clinical psychologists 
in the field of oncology. A total of 211 eligible experts were invited with the intention to 
recruit minimally 7 but preferable 10 HCPs per expert group35. In table 1, the number 
of participating HCPs in each expert group are presented.

In addition to HCPs, cancer survivors were included as experts. To limit overburdening 
cancer survivors, questionnaire 1 only included ideas of patient advocates. Starting 
from questionnaire 2, PMBC survivors were included. Recruitment of PMBC survivors 
was performed via www.kanker.nl, a Dutch website for cancer survivors including 
an active online patient panel who can be invited for research. In total, 38 out of the 
approached 134 PMBC survivors participated (see Table 1).
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Procedure and data-analysis
Stage 1 BCW � Understanding the behavior
The Delphi-study provided insight in Stage 1 of the BCW using 3 questionnaires: Q1-idea 
generation; Q2-validation and prioritization; Q3-ranking. See Figure 1 for the Delphi-
study flow chart.

Questionnaire 1 (Q1): Idea generation
Panel members were asked to respond to two main questions about listing potential 
facilitators (1), and potential barriers (2) for promoting a healthy lifestyle in (clinical) 
care for postmenopausal breast cancer survivors. The following question was asked to 
retrieve facilitators: “Could you name at least 3 possibilities/initiatives to successfully 
implement lifestyle care among postmenopausal breast cancer patients?” To retrieve 
barriers, the following question was asked: “Could you name at least 3 barriers to 
successfully implement lifestyle care among postmenopausal breast cancer patients?” 
These questions were identical for HCPs and PMBC survivors/patient advocates. Five 
open-answer options were provided for each question. During analysis, answers 
were collated, synthesized, and edited to ensure consistent terminology was used for 
identical ideas. Next, related and comparable items were categorized into a theme. 
An inter-rater process incorporating three researchers was used to assist in reaching 
interpretive congruity40.

Reported facilitators and barriers mentioned in response to Q1 were categorized into 
main overarching levels corresponding to the wheels of the BCW (see Column 1, Table 
2)33: the individual level of PMBC survivor, individual level of HCP, intervention level, 
and policy level.

Questionnaire 2 (Q2) – Part 1: Validation of categorized items
The first part of Q2 was designed based upon the answers to Q1. The goal was to 
strengthen construct validity according to the concept of ‘member checking’40. All 
answers to Q1 (items) were described in an item definition based on the written 
explanations of the experts. The item definitions were discussed among three 
researchers until consensus was reached. Afterwards, the items and item definitions 
were circulated to all participants for verification.

From this moment onwards, PMBC survivors were invited to participate. They were 
also asked to validate responses provided in Q1. Besides, they were invited to add any 
possible missing facilitators and barriers. However, none were added.
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Q2 – Part 2: Prioritizing items
In the second part of Q2, all experts were asked to select their top 10 of most important 
items on eight lists: lists of facilitators and barriers for each of the four levels of the 
BCW (personal level of PMBC survivor; personal level of HCP; intervention level; policy 
level). Then, a weighted combined top 10 was created per list, consisting of both HCPs 
and PMBC survivors/patient advocates’ opinions. To create this weighted combined top 
10, points were allocated for a certain position in the top 10 during the analysis, with 
‘item 1’ indicating ‘top priority’ receiving 10 points, ‘item 2’ receiving 9 points, and so 
on. Some categories resulted in less than 10 items following the item generation in Q1; 
in this case all available items were prioritized.

Questionnaire 3 (Q3): Ranking items
In Q3, all experts were asked to assign weights to all the items in the eight top 10 lists 
to provide insight in the relative importance of the items to be able to select the key 
facilitators and barriers. A 10-point Likert scale was used for weighting the items (1 
= not important at all, 10 = very important). The experts were not restricted in the 
assignment of importance. For example, they could assign high weight to all top 10 
items or chose to only assign high weight to the number 1 item of the list. Subsequently, 
key barriers and facilitators were identified by comparing the median ranks of all 
barriers and facilitators on the weighted top 10 lists retrieved from Q2. A key barrier 
or facilitator was recognized as having an average score of ≥7 Likert scale points in 
the ranking process with a level of consensus higher than 75% agreement among all 
expert rankers41. The percentage of agreement reflects the part of the expert panel 
agreeing that it is a top-priority item (i.e., a rank score of higher than 7). Key barriers 
and facilitators were listed separately for PMBC survivors/patient advocates and HCPs 
(see Figure 2).

Then, based on these key facilitators and barriers, overarching core categories were 
defined. As a reported facilitator may be equivalent to a reversed barrier, the reported 
key barriers and facilitators were combined. This process has previously been described 
as selective coding, which is part of thematic analysis40.

In line with the final steps of stage 1 of the BCW, we then applied our findings to 
the three BCW components: (C) Capability, (O) Opportunity, and (M) Motivation. In 
addition, for each core category of the targeted lifestyle (support) behavior (B) we 
expended the COM-B components to specific TDF domains correlating to the BCW 
COM-B components. These steps led to a complete behavior diagnosis, completing 
Stage 1 of the BCW framework.
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Stage 2 BCW � Identify intervention options
Following, we continued the analyses with Stage 2 of the BCW framework, specifically 
identifying intervention options. In this stage, intervention functions and policy 
categories were identified for each core category of the target behavior. An intervention 
function is a broad category of means how an intervention can change behavior. 
The BCW describes nine potential intervention functions, including education, 
training, persuasion, incentivization, coercion, restriction, modelling, environmental 
restructuring, and enablement33. The BCW also describes nine policy categories that are 
potentially capable of supporting an intervention function (communication/marketing, 
guidelines, fiscal measures, regulation, legislation, environmental/social planning, and 
service provision). They represent ways in which authorities can help support or enact 
behavior change34.

Stage 3 BCW � Identify content and implementation options
Next, in the last stage of the BCW framework, we identified potential Behavior Change 
Techniques (BCTs) for each of the overarching core categories. BCTs are the “active 
ingredients” of change defined as “observable, replicable, and irreducible component of 
an intervention designed to alter or redirect causal processes that regulate behavior”34. 
The Behavior Change Taxonomy (BCTTv1) describes 93 BCTs.42 Besides specifying 
potential effective BCTs, we also added practical suggestions for potential intervention 
strategies based on responses by the expert panel during the Delphi-study.

Results

Table 1 provides an overview of the number of participants per expert group.

Stage 1 BCW � Understand the behavior
In Q1 of the Delphi-study, without removal of duplicates, a total of 242 facilitators 
and 270 barriers were mentioned by the experts. After removal of duplicates, in Q2 
81 synthesized items were circulated for verification. All experts agreed with the list 
of items and item definitions. Figure 2 shows the top-ranked facilitators and barriers 
for both HCPs and PMBC survivors/patient advocates. In addition, the percentage of 
agreement is shown in this figure. Figure 2 shows, for example, that ‘psychological 
consequences of cancer(treatment)’ was ranked as a barrier at the individual level 
of the PMBC survivor with a median rank of 9 by PMBC survivors/patient advocates 
and with a median rank of 8 by HCPs. There was 95% agreement among PMBC 
survivors/patient advocates that ‘psychological consequences of cancer(treatment)’ 
was a top-priority barrier. Among HCP’s, 88% agreed that ‘psychological consequences 
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of cancer(treatment)’ was a top-priority barrier (see Appendix A and B). In general, 
compared with the PMBC survivors/patient advocates, HCPs indicated lower priority 
to barriers at the individual level of the HCP and barriers at the intervention level. In 
addition, PMBC survivors indicated lower priority to barriers at policy level compared 
with HCPs.

Table 1. Overview of Delphi participants.

EXPERT GROUPS Q1 (n) Q2 (n) Q3 (n)

Health care professionals 57 38 27

Breast cancer oncologist 7 4 1

Breast cancer surgeon 11 6 4

Breast cancer nurses 19 15 12

Oncological dieticians 7 2 1

Oncological physiotherapist 9 8 7

Oncological psychologists 4 3 2

Patient advocates 5 3 4

Postmenopausal breast cancer survivors - 34 38

Total 62 75 69

Combined analysis of HCPs and PMBC survivors/patient advocates results on Q2 
and Q3, resulted in top priority lists of items. These were synthesized to main core 
categories (see Appendix C). At the individual level of the PMBC survivor the following 
main core categories were specified: “Attention for balance of physical load and load 
capacity”; “Attention for stress and coping with stress”; “Increasing PMBC survivors’ 
knowledge of the relation between lifestyle and cancer”; “Increasing patient-guided 
care”; “Social functioning and (lack of) support from the social environment” (see Table 
2, Appendix A, B, and C). At the individual level of the HCP the following core categories 
in line with experts’ responses were identified: “Increasing knowledge concerning the 
relation between lifestyle and cancer”, “HCPs skills regarding lifestyle medicine” and 
“Creating support for providing lifestyle-care” (see Table 2, Appendix A, B, and C). At 
the intervention level, the experts agreed that better integration of lifestyle-care in 
follow-up care is needed. In addition, they agreed that incorporating self-monitoring 
in lifestyle counselling may improve adherence to lifestyle recommendations as well as 
increase effectiveness of the lifestyle support. At policy level, the experts stressed the 
importance of availability and accessibility of opportunities for lifestyle-care, and the 
role of public perception of lifestyle (see Table 2, Appendix A, B, and C).
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Stage 2 BCW � Identify intervention options
Intervention functions that may intervene with the experts’ core categories of facilitators 
and barriers are described in Table 2. Below, a few examples will be provided. See Table 
2 for an overview of intervention options and corresponding BCW policy categories for 
all core categories.

Example of selection of intervention options for the main core category “Increase PMBC 
survivors’ knowledge of the relation between lifestyle and cancer”
To increase PMBC survivors’ knowledge of the relation between lifestyle and 
cancer education was selected as most promising intervention function. For the 
beforementioned example, the policy categories communication/marketing and service 
provision were selected to be able to provide education to PMBC survivors concerning 
the relation between lifestyle and cancer.

Example of selection of intervention options for the main core category “Better 
integration of lifestyle care in follow-up care”
According to the experts, the main core category Better integration of lifestyle care in 
follow-up care requires guidelines or rules specifying who is responsible for lifestyle 
at what time-point during the care trajectory as they are often lacking (mentioned as 
barrier “Ambiguity on who is responsible for lifestyle care”). In addition, collaboration 
among HCPs should be stimulated, as this may lead to the most effective lifestyle-
care (based on mentioned facilitator “Organizing cooperation”). Practical strategies to 
achieve this, in line with expert opinions, are visualizing a social network of relevant 
lifestyle caregivers and regional lifestyle support initiatives, making collaboration 
agreements, and setting up a list for referral (based on mentioned facilitator “Organizing 
collaboration”, and barrier “Lack of contact list for referral”).

Stage 3 BCW � Identify content and implementation options
The selected BCTs that may facilitate behavioral change in case an intervention is 
developed to affect lifestyle (support) in PMBC survivors are presented in Table 2. BCTs 
were selected for each of the 11 overarching core categories. For example, to increase 
PMBC survivors’ knowledge of the relation between lifestyle and cancer, a potentially 
effective BCT could be to provide information about health consequences of the current 
behavior and information concerning the advantageous health consequences following 
favorable lifestyle change. Particularly, when a credible source (e.g., the oncologist) 
delivers the message. In the last column of Table 2, practical suggestions for potential 
intervention strategies based on responses by the expert panel during the Delphi-study 
are listed. Below, examples are provided.
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Table 2. Overview of core categories of facilitators and barriers for lifestyle-care, behavioral diagnosis, 
intervention functions, policy categories, behavior change techniques, and potential intervention strategies.

Behavioral diagnosis structured by 
COM-Ba components: what needs to 
change – TDFb domains that can be used

Intervention functionsc Policy categoriesd Behavior change techniques 
(BCTs v1)e

Potential intervention strategies

Individual level of PMBC survivor

Psychological capability

1. 	 Attention for balance of physical 
load and load capacity

•	 Knowledge
•	 Memory, attention, and decision 

processes
•	 Behavior regulation

Education,
Training,

Environmental restructuring,
Enablement,
Modelling.

Communication/ 
marketing,

Service provision.

Information about health 
consequences,

Demonstration of how to 
perform the behavior,

Self-monitoring of outcome of 
behavior(s),

Goal setting (behavior/
outcome),

Action planning,
Graded tasks,

Problem solving,
Verbal persuasion of capability.

•	 Provide information concerning physical consequences 
of cancer and its treatment and the relation to energy 
balance through educational workshops, pamphlets, or 
digital advice.

•	 Fill in diaries detailing daily patterns of activities for 
different periods of the day followed by reflection on 
when it is more difficult to balance one’s physical load 
and load capacity and why.

•	 Provide support in setting SMART and increasingly 
difficult goals with respect to physical load, in line with 
graded tasks, supporting increase of load capacity.

•	 Provide free and accessible sleep counselling for PMBC 
survivors experiencing sleep problems or low sleep 
quality. A good night’s rest may positively affect the 
balance between physical load and load capacity.

2. 	 Attention for stress and coping 
with stress

•	 Knowledge
•	 Memory, attention, and decision 

processes
•	 Behavior regulation

Education,
Training,

Environmental restructuring,
Enablement,
Modelling.

Communication/ 
marketing,

Service provision.

Information about health 
consequences,

Information about emotional 
consequences,

Instruction on how to perform 
the behavior,

Demonstration of the behavior,
Action planning,

Reduce negative emotions,
Problem solving.

•	 Provide information with respect to psychological 
consequences of cancer and its treatments, and ways 
to cope with stressors through educational workshops, 
pamphlets, or digital advice.

•	 Provide free or low budget and accessible mental 
counseling following the diagnosis breast cancer.

•	 Prompt PMBC survivors to identify potential stressors 
and discuss ways to overcome them.

•	 Provide generic tips, stress-reduction apps, mindfulness 
training to deal with stress and invite PMBC survivors to 
identify strategies specific to their circumstances to deal 
with (moments of) stress.

3.	  Increase PMBC survivors� 
knowledge of the relation between 
lifestyle and cancer

•	 Knowledge

Education Communication/ 
marketing,

Service provision.

Information about health 
consequences, credible source.

•	 Raise knowledge of the relation between lifestyle and 
cancer through educational workshops, pamphlets or 
digital advice, or copies of the World Cancer Research 
Fund cancer prevention recommendations booklets.

•	 It is important that information is provided by a credible 
source. A HCP is generally seen as a credible source.
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Table 2. Overview of core categories of facilitators and barriers for lifestyle-care, behavioral diagnosis, 
intervention functions, policy categories, behavior change techniques, and potential intervention strategies.

Behavioral diagnosis structured by 
COM-Ba components: what needs to 
change – TDFb domains that can be used

Intervention functionsc Policy categoriesd Behavior change techniques 
(BCTs v1)e

Potential intervention strategies

Individual level of PMBC survivor

Psychological capability

1. 	 Attention for balance of physical 
load and load capacity

•	 Knowledge
•	 Memory, attention, and decision 

processes
•	 Behavior regulation

Education,
Training,

Environmental restructuring,
Enablement,
Modelling.

Communication/ 
marketing,

Service provision.

Information about health 
consequences,

Demonstration of how to 
perform the behavior,

Self-monitoring of outcome of 
behavior(s),

Goal setting (behavior/
outcome),

Action planning,
Graded tasks,

Problem solving,
Verbal persuasion of capability.

•	 Provide information concerning physical consequences 
of cancer and its treatment and the relation to energy 
balance through educational workshops, pamphlets, or 
digital advice.

•	 Fill in diaries detailing daily patterns of activities for 
different periods of the day followed by reflection on 
when it is more difficult to balance one’s physical load 
and load capacity and why.

•	 Provide support in setting SMART and increasingly 
difficult goals with respect to physical load, in line with 
graded tasks, supporting increase of load capacity.

•	 Provide free and accessible sleep counselling for PMBC 
survivors experiencing sleep problems or low sleep 
quality. A good night’s rest may positively affect the 
balance between physical load and load capacity.

2. 	 Attention for stress and coping 
with stress

•	 Knowledge
•	 Memory, attention, and decision 

processes
•	 Behavior regulation

Education,
Training,

Environmental restructuring,
Enablement,
Modelling.

Communication/ 
marketing,

Service provision.

Information about health 
consequences,

Information about emotional 
consequences,

Instruction on how to perform 
the behavior,

Demonstration of the behavior,
Action planning,

Reduce negative emotions,
Problem solving.

•	 Provide information with respect to psychological 
consequences of cancer and its treatments, and ways 
to cope with stressors through educational workshops, 
pamphlets, or digital advice.

•	 Provide free or low budget and accessible mental 
counseling following the diagnosis breast cancer.

•	 Prompt PMBC survivors to identify potential stressors 
and discuss ways to overcome them.

•	 Provide generic tips, stress-reduction apps, mindfulness 
training to deal with stress and invite PMBC survivors to 
identify strategies specific to their circumstances to deal 
with (moments of) stress.

3.	  Increase PMBC survivors� 
knowledge of the relation between 
lifestyle and cancer

•	 Knowledge

Education Communication/ 
marketing,

Service provision.

Information about health 
consequences, credible source.

•	 Raise knowledge of the relation between lifestyle and 
cancer through educational workshops, pamphlets or 
digital advice, or copies of the World Cancer Research 
Fund cancer prevention recommendations booklets.

•	 It is important that information is provided by a credible 
source. A HCP is generally seen as a credible source.
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Table 2. Continued

Behavioral diagnosis by 
COM-Ba: TDFb domains

Intervention functionsc Policy categoriesd Behavior change techniques 
(BCTs v1)e

Potential intervention strategies

Social and physical opportunity

4. 	 Increase patient-guided care
•	 Knowledge
•	 Social influences
•	 Environmental context and 

resources

Education,
Environmental restructuring,

Enablement,
Modelling.

Communication/ 
marketing,
Guidelines,

Environmental/ 
social planning,

Service provision.

Information about health 
consequences,

Instruction on how to 
perform a behavior,

Demonstration of the behavior,
Restructuring the social 

environment,
Prompts/cues.

•	 Provide information regarding typical (lifestyle-related) 
topics that can be discussed during follow-up consultation 
(e.g., sleep problems, diet, physical activity). PMBC 
survivors can use this information and apply it to their 
own situation to prepare questions for their follow-up 
consultation.

•	 Invite PMBC survivors to indicate the HCPs of their choice 
(e.g., nurse, dietician, physical therapist, psychologist, 
etc.) they would prefer to meet with during their follow-up 
consultation based on their needs and preferences.

5. 	 Social functioning and (lack 
of) support from the social 
environment

•	 Social influences

Environmental restructuring,
Enablement,
Modelling.

Communication/ 
marketing,

Service provision.

Restructuring the social 
environment,

Social support (unspecified),
Social support (emotional),
Social support (practical),

Demonstration of the behavior,
Identification of self as role 

model.

•	 Organize education workshops for family and peers 
explaining the link between lifestyle and cancer 
(prognosis), and stressing the positive impact of social 
support (both emotional and practical) on a healthy 
lifestyle. The educational workshop can be used to show 
and teach ways to effectively provide social support.

•	 Raise awareness of the need for social support for PMBC 
survivors by pamphlets or digital advice.

•	 Provide support on request for PMBC survivors who 
intend to maintain their social roles in society as much 
as possible, e.g., for those PMBC survivors who maintain 
working.

•	 Set up lifestyle counselling as a way to get in touch with 
fellow PMBC survivors to increase levels of social support 
(e.g. group counselling, buddy system, online forum).

Individual level of HCP

Psychological capability

6. 	 Increase knowledge concerning 
the relation between lifestyle and 
cancer and HCPs skills regarding 
lifestyle medicine

•	 Knowledge
•	 Cognitive and interpersonal skills
•	 Memory, attention and decision 

processes

Education,
Training,

Environmental restructuring,
Enablement.

Communication/ 
marketing,
Guidelines,
Regulation,

Service provision.

Information about health 
consequences,
Prompts/cues,

Demonstration of the behavior,
Instruction on how to perform 

the behavior,
Feedback on the behavior,

Feedback on outcome(s) of the 
behavior,

Behavioral practice/rehearsal,
Action planning.

•	 Include lifestyle medicine in the curriculum of medical 
studies for oncology (including medical school).

•	 Provide supplementary training for HCPs concerning 
the relation between lifestyle and cancer.

•	 Provide optional supplementary training for HCPs 
concerning lifestyle coaching and motivational 
interviewing.

•	 Set guidelines and/or rules with respect to the 
recommended type of lifestyle-related training a HCPs 
needs to have attained to be able to provide lifestyle 
advice/counselling.
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Table 2. Continued

Behavioral diagnosis by 
COM-Ba: TDFb domains

Intervention functionsc Policy categoriesd Behavior change techniques 
(BCTs v1)e

Potential intervention strategies

Social and physical opportunity

4. 	 Increase patient-guided care
•	 Knowledge
•	 Social influences
•	 Environmental context and 

resources

Education,
Environmental restructuring,

Enablement,
Modelling.

Communication/ 
marketing,
Guidelines,

Environmental/ 
social planning,

Service provision.

Information about health 
consequences,

Instruction on how to 
perform a behavior,

Demonstration of the behavior,
Restructuring the social 

environment,
Prompts/cues.

•	 Provide information regarding typical (lifestyle-related) 
topics that can be discussed during follow-up consultation 
(e.g., sleep problems, diet, physical activity). PMBC 
survivors can use this information and apply it to their 
own situation to prepare questions for their follow-up 
consultation.

•	 Invite PMBC survivors to indicate the HCPs of their choice 
(e.g., nurse, dietician, physical therapist, psychologist, 
etc.) they would prefer to meet with during their follow-up 
consultation based on their needs and preferences.

5. 	 Social functioning and (lack 
of) support from the social 
environment

•	 Social influences

Environmental restructuring,
Enablement,
Modelling.

Communication/ 
marketing,

Service provision.

Restructuring the social 
environment,

Social support (unspecified),
Social support (emotional),
Social support (practical),

Demonstration of the behavior,
Identification of self as role 

model.

•	 Organize education workshops for family and peers 
explaining the link between lifestyle and cancer 
(prognosis), and stressing the positive impact of social 
support (both emotional and practical) on a healthy 
lifestyle. The educational workshop can be used to show 
and teach ways to effectively provide social support.

•	 Raise awareness of the need for social support for PMBC 
survivors by pamphlets or digital advice.

•	 Provide support on request for PMBC survivors who 
intend to maintain their social roles in society as much 
as possible, e.g., for those PMBC survivors who maintain 
working.

•	 Set up lifestyle counselling as a way to get in touch with 
fellow PMBC survivors to increase levels of social support 
(e.g. group counselling, buddy system, online forum).

Individual level of HCP

Psychological capability

6. 	 Increase knowledge concerning 
the relation between lifestyle and 
cancer and HCPs skills regarding 
lifestyle medicine

•	 Knowledge
•	 Cognitive and interpersonal skills
•	 Memory, attention and decision 

processes

Education,
Training,

Environmental restructuring,
Enablement.

Communication/ 
marketing,
Guidelines,
Regulation,

Service provision.

Information about health 
consequences,
Prompts/cues,

Demonstration of the behavior,
Instruction on how to perform 

the behavior,
Feedback on the behavior,

Feedback on outcome(s) of the 
behavior,

Behavioral practice/rehearsal,
Action planning.

•	 Include lifestyle medicine in the curriculum of medical 
studies for oncology (including medical school).

•	 Provide supplementary training for HCPs concerning 
the relation between lifestyle and cancer.

•	 Provide optional supplementary training for HCPs 
concerning lifestyle coaching and motivational 
interviewing.

•	 Set guidelines and/or rules with respect to the 
recommended type of lifestyle-related training a HCPs 
needs to have attained to be able to provide lifestyle 
advice/counselling.
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Table 2. Continued

Behavioral diagnosis by 
COM-Ba: TDFb domains

Intervention functionsc Policy categoriesd Behavior change techniques 
(BCTs v1)e

Potential intervention strategies

Automatic and reflective motivation

7. 	 Creating support for providing 
lifestyle-care

•	 Professional/social role and 
identity

•	 Beliefs about consequences
•	 Intentions
•	 Goals
•	 Reinforcement

Education,
Persuasion,
Modelling,
Training,

Environmental restructuring.

Communication/ 
marketing,
Guidelines,

Fiscal measures,
Regulation,

Environmental/ 
social planning,

Service provision.

Information about health 
consequences,

Feedback on outcome(s) of the 
behavior,

Credible source,
Verbal persuasion about 

capability,
Identification of self as role 

model,
Demonstration of the behavior,

Restructuring the social 
environment.

•	 Raise awareness of the relation between a healthy 
lifestyle and cancer prognosis.

•	 Raise awareness of the relation between lifestyle advice 
provided by a medical professional and favorable 
lifestyle change.

•	 Present evidence supporting the important role a HCP 
may have to promote a healthier lifestyle.

•	 Incorporate lifestyle care in the regular care plan by 
guidelines or rules.

•	 Stress the responsibility of an educated HCP to inform 
PMBC survivors about the risk of an unhealthy lifestyle 
and benefits of favorable lifestyle changes for their 
health and cancer prognosis.
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Table 2. Continued

Behavioral diagnosis by 
COM-Ba: TDFb domains

Intervention functionsc Policy categoriesd Behavior change techniques 
(BCTs v1)e

Potential intervention strategies

Automatic and reflective motivation

7. 	 Creating support for providing 
lifestyle-care

•	 Professional/social role and 
identity

•	 Beliefs about consequences
•	 Intentions
•	 Goals
•	 Reinforcement

Education,
Persuasion,
Modelling,
Training,

Environmental restructuring.

Communication/ 
marketing,
Guidelines,

Fiscal measures,
Regulation,

Environmental/ 
social planning,

Service provision.

Information about health 
consequences,

Feedback on outcome(s) of the 
behavior,

Credible source,
Verbal persuasion about 

capability,
Identification of self as role 

model,
Demonstration of the behavior,

Restructuring the social 
environment.

•	 Raise awareness of the relation between a healthy 
lifestyle and cancer prognosis.

•	 Raise awareness of the relation between lifestyle advice 
provided by a medical professional and favorable 
lifestyle change.

•	 Present evidence supporting the important role a HCP 
may have to promote a healthier lifestyle.

•	 Incorporate lifestyle care in the regular care plan by 
guidelines or rules.

•	 Stress the responsibility of an educated HCP to inform 
PMBC survivors about the risk of an unhealthy lifestyle 
and benefits of favorable lifestyle changes for their 
health and cancer prognosis.
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Table 2. Continued

Behavioral diagnosis by 
COM-Ba: TDFb domains

Intervention functionsc Policy categoriesd Behavior change techniques 
(BCTs v1)e

Potential intervention strategies

Intervention level

Physical and Social opportunity

8. 	 Better integration of lifestyle-care 
in follow-up care

•	 Environmental context and 
resources

•	 Social influences

Training,
Restriction,

Environmental restructuring,
Modelling,

Enablement.

Guidelines,
Regulation,

Environmental/ 
social planning,

Service provision.

Habit formation,
Habit reversal,

Behavioral practice/rehearsal,
Adding objects to the 

environment,
Prompts/cues,

Restructuring the physical 
environment,

Restructuring the social 
environment,

Demonstration of the behavior,
Action planning,
Problem solving.

•	 Set guidelines and/or rules about who is responsible for 
lifestyle-care at what time point during the care trajectory. 
This prevents ambiguity on who is responsible, with the 
possible consequence that no caregiver provides lifestyle-
care.

•	 Plan structural cooperation between HCPs of different 
expertise.

•	 Arrange a collaboration agreement between the hospitals’ 
HCPs and local lifestyle caregivers (e.g., dieticians, physical 
therapists, psychologists).

•	 Stimulate collaboration among HCPs regarding 
lifestyle-care by setting up a list for referral containing 
contact details of relevant lifestyle caregivers of several 
professions.

•	 Discuss lifestyle during multidisciplinary in-hospital 
consultation.

•	 Hospital caregivers may contact general practitioners if 
lifestyle-care is needed, the general practitioner could 
coordinate the following lifestyle-care.

•	 Repeatedly provide information with respect to lifestyle 
during the care trajectory and thereafter. As every 
individual is unique, every PMBC survivor has her own 
optimal timing and method at which lifestyle-care is most 
effective.

•	 Dedicate a follow-up consultation to lifestyle-care.
•	 Policy makers and health insurance advisors can stimulate 

better integration of lifestyle-care by approving lifestyle-
care for basic health care insurance coverage.
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Table 2. Continued

Behavioral diagnosis by 
COM-Ba: TDFb domains

Intervention functionsc Policy categoriesd Behavior change techniques 
(BCTs v1)e

Potential intervention strategies

Intervention level

Physical and Social opportunity

8. 	 Better integration of lifestyle-care 
in follow-up care

•	 Environmental context and 
resources

•	 Social influences

Training,
Restriction,

Environmental restructuring,
Modelling,

Enablement.

Guidelines,
Regulation,

Environmental/ 
social planning,

Service provision.

Habit formation,
Habit reversal,

Behavioral practice/rehearsal,
Adding objects to the 

environment,
Prompts/cues,

Restructuring the physical 
environment,

Restructuring the social 
environment,

Demonstration of the behavior,
Action planning,
Problem solving.

•	 Set guidelines and/or rules about who is responsible for 
lifestyle-care at what time point during the care trajectory. 
This prevents ambiguity on who is responsible, with the 
possible consequence that no caregiver provides lifestyle-
care.

•	 Plan structural cooperation between HCPs of different 
expertise.

•	 Arrange a collaboration agreement between the hospitals’ 
HCPs and local lifestyle caregivers (e.g., dieticians, physical 
therapists, psychologists).

•	 Stimulate collaboration among HCPs regarding 
lifestyle-care by setting up a list for referral containing 
contact details of relevant lifestyle caregivers of several 
professions.

•	 Discuss lifestyle during multidisciplinary in-hospital 
consultation.

•	 Hospital caregivers may contact general practitioners if 
lifestyle-care is needed, the general practitioner could 
coordinate the following lifestyle-care.

•	 Repeatedly provide information with respect to lifestyle 
during the care trajectory and thereafter. As every 
individual is unique, every PMBC survivor has her own 
optimal timing and method at which lifestyle-care is most 
effective.

•	 Dedicate a follow-up consultation to lifestyle-care.
•	 Policy makers and health insurance advisors can stimulate 

better integration of lifestyle-care by approving lifestyle-
care for basic health care insurance coverage.
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Table 2. Continued

Behavioral diagnosis by 
COM-Ba: TDFb domains

Intervention functionsc Policy categoriesd Behavior change techniques 
(BCTs v1)e

Potential intervention strategies

9. 	 Incorporate self-monitoring in 
lifestyle counselling

•	 Environmental context and 
resources

Training,
Environmental restructuring,

Enablement.

Guidelines,
Service provision.

Instruction on how to perform 
the behavior,

Self-monitoring of the behavior,
Restructuring the physical 

environment,
Goal setting (behavior),
Goal setting (outcome),

Discrepancy between currant 
behavior and goal,

Review behavior goal(s),
Review outcome goal(s).

•	 Provide information on self-monitoring, setting 
goals, reviewing the outcome of goals, and adjusting 
behavioral goals by means of educational workshops, 
booklets, or digital advice.

•	 Provide tools for self-monitoring to PMBC survivors with 
respect to sleep, physical activity, smoking and diet. For 
example, an accelerometer, food/physical activity/sleep 
diary, wearables/smartwatches.

•	 Discuss (self-monitored) behavior/ outcome of behavior 
and review behavior/outcome goals.

Policy level

Physical and Social opportunity

10. 	Availability and accessibility of 
opportunities for lifestyle-care

•	 Environmental context and 
resources

Environmental restructuring,
Enablement.

Fiscal measures,
Regulation,

Environmental/ 
social planning,

Service provision.

Adding objects to the 
environment,

Restructuring the physical 
environment,

Behavior substitution,
Problem solving,
Action planning.

•	 Policy makers and health insurance advisors can make 
lifestyle-care more accessible and available for PMBC 
survivors by approving lifestyle-care for basic health care 
insurance coverage.

•	 Increasing the number of facilities to perform or educate 
healthy behaviors that are favorable for healthy lifestyle 
change (e.g., sports center, rooms in hospital to provide 
guidance during rehabilitation, workshop locations for 
educational lifestyle meetings). For example, a sports 
facility in the proximity has a positive effect on the level of 
physical activity[44].

•	 Provide information on behavior substitution to increase 
physical activity in the absence of a sporting facility in the 
proximity. For example, explain the benefit of replacing 
sitting behavior by increased time of walking.
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Table 2. Continued

Behavioral diagnosis by 
COM-Ba: TDFb domains

Intervention functionsc Policy categoriesd Behavior change techniques 
(BCTs v1)e

Potential intervention strategies

9. 	 Incorporate self-monitoring in 
lifestyle counselling

•	 Environmental context and 
resources

Training,
Environmental restructuring,

Enablement.

Guidelines,
Service provision.

Instruction on how to perform 
the behavior,

Self-monitoring of the behavior,
Restructuring the physical 

environment,
Goal setting (behavior),
Goal setting (outcome),

Discrepancy between currant 
behavior and goal,

Review behavior goal(s),
Review outcome goal(s).

•	 Provide information on self-monitoring, setting 
goals, reviewing the outcome of goals, and adjusting 
behavioral goals by means of educational workshops, 
booklets, or digital advice.

•	 Provide tools for self-monitoring to PMBC survivors with 
respect to sleep, physical activity, smoking and diet. For 
example, an accelerometer, food/physical activity/sleep 
diary, wearables/smartwatches.

•	 Discuss (self-monitored) behavior/ outcome of behavior 
and review behavior/outcome goals.

Policy level

Physical and Social opportunity

10. 	Availability and accessibility of 
opportunities for lifestyle-care

•	 Environmental context and 
resources

Environmental restructuring,
Enablement.

Fiscal measures,
Regulation,

Environmental/ 
social planning,

Service provision.

Adding objects to the 
environment,

Restructuring the physical 
environment,

Behavior substitution,
Problem solving,
Action planning.

•	 Policy makers and health insurance advisors can make 
lifestyle-care more accessible and available for PMBC 
survivors by approving lifestyle-care for basic health care 
insurance coverage.

•	 Increasing the number of facilities to perform or educate 
healthy behaviors that are favorable for healthy lifestyle 
change (e.g., sports center, rooms in hospital to provide 
guidance during rehabilitation, workshop locations for 
educational lifestyle meetings). For example, a sports 
facility in the proximity has a positive effect on the level of 
physical activity[44].

•	 Provide information on behavior substitution to increase 
physical activity in the absence of a sporting facility in the 
proximity. For example, explain the benefit of replacing 
sitting behavior by increased time of walking.
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Table 2. Continued

Behavioral diagnosis by 
COM-Ba: TDFb domains

Intervention functionsc Policy categoriesd Behavior change techniques 
(BCTs v1)e

Potential intervention strategies

11. 	Public perception of lifestyle
•	 Environmental context and 

resources
•	 Social influences

Education,
Restriction,

Environmental restructuring,
Modelling,

Enablement.

Communication/ 
marketing,

Fiscal measures,
Regulation,
Legislation,

Environmental/ 
social planning.

Information about health 
consequences,

Feedback on outcome(s) of the 
behavior,

Restructuring of the physical 
environment,

Restructuring of the social 
environment,

Reduce prompt/cue,
Problem solving,
Action planning.

•	 Restriction of mass media with respect to unhealthy 
diet and snacking. For example, limited commercials of 
snacks during movies.

•	 Restriction of locations where smoking is allowed.
•	 Restriction of locations where alcoholic beverages are 

sold.
•	 Replace unhealthy choices by more healthier choices in 

canteens, sport facilities, hospitals etc.
•	 Reorganize the supermarket in line with healthy 

nudging.
•	 Provide information how mass media affects our own 

lifestyle by educational workshops, pamphlets, and 
online advice.

•	 Prompt PMBC survivors to identify the moments the 
public perception of lifestyle affects their lifestyle and 
discuss ways to overcome them.

a COM-B: The BCW describes target behavior in line with the Capability-Opportunity-Motivation for 
Behavior (COM-B) model.
b TDF domain: The Theoretical Domains Framework is a framework synthesizing key theoretical 
constructs used in relevant behavioral change theories. The TDF framework was developed in 
collaboration between psychologists and implementation researchers.
c Intervention functions: An intervention function is a broad category of means how an intervention 
can change behavior. The BCW describes nine potential intervention functions, including education, 
training, persuasion, incentivization, coercion, restriction, modelling, environmental restructuring, 
and enablement.

d Policy categories: The BCW describes nine policy categories that are potentially capable 
of supporting an intervention function. They represent ways in which authorities can help 
support or enact behavior change, specifically by means of communication/marketing, 
guidelines, fiscal measures, regulation, legislation, environmental/social planning, and 
service provision.
e BCT: Behavior Change Techniques are the “active ingredients” of change are defined as 
“observable, replicable, and irreducible component of an intervention designed to alter or 
redirect causal processes that regulate behavior”.

Example of selected BCTs and implementation options
For the main core category “Attention for balance of physical load and load capacity”, 
the importance of goal setting was mentioned by our expert group as potential effective 
strategy. Specifically, maintaining or retaining this balance may be achieved by setting 
SMART and increasingly difficult goals with respect to physical load, usage of graded 
tasks, and discussion of behavior goals and the outcome of behavioral goals to support 
increase of load capacity of the PMBC survivors.
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Table 2. Continued

Behavioral diagnosis by 
COM-Ba: TDFb domains

Intervention functionsc Policy categoriesd Behavior change techniques 
(BCTs v1)e

Potential intervention strategies

11. 	Public perception of lifestyle
•	 Environmental context and 

resources
•	 Social influences

Education,
Restriction,

Environmental restructuring,
Modelling,

Enablement.

Communication/ 
marketing,

Fiscal measures,
Regulation,
Legislation,

Environmental/ 
social planning.

Information about health 
consequences,

Feedback on outcome(s) of the 
behavior,

Restructuring of the physical 
environment,

Restructuring of the social 
environment,

Reduce prompt/cue,
Problem solving,
Action planning.

•	 Restriction of mass media with respect to unhealthy 
diet and snacking. For example, limited commercials of 
snacks during movies.

•	 Restriction of locations where smoking is allowed.
•	 Restriction of locations where alcoholic beverages are 

sold.
•	 Replace unhealthy choices by more healthier choices in 

canteens, sport facilities, hospitals etc.
•	 Reorganize the supermarket in line with healthy 

nudging.
•	 Provide information how mass media affects our own 

lifestyle by educational workshops, pamphlets, and 
online advice.

•	 Prompt PMBC survivors to identify the moments the 
public perception of lifestyle affects their lifestyle and 
discuss ways to overcome them.

a COM-B: The BCW describes target behavior in line with the Capability-Opportunity-Motivation for 
Behavior (COM-B) model.
b TDF domain: The Theoretical Domains Framework is a framework synthesizing key theoretical 
constructs used in relevant behavioral change theories. The TDF framework was developed in 
collaboration between psychologists and implementation researchers.
c Intervention functions: An intervention function is a broad category of means how an intervention 
can change behavior. The BCW describes nine potential intervention functions, including education, 
training, persuasion, incentivization, coercion, restriction, modelling, environmental restructuring, 
and enablement.

d Policy categories: The BCW describes nine policy categories that are potentially capable 
of supporting an intervention function. They represent ways in which authorities can help 
support or enact behavior change, specifically by means of communication/marketing, 
guidelines, fiscal measures, regulation, legislation, environmental/social planning, and 
service provision.
e BCT: Behavior Change Techniques are the “active ingredients” of change are defined as 
“observable, replicable, and irreducible component of an intervention designed to alter or 
redirect causal processes that regulate behavior”.

Example of selected BCTs and implementation options
For the main core category “Attention for balance of physical load and load capacity”, 
the importance of goal setting was mentioned by our expert group as potential effective 
strategy. Specifically, maintaining or retaining this balance may be achieved by setting 
SMART and increasingly difficult goals with respect to physical load, usage of graded 
tasks, and discussion of behavior goals and the outcome of behavioral goals to support 
increase of load capacity of the PMBC survivors.

Example of potential intervention strategies
With regard to the main core category “Incorporate self-monitoring in lifestyle 
counselling”, experts mentioned that it is important to indicate how to use self-monitoring 
in behavior change, as well as the importance of reviewing the behavior goals together 
with reviewing the outcome of goals following a period of self-monitoring of behavior. 
Potential tools for continuous monitoring by PMBC survivors that were mentioned 
were an accelerometer, food/physical activity/sleep diary, and tools like wearables and 
smartwatches.
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Figure 2. Ranking and percentage of agreement by the expert panel of top-ranked facilitators and barriers.

Discussion

This Delphi-study aimed to identify and understand expert-opinion on potential 
barriers and facilitators for promoting adherence to lifestyle and bodyweight 
recommendations in (clinical) care for PMBC survivors, and to determine potential 
effective intervention strategies. Expert-opinions on barriers and facilitators resulted 
in 11 core overarching categories. Specifically, at the individual level of the PMBC 
survivor: Attention for balance of physical load and load capacity; Attention for stress 
and coping with stress; Increase PMBC survivors’ knowledge on the relation between 
lifestyle and cancer; Increase patient-guided care; and Social functioning and; (lack 
of) support from the social environment. At the level of the HCP the following main 
core categories were specified: Increase knowledge concerning the relation between 
lifestyle and cancer; and HCPs skills regarding lifestyle medicine; and Creating 
support for providing lifestyle-care. At the intervention level the following main core 
categories play a role according to the expert panel: Better integration of lifestyle-
care in follow-up care; Incorporate self-monitoring in lifestyle counselling. Last, the 
following main core categories were specified at the policy level: Availability and 
accessibility of opportunities for lifestyle care and the Public perception of lifestyle. 
In addition, adopted on these 11 core overarching categories, potential effective 
behavior change techniques (BCTs) were selected. Overall, across main categories, the 
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following BCTs were suggested: providing information about health consequences; 
demonstration of the behavior; providing instruction on how to perform the behavior; 
restructuring the social and physical environment; goal setting; problem solving; and 
action planning.

Thus far, no other studies have provided insight into barriers and facilitators for 
promoting lifestyle (support) in PMBC survivors based on expert-opinion of HCPs 
and PMBC survivors. A previous systematic review of qualitative studies did 
however provide insight into main themes relevant to achieve long-term weight 
loss43. Specifically, the following main themes relevant for sustainable weight-loss 
interventions were mentioned: using continuous monitoring (self-monitoring and 
external monitoring); stimulating intrinsic and extrinsic motivation; goal setting 
(self-defined and externally defined); cope with enduring challenges (intrinsic 
and extrinsic challenges); overall encouraging and discouraging experiences. In 
accordance with this systematic review, our results indicate incorporation of the 
usage of self-monitoring, and the usage of goal setting as potential effective strategies 
to promote adherence to lifestyle and bodyweight recommendations. In addition to 
the findings of this review, effective social support and effective strategies to cope 
with stress are both helpful to cope with the challenge of the breast cancer diagnosis 
and treatment according to the expert panel.

In line with previous studies, especially the PMBC survivors and patient advocates 
stressed the important role the HCP may play in stimulating and providing support for 
obtaining a favorable lifestyle22-24. An important barrier both HCPs and PMBC survivors 
mentioned is the ambiguity that exists among publicly available information regarding 
the relation between lifestyle and cancer. To overcome this barrier, the World Cancer 
Research Fund has published digital advice and several recommendation booklets 
which can be requested for usage in clinical practice1. Also, the experts mentioned that 
for PMBC survivors it may be useful to organize educational workshops on the relation 
between lifestyle and cancer and the health benefits of lifestyle change. By this means 
information would be provided about health consequences. In addition, during the workshop 
it could be demonstrated how to perform the behavior, and instructions could be provided on 
how to perform the behavior in daily life. For HCPs, supplementary training concerning 
the relation between lifestyle and cancer, as well as concerning lifestyle coaching and 
motivational interviewing may be fruitful. During this training they could be instructed 
how to perform the behavior, demonstrated how to perform the behavior, and rehearse/practice 
by themselves the newly adopted behaviors. The instructor and other attendees could 
provide feedback on the behavior. In addition, they can plan future actions incorporating 
the new behavior in clinical practice.
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It should be noted that the suggested BCTs and intervention strategies may vary 
with regard to the potential difficulties that can be expected to be encountered while 
implementing them. For example, whereas the suggested BCTs and intervention 
strategies for the core category ‘Increase PMBC survivors’ knowledge of the relation 
between lifestyle and cancer’ (e.g., providing information about health consequences 
by means of a leaflet provided by the HCP as credible source) are relatively easy to 
implement, the suggested BCTs and intervention strategies for the core category 
‘Increase knowledge concerning the relation between lifestyle and cancer and HCPs 
skills regarding lifestyle medicine’ (e.g., include lifestyle medicine in the curriculum of 
medical studies for oncology) are relatively harder to implement. Furthermore, some of 
the BCTs and intervention strategies mentioned for the core category ‘Public perception 
of lifestyle’ at the policy level are relatively difficult to implement. For example, the 
suggested intervention strategy to restrict mass media with respect to unhealthy diet 
and snacking will be difficult to implement. However, some of the other strategies 
mentioned for this core category are relatively easier to implement, such as ‘Prompt 
PMBC survivors to identify the moments the public perception of lifestyle affects their 
lifestyle and discuss ways to overcome them’, which could be addressed during an 
individual consultation. Which HCP could address this at what point in time during the 
care trajectory could be agreed on at the institutional level to better integrate lifestyle 
care into follow-up care for PMBC survivors.

Study strengths and limitations
A strength of this study was the inclusion of 6 relevant HCP expert groups as well as 
a PMBC survivor expert group, resulting in a good representation of HCP’s and PMBC 
survivors. In addition, using a theoretical approach (i.e., BCW) specifically developed 
for aiding systematic intervention development increases the applicability of the 
results in the development of future interventions and policy.

The present study also has some limitations. First, we intended to incorporate at least 7 
participants per expert group in round 1 of the Delphi-study. However, the HCP expert 
group of psychologists did not consist of a minimum of 7 participants but of 4 participants. 
In addition, the expert group of patient advocates consisted of 5 participants. Even though 
these expert groups consisted of a lower number than 7, we did receive a lot of input (i.e. 
rich qualitative data) from the participating psychologists and patient advocates, suggesting 
that these groups of HCPs were still well represented in the Delphi study. Next, due to 
dropout we choose to re-invite PMBC survivors and patient advocates for questionnaire 
3 who did not participate in questionnaire 2. This may have resulted in a slight change 
in difference of allocated weight to the top-ranked barriers and facilitators. In addition, 
we categorized the facilitators and barriers that seemed most relevant for a specific level 
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of the BCW, however, it should be kept in mind that most key facilitators and barriers 
coherently affect multiple levels. Lastly, our expert panel did not include policy makers and 
general practitioners. As this study indicates a potentially important role of policy makers 
in promoting lifestyle support among PMBC survivors, it is recommended to also include 
policy makers in future studies and while designing lifestyle interventions. In addition, 
both HCPs and PMBC survivors mentioned the potentially important role a general 
practitioner may play to provide or promote lifestyle support, especially during follow-up 
care. As the experts mentioned that general practitioners should be included in social HCP 
networks regarding lifestyle support provision, it is also recommended to include general 
practitioners in future studies as well as in the design of lifestyle interventions.

Although the amount of scientific literature on the effectiveness of BCTs is increasing, 
the evidence for the long-term effectiveness of BCTs, particularly among (PMB) cancer 
survivors, is limited. It is important to note in this context, that the active ingredients (i.e. 
the BCTs) in behavioral interventions tend to be underreported in scientific publications, 
which complicates building scientific evidence on the effectiveness of specific BCTs44.
Typically, a combination of different BCTs are applied in behavioral interventions, with 
evidence suggesting that the application of a higher number of BCTs is associated with 
intervention effectiveness 45.

To address the main core category ‘Increase PMBC survivors’ knowledge of the relation 
between lifestyle and cancer’, the current study suggests to apply the BCTs information 
about health consequences and credible source. Although previous research confirms a link 
between the BCT information about health consequences and (increasing) knowledge as a 
mechanism of action through which a behavioral intervention may change behavior46, 
to our knowledge there currently is little evidence that the BCT information about health 
consequences is related to long-term behavior changes. A meta-analysis on maintaining 
smoking abstinence following a stay in a smoke-free institution in adult smokers up to 
18 months after discharge did identify the BCT Information about health consequences as 
promising in terms of probable effectiveness and feasibility47. A previous randomized 
controlled trial among individuals with Lynch Syndrome has shown that provision of 
health promotion materials (including information about health consequences) increased 
knowledge on lifestyle recommendations for cancer prevention but did not affect 
adherence to these recommendations48. These findings are in line with the premise that 
multiple determinants of health behavior change need to be targeted with suitable BCTs 
in order to achieve (sustained) health behavior change. A recent systematic review of the 
literature on determinants of health behavior changes after a cancer diagnosis has shown 
that lack of information or advice from health care professionals and lack of knowledge 
on health benefits were frequently mentioned as barriers to lifestyle changes and that 
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perceived/anticipated benefits were frequently mentioned as a facilitator in qualitative 
studies49. These qualitative findings highlight the importance of information provision by 
HCPs and suggest that the BCT’s information about health consequences and credible source may 
play an important role in inducing health behavior changes in cancer survivors. However, 
future research should be conducted to further elucidate the role of these BCTs in achieving 
sustained health behavior changes.

To address the main core category ‘Attention for balance of physical load and load capacity’, 
the current study suggests to apply the BCTs goal setting, action planning, and graded tasks. 
These BCTs have been related to maintenance of behavior change in previous studies29,47,50,51. 
Two previous studies specifically focused on maintenance of behavior change in cancer 
survivors29,50. A systematic review and meta-analysis on maintenance of physical activity 
behavior change in cancer survivors found that the BCTs action planning and graded tasks 
were present in the ‘very promising’ and ‘quite promising’ studies while most often absent 
from the ‘not promising’ studies50. A systematic review on (maintenance of) weight loss 
intervention effects in cancer survivors after completion of active treatment showed that 
the BCTs goal setting (behaviour) and action planning were used in effective interventions29. 
Previous studies in healthy adults are in line with the results of these studies among cancer 
survivors47,51. A systematic review and meta-analysis of physical activity interventions 
for healthy physical inactive adults showed that maintenance of intervention effects 
was associated with the BCTs action planning and graded tasks51. Another meta-analysis 
has shown that the BCTs goal-setting (behaviour) and action planning were characterized 
as ‘promising’ in terms of probable effectiveness and feasibility in maintaining smoking 
abstinence following a stay in a smoke-free institution up to 18 months post-discharge47.

In general, future research is needed to assess the long-term effectiveness of BCTs. In 
order to be able to adequately assess the long-term effectiveness of BCTs using systematic 
reviews and meta-analyses and to be able to build scientific evidence on the (long-term) 
effectiveness of BCTs, researchers publishing the results of behavioral interventions should 
specifically report on the BCTs used in their interventions. Ideally, in addition to an effect 
evaluation of their intervention, researchers should include process evaluation analyses 
to gain more insight into the active ingredients of their intervention.

In conclusion, this Delphi-study specified 11 core categories of key barriers/facilitators 
for promotion of adherence to recommendations for lifestyle and bodyweight in (clinical) 
care for PMBC survivors. Together with the selected relevant BCTs and practical potential 
intervention strategies based on suggestions mentioned by the expert panel, this study 
provides valuable insight for the development of interventions changing behavior of PMBC 
survivors and HCPs towards increased healthy lifestyle (support) behavior.
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Abstract

Purpose: This systematic review aimed to synthesize scientific evidence on 
maintenance of intervention effects on lifestyle and body composition in breast cancer 
survivors and to identify, describe and synthesize methods and strategies associated 
with effectiveness.

Methods: Four databases (PubMed, PsychINFO, CINAHL, MEDLINE) were systematically 
searched for papers from 2010 onwards. Randomized controlled trials assessing 
the effectiveness of lifestyle interventions among breast cancer survivors reporting 
outcomes at baseline, end of intervention, and follow-up were included. Behavior 
change techniques were coded using the Behavior Change Technique Taxonomy. Risk 
of bias and reporting completeness were evaluated using the RoB2 and the CONSORT 
checklist.

Results: Thirty papers were included. Few studies with low risk of bias or some 
concerns of bias found intervention effects at end of intervention and at follow-up: 
3 out of 17 studies assessing physical (in)activity, 3 out of 6 studies assessing dietary 
outcomes, 1 out of 8 studies assessing body composition, and 1 out of 8 studies assessing 
sleep. Single studies on smoking and alcohol consumption did not find maintained 
intervention effects. The low number of effective interventions hampered the synthesis 
of methods and strategies associated with effectiveness.

Conclusions: No overall conclusions could be drawn on intervention characteristics 
associated with effectiveness. Nevertheless, findings may help detect patterns and 
generate hypotheses about likely effective methods and strategies.

Implications for cancer survivors: This review adds to the scientific literature on 
promising methods and strategies to reach sustained favorable lifestyle and body 
composition changes in breast cancer survivors, which may improve health-related 
outcomes.
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Introduction

Breast cancer is the most common type of cancer among women worldwide, accounting 
for approximately 1 in 4 cancer cases, and it is the leading cause of cancer death in 
over 100 countries1. Breast cancer incidence and mortality are rapidly increasing 
worldwide, and are expected to further increase in the future1. As aging is positively 
associated with the incidence of breast cancer, the majority of breast cancer cases are 
diagnosed postmenopausal2. Research suggests that the etiology for postmenopausal 
and premenopausal breast cancer differs. For example, whereas there is strong 
evidence that adult body fatness is a risk factor for the development of breast cancer 
after menopause, there is strong evidence for an inverse association between adult 
body fatness and the development of breast cancer at premenopausal age3. The latter 
phenomenon has been referred to as the obesity paradox4.

Together with body fatness other lifestyle-related factors have been estimated to 
contribute to the occurrence of 30-50% of breast cancer cases3, 5. Common lifestyle-
related risk factors for the occurrence of both postmenopausal and premenopausal 
breast cancer include low levels of (vigorous) physical activity and dietary factors, such 
as a low consumption of non-starchy vegetables, foods containing carotenoids, a diet 
high in calcium, and the consumption of alcoholic drinks3.

Breast cancer survivors (i.e., individuals who are living with a diagnosis of breast 
cancer, including those who have recovered from the disease) with an unfavorable 
lifestyle and body composition report a lower health-related quality of life, and 
have an increased risk for type II diabetes mellitus, cardiovascular disease, second 
primary cancer, cancer recurrence, and mortality6-9. Based on substantial scientific 
evidence for the relation between lifestyle-related factors and cancer, lifestyle and 
body weight recommendations have been issued, such as the recommendations 
from the World Cancer Research Fund3. Breast cancer survivors are recommended to 
adhere to these lifestyle and body weight recommendations in order to improve health 
outcomes3. However, the majority of breast cancer survivors do not adhere to these 
recommendations10-13.

Although numerous studies have shown that lifestyle interventions may result in, mostly 
short-term, improvements in lifestyle and body weight in breast cancer survivors14, 15, the 
optimal timing and method to achieve sustained adherence to lifestyle and body weight 
recommendations remains unknown16-19. As favorable effects of lifestyle interventions 
can be reduced or reversed when lifestyle changes are not sustained, there is a need 
for strategies to achieve sustained lifestyle changes. Although there are some studies 
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showing promising results20, 21, typically, intervention effects are not maintained on the 
long-term17, and the behavioral mechanisms underlying intervention effects are largely 
unknown22. Insight into these behavioral mechanisms is needed to be able to identify 
potentially effective intervention ingredients which can inform the development of 
targeted or personalized interventions, or adaptations to existing interventions, aiming 
to reach sustained lifestyle changes in breast cancer survivors.

Theories and models of health behavior change can be used to gain insight into the 
behavioral mechanisms underlying lifestyle intervention effects by means of a process 
evaluation23-25. However, the vast majority of publications on lifestyle interventions 
report intervention effects, while publications on the results of process evaluations are 
scarce. In addition, theories and models of health behavior change can be used as a 
theoretical framework for intervention development23, 26. In protocol or effect publications, 
it is commonly mentioned that lifestyle interventions have been developed based on a 
theoretical framework. For example, lifestyle interventions for cancer survivors, including 
breast cancer survivors, have frequently been based on Social Cognitive Theory27 and the 
Trans Theoretical Model14, 22, 28. Although using a theoretical framework in the process 
of intervention development is common practice, evidence for the association between 
theoretical framework use and intervention effectiveness is mixed25. This could partly be 
attributed to the observation that it often remains unclear how the theoretical framework is 
incorporated into the intervention due to the lack of a detailed intervention description26, 29.

Although a detailed intervention description could allow for identification of 
the behavior change techniques (BCT’s) and strategies that are being used in the 
intervention, in practice, underreporting of intervention content is observed in the 
scientific literature30. A BCT is defined as “an observable, replicable, and irreducible 
component of an intervention designed to alter or redirect causal processes that 
regulate behavior”31. Thus, a BCT is proposed to be an active intervention ingredient31. 
Typically, a combination of different BCT’s is applied in behavioral interventions, with 
evidence suggesting that the application of a higher number of BCT’s is associated 
with intervention effectiveness 32. Although the amount of scientific literature on the 
effectiveness of BCT’s is increasing, the evidence for the effectiveness of BCT’s, including 
their long-term effectiveness, is limited. The underreporting of intervention content in 
scientific publications complicates building scientific evidence on the effectiveness of 
specific or groups of BCT’s30. Nevertheless, systematic reviews of the literature may be 
used to extract information about intervention content, using a reliable tool such as the 
Behavior Change Technique Taxonomy version 1 (BCTTv1), to identify and synthesize 
potentially active intervention ingredients (or combinations of ingredients) associated 
with effectiveness31.
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Previous systematic reviews of the literature have reported on a variety of BCT’s 
associated with intervention effectiveness among cancer survivors14, 33, 34. BCT’s that 
have been previously associated with intervention effectiveness include ‘goal setting 
(behavior)’, ‘action planning’, ‘graded tasks’, ‘social support (unspecified)’, ‘instruction 
on how to perform the behavior’, ‘self-monitoring of behavior’, ‘credible source’, 
‘problem solving’, and ‘feedback on behavior’14, 33, 34. However, these previous reviews 
did not include a synthesis of methods and strategies associated with intervention 
effectiveness on maintenance of changes in lifestyle and body weight after the end of 
lifestyle interventions in breast cancer survivors only.

To accumulate scientific evidence on the optimal timing and method to promote 
sustained favorable lifestyle changes in breast cancer survivors, this systematic review 
aimed to synthesize the scientific evidence on maintenance of intervention effects 
on lifestyle and body weight in breast cancer survivors and to identify, describe and 
synthesize methods and strategies associated with effectiveness.

Methods

This systematic review of the literature was conducted in accordance with the Preferred 
Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) guidelines35. The 
completed PRISMA checklist is available as Supplementary Table S1. This review was 
pre-registered in the National Institute for Health and Care Research international 
prospective register of systematic reviews (PROSPERO ID CRD42021284399).

Literature search
A systematic review of the literature from 2010 up to the 23rd of September 2021 was 
conducted. Literature from 2010 onwards was included to limit the amount of hits we 
obtained from our search strategy. After this original search, a search update was conducted 
on the 25th of September 2023. Four databases (PubMed, CINAHL, Medline, and PsychINFO) 
were searched for relevant papers. See Supplementary Table S2 for details on the literature 
search. A filter to select only Randomized Controlled Trials (RCT’s) was applied. Articles 
retrieved from the database searches were exported to reference management software (i.e. 
EndNote) and combined into one file, after which duplicates were deleted.

Selection procedure
First, two researchers (SvC and FM) simultaneously screened and labelled all retrieved 
articles based on title and abstract using the digital literature screening tool Covidence. 
Inconsistencies between researchers with regard to selection for full-text reading were 
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discussed until consensus was achieved. Subsequently, of all selected articles, all full-
texts were read and screened for eligibility simultaneously by two researchers (SvC 
and FM). Inconsistencies between researchers with regard to inclusion or exclusion of 
articles were discussed until consensus was achieved. If necessary, a third researcher 
(MH) was consulted to resolve inconsistencies.

For the search update, two researchers (AY and MH) independently screened and labelled 
the retrieved articles based on title and abstracts using Endnote. Inconsistencies in 
labelling were discussed until consensus was reached. The two researchers then both 
independently read and screened the full-texts of the selected articles (AY and MH). 
Inconsistencies in selection of full-texts were resolved by discussion between the two 
researchers.

RCT’s describing the effects of lifestyle interventions among breast cancer survivors 
(at any time since diagnosis) that included a follow-up assessment after the end of the 
intervention were included. Only articles that reported the results of interventions 
aimed at changing body composition, physical (in)activity, dietary intake, sleep, 
smoking, and/or alcohol consumption reporting either of these variables as outcomes 
were included.

An article was excluded when: no full-text was available; the study was not published 
in the English language; the study design was not a RCT; the study population did not 
consist of breast cancer survivors only, a post-intervention assessment or a follow-up 
assessment after the end of the intervention was lacking; the study did not report lifestyle 
or body composition as outcome; and when the study did not include an intervention 
targeting at least one of the following lifestyle outcomes: body composition, physical 
(in)activity, dietary intake, sleep, smoking, and/or alcohol consumption.

Data extraction
Data was extracted from the full-texts of the included papers. The following data were 
extracted and described separately for each included article: first author and year of 
publication, country, sample characteristics (sample size, age, time since diagnosis, 
treatment status or time after treatment, menopausal state), attrition rate, intervention 
duration, intervention type (including name of the intervention if applicable), duration 
of follow-up after the end of the intervention, outcome measures (including an 
indication of primary/ secondary outcomes), baseline values for both intervention 
and control groups, and changes in outcome variables at end of intervention and at 
follow-up (including statistical significance). Furthermore, the following intervention 
characteristics were extracted: intervention aims and components, including a 
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description of who delivered the intervention, how often intervention components 
were offered, for how long these were offered, in what format, in what context, and 
when (at what time after breast cancer diagnosis), a description of the control condition, 
theoretical framework if applicable, and BCT’s that were used in the intervention and 
control groups. If information was missing or unclear, protocol papers were consulted 
if available. Authors and clinical trials registers were not consulted.

BCT’s were coded independently by two researchers (MH and SvC) using the 
BCTTv131. Afterwards, BCT coding was discussed between these two researchers and 
inconsistencies were resolved through discussion.

Data synthesis
To synthesize data on the effects of lifestyle interventions, both at the end of the 
intervention and at follow up after the end of the intervention, included studies were 
tabulated per lifestyle outcome (physical (in)activity, dietary intake, body composition, 
sleep, smoking, and alcohol consumption). No summary measures were calculated 
for intervention effects. Results on intervention effects were synthesized descriptively 
per type of lifestyle outcome, while taking into account the results of the quality 
assessment, and were compared based on timing of the intervention (i.e. when the 
intervention was offered) and menopausal status of participants.

Data on intervention characteristics, including the use of theoretical frameworks and 
BCT’s, were synthesized descriptively. Intervention characteristics of effective versus 
ineffective interventions were compared in a descriptive manner.

Quality assessment
Risk of bias of the included studies was assessed using the Revised Cochrane risk-of-bias 
tool for randomized trials (RoB2)36. The RoB2 assesses risk of bias on 5 domains: 1) risk 
of bias arising from the randomization process; 2) risk of bias due to deviations from 
the intended interventions; 3) missing outcome data; 4) risk of bias in measurement of 
the outcome; and 5) risk of bias in selection of the reported results. Based on these 5 
domains, an overall risk of bias judgement can be composed. For each included study, 
the risk of bias on each of the 5 domains and the overall risk of bias was summarized. 
According to the guidelines, each domain was rated as ‘low’, ‘some concerns’ or ‘high’36. 
Based on these domain ratings, the overall risk of bias was classified for each included 
study as ‘low’ (risk of bias is low for all domains), ‘some concerns’ (some concerns in at 
least one domain), or ‘high’ (high risk of bias for at least one domain or some concerns 
for multiple domains).
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Reporting completeness was assessed using the Consolidated Standards of Reporting 
Trials (CONSORT) 2010 checklist of information to include when reporting a RCT37. 
The CONSORT checklist consists of 25 items, with 37 subitems in total. Each subitem 
of the CONSORT checklist was scored as ‘yes’ (reported=1), ‘no’ (not reported=0), or 
‘not applicable’. For each study, a total score was constructed by adding the individual 
scores (0 or 1) on each of the CONSORT checklist subitems. Following, after deletion of 
subitems that were not considered to be applicable to lifestyle intervention studies, the 
percentage of the maximum possible score was calculated. The following items were 
considered not applicable and were excluded from the calculation of the total CONSORT 
score: 3b (important changes to methods after trial commencement with reasons) 
and 6b (any changes to trial outcomes after the trial commenced with reasons), since 
changes in either methods or outcomes were hardly reported and not likely to occur; 7b 
(when applicable, explanation of any interim analyses and stopping guidelines) since 
interim analyses are uncommon in intervention studies and stopping guidelines are 
rarely included; 11b (if relevant, description of the similarity of interventions) since 
similarities or differences between interventions are rarely explicitly described; 12b 
(methods for additional analyses, such as subgroup analyses and adjusted analyses) 
and 18 (results of any other analyses performed, including subgroup analyses and 
adjusted analyses, distinguishing pre-specified from exploratory) since most lifestyle 
intervention studies do not include additional analyses; 14b (why the trail ended 
or was stopped) since lifestyle intervention trials are hardly ended or stopped; and 
17b (for binary outcomes, presentation of both absolute and relative effect sizes is 
recommended) as binary outcomes are rarely reported in intervention studies. This 
resulted in exclusion of 1 item and 7 subitems from the original CONSORT checklist, 
with 24 items remaining, consisting out of 30 subitems. For each included study, the 
total CONSORT score is presented as a percentage of the maximum possible total 
CONSORT score.

Risk of bias and reporting completeness of all included studies was independently 
assessed by two reviewers (FM and CN). Inconsistencies between assessments were 
evaluated and discussed by two other researchers (MH and BS). Inconsistencies that 
remained after discussion, were discussed among all four researchers (FM, CN, MH, 
BS) until they were resolved.
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Figure 2. Overall percentage of CONSORT checklist compliance for each included study (n=30)

Results

The original database searches yielded 2172 references. After removal of duplicates, 
1157 titles and abstracts were screened for eligibility. Of the 154 full-texts that were 
screened, 21 were included. From the search update, 9 additional publications were 
included, which resulted in a total of 30 included publications. See Figure 1 for a flow 
chart of inclusion and exclusion of publications derived from the database searches.

General characteristics of the included studies
Details on study characteristics are presented in Supplementary Tables S3a to S3d, 
structured according to intervention effects on physical (in)activity (Table S3a), diet 
(Table S3b), body composition (Table S3c), sleep, smoking, and alcohol consumption 
(Table S3d). Of the 30 included studies, 17 described intervention effects on physical (in)
activity38-54, 6 described intervention effects on dietary outcomes38, 39, 46, 50, 53, 55, 8 studies 
described effects on body composition38-40, 44, 45, 56-58, 8 studies described effects on sleep44, 

59-65, and two studies described effects on alcohol consumption (n=1)66 and on smoking 
(n=1)67.

Six of the 30 included studies described results of the same interventions: Amidi et al. 
(2022) & Zachariae et al. (2018) 59, 64 described results of the same intervention, and so did 
Reeves et al. (2021) & Terranova et al. (2022) 53, 57, and Schmidt et al. (2017) & Steindorf et 
al. (2017) 51, 63. Thus, 27 unique interventions were described in the 30 included studies.
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Quality assessment
CONSORT 2010 Checklist
The overall compliance to the CONSORT 2010 checklist varied from 62%45, 51 to 100%52, 

57 per included study (Figure 2). All included studies met the CONSORT 2010 standards 
for the reporting of the abstract, scientific background in the introduction, objectives 
and hypotheses, eligibility criteria for participants, outcome measures, statistical 
methods, and interpretation of results in the discussion (Table S4). Although the item 
on interventions (item 5) was also described in all included studies, it should be noted 
that it was not described in sufficient detail to allow for replication. Less than half of 
the included studies reported on all important harms or unintended effects during the 
intervention period in each group (33%) and on where the full trial protocol could be 
accessed (46,7%). See Table S4.

RoB 2
Table S5 provides an overview of the risk of bias assessment for each of the included 
studies using the RoB2. Ten of the 30 included studies were rated with a low risk of 
bias40, 43, 47, 52, 53, 56-58, 60, 61, 16 were rated with ‘some concerns’, and two studies were rated 
as ‘high risk of bias’45, 49. Unlike described in the grading instruction of the RoB2 tool, 2 
studies were rated as ‘moderate risk of bias’51, 63. Both studies, describing the effects of 
the same intervention, displayed the same pattern of risk of bias judgement across the 
domains: low risk of bias in domains 1 and 3, and some concerns of bias in domains 
2, 4, and 5. Since three domains were rated as ‘some concerns’, an overall high risk of 
bias judgement was considered too strict in these two cases. Yet, since there were signs 
that different analyses were performed than described in the protocol paper, an overall 
judgement of some concerns of bias was considered too lenient. Consequently, it was 
decided to classify these two studies as ‘moderate risk of bias’.

Overall, the included studies typically demonstrated adept management of missing 
data, as shown by the high prevalence of low risk of bias judgements in domain 3 (28 
out of 30). Additionally, the measurement of outcome data (domain 4) was typically 
aligned with the standards set by the RoB2 in most studies (27 out of 30). Contrary, half 
of the included studies were rated as having ‘some concerns’ or ‘high risk of bias’ on 
domain 5 (risk of bias in selection of the reported results), which indicates that these 
studies did not provide a clear and detailed analysis plan that was established prior to 
data availability.
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Table 1. Overview of intervention effects on different lifestyle-related outcomes reported in the included 
studies (n=30)

First author 
(year), 
sample size

Outcome variables 
(primary1/ secondary2)

RoB2 (CONSORT 
checklist)

Intervention effect

End of 
inter-

vention

Follow 
up

Diet (n=6)

Allicock et al. 
(2020), n=22

Fruit and vegetables1 Some concerns NS NS

Fast food1 (66%) NS NS

Greenlee et al. 
(2013), n=42

% calories from fat2 Some concerns NS NS#

Total calories / daily caloric intake2 (72%) NS NS#

Fruit and vegetable servings/day2 NS *#

Fiber2 NS b#

Whole grains2 NS NS#

Protein2 * NS#

Greenlee et al. 
(2015), n=70

Total calories 1 Some concerns * *

Total fat intake (% of daily total 
energy) 1

(90%) * NS

Saturated fat (% of daily total 
energy) 1

* NS

Monosaturated fat (% of daily total 
energy) 1

NS NS

Polysaturated fat (% of daily total 
energy) 1

NS b

Trans fat (% of daily total energy) 1 NS NS

Fruit and vegetables1 * *

Fruit1 NS *

Vegetables1 * *

Park et al. 
(2016), n=173

Fat Some concerns NS NS

Fruit and vegetables (83%) * *

Sadeghi et al. 
(2016), n=135

Nutrition1 Some concerns
(69%)

* *
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Table 1. Continued

First author 
(year), 
sample size

Outcome variables
(primary1/ secondary2)

RoB2 (CONSORT 
checklist)

Intervention effect

End of 
interven-

tion

Follow 
up

Terranova et 
al. (2022)**, 
n=159

Energy intake2 Low risk of bias NS *

Fruit servings/d2 (97%) NS NS

Vegetable servings/d2 NS NS

Total fat (g/d) 2 NS *

Saturated fat (g/d) 2 NS *

Physical (in)activity (n=17)

Guinan et al. 
(2013), n=26

METS hours/week (questionnaire) 2 Low risk of bias NS NS

Moderate intensity (min/week) 
(accelerometer)

(83%) NS NS

Sedentary (min/week) 
(accelerometer)

NS NS

Husebo et al. 
(2014), n=67

METS minutes/week 
(questionnaire)

Some concerns
(83%)

NS NS

Morato-
Martinez et 
al. (2021), 
n=65

Hours sitting/day (questionnaire) 2

Total physical activity 
(questionnaire) 2

High risk of bias
(62%)

NS
NS

NS
NS

McNeil et al. 
(2019), n=45

Total PA (accelerometer) 1

MVPA (accelerometer) 1

Some concerns
(72%)

*
*

NS
NS

Light intensity (accelerometer) 1 NS NS

Sedentary time (accelerometer) 1 * NS

Vehmanen 
et al. (2020), 
n=444

METS hours / week (questionnaire) 

2

Some concerns 
(66%)

NS NS

Park et al. 
(2016), n=173

MVPA (questionnaire) 1 Some concerns
(83%)

* *

Smith-
Turchyn et al. 
(2020), n=26

Physical activity (questionnaire) 2 Low risk of bias 
(100%)

* NS

Sadeghi et al. 
(2016), n=135

Physical activity (questionnaire) 1 Some concerns
(69%)

* *
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Table 1. Continued

First author 
(year), 
sample size

Outcome variables
(primary1/ secondary2)

RoB2 (CONSORT 
checklist)

Intervention effect

End of 
interven-

tion

Follow 
up

Pinto et al. 
(2015), n=76

MVPA (self-reported) 1 Some concerns * *

MVPA (accelerometer) 1 (86%) * *

Schmidt et al. 
(2017), n=227

Cycling, walking, exercise hours 
per week (questionnaire) 1

Moderate NS NS

MET h/week (questionnaire) 1 concerns
(62%)

NS NS

Allicock et al. 
(2021), n=22

MVPA (accelerometer) 1 Some concerns NS NS

Mean daily low light intensity 
(Accelerometer) 1

(66%) NS NS

Mean daily high light intensity 
(Accelerometer) 1

NS NS

Sedentary time (Accelerometer) 1 NS NS

Greenlee et al. 
(2013), n=42

Household / caregiving index
Active living index1

Sports/ exercise index

Some concerns
(72%)

NS
NS
*

*#
NS
*#

Hartman et 
al. (2022), 
n=75

MVPA (Accelerometer) 1 Some concerns
(76%)

* NS

Mavropalias 
et al. (2023), 
n=89

MVPA (questionnaire) 2 Low risk of bias
(66%)

NS NS

Pinto et al. 
(2022), n=161

MVPA (Accelerometer) 1 Low risk of bias *@ *@

MVPA self-reported (Seven Day 
Physical Activity Recall) 1

(97%) *@ *@

Sedentary time (hours/week) 
(Accelerometer) 2

*@ *@

Rogers et al. 
(2015), n=222

Moderate intensity PA 
(accelerometer) 1

High risk of bias * NS

Moderate intensity PA (self-
reported) 1

(97%) * *

Terranova 
et al. (2022), 
n=159

MVPA (accelerometer) 2 Low risk of bias NS NS

Total sitting (accelerometer) (97%) NS NS

Walking/running (accelerometer) * NS
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Table 1. Continued

First author 
(year), 
sample size

Outcome variables
(primary1/ secondary2)

RoB2 (CONSORT 
checklist)

Intervention effect

End of 
interven-

tion

Follow 
up

Sleep (n=8)

Bower et al. 
(2012), n=31

Sleep quality2 Low risk of bias
(90%)

NS NS

Palesh et al. 
(2020), n=70

Insomnia severity1 Some concerns
(76%)

* 1-m*
6-m NS

Zachariae et 
al. (2018)^, 
n=255

Sleep quality1 Some concerns * *

Insomnia severity1 (90%) * *

Amidi et al. 
(2022)^, n=131

Sleep quality1 Some concerns
(86%)

See 
Zachariae

NS

Insomnia severity1 See 
Zachariae

NS

Zhao et al. 
(2020), n=136

Insomnia severity1 Some concerns * *

sleep onset latency (accelerometry) (86%) * NS

wake after sleep onset 
(accelerometry)

* *

total sleep time
(accelerometry)

* *

sleep efficiency
(accelerometry)

* *

Mc Neil et al. 
(2019), n=45

Sleep time (accelerometer) 1 Some concerns
(72%)

NS NS

Sleep quality2 * NS

Steindorf et 
al. (2017), 
n=160

Sleep problems1 Moderate 
concerns

(66%)

* NS

Bean et al. 
(2022), n=101

Insomnia symptoms1 Low risk of bias * NS

Sleep-related impairment2 (97%) * NS

Sleep disturbance2 NS NS

Alcohol consumption (n=1)

Balaam et al. 
(2022), n=269

Alcohol consumption1 Some concerns
(83%)

b NS
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Table 1. Continued

First author 
(year), 
sample size

Outcome variables
(primary1/ secondary2)

RoB2 (CONSORT 
checklist)

Intervention effect

End of 
interven-

tion

Follow 
up

Smoking (n=1)

Thomsen et 
al. (2010), 
n=114

Smoking abstinence2 Some concerns
(97%)

* NS

Body composition (n=8)

Allicock et al. 
(2020), n=22

Weight (pounds) 2 Some concerns NS NS

BMI2 (66%) NS NS

Waist circumference (cm) 2 * b

Greenlee et al. 
(2013), n=42

Weight (kg) 1 Some concerns * *#

Waist circumference (cm) 1 (72%) * *#

Hip circumference (cm) 1 NS NS#

Waist-hip ratio1 NS NS#

Guinan et al. 
(2013), n=26

Waist circumference 1

Body weight2

Low risk of bias
(83%)

NS
NS

NS
NS

BMI2 NS NS

Percentage body fat2 NS NS

Muscle mass2 NS NS

Lisevick et al. 
(2021), n=92

Weight1 Low risk of bias
(83%)

* NS

Mc Neil et al. 
(2019), n=45

BMI2 Some concerns NS NS

Waist circumference2 (72%) NS NS

Hip circumference2 NS NS

Body fat mass2 NS NS

Body lean mass2 NS NS

Morato-
Martinez et 
al. (2021), 
n=65

Weight (kg) 1

BMI1

High risk of bias
(62%)

NS
NS

NS$
b$

Waist circumference1 NS NS

Fat free mass1 NS NS

Lean mass1 NS NS

Fat mass1 NS NS
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Table 1. Continued

First author 
(year), 
sample size

Outcome variables
(primary1/ secondary2)

RoB2 (CONSORT 
checklist)

Intervention effect

End of 
interven-

tion

Follow 
up

Reeves et al. 
(2021), n=159

Weight(kg) 1 Low risk of bias * *

Total fat mass (kg) 2 (100%) * *

Travier et al. 
(2015), n=204

Body weight (kg) 2 Low risk of bias
(90%)

NS NS

*=statistically significant; #=within intervention group, waitlist control; $=NS from end of 
intervention to 6 month follow-up; statistically significant difference between baseline and 
6-month follow-up in the intervention group only, but no significant differences between 
groups from baseline to 6-month follow-up; m=month; b=borderline statistically significant 
(p>.05;<.10); ^ or ** = same intervention; @= Reach+Phone and Reach+ message outperformed 
Reach+; METS= metabolic equivalents; MVPA=Moderate to vigorous physical activity; 
BMI=Body Mass Index; Greenlee et al. (2015) only reported body composition outcomes directly 
after the intervention; therefore, outcomes related to body composition are not reported from 
this paper.
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Table 2. Description of intervention characteristics in the included studies (n=30)

First author 
(year), country

Intervention aims and componentsa Control condition Theoretical framework Behaviour change techniquesb

Allicock et al. 
(2021) USA

Aims: improving physical activity and diet behaviour
Who delivers the intervention: not applicable, use of CHAT 
app
How often: daily diary assessment each morning, 2x 
daily random sampling assessment and event sampling 
assessment before and after meals and exercise for 4 
weeks. Tailored health messages for intervention group as 
feedback to their responses
For how long: 4 weeks
In what format: technology-based individually tailored 
messages/ feedback
In what context: home-based
When: ≥ 6 months since completion of breast cancer 
treatment (e.g., surgery, radiation, and chemotherapy 
except for women on adjuvant Herceptin therapy or oral 
endocrine pills)

The control group 
did not receive 

tailored messages, 
but participated in all 

other assessments, 
including the diary 
and event sampling 
assessments. They 

received the newsletter 
by the American Cancer 

Society after 8 weeks 
instead of at baseline 
like the intervention 

group.

Social cognitive theory and Control 
theory

Intervention:
2.1.	 Monitoring of behavior by others without feedback
2.2.	 Feedback on behavior
2.3.	 Self-monitoring of behavior
3.1.	 Social support (unspecified)
4.1.	 Instruction on how to perform the behavior
5.1.	 Information about health consequences
7.1.	 Prompts/cues
12.5.	 Adding objects to the environment

Control:
2.1.	 Monitoring of behavior by others without feedback
2.3.	 Self-monitoring of behavior
3.1.	 Social support (unspecified)
12.5.	 Adding objects to the environment

Amidi et al. 
(2022) Denmark

Aims: investigate the long-term (>12 months) changes in 
sleep following the completion of e-CBT-I in a sample of 
breast cancer survivors with sleep disturbances, as well as 
to examine possible associations between sleep outcomes 
and other co-occurring late-effects such as cancer- related 
fatigue and depressive symptoms.
Who delivers the intervention: internet-delivered CBT-I 
was offered using a fully
automated and online program. The participants were 
technically supported by research assistants
How often: 6 modules, once a week
For how long: 15 weeks
In what format: online program
In what context: home-based
When: after surgery. Mean time after surgery = 2.9 years 
(SD 2.9).

The wait-list control 
group were informed 

that they would 
receive access to the 

intervention program 
after the trial period.

Not mentioned *Same intervention as Zachariae et al. (2018)
Intervention:
1.1.	 Goal getting behavior
1.2	 Problem solving
1.4.	 Action planning
2.2.	 Feedback on behavior
2.3.	 Self-monitoring of behavior
3.1.	 Social support (unspecified)
4.1.	 Instruction on how to perform the behavior
5.1.	 Information about health consequences
8.2	 Behavior substitution
8.3	 Habit formation
8.4	 Habit reversal
11.2	 Reduce negative emotions
13.2	 Framing/reframing

Control:
-
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Table 2. Description of intervention characteristics in the included studies (n=30)

First author 
(year), country

Intervention aims and componentsa Control condition Theoretical framework Behaviour change techniquesb

Allicock et al. 
(2021) USA

Aims: improving physical activity and diet behaviour
Who delivers the intervention: not applicable, use of CHAT 
app
How often: daily diary assessment each morning, 2x 
daily random sampling assessment and event sampling 
assessment before and after meals and exercise for 4 
weeks. Tailored health messages for intervention group as 
feedback to their responses
For how long: 4 weeks
In what format: technology-based individually tailored 
messages/ feedback
In what context: home-based
When: ≥ 6 months since completion of breast cancer 
treatment (e.g., surgery, radiation, and chemotherapy 
except for women on adjuvant Herceptin therapy or oral 
endocrine pills)

The control group 
did not receive 

tailored messages, 
but participated in all 

other assessments, 
including the diary 
and event sampling 
assessments. They 

received the newsletter 
by the American Cancer 

Society after 8 weeks 
instead of at baseline 
like the intervention 

group.

Social cognitive theory and Control 
theory

Intervention:
2.1.	 Monitoring of behavior by others without feedback
2.2.	 Feedback on behavior
2.3.	 Self-monitoring of behavior
3.1.	 Social support (unspecified)
4.1.	 Instruction on how to perform the behavior
5.1.	 Information about health consequences
7.1.	 Prompts/cues
12.5.	 Adding objects to the environment

Control:
2.1.	 Monitoring of behavior by others without feedback
2.3.	 Self-monitoring of behavior
3.1.	 Social support (unspecified)
12.5.	 Adding objects to the environment

Amidi et al. 
(2022) Denmark

Aims: investigate the long-term (>12 months) changes in 
sleep following the completion of e-CBT-I in a sample of 
breast cancer survivors with sleep disturbances, as well as 
to examine possible associations between sleep outcomes 
and other co-occurring late-effects such as cancer- related 
fatigue and depressive symptoms.
Who delivers the intervention: internet-delivered CBT-I 
was offered using a fully
automated and online program. The participants were 
technically supported by research assistants
How often: 6 modules, once a week
For how long: 15 weeks
In what format: online program
In what context: home-based
When: after surgery. Mean time after surgery = 2.9 years 
(SD 2.9).

The wait-list control 
group were informed 

that they would 
receive access to the 

intervention program 
after the trial period.

Not mentioned *Same intervention as Zachariae et al. (2018)
Intervention:
1.1.	 Goal getting behavior
1.2	 Problem solving
1.4.	 Action planning
2.2.	 Feedback on behavior
2.3.	 Self-monitoring of behavior
3.1.	 Social support (unspecified)
4.1.	 Instruction on how to perform the behavior
5.1.	 Information about health consequences
8.2	 Behavior substitution
8.3	 Habit formation
8.4	 Habit reversal
11.2	 Reduce negative emotions
13.2	 Framing/reframing

Control:
-
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First author 
(year), country

Intervention aims and componentsa Control condition Theoretical framework Behaviour change techniquesb

Balaam et al. 
(2022) Australia

Aims: improving health-related quality of life and 
decreasing chronic disease risk by reducing alcohol 
consumption. Aim was to reduce alcohol consumption. If 
participants did not want to fully avoid alcohol, they were 
encouraged to have at least 2 alcohol free days a week and 
not consume more than 2 standard drinks a day
Who delivers the intervention: consultations with a 
registered nurse, otherwise technology-based
How often: not specified
For how long: 12 weeks
In what format: website-based intervention including 
blogposts and a program book available in physical and 
online format, additionally 3 individual consultations (in 
week 1, 6 and 12)
In what context: home-based
When: previously diagnosed and treated for breast, 
gynecological, and blood cancers (within the past 24 
months), who were in remission with no metastatic cancer.

The usual care group 
was offered the program 
book after the end of the 

study.

Social cognitive theory Intervention:
1.1.	 Goal setting behavior
1.5.	 Review behavior goal(s)
3.1.	 Social support (unspecified)
5.1.	 Information about health consequences
9.1.	 Credible source
2.3.	 Self-monitoring of behavior
1.4.	 Action planning
2.5.	 Monitoring of outcome(s) of behavior without feedback
4.1.	 Instruction on how to perform the behavior
1.2	 Problem solving
1.7.	 Review outcome goals
7.1.	 Prompts/cues
10.4.	 Social reward

Control:
-

Bean et al. (2022) 
Australia

Aims: Primarily, test the efficacy of CBT-I + Light compared 
to treatment as usual (TAU+) for the dual primary 
outcomes of patient-reported insomnia symptoms and 
sleep efficiency. Secondly, compare the effects of CBT-I + 
Light vs TAU+ on sleep parameters from sleep diary and 
accelerometry and on patient-reported outcomes (PROs) of 
fatigue, sleep-related impairment, sleep disturbance, and 
psychological symptoms.
Who delivers the intervention: a clinician, a provisional 
psychologist trained in CBT-I.
How often: once
For how long: 6 weeks
In what format: 60 min. face-to-face session (1), 20 min. 
telephone call (1) and emails with CBT-I content (7)
In what context: PMCC Chemotherapy Day Unit
When: receiving intravenous chemotherapy at study entry

The control group 
received two emails 

with relaxation audio 
tracks developed by 

the Australian Cancer 
Council to assist in 
coping with cancer 
during the 6-week 

intervention period and 
a midpoint telephone 
call to check in with 

participants and address 
any queries.

After the final follow-up, 
they would receive all 
CBT-I + Light emails.

Not mentioned CBT-I + Light:
1.2	 Problem solving
2.3	 Self-monitoring of behavior
3.1	 Social support (unspecified)
4.1	 Instruction on how to perform a behaviour
5.1	 Information about health consequences
9.1	 Credible source
12.5	 Adding objects to the environment
12.6	 Body changes

TAU+:
-

Bower et al. 
(2012) USA

Aim: reducing fatigue with an Iyengar-based yoga 
intervention
Who delivers the intervention: yoga classes given by a 
certified yoga instructor and an assistant; health education 
classes given by a psychologist
How often: 90-minute yoga classes twice a week
For how long: 12 weeks
In what format: group sessions
In what context: on-site (not specified)
When: completed local and/or adjuvant cancer therapy 
(with the exception of hormonal therapy) at least 6 months 
previously

The control group 
received 12 weeks 

of health education 
classes, which were 120 
minutes long and held 

once a week.

Not mentioned Intervention:
4.1.	 Instruction on how to perform to behavior
6.1.	 Demonstration of the behavior
8.1.	 Behavioral practice/ rehearsal
8.7.	 Graded tasks
9.1.	 Credible source

Control:
4.1.	 Instruction on how to perform to behavior
5.1.	 Information about health consequences
6.1.	 Demonstration of the behavior
8.1.	 Behavioral practice/ rehearsal
9.1.	 Credible source
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First author 
(year), country

Intervention aims and componentsa Control condition Theoretical framework Behaviour change techniquesb

Balaam et al. 
(2022) Australia

Aims: improving health-related quality of life and 
decreasing chronic disease risk by reducing alcohol 
consumption. Aim was to reduce alcohol consumption. If 
participants did not want to fully avoid alcohol, they were 
encouraged to have at least 2 alcohol free days a week and 
not consume more than 2 standard drinks a day
Who delivers the intervention: consultations with a 
registered nurse, otherwise technology-based
How often: not specified
For how long: 12 weeks
In what format: website-based intervention including 
blogposts and a program book available in physical and 
online format, additionally 3 individual consultations (in 
week 1, 6 and 12)
In what context: home-based
When: previously diagnosed and treated for breast, 
gynecological, and blood cancers (within the past 24 
months), who were in remission with no metastatic cancer.

The usual care group 
was offered the program 
book after the end of the 

study.

Social cognitive theory Intervention:
1.1.	 Goal setting behavior
1.5.	 Review behavior goal(s)
3.1.	 Social support (unspecified)
5.1.	 Information about health consequences
9.1.	 Credible source
2.3.	 Self-monitoring of behavior
1.4.	 Action planning
2.5.	 Monitoring of outcome(s) of behavior without feedback
4.1.	 Instruction on how to perform the behavior
1.2	 Problem solving
1.7.	 Review outcome goals
7.1.	 Prompts/cues
10.4.	 Social reward

Control:
-

Bean et al. (2022) 
Australia

Aims: Primarily, test the efficacy of CBT-I + Light compared 
to treatment as usual (TAU+) for the dual primary 
outcomes of patient-reported insomnia symptoms and 
sleep efficiency. Secondly, compare the effects of CBT-I + 
Light vs TAU+ on sleep parameters from sleep diary and 
accelerometry and on patient-reported outcomes (PROs) of 
fatigue, sleep-related impairment, sleep disturbance, and 
psychological symptoms.
Who delivers the intervention: a clinician, a provisional 
psychologist trained in CBT-I.
How often: once
For how long: 6 weeks
In what format: 60 min. face-to-face session (1), 20 min. 
telephone call (1) and emails with CBT-I content (7)
In what context: PMCC Chemotherapy Day Unit
When: receiving intravenous chemotherapy at study entry

The control group 
received two emails 

with relaxation audio 
tracks developed by 

the Australian Cancer 
Council to assist in 
coping with cancer 
during the 6-week 

intervention period and 
a midpoint telephone 
call to check in with 

participants and address 
any queries.

After the final follow-up, 
they would receive all 
CBT-I + Light emails.

Not mentioned CBT-I + Light:
1.2	 Problem solving
2.3	 Self-monitoring of behavior
3.1	 Social support (unspecified)
4.1	 Instruction on how to perform a behaviour
5.1	 Information about health consequences
9.1	 Credible source
12.5	 Adding objects to the environment
12.6	 Body changes

TAU+:
-

Bower et al. 
(2012) USA

Aim: reducing fatigue with an Iyengar-based yoga 
intervention
Who delivers the intervention: yoga classes given by a 
certified yoga instructor and an assistant; health education 
classes given by a psychologist
How often: 90-minute yoga classes twice a week
For how long: 12 weeks
In what format: group sessions
In what context: on-site (not specified)
When: completed local and/or adjuvant cancer therapy 
(with the exception of hormonal therapy) at least 6 months 
previously

The control group 
received 12 weeks 

of health education 
classes, which were 120 
minutes long and held 

once a week.

Not mentioned Intervention:
4.1.	 Instruction on how to perform to behavior
6.1.	 Demonstration of the behavior
8.1.	 Behavioral practice/ rehearsal
8.7.	 Graded tasks
9.1.	 Credible source

Control:
4.1.	 Instruction on how to perform to behavior
5.1.	 Information about health consequences
6.1.	 Demonstration of the behavior
8.1.	 Behavioral practice/ rehearsal
9.1.	 Credible source
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First author 
(year), country

Intervention aims and componentsa Control condition Theoretical framework Behaviour change techniquesb

Greenlee et al. 
(2013) USA

Aims: Diet: reduce caloric intake (1,200 cal/day for 1 to 2 
weeks, followed by 1,600 cal/day) and to distribute calorie 
intake as 45% protein/30% carbohydrates/25% fat.
Exercise: 3 days/week, 30-min sessions while maintaining 
70–75% of maximal heart rate.
Who delivers the intervention: an instructor (diet) and a 
trainer (exercise), both Curves staff (commercial Curves 
Weight Management Program)
How often: nutrition course consisted of six 1-hour weekly 
group sessions; weekly motivational telephone calls; 3 to 5 
30-minute personally tailored exercise sessions per week.
For how long: 6 months
In what format: group sessions plus individual telephone 
counselling. Participants were provided with a Curves 
weight loss program instruction and recipe book, DVDs, 
and an instructor’s manual. Participants were also 
provided with heart rate monitors. Dietary sessions started 
~1 month after the exercise program.
In what context: Columbia University Medical Center 
(nutrition course), Curves fitness center (exercise 
sessions).
When: diagnosis of stage 0–IIIa breast cancer; completed 
surgery, chemotherapy, and radiation therapy at least 6 
months prior.

In the waitlist control 
arm, participants were 
observed for 6 months 

during which they were 
asked not to change 

their physical activity 
or diet, followed by 6 
months of the Curves 

program.

In the immediate arm, 
participants received 6 
months of the Curves 
weight loss program, 

followed by
6 months of observation 
during which they could 

engage in any diet and 
physical activity of their 

choice.

Not mentioned Intervention:
1.1.	 Goal setting (behavior)
1.2.	 Problem solving
2.1.	 Monotoring of behavior by others without feedback
2.4.	 Self-monitoring of outcome(s) of behavior
2.5.	 Monitoring of outcome(s) of behavior without feedback
2.6.	 Biofeedback
3.1.	 Social support (unspecified)
4.1.	 Instruction on how to perform the behavior
6.1.	 Demonstration of the behavior
8.1.	 Behavioral practice/ rehearsal
9.1.	 Credible source
12.1.	 Restructuring of the physical environment

Control:
-

Greenlee et al. 
(2015) USA

Aims: following dietary guidelines by American Cancer 
Society and American Institute for Cancer Research, 
specifically: improving fruit and vegetable intake and 
reducing fat intake
Who delivers the intervention: sessions held by registered 
dietician nutritionist and a chef
How often: 9 sessions over 12 weeks (24 hours in total) on 
Saturday mornings, sessions lasted between 1.5 and 3.5 
hours
For how long: 12 weeks
In what format: group sessions
In what context: sessions took place in teaching kitchen at 
Columbia University’s Teachers College
When: at least 3 months post treatment (surgery, radiation, 
or chemotherapy; current hormonal therapy allowed)

The control group 
was provided with a 

booklet about dietary 
recommendations for 

breast cancer survivors.

Social Cognitive Theory and the 
Transtheoretical Model

Intervention:
1.1.	 Goal setting (behavior)
1.2.	 Problem solving
1.6.	 Discrepancy between current behavior and goal
2.3.	 Self-monitoring of behavior
4.1.	 Instruction on how to perform the behavior
5.1.	 Information about health consequences
6.1.	 Demonstration of the behavior
8.1.	 Behavioral practice/ rehearsal
9.2.	 Pros and cons

Control:
4.1.	 Instruction on how to perform the behavior
3.2.	 Social support (practical)
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First author 
(year), country

Intervention aims and componentsa Control condition Theoretical framework Behaviour change techniquesb

Greenlee et al. 
(2013) USA

Aims: Diet: reduce caloric intake (1,200 cal/day for 1 to 2 
weeks, followed by 1,600 cal/day) and to distribute calorie 
intake as 45% protein/30% carbohydrates/25% fat.
Exercise: 3 days/week, 30-min sessions while maintaining 
70–75% of maximal heart rate.
Who delivers the intervention: an instructor (diet) and a 
trainer (exercise), both Curves staff (commercial Curves 
Weight Management Program)
How often: nutrition course consisted of six 1-hour weekly 
group sessions; weekly motivational telephone calls; 3 to 5 
30-minute personally tailored exercise sessions per week.
For how long: 6 months
In what format: group sessions plus individual telephone 
counselling. Participants were provided with a Curves 
weight loss program instruction and recipe book, DVDs, 
and an instructor’s manual. Participants were also 
provided with heart rate monitors. Dietary sessions started 
~1 month after the exercise program.
In what context: Columbia University Medical Center 
(nutrition course), Curves fitness center (exercise 
sessions).
When: diagnosis of stage 0–IIIa breast cancer; completed 
surgery, chemotherapy, and radiation therapy at least 6 
months prior.

In the waitlist control 
arm, participants were 
observed for 6 months 

during which they were 
asked not to change 

their physical activity 
or diet, followed by 6 
months of the Curves 

program.

In the immediate arm, 
participants received 6 
months of the Curves 
weight loss program, 

followed by
6 months of observation 
during which they could 

engage in any diet and 
physical activity of their 

choice.

Not mentioned Intervention:
1.1.	 Goal setting (behavior)
1.2.	 Problem solving
2.1.	 Monotoring of behavior by others without feedback
2.4.	 Self-monitoring of outcome(s) of behavior
2.5.	 Monitoring of outcome(s) of behavior without feedback
2.6.	 Biofeedback
3.1.	 Social support (unspecified)
4.1.	 Instruction on how to perform the behavior
6.1.	 Demonstration of the behavior
8.1.	 Behavioral practice/ rehearsal
9.1.	 Credible source
12.1.	 Restructuring of the physical environment

Control:
-

Greenlee et al. 
(2015) USA

Aims: following dietary guidelines by American Cancer 
Society and American Institute for Cancer Research, 
specifically: improving fruit and vegetable intake and 
reducing fat intake
Who delivers the intervention: sessions held by registered 
dietician nutritionist and a chef
How often: 9 sessions over 12 weeks (24 hours in total) on 
Saturday mornings, sessions lasted between 1.5 and 3.5 
hours
For how long: 12 weeks
In what format: group sessions
In what context: sessions took place in teaching kitchen at 
Columbia University’s Teachers College
When: at least 3 months post treatment (surgery, radiation, 
or chemotherapy; current hormonal therapy allowed)

The control group 
was provided with a 

booklet about dietary 
recommendations for 

breast cancer survivors.

Social Cognitive Theory and the 
Transtheoretical Model

Intervention:
1.1.	 Goal setting (behavior)
1.2.	 Problem solving
1.6.	 Discrepancy between current behavior and goal
2.3.	 Self-monitoring of behavior
4.1.	 Instruction on how to perform the behavior
5.1.	 Information about health consequences
6.1.	 Demonstration of the behavior
8.1.	 Behavioral practice/ rehearsal
9.2.	 Pros and cons

Control:
4.1.	 Instruction on how to perform the behavior
3.2.	 Social support (practical)
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First author 
(year), country

Intervention aims and componentsa Control condition Theoretical framework Behaviour change techniquesb

Guinan et al. 
(2013) Ireland

Aims: increasing physical activity, quality of life and 
aerobic fitness with a combined group and home-based 
exercise intervention
Who delivers the intervention: supervisors 
(physiotherapist and research assistant) for the group 
classes
How often: group: 1-hour session with increasing aerobic 
component twice per week, the intensity is matched to 
the participant’s fitness level at baseline; home-based: 
once a week and up to 3-times a week, similar increase in 
intensity to the group sessions
For how long: 8 weeks
In what format: group classes and individual exercise 
program
In what context: on-site and home-based
When: 2–6 months post-chemotherapy

The usual care control 
group only participated 
in the assessments and 

had the option to receive 
exercise advice after the 

final assessment.

Not mentioned Intervention:
2.3.	 Self-monitoring of behavior
2.5.	 Monitoring of outcome(s) of behavior without feedback
4.1.	 Instruction on how to perform the behavior
6.1.	 Demonstration of the behavior
8.1.	 Behavioral practice/ rehearsal
8.7.	 Graded tasks
9.1.	 Credible source
12.5.	 Adding objects to the environment

Control:
-

Hartman et al. 
(2022) USA

Aims: first, examine patterns of adherence to wearing 
the Fitbit between the full intervention arm and the 
light intervention arm during their respective 3-month 
intervention periods and up to 2 years’ follow-up. Secondly, 
examine patterns of Fitbit-measured physical
activity between the full intervention arm and the 
light intervention arm during their respective 3-month 
intervention periods and up to 2 years’ follow-up.
Who delivers the intervention: a clinical psychologist with 
extensive training and experience in promoting behavior 
change and by a trained staff member.
How often: 4 times
For how long: 12 weeks
In what format: In person meeting
In what context: not mentioned
When: diagnosed less than 5 years prior to study 
enrollment and had completed chemotherapy or radiation 
treatment

The waitlist control 
group received a “light” 

intervention (light 
intervention arm) after 
completing the 12-week 

assessments.

Not mentioned Physical activity intervention (full intervention arm):
1.1	 Goal setting (behavior)
1.5	 Review behavior goals
1.6	 Discrepancy between current behavior and goal
2.2	 Feedback on behavior
2.3	 Self-motintoring of behavior
3.1	 Social support (unspecified)
6.1	 Demonstration of the behavior
6.2	 Social comparison
7.1	 Prompts/cues
8.7	 Graded tasks
9.1	 Credible source
12.5	 Adding objects to the environment
13.2	 Framing/reframing
15.4	 Self-talk

Waitlist plus light physical activity intervention (light intervention 
arm):
1.1	 Goal setting (behavior)
2.3	 Self-monitoring of behavior
12.5	 Adding objects to the environment
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First author 
(year), country

Intervention aims and componentsa Control condition Theoretical framework Behaviour change techniquesb

Guinan et al. 
(2013) Ireland

Aims: increasing physical activity, quality of life and 
aerobic fitness with a combined group and home-based 
exercise intervention
Who delivers the intervention: supervisors 
(physiotherapist and research assistant) for the group 
classes
How often: group: 1-hour session with increasing aerobic 
component twice per week, the intensity is matched to 
the participant’s fitness level at baseline; home-based: 
once a week and up to 3-times a week, similar increase in 
intensity to the group sessions
For how long: 8 weeks
In what format: group classes and individual exercise 
program
In what context: on-site and home-based
When: 2–6 months post-chemotherapy

The usual care control 
group only participated 
in the assessments and 

had the option to receive 
exercise advice after the 

final assessment.

Not mentioned Intervention:
2.3.	 Self-monitoring of behavior
2.5.	 Monitoring of outcome(s) of behavior without feedback
4.1.	 Instruction on how to perform the behavior
6.1.	 Demonstration of the behavior
8.1.	 Behavioral practice/ rehearsal
8.7.	 Graded tasks
9.1.	 Credible source
12.5.	 Adding objects to the environment

Control:
-

Hartman et al. 
(2022) USA

Aims: first, examine patterns of adherence to wearing 
the Fitbit between the full intervention arm and the 
light intervention arm during their respective 3-month 
intervention periods and up to 2 years’ follow-up. Secondly, 
examine patterns of Fitbit-measured physical
activity between the full intervention arm and the 
light intervention arm during their respective 3-month 
intervention periods and up to 2 years’ follow-up.
Who delivers the intervention: a clinical psychologist with 
extensive training and experience in promoting behavior 
change and by a trained staff member.
How often: 4 times
For how long: 12 weeks
In what format: In person meeting
In what context: not mentioned
When: diagnosed less than 5 years prior to study 
enrollment and had completed chemotherapy or radiation 
treatment

The waitlist control 
group received a “light” 

intervention (light 
intervention arm) after 
completing the 12-week 

assessments.

Not mentioned Physical activity intervention (full intervention arm):
1.1	 Goal setting (behavior)
1.5	 Review behavior goals
1.6	 Discrepancy between current behavior and goal
2.2	 Feedback on behavior
2.3	 Self-motintoring of behavior
3.1	 Social support (unspecified)
6.1	 Demonstration of the behavior
6.2	 Social comparison
7.1	 Prompts/cues
8.7	 Graded tasks
9.1	 Credible source
12.5	 Adding objects to the environment
13.2	 Framing/reframing
15.4	 Self-talk

Waitlist plus light physical activity intervention (light intervention 
arm):
1.1	 Goal setting (behavior)
2.3	 Self-monitoring of behavior
12.5	 Adding objects to the environment
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First author 
(year), country

Intervention aims and componentsa Control condition Theoretical framework Behaviour change techniquesb

Husebø et al. 
(2014) Norway

Aims: improving fatigue, physical activity, and fitness with 
a home-based exercise program
Who delivers the intervention: motivational calls delivered 
by the research team
How often: participants tracked their daily physical 
activity in a diary and were recommended to perform 
strength training 3 days/week and 30-min walking per day, 
participants also received motivational phone calls every 
2 weeks
For how long: during chemotherapy (mean duration was 
17 weeks)
In what format: home-based program, not further 
specified
In what context: home-based
When: surgically treated for early stage breast cancer 
(mastectomy or lumpectomy), and allocated to adjuvant 
chemotherapy according to the national treatment 
guidelines of the Norwegian Breast Cancer Group

The control group was 
told to stick to their 
usual routine and 

tracked their physical 
activity in a diary.

Not mentioned Intervention:
1.1.	 Goal setting (behavior)
2.3.	 Self-monitoring of behavior
3.1.	 Social support (unspecified)
4.1.	 Instruction on how to perform the behavior

Control:
2.3.	 Self-monitoring of behavior

Lisevick et al. 
(2021) USA

Aims: evaluate long-term weight loss maintenance among 
breast cancer survivors enrolled in the LEAN Study.
Who delivers the intervention: a registered dietitian who 
was also a certified specialist in oncology nutrition
How often: 11 sessions
For how long: 6 months
In what format: 30 minutes of counselling (in person or 
via phone), a breast cancer-specific healthy eating and 
exercise LEAN educational book, and a journal to guide 
counseling sessions.
In what context: home-based
When: diagnosed with Stage 0 to III breast cancer within 
five years prior to study enrollment

The usual care group 
received one 30 min 
counseling session 

at the end of the 
six- month study 

period, in addition to 
the LEAN book and 
journal, American 

Institute for Cancer 
Research pamphlets 

on healthy eating and 
exercise, and referral 

to the Yale Cancer 
Center Survivorship 
Clinic, which offers 

a two-session weight 
management program.

Not mentioned Intervention groups:
1.1	 Goal setting (behavior)
1.3	 Goal setting(outcome)
2.3	 Self-monitoring of behavior
2.4	 Self-monitoring of outcome(s) of behavior
3.1	 Social support (unspecified)
4.1	 Instruction on how to perform a behavior
4.2	 Information about antecedents
9.1	 Credible source
12.5	 Adding objects to the environment

Usual care group:
2.3	 Self-monitoring of behavior
2.4	 Self-monitoring of outcome(s) of behavior
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First author 
(year), country

Intervention aims and componentsa Control condition Theoretical framework Behaviour change techniquesb

Husebø et al. 
(2014) Norway

Aims: improving fatigue, physical activity, and fitness with 
a home-based exercise program
Who delivers the intervention: motivational calls delivered 
by the research team
How often: participants tracked their daily physical 
activity in a diary and were recommended to perform 
strength training 3 days/week and 30-min walking per day, 
participants also received motivational phone calls every 
2 weeks
For how long: during chemotherapy (mean duration was 
17 weeks)
In what format: home-based program, not further 
specified
In what context: home-based
When: surgically treated for early stage breast cancer 
(mastectomy or lumpectomy), and allocated to adjuvant 
chemotherapy according to the national treatment 
guidelines of the Norwegian Breast Cancer Group

The control group was 
told to stick to their 
usual routine and 

tracked their physical 
activity in a diary.

Not mentioned Intervention:
1.1.	 Goal setting (behavior)
2.3.	 Self-monitoring of behavior
3.1.	 Social support (unspecified)
4.1.	 Instruction on how to perform the behavior

Control:
2.3.	 Self-monitoring of behavior

Lisevick et al. 
(2021) USA

Aims: evaluate long-term weight loss maintenance among 
breast cancer survivors enrolled in the LEAN Study.
Who delivers the intervention: a registered dietitian who 
was also a certified specialist in oncology nutrition
How often: 11 sessions
For how long: 6 months
In what format: 30 minutes of counselling (in person or 
via phone), a breast cancer-specific healthy eating and 
exercise LEAN educational book, and a journal to guide 
counseling sessions.
In what context: home-based
When: diagnosed with Stage 0 to III breast cancer within 
five years prior to study enrollment

The usual care group 
received one 30 min 
counseling session 

at the end of the 
six- month study 

period, in addition to 
the LEAN book and 
journal, American 

Institute for Cancer 
Research pamphlets 

on healthy eating and 
exercise, and referral 

to the Yale Cancer 
Center Survivorship 
Clinic, which offers 

a two-session weight 
management program.

Not mentioned Intervention groups:
1.1	 Goal setting (behavior)
1.3	 Goal setting(outcome)
2.3	 Self-monitoring of behavior
2.4	 Self-monitoring of outcome(s) of behavior
3.1	 Social support (unspecified)
4.1	 Instruction on how to perform a behavior
4.2	 Information about antecedents
9.1	 Credible source
12.5	 Adding objects to the environment

Usual care group:
2.3	 Self-monitoring of behavior
2.4	 Self-monitoring of outcome(s) of behavior
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First author 
(year), country

Intervention aims and componentsa Control condition Theoretical framework Behaviour change techniquesb

Mavropalias et al. 
(2023) Australia

Aims: examine the feasibility and efficacy of a home-based 
resistance and aerobic exercise intervention for reducing 
cancer related fatigue and improving HRQoL in breast 
cancer patients during radiotherapy.
Who delivers the intervention: an accredited exercise 
physiologist
How often: 1-2 resistance training sessions, weekly 30-40 
min of aerobic exercise
For how long: 12 weeks
In what format: exercise program involving resistance 
and aerobic exercise supplemented by a 1-h face-to-face 
consultation, four 30-min telephone consultations, an 
exercise manual, and exercise equipment.
In what context: home-based
When: women with stage I-III BCa scheduled to receive 
radical radiotherapy

At the completion of the 
follow-up assessment 
(12 months), the usual 

care group was provided 
with the exercise 

manual and logbook, 
behavioral guidebook 

and provided with 
information of exercise 
pro- grams available for 

cancer survivors.

Not mentioned Intervention:
1.1	 Goal setting (behavior)
1.2	 Problem solving
1.4	 Action planning
1.5	 Review behavior goal(s)
2.3	 Self-monitoring of behavior
3.1	 Social support (unspecified)
4.1	 Instruction on how to perform a behavior
6.1	 Demonstration of the behavior
8.1	 behavioral practice/ rehearsal
8.7	 Graded tasks
9.1	 Credible source
12.5	 Adding objects to the environment

Control:
-

McNeil et al. 
(2019) Canada

Aim: increasing physical activity with the use of a 
wearable
Who delivers the intervention: not applicable
How often: low intensity group: 300-min/ week at 40% 
to 59% of heart rate reserve; high intensity group: 150-
min/week at 60% to 80% heart rate reserve; both groups 
received immediate feedback from their wearable on their 
heart rate and physical activity level and filled out a diary 
every 3 weeks
For how long: 3 months
In what format: home-based, participants received a 
wearable activity tracker and instructions of their activity 
target
In what context: home-based
When: diagnosed with histologically confirmed stage 
I-IIIc breast cancer; completion of adjuvant treatment 
(chemotherapy, radiation therapy, and surgery) except for 
hormonal therapy

The control group was 
instructed to stick to 
their usual routine.

Not mentioned Interventions:
1.1.	 Goal setting (behavior)
1.2.	 Problem solving
2.1.	 Monitoring of behavior by others without feedback
2.6.	 Biofeedback
3.1.	 Social support (unspecified)
7.1.	 Prompts/ cues
9.1.	 Credible source
12.5	 Adding objects to the environment

Control:
-
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First author 
(year), country

Intervention aims and componentsa Control condition Theoretical framework Behaviour change techniquesb

Mavropalias et al. 
(2023) Australia

Aims: examine the feasibility and efficacy of a home-based 
resistance and aerobic exercise intervention for reducing 
cancer related fatigue and improving HRQoL in breast 
cancer patients during radiotherapy.
Who delivers the intervention: an accredited exercise 
physiologist
How often: 1-2 resistance training sessions, weekly 30-40 
min of aerobic exercise
For how long: 12 weeks
In what format: exercise program involving resistance 
and aerobic exercise supplemented by a 1-h face-to-face 
consultation, four 30-min telephone consultations, an 
exercise manual, and exercise equipment.
In what context: home-based
When: women with stage I-III BCa scheduled to receive 
radical radiotherapy

At the completion of the 
follow-up assessment 
(12 months), the usual 

care group was provided 
with the exercise 

manual and logbook, 
behavioral guidebook 

and provided with 
information of exercise 
pro- grams available for 

cancer survivors.

Not mentioned Intervention:
1.1	 Goal setting (behavior)
1.2	 Problem solving
1.4	 Action planning
1.5	 Review behavior goal(s)
2.3	 Self-monitoring of behavior
3.1	 Social support (unspecified)
4.1	 Instruction on how to perform a behavior
6.1	 Demonstration of the behavior
8.1	 behavioral practice/ rehearsal
8.7	 Graded tasks
9.1	 Credible source
12.5	 Adding objects to the environment

Control:
-

McNeil et al. 
(2019) Canada

Aim: increasing physical activity with the use of a 
wearable
Who delivers the intervention: not applicable
How often: low intensity group: 300-min/ week at 40% 
to 59% of heart rate reserve; high intensity group: 150-
min/week at 60% to 80% heart rate reserve; both groups 
received immediate feedback from their wearable on their 
heart rate and physical activity level and filled out a diary 
every 3 weeks
For how long: 3 months
In what format: home-based, participants received a 
wearable activity tracker and instructions of their activity 
target
In what context: home-based
When: diagnosed with histologically confirmed stage 
I-IIIc breast cancer; completion of adjuvant treatment 
(chemotherapy, radiation therapy, and surgery) except for 
hormonal therapy

The control group was 
instructed to stick to 
their usual routine.

Not mentioned Interventions:
1.1.	 Goal setting (behavior)
1.2.	 Problem solving
2.1.	 Monitoring of behavior by others without feedback
2.6.	 Biofeedback
3.1.	 Social support (unspecified)
7.1.	 Prompts/ cues
9.1.	 Credible source
12.5	 Adding objects to the environment

Control:
-
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First author 
(year), country

Intervention aims and componentsa Control condition Theoretical framework Behaviour change techniquesb

Morato-Martinez 
et al (2021) Spain

Aim: improving diet and increasing physical activity 
with a nutrition education program consisting of 3 parts: 
nutritional intervention, nutritional education and 
physical activity
Who delivers the intervention: dieticians from the Clinical 
Nutrition Unit of the La Paz University Hospital Madrid
How often: nutritional intervention: monthly reminders 
and reinforcement to follow an individualized diet during 
each visit, 72-hour dietary recall before, during and after 
the intervention period; nutritional education: monthly 
1-hour nutritional education sessions (5 in total); physical 
activity: 3 home-based sessions/week plus 1 weekly session 
supervised by the Rehabilitation and Physiotherapy 
Service of the La Paz University Hospital
For how long: 6 months
In what format: partly home-based, partly supervised
In what context: no location mentioned specifically
When: newly diagnosed with breast cancer

The control group only 
received the nutritional 
intervention part of the 

program.

Not mentioned Intervention:
1.1.	 Goal setting (behavior)
1.3.	 Goal setting (outcome)
2.1.	 Monitoring of behavior by others without feedback
2.4.	 Self-monitoring of outcome(s) of behavior
3.1.	 Social support (unspecified)
4.1.	 Instruction on how to perform the behavior
5.1.	 Information about health consequences
6.1.	 Demonstration of the behavior
8.1.	 Behavioral practice/ rehearsal
9.1.	 Credible source

Control:
1.1.	 Goal setting (behavior)
1.3.	 Goal setting (outcome)
2.1.	 Monitoring of behavior by others without feedback
3.1.	 Social support (unspecified)
4.1.	 Instruction on how to perform the behavior
5.1.	 Information about health consequences
6.1.	 Demonstration of the behavior
8.1.	 Behavioral practice/ rehearsal
9.1.	 Credible source

Palesh et al. 
(2020) USA

Aim: improving symptoms of insomnia using the Brief 
Behavioral Therapy for Cancer-Related Insomnia
Who delivers the intervention: phone calls and sessions 
delivered by trained staff who were supervised by a 
clinical psychologist
How often: 2 face-to-face sessions and 4 phone calls, 
participants received an individually tailored treatment 
plan
For how long: 6 weeks
In what format: on-site sessions and phone calls, 
individually tailored treatment plan
In what context: face-to-face sessions took place in a clinic
When: during chemotherapy, with at least 6 weeks of 
chemotherapy remaining

The control group 
received a pamphlet 
with general sleep 

hygiene advice.

Not mentioned Intervention:
1.1.	 Goal setting (behavior)
1.4.	 Action planning
3.1.	 Social support (unspecified)
4.1.	 Instruction on how to perform the behavior
5.1.	 Information about health consequences
8.3.	 Habit formation
8.4.	 Habit reversal
9.1.	 Credible source

Control:
4.1.	 Instruction on how to perform the behavior
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First author 
(year), country

Intervention aims and componentsa Control condition Theoretical framework Behaviour change techniquesb

Morato-Martinez 
et al (2021) Spain

Aim: improving diet and increasing physical activity 
with a nutrition education program consisting of 3 parts: 
nutritional intervention, nutritional education and 
physical activity
Who delivers the intervention: dieticians from the Clinical 
Nutrition Unit of the La Paz University Hospital Madrid
How often: nutritional intervention: monthly reminders 
and reinforcement to follow an individualized diet during 
each visit, 72-hour dietary recall before, during and after 
the intervention period; nutritional education: monthly 
1-hour nutritional education sessions (5 in total); physical 
activity: 3 home-based sessions/week plus 1 weekly session 
supervised by the Rehabilitation and Physiotherapy 
Service of the La Paz University Hospital
For how long: 6 months
In what format: partly home-based, partly supervised
In what context: no location mentioned specifically
When: newly diagnosed with breast cancer

The control group only 
received the nutritional 
intervention part of the 

program.

Not mentioned Intervention:
1.1.	 Goal setting (behavior)
1.3.	 Goal setting (outcome)
2.1.	 Monitoring of behavior by others without feedback
2.4.	 Self-monitoring of outcome(s) of behavior
3.1.	 Social support (unspecified)
4.1.	 Instruction on how to perform the behavior
5.1.	 Information about health consequences
6.1.	 Demonstration of the behavior
8.1.	 Behavioral practice/ rehearsal
9.1.	 Credible source

Control:
1.1.	 Goal setting (behavior)
1.3.	 Goal setting (outcome)
2.1.	 Monitoring of behavior by others without feedback
3.1.	 Social support (unspecified)
4.1.	 Instruction on how to perform the behavior
5.1.	 Information about health consequences
6.1.	 Demonstration of the behavior
8.1.	 Behavioral practice/ rehearsal
9.1.	 Credible source

Palesh et al. 
(2020) USA

Aim: improving symptoms of insomnia using the Brief 
Behavioral Therapy for Cancer-Related Insomnia
Who delivers the intervention: phone calls and sessions 
delivered by trained staff who were supervised by a 
clinical psychologist
How often: 2 face-to-face sessions and 4 phone calls, 
participants received an individually tailored treatment 
plan
For how long: 6 weeks
In what format: on-site sessions and phone calls, 
individually tailored treatment plan
In what context: face-to-face sessions took place in a clinic
When: during chemotherapy, with at least 6 weeks of 
chemotherapy remaining

The control group 
received a pamphlet 
with general sleep 

hygiene advice.

Not mentioned Intervention:
1.1.	 Goal setting (behavior)
1.4.	 Action planning
3.1.	 Social support (unspecified)
4.1.	 Instruction on how to perform the behavior
5.1.	 Information about health consequences
8.3.	 Habit formation
8.4.	 Habit reversal
9.1.	 Credible source

Control:
4.1.	 Instruction on how to perform the behavior
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First author 
(year), country

Intervention aims and componentsa Control condition Theoretical framework Behaviour change techniquesb

Park et al. (2016) 
USA

Aims: increasing moderate-to-vigorous physical activity 
and healthy diet (fruit and vegetable consumption, 
fat intake) with a mail-based intervention; fruit and 
vegetables: 5 servings a day, fat: less than 30% of calories 
from fat; physical activity: gradual increase to 150-min/ 
week. Two groups: ‘standard lifestyle management’ group 
(similar to FRESH START trial) and ‘targeting the teachable 
moment’ intervention. The latter received additional 
materials focusing on aspects tailored to breast cancer 
survivorship (motivation, stress management)
Who delivers the intervention: not applicable (mail-based)
How often: received material bi-weekly and were asked to 
mail back their self-reported goals and progress bi-weekly 
as well
For how long: 4 months
In what format: mailed interactive treatment materials, 
home-based
In what context: at home, by mail
When: diagnosed in the past 1.5 years, post-treatment or 
current treatment

The usual care group 
received materials at the 
end of the intervention.

Not mentioned; intervention based 
on FRESH START trial, which was 
based on Social Cognitive Theory

Interventions:
Standardized lifestyle management (based on FRESH-START):
1.1.	 Goal setting (behavior)
1.5.	 Review behavior goal(s)
2.2	 Feedback on behavior
2.3.	 Self-monitoring of behavior
4.1.	 Instruction on how to perform the behavior

The Targeting the Teachable Moment Intervention additionally 
focused on enhancing and directing motivation to change 
explicitly based on the teachable moment related to breast cancer 
survivorship:
1.1.	 Goal setting (behavior)
1.2	 Problem solving
1.5.	 Review behavior goal(s)
2.2	 Feedback on behavior
2.3.	 Self-monitoring of behavior
4.1.	 Instruction on how to perform the behavior
11.2	 Reduce negative emotions

Control:
4.1.	 Instruction on how to perform a behavior

Pinto et al. (2015) 
USA

Aims: increasing moderate-to-vigorous physical activity 
with an intervention focusing on peer mentoring, the 
goal was to meet or exceed 150-min/ week of physical 
activity and increase participant’s motivational readiness 
to exercise
Who delivers the intervention: volunteers of the 
American Cancer Society’s Reach to Recover delivered the 
intervention after receiving training
How often: weekly calls with coaches, participants were 
recommended to gradually increase aerobic exercise to 
30-min on most days of the week, they monitored their 
own physical activity and heart rate with a logbook and a 
pedometer, furthermore, participants received booklets 
and tipsheets
For how long: 12 weeks
In what format: counselling by telephone, home-based
In what context: home-based
When: diagnosed in the past 5 years. Mean time since 
diagnosis = 1.11 year (SD 1.05). Eligible when surgery was 
completed (patients receiving ongoing chemotherapy, 
radiation, or hormone treatment were eligible)

The contact control 
group received weekly 

calls during the 
intervention period and 
was provided with the 
booklet and tipsheets 

at the end of the 
intervention.

Transtheoretical model, 
social cognitive theory

Intervention:
1.1.	 Goal setting (behavior)
1.2.	 Problem solving
1.5.	 Review behavior goal(s)
2.2.	 Feedback on behavior
2.3.	 Self-monitoring of behavior
2.4.	 Self-monitoring of outcome(s) of behavior
2.6.	 Biofeedback
3.1.	 Social support (unspecified)
4.1.	 Instruction on how to perform the behavior
5.1.	 Information about health consequences
6.1.	 Demonstration of the behavior
7.1.	 Prompts/cues
8.7.	 Graded tasks
12.5.	 Adding objects to the environment

Control:
4.1.	 Instruction on how to perform the behavior
12.5.	 Adding objects to the environment
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First author 
(year), country

Intervention aims and componentsa Control condition Theoretical framework Behaviour change techniquesb

Park et al. (2016) 
USA

Aims: increasing moderate-to-vigorous physical activity 
and healthy diet (fruit and vegetable consumption, 
fat intake) with a mail-based intervention; fruit and 
vegetables: 5 servings a day, fat: less than 30% of calories 
from fat; physical activity: gradual increase to 150-min/ 
week. Two groups: ‘standard lifestyle management’ group 
(similar to FRESH START trial) and ‘targeting the teachable 
moment’ intervention. The latter received additional 
materials focusing on aspects tailored to breast cancer 
survivorship (motivation, stress management)
Who delivers the intervention: not applicable (mail-based)
How often: received material bi-weekly and were asked to 
mail back their self-reported goals and progress bi-weekly 
as well
For how long: 4 months
In what format: mailed interactive treatment materials, 
home-based
In what context: at home, by mail
When: diagnosed in the past 1.5 years, post-treatment or 
current treatment

The usual care group 
received materials at the 
end of the intervention.

Not mentioned; intervention based 
on FRESH START trial, which was 
based on Social Cognitive Theory

Interventions:
Standardized lifestyle management (based on FRESH-START):
1.1.	 Goal setting (behavior)
1.5.	 Review behavior goal(s)
2.2	 Feedback on behavior
2.3.	 Self-monitoring of behavior
4.1.	 Instruction on how to perform the behavior

The Targeting the Teachable Moment Intervention additionally 
focused on enhancing and directing motivation to change 
explicitly based on the teachable moment related to breast cancer 
survivorship:
1.1.	 Goal setting (behavior)
1.2	 Problem solving
1.5.	 Review behavior goal(s)
2.2	 Feedback on behavior
2.3.	 Self-monitoring of behavior
4.1.	 Instruction on how to perform the behavior
11.2	 Reduce negative emotions

Control:
4.1.	 Instruction on how to perform a behavior

Pinto et al. (2015) 
USA

Aims: increasing moderate-to-vigorous physical activity 
with an intervention focusing on peer mentoring, the 
goal was to meet or exceed 150-min/ week of physical 
activity and increase participant’s motivational readiness 
to exercise
Who delivers the intervention: volunteers of the 
American Cancer Society’s Reach to Recover delivered the 
intervention after receiving training
How often: weekly calls with coaches, participants were 
recommended to gradually increase aerobic exercise to 
30-min on most days of the week, they monitored their 
own physical activity and heart rate with a logbook and a 
pedometer, furthermore, participants received booklets 
and tipsheets
For how long: 12 weeks
In what format: counselling by telephone, home-based
In what context: home-based
When: diagnosed in the past 5 years. Mean time since 
diagnosis = 1.11 year (SD 1.05). Eligible when surgery was 
completed (patients receiving ongoing chemotherapy, 
radiation, or hormone treatment were eligible)

The contact control 
group received weekly 

calls during the 
intervention period and 
was provided with the 
booklet and tipsheets 

at the end of the 
intervention.

Transtheoretical model, 
social cognitive theory

Intervention:
1.1.	 Goal setting (behavior)
1.2.	 Problem solving
1.5.	 Review behavior goal(s)
2.2.	 Feedback on behavior
2.3.	 Self-monitoring of behavior
2.4.	 Self-monitoring of outcome(s) of behavior
2.6.	 Biofeedback
3.1.	 Social support (unspecified)
4.1.	 Instruction on how to perform the behavior
5.1.	 Information about health consequences
6.1.	 Demonstration of the behavior
7.1.	 Prompts/cues
8.7.	 Graded tasks
12.5.	 Adding objects to the environment

Control:
4.1.	 Instruction on how to perform the behavior
12.5.	 Adding objects to the environment
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First author 
(year), country

Intervention aims and componentsa Control condition Theoretical framework Behaviour change techniquesb

Pinto et al. (2022) 
USA

Aims: promoting physical activity maintenance via 
different forms of peer support
Who delivers the intervention: volunteers of the ‘American 
Cancer Society’s Reach to Recover’ delivered the 
intervention after receiving training + trained participants 
who recently graduated from the study and were currently 
physically active in addition to trained participants who 
were deemed ineligible at the phone screen due to being 
too active.
How often: first three months one phone call a week, 
followed by weekly messages or monthly calls, depending 
on the intervention group
For how long: 9 months
In what format: intervention delivery was uniform for the 
first 3-months: all participants received a weekly call with 
their peer coach to encourage physical activity. Following 
month 3, participants self-monitored physical activity and 
received feedback reports (Reach Plus) or additionally 
received a monthly phone call (Reach Plus Phone), or 
weekly text message (Reach Plus Message)
In what context: home-based
When: mean years since diagnosis = 2.56 (SD 1.40), range 
0-5 years. Patients diagnosed within the past 5 years were 
eligible (also patients receiving treatment were eligible).

All participants received 
a form of peer support.

Transtheoretical model, social 
cognitive theory, relapse prevention 

theory

Reach Plus:
1.1	 Goal setting (behavior)
1.2	 Problem solving
2.2	 Feedback on behavior
2.3	 Self-monitoring of behavior)
3.1	 Social support (unspecified)
4.1	 Instruction on how to perform the behavior
12.5	 Adding objects to the environment

Reach Plus Phone:
Same BCT’s as Reach Plus

Reach Plus Message:
Same BCT’s as Reach Plus +
7.1Prompts/cues

Reeves et al. 
(2021) Australia

Aims: promote weight loss, body composition, metabolic 
syndrome risk, and patient reported outcomes via the 
‘Living Well after Breast Cancer’ trial
Who delivers the intervention: accredited dietitians
How often: During the first 6 months, participants received 
up to 16 calls (six weekly then 10 bi-weekly calls) and 
optional text messages. During the second 6 months, 
participants received six monthly calls and tailored text 
messages.
For how long: 12 months
In what format: via telephone calls, mailed material, 
optional text messages
In what context: remotely
When: eligible when diagnosed in the previous 2 years and 
completed primary cancer treatment (excluding endocrine 
treatment). Mean time since diagnosis = 11 months. Mean 
time since treatment completion = 5 months.

Participants in both 
arms received materials 
after each assessment, 

including a study
newsletter and 

assessment feedback. 
Participants allocated 
to usual care received 

brief feedback on their 
assessment results.

Social cognitive theory Same intervention as Terranova et al. (2022)
Intervention:
1.1	 Goal setting (behavior)
1.2	 Problem solving
1.3	 Goal setting (outcome)
1.4	 Action planning
1.6	 Discrepancy between current behavior and goal
2.2	 Feedback on behavior
2.3	 Self-monitoring of behavior
2.4	 Self-monitoring of outcome(s) of behavior
2.7	 Feedback on outcome(s) of behavior
3.1	 Social support (unspecified)
4.1	 Instruction on how to perform a behavior
7.1	 Prompts/cues
8.7	 Graded tasks
9.1	 Credible source
10.3	 Non-specific reward
12.5	 Adding objects to the environment

Usual care:
2.2	 Feedback on behavior
2.7	 Feedback on outcome(s) of behavior
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Intervention aims and componentsa Control condition Theoretical framework Behaviour change techniquesb

Pinto et al. (2022) 
USA

Aims: promoting physical activity maintenance via 
different forms of peer support
Who delivers the intervention: volunteers of the ‘American 
Cancer Society’s Reach to Recover’ delivered the 
intervention after receiving training + trained participants 
who recently graduated from the study and were currently 
physically active in addition to trained participants who 
were deemed ineligible at the phone screen due to being 
too active.
How often: first three months one phone call a week, 
followed by weekly messages or monthly calls, depending 
on the intervention group
For how long: 9 months
In what format: intervention delivery was uniform for the 
first 3-months: all participants received a weekly call with 
their peer coach to encourage physical activity. Following 
month 3, participants self-monitored physical activity and 
received feedback reports (Reach Plus) or additionally 
received a monthly phone call (Reach Plus Phone), or 
weekly text message (Reach Plus Message)
In what context: home-based
When: mean years since diagnosis = 2.56 (SD 1.40), range 
0-5 years. Patients diagnosed within the past 5 years were 
eligible (also patients receiving treatment were eligible).

All participants received 
a form of peer support.

Transtheoretical model, social 
cognitive theory, relapse prevention 

theory

Reach Plus:
1.1	 Goal setting (behavior)
1.2	 Problem solving
2.2	 Feedback on behavior
2.3	 Self-monitoring of behavior)
3.1	 Social support (unspecified)
4.1	 Instruction on how to perform the behavior
12.5	 Adding objects to the environment

Reach Plus Phone:
Same BCT’s as Reach Plus

Reach Plus Message:
Same BCT’s as Reach Plus +
7.1Prompts/cues

Reeves et al. 
(2021) Australia

Aims: promote weight loss, body composition, metabolic 
syndrome risk, and patient reported outcomes via the 
‘Living Well after Breast Cancer’ trial
Who delivers the intervention: accredited dietitians
How often: During the first 6 months, participants received 
up to 16 calls (six weekly then 10 bi-weekly calls) and 
optional text messages. During the second 6 months, 
participants received six monthly calls and tailored text 
messages.
For how long: 12 months
In what format: via telephone calls, mailed material, 
optional text messages
In what context: remotely
When: eligible when diagnosed in the previous 2 years and 
completed primary cancer treatment (excluding endocrine 
treatment). Mean time since diagnosis = 11 months. Mean 
time since treatment completion = 5 months.

Participants in both 
arms received materials 
after each assessment, 

including a study
newsletter and 

assessment feedback. 
Participants allocated 
to usual care received 

brief feedback on their 
assessment results.

Social cognitive theory Same intervention as Terranova et al. (2022)
Intervention:
1.1	 Goal setting (behavior)
1.2	 Problem solving
1.3	 Goal setting (outcome)
1.4	 Action planning
1.6	 Discrepancy between current behavior and goal
2.2	 Feedback on behavior
2.3	 Self-monitoring of behavior
2.4	 Self-monitoring of outcome(s) of behavior
2.7	 Feedback on outcome(s) of behavior
3.1	 Social support (unspecified)
4.1	 Instruction on how to perform a behavior
7.1	 Prompts/cues
8.7	 Graded tasks
9.1	 Credible source
10.3	 Non-specific reward
12.5	 Adding objects to the environment

Usual care:
2.2	 Feedback on behavior
2.7	 Feedback on outcome(s) of behavior
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First author 
(year), country

Intervention aims and componentsa Control condition Theoretical framework Behaviour change techniquesb

Rogers et al. 
(2015) USA

Aims: promote physical activity, aerobic fitness, and 
quality of life
Who delivers the intervention: a trained exercise specialist
How often: 12 exercise sessions tapered over the first 6 
weeks, followed by face-to-face update counselling session 
with the exercise specialist every 2 weeks
For how long: 3 months
In what format: supervised exercise, face-to-face 
counselling, and group discussions with tapering to home-
based exercise
In what context: face to face
When: mean time since diagnosis = 54 months, range 2-276 
months. Patients eligible when not currently receiving or 
planning to receive chemotherapy or radiation therapy. 
Also, >8 weeks post-surgical procedure. 48.7% received 
current hormonal therapy.

The control group 
received usual 

care, together with 
printed American 

Cancer Society 
materials describing 

physical activity 
recommendations for 

cancer survivors.

Social cognitive theory Intervention:
1.1	 Goal setting (behavior)
1.2	 Problem solving
1.5	 Review behavior goals
2.3	 Self-monitoring of behavior
3.1	 Social support (unspecified)
4.1	 Instruction on how to perform the behavior
6.1	 Demonstration of the behavior
8.1	 Behavioral practice/rehearsal
8.7	 Graded tasks
9.1	 Credible source
12.5	 Adding objects to the environment

Usual care (after 12-month follow-up):
1.1	 Goal setting (behavior)
3.1	 Social support (unspecified)
9.1	 Credible source

Sadeghi et al. 
(2016) Iran

Aims: health promotion and reducing cancer-related 
fatigue
Who delivers the intervention: not specified
How often: weekly group sessions (5 in total) of about 1.5 
hours; between sessions participants monitored their 
behaviour and symptoms and implemented strategies 
discussed during the sessions
For how long: 5 weeks
In what format: group sessions (combination of lecture 
and discussion)
In what context: on-site (not specified)
When: currently beginning treatment

The control group 
received usual care 
while being put on 
a waiting-list. They 

underwent the 
intervention after 

the other group was 
finished.

Not mentioned Intervention:
1.2.	 Problem solving
1.4.	 Action planning
2.3.	 Self-monitoring of behavior
4.1.	 Instruction on how to perform the behavior

Control:
-

Schmidt et al 
(2017) Germany

Aim: increasing physical activity
Who delivers the intervention: experienced exercise- and 
physiotherapists
How often: 1-hour sessions twice a week (24 in total) of 
machine-based resistance exercises
For how long: 12 weeks
In what format: group sessions
In what context: group setting and on-site (training 
facilities of the Institute for Sports and Sports Sciences in 
Heidelberg)
When: during and after adjuvant therapy

The relaxation control 
group performed 
muscle relaxation 

exercises in place of 
resistance exercises.

Not mentioned *Same intervention as Steindorf et al. (2017)
Intervention:
2.1.	 Monitoring of behavior by others without feedback
4.1.	 Instruction on how to perform the behavior
6.1.	 Demonstration of the behavior
8.1.	 Behavioral practice/rehearsal
8.7.	 Graded tasks
9.1.	 Credible source

Control:
-
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First author 
(year), country

Intervention aims and componentsa Control condition Theoretical framework Behaviour change techniquesb

Rogers et al. 
(2015) USA

Aims: promote physical activity, aerobic fitness, and 
quality of life
Who delivers the intervention: a trained exercise specialist
How often: 12 exercise sessions tapered over the first 6 
weeks, followed by face-to-face update counselling session 
with the exercise specialist every 2 weeks
For how long: 3 months
In what format: supervised exercise, face-to-face 
counselling, and group discussions with tapering to home-
based exercise
In what context: face to face
When: mean time since diagnosis = 54 months, range 2-276 
months. Patients eligible when not currently receiving or 
planning to receive chemotherapy or radiation therapy. 
Also, >8 weeks post-surgical procedure. 48.7% received 
current hormonal therapy.

The control group 
received usual 

care, together with 
printed American 

Cancer Society 
materials describing 

physical activity 
recommendations for 

cancer survivors.

Social cognitive theory Intervention:
1.1	 Goal setting (behavior)
1.2	 Problem solving
1.5	 Review behavior goals
2.3	 Self-monitoring of behavior
3.1	 Social support (unspecified)
4.1	 Instruction on how to perform the behavior
6.1	 Demonstration of the behavior
8.1	 Behavioral practice/rehearsal
8.7	 Graded tasks
9.1	 Credible source
12.5	 Adding objects to the environment

Usual care (after 12-month follow-up):
1.1	 Goal setting (behavior)
3.1	 Social support (unspecified)
9.1	 Credible source

Sadeghi et al. 
(2016) Iran

Aims: health promotion and reducing cancer-related 
fatigue
Who delivers the intervention: not specified
How often: weekly group sessions (5 in total) of about 1.5 
hours; between sessions participants monitored their 
behaviour and symptoms and implemented strategies 
discussed during the sessions
For how long: 5 weeks
In what format: group sessions (combination of lecture 
and discussion)
In what context: on-site (not specified)
When: currently beginning treatment

The control group 
received usual care 
while being put on 
a waiting-list. They 

underwent the 
intervention after 

the other group was 
finished.

Not mentioned Intervention:
1.2.	 Problem solving
1.4.	 Action planning
2.3.	 Self-monitoring of behavior
4.1.	 Instruction on how to perform the behavior

Control:
-

Schmidt et al 
(2017) Germany

Aim: increasing physical activity
Who delivers the intervention: experienced exercise- and 
physiotherapists
How often: 1-hour sessions twice a week (24 in total) of 
machine-based resistance exercises
For how long: 12 weeks
In what format: group sessions
In what context: group setting and on-site (training 
facilities of the Institute for Sports and Sports Sciences in 
Heidelberg)
When: during and after adjuvant therapy

The relaxation control 
group performed 
muscle relaxation 

exercises in place of 
resistance exercises.

Not mentioned *Same intervention as Steindorf et al. (2017)
Intervention:
2.1.	 Monitoring of behavior by others without feedback
4.1.	 Instruction on how to perform the behavior
6.1.	 Demonstration of the behavior
8.1.	 Behavioral practice/rehearsal
8.7.	 Graded tasks
9.1.	 Credible source

Control:
-
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First author 
(year), country

Intervention aims and componentsa Control condition Theoretical framework Behaviour change techniquesb

Smith-Turchyn et 
al (2020) Canada

Aim: increasing self-management and physical activity
Who delivers the intervention: one-on-one sessions 
supervised by physiotherapist
How often: 8 aerobic exercise sessions of up to 30-min, 
paired with 8 self-management modules of 15 to 30-min
For how long: during chemotherapy (mostly for 16 weeks)
In what format: home-based module and supervised 
exercise sessions
In what context: exercise sessions on-site at Juravinski 
Cancer Centre, partly home-based
When: undergoing chemotherapy treatment

The control group 
received usual care.

Not mentioned Intervention:
1.1.	 Goal setting (behavior)
1.4.	 Action planning
4.1.	 Instruction on how to perform the behavior
6.1.	 Demonstration of the behavior
8.1	 Behavioral practice/ rehearsal
9.1.	 Credible source

Control:
-

Steindorf et al. 
(2017) Germany

Aim: improving sleep problems and quality of life
Who delivers the intervention: experienced exercise- and 
physiotherapists
How often: 1-hour sessions twice a week (24 in total) of 
machine-based resistance exercises
For how long: 12 weeks
In what format: group sessions
In what context: group setting and on-site (training 
facilities of the Institute for Sports and Sports Sciences in 
Heidelberg)
When: after surgery. Mean time since surgery = 67.8 days 
(SD 56.2). When scheduled for radiotherapy.

The relaxation control 
group performed 
muscle relaxation 

exercises in place of 
resistance exercises.
The healthy control 

group consisted of age-
matched healthy women 
who followed the study 
protocol similar to the 

intervention group.

Not mentioned *Same intervention as Schmidt et al. (2017)
Intervention & healthy control:
2.1.	 Monitoring of behavior by others without feedback
4.1.	 Instruction on how to perform the behavior
6.1.	 Demonstration of the behavior
8.1.	 Behavioral practice/ rehearsal
8.7.	 Graded tasks
9.1.	 Credible source

Relaxation control:
-

Terranova et al. 
(2022) Australia

Aims: evaluate a remotely delivered weight loss 
intervention on changes in multiple diet and physical 
activity behaviours
Who delivers the intervention: a dietitian trained in 
motivational interviewing and exercise promotion
How often: 22 counselling telephone calls
For how long: 12 months
In what format: telephone counselling sessions
In what context: home-based
When: diagnosed during previous 2 years. Completed 
primary cancer treatment.
Mean time since diagnosis = 10.7 months (SD 5.0)

The control group 
received standard 

medical care and were 
mailed brief feedback 
following each study 
assessment, similar 
to the intervention 

participants.

Social Cognitive Theory Same intervention as Reeves et al. (2021)
Intervention:
1.1	 Goal setting (behavior)
1.2	 Problem solving
1.3	 Goal setting (outcome)
1.4	 Action planning
1.6	 Discrepancy between current behavior and goal
2.2	 Feedback on behavior
2.3	 Self-monitoring of behavior
2.4	 Self-monitoring of outcome(s) of behavior
2.7	 Feedback on outcome(s) of behavior
3.1	 Social support (unspecified)
4.1	 Instruction on how to perform a behavior
7.1	 Prompts/cues
8.7	 Graded tasks
9.1	 Credible source
10.3	 Non-specific reward
12.5	 Adding objects to the environment

Usual care:
2.2Feedback on behavior
2.7Feedback on outcome(s) of behavior
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First author 
(year), country

Intervention aims and componentsa Control condition Theoretical framework Behaviour change techniquesb

Smith-Turchyn et 
al (2020) Canada

Aim: increasing self-management and physical activity
Who delivers the intervention: one-on-one sessions 
supervised by physiotherapist
How often: 8 aerobic exercise sessions of up to 30-min, 
paired with 8 self-management modules of 15 to 30-min
For how long: during chemotherapy (mostly for 16 weeks)
In what format: home-based module and supervised 
exercise sessions
In what context: exercise sessions on-site at Juravinski 
Cancer Centre, partly home-based
When: undergoing chemotherapy treatment

The control group 
received usual care.

Not mentioned Intervention:
1.1.	 Goal setting (behavior)
1.4.	 Action planning
4.1.	 Instruction on how to perform the behavior
6.1.	 Demonstration of the behavior
8.1	 Behavioral practice/ rehearsal
9.1.	 Credible source

Control:
-

Steindorf et al. 
(2017) Germany

Aim: improving sleep problems and quality of life
Who delivers the intervention: experienced exercise- and 
physiotherapists
How often: 1-hour sessions twice a week (24 in total) of 
machine-based resistance exercises
For how long: 12 weeks
In what format: group sessions
In what context: group setting and on-site (training 
facilities of the Institute for Sports and Sports Sciences in 
Heidelberg)
When: after surgery. Mean time since surgery = 67.8 days 
(SD 56.2). When scheduled for radiotherapy.

The relaxation control 
group performed 
muscle relaxation 

exercises in place of 
resistance exercises.
The healthy control 

group consisted of age-
matched healthy women 
who followed the study 
protocol similar to the 

intervention group.

Not mentioned *Same intervention as Schmidt et al. (2017)
Intervention & healthy control:
2.1.	 Monitoring of behavior by others without feedback
4.1.	 Instruction on how to perform the behavior
6.1.	 Demonstration of the behavior
8.1.	 Behavioral practice/ rehearsal
8.7.	 Graded tasks
9.1.	 Credible source

Relaxation control:
-

Terranova et al. 
(2022) Australia

Aims: evaluate a remotely delivered weight loss 
intervention on changes in multiple diet and physical 
activity behaviours
Who delivers the intervention: a dietitian trained in 
motivational interviewing and exercise promotion
How often: 22 counselling telephone calls
For how long: 12 months
In what format: telephone counselling sessions
In what context: home-based
When: diagnosed during previous 2 years. Completed 
primary cancer treatment.
Mean time since diagnosis = 10.7 months (SD 5.0)

The control group 
received standard 

medical care and were 
mailed brief feedback 
following each study 
assessment, similar 
to the intervention 

participants.

Social Cognitive Theory Same intervention as Reeves et al. (2021)
Intervention:
1.1	 Goal setting (behavior)
1.2	 Problem solving
1.3	 Goal setting (outcome)
1.4	 Action planning
1.6	 Discrepancy between current behavior and goal
2.2	 Feedback on behavior
2.3	 Self-monitoring of behavior
2.4	 Self-monitoring of outcome(s) of behavior
2.7	 Feedback on outcome(s) of behavior
3.1	 Social support (unspecified)
4.1	 Instruction on how to perform a behavior
7.1	 Prompts/cues
8.7	 Graded tasks
9.1	 Credible source
10.3	 Non-specific reward
12.5	 Adding objects to the environment

Usual care:
2.2Feedback on behavior
2.7Feedback on outcome(s) of behavior



Chapter 7

200

Table 2. Continued

First author 
(year), country

Intervention aims and componentsa Control condition Theoretical framework Behaviour change techniquesb

Thomsen et al. 
(2010) Denmark

Aims: primary goal: no smoking between 2 days before and 
10 days after breast cancer surgery, secondary goal: long-
term smoking cessation
Who delivers the intervention: session held by trained 
smoking cessation counselors
How often: 1 counselling session of 45 to 90-min one week 
before surgery; additionally, free nicotine replacement 
therapy was offered to participants for the defined period; 
lastly, a smoking diary was filled out by participants (from 
2 days before until 10 days after surgery)
For how long: unclear whether the intervention only 
consisted of one counselling session
In what format: face-to-face counselling session
In what context: on-site (not specified)
When: two days before to ten days after breast cancer 
surgery

The control group 
received standard care 

and routine information 
for the operation, which 

meant inconsistent or 
no recommendations 
regarding smoking.

Not mentioned Intervention:
1.1.	 Goal setting (behavior)
3.1.	 Social support (unspecified)
9.1.	 Credible source
11.1 	 Pharmacological support

Control:
-

Travier et al. 
(2015) The 
Netherlands

Aim: preventing or reducing fatigue with an aerobic and 
resistance exercise intervention
Who delivers the intervention: physiotherapists
How often: supervised personalized 1-hour exercise 
classes in groups twice a week; participants received 
recommendations to exercise for at least 30 minutes on 
3 other days of the week; participants received weekly 
feedback for their self-reported training results.
For how long: 18 weeks
In what format: group classes and individual; buddy 
system of senior participant supporting new participant
In what context: partly on-site at outpatient clinics, partly 
home-based
When: within 6 weeks after diagnosis, during (part of their) 
chemotherapy

The control group 
received usual care and 

was asked to keep up 
their regular exercise 

routine.

Social cognitive theory Intervention:
1.1.	 Goal setting (behavior)
1.4.	 Action planning
2.2.	 Feedback on behavior
2.3.	 Self-monitoring of behavior
3.1.	 Social support (unspecified)
3.2.	 Social support (practical)
3.3.	 Social support (emotional)
4.1.	 Instruction on how to perform the behavior
6.1.	 Demonstration of the behavior
8.1.	 Behavioral practice/ rehearsal
8.7.	 Graded tasks
9.1.	 Credible source
13.2 	 Framing/reframing
15.1 	 Verbal persuasion of capability
16.3.	 Vicarious consequences

Control:
-

Vehmanen et al. 
(2021) Finland

Aim: increasing bone mineral density after breast cancer 
treatment by means of an exercise intervention
Who delivers the intervention: sessions supervised by 
physical therapists
How often: 1 one-hour supervised session per week 
alternating between aerobics and circuit training, 3 home-
based sessions per week
For how long: 12 months
In what format: supervised group and home-based 
individual sessions
In what context: partly on-site, partly home-based
When: after adjuvant therapy

The control group was 
asked to stick to their 

regular exercise routine.

Not mentioned Intervention:
1.1.	 Goal setting (behavior)
2.3.	 Self-monitoring of behavior
4.1.	 Instruction on how to perform to perform the behavior
6.1.	 Demonstration of the behavior
8.1.	 Behavioral practice/ rehearsal
8.7.	 Graded tasks
9.1	 Credible source

Control:
-
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First author 
(year), country

Intervention aims and componentsa Control condition Theoretical framework Behaviour change techniquesb

Thomsen et al. 
(2010) Denmark

Aims: primary goal: no smoking between 2 days before and 
10 days after breast cancer surgery, secondary goal: long-
term smoking cessation
Who delivers the intervention: session held by trained 
smoking cessation counselors
How often: 1 counselling session of 45 to 90-min one week 
before surgery; additionally, free nicotine replacement 
therapy was offered to participants for the defined period; 
lastly, a smoking diary was filled out by participants (from 
2 days before until 10 days after surgery)
For how long: unclear whether the intervention only 
consisted of one counselling session
In what format: face-to-face counselling session
In what context: on-site (not specified)
When: two days before to ten days after breast cancer 
surgery

The control group 
received standard care 

and routine information 
for the operation, which 

meant inconsistent or 
no recommendations 
regarding smoking.

Not mentioned Intervention:
1.1.	 Goal setting (behavior)
3.1.	 Social support (unspecified)
9.1.	 Credible source
11.1 	 Pharmacological support

Control:
-

Travier et al. 
(2015) The 
Netherlands

Aim: preventing or reducing fatigue with an aerobic and 
resistance exercise intervention
Who delivers the intervention: physiotherapists
How often: supervised personalized 1-hour exercise 
classes in groups twice a week; participants received 
recommendations to exercise for at least 30 minutes on 
3 other days of the week; participants received weekly 
feedback for their self-reported training results.
For how long: 18 weeks
In what format: group classes and individual; buddy 
system of senior participant supporting new participant
In what context: partly on-site at outpatient clinics, partly 
home-based
When: within 6 weeks after diagnosis, during (part of their) 
chemotherapy

The control group 
received usual care and 

was asked to keep up 
their regular exercise 

routine.

Social cognitive theory Intervention:
1.1.	 Goal setting (behavior)
1.4.	 Action planning
2.2.	 Feedback on behavior
2.3.	 Self-monitoring of behavior
3.1.	 Social support (unspecified)
3.2.	 Social support (practical)
3.3.	 Social support (emotional)
4.1.	 Instruction on how to perform the behavior
6.1.	 Demonstration of the behavior
8.1.	 Behavioral practice/ rehearsal
8.7.	 Graded tasks
9.1.	 Credible source
13.2 	 Framing/reframing
15.1 	 Verbal persuasion of capability
16.3.	 Vicarious consequences

Control:
-

Vehmanen et al. 
(2021) Finland

Aim: increasing bone mineral density after breast cancer 
treatment by means of an exercise intervention
Who delivers the intervention: sessions supervised by 
physical therapists
How often: 1 one-hour supervised session per week 
alternating between aerobics and circuit training, 3 home-
based sessions per week
For how long: 12 months
In what format: supervised group and home-based 
individual sessions
In what context: partly on-site, partly home-based
When: after adjuvant therapy

The control group was 
asked to stick to their 

regular exercise routine.

Not mentioned Intervention:
1.1.	 Goal setting (behavior)
2.3.	 Self-monitoring of behavior
4.1.	 Instruction on how to perform to perform the behavior
6.1.	 Demonstration of the behavior
8.1.	 Behavioral practice/ rehearsal
8.7.	 Graded tasks
9.1	 Credible source

Control:
-
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First author 
(year), country

Intervention aims and componentsa Control condition Theoretical framework Behaviour change techniquesb

Zachariae et al. 
(2018) Denmark

Aim: improving sleep disturbances and insomnia with 
cognitive-behavioural therapy-based Sleep Healthy Using 
The Internet (SHUTi) program
Who delivers the intervention: not applicable, web-based 
program
How often: 6 parts of 45-60 min that become available 1 
week after completing the previous one
For how long: 6-9 weeks, based on how fast participants 
completed the program
In what format: web-based
In what context: home-based
When: after surgery. Mean time after surgery = 2.9 years 
(SD 2.9).

The waitlist control 
group received access 

to the program 6 weeks 
after post-intervention 

measurement.

Not mentioned *Same intervention as Amidi et al. (2022)
Intervention:
1.1.	 Goal getting behavior
1.2	 Problem solving
1.4.	 Action planning
2.2.	 Feedback on behavior
2.3.	 Self-monitoring of behavior
3.1.	 Social support (unspecified)
4.1.	 Instruction on how to perform the behavior
5.1.Information about health consequences
8.2	 Behavior substitution
8.3	 Habit formation
8.4	 Habit reversal
11.2	 Reduce negative emotions
13.2	 Framing/reframing

Control:
-

Zhao et al. (2020) 
China

Aim: improving sleep quality
Who delivers the intervention: sessions provided by a 
trained therapist
How often: one 90-min session per week (6 in total), 20 to 
40-min of mindfulness meditation per day + materials to 
aid home-based practice
For how long: 6 weeks
In what format: group sessions and individual home-based 
practice
In what context: partly on-site (not specified) and partly 
home-based
When: after completing adjuvant therapy and/or surgical 
intervention >1 month before study enrolment. Mean time 
after treatments = 2.36 years (SD 0.87).

The waitlist control 
group received 

the intervention 
within 3 months 

after the 6-months 
postintervention 

measurement.

Not mentioned Intervention:
4.1.	 Instruction on how to perform the behavior
6.1.	 Demonstration of the behavior
8.1.	 Behavioral practice/ rehearsal
9.1.	 Credible source

Control:
-

a Intervention components included the following: ‘who delivered the intervention’, ‘how often’, ‘for how 
long’, ‘in what format’, ‘in what context’. Intervention content was described by the Behaviour Change 
Techniques that were used in the intervention. “To whom” the intervention was delivered is mentioned in 
Tables S3a, S3b, S3c, and S3d. 

b Behaviour change techniques were coded according to the Behaviour Change Technique Taxonomy (v1)
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First author 
(year), country

Intervention aims and componentsa Control condition Theoretical framework Behaviour change techniquesb

Zachariae et al. 
(2018) Denmark

Aim: improving sleep disturbances and insomnia with 
cognitive-behavioural therapy-based Sleep Healthy Using 
The Internet (SHUTi) program
Who delivers the intervention: not applicable, web-based 
program
How often: 6 parts of 45-60 min that become available 1 
week after completing the previous one
For how long: 6-9 weeks, based on how fast participants 
completed the program
In what format: web-based
In what context: home-based
When: after surgery. Mean time after surgery = 2.9 years 
(SD 2.9).

The waitlist control 
group received access 

to the program 6 weeks 
after post-intervention 

measurement.

Not mentioned *Same intervention as Amidi et al. (2022)
Intervention:
1.1.	 Goal getting behavior
1.2	 Problem solving
1.4.	 Action planning
2.2.	 Feedback on behavior
2.3.	 Self-monitoring of behavior
3.1.	 Social support (unspecified)
4.1.	 Instruction on how to perform the behavior
5.1.Information about health consequences
8.2	 Behavior substitution
8.3	 Habit formation
8.4	 Habit reversal
11.2	 Reduce negative emotions
13.2	 Framing/reframing

Control:
-

Zhao et al. (2020) 
China

Aim: improving sleep quality
Who delivers the intervention: sessions provided by a 
trained therapist
How often: one 90-min session per week (6 in total), 20 to 
40-min of mindfulness meditation per day + materials to 
aid home-based practice
For how long: 6 weeks
In what format: group sessions and individual home-based 
practice
In what context: partly on-site (not specified) and partly 
home-based
When: after completing adjuvant therapy and/or surgical 
intervention >1 month before study enrolment. Mean time 
after treatments = 2.36 years (SD 0.87).

The waitlist control 
group received 

the intervention 
within 3 months 

after the 6-months 
postintervention 

measurement.

Not mentioned Intervention:
4.1.	 Instruction on how to perform the behavior
6.1.	 Demonstration of the behavior
8.1.	 Behavioral practice/ rehearsal
9.1.	 Credible source

Control:
-

a Intervention components included the following: ‘who delivered the intervention’, ‘how often’, ‘for how 
long’, ‘in what format’, ‘in what context’. Intervention content was described by the Behaviour Change 
Techniques that were used in the intervention. “To whom” the intervention was delivered is mentioned in 
Tables S3a, S3b, S3c, and S3d. 

b Behaviour change techniques were coded according to the Behaviour Change Technique Taxonomy (v1)
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Intervention effects and characteristics
See Table 1 for an overview of intervention effects on the different lifestyle-related 
outcomes reported in the included studies both directly at the end of the intervention 
and at follow-up. See Table 2 for an overview of intervention characteristics.

Physical activity
The number of participants in the 17 studies that assessed intervention effects on 
physical (in)activity ranged from 2238 to 44454. Five of the 17 studies had a sample size 
of less than 5038-40, 44, 52, 5 had a sample size between 50 and 10041-43, 45, 48, 4 had a sample 
size between 100 and 20046, 47, 50, 53, and 3 had a sample size of >20049, 51, 54. In 11 out of 
the 17 studies no details about menopausal state of the participants were mentioned38, 

41-48, 50, 52. Of the 6 studies that did report details about menopausal status, 3 reported 
that a majority of the sample consisted of postmenopausal participants39, 49, 51. The 
study of Vehmanen et al. (2020) was the only study in which separate analyses for 
postmenopausal and premenopausal women were conducted54. See Table S3a.

Duration of the intervention varied from 4 weeks38 to 12 months53, 54. The majority of the 
interventions had a duration of 6 months or less (n=14), and of these 11 had a duration 
between 3 and 6 months, and 3 of less than 3 months38, 40, 50. Follow-up after the end 
of the intervention ranged from 8 weeks38 to 5 years54. Most studies had a follow-up 
period between 3 and 6 months (n=10)40, 42, 44-49, 52, 53. The longest follow-up periods were 
12 months39, 43, 51, 2 years41, and 5 years54. Whereas in 5 out of the 17 studies interventions 
were provided during treatment42, 45, 50-52, interventions were provided after completion of 
treatment in 8 studies38-41, 44, 49, 53, 54. In 3 studies, interventions were provided irrespective 
of treatment status46-48, and in 1 study the intervention was provided partly during and 
partly after radiotherapy43 (Table S3a).

Of the 17 studies assessing intervention effects on physical (in)activity outcomes, 5 
were rated as ‘low risk of bias’ in the quality assessment40, 43, 47, 52, 53. Nine studies were 
rated as having ‘some concerns’ for risk of bias 38, 39, 41, 42, 44, 46, 48, 50, 54. One study was rated 
as ‘moderate concerns’51, and two studies were rated as having a ‘high risk of bias’45, 49 
(Table 2). Reporting completeness ranged from 62%45, 51 to 100%52 (Figure 2).

Intervention effects on physical (in)activity outcomes
Overall, 7 of the 17 studies found no significant intervention effects over time38, 40, 42, 43, 45, 51, 54. 
The only study that conducted separate analyses for premenopausal and postmenopausal 
breast cancer survivors found non-significant intervention effects on physical activity over 
time for both premenopausal and postmenopausal breast cancer survivors, although the 
intervention effect for premenopausal women was borderline significant54. Four studies 
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found significant intervention effects on physical (in)activity outcomes, both directly after 
the end of the intervention and at follow-up46, 48-50. However, one of these 4 studies (Rogers 
et al. 2015) found a significant intervention effect at follow up on moderate intense physical 
activity as assessed by a self-report questionnaire, but when assessed with an accelerometer 
found significant effects at the end of the intervention that were not maintained at follow-
up49. Four other studies also found significant intervention effects directly after the end of 
the intervention that were not maintained at follow-up41, 44, 52, 53. One of those four studies 
found intervention effects that were not maintained for 1 out of the 3 outcomes (walking 
/ running) that were assessed53. The other two outcomes, Moderate to Vigorous Physical 
Activity (MVPA) and total sitting time, were not significant at both time points53. The studies 
of Pinto et al. (2022) and Greenlee et al. (2013) reported statistically significant intervention 
effects, however, these findings should be interpreted differently39, 47. Greenlee et al. (2013) 
used a waitlist control design and could therefore not compare between group effects at 
follow-up39. The study of Pinto et al. (2022) did not include a comparison with a usual care 
control condition47. See Tables S3a and 1.

Three studies were rated with ‘some concerns’ and showed statistically significant 
intervention effects on physical (in)activity both directly after the end of the 
intervention and at follow-up46, 48, 50. These studies assessed physical activity outcomes 
as primary outcome measures and had sample sizes of 7648, 13550, and 17346. All three 
assessed physical activity using a questionnaire, but Pinto et al. (2015) additionally 
assessed physical activity using an accelerometer and found similar results48. No details 
on menopausal status were mentioned in these three studies46, 48, 50.The intervention 
assessed in the study of Sadeghi et al. (2016) was provided during treatment, whereas 
the studies of Park et al. (2016) and Pinto et al. (2015) provided their interventions 
irrespective of treatment46, 48 (Tables S3a and 1).

Intervention characteristics
Ten out of the 17 studies assessing intervention effects on physical (in)activity described 
effects of exercise interventions41-44, 47-49, 51, 52, 54, while 6 studies described the results of 
combined dietary and exercise interventions38-40, 45, 46, 53. One of the 17 studies described 
the effects of a combined intervention aimed at health promotion in general and 
reducing cancer-related fatigue50 (Tables S3a and 2).

In 11 out of the 17 studies assessing intervention effects on physical (in)activity, it was 
not mentioned that the intervention was based on a theoretical framework39-45, 50-52, 54. In 
the study of Park et al. (2016) it was also not specifically mentioned if the intervention 
was based on a theoretical framework, however, it was mentioned that the intervention 
was based on another intervention which was based on Social Cognitive Theory46. All of 
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the 5 studies that mentioned a theoretical framework reported that their intervention 
was based on Social Cognitive Theory38, 47-49, 53. In three of these studies, the intervention 
was additionally based on another theoretical framework: the intervention used in 
Allicock et al. (2011) was additionally based on control theory38, the intervention used 
in Pinto et al. (2015) was additionally based on the transtheoretical model48, and the 
intervention used in Pinto et al. (2022) on both the transtheoretical model and relapse 
prevention theory47 (Table 2).

The number of BCT’s coded in the interventions used in the 17 studies assessing 
intervention effects on physical (in)activity varied from 442, 50 to 1653 in the intervention 
group and from 0 to 945 in the control group. In most studies, 0 BCT’s were coded in 
the control group. In total, 28 different BCT’s were used in the intervention groups, of 
which the most frequently used were: ‘Instruction on how to perform the behavior’ 
(coded in 90% of intervention groups), ‘self-monitoring of behavior’ (75%), ‘goal setting 
(behavior)’ (70%), ‘social support (unspecified)’ (65%), ‘problem solving’ (55%), ‘credible 
source’ (55%), and ‘adding objects to the environment’ (55%). In the control groups, 13 
different BCT’s were used. The most frequently used BCT’s in the control groups were: 
‘self-monitoring of behavior’ (15%), ‘social support (unspecified)’ (15%), ‘instruction 
on how to perform the behavior’ (15%), and ‘adding objects to the environment’ (15%).

Of the 3 interventions that showed significant effects on physical (in)activity both 
directly after the end of the intervention and at follow-up and that were rated with 
‘some concerns’ in the quality assessment46, 48, 50, one study (Park et al. 2016) reported 
the effects of a combined diet and exercise intervention46, one study (Sadeghi et al. 2016) 
reported effects of an intervention aimed at health promotion in general and reducing 
cancer-related fatigue50, and one study (Pinto et al. 2015) reported effects of an exercise 
intervention48. Both Park et al. (2016) and Pinto et al. (2015) reported on effects on MVPA 
as assessed with a questionnaire, however, Pinto et al. (2015) additionally assessed MVPA 
with an accelerometer and found similar results. Sadeghi et al. (2016) assessed general 
level of physical activity (using a questionnaire). The intervention used in Pinto et al. 
(2015) was reported to be based on Social Cognitive Theory and the Transtheoretical 
Model48. The intervention used in Park was not mentioned to be based on a specific 
theoretical framework, however, the intervention was reported to be based on another 
intervention that was based on Social Cognitive Theory46. The study of Sadeghi et al. 
(2016) did not report on a theoretical framework their intervention was based on50. The 
number of BCT’s used in the intervention groups of these 3 studies was 14 in Pinto et 
al. (2015), 5 and 7 (for both intervention groups) in Park et al. (2016) and 4 in Sadeghi 
et al. (2016). The number of BCT’s in the control groups was 0 in Park et al. (2016) and 
Sadeghi et al. (2016), and 2 in Pinto et al. (2015). In the interventions of these 3 studies, in 
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total 16 different BCT’s were used. The most frequently used BCT’s were ‘instruction on 
how to perform the behavior’ (100%), ‘self-monitoring of behavior’ (100%), ‘goal setting 
(behavior)’ (75%), ‘problem solving’ (75%), ‘review behavior goal(s)’ (75%), and ‘feedback 
on behavior’ (75%). In the control groups, 2 different BCT’s were used: ‘instruction on 
how to perform the behavior’ (50%) and ‘adding objects to the environment’ (25%). In 
comparison with all 17 studies assessing intervention effects on physical (in)activity, the 
BCT’s ‘problem solving’, ‘review behavior goals’ and ‘feedback on behavior’ were more 
often used in the 3 interventions that were shown to have significant effects both after 
the end of the intervention and at follow-up.

Diet
The number of participants in the 6 studies that assessed intervention effects on dietary 
outcomes varied from 2238 to 15953, with 3 out of 6 studies having a sample size of 100 
or higher46, 50, 53. While 3 studies did not provide any details on menopausal state38, 46, 50, 
about half of the participants in 1 study assessing the effects of the same intervention 
were postmenopausal53, and in the other studies the majority of participants were 
postmenopausal39, 55. Intervention duration varied from 4 weeks38 to 12 months53, with 5 
out of 6 studies having a duration of 6 months or less. Follow-up assessment after the end 
of the intervention was 8 weeks in two studies38, 50, 3 months in 1 study46, and 6 months in 
3 studies39, 53, 55. With regard to timing of the intervention in relation to treatment, 4 out of 
6 studies reported on interventions that were provided after completion of treatment38, 

39, 53, 55, whereas 1 study reported on an intervention provided during treatment50, and 1 
study included participants regardless of treatment46 (Table S3b).

Of the 6 studies reporting on effects on dietary outcomes, 1 was rated with ‘low risk of 
bias’ in the quality assessment53, and 5 were rated with ‘some concerns’ 38, 39, 46, 50, 55 (Table 
S5). Reporting completeness ranged from 66%38 to 97%53 (Figure 2).

Intervention effects on dietary outcomes
Mixed results were found for intervention effects on dietary outcomes. Of the 6 studies 
assessing intervention effects on dietary outcomes, 3 studies found intervention effects 
both at the end of intervention and at follow-up46, 50, 55. One study (Allicock et al. 2020) 
found no intervention effects at both time points38. One found an intervention effect in 1 
out of the 6 dietary outcomes variables (protein) directly after the end of the intervention 
but no significant intervention effects on the other 5 dietary outcomes, and could not 
assess between group effects at follow-up because of a waitlist control design39. And, 
one study found no intervention effects for all 5 dietary outcomes directly after the end 
of the intervention, however, did find significant between group effects at follow-up for 
3 out of 5 dietary outcomes (energy intake, total fat, saturated fat)53 (Tables S3b and 1).
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The three studies that showed intervention effects at both time points assessed dietary 
outcomes as primary outcome variables with sample sizes of 7055, 13550, 17346 and were 
all rated with ‘some concerns’ in the quality assessment. These three studies showed 
intervention effects at both end of intervention and follow-up on total caloric intake55, fruit 
and vegetable intake39, 46, and vegetable intake39, while one study reported improvements 
in general nutrition50. One of these studies (Greenlee et al. 2015) also reported an 
intervention effect on total fat intake and saturated fat intake, that was not sustained at 
follow-up39. The 3 studies that showed intervention effects that were maintained at follow-
up differed in timing of the intervention in relation to treatment. In the study of Greenlee 
et al. (2015), the intervention was offered after treatment, whereas in the study of Sadeghi 
et al. (2016) the intervention was offered during treatment, and the study of Park et al. 
(2016) offered the intervention to both participants who were undergoing treatment and 
those who had completed treatment. In the studies of Park et al. (2016) and Sadeghi et al. 
(2016) no details were provided about menopausal status of participants. In the study of 
Greenlee et al (2015), the majority of participants were postmenopausal.

Intervention characteristics
Five out of the 6 studies assessing dietary outcomes provided a combined intervention, 
whereas one study provided a dietary intervention55. Four of the 5 studies assessing the 
effects of a combined intervention provided a dietary and physical activity intervention38, 

39, 46, 53.

In 2 out of the 6 studies, the theoretical framework on which the intervention was based 
was not mentioned39, 50. In the study of Park et al. (2016) this was also not specifically 
mentioned, although it was mentioned that the intervention was based on another 
intervention that was based on Social Cognitive Theory46. Moreover, in three studies, 
it was mentioned that the interventions were based on Social Cognitive Theory38, 39, 53. 
Besides Social Cognitive Theory, the intervention used in Greenlee et al. (2013) was 
additionally based on the Transtheoretical model39, and the intervention used in Allicock 
et al. (2020) was additionally based on Control Theory38. The number of BCT’s used in 
the interventions ranged from 450 to 1653 in the intervention group, and from 039, 50 to 438 
in the control group. In total, 26 different BCT’s were used in the intervention groups, 
and 8 different BCT’s were used in the control groups. The most frequently used BCT’s in 
the intervention groups were ‘instruction on how to perform the behavior’ (100%), self-
monitoring of behavior’ (86%), ‘problem solving’(71%), and ‘goal setting (behavior)’(71%).

Of the 3 interventions that showed significant intervention effects on dietary outcomes 
both directly after the end of the intervention and at follow-up and that were rated with 
‘some concerns’ in the quality assessment, one study (Park et al. 2016) reported the 
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effects of a combined diet and exercise intervention46, one study (Sadeghi et al. 2016) 
reported effects of an intervention aimed at health promotion in general and reducing 
cancer-related fatigue50, and one study (Greenlee et al. 2015) reported effects of a dietary 
intervention55. These 3 studies differed with regard to the theoretical framework that was 
used in the intervention. In Sadeghi et al. (2026)50 and Park et al. (2016) no theoretical 
framework was mentioned, however, it was mentioned in the study of Park et al. (2016) 
that their intervention was based on another intervention that was based on Social 
Cognitive Theory46. The intervention used in Greenlee et al. (2015) was based on Social 
Cognitive Theory and the transtheoretical model55. The number of BCT’s used in these 
effective interventions varied from 4 in the intervention group (and 0 in the control group) 
in the study of Sadeghi et al. (2016)50, to 5 and 7 in the interventions (and 1 in the control 
group) in Park et al. (2016)46, to 9 in the intervention group and 2 in the control group in 
the study of Greenlee et al. (2015)55. In the 3 effective interventions, 14 different BCT’s were 
used in total. All effective interventions used the BCT’s ‘goal setting (behavior)’, ‘problem 
solving’, ‘self-monitoring of behavior’, and ‘instruction on how to perform the behavior’, 
which were exactly the BCT’s that were most frequently used in all 6 intervention 
assessing dietary outcomes.

Body composition
The number of participants in the 8 included studies assessing intervention effects on 
body composition varied from 2238 to 20458, with 2 studies having >100 participants57, 58, 
and 4 studies having less than 50 participants38-40, 44. Three studies did not provide any 
details about menopausal state of the participants38, 44, 45. The five studies that did report 
on menopausal state varied in the proportion of postmenopausal participants in their 
samples39, 40, 56-58. See Table S3c.

Duration of the intervention varied from 8 weeks38 to 12 months57, with a duration of 
3 to 6 months in most interventions39, 44, 45, 56, 58. Follow-up assessments ranged from 8 
weeks after the end of the intervention38 to up to 8 years56, and mostly were conducted 
at 3 months40, 44 or 6 months 39, 45, 57 after the end of the intervention. In one of the studies 
assessing intervention effects on body composition the intervention was provided during 
treatment58, in all other studies the intervention was provided after treatment38-40, 44, 45, 56, 57.

The quality assessment showed that 4 out of the 8 studies assessing intervention effects 
on sleep outcomes had a ‘low risk of bias’ 40, 56-58. These studies also had a relatively high 
percentage of reporting completeness (Guinan et al. 2013: 83%; Lisevick et al. 2021: 83%; 
Reeves et al. 2021: 100%; Travier et al. 2015: 90%). The other studies assessing intervention 
effects on body composition were rated as ‘some concerns’38, 39, 44, and one study was rated 
as ‘high risk of bias’45.
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Intervention effects on body composition outcomes
Overall, results for the studies assessing intervention effects on body composition were 
mixed. Four out of the 8 studies found no intervention effects at both time points40, 44, 45, 

58. One out of the 8 studies found significant intervention effects on body composition 
outcomes (weight, total fat mass) at both time points57. One study did find an intervention 
effect directly at the end of intervention that was not maintained at follow-up56. One 
study also found an intervention effect that was not maintained (although borderline 
significant) in 1 of the 3 body composition outcomes (waist circumference), but found 
no intervention effects at both time points on the other 2 outcomes (Body Mass Index 
and weight)38. One study did find significant intervention effects on weight and waist 
circumference at the end of the intervention, but could not compare between group 
differences at follow-up because of a waitlist control design, although a within group 
effect in the intervention group was found at follow-up39.

The only study that found a significant intervention effect on body composition 
outcomes both at the end of the intervention and at follow-up after the end of the 
intervention57 was rated as ‘low risk of bias’, scored 100% on reporting completeness, 
had a sample size of 159 and assessed body composition outcomes (weight, total fat 
mass) as primary outcome variables57. In this study, the intervention was delivered 
after completion of treatment57. About half of the participants were postmenopausal57.

Intervention characteristics
Of the 8 studies that assessed intervention effects on body composition, 5 provided 
combined diet and physical activity interventions38, 39, 45, 56, 57 and 3 provided exercise 
interventions40, 44, 58. The only study that found an intervention effect both directly after 
the intervention and at follow-up assessed the effect of a combined dietary and physical 
activity intervention57.

Five out of 8 studies assessing body composition outcomes did not mention a 
theoretical framework the intervention they provided was based on38-40, 44, 45, 56-58. 
Three out of the 8 studies provided interventions that were based on Social Cognitive 
Theory38, 57, 58. The intervention provided in Allicock et al. (2020) was additionally 
based on control theory38. The only study that found intervention effects that were 
maintained at follow-up used an intervention based on Social Cognitive Theory57.

In total, 29 different BCT’s were coded in the intervention groups of the 8 studies 
that assessed effects on body composition outcomes. The most frequently coded 
BCT’s in the intervention groups were ‘instruction on how to perform the behavior’, 
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‘credible source’, ‘social support (unspecified)’, and ‘self-monitoring of behavior’. In 
total, 14 different BCT’s were coded in all control groups. In half of the studies, no 
BCT’s were coded in the control groups39, 40, 44, 58. In the 4 studies in which BCT’s in 
the control groups were coded, 2 BCT’s were coded in 2 studies 15, 56, 4 BCT’s were 
coded in one study38, and 9 BCT’s were coded in the another study45.

The only study that found significant intervention effects both after the end of 
the intervention and at follow up used 16 BCT’s in the intervention group and 2 
in the control group57. This study used the most frequently coded BCT’s within 
the 8 studies assessing effects on body composition. In addition, this study used 
two unique BCT’s that were not used in any of the other 7 studies assessing effects 
on body composition: ‘discrepancy between current behavior and goal’ and ‘non-
specific reward’. Another BCT was unique to the intervention used in this study was 
‘feedback on outcomes of behavior’, however, this BCT was also used in the control 
group of this study57.

Sleep
The number of participants in the 8 studies that assessed intervention effects on 
sleep ranged from 3161 to 22564, with a sample of > 100 in 5 out of 8 studies59, 60, 63-65. In 
5 studies, no details were provided about menopausal status of participants44, 59, 63, 65, 

68. One study consisted of postmenopausal participants only61, one study consisted 
of about two-thirds of postmenopausal participants64, and one study consisted of a 
minority of postmenopausal participants60 (Table S3d).

Two studies reported on the effectiveness of the same intervention59, 64. Duration of 
the intervention among the 8 studies assessing intervention effects on sleep varied 
between 6 weeks60, 65, 68 and 12 weeks44, 61, 63. Follow-up after the end of the intervention 
varied from 6 weeks64 to 3 years59. Most studies had a follow-up assessment at 
3 months44, 60, 61 or 6 months65, 68. Whereas 3 interventions were provided during 
treatment60, 63, 68, 3 were provided after completion of treatment44, 61, 65. In the two 
studies assessing the same intervention it was not clearly mentioned when the 
intervention was provided59, 64.

Two of the 8 studies assessing intervention effects on sleep were rated as having a ‘low 
risk of bias’60, 61 (Table S5). Both studies also had a relatively high reporting completeness 
according to the adapted CONSORT checklist (Bean et al. 2022: 97%; Bower et al. 2012: 
90%). Five studies were rated as having ‘some concerns’ on risk of bias, with varying 
percentages of reporting completeness (72%44-90%64). One study was rated as having 
‘moderate concerns’ for risk of bias63. (Figure 2).
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Intervention effects on sleep outcomes
Overall, mixed results were found regarding intervention effects on sleep outcomes. Two 
of the 8 studies found intervention effects both directly after the end of the intervention 
and at follow-up64, 65, however, the study of Amidi et al. (2022) assessed the long-term 
effects of the intervention of Zachariae et al. (2018) and found that the intervention 
effect on sleep quality and insomnia severity at 6 weeks follow-up was not maintained at 
3-year follow-up59. Three other studies also found significant intervention effects at the 
end of the intervention that were not maintained at follow-up60, 62, 63. Two studies found 
no significant intervention effects on sleep at both time points44, 61, although it should 
be noted that the study of McNeil et al. (2019) found no intervention effects on their 
primary outcome sleep time as assessed with an accelerometer at both time points, 
whereas they found an intervention effect that was not maintained at follow-up on their 
secondary outcome sleep quality, which was assessed using a questionnaire44 (Table 1).

The study of Zhao et al. (2022) was the only study that reported statistically significant 
intervention effects on sleep outcomes (i.e., insomnia severity, wake after sleep onset, 
total sleep time, and sleep efficiency) both directly after the end of the intervention and 
at (3 and 6 month-)follow-up65. This study among 136 participants after completion of 
treatment, with a reporting completeness of 86% was rated as ‘some concerns’ for risk 
of bias65.

Intervention characteristics
None of the 8 studies that assessed intervention effects on sleep outcomes (using 7 
interventions) mentioned a theoretical framework as a basis of the intervention. Of the 
7 interventions that were used in the 8 studies assessing intervention effects on sleep 
outcomes, 3 interventions consisted of a form of cognitive behavioral therapy13, 59, 60, 64. 
While the studies of Zachariea et al. (2018) and Amidi et al. (2022) assessed effects of 
an internet-delivered cognitive behavioral therapy59, 64, the study of Zhao et al. (2020) 
assessed effects of a mindfulness-based cognitive therapy for insomnia13, while Bean et 
al. (2022) assessed the effects of cognitive behavioral therapy and additional bright light 
therapy60. In addition, Palesh et al. (2020) studied the effects of brief behavioral therapy 
for cancer-related insomnia62. Furthermore, Steindorf et al. (2017) assessed effects of 
an exercise intervention63, Bower et al. (2012) assessed effects of a yoga intervention61, 
and McNeil et al. (2019) assessed effects of a wearable activity tracker with different 
instructions on intensity of physical activity44.

The number of BCT’s coded for these 7 interventions ranged from 4 in the study of Zhao 
et al. (2020)65 to 13 in the studies of Zachariea et al. (2018)64 and Amidi et al. (2022)59. In 
total, 22 different BCT’s were coded in the intervention groups of the 7 interventions 
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assessing effects on sleep outcomes. In total, 5 different BCT’s were coded in the control 
groups. For the study of Bower et al. (2012) 5 BCT’s were coded in the control group, while 
for all other studies no BCT’s44, 59, 60, 63-65 or 1 BCT62 was coded in the control group. For 
the only study that found intervention effects on sleep outcomes that were maintained 
at follow up13 4 different BCT’s were coded in the intervention group (‘instruction on 
how to perform the behavior’, ‘demonstration of the behavior’, ‘behavioral rehearsal/ 
practice’, and ‘credible source’), and no BCT’s were coded for the control group. The 
most frequently coded BCT’s in the intervention groups of all studies assessing sleep 
outcomes were ‘instruction on how to perform the behavior’ and ‘credible source’. The 
other two BCT’s (‘demonstration of the behavior’ and ‘behavioral practice/ rehearsal’) 
that were coded in the only effective intervention at both end of intervention at follow-
up were also coded in almost half (n=3) of all interventions assessing sleep outcomes 
(Table 2).

Alcohol consumption
The only included study describing intervention effects on alcohol consumption 
of Balaam et al. (2022) consisted of a sample of 269, mainly postmenopausal (81%), 
breast cancer survivors66. The 12-week intervention was provided after completion of 
treatment in women diagnosed with breast cancer within the past 2 years. Directly at 
the end of the intervention, a borderline statistically significant intervention effect was 
found which was not maintained at 12-week follow-up66 (Table S3d).

The study was rated as ‘some concerns’ in the quality assessment with respect to domain 
2 (risk of bias due to deviations from the intended interventions); all other domains 
were rated as ‘low risk of bias’. Reporting completeness was 83%.

The intervention was based on Social Cognitive Theory. Thirteen different BCT’s were 
coded for the intervention group, whereas no BCT’s were coded for the control group 
(Table 2).

Smoking
One study describing intervention effects on smoking cessation was included67. This 
study of Thomsen et al. (2010) was conducted among a sample of 113 participants, 
with a majority of postmenopausal women (67% in the intervention group; 74% in the 
control group). The intervention consisted of one counseling session three to seven 
days before surgery and nicotine replacement therapy during the perioperative period. 
Findings showed a statistically significant intervention effect on smoking abstinence at 
the end of the intervention period, but this was not sustained at the 12-month follow-
up67 (Table S3d).
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The study was rated with ‘some concerns’ in the quality assessment, which was related 
to domain 5 (risk of bias in the selection of the reported result), while all other domains 
were rated with ‘low risk of bias’. Reporting completeness was 97%.

It was not mentioned whether the intervention was based on a theoretical framework. 
Four BCT’s were coded for the intervention group: ‘goal setting behavior’, ‘social support 
(unspecified)’, ‘credible source’, and ‘pharmacological support’, whereas for the control 
group no BCT’s were coded.

Discussion

In this systematic review we synthesized scientific evidence on maintenance of 
intervention effects on lifestyle and body composition in breast cancer survivors and 
aimed to identify, describe and synthesize methods and strategies associated with 
effectiveness. Of the 30 included studies, few studies with low risk of bias or some 
concerns of bias found maintained intervention effects: 3 out of 17 studies assessing 
physical (in)activity outcomes, 3 out of the 6 studies assessing dietary outcomes, 
1 out of 8 studies assessing body composition outcomes, and 1 out of the 8 studies 
assessing sleep outcomes. In addition, both single studies assessing intervention 
effects on smoking and alcohol consumption did not find intervention effects that 
were maintained at follow-up. The low number of interventions that were shown to be 
effective both at end of intervention and follow-up hampered the synthesis of methods 
and strategies associated with effectiveness. Hence, no overall conclusions could be 
drawn on intervention characteristics associated with effectiveness.

Findings of this systematic review regarding the relatively low number of studies 
assessing maintenance of intervention effects are in line with previous reviews14, 17. 
While a relatively larger number of the included studies assessed maintenance of 
intervention effects in breast cancer survivors on physical activity (n=17 out of the 30 
included studies), few studies assessed maintenance of intervention effects on diet 
(n=6), and only one study was found assessing maintenance of intervention effects on 
smoking (n=1) and alcohol consumption (n=1). Therefore, future research is needed 
to investigate maintenance of intervention effects, particularly on smoking and 
alcohol consumption. Since alcohol consumption is an important risk factor for the 
development of breast cancer and for other adverse health outcomes, future studies 
on maintenance of intervention effects on alcohol consumption in breast cancer 
survivors are particularly needed. Our finding that few of the studies that assessed 
maintenance of intervention effects found significant intervention effects at follow-up 
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is in line with previous research14, 17. However, a systematic review and meta-analysis 
on maintenance of exercise intervention effects among cancer survivors showed that 
exercise interventions were effective in achieving modest increases in physical activity 
at least 3 months after intervention completion33. More RCT’s assessing the long-term 
effects of lifestyle interventions on lifestyle-related outcomes other than physical 
activity are needed to be able to build scientific evidence on long-term effectiveness 
of lifestyle interventions among breast cancer survivors. Preferably, these studies 
should take menopausal state of participants into account while analyzing their data, 
as research suggests that the etiology for premenopausal and postmenopausal breast 
cancer differs. One of the included studies in this systematic review conducted separate 
analyses for premenopausal and postmenopausal breast cancer survivors and found 
different results on their primary outcome variable bone mineral density and on their 
secondary outcome physical activity (although borderline statistically significant for 
physical activity) for premenopausal and postmenopausal breast cancer survivors54. In 
addition to RCT’s, which are considered to be the gold standard to evaluate intervention 
effectiveness on the group level, insights obtained from other research designs 
(e.g., n-of-1 design and qualitative studies) are needed to gain valuable insight into 
maintenance of intervention effects at the individual level69, 70.

Our review showed that studies reporting intervention effects on physical (in)activity, 
diet, body composition, and sleep both directly after the end of the intervention and at 
follow-up varied with regard to the timing of the intervention, and so did the studies 
that reported insignificant results. While some included studies specifically aimed to 
assess the effectiveness of an intervention during treatment (and some did and some 
did not show intervention effects), others specifically aimed to assess the effectiveness of 
interventions after completion of treatment (and also showed mixed results). Therefore, no 
clear statements can be made on the optimal timing of the intervention and intervention 
effectiveness. Some authors argue that lifestyle interventions should be offered to cancer 
survivors before treatment to gain most benefit, others argue that interventions should 
be offered during treatment, and yet others argue that it is better to await completion 
of cancer treatment to offer lifestyle interventions to cancer survivors. Probably, each 
stage after cancer diagnosis has its own advantages and disadvantages to offer lifestyle 
interventions. Both qualitative and quantitative studies (e.g., longitudinal observational) 
could gain more insight into the optimal timing to offer lifestyle interventions to breast 
cancer survivors aiming to reach sustainable lifestyle changes.

Our systematic review aimed to contribute to gaining more insight into the optimal 
method to achieve sustained lifestyle changes in breast cancer survivors and therefore 
aimed to identify, describe and synthesize methods and strategies associated 
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with maintenance of intervention effectiveness. The theoretical framework the 
interventions were based on, was one of the elements we aimed to compare. We found 
that although studies that did show maintained intervention effects differed with 
regard to the theoretical framework the interventions were based on, Social Cognitive 
Theory was the most frequently reported theoretical framework46, 48, 55, 57. Although this 
theory has been associated with intervention effectiveness in other studies assessing 
intervention effectiveness among cancer survivors14, 22, it remains unknown if and 
how Social Cognitive Theory influences intervention effectiveness. This is due to a 
lack of details on how theory is operationalized in interventions and a lack of studies 
explicitly examining effectiveness of intervention components that are grounded in 
Social Cognitive Theory. The observation that interventions based on Social Cognitive 
Theory seem to be associated with intervention effectiveness among cancer survivors, 
may partly be due to the relatively large proportion of lifestyle interventions based on 
this theory that are applied and tested in cancer survivors14, 22, 33.

Another element of lifestyle intervention methodology we aimed to identify, 
describe and synthesize in order to gain more insight into the optimal method to 
achieve sustained lifestyle changes in breast cancer survivors are the BCT’s used in 
interventions. Overall, we found that no clear conclusions could be drawn with regard 
to BCT’s and associations with intervention effectiveness. We could not make accurate 
comparisons between effective and ineffective interventions because of a lack of studies 
assessing maintenance of intervention effects (particularly on alcohol consumption, 
smoking, and diet), the low number of studies that found maintenance of intervention 
effects, the relatively low number of studies that were rated with a low risk of bias, and 
heterogeneity between the studies regarding for example the sample size and primary/
secondary outcomes. For example, we found that the 3 interventions that showed 
maintained intervention effects on diet all used the BCT’s ‘goal setting (behavior)’, 
‘problem solving’, ‘self-monitoring of behavior’, and ‘instruction on how to perform the 
behavior’. However, since these were exactly the BCT’s that were most frequently used in 
all 6 interventions assessing dietary outcomes, this does not inform us about the type of 
BCT’s associated with effectiveness. In addition, it was observed that in comparison with 
all 17 studies assessing intervention effects on physical (in)activity, the BCT’s ‘problem 
solving’, ‘review behavior goals’ and ‘feedback on behavior’ were more often used in 
the 3 interventions that were shown to have significant effects on physical (in)activity 
both after the end of the intervention and at follow-up. However, this does not provide 
solid evidence for an association between these BCT’s and maintained intervention 
effectiveness. Overall, the type of BCT’s that we observed in the interventions that 
achieved maintained effectiveness have been associated with intervention effectiveness 
in previous studies14, 33, 34. The number of BCT’s in interventions varied within the 
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studies that found maintained intervention effects on physical (in)activity and diet and 
those that did not find maintained intervention effects. Additionally, too few studies 
were found to have sustained intervention effects on sleep and body composition to 
be able to make accurate comparisons (both n=1). Although intervention effectiveness 
has previously been related to a higher number of BCT’s32, our review does not confirm 
these previous findings, since interventions with a relatively low number of BCT’s, such 
as the intervention of Zhao et al. (2020) (n=4) found intervention effects both at the 
end of the intervention and at follow-up, whereas interventions with a higher number 
of BCT’s were found not to be effective. This observation suggests that there are more 
factors at play than BCT’s when it comes to determining maintenance of intervention 
effectiveness. Examples of such factors are the manner in which BCT’s are provided 
and the intensity and duration of the intervention. Whether an intervention is shown to 
have maintained effects on lifestyle and/or body composition is most likely determined 
by a combination of such heterogenous factors. Another possible explanation for 
the inability to draw conclusions on the relationship between BCT’s and maintained 
intervention effectiveness is the lack of reporting of intervention content to the degree 
that it allows for replication which could have led to an underreporting of BCT’s. In 
addition to process evaluations of large RCT’s assessing maintenance of intervention 
effects, n-of-1 design studies provide a promising means to gain more insight into BCT’s 
and theoretical concepts associated with maintained intervention effects69, 71.

Methodological considerations
A strength of this systematic review is the inclusion of only RCT’s, ensuring the 
robustness of the reported findings on intervention effectiveness. Another strength is 
the systematic approach applied and the structuring of findings according to lifestyle 
behavior allowing for specific recommendations per lifestyle behavior. Additionally, we 
conducted a quality assessment and incorporated the findings of the quality assessment 
into the synthesis of scientific evidence for intervention effectiveness per lifestyle 
behavior.

While interpreting our findings, some limitations need to be taken into consideration. 
Non-English publications or unpublished literature were not included, which could 
have possibly resulted in a selection bias. In addition, we only included studies with 
a publication date of 2010 onwards to limit the amount of hits we obtained from our 
search strategy. Although our review provides an overview of the most recent scientific 
evidence, it should be taken into consideration that studies published before this date 
are not included in this review. Furthermore, although numerous studies used objective 
assessment instruments to measure lifestyle behavior in the included studies, numerous 
included studies assessed lifestyle behavior with self-report questionnaires, which could 
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be prone to bias. However, we did take the objectivity of the assessment instrument into 
account when describing and synthesizing our findings. It should also be taken into 
consideration that the sample sizes of about half of the included studies were relatively 
small. Since studies differed with regard to whether a lifestyle outcome was assessed 
as primary or secondary outcome variable, we incorporated this into the description 
of studies and synthesis of evidence per lifestyle behavior, to account for relatively 
small studies that were underpowered to detect statistically significant differences in 
secondary outcomes. With regard to the quality assessment, it should be taken into 
account that for the purpose of this study we did not take all items of both the CONSORT 
2010 checklist and the RoB2 into consideration. Since we thus used slightly adapted 
versions of both instruments, our results are not comparable to other studies using the 
same instruments. For example, the compliance to the CONSORT 2010 checklist in our 
study is most likely higher compared to other studies using the original version of the 
CONSORT 2010 checklist to rate reporting completeness of studies assessing effects of 
lifestyle interventions, as we excluded numerous items that are generally not applicable 
to or not reported in lifestyle intervention studies. It should also be noted that even 
though the item on intervention description of the CONSORT 2010 checklist was checked 
in all included studies, in none of the included studies the intervention was described in 
sufficient detail to allow for replication. This is in line with other studies concluding that 
lifestyle interventions are typically not described in enough detail to allow for replication26, 

29. Therefore, it is likely that not all BCT’s were accurately coded due to a lack in the 
completeness of the intervention description and that the number and type of BCT’s may 
have been underreported in our study. To promote comparability across intervention 
studies, we encourage researchers to use a BCT taxonomy to describe the content of 
their intervention31. Additionally, the risk of bias assessment highlighted some concerns, 
since a large proportion of included studies were rated as having some, moderate, or 
high risk of bias (two-third of the 30 included studies in total), particularly in domain 5 
of the RoB2 regarding transparency about planned and performed analyses. Therefore, 
there is a need for improvement in methodological transparency and adherence to pre-
established protocols to enhance the overall quality and reliability of research findings.

While screening for eligible papers for this systematic review of the literature, we noticed 
that we excluded numerous studies because they did not include a follow-up assessment 
after the end of the intervention. For example, of the full-texts that were screened, the 
largest proportion was excluded because no follow-up assessment was included (n=61 
of the 154 full-texts screened plus 4 out of 40 in the search update). Considering the 
important health benefits of sustained lifestyle changes for breast cancer survivors, 
we recommend future RCT’s assessing the effectiveness of lifestyle interventions in 
breast cancer survivors to include a follow-up assessment to evaluate maintenance 
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of intervention effects on the long-term. Although some studies have already shown 
promising long-term lifestyle intervention effects20, 21, the mechanisms underlying 
these effects remain largely unknown. As we were unable to compare intervention 
characteristics of effective and ineffective interventions, we recommend future studies to 
specifically evaluate methods and strategies associated with maintenance of intervention 
effects. We particularly recommend researchers to power their future RCT’s to be able to 
conduct extensive process evaluations and gain more insight into effective intervention 
components and underlying behavior change mechanisms. Since large RCT’s with a long-
follow-up are costly and time-consuming, a promising alternative manner to evaluate 
effectiveness of intervention components and behavior change mechanisms is the use 
of experimental n-of-1 design studies which allow for a detailed analyses of mechanisms 
underlying intervention effects at the individual level69, 70.

Conclusions
This systematic review on maintenance of intervention effects on lifestyle and body 
composition in breast cancer survivors found that few studies with low risk of bias or 
some concerns of bias found intervention effects both at end of intervention and at 
follow-up. The low number of interventions that were shown to be effective both at 
end of intervention and follow-up hampered the synthesis of methods and strategies 
associated with effectiveness. Hence, no overall conclusions could be drawn on 
intervention characteristics associated with effectiveness. Nevertheless, our findings 
may be used to detect patterns and generate testable hypotheses about likely effective 
methods and strategies. To gain more insight into effective methods and strategies to 
promote long-term lifestyle changes in breast cancer survivors, future experimental 
studies, empowered for elaborate process evaluations, should be conducted.

Supplementary Data
Supplementary data files can be found online: https://doi.org/10.1080/17437199.2025.2
539202. As the supplementary data files are very large, these have not been added to 
this thesis.
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General discussion

The overall goal of this thesis was to gain insight into (1) the optimal timing and (2) the 
optimal method for lifestyle support during the care continuum of PMBC survivors. 
Within these 2 key objectives of the OPTIMUM-study, this thesis has 3 main aims:

1)	 To use and test measurement instruments for lifestyle behavior or body composition;
2)	 To longitudinally evaluate (quantitively and qualitatively) lifestyle behavior and its 

determinants over time in Dutch PMBC survivors;
3)	 To identify effective behavior change techniques and intervention strategies to 

facilitate favorable lifestyle change and support in PMBC survivors.

Main findings
The main findings are described per thesis aim and discussed in relation to relevant 
current literature.

AIM 1: To use and test measurement instruments for lifestyle behavior or body composition.
Research into professional lifestyle support, like the OPTIMUM-study, starts with the 
selection or development of effective measurement instruments. For this reason, aim 
1 of this thesis was to use and test measurement instruments for lifestyle behavior or 
body composition.

In Chapter 2, we found that the Five-Times-Sit-to-Stand-test (FTSTS-test) remains 
valid and reliable when self-administered by a cancer survivor at home, using written 
instructions and a stopwatch, without the need for guidance or supervision from a 
medical professional. By this means, the FTSTS-test may assess a PMBC survivors’ 
functional muscle strength1, 2, thereby providing information regarding potential frailty 
of a PMBC survivor3-5. This self-monitoring of an indicator of frailty, may enhance the 
likelihood that a cancer survivor in need of prehabilitation prior to surgery or intensive 
treatment, or in need of rehabilitation following active treatment, receives suitable 
training or advice6-8. This is in line with recent proposed treatment models advocating 
for a more active and empowered role for patients, with self-management and shared 
decision-making as central components9. As the self-administered FTSTS-test was 
found to be valid and reliable, the test was included in the questionnaire for PMBC 
survivors in the OPTIMUM-study (i.e., Wave 2 and Wave 3).

In the OPTIMUM-study, we also administered sleep and physical activity using an 
Actigraph wGT3X-BT accelerometer (ActiGraph; ActiGraph, LLC, Pensacola, FL, USA). 
Administering sleep and physical activity by wearing an Actigraph for 7 consecutive 
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days was feasible for PMBC survivors. After the week that PMBC survivors wore the 
accelerometer, we conducted a brief evaluation. Only a few survivors were inconvenienced 
by wearing the accelerometer (e.g., due to an itchy wristband), and a few others were 
unable to wear it because of their work (e.g., healthcare workers who are not allowed to 
wear jewelry). The feasibility was also reflected in relatively good overall average relative 
nonwear time during waking hours of 1.2% (SD = 1.9), and it was 12.7% (SD = 3.5) between 
sleep onset and wake onset. The average relative nonwear time for the entire day was 5.5% 
(SD = 1.3). On average, participants had 5.8 valid wear days (SD = 0.6), with an average of 
1.1 weekend days (SD = 0.42) (Chapter 5). In line with previous studies, the Actigraph was 
used in the OPTIMUM-study in addition to a self-report method to offer a more objective 
and precise estimate of activity levels10. The Actigraph has previously been found reliable 
and valid for measuring physical activity in free-living environments11, 12. In addition, a 
systematic literature review found that the accuracy of actigraphy devices is typically 
not significantly different from an in-laboratory polysomnogram, the gold standard for 
assessing sleep and sleep disorders13, 14.

AIM 2: To longitudinally (quantitatively and qualitatively) evaluate lifestyle behavior 
and its determinants over time in Dutch postmenopausal breast cancer survivors.
Chapter 4 and 5 report quantitative and qualitative results regarding longitudinal 
lifestyle behavior and its determinants in PMBC survivors.

Adherence to lifestyle and body weight recommendations by PMBC survivors
In line with previous studies15-18, we found that most PMBC survivors do not adhere 
to lifestyle and bodyweight recommendations. We assessed accelerometry-based 
adherence to the WCRF/AICR physical activity recommendation during the COVID-19 
pandemic in a subsample, since data collection was still ongoing at that time (Chapter 
5). In addition, we assessed self-reported longitudinal adherence to the WCRF/AICR 
recommendations on diet, physical activity, alcohol consumption, and body weight (7 
out of 10 WCRF/AICR recommendations) in the full OPTIMUM sample (unpublished 
OPTIMUM-results). Both studies showed low levels of adherence to the WCRF/AICR 
recommendations. Specifically, analyses of the self-reported longitudinal OPTIMUM 
data revealed that more than 50% of PMBC survivors did not adhere to the WCRF 
recommendation to “limit consumption of red and/or processed meat (i.e., limit 
consumption to no more than 500g cooked meat)15,” and over 65% did not meet the waist 
circumference recommendation (i.e., a waist circumference of less than 80cm)15. The 
highest adherence in terms of diet and body composition was for the recommendation 
to “limit consumption of sugar-sweetened drinks (i.e., do not consume sugar-sweetened 
drinks)15”, with an average adherence rate of 50%. In addition, latent class growth curve 
modelling revealed four distinct trajectories, specifically: 1) PMBC survivors with 
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high WCRF/AICR adherence (N=21%); 2) PMBC survivors with moderate adherence 
(N=40%); 3) PMBC survivors with low adherence (N=34%); 4) PMBC survivors with very 
low adherence (N=10%) (unpublished OPTIMUM-results). The accelerometer-based 
study assessing the course of physical activity (PA) and sleep during 12 months of 
the COVID-19 pandemic in the Netherlands (i.e., before outbreak COVID-19; during 
COVID-19 lockdown 1; in between COVID-19 lockdown 1 and 2; during COVID-19 
lockdown 2) indicated that PMBC survivors PA-level consisted mainly of low levels of 
mostly light intensity PA (Chapter 5). Moreover, a consistent low amount of time was 
spent in MVPA. We found that the onset of COVID-19 and subsequent governmental 
measures did not affect the mode and time spent being physically active. With 
regards to physical activity spent in MVPA, also the self-reported longitudinal study 
in the complete OPTIMUM-sample indicated low adherence with an adherence rate of 
approximately 45% (unpublished OPTIMUM-results). Concerning sleep, most PMBC 
survivors showed adequate sleep efficiency and duration, which was unaffected by 
COVID-19 (governmental measures) (Chapter 5).

The low levels of adherence to the WCRF-AICR guidelines are concerning, as previous 
studies have shown that an unfavorable lifestyle in PMBC survivors is associated with 
a lower health-related quality of life (HRQoL)16. Additionally, an unfavorable lifestyle 
not only impacts the risk of breast cancer recurrence but also increases the likelihood 
of comorbidity19-22. Most breast cancer survivors do not die from breast cancer itself; 
instead, comorbidities are often the cause of death22.

The negative effect and prognosis of having an unfavorable lifestyle following breast 
cancer diagnosis is at least partially reversible. A meta-analysis examining the link 
between physical activity levels and survival after a breast cancer diagnosis found 
that being physically active after diagnosis significantly lowered the risk of dying from 
breast cancer23. Additionally, post-diagnosis physical activity led to a 41% reduction in 
all-cause mortality23. Furthermore, intermediate and intermediate-to-high levels of 
physical activity (but not high levels) after diagnosis reduced the likelihood of breast 
cancer recurrence23. Regarding diet, it has been shown that a higher-quality diet 
after a breast cancer diagnosis does not significantly affect the risk of breast cancer 
death or recurrence24. However, favorable dietary choices following the diagnosis of 
breast cancer were associated with reduced risk of non-breast cancer mortality in 
breast cancer survivors24. Concerning body composition, being overweight or obese 
at diagnosis was associated with poorer prognosis in most studies examining this 
relation25. A meta-analysis indicated that there is a significant increased risk of breast 
cancer mortality related to BMI26.
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Embedding professional lifestyle support in the care trajectory of PMBC survivors
As obtaining a favorable lifestyle and bodyweight following the diagnosis breast cancer 
is beneficial for PMBC survivors, there is a need to embed lifestyle support in their care 
trajectory27-32. In this thesis, the majority of PMBC survivors shared in the interviews 
and in the Delphi-study that they would have preferred to receive information regarding 
lifestyle at any stage throughout their care trajectory (Chapter 4 and Chapter 6). Our 
findings align with previous work signaling that even brief lifestyle advice by HCPs 
may be an effective way to promote favorable lifestyle change. For example, among 
newly diagnosed breast cancer patients, a recommendation from an oncologist has 
been shown to increase self-reported exercise by an average of 3.4 metabolic equivalent 
hours per week, compared to those who did not receive such a recommendation33. 
In line with findings from this thesis, cancer survivors and their loved ones have 
expressed in a previous study that lifestyle advice from their medical team would be 
beneficial, helpful, and encouraging34. In addition, a survey of cancer patients in the 
US found that 79% of breast cancer patients were interested in receiving advice on 
lifestyle promotion35.

The HCPs participating in the Delphi-study were generally open to providing lifestyle 
support and had positive attitudes toward it. However, most reported facing barriers 
(e.g., lack of time, low number of consultations) that made it challenging to consistently 
incorporate lifestyle support into their consultations (Chapter 6). During the Delphi-
study multiple intervention strategies were brought up by the expert panel, including 
HCPs, to overcome these barriers and to integrate lifestyle care in follow-up care (see 
Table 1).

Most of these suggested intervention strategies involve policy changes. Additionally, 
these strategies require support from HCPs to deliver lifestyle care. The foundation of 
this support is rooted in awareness and knowledge of the link between a healthy lifestyle 
and cancer prognosis. Some HCPs stated that they felt limited in providing lifestyle care 
because they lacked the necessary knowledge and training. To overcome these barriers, 
it may be necessary to: Include more lifestyle medicine in the curriculum of medical 
studies (including medical school); Provide supplementary training for HCPs concerning 
the relation between lifestyle and cancer; Provide optional supplementary training for 
HCPs concerning lifestyle coaching and motivational interviewing; Set guidelines and/
or rules with respect to the recommended type of lifestyle-related training a HCPs 
needs to have attained to be able to provide lifestyle advice/counselling (see Chapter 6). 
Supplementary training for HCPs on lifestyle coaching in the Netherlands is available at 
institutions such as the ‘Academie Coaching en Leefstijl’ and HAN University of Applied 
Sciences.
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Table 1. Intervention strategies recommended by the Delphi expert panel to enhance the integration of 
lifestyle care for PMBC survivors.

Potential intervention strategies to integrate lifestyle care

1.	 Set guidelines and/or rules about who is responsible for lifestyle care at what time point 
during the care trajectory. This prevents ambiguity on who is responsible, with the 
possible consequence that no caregiver provides lifestyle care.

2.	 Plan structural cooperation regarding professional lifestyle support between HCPs of 
different expertise.

3.	 Arrange a collaboration agreement between the hospitals’ HCPs and local lifestyle 
caregivers (e.g., dieticians, physical therapists, psychologists).

4.	 Stimulate collaboration among HCPs regarding lifestyle-care by setting up a list for 
referral containing contact details of relevant lifestyle HCPs of several professions

5.	 Discuss lifestyle during multidisciplinary in-hospital consultation.

6.	 Hospital HCPs may contact general practitioners if lifestyle-care is needed, the general 
practitioner could coordinate the following lifestyle-care.

7.	 Repeatedly provide information with respect to lifestyle during the care trajectory and 
thereafter. As every individual is unique, every PMBC survivor has her own optimal 
timing and method at which lifestyle-care is most effective.

8.	 Dedicate a follow-up consultation to lifestyle-care.

9.	 Policy makers and health insurance advisors can stimulate better integration of lifestyle-
care by approving lifestyle-care for basic health care insurance coverage.

Long-term favorable lifestyle changes
Not all lifestyle advice leads to favorable changes. However, PMBC survivors mentioned that 
when HCPs discuss the benefits of a healthy lifestyle for overall health and well-being during 
consultations, it can help plant the seed for positive lifestyle changes (Chapter 4). Behavior 
change, including lifestyle changes, can be partially explained by the Transtheoretical 
Model of Change. This model emphasizes that behavior change is a process that occurs 
through several stages (i.e., precontemplation, contemplation, preparation, action, 
maintenance)36. It suggests that individuals may be at different stages of motivational 
readiness for change37. Tailoring intervention methods to align with this motivational 
readiness makes them more effective38-40. A mismatch between the intervention method 
and motivational readiness may help explain why not all lifestyle advice or support leads 
to favorable changes. During the interviews, PMBC survivors experiencing high levels of 
stress following their diagnosis mentioned that they were not receptive to lifestyle advice 
at that time (Chapter 4). However, we observed that for PMBC survivors who were “ready” 
for change, discussing the advantages and disadvantages of a favorable lifestyle with HCPs 
may help them enter the contemplation stage, where they start weighing the pros and cons 
of adopting healthier habits (Chapter 4)37.
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Others may influence a person’s motivational readiness for change; however, the 
decisional balance must shift in favor of new behaviors within the individual undergoing 
change37. For this reason, adopting a favorable lifestyle may be more challenging for 
some PMBC survivors following a breast cancer diagnosis and treatment. Specifically, 
in Chapter 4 and 6, some PMBC survivors reported experiencing increased levels of 
stress and anxiety, along with physical complaints and treatment side effects. These 
factors may hinder the internal decisional balance that favors adopting healthier 
lifestyle behaviors at that time.

In addition, reaching sustainable favorable lifestyle change is even harder than making 
short-term favorable lifestyle changes. In Chapter 4, some PMBC survivors shared 
lifelong concerns about their weight and lifestyle, along with a strong awareness of 
health and knowledge on making lifestyle changes. However, they also expressed 
frequent struggles with relapse and maintaining these changes over time. In line with 
these results, the systematic review in Chapter 7 indicated that most interventions 
result in short-term changes followed by relapse into familiar unfavorable habits. 
Specifically, intervention effects were only maintained at follow-up in part of the 
effective intervention studies at end of intervention (i.e., in 17 out of 30 physical 
activity interventions; 3 out of 6 dietary interventions; 1 out of 8 interventions focused 
on body composition; 1 out of 8 sleep interventions; 0 out of 1 alcohol intervention; 
0 out of 1 smoking intervention). This is in line with previous studies showing that 
most interventions result in short-term changes followed by relapse into familiar 
unfavorable habits41, 42. This suggests that, as the decisional balance shifts toward 
favorable lifestyle behaviors, attention should also be given to strategies for long-term 
maintenance and relapse prevention43. Chapter 7 showed that most intervention studies 
in breast cancer survivors do not report follow-up measures, even though these are an 
important indicator of sustainable lifestyle change. For this reason, we had to exclude 
many intervention studies during the screening process for the systematic review of 
RCTs focused on lifestyle interventions with both end of intervention and follow-up 
measurements (n=61 of the 154 full texts screened plus 4 out of 40 in the search update). 
Overall, we found that based on the systematic review no clear conclusions could be 
drawn regarding BCT’s and associations with intervention effectiveness. We could not 
make accurate comparisons between effective and ineffective interventions because of 
a lack of studies assessing maintenance of intervention effects (particularly on alcohol 
consumption, smoking, and diet), the low number of studies that found maintenance 
of intervention effects, the relatively low number of studies that were rated with a low 
risk of bias, and heterogeneity between the studies regarding for example the sample 
size and primary/secondary outcomes (Chapter 7). Although previous research has 
linked intervention effectiveness to a higher number of BCTs44, our review does not 
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support these findings. For example, the sleep intervention by Zhao et al. (2020), which 
only used four BCTs, demonstrated effects both at the end of the intervention and at 
follow-up, while the other sleep interventions with a higher number of BCTs were 
not effective. This suggests that factors beyond the type and number of BCTs used 
also play a role in determining the maintenance of intervention effectiveness. These 
factors may include how BCTs are delivered, as well as the intensity and duration of 
the intervention. The maintenance of effects on favorable lifestyle change is likely 
influenced by a combination of such heterogeneous factors (Chapter 7).

Optimal timing of professional lifestyle support for PMBC survivors
In Chapter 7, the systematic review revealed that studies reporting intervention 
effects on physical activity, diet, body composition, and sleep, both at the end of 
the intervention and at follow-up, varied regarding the timing of the intervention 
within the care continuum. This was also observed in studies reporting insignificant 
intervention results. Based on these findings, no clear conclusion could be drawn 
regarding optimal timing of professional lifestyle support for PMBC survivors. This 
aligns with previous studies, reporting that professional lifestyle support can be fruitful 
at different moments during the care continuum, which suggests that there is likely 
no single optimal timing for all cancer survivors46, 47. In addition, in Chapter 4, we also 
noticed that the needs regarding the optimal timing for professional lifestyle support 
according to PMBS survivors differ.

In Chapter 4, we found in our qualitative study that for the lifestyle behaviors ‘drinking 
alcohol’ and ‘quit smoking’ being diagnosed with breast cancer may indeed be a 
teachable moment, a significant moment in time at which a person is more conductive 
to favorable lifestyle support47. Most PMBC survivors who consumed (high levels of) 
alcohol or smoked at diagnosis were able to quit or limit these behaviors. Concerning the 
other lifestyle behaviors of interest in the OPTIMUM-study, i.e., diet, body composition, 
physical activity, and sleep, it seems that a larger time frame is needed to make favorable 
lifestyle changes. Based on the qualitative study we found a main distinction in PMBC 
survivors in preferred timing for professional lifestyle support based on their coping 
style, previous experiences concerning cancer, personality, motivation to change their 
lifestyle, and their social network. Specifically, PMBC survivors experiencing high level 
of stress following diagnoses, having feelings of hopelessness, having negative previous 
experiences with cancer, and having a small social network, mentioned to be unable 
to focus on anything else than the cancer and its treatment at that moment. These 
PMBC survivors favored professional lifestyle support later in the care continuum, 
during the phase of rehabilitation and recovery, or during the follow-up phase. In 
contrast, PMBC survivors experiencing lower levels of stress, higher psychological 
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flexibility, and fighting spirit, mentioned the need for a sense of control by means of 
making favorable lifestyle choices. These PMBC survivors favored professional lifestyle 
support early in the care continuum, specifically at diagnoses or during treatment. 
In addition, it is important to note that PMBC survivors undergoing chemotherapy 
experienced the highest level of side effects of treatment. Even though part of these 
PMBC survivors would be characterized in the group with lower levels of stress, and 
higher psychological flexibility, the physical burden of treatment could prevent them 
to make favorable lifestyle changes.

AIM 3: To identify e�ective behavior change techniques and intervention strategies to 
facilitate favorable lifestyle change and support in PMBC survivors
This thesis offers insight into potential effective components for developing lifestyle 
support interventions. These components include behavior change techniques (BCTs) 
and intervention strategies aimed at promoting favorable lifestyle changes and 
providing support for PMBC survivors. A BCT is defined as “an observable, replicable, 
and irreducible component of an intervention designed to alter or redirect causal 
processes that regulate behavior”48. Thus, a BCT is proposed as an active component of 
the intervention, serving as one of its foundational building blocks48. An overview of 
these proposed effective building blocks for PMBCs, based on this thesis, is provided 
below.

 Behavior Change Techniques: 
Social support (practical, emotional, unspecified) 48

Social support (practical) = Advise on, arrange, or provide practical help (e.g. 
from friends, relatives, colleagues, ‘buddies’ or staff) for performance of the 
behavior48.
Social support (emotional) = Advise on, arrange, or provide emotional social 
support (e.g. from friends, relatives, colleagues, ‘buddies’ or staff) for performance 
of the behavior48.
Social support (unspecified) = Advise on, arrange or provide social support (e.g. 
from friends, relatives, colleagues,’ buddies’ or staff) or noncontingent praise 
or reward for performance of the behavior. It includes encouragement and 
counselling, but only when it is directed at the behavior48.
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During active treatment the social network may be important for facilitating a healthy 
lifestyle
In Chapter 4, experiences of PMBC survivors highlighted the importance of social 
support for their health and wellbeing, similar as in previous research49-51. PMBC 
survivors who faced high stress levels after their diagnosis or dealt with treatment 
side effects expressed appreciation for the support of their social network. On the 
other hand, PMBC survivors with limited social support deeply felt the absence of that 
support. They reported feelings of loneliness and experienced negative impact on their 
wellbeing and mental health. Our findings align with previous work signaling that 
partners52, 53, children54, 55, family56, 57, friends58 and community members59 can play a 
vital role providing social support in times of poor health and high levels of stress. In 
addition, PMBC survivors mentioned to tend to seek social support among their close 
relationships in this time of need, as was described previously49.

The PMBC survivor’s social network also played a role in their ability to obtain or 
maintain a healthy lifestyle. Those receiving social support were able to talk about 
their emotional wellbeing and weigh the pros and cons of a healthy lifestyle. They often 
exercised or walked with their partner, family, or friends, and received healthy meals 
and groceries from family and friends. On the other hand, survivors with smaller social 
networks felt the burden of having to care for themselves, even during challenging 
times, such as dealing with the side effects of chemotherapy or radiation treatment. 
Some even mentioned being unable to prepare a meal for themselves, therefore just 
eating a plane slice of bread as dinner.

The experienced importance of social support in relation to health by PMBC survivors 
is in line with previous studies, specifically, social support has been found to potentially 
mediate the effect of disease on reported wellbeing49. In addition, previous studies 
mention that social support may work as a buffer for the presence of risk associated 
with disease, and may partially compensate for the negative effect of chronic disease on 
wellbeing60. Some stated that experiencing social support is one of the critical aspects 
for healthy aging besides diet, exercise, nutrition, and education61.

Contact with fellow-sufferers during professional lifestyle support may affect success.
Regardless of the size of a PMBC survivor’s social network, during the interviews PMBC 
survivors described that connecting with fellow-sufferers may provide a unique form of 
social support. Also, some PMBC survivors with a large social network still mentioned 
to experience loneliness (Chapter 4). Even though others were helpful and discussed 
mental and physical issues with them, they experienced feelings of being unconnected 
and being alone in the cancer experience. This phenomenon is previously defined as 
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‘survivorship loneliness’62. Similar to previous research, we found that connecting with 
others who share similar experiences and have faced the same breast cancer diagnosis 
can create meaningful relationships, where mutual support is exchanged67.

Previous studies have shown that (survivorship) loneliness is common among breast 
cancer survivors62, 63. Loneliness has been defined as “the perceived experience of 
deprived social contact or relationships”62. Loneliness may be related to a low level 
of social connections64. However, as we also found in this thesis, previous studies 
indicated that the experience of loneliness by cancer survivors may be unrelated to 
the availability of interpersonal resources (i.e., survivorship loneliness)62. Importantly, 
in both situations (i.e., loneliness and survivorship loneliness), loneliness may impose 
a negative effect on health outcomes and even all-cause mortality after cancer65-69. 
More specifically, in previous studies individuals experiencing loneliness reported 
more depressive symptoms, more pain, more sleep disturbance, functional decline, 
and fatigue65-69.

During the interviews, potential strategies for supporting PMBC survivors with small 
social networks were discussed (Chapter 4). One suggestion was to implement a buddy 
system, where a PMBC survivor is paired with another survivor in their neighborhood. 
This would allow them to offer each other emotional, instrumental, and informational 
support. Additionally, in the Delphi-study, organizing educational workshops and 
rehabilitation programs like physical activity initiatives or diet interventions were 
mentioned by the expert team to foster connections for PMBC survivors with fellow 
survivors (Chapter 6). This type of support may be especially valuable for PMBC 
survivors who seek social interaction, recognition, shared experiences, and the 
exchange of information, offering them a setting to meet these needs. The success of 
professional lifestyle support may be enhanced by these social connections, as they can 
improve mental wellbeing, which in turn can boost the readiness for favorable lifestyle 
change. In line with these findings, a review of group-based psychological interventions 
for breast cancer patients highlighted that these interventions offer significant social 
support, opportunities for social comparison, and may help in developing effective 
coping skills compared to individual interventions70. The sense of social support in 
these intervention groups was described as the feeling of being a valued member, 
loved, and cared for70. Furthermore, groups specifically designed for cancer patients 
facilitate social comparison, allowing individuals to share and discuss their thoughts 
and emotions, which helps in understanding and normalizing their experiences70. 
Additionally, the presence of others facing similar challenges broadens the range of 
ideas and strategies available to address specific problems70.
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In contrast, some PMBC survivors in the qualitative study (Chapter 4) shared that they 
actively avoided connecting with fellow sufferers. They preferred their familiar social 
network over engaging with others who were going through similar experiences. Some 
expressed avoidance, as they had the idea that contact with fellow sufferers would 
lead to hearing negative stories, encountering tearful individuals, or being in a sad, 
discouraging environment. Others avoided contact with fellow sufferers because 
they wanted to continue living as normally as possible. Interacting with others in 
similar situations reminded them of their current challenges, which they preferred to 
avoid. This latter avoidance was particularly common among survivors with a “stoic 
acceptance” coping style. To meet the needs of these PMBC survivors, offering the 
option of individual professional lifestyle support is essential.

 Behavior Change Techniques: Information about health consequences; 
Instruction on how to perform the behavior48.

Information about health consequences = Provide information (e.g. written, 
verbal, visual) about health consequences of performing the behavior48.
Instruction on how to perform the behavior = Advise or agree on how to 
perform the behavior (includes ‘Skills training’) 48.

There is a need to increase knowledge on the relation between lifestyle and cancer.
The relationship between lifestyle and cancer is not known to everyone. This is, 
however, the basis for a well-informed decision on whether to make a favorable 
lifestyle change. In this thesis (Chapter 4 and Chapter 6), both PMBC survivors 
as well as part of the HCPs mentioned to be unfamiliar with the World Cancer 
Research Fund (WCRF) recommendations for bodyweight and lifestyle during 
cancer survivorship. The WCRF published an expert report including recommended 
behaviors for promoting health and preventing cancer, which are also advised 
during cancer survivorship based on a thorough scientific review15. To increase 
knowledge regarding the relation between lifestyle and cancer, the expert panel 
of the Delphi-study highlighted several practical implications. These included 
organizing educational workshops for PMBC survivors, using pamphlets or digital 
resources, and distributing copies of the World Cancer Research Fund’s cancer 
prevention recommendation booklets (see Chapter 6).
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In practice, HCPs often encounter PMBC survivors with multiple unfavorable habits 
during consultations, not just one unfavorable habit. PMBC survivors tend to have 
a combination of a poor diet, lack of physical activity, unhealthy body composition, 
sleep issues, smoking, and alcohol use (unpublished OPTIMUM results). For this 
reason, it may be hard for HCPs to decide how to start providing professional lifestyle 
support. This co-occurrence of unfavorable lifestyle behaviors is not uncommon71. 
This is because these unfavorable lifestyle behaviors are often interconnected through 
the social, psychological, and environmental factors that support them71-73. As an 
unfavorable lifestyle is an important risk factor for development of PMBC, most PMBC 
survivors already have an unfavorable lifestyle and body composition at the moment of 
diagnosis25, 74, 75. We found that 21% of PMBC survivors had a healthy diet, were physically 
active, were a limited drinker, had a healthy weight (unpublished OPTIMUM-results). 
In a previous study, it was shown that in the US only 3% of all adults meets four health 
goals: being a non-smoker, having a healthy weight, eating 5 or more servings of fruit 
and vegetables a day, and being physically active73. Even though it may seem easier and 
less time-consuming to focus on changing one lifestyle behavior during consultation, 
several studies have shown that there might be a positive interplay while changing 
multiple lifestyle behaviors at the same time72, 73, 76. Specifically, success in changing 
one lifestyle behavior may increase confidence and self-efficacy, creating a gateway to 
change the other behaviors72. Moreover, self-efficacy for one behavior was found to be 
significantly related to self-efficacy for the second behavior72. During the Delphi-study 
HCPs mentioned as a barrier for providing professional lifestyle support, that they have 
limited consultations with PMBC survivors, often of short duration (Chapter 6). During 
these consultations they mentioned to mainly focus on treatment. Given the shortage 
of time for HCPs in which they can discuss lifestyle with PMBC survivors, it may be 
fruitful to apply interventions that simultaneously improve multiple unfavorable 
health behaviors71, 73.
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 Behavior Change Techniques: Credible source; Information about health 
consequences; Instruction on how to perform the behavior48.

Credible source = Present verbal or visual communication from a credible source in 
favor of or against the behavior48.
Information about health consequences = Provide information (e.g. written, 
verbal, visual) about health consequences of performing the behavior48.
Instruction on how to perform the behavior = Advise or agree on how to 
perform the behavior (includes ‘Skills training’) 48.

A source is credible as it is generally agreed on as credible e.g., health 
professionals, celebrities or words used to indicate expertise or leader in field 
and if the communication has the aim of persuading. Often a credible source 
provides information about health consequences and gives instructions how 
to perform a favorable behavior48.

The health care professional as credible source and catalyst for favorable lifestyle 
change.
In this thesis (Chapter 4 and Chapter 6) we found that HCPs are often seen by PMBC 
survivors as default experts. Similar to previous research, they were mentioned to be 
seen as a collaborator or partner in managing the PMBC survivors’ illness77. In this role 
as credible source, HCPs can be a catalyst for favorable lifestyle changes, moreover 
they may positively affect a PMBC survivors’ readiness to change30. A prerequisite for 
this high trust and satisfaction with a treating HCP is an appropriate communication 
style (Chapter 4). PMBC survivors’ experiencing an inappropriate communication or 
a lack of empathy from their treating HCP, valued and trusted their HCP less than 
PMBC survivors who were satisfied with their HCP. Also, PMBC survivors who were 
unsatisfied by the used communication of their HCP were less likely to follow advice, 
which also applied to advice regarding favorable lifestyle changes. This importance 
of an appropriate communication style was also mentioned in previous research, 
describing that a strong predictor for this high trust and satisfaction with a treating 
HCP is congruence between a HCP’s and PMBC survivors’ beliefs about an appropriate 
communication style77, 78.
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Trustworthiness of professional lifestyle support should be guaranteed.
In our Delphi study (Chapter 6), both PMBC survivors and HCPs noted that uncertainty 
around lifestyle and cancer information acts as a barrier to adopting favorable lifestyle 
changes. This highlights the critical need for HCPs to offer or to refer to evidence-based 
lifestyle advice. In line with previous studies, we found that when PMBC survivors 
faced important decisions, such as medical choices, they seek information, support, 
and advice from (knowledgeable) others79-82. Previous studies indicated that the more 
complex, and uncertain the situation is, the more likely individuals are to turn to 
others83, 84.Seeking support in these situations can boost a PMBC survivors’ self-efficacy, 
confidence, and empowerment. This type of decisional and informational social support 
has previously been linked to better decision-making, as it provides more information, 
and can encourage healthier behaviors, such as a greater intake of fruits and vegetables85, 

86. Some PMBC survivors mentioned in the interviews that fear and a need for control 
could drive this information-seeking behavior. This is in line with previous research 
describing that emotions like fear may influence this information-seeking behavior84. 
However, previous research indicated, that fear may also impair an individual’s ability 
to assess the reliability of the information they receive87, 88. Specifically, fear may 
increase trust in others, leading to a greater reliance on external sources, even if the 
information is not accurate84. In cases of unclear or ambiguous information, such as 
the lifestyle advice often found online for cancer survivors, this heightened trust can be 
risky. For example, certain nutritional supplements recommended online for improved 
health might be harmful or may influence treatment for PMBC survivors.

 BCTs: Instruction on how to perform the behavior; Demonstration of the 
behavior; Behavioral rehearsal/practice48.

Instruction on how to perform the behavior = Advise or agree on how to perform 
the behavior (includes ‘Skills training’)48.
Demonstration of the behavior = Provide an observable sample of the 
performance of the behavior, directly in person or indirectly e.g. via film, pictures, 
for the person to aspire to or imitate (includes ‘Modelling’)48.
Behavioral rehearsal/practice = Prompt practice or rehearsal of the performance 
of the behavior one or more times in a context or at a time when the performance 
may not be necessary, in order to increase habit and skill48.
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When an individual attends classes such as exercise or cookery, a combination of 
‘Instruction how to perform the behavior’, ‘Demonstration of the behavior’, and 
‘Behavioral rehearsal/practice’ is provided48.

Active real-life professional lifestyle support may make it easier to maintain lifestyle 
changes
In some hospitals participating in the OPTIMUM-study, an exercise-based revalidation 
program is standard care during chemotherapy. Previous studies have demonstrated 
that exercise training is beneficial during chemotherapy89-91. Specifically, it has shown 
to prevent fatigue, and prevent decreases in VO2

max, muscle strength, and health-related 
quality of life89. Therefore, following chemotherapy, the physically active survivors 
were able to return faster to their previous levels of functioning89. In our qualitative 
study (Chapter 4), the PMBC survivors who received such a standard exercise program 
during treatment mentioned multiple benefits of the program: enjoying contact with 
fellow sufferers and sharing of experiences; feelings of fitness; distraction. In addition, 
they mentioned it was easy to remain physically active following the program, as they 
felt ‘activated’. The same ‘activation’ was mentioned by other PMBC survivors who 
participated in physical activity training at any time point during the care trajectory 
(Chapter 4). Interestingly, these PMBC survivors noted that they missed this ‘activation’ 
while receiving dietary advice. Key BCTs that may be crucial for this activating of 
behavior during an intervention include “instruction on how to perform the behavior,” 
“demonstration of the behavior,” and “behavioral practice/rehearsal”. This is in line 
with a systematic review focusing on the effect of culinary interventions (i.e., cooking 
classes)92. These classes are typically led by, or are scheduled in collaboration with, 
a dietitian and may include nutrition education93. Some classes focus on cooking 
demonstrations, while many others offer hands-on cooking experiences, allowing 
participants to eat the dishes they have prepared. These classes often teach valuable 
skills, such as how to prepare vegetables quickly and deliciously93. This systematic 
review shows that the attitude of participants toward eating healthy improved in 
response to culinary interventions, as well as their self-efficacy concerning favorable 
dietary habits93. In addition, favorable dietary intake improved following culinary 
interventions in both adults and children93. Concluding, based on previous research 
and this thesis, it may be beneficial to provide active real-life professional lifestyle 
support for PMBC survivors, including diet consultation.

The onset of COVID-19 affected the OPTIMUM-study
The first PMBC-survivor was included in the OPTIMUM-study in February 2019. In the 
Netherlands, the first cases of COVID-19 were identified at the end of February 202094. 
Starting from March 23rd, governmental measures were implemented, including social 
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distancing, school closures, and urging people to stay home as much as possible94. The 
primary goal of these measures was to protect the most vulnerable members of society, 
such as the elderly and those with chronic illnesses. Alongside the widespread impact 
on society, healthcare services shifted their focus to treating COVID-19 patients, which 
created additional pressure on other areas of healthcare94. In general, the Dutch breast 
cancer screening program invites women aged 50 to 74 biennially for mammography 
screenings94. However, as part of efforts to prioritize COVID-19 care, national screening 
programs, including breast cancer screenings, were suspended starting March 16, 
202094. Along with a decline in referrals from general practitioners95, this resulted in a 
decrease in the number of breast cancer diagnoses in the Netherlands96.

Prior to the onset of COVID-19, the inclusion of PMBC survivors in the OPTIMUM-
study took place in 16 hospitals in the Netherlands97. Until the onset of COVID-19 139 
PMBC survivors were included in the study. After the onset of COVID-19, we observed 
a significant decline in the inclusion of PMBC survivors. This decline had several 
causes: the decrease in the number of breast cancer diagnosis in the Netherlands; 
the decrease in face-to-face contact moments of PMBC with HCPs; pressure on breast 
cancer care by HCPs making it essential for them to drop their focus on research. 
For this reason, we made changes to our inclusion route depending on preferences 
per hospital once the governmental measures for COVID-19 eased. For example, we 
send the study information letters to PMBC survivors, which were normally distributed 
during hospital visits. This was successful, at the end of inclusion (January 2022) we 
included 664 PMBC survivors in total.

The onset of COVID-19 also affected the ongoing data collection of the OPTIMUM-
study. Specifically, as our study population was vulnerable, we stopped all in-hospital 
blood draws till governmental measures eased. In addition, starting from the onset 
of COVID-19 we switched from interviews at the PMBC survivors home address to 
online interviews via Teams or by telephone to limit face-to-face contact. This may 
have affected the richness of the qualitative data. However, based on previous studies 
comparing online and face-to-face interviews, we anticipate that any effect will be 
minimal or negligible98, 99. Other measures (such as questionnaires, accelerometer 
measurements, and food diaries) could continue, but since COVID-19 government 
restrictions may have impacted regular lifestyle behaviors, they might have still 
influenced the OPTIMUM data. For example, restrictions on “non-essential” travel, 
the closure of gyms and sports courts, and recommendations to stay at home may 
have led to a decrease in overall physical activity levels100. Additionally, social isolation 
guidelines for individuals at risk of severe illness may also have affected adherence 
to physical activity recommendations101. For this reason, we investigated the effect of 
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COVID-19 governmental measures on physical activity level and sleep (Chapter 5). In 
this investigation, we found no significant changes in physical activity levels or sleep in 
PMBC survivors. Physical activity levels were already low before the onset of COVID-19, 
so the governmental measures may not have had a significant impact on these levels. 
Additionally, sleep efficiency and sleep duration remained stable, indicating that 
COVID-19-related governmental measures did not have a notable effect (Chapter 5).

Methodological considerations
The studies presented in this thesis each have specific methodological strengths and 
limitations, which have been outlined in the respective chapters. In this section, the 
main overarching methodological considerations are discussed.

Strengths and limitations of the OPTIMUM-study design
A strength of the OPTIMUM design is its mixed-methods approach, which allows for 
triangulation in (future) analyses to enhance the validity and generalizability of the 
(qualitative) findings. Additionally, the use of supplementary in-depth (objective) 
measurements, such as Actigraph, food diaries, and blood draws, adds value to the 
study. The longitudinal nature of the study provided insights into the potential optimal 
timing for professional lifestyle support, and future research can combine qualitative 
and quantitative OPTIMUM data to further explore this. A limitation of the OPTIMUM 
study design is that, to reduce the burden on PMBC survivors, the Actigraph and food 
diaries were randomly assigned at the hospital level. As a result, PMBC survivors in 
hospitals assigned to wear an Actigraph during Wave 2 and Wave 3 were not asked 
to complete a food diary, and vice versa. This assignment method means that there 
is no combined, complete data set for PMBC survivors that includes questionnaire 
data, blood data, Actigraph data, and food diary information. Additionally, at Wave 
1 (4 to 6 months after diagnosis), the questionnaires were designed retrospectively to 
gather information about the period prior to diagnosis (e.g., weight, physical activity, 
diet, smoking, alcohol use, readiness for change, and need for support). To enhance 
reliability, future studies could consider administering these questionnaires earlier 
after diagnosis. When the OPTIMUM-study was initiated, the original design planned 
for Wave 3 to take place 2 years after diagnosis. However, due to time constraints, we 
adjusted Wave 3 to 1.5 years post-diagnosis. This change allowed us to complete all 
Waves of the OPTIMUM study for all participants. Wave 2 was designed to provide 
insights into the period following initial treatment, while Wave 3 aimed to offer insights 
into lifestyle behaviors and experiences during rehabilitation. A limitation of this 
adjustment is that, for the PMBC survivors who received chemotherapy, 1.5 years after 
diagnosis is still relatively soon after the end of active treatment, which is earlier than 
the intended follow-up stage of Wave 3. Additionally, since Wave 2 and Wave 3 were now 
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conducted 6 months apart, seasonal influences should be considered during analysis 
for certain measures (e.g., future vitamin D analyses). Next, during the OPTIMUM study, 
we found that PMBC survivors often faced challenges when completing standardized 
questions aimed at assessing their readiness for change. Although we provided a brief 
explanation of the stages of readiness, it may still have been difficult for participants to 
relate this framework to their own behavior, especially if the concept was unfamiliar to 
them. This may have affected the reliability and validity of these responses. A validated 
questionnaire specifically focused on readiness for change is currently lacking. 
Developing and using a clearer, more patient-friendly questionnaire could enhance 
future research on behavior change.

The implementation of the Integral Care Agreement (ICA)
In 2022 the Ministry of Health, Welfare and Sport and several large healthcare parties in 
the Netherlands agreed on the implementation of the Integral Care Agreement (ICA)102. 
In the ICA it is described that lifestyle care should get a prominent role in healthcare102. 
For this reason, lifestyle care has gained specific attention in medical care102. Once 
the ICA was implemented, inclusion and data collection of the first two measurement 
rounds of the OPTIMUM-study were finished. Only a few out of 664 PMBC survivors 
received measurements for their last OPTIMUM-study round after implementation of 
the ICA. However, as it was clear in advance that lifestyle care would play a prominent 
role in the implementation of ICA, we observed that by the end of data collection, some 
hospitals had already begun to place greater emphasis on lifestyle care. For example, 
in some hospitals a ‘Lifestyle portal’ was opened for support related to obtaining or 
maintaining a favorable lifestyle. As these changes were made at the very end of data 
collection (only few PMBC survivors of the 664 in total had their last measurements), 
we do not expect it to have affected the results. However, the importance of HCPs 
providing professional lifestyle support was highlighted by the ICA. This may pave 
the road to much needed policy changes, as stressed by HCPs and PMBC survivors 
who have participated in this thesis. Thus far, the impact of ICA as a policy change on 
lifestyle care remains uncertain, this has not been investigated yet.

Public perception on the relationship between lifestyle and cancer should be considered 
by HCPs and researchers
Discussing lifestyle in the context of cancer can be a sensitive subject. Describing the 
positive impact a favorable lifestyle may have on cancer prevention and prognosis may 
lead to feelings of guilt, feelings, and a sense of patronization towards the patient. This 
was initially encountered during the recruitment process with hospitals and, at times, 
with PMBC survivors. The sensitivity surrounding the topic may have contributed 
to some HCPs or PMBC survivors opting out of participating in the OPTIMUM-study. 



General discussion

247

8

However, by providing study information via telephone, offering clarification, and 
addressing questions, we were able to minimize this concern as much as possible. Some 
HCPs also mentioned the sensitivity of the topic as a barrier for providing professional 
lifestyle support in the Delphi-study (Chapter 6). A previous qualitative study also 
described a HCPs fear of blaming by discussing lifestyle in relation to cancer onset 
and cancer recurrence103. These HCPs were afraid that discussing lifestyle in relation to 
cancer prevention would make their patients feel guilty about their previous lifestyle103. 
In addition, they were even afraid for future blame if the patient was unable to obtain 
a favorable lifestyle and the cancer reoccurred103.

In this respect, it is important to clarify that an unfavorable lifestyle is not the direct 
cause of cancer, but is one of many risk factors linked to its development104. Most 
cancers are not of hereditary origin, but other factors like diet, smoking, alcohol 
consumption, and infections can impact their development22. While hereditary factors 
cannot be changed, lifestyle and environmental factors are potentially modifiable105. 
This explanation may provide a positive perspective, as lifestyle is now presented as 
an option for gaining personal control and influencing the situation. We observed that 
PMBC survivors who sought a sense of control during the uncertain period following 
their diagnosis and throughout treatment, also found it through making positive 
lifestyle changes (Chapter 4).

The contribution of general practitioners and policy makers was missing in the 
OPTIMUM-study
In the OPTIMUM study, we incorporated the perspectives of various individuals 
involved in providing and receiving professional lifestyle support for PMBC survivors. 
Specifically, in the Delphi-study we included oncologists, surgeons, nurses, dieticians, 
physiotherapists, psychologists (all specialized in breast cancer), patient advocates, 
and PMBC survivors. However, as the OPTIMUM-study progressed, we noticed both 
in the qualitative interviews as well as in the Delphi-study that two main parties were 
missing, specifically general practitioners and policy makers. The majority of HCPs 
as well as PMBC survivors mentioned a potential role for general practitioners in the 
provision of professional lifestyle support in the Delphi-study (Chapter 6). In addition, 
we found that a lot of changes needed to provide (in-hospital) professional lifestyle 
support were related to policy, however, policy makers were not involved in the Delphi-
study to describe their perspective on facilitators and barriers for professional lifestyle 
support for PMBC survivors. Gaining insight into the policy makers’ perspective on 
the facilitators and barriers identified by PMBC survivors and HCPs for incorporating 
professional lifestyle support into the care continuum of PMBC survivors would be 
valuable. Additionally, it would be interesting to learn their proposed strategy for 
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integrating professional lifestyle support for PMBC survivors. With respect to the 
potential contribution of general practitioners regarding professional lifestyle support, 
we additionally requested them to fill in an online questionnaire (results not part of 
this thesis).

PMBC survivors with certain traits may have been underrepresented in this thesis
Even though we tried to include a diverse range of PMBC survivors, as in other 
studies, PMBC survivors with a low SES and/or lower education level may have been 
underrepresented in this study. Based on the Netherlands Cancer Registry (NCR) data 
we gained information regarding SES in the entire OPTIMUM-sample. The SES in the 
NCR was based on area SES, which uses median household income at full postcode 
level from Statistics Netherlands (CBS: Centraal Bureau voor de Statistiek) from the 
reference year 2016. Education level was examined based on patient-reported socio-
demographic questions. Future analyses on OPTIMUM data may provide insight into 
the relation between SES, education level, and adherence to lifestyle and bodyweight 
recommendations.

Recommendations for future research
Based on the research conducted for this thesis, an overview of the key recommendations 
for future research is provided below.

1)	 Personalized professional lifestyle support interventions for PMBC survivors, 
including maintenance and relapse prevention strategies, should be developed. 
Insights obtained by this thesis can serve as a foundation for this development. 
Based on Aim 3 of this thesis, it is suggested to incorporate the BCTs: social support 
(practical, emotional, unspecified), information about health consequences, 
instruction on how to perform the behavior, credible source, demonstration of 
the behavior, and behavioral practice/rehearsal. Moving forward, the long-term 
effectiveness of these interventions should be examined.

2)	 Future studies should focus on improving sleep for PMBC survivors. The 
widespread occurrence of sleep issues in PMBC survivors and their impact on 
daily life necessitate further exploration of the most effective ways to address these 
problems.

3)	 The systematic review in this thesis highlights the importance of clearly reporting 
intervention strategies and behavior change techniques. Researchers should 
clearly specify these intervention characteristics in future studies to ensure the 
findings are useful for developing evidence-based interventions built on previously 
identified effective strategies and behavior change techniques (BCTs).
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4)	 The systematic review revealed that current interventions aimed at reducing alcohol 
consumption in breast cancer survivors are limited, and the available interventions 
showed limited effectiveness in maintaining reduced alcohol consumption at follow-
up. Since alcohol consumption is a significant risk factor for both breast cancer 
recurrence and other adverse health outcomes, future studies focusing on the long-
term maintenance of intervention effects on alcohol consumption in breast cancer 
survivors are crucial.

5)	 Future longitudinal (qualitative) studies may address the needs regarding lifestyle 
support for patients with low SES.

6)	 Future studies should engage general practitioners and policymakers, as these 
groups are also crucial for providing professional lifestyle support to PMBC survivors.

Recommendations for practice
Based on the findings this thesis the following recommendations for practice are 
formulated:

1)	 The foundation of professional lifestyle support involves providing information, 
including an explanation of the potential health consequences of current behaviors. 
Both previous studies and this thesis suggest that even a brief discussion of lifestyle 
by an HCP can influence a PMBC survivor’s readiness to make changes. Therefore, 
it is recommended to dedicate at least a short amount of time to lifestyle during 
consultations. If more time is required, a referral to in-hospital lifestyle care or local 
lifestyle support services should be considered. To make this process more practical, 
it is advised to have a list of professional lifestyle support referrals available in every 
consultation room.

2)	 It is crucial that professional lifestyle support is evidence-based. Additionally, if 
there is suspicion that unreliable information is being used to promote favorable 
lifestyle changes, this should be addressed during consultations by HCPs. Key 
trustworthy information on the relationship between lifestyle and cancer, including 
recommendations for bodyweight and lifestyle, is outlined by the WCRF. The 
WCRF offers informational pamphlets on request. In addition, in the Netherlands, 
evidence-based information regarding lifestyle and cancer can be found on www.
voedingenkankerinfo.nl and on www.bewegenenkankerinfo.nl.

3)	 The optimal timing for professional lifestyle support for PMBC survivors varies per 
individual. Therefore, the timing of support should be tailored to the individual 
characteristics of each PMBC survivor. Additionally, it is recommended to address the 
topics of lifestyle and lifestyle support at various points during the care continuum 
to enhance the chances of discussing these topics when the PMBC survivor is ready 
for change and in need of professional lifestyle support.
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4)	 The social network of a PMBC survivor plays a key role in achieving and maintaining 
a healthy lifestyle. Therefore, it is important to be mindful of signs of loneliness and 
address this during consultations. If there are signs of loneliness it may be fruitful 
to refer to a specialist in loneliness, in the Netherlands these can be found at: 
https://faktor5.nl/specialisten-eenzaamheid/. Additionally, many PMBC survivors 
value opportunities to connect with fellow sufferers who are experiencing similar 
challenges. Offering group-based professional lifestyle support may address this 
need.

General conclusion

This thesis demonstrated that unfavorable lifestyle habits are prevalent among PMBC 
survivors. The most effective method and timing of professional lifestyle support for 
PMBC survivors depends on the individual preferences and characteristics of the 
PMBC survivor (e.g., coping style, personality, previous experience with cancer, social 
network). This thesis serves as a starting point for developing personalized professional 
lifestyle support for PMBC survivors by providing insight in key behavior change 
techniques and intervention strategies to facilitate favorable lifestyle change and 
support in PMBC survivors. The optimal timing for professional lifestyle support for 
PMBC survivors varies per individual and should be tailored to each PMBC survivors’ 
characteristics. In addition, it is therefore recommended to address lifestyle and 
lifestyle support at various points during the care continuum to match the readiness 
for change and need for support of each PMBC survivor.
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Summary of results

The aims of this thesis were 1) to use and test measurement instruments for lifestyle behavior 
or body composition, 2) to longitudinally evaluate (both qualitatively and quantitatively) 
lifestyle behavior and its determinants in Dutch postmenopausal breast cancer survivors (PMBC) 
survivors, and 3) to identify effective behavior change techniques and intervention strategies to 
facilitate favorable lifestyle change and support in PMBC survivors. This chapter summarizes 
the main findings of the studies presented in this thesis.

To answer Aim 1, this thesis started with a study focusing on the early detection of 
frailty in cancer survivors (Chapter 2). Functional muscle strength is an important 
indicator of frailty, which is increasingly recognized as a major health concern due to 
its association with an increased risk of mortality, hospitalization, physical limitations, 
falls, and fractures. Since frailty is not an irreversible condition, early detection can 
help enhance the physiological reserve of frail cancer survivors through prehabilitation 
training prior to undergoing intensive treatment or surgery. Cancer survivors (n = 151) 
performed two self-performed FTSTS tests, with one additional reference FTSTS test 
supervised by a physical therapist. Both the validity (ICC = .74, SEM = 3.2, MID = 3.6 and 
reliability (ICC = .70, SEM = 2.2, MID = 3.8) of the self-performed FTSTS test at home 
were found to be acceptable. In conclusion, the self-performed FTSTS test is a valid 
and reliable measure of lower body function and shows potential as an objective (pre-)
screening tool for frailty in cancer survivors. The self-performed FTSTS test can identify 
cancer survivors who may benefit from prehabilitation prior to surgery or intensive 
treatment. Its feasibility, short administration time, and potential cost-effectiveness 
make it a valuable addition to personalized care and precision medicine.

In Chapter 3, the research protocol of the OPTIMUM-study is described, which is 
the foundation of this thesis. The OPTIMUM-study is a longitudinal, observational 
study with a mixed-methods design, incorporating both quantitative and qualitative 
data. Quantitative data collection included questionnaires administered at three time 
points: 4–6 months after breast cancer diagnosis (wave 1: during treatment, including a 
retrospective assessment of the period prior to diagnosis), 1 year after diagnosis (wave 
2: following completion of initial treatment), and 1.5 years after diagnosis (wave 3: 
during follow-up). To assess adherence to lifestyle and bodyweight recommendations, 
additional quantitative measurements at wave 2 and wave 3 included blood samples 
(taken at 9 out of 16 participating hospitals) and either wearing an accelerometer for 7 
days or completing a 3-day online food diary (randomly assigned at the hospital level). 
Qualitative data were collected through semi-structured interviews (based on purposive 
sampling) at wave 2 and wave 3, followed by focus groups, a Delphi study, and an online 
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survey targeting healthcare professionals (HCPs), including surgeons, oncologists, 
oncology nurses, and general practitioners. The qualitative methods provided insight 
into the perceptions, needs, and preferences of both PMBC survivors (through semi-
structured interviews and focus groups) and HCPs (through the Delphi study).

To answer Aim 2, Chapters 4 and 5 report longitudinal qualitative and quantitative findings 
from the OPTIMUM-study regarding lifestyle behavior and its determinants in PMBC 
survivors. Chapter 4 focused on qualitative, longitudinal exploration of adherence to 
lifestyle and bodyweight recommendations of PMBC survivors, as well as their needs and 
experiences regarding professional lifestyle support following their diagnosis. The study 
explored 1) perceived determinants relevant for favorable lifestyle change among PMBC 
survivors, 2) the needs and preferences of PMBC survivors regarding professional lifestyle 
support, and 3) perceived determinants relevant for preferred timing of such support. 
In total, 42 in-depth longitudinal interviews were conducted at one year (n=24) and 1.5 
years (n=21) after breast cancer diagnosis. Data were analyzed using thematic analysis 
and resulted in 12 main themes, divided into three categories: 1) 3 themes describe 
determinants of favorable lifestyle change (i.e., type of lifestyle behavior, previous 
attempts at lifestyle change, comorbidities), 2) 3 themes express PMBC survivors’ needs 
for professional lifestyle support from HCPs (i.e., need for information, need for activation 
through professional lifestyle support, need for effective communication by HCPs), and 3) 
6 themes describe determinants of PMBC survivors’ preferred timing of addressing these 
needs (i.e., type of treatment, coping style, previous experience with cancer, personality, 
motivation for lifestyle change, social support). In conclusion, professional lifestyle 
support should consider the psychological and physical consequences of the diagnosis 
and treatment of breast cancer, which can make it difficult for some PMBC survivors to 
make favorable lifestyle choices. Our results also suggest that HCPs should ideally offer 
professional lifestyle support at various points throughout the care continuum to meet 
the diverse needs of PMBC survivors.

In the accelerometer-based study (Chapter 5), the course of physical activity (PA) and 
sleep over 12 months during the COVID-19 pandemic in the Netherlands (i.e., before the 
pandemic, during the first COVID-19 lockdown, between the first and second lockdowns, 
and during the second lockdown) was examined. The findings showed that PMBC survivors’ 
physical activity was predominantly at low levels, mainly consisting of light-intensity PA. 
Moreover, the time spent in moderate-to-vigorous physical activity (MVPA) remained 
consistently low throughout the pandemic. Importantly, the onset of the COVID-19 
pandemic and subsequent governmental measures did not significantly alter the type or 
duration of physical activity. Regarding sleep, most PMBC survivors exhibited adequate 
sleep efficiency and duration, which were likewise unaffected by the COVID-19 measures.
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To answer Aim 3, Chapter 6 presents a Delphi study conducted to gather expert opinions 
on potential barriers and facilitators for individual lifestyle promotion and professional 
lifestyle support within (clinical) care for PMBC survivors, and to identify effective 
intervention strategies for professional lifestyle support. The expert panel consisted 
of 57 oncology healthcare professionals, 5 patient advocates, and 38 PMBC survivors. 
The panel completed three rounds of questionnaires: Q1 for idea generation, Q2 for 
validation and prioritization, and Q3 for ranking. The Behavior Change Wheel served 
as the theoretical framework for the analysis. Thematic analysis was used to identify 
key overarching themes based on the top-ranked facilitators and barriers. Potential 
Behavior Change Techniques (BCTs), and intervention strategies were identified using 
the Behavior Change Technique Taxonomy version 1 and the Behavior Change Wheel. 
The study identified 11 core categories of key barriers and facilitators for promoting 
adherence to lifestyle and bodyweight recommendations among PMBC survivors (e.g., 
e.g., attention to the balance between load and capacity, increasing knowledge about 
the relationship between lifestyle and cancer, focus on social functioning and (lack 
of) social support, attention to the public perception of lifestyle). For each category, 
relevant BCTs and practical intervention strategies were selected based on the expert 
panel’s suggestions. These strategies included increasing knowledge about the link 
between lifestyle and cancer, enabling self-monitoring of lifestyle behaviors followed 
by evaluation, offering group lifestyle counseling for PMBC survivors, enhancing social 
support for healthy lifestyle behaviors, and promoting multidisciplinary collaboration 
among HCPs.

To gain insight into potential methods and intervention strategies for long-term 
maintenance of favorable lifestyle changes, Chapter 7 describes a systematic review 
of the literature. This review synthesized evidence on the maintenance of intervention 
effects related to physical activity, diet, body composition, sleep, alcohol consumption, 
and smoking. Four databases (PubMed, PsychINFO, CINAHL, and MEDLINE) were 
searched for randomized controlled trials published since 2010. The studies were 
assessed for their effectiveness and coded using the Behavior Change Technique 
Taxonomy. In total, thirty papers were included in the review. The systematic review 
indicated that most interventions result in only short-term changes, followed by relapse 
into familiar, unfavorable habits. Specifically, only a subset of the interventions that 
showed positive effects at the end of the intervention also demonstrated maintained 
effects at follow-up (i.e., in 17/30 physical activity interventions, 3/6 dietary interventions, 
1/8 interventions focused on body composition, 1/8 sleep interventions, 0/1 alcohol 
intervention, 0/1 smoking intervention). Due to the limited number of studies assessing 
long-term maintenance of intervention effects, particularly for alcohol consumption, 
smoking, and diet, the small number of studies with maintained intervention effects, the 



Chapter 9

264

relatively low number of studies with a low risk of bias, and heterogeneity between the 
studies regarding sample size and primary/secondary outcomes, reliable comparisons 
between effective and ineffective interventions could not be made. Nonetheless, our 
findings provide valuable insights into detecting patterns and serve as a foundation 
for generating testable hypotheses about potentially effective intervention methods 
and strategies.

Finally, in Chapter 8, the methodological considerations of this thesis and implications 
for future research and clinical practice were outlined. In this thesis, it is demonstrated 
that the majority of PMBC survivors do not adhere to lifestyle and bodyweight 
recommendations. This finding highlights the need for personalized interventions that 
not only promote healthy lifestyle behavior but also support their maintenance and 
help prevent relapse. The insights gained from this thesis provide a solid foundation for 
the development of such interventions. Based on Aim 3 of this thesis, it is recommended 
to incorporate the following BCTs: enhancing social support (practical and emotional), 
information about potential health consequences, instruction on how to perform 
the behavior, the use of a credible source (such as a role model or respected figure), 
demonstration of the behavior, and behavioral practice/rehearsal of the behavior). 
Future research should focus on evaluating the long-term effectiveness of these 
interventions. Although efforts were made include a diverse patient population in the 
OPTIMUM-study, future studies should include a higher number of PMBC survivors 
with a low socioeconomic status, as this group may have been underrepresented in 
this thesis. Based on the findings of this thesis, the following main recommendations 
for clinical practice are proposed: integrate lifestyle into consultations, use evidence-
based information regarding the relationship between lifestyle and cancer, tailor the 
timing of professional lifestyle support to the needs of the individual PMBC survivor, 
and leverage social support in the context of lifestyle change. These recommendations 
call for a personalized approach in clinical practice. It is therefore recommended to 
address lifestyle and professional lifestyle support at various points throughout the 
care continuum, to align with the readiness for change and need for support of each 
PMBC survivor.
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Nederlandse samenvatting (Dutch summary)

Borstkanker is de meest voorkomende vorm van kanker bij vrouwen. In 2018 was 24% 
van alle kankerdiagnoses bij vrouwen toe te schrijven aan borstkanker. In Nederland 
kregen in 2023 15.583 vrouwen deze diagnose, vergeleken met 11.808 in 2003 een 
stijging van 32%. Hoewel de incidentie van borstkanker in Nederland blijft stijgen, is 
dankzij vroegere opsporing en verbeterde behandelopties ook het aantal overlevenden 
toegenomen. Daarnaast heeft de vergrijzing bijgedragen aan het groeiende aantal 
overlevenden van borstkanker. Momenteel is de algehele 5-jaars overlevingskans 
van borstkanker 89%. Aangezien de etiologie van borstkanker mogelijk verband 
houdt met hormonale factoren van een vrouw, wordt er vaak onderscheid gemaakt 
tussen premenopauzale en postmenopauzale borstkanker. Er wordt gesproken van 
de postmenopauzale status wanneer een vrouw ten minste één jaar niet meer heeft 
gemenstrueerd.

De toenemende incidentie van postmenopauzale borstkanker kan waarschijnlijk deels 
verklaard worden door veranderingen in leefstijl en lichaamssamenstelling in de loop 
der jaren. Zo zijn een hoge body mass index (BMI), verhoogde abdominale vetopslag, 
alcoholconsumptie en fysieke inactiviteit geassocieerd met een verhoogd risico op het 
ontwikkelen van postmenopauzale borstkanker. Daarnaast is een suboptimale leefstijl 
en lichaamssamenstelling geassocieerd met een lagere gezondheidsgerelateerde 
kwaliteit van leven en een hoger risico op het ontwikkelen van diabetes mellitus type 
2, cardiovasculaire ziekten, tweede primaire kankers, kankerrecidieven en mortaliteit 
na een borstkankerdiagnose.

Om het risico op deze comorbiditeiten te verlagen en de gezondheid gerelateerde 
kwaliteit van leven bij (ex-)postmenopauzale borstkankerpatiënten te verbeteren, 
zijn er door het Wereld Kanker Onderzoek Fonds aanbevelingen voor leefstijl en 
lichaamsgewicht opgesteld. Daarnaast adviseert het American Institute for Cancer 
Research (AICR) om niet te roken, en zijn er slaapaanbevelingen opgesteld door 
de American Academy of Sleep Medicine & Sleep Research Society (AASM&SRS). 
Desondanks voldoet het merendeel van de (ex-)postmenopauzale borstkankerpatiënten 
niet aan deze aanbevelingen. Drie mogelijke redenen hiervoor zijn als volgt: ten eerste 
hebben de meeste (ex-)postmenopauzale borstkankerpatiënten al een suboptimale 
leefstijl en lichaamssamenstelling ten tijde van diagnose, aangezien deze factoren 
belangrijke risicofactoren zijn van postmenopauzale borstkanker. Ten tweede spelen 
zorgprofessionals een mogelijke sleutelrol bij het bevorderen van leefstijl tijdens het 
zorgtraject, maar was dit (ten tijde van dit onderzoek) niet structureel verankerd in de 
borstkankerzorg. Ten derde ervaren veel (ex-)postmenopauzale borstkankerpatiënten 
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fysieke (e.g., kankergerelateerde vermoeidheid) en psychologische (e.g., stress, 
depressieve symptomen) klachten ten gevolge van borstkanker(behandeling), die het 
moeilijker maken blijvende gunstige leefstijlveranderingen door te voeren. Om deze 
redenen is verder onderzoek naar de optimale methode en timing om de leefstijl en 
lichaamssamenstelling van (ex-)postmenopauzale borstkankerpatiënten te bevorderen 
van essentieel belang.

Doel van dit proefschrift
De doelstellingen van dit proefschrift waren: 1) het gebruik en het testen van 
meetinstrumenten voor leefstijl of lichaamssamenstelling, 2) het longitudinaal 
evalueren (kwalitatief en kwantitatief ) van de leefstijl en de determinanten 
daarvan bij (ex-)postmenopauzale borstkankerpatiënten, en 3) het identificeren 
van effectieve gedragsveranderingstechnieken en interventiestrategieën ter 
bevordering van leefstijlverandering en leefstijlsupport voor (ex-)postmenopauzale 
borstkankerpatiënten. In dit hoofdstuk worden de belangrijkste bevindingen van de 
studies in dit proefschrift samengevat.

Belangrijkste bevindingen van dit proefschrift
Ter beantwoording van doelstelling 1 begon dit proefschrift met een studie naar de 
vroege detectie van kwetsbaarheid bij (ex-)kankerpatiënten (Hoofdstuk 2). Functionele 
spierkracht is een belangrijke indicator van kwetsbaarheid, wat steeds meer wordt 
erkend als een belangrijk gezondheidsprobleem vanwege de associatie met een 
verhoogd risico op mortaliteit, ziekenhuisopname, fysieke beperkingen, valincidenten 
en fracturen. Aangezien kwetsbaarheid geen onomkeerbaar proces is, kan vroege 
detectie helpen de fysieke fitheid van kwetsbare (ex-)kankerpatiënten te verbeteren, 
bijvoorbeeld via prehabilitatie-training voorafgaand aan intensieve behandeling of 
chirurgie. (Ex-)kankerpatiënten (n = 151) voerden twee zelfuitgevoerde Five Times Sit-
to-Stand (FTSTS)-tests uit, met een aanvullende referentie FTSTS-test onder begeleiding 
van een fysiotherapeut. Zowel de validiteit (ICC = .74, SEM = 3.2, MID = 3.6) als de 
betrouwbaarheid (ICC = .70, SEM = 2.2, MID = 3.8) van de zelfuitgevoerde FTSTS-test 
thuis bleek acceptabel. Concluderend is de zelfuitgevoerde FTSTS-test een valide en 
betrouwbare indicator voor spierkracht van het onderlichaam, met potentie om als 
objectief (pre-)screeninginstrument voor kwetsbaarheid bij (ex-)kankerpatiënten te 
dienen. De zelfuitgevoerde FTSTS-test kan (ex-)kankerpatiënten identificeren die 
behoefte hebben aan prehabilitatie voor chirurgie of intensieve behandeling. De 
haalbaarheid, beperkte tijdsinvestering en potentiële kosteneffectiviteit maken het 
een waardevolle aanvulling op gepersonaliseerde zorg en precisiegeneeskunde.
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Hoofdstuk 3 beschrijft het onderzoeksprotocol van de OPTIMUM-studie, waarop 
dit proefschrift grotendeels is gebaseerd. De OPTIMUM-studie is een longitudinale, 
observationele studie met een mixed-methods design, waarin zowel kwantitatieve 
als kwalitatieve metingen zijn uitgevoerd. De kwantitatieve metingen omvatten 
vragenlijsten op drie meetmomenten: 4–6 maanden na de borstkankerdiagnose (Wave 
1: tijdens de behandeling, met retrospectieve meting over de periode vóór diagnose), 
1 jaar na diagnose (Wave 2: na voltooiing van de initiële behandeling) en 1,5 jaar na 
diagnose (Wave 3: tijdens de follow-up). Aanvullend werd in negen van de zestien 
deelnemende ziekenhuizen bloed afgenomen. Ook droeg een deel van de deelnemers 
gedurende 7 dagen een accelerometer om inzicht te verkrijgen in dagelijkse beweging 
en slaap, of vulden ze gedurende drie dagen online een 3-dagen voedingsdagboek in 
(willekeurig toegewezen op ziekenhuisniveau). Kwalitatieve metingen omvatten semi-
gestructureerde interviews op basis van een doelgerichte steekproeftrekking op Wave 
2 en Wave 3, focusgroepen na de interviews, een Delphi-studie en een online enquête 
onder zorgprofessionals (i.e., chirurgen, oncologen, oncologieverpleegkundigen en 
huisartsen). De kwalitatieve onderzoeksmethoden gaven inzicht in de percepties, 
behoeften en voorkeuren van zowel (ex-)postmenopauzale borstkankerpatiënten (via 
semi-gestructureerde interviews en focusgroepen) als zorgverleners (via Delphi-studie).

Ter beantwoording van doelstelling 2 rapporteerden we in hoofdstukken 4 en 5, 
longitudinale kwalitatieve en kwantitatieve resultaten van de OPTIMUM-studie met 
betrekking tot leefstijlgedrag en de determinanten daarvan bij (ex-)postmenopauzale 
borstkankerpatiënten. Hoofdstuk 4 richtte zich op een kwalitatieve, longitudinale 
exploratie van de leefstijl van (ex-)postmenopauzale borstkankerpatiënten, 
evenals hun behoeften en ervaringen met betrekking tot leefstijlondersteuning 
na hun diagnose. De studie onderzocht drie centrale vragen onder de (ex-)
postmenopauzale borstkankerpatiënten: 1) welke determinanten relevant zijn voor 
een gunstige leefstijlverandering, 2) de behoeften en voorkeuren met betrekking tot 
leefstijlondersteuning, en 3) welke determinanten relevant zijn voor het gewenste tijdstip 
van die ondersteuning. In totaal werden 42 longitudinale interviews afgenomen, 1 jaar 
(n=24) en 1,5 jaar (n=21) na de borstkankerdiagnose. De gegevens werden geanalyseerd 
met behulp van thematische analyse en brachten 12 hoofdthema’s aan het licht, 
onderverdeeld in drie categorieën: 1) determinanten van leefstijlverandering, namelijk 
soort leefstijlgedrag, eerdere pogingen tot leefstijlverandering en comorbiditeiten), 2) de 
behoeften van (ex-)postmenopauzale borstkankerpatiënten aan leefstijlondersteuning 
van zorgprofessionals, namelijk behoefte aan informatie, behoefte aan activatie door 
leefstijlondersteuning en behoefte aan effectieve communicatie, en 3) determinanten 
van de gewenste timing van deze ondersteuning, namelijk soort behandeling, coping 
stijl, eerdere ervaringen met kanker, persoonlijkheid, motivatie voor leefstijlverandering 
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en sociale ondersteuning. Concluderend zou bij leefstijlbegeleiding rekening gehouden 
moeten worden met de psychologische en lichamelijke gevolgen van de diagnose 
en behandeling van borstkanker, die het voor sommige (ex-)postmenopauzale 
borstkankerpatiënten moeilijk kunnen maken om gunstige leefstijlkeuzes te maken. 
Onze resultaten suggereren dat zorgverleners idealiter gedurende het gehele zorgtraject 
leefstijlondersteuning zouden moeten aanbieden om tegemoet te komen aan de 
uiteenlopende behoeften van (ex-)postmenopauzale borstkankerpatiënten.

Vervolgens richtte Hoofdstuk 5 zich op de kwantitatieve analyse van de accelerometer-data 
verzameld binnen de OPTIMUM-studie ten tijde van de COVID-19-pandemie in Nederland. 
In deze studie is het verloop van fysieke activiteit en slaap gedurende 12 maanden tijdens 
de COVID-19-pandemie onderzocht (vóór de pandemie, tijdens de eerste COVID-19-
lockdown, tussen de eerste en tweede lockdowns, en tijdens de tweede lockdown). De 
studie toonde aan dat het niveau van fysieke activiteit van de meeste (ex-)postmenopauzale 
borstkankerpatiënten laag was en ook voornamelijk bestond uit fysieke activiteit van lage 
intensiteit. Bovendien bleef de tijd besteed aan matige tot intensieve lichamelijke activiteit 
consequent laag gedurende de COVID-19-pandemie. Het begin van de pandemie en de 
daaropvolgende overheidsmaatregelen brachten geen significante veranderingen teweeg 
in de aard of de tijd besteed aan fysieke activiteit. Wat slaap betreft, vertoonden de meeste 
(ex-)postmenopauzale borstkankerpatiënten een adequate slaapduur en -efficiëntie, die 
evenmin werden beïnvloed door de COVID-19-maatregelen.

Ter beantwoording van doelstelling 3 werd in Hoofdstuk 6 een Delphi-studie uitgevoerd 
om inzichten van experts te verzamelen over potentiële bevorderende factoren, barrières 
en effectieve interventiestrategieën zowel voor individuele leefstijlbevordering als 
professionele leefstijlondersteuning binnen de (klinische) zorg voor (ex-)postmenopauzale 
borstkankerpatiënten. Het expertpanel bestond uit 57 oncologische zorgprofessionals, 
5 patiëntvertegenwoordigers en 38 (ex-)postmenopauzale borstkankerpatiënten. Het 
expertpanel voltooide drie rondes van vragenlijsten: Q1 voor idee-generatie, Q2 voor 
validatie en prioritering, en Q3 voor rangschikking. Het Behavior Change Wheel 
werd gebruikt als theoretisch kader voor de analyse en thematische analyse werd 
toegepast om de belangrijkste overkoepelende thema’s te identificeren op basis van de 
hoogst gerangschikte bevorderende factoren en barrières. Potentiële technieken voor 
gedragsverandering en interventiestrategieën werden geïdentificeerd met behulp van de 
Behavior Change Technique Taxonomy versie 1 en het Behavior Change Wheel. De studie 
identificeerde 11 kerncategorieën van belangrijke bevorderende factoren en barrières voor 
leefstijlondersteuning bij (ex-)postmenopauzale borstkankerpatiënten (e.g., aandacht voor 
de balans tussen belasting en belastbaarheid, vergroten van kennis over de relatie tussen 
leefstijl en kanker, aandacht voor sociaal functioneren en (gebrek aan) sociale support, 
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aandacht voor de publieke perceptie van leefstijl). Voor elke categorie werden relevante 
gedragsveranderingstechnieken en praktische interventiestrategieën geselecteerd op 
basis van de suggesties van het expertpanel. Deze strategieën omvatten het vergroten van 
kennis over de relatie tussen leefstijl en kanker, het mogelijk maken van zelfmonitoring 
van leefstijlgedragingen gevolgd door evaluatie, het aanbieden van leefstijlbegeleiding in 
groepen, het verbeteren van sociale ondersteuning bij gezonde leefstijlgedragingen en het 
bevorderen van multidisciplinaire samenwerking tussen zorgprofessionals.

Om inzicht te krijgen in potentiële methoden en interventiestrategieën voor het langdurig 
volhouden van gunstige leefstijlveranderingen werd in Hoofdstuk 7 een systematische 
literatuurreview beschreven. Dit review onderzocht het behoud van interventie-
effecten na afloop van de aangeboden interventie (middels een follow-up meting) met 
betrekking tot het verbeteren van fysieke activiteit, dieet, lichaamssamenstelling, 
slaap, alcoholconsumptie en stoppen met roken. Vier databases (PubMed, PsychINFO, 
CINAHL en MEDLINE) werden doorzocht op gerandomiseerde gecontroleerde studies 
die sinds 2010 gepubliceerd waren. De studies werden beoordeeld op effectiviteit van 
de aangeboden interventie en de toegepaste gedragsveranderingstechnieken werden 
gecodeerd volgens de Behavior Change Technique Taxonomy. In totaal werden dertig 
papers opgenomen in het review. Weinig studies lieten interventie-effecten zien aan 
het einde van de interventie en tijdens de follow-up. De meeste studies toonden slechts 
kortdurende effecten, gevolgd door terugval in oude, minder gezonde gewoonten. 
Slechts een deel van de effectief gebleken interventies liet ook een gunstig effect op 
langere termijn zien: 17 van de 30 interventies gericht op fysieke activiteit, 3 van de 6 
interventies gericht op voeding, 1 van de 8 interventies gericht op lichaamssamenstelling, 
en geen lange termijneffect bij de effectief gebleken alcohol (0/1) en rook (0/1) 
interventie. Door het beperkte aantal studies dat effectbehoud onderzocht (met name 
bij alcohol, roken en voeding), het lage aantal studies met langdurige gunstige effecten, 
het relatief geringe aantal studies met een laag risico op bias en de grote variatie in 
steekproefgrootte en uitkomstmaten, konden geen betrouwbare vergelijkingen 
worden gemaakt tussen effectieve en ineffectieve interventies. Desondanks bieden 
onze bevindingen waardevolle inzichten in het herkennen van patronen en vormen 
zij een basis voor het genereren van toetsbare hypothesen over mogelijk effectieve 
interventiestrategieën en -methoden.

Conclusies en aanbevelingen (Hoofdstuk 8)
In dit proefschrift is aangetoond dat de meerderheid van de (ex-)postmenopauzale 
borstkankerpatiënten niet voldoet aan de aanbevelingen voor leefstijl en 
lichaamsgewicht. Dit onderstreept de noodzaak van gepersonaliseerde interventies 
die niet alleen gericht zijn op leefstijlondersteuning, maar ook op het behouden 
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van een gezonde leefstijl en het voorkomen van terugval. De in dit proefschrift 
verkregen inzichten vormen een solide basis voor het ontwikkelen van dergelijke 
interventies. Op basis van doelstelling 3 wordt aanbevolen in ieder geval de volgende 
gedragsveranderingstechnieken in toekomstige interventies op te nemen: sociale 
ondersteuning (praktisch en emotioneel), informatie over mogelijke gevolgen voor 
de gezondheid, instructies hoe het gedrag uitgevoerd kan worden, gebruik van een 
betrouwbare bron (zoals een rolmodel of gerespecteerd persoon), demonstratie van het 
gedrag en oefening van het gewenste gedrag in de praktijk. Toekomstig onderzoek zou 
zich moeten richten op het evalueren van de effectiviteit van deze interventies op lange 
termijn. Hoewel we geprobeerd hebben een diverse patiëntpopulatie in de OPTIMUM-
studie op te nemen, verdient het aanbeveling om in vervolgonderzoek een hoger 
aantal (ex-)postmenopauzale borstkankerpatiënten met een lage sociaaleconomische 
status te includeren, aangezien deze groep mogelijk ondervertegenwoordigd is in 
dit proefschrift. Op basis van de bevindingen in dit proefschrift worden de volgende 
hoofdaanbevelingen voor de klinische praktijk gedaan: 1) integreer leefstijl in 
consulten, 2) gebruik wetenschappelijk onderbouwde informatie over leefstijl 
en kanker, 3) stem het moment van professionele leefstijlondersteuning af op de 
individuele (ex-)postmenopauzale borstkankerpatiënt, en 4) benut en faciliteer 
sociale steun in relatie tot leefstijlverandering. Deze aanbevelingen vragen om een 
gepersonaliseerde aanpak binnen de klinische praktijk. Daarom wordt aanbevolen 
om leefstijl en leefstijlondersteuning op meerdere momenten in het zorgtraject 
aan bod te laten komen, zodat dit aansluit bij de bereidheid tot verandering en de 
ondersteuningsbehoefte van elke (ex-)postmenopauzale borstkankerpatiënt.
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