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ABSTRACT
Background A strategy for maintaining and/
or improving cardiorespiratory fitness (CRF) in 
the growing population of cancer survivors is 
of major clinical importance, especially in the 
COVID- 19 era. The effect of unsupervised high- 
intensity interval training (HIIT) on increasing CRF 
in breast cancer survivors is unknown.
Purpose The purpose of this study was to 
determine whether the newly developed 
habit- B programme, which involves home- based 
smartphone- supported HIIT using body weight 
exercises, improves CRF in early- stage breast 
cancer survivors.
Methods This single- centre, 12- week, parallel- 
group, single- blind, randomised controlled 
trial involved 50 women with stage I–IIa breast 
cancer, aged 20–59 years, who had completed 
initial treatment except for hormone therapy. 
Participants were randomised to either the 
exercise or control group. The primary outcome 
was the 12- week change in peak oxygen uptake 

 (V̇O2peak) . Other outcomes included muscle 
strength, 6 min walk test, resting heart rate, 
physical activity, fatigue, safety and quality of 
life.
Results The change in  V̇O2peak  and leg 
strength increased significantly in the exercise 
group compared with the control group 
(p<0.01). Changes in other outcomes were not 
significantly different between the groups.
Conclusion A home- based HIIT intervention 
can lead to improve CRF and muscle strength in 
early- stage breast cancer survivors.

INTRODUCTION
Exercise may play a role in maintaining 
and improving common cancer- related 

health outcomes, including physical 
fitness, quality of life (QOL) and fatigue.1 
Exercise guidelines for cancer survivors 

Key messages

What was already known?
 ► Cardiorespiratory fitness is inversely 
associated with cardiovascular and all- 
cause mortality in breast cancer survivors.

 ► Exercise may prevent cancer and improve 
a variety of cancer health- related 
outcomes (eg, fatigue, quality of life, 
functioning, depression and anxiety).

What are the new findings?
 ► We confirmed that originally developed 
12- week home- based smartphone- 
supported exercise programme (habit- B 
programme) improved peak oxygen 
uptake and muscle strength compared 
with treatment as usual in sedentary 
breast cancer survivors in Japan.

What is their significance?
 ► This clinical trial was the world’s first 
home- based high- intensity interval 
training programme using Information 
and Communication Technology (ICT) to 
increases cardiorespiratory fitness and 
muscle strength in sedentary breast cancer 
survivors.

 ► The habit- B programme was designed 
based on the theory of Bandura for 
sedentary breast cancer survivors to 
develop exercise habits.

 ► Collaborative work with professionals 
in the field of clinical oncology, exercise 
science, mental health, rehabilitation, 
public health, nursing and cancer survivors 
constitutes a new model for cancer 
survivorship care.
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issued by multiple international organisations recom-
mend maintaining high levels of physical activity.1–3 
Previous studies of physical activity and exercise 
intervention among breast cancer survivors have 
mainly focused on weight loss,4 impairment of endo-
thelial function and lower bone density in postmeno-
pausal women. The exercise and nutrition to enhance 
recovery and good health for you (ENERGY) trial, 
an early and representative study conducted in the 
USA, demonstrated the effectiveness of a home exer-
cise programme and nutritional advice to promote 
weight loss among breast cancer survivors.4 However, 
because the proportion of overweight adults in Japan 
is lower than that in the USA, it is not appropriate to 
adopt the US- developed programme in Japan. It would 
appear suitable though to develop intervention around 
cardiorespiratory fitness (CRF), which is the globally 
important health indicator.5 6 In addition, given that 
the COVID- 19 pandemic has made getting sufficient 
exercise difficult,7 there is an urgent need for a home- 
based exercise programme that can improve CRF.5 6

With the aim of increasing CRF, recent studies have 
focused on the use of high- intensity interval training 
(HIIT). HIIT consists of repeated sets of short bursts 
of high- intensity exercise followed by a rest interval. 
Most of previous studies were conducted in supervised 
experimental settings, which appeared to be more 
beneficial than usual care in cancer survivors at all 
stages of treatment and aftercare.8 9 However, to our 
knowledge, no study has investigated the effects of an 
unsupervised home- based HIIT programme in breast 
cancer survivors.9

Therefore, the aim of this study was to clarify the 
effects and feasibility of the newly developed home- 
based high- intensity interval training and behavioral 
modification using information and communication 
technology on cardiorespiratory fitness and exer-
cise habits among sedentary breast cancer survivors 
(habit- B) program.10 We hypothesised that the habit- B 
programme would improve peak oxygen uptake 

 (V̇O2peak)  compared with a control group.

METHODS
The study protocol has been described elsewhere.10 
Briefly, this was a 12- week, parallel- group, single- 
blind, randomised controlled trial, in which partici-
pants were randomly assigned to intervention either 
with the habit- B programme or control with a smart-
watch (Fitbit Versa; Fitbit, San Francisco, California, 
USA). The protocol was registered with UMIN- CTR 
(ID: 000036400). Outcomes were assessed at baseline 
and postintervention (12 weeks). Recruitment was 
carried out between 27 May 2019 and 14 August 2020 
at the National Cancer Center Hospital. Participants 
were registered using an electronic data capture (EDC) 
system. After baseline assessments, participants were 
randomly assigned to one of the two arms by the minimi-
sation method, a form of dynamic computer- generated 

randomisation, using two prognostic factors:  V̇O2peak  
and age. The allocation sequence was concealed from 
the clinical and research staff. The contents of the 
smartphone app that the participants used during the 
trial were assigned automatically to either the habit- B 
programme or control and data security was protected 
using blockchain technology.11 Objective physical 
measurements were performed by trained and blinded 
assessors unaware of the assignment information.

habit-B programme interventions
The habit- B programme involves home- based exercise 
for 12 weeks (three times per week) with counselling/
exercise guidance and support provided via person-
alised email and a newly developed smartphone app 
(mobile push notifications).10 The details of these 
exercises were divided into three stages according to 

 V̇O2peak  at week 0 and the contents of training were 
designed to increase physical strength incrementally 
in accordance with the individual’s level of strength. 
Maximum rated perceived exertion during exercise 
was monitored to evaluate whether the intensity of 
the exercise performed was appropriate (18±2). The 
control group was given with a smartwatch at the start 
of the intervention. At the end of the study period, all 
participants were offered the habit- B programme.

Assessment measures
The primary outcome measure was CRF  (V̇O2peak) . 

 V̇O2peak  was measured using the incremental multi-
stage load method with a bicycle ergometer (Ergomedic 
828E, Monark, Stockholm, Sweden) at 60 revolu-
tions per min (rpm). The test began at 29.4 watt and 
increased by 14.7 watt per min until exhaustion. When 
the participant’s pedal rotation speed dropped below 
55 rpm three times, the test was deemed concluded. 
Secondary outcomes included a 6 min walk test, one- 
repetition maximum (1RM) for leg press, grip strength, 
chair stand test, resting heart rate and blood pressure, 
and body composition analysis (MC- 780A- N; Tanita, 
Tokyo, Japan). Also, the following electronic patient- 
reported outcomes (PROs) were obtained: Global 
Physical Activity Questionnaire score, Cancer Fatigue 
Scale12 and health- related QOL.13 Exercise adherence 
was monitored by input into the app and by heart rate 
on the smartwatch. The safety of the intervention was 
assessed through emails, phone calls and input into the 
app from participants.

Data collection, management, monitoring and auditing
PRO data were collected using the electronic PRO 
system on the smartphone app and the EDC was used 
to manage and monitor the data.

STATISTICAL ANALYSES
The sample size was calculated by using changes in 

 V̇O2peak  with the exercise intervention as described.10 
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Differences between the habit- B group and the control 
group were compared by an independent two- sample 
t- test to evaluate the degree of change in all outcomes 
from baseline to week 12. One- sided tests were used 
for  V̇O2peak  (mL/kg/min) and two- sided tests were used 
for others. Analyses were performed using IBM SPSS 
Statistics V.26. Data were collected from 30 November 
2020 to 27 May 2019. Data analysis, which followed 
the intention- to- treat approach, was performed from 
28 December 2020 to 6 January 2021.

RESULTS
Fifty breast cancer survivors were randomised to either 
the habit- B group (n=25) or the control group (n=25) 
(online supplemental figure 1). One participant in the 
habit- B group dropped out and five other participants 
could not complete outcome assessment because of 
issues related to the COVID- 19 pandemic (n=4) and 
poor physical condition (n=1). Baseline characteristics 

did not differ between the two groups (online supple-
mental table 1).

Primary outcome
Participants in the habit- B programme group showed 
significantly larger improvement in  V̇O2peak  compared 
with those in the control group (0.9 (95% CI 0.1 to 1.7) 
vs −0.8 (95% CI −1.5 to −0.1), p<0.01) (table 1). 
The difference in the amount of change between the 
two groups was 1.7 (95% CI 0.7 to 2.7), and the effect 
size (ES) was 1.06.

Physical function and examination
Participants in the habit- B programme group also 
showed a significant improvement in 1RM for leg press 
(p<0.01; table 1). No significant intervention effect 
was found for the other physical functions (table 1). 
Resting heart rate was maintained by the habit- B 
programme (p=0.041; online supplemental table 2).

Table 1 Changes in cardiorespiratory fitness and muscle strength from baseline to week 12

habit- B (n=21) Control (n=23) Between- group difference

Mean (SD) Mean (SD) Mean (95% CI) ES P value

Primary endpoint

 V̇O2peak (mL/kg/min)
  Baseline 25.0 (3.0) 24.9 (4.6)
  Week 12 25.9 (2.8) 24.1 (4.0)
  Within- group difference 0.9 (1.7) −0.8 (1.6) 1.7 (0.7 to 2.7) 1.06 <0.01
Secondary endpoint
Cardiorespiratory fitness
6MWT (m)*
  Baseline 586 (43) 603 (59)
  Week 12 615 (42) 631 (68)
  Within- group difference 30 (30) 29 (40) 1 (−21 to 23) 0.26 0.93

 V̇O2peak (L/min)
  Baseline 1.33 (0.18) 1.32 (0.29)
  Week 12 1.39 (0.23) 1.29 (0.26)
  Within- group difference 0.06 (0.11) −0.03 (0.09) 0.10 (0.03 to 0.16) 0.95 <0.01
Muscle strength
Grip strength (kgw)
  Baseline 22.4 (3.8) 23.3 (4.2)
  Week 12 23.2 (4.2) 23.7 (3.4)
  Within- group difference 0.8 (2.0) 0.4 (2.1) 0.4 (−0.9 to 1.6) 0.26 0.53
Leg press 1RM (kg)*
  Baseline 93.6 (24.3) 98.7 (40.6)
  Week 12 106.6 (26.7) 98.2 (30.9)
  Within- group difference 13.0 (15.9) −0.5 (18.1) 13.5 (2.9 to 24.1) 0.79 0.01
Chair stand test (s)*
  Baseline 14.4 (3.2) 13.7 (2.5)
  Week 12 13.5 (2.9) 13.3 (2.5)
  Within- group difference −0.9 (2.7) −0.4 (1.8) −0.5 (−1.9 to 0.9) −0.21 0.50
*The number of 6MWT, Leg press 1RM and Chair stand test were 20 for habit- B and 23 for control.
ES, Effect Size; 6MWT, 6 min walk test; 1RM, one- repetition maximum; V̇O2peak, peak oxygen uptake.
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PRO measures
Compared with the control group, the habit- B 
programme group showed some beneficial effects in 
terms of fatigue (ES=0.50, p=0.09) but not for phys-
ical activities or QOL (online supplemental table 3).

Adherence and adverse event
The adherence rate was 86% (range 19%–100%). No 
serious (grade ≥3) adverse events occurred.

DISCUSSION
This is first study to reveal that a home- based 12- week 
HIIT regimen involving body weight exercises 
improves  V̇O2peak  as the primary endpoint and main-
tains resting heart rate as the secondary endpoint in 
sedentary breast cancer survivors. Given that previous 
observational studies have demonstrated an association 
between increased CRF and reduced cancer- related 
mortality,14 it is reasonable to expect that improving 

 V̇O2peak  may improve health- related outcomes in 
cancer survivors. The present findings related to CRF 
are consistent with those of a previous meta- analysis 
study focusing on supervised HIIT in cancer survivors 
(10 trials; 2.1 mL/kg/min).15 Although the present 
programme led to slightly less improvement (1.7 mL/
kg/min) compared with these earlier supervised and 
lab- based studies, we believe that our home- based 
programme is promising for cancer survivors as a 
feasible intervention.

In addition, we confirmed that the habit- B 
programme improved leg strength (15.6%), which was 
similar to that reported in a previous study involving 
supervised HIIT (13.3%).6 This result might be an 
important outcome related to avoiding sarcopaenia in 
the future. Although the habit- B programme did not 
affect body composition or physical activity, it led to 
a meaningful reduction in fatigue, which could be a 
potential target symptom for exercise intervention.

There are two limitations of our study. Given that 
our results may not be generalisable to all breast cancer 
survivors, we need to conduct further large- scale multi-
centre studies. In addition, due to movement control 
order implemented to contain the spread of COVID- 
19, we had to stop our face- to- face assessments and 
consequently postponed the outcome measurements 
except for PRO. A subanalysis demonstrated similar 
results ( V̇O2peak , 1.5, 95% CI 0.5 to 2.5; 1RM, 
15.7, 95% CI 3.6 to 27.7) even when we excluded 
the participants who could not visit our lab on their 
scheduled date, suggesting that our programme may 
not have been substantially affected by the COVID- 19 
pandemic.

In summary, our findings support the incorporation 
of home- based and unsupervised exercise programmes 
into breast cancer survivorship care plans, espe-
cially in the COVID- 19 era. The strengths of our 
programme are its efficiency, feasibility and safety in 
terms of improving CRF by using a home- based setup 

of e- health technology and unsupervised body weight 
exercises.
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