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Abstract 

Background: Knowledge regarding adherence is necessary to improve the specificity of exercise interventions dur‑
ing cancer treatment. We aimed to determine adherence to resistance and endurance training interventions in paral‑
lel; identify subgroups with similar adherence characteristics; and examine determinants of these subgroups.

Methods: In the Phys‑Can randomised controlled trial, participants (n = 577, 81% women, mean(SD) age 59(12) 
years, and 50% with BMI ≥ 25 kg/m2) starting (neo‑) adjuvant treatment for breast, colorectal or prostate cancer were 
randomized to 6‑month of high (HI) or low‑to‑moderate intensity (LMI) supervised, group‑based resistance training 
and individual home‑based endurance training, with or without behavior change support. Adherence was calculated 
as performed exercise volume as a proportion of prescribed exercise volume (0–100%), overall (HI and LMI groups) 
and for frequency, intensity, type and time (FITT principles) (HI group). Adherence to resistance training was plot‑
ted against adherence to endurance training overall and for each FITT principle. K‑means cluster analysis was used 
to identify subgroups with similar adherence characteristics. Potential determinants of subgroup membership were 
examined using multinomial logistic regression.

Results: We found a positive curvilinear correlation between adherence to resistance and endurance training overall. 
A similar correlation was seen for adherence to frequency of resistance vs. endurance training in the HI group. In the 
HI group, adherence to resistance training intensity and time was > 80% for almost all participants. For endurance 
training adherence ranged from 0 to 100% for each of the FITT principles. Three clusters were identified, representing 
low, mixed, and high adherence to resistance and endurance training overall. Participants with higher age (Relative 
risk ratio [95% CI]; LMI: 0.86[0.77–0.96], HI: 0.83[0.74–0.93]), no behaviour change support (LMI: 0.11[0.02–0.56], HI: 
0.20[0.05–0.85]), higher cardiorespiratory fitness (LMI: 0.81[0.69–0.94], HI: 0.80[0.69–0.92]), more fatigue (according to 
the reduced activity subscale of the MFI questionnaire) (LMI: 0.48[0.31–0.73], HI: 0.69[0.52–0.93]) or higher quality of 
life (LMI: 0.95[0.90–1.00], HI: 0.93[0.88–0.98]) were less likely to be in the low than the high adherence cluster whether 
randomised to LMI or HI training. Other determinants were specific to those randomised to LMI or HI training.

Conclusions: In an exercise intervention during cancer treatment, adherence to resistance and endurance training 
were positively correlated. Personalisation of interventions and additional support for some subgroups of participants 
may improve adherence.
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Background
Exercise interventions in individuals diagnosed with can-
cer are safe and help reduce side effects, such as cancer-
related fatigue [1, 2], and increase health-related quality 
of life [3]. As such, international exercise guidelines for 
cancer survivors recommend at least 3 weekly sessions 
of 30  min moderate-intensity aerobic training, and/
or at least 2 weekly sessions of resistance training [1]. 
However, to further improve the specificity of recom-
mendations for exercise during cancer treatment, more 
evidence regarding the optimal ‘exercise prescription’ in 
terms of exercise frequency, intensity, time, and type, (i.e. 
the FITT principles) is required [1]. To support this goal 
and optimise exercise interventions it is vital to under-
stand adherence to exercise interventions in detail, ide-
ally, for each of the FITT principles [4].

In 15 high-quality studies of exercise interventions 
during and after multimodal cancer treatment adher-
ence rates ranged from 60 to 90% [5]. However, in these 
studies adherence was largely synonymous with attend-
ance, and did not consider whether the intervention was 
performed as prescribed in terms of intensity, time and 
type. Indeed, most exercise-oncology trials do not report 
adherence to all components of the prescribed interven-
tion [4, 6].

In studies that have aimed to examine adherence to 
exercise interventions during oncological cancer treat-
ment in more detail, adherence has been presented as an 
average for resistance exercise and/or endurance exer-
cise, either overall or according to the FITT principles [7, 
8]. However, in interventions that include both resistance 
and endurance training it is important to understand 
if individual participants are equally adherent to both 
types of training. The interpretation of results and the 
implications for future studies may vary substantially if a 
large proportion of participants within a study are more 
adherent to resistance training than endurance training 
or vice versa. Such possibilities may be concealed when 
examining average adherence levels for the entire sample, 
for example if two subgroups with different patterns of 
adherence balance each other out on average.

Comparing determinants of adherence to exercise 
interventions between studies is challenging due to the 
wide variety in the type, intensity and duration of exercise 
interventions that have been delivered, and the differ-
ent populations and cancer types that have been stud-
ied. Nonetheless, baseline physical fitness and previous 

exercise history are among the few demographic and 
clinical characteristics have been associated with adher-
ence to exercise interventions in cancer survivors during 
treatment in several studies [5, 9]. However, these stud-
ies focus on adherence to the intervention overall and 
few have had the opportunity to separate determinants 
of adherence to low-to-moderate intensity exercise from 
determinants of adherence to high intensity exercise.

A better understanding of adherence patterns and the 
determinants of adherence at a detailed level will help 
optimise future interventions and better target exercise 
interventions to the capabilities of patient groups. This 
will enable us to identify particular subgroups of the 
population who may require additional support or inter-
ventions to be adapted to their needs. Thus allowing ade-
quately prescribed interventions and  realistic goals to be 
set, which is important to motivate behaviour change.

We hypothesised that there may be subgroups of par-
ticipants with high adherence to resistance training but 
low adherence to endurance training, or vice versa, and 
that we may be able to identify subgroups of participants 
with similar adherence characteristics. Furthermore, we 
hypothesised that some demographic and clinical charac-
teristics may be associated with adherence to resistance 
and endurance training, highlighting subgroups of partic-
ipants who may require additional support or interven-
tions to be adapted to their needs. The aims of this study 
were to (1) describe patterns of adherence to resistance 
and endurance training in parallel, overall and according 
to the FITT principles; (2) identify subgroups of individ-
uals with similar adherence characteristics; (3) examine 
demographic and clinical determinants of adherence to 
resistance and endurance training.

Methods
Study design and participants
The Physical training and Cancer (Phys-Can) study is a 
multicentre, 2 × 2 factorial design, randomised controlled 
trial (RCT) (NCT02473003, Registered 16/06/2014,) 
previously described in depth [10, 11]. Participants, 
were recruited from Uppsala, Lund and Linköping Uni-
versity hospitals (March 2015–April 2018). Eligibility 
was assessed by an oncologist. The eligibility criteria 
stipulated that participants were > 18  years old, literate 
in Swedish and recently diagnosed with curable breast 
(women only), prostate or colorectal cancer, scheduled to 
begin (neo-)adjuvant chemotherapy, radiotherapy, and/or 

Trial registration NCT02 473003 (clinicaltrials.gov, Registered 16/06/2015).
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endocrine therapy. Exclusion criteria were stage IIIb–IV 
breast cancer, inability to perform basic activities of daily 
living, cognitive disorders, severe psychiatric disease, 
or other disabling conditions that might contraindicate 
high-intensity exercise (e.g., severe heart failure, severe 
chronic obstructive pulmonary disease, or orthopaedic 
conditions), treatment for an additional ongoing malig-
nant disease, BMI < 18.5  kg/m2 or pregnancy. In total, 
2051 eligible individuals were identified, of which 600 
agreed to participate (see CONSORT flow chart, Fig. 1). 
Twenty-three participants withdrew from the study 
before randomization, so in total, 577 participants were 
randomized (computer generated random allocation 
sequence concealed from all research staff) to high or 
low-to-moderate intensity exercise, with or without addi-
tional behaviour change support. All participants pro-
vided written informed consent. The study was approved 
by the Regional Ethical Review Board in Uppsala (Dnr 
2014/249). The research was performed in accordance 
with the relevant guidelines including the Declaration of 
Helsinki.

Description of intervention
The 6-month intervention, previously described in detail 
[7, 11], was conducted between March 2015 and Novem-
ber 2018, during each patient’s treatment period. In 
brief, it consisted of supervised, group-based resistance 
training at public gyms twice per week and individual 
home-based endurance training. Resistance training 
for participants randomised to high intensity exercise 
was 3 sets of 6 exercises at an intensity of 6 repetitions 
maximum (RM) (first weekly session) or 10 RM (sec-
ond weekly session). Participants continued to failure in 
the last set of each exercise. Resistance training for par-
ticipants randomised to low-to-moderate intensity exer-
cise was 3 sets of 6 exercises at 50% of maximal muscle 
strength, with 12 repetitions per set (first weekly ses-
sion) and 20 repetitions per set (second weekly session). 
According to the protocol, the total volume of resistance 
training was therefore the same for both exercise inten-
sities. The prescribed endurance training in the high 
intensity groups was interval training twice per week, 
composed of two minutes of exercise (e.g. running, 

Assessed for eligibility (n=2600)

Ineligible (n=549)
Did not understand Swedish (n=48)
Could not perform basic activity (n=43)
Comorbid condition (n=410)
Other reason/reason unknown (n=48)

Included in study (n=600)

Declined participation (n=1451)
Feels too bad (n=69)
Too far to travel (n=425)
Does not want to state reason (n=106)
Administrative error (n=109)
Other reason/reason unknown (n=742)

Randomised (n=577)

Withdrew before randomisation (n=23)

HI training with BCS 
(n=144)

HI training without BCS 
(n=144)

L-MI training with BCS 
(n=145)

L-MI training without BCS 
(n=144)

Fig. 1 CONSORT flow chart showing flow of participants through to randomisation in the Phys‑Can study. HI, high intensity; L‑MI, low‑to‑moderate 
intensity, BCS; behaviour change support
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cycling or walking uphill) at 80–90% of heart rate reserve 
(based on a cardiopulmonary treadmill test to exhaustion 
performed before randomisation) followed by two min-
utes of active rest. Participants started with five intervals 
and an additional interval was added every fourth week 
to a maximum of 10 intervals. The endurance training in 
the low-to-moderate intensity groups consisted of at least 
150 weekly minutes of endurance training (e.g. walk-
ing or biking) in bouts of at least 10  min at 40–50% of 
heart rate reserve. Additional behaviour change support 
such as goal-setting, planning and self-monitoring was 
delivered face-to-face on nine occasions for participants 
randomised to receive this additional support. However, 
we previously found no effect of behaviour change sup-
port on exercise adherence [7] so results are stratified by 
training intensity only.

Measures of adherence
For all individuals, adherence to the resistance training 
and endurance training components of the intervention 
were calculated overall and each of FITT principles as 
performed exercise as a proportion of prescribed exercise 
(Table 1) [7].

Adherence to resistance training was based on check-
lists of attendance; results from 6 and 10 RM tests 
reported by coaches; and resistance training logs includ-
ing repetitions completed, sets completed, and weight 
achieved for each exercise, recorded by the participants 
at each training session. Adherence to endurance train-
ing was primarily based on objective data from heart rate 
monitors that participants wore during each endurance 
training session. This was complemented by self-reported 
training logs to help ensure completeness of the data. 
Adherence to resistance and endurance training overall 
was calculated for participants who trained at both and 
low-to-moderate and high intensity. However, it was only 
possible to calculate adherence to each of the FITT prin-
ciples for those participating in the high intensity train-
ing groups. This was because the exercise prescription 

for endurance training in the low-to-moderate intensity 
training groups did not include frequency, as it was con-
sidered unfeasible to prescribe the number of bouts and 
we focused on weekly recommendations, as in current 
physical activity guidelines.

Potential determinants
Potential determinants of intervention adherence were 
measured before randomisation to the four intervention 
arms except for information about treatment with chem-
otherapy. Treatment with chemotherapy was extracted 
from medical records at the end of the intervention based 
on the type of treatment received.

The characteristics to examine were decided a priori 
based on previous knowledge and availability of data. 
Potential determinants of interest were participant age 
(continuous variable), type of cancer (breast, colorec-
tal, prostate), study centre (Linköping, Lund, Uppsala), 
intervention group (with or without behaviour change 
support), received chemotherapy according to medi-
cal records post-intervention (yes vs. no), self-reported 
comorbidity at baseline (yes vs. no), baseline cardiores-
piratory fitness quantified as maximal oxygen uptake 
during walking/running to exhaustion using a modified 
Balke protocol [12] (continuous variable), baseline stage 
of change for endurance training and for resistance train-
ing (based on Exercise Stage Assessment Instrument cat-
egory 5, i.e. Maintenance stage, physically active longer 
than 6 months, vs. categories 1–4, i.e. Pre-contemplation 
stage-Action stage), five dimensions of fatigue assessed 
at baseline with the Multidimensional Fatigue Inven-
tory (MFI) [13] (continuous variables), and function and 
symptom scales from the European Organization for 
Research and Treatment of Cancer (EORTC) core qual-
ity of life questionnaire (QLQ-C30) [14] (continuous 
variables). However, the EORTC C30 symptom scales for 
financial insecurity was not included because the training 
sessions were provided without cost for the participants.

Table 1 Calculations for training adherence overall and for each of the FITT principles. Adapted from Mazzoni et al. [7]

*Only possible to calculate for the high intensity training groups because the exercise prescription for endurance training in the low-to-moderate groups did not 
include frequency, as it was considered unfeasible to prescribe number of bouts

Resistance training Endurance training

Overall Performed reps × sets × weight/prescribed reps × sets × weight Performed minutes at prescribed intensity/prescribed minutes

Frequency n attended sessions/n prescribed sessions n performed sessions/n prescribed sessions*

Intensity Performed weight/prescribed weight during performed sessions n of performed intervals where the target heart rate zone was met/n 
of prescribed intervals during performed sessions*

Time Performed sets*repetitions/prescribed sets*repetitions during 
performed sessions

Duration of performed intervals/prescribed duration of intervals dur‑
ing performed sessions*

Type n sessions where all prescribed exercises were performed/ n 
performed sessions

n performed interval training sessions/n performed sessions*
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Statistical analysis
Scatter plots of overall adherence to resistance training 
against overall adherence to endurance training are pre-
sented separately for participants randomised to low-
to-moderate intensity training and those randomised 
to high intensity training. For participants randomised 
to high intensity training, scatter plots of adherence to 
resistance training against adherence to endurance train-
ing are presented for training frequency, intensity, time 
and type. The curvilinear correlation between adherence 
to the resistance training and endurance training was 
assessed based on Spearman’s ρ. Cubic splines were fit-
ted with 5 cross-median knots. This allow us to illustrate 
the relationship between overall adherence to resistance 
training and overall adherence to endurance training, for 
participants randomised to low-to-moderate intensity 
training and those randomised to high intensity training. 
Cubic spline fitted with 5 cross-median knots were also 
used to show the relationship between adherence to pre-
scribed frequency of resistance training and adherence to 
prescribed frequency of endurance training, for partici-
pants randomised to high intensity training.

K-means cluster analysis was used to divide the sam-
ple into groups with similar adherence characteristics. 
Clusters were based on overall adherence to resistance 
and endurance training for participants randomised 
to low-to-moderate intensity training and those ran-
domised to high intensity training separately. Cluster 
analyses excluded participants with 0% adherence to 
both endurance and resistance training. To determine the 
most appropriate number of groups to specify we visually 
inspected plots of the within sum of squares and its loga-
rithm, the η2 coefficient, and the proportional reduction 
of error coefficient for 0–20 clusters [15].

Potential determinants of membership to the clusters, 
based on overall adherence to endurance and resist-
ance training for participants randomised to low-to-
moderate intensity training and those randomised to 
high intensity training separately, were examined using 
multinomial logistic regression. All potential determi-
nants were included in a mutually adjusted model. The 
model was fitted for individuals with complete data on all 
co-variates.

Analyses were run in Stata version 15.0.

Results
Participants
In total, 577 patients were randomised to high or low-to-
moderate intensity exercise, with or without additional 
behaviour change support. Participant characteristics 
were similar for those randomised to high vs. low-to-
moderate intensity exercise (Table  2). The majority of 
participants were highly educated (58% with tertiary 

education) normal weight (50%) women (80%) with 
breast cancer, treated with chemotherapy (53%). Most 
participants were in a ‘preparation’ stage of change or 
higher, indicating that they did not perceive themselves 
as especially physically active but that they were deter-
mined to increase their activity level over the following 
6 months.

Adherence patterns
Adherence to resistance training overall had a positive 
curvilinear correlation with adherence to endurance 
training overall for participants randomised to low-to-
moderate intensity training and those randomised to 
high intensity training (Spearman’s ρ: 0.665 low-to-mod-
erate intensity training; ρ: 0.777 high intensity training) 
(Fig. 2). Visually inspecting Fig. 2 showed that for partici-
pants with less than 30% adherence to endurance train-
ing, adherence to resistance training was twice as high 
as adherence to endurance training among participants 
randomised to low-to-moderate intensity training and 
those randomised to high intensity training. However, at 
both training intensities there was a plateau in adherence 
to resistance training between 65 and 75% and very few 
participants achieved more than 90% adherence to resist-
ance training. In contrast, 100% adherence to endurance 
training was achieved by 23% of participants in the low-
to-moderate intensity training groups and 5% of par-
ticipants in the high-intensity training groups. Among 
the individuals achieving 100% adherence to endurance 
training, there was a wide distribution in adherence to 
resistance training, particularly among participants in the 
low-to-moderate intensity training groups.

Among participants randomised to high intensity 
training, adherence to prescribed frequency of resistance 
training had a positive curvilinear correlation with adher-
ence to prescribed frequency of endurance training, simi-
lar to the pattern for overall adherence (Fig. 3A). While 
adherence to prescribed intensity and time for endurance 
training was 0–100%, for resistance training adherence 
to these FITT principles was above 80% for almost all 
participants (Fig. 3B, C). Adherence to training type was 
high for both resistance and endurance training (Fig. 3D). 
However, there were subsets of participants with 100% 
adherence to endurance training type but with a range of 
adherence to resistance training type from 0–100% and 
vice versa.

For resistance training in the high intensity training 
groups, participants were approximately equally distrib-
uted across the levels of adherence to frequency (Fig. 4). 
Within each level of adherence to frequency > 25%, the 
large majority were 75–100% adherent to intensity, time 
and type; nonetheless, there was a small subset (2–3%) 
who were only 0–25% adherent to type despite being 
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75–100% adherent to intensity and time. For endurance 
training, compared to resistance training, there were 
many more different combinations of adherence to each 
of the four FITT principles. For endurance training, 
within each category of adherence to frequency there was 
a substantial proportion of individuals with < 75% adher-
ence to intensity. However, within each level of adherence 
to frequency > 25%, the large majority were 75–100% 
adherent to endurance training type.

Adherence characteristics (cluster analysis)
For both the low-to-moderate intensity training groups 
and the high intensity training groups it was most appro-
priate to divide participants into 3 clusters with similar 
overall adherence characteristics (Fig. 5).

Individuals in Cluster 1 (Low) had low adherence 
to endurance training and/or low adherence to resist-
ance training (Table 3). Individuals in Cluster 2 (Mixed) 
had low-to-moderate adherence to endurance training 
and moderate-to-high adherence to resistance training 
(Table 3). Individuals in Cluster 3 (High) had high adher-
ence to endurance training and moderate-to-high adher-
ence to resistance training (Table 3).

Potential determinants of membership to adherence 
clusters
Among participants randomised to low-to-moderate 
intensity training and among participants randomised 
to high intensity training, those with higher age, those 
who were randomised to not receive behaviour change 

Table 2 Baseline characteristics of participants in the Phys‑Can Study

SD, standard deviation; BMI, Body Mass Index; IQR, Interquartile range;  VO2 max, maximal oxygen uptake; MVPA, moderate-to-vigorous intensity physical activity as 
measured by 7 day Sensewear accelerometer

*Exercise stage assessment instrument categories 1–5 with 1 = pre-contemplation stage and 5 = maintenance stage, physically active longer than 6 months. n varies 
due to missing data, % is of those with data available

Randomised to 6 months of

Low-moderate intensity training (n = 289) High intensity 
training 
(n = 288)

Age (years) mean (SD) 59 (12) 59 (12)

Sex n (%)

 Male 55 (19) 57 (20)

 Female 234 (81) 231 (80)

Education n (%)

 Primary 32 (11) 30 (11)

 Secondary 59 (21) 77 (28)

 Tertiary 173 (62) 163 (58)

 Other 15 (5) 9 (3)

Diagnosis n (%)

 Breast cancer 229 (79) 228 (79)

 Colorectal cancer 12 (4) 11 (4)

 Prostate cancer 48 (17) 49 (17)

Weight status n (%)

 Underweight/normal weight (BMI < 25 kg/m2) 135 (50) 132 (49)

 Pre‑obese (BMI ≥ 25 kg/m2 < 30 kg/m2) 98 (36) 90 (33)

Obese (BMI ≥ 30 kg/m2) 39 (14) 48 (18)

Treated with chemotherapy n (%) 157 (55) 151 (52)

Comorbidities n (%)

 None 109 (39) 113 (42)

 One or more 170 (61) 157 (58)

Exercise stage of change* median (IQR)

 Cardiovascular training 3 (3–5) 3 (3–5)

 Strength training 3 (2–3) 3 (2–4)

VO2 max (mL/kg/min) mean (SD) 30.1 (7.1) 30.7 (7.1)

MVPA (h/day) mean (SD) 1.2 (0.8) 1.2 (0.9)
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support, those with higher cardiorespiratory fitness at 
baseline, those with higher scores for fatigue (reduced 
activity subscale of MFI questionnaire), or higher scores 

for global health status/quality of life (EORTC C30 sub-
scale) at baseline were less likely to be in Cluster 1 (Low) 
than Cluster 3 (High) (Table 4).

Fig. 2 The correlation between adherence to resistance training overall and adherence to endurance training overall. NB. Cubic splines were fitted 
with 5 cross‑median knots to illustrate the relationship between overall adherence to resistance training and overall adherence to endurance 
training for each training intensity group
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Among participants randomised to low-to-moderate 
intensity training, those with higher scores for fatigue 
(reduced activity subscale of MFI questionnaire) or 
global health status/quality of life were also less likely to 
be in Cluster 2 (Mixed) than Cluster 3 (High) (Table 4). 
In contrast, those with higher scores for role function and 
constipation (EORTC C30 subscales) were more likely to 
be in Cluster 1 (Low) than Cluster 3 (High), and those 
with colorectal or prostate cancer, with higher scores for 
reduced motivation or mental fatigue (MFI subscales), or 
with higher scores for cognitive function or constipation 
(EORTC C30 subscale) were more likely to be in Cluster 
2 (Mixed) than Cluster 3 (High).

Among participants randomised to high intensity train-
ing, those with higher scores for physical fatigue (MFI 
subscale) or higher scores for cognitive function (EORTC 
C30 subscale) were more likely to be in Cluster 1 (Low) 
than Cluster 3 (High) and those with higher scores for 
emotional function (MFI subscale) were more likely to be 
in Cluster 2 (Mixed) than Cluster 3 (High) (Table 4).

Discussion
Among participants randomised to low-to-moderate 
intensity training and those randomised to high inten-
sity training, we found a positive curvilinear correlation 
between adherence to resistance training and endurance 
training overall. This was also seen for training frequency 
among participants randomised to high intensity train-
ing. Among participants randomised to high intensity 
training, adherence to intensity and time for resistance 
training was consistently high, while for endurance train-
ing there were many different combinations of adherence 
to each of the four FITT principles. Age, randomisa-
tion group with regards to behaviour change support, 
and baseline cardiorespiratory fitness, fatigue (reduced 
activity subscale of MFI questionnaire) and quality of 
life score were the key determinants of membership 
to adherence clusters among participants randomised 
to low-to-moderate intensity training and among par-
ticipants randomised to high intensity training. Among 
participants randomised to low-to-moderate intensity 

Fig. 3 Correlation between adherence to resistance training and endurance training frequency FITT principles. Figure shows the correlation 
between adherence to resistance training and endurance training frequency (A), intensity (B), time (C), and type (D) (FITT principles) for participants 
randomised to high intensity training (n = 288). NB. Cubic splines were fitted with 5 cross‑median knots to illustrate the relationship between 
adherence to prescribed frequency of resistance training and adherence to prescribed frequency of endurance training
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training, role function score, symptoms of constipation, 
cancer type, reduced motivation score, mental fatigue 
score and cognitive function score were additional deter-
minants of membership to adherence clusters. Fur-
ther determinants of membership to adherence clusters 
among participants randomised to high intensity training 
were physical fatigue score, cognitive function score, and 
emotional function score.

Among participants with low adherence to individual 
home-based endurance training, adherence was higher 
for the supervised group-based resistance training. This 
was true among participants randomised to low-to-
moderate intensity training and those randomised to 
high intensity training. The importance of the structure, 
scheduling and social support provided by group-based 
exercise during and after treatment for cancer has pre-
viously been described [16–18], and may explain this 
result. Earlier studies in patients undergoing cancer treat-
ment have reported a mean attendance of 60–70% when 
endurance training sessions have been supervised [19, 
20]. This suggests that challenges to adherence for endur-
ance training may have been reduced in a supervised set-
ting. Despite this, the plateau in adherence to resistance 

training around 65–75% may point to a disadvantage of 
the scheduled nature of the supervised resistance training 
sessions. Participants who missed a resistance training 
session may have lacked motivation or ability to perform 
the session at another time during their demanding can-
cer treatment, since the ‘compensation’ session would be 
self-initiated and not supervised or group-based.

The structured and guided environment of the resist-
ance training may also explain the consistently high levels 
of adherence to intensity, time, and to a large extent, type 
in the participants randomised to high intensity training. 
Among participants randomised to high intensity train-
ing, there were many more combinations of adherence 
levels for the four FITT principles for endurance train-
ing compared to resistance training. This suggests that 
there were challenges to adhere to each of the FITT prin-
ciples for endurance training. For example, it may have 
been challenging to adhere to the frequency principle for 
endurance training, since participants needed to moti-
vate themselves to perform the exercise sessions alone 
in their home environment. Further, since there was no 
supervision or guidance during the sessions it was not 
possible to ensure the interval training was performed 

Fig. 4 Patterns of adherence to resistance and endurance training frequency, intensity, time, and type for participants randomised to high intensity 
training (n = 288). NB. Each’slice’ of the figure represents the proportion of participants with a specific combination of adherence levels for the four 
FITT principles, for example, 18.8% of participants had 0–25% adherence to all four FITT principles for resistance training, while 3.5% of participants 
had 0–25% adherence to the prescribed resistance training frequency but 75–100% adherence to the prescribed resistance training intensity, 
time and type. Blue segments represent 0–25% adherence, orange segments represent > 25–50% adherence, grey segments represent > 50–75% 
adherence, and yellow segments represent > 75–100% adherence
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Fig. 5 Adherence clusters based on overall adherence within each training intensity group. Orange points represent cluster 1, i.e. individuals 
within the low adherence to endurance training and/or resistance training; green points represent cluster 2, i.e. individuals with low‑to‑moderate 
adherence to endurance training and moderate‑to‑high adherence to resistance training; grey points represent cluster 3, i.e. individuals with high 
adherence to endurance training and moderate‑to‑high adherence to resistance training

Table 3 Adherence characteristics of the three identified overall adherence clusters

Data are median (inter quartile range)

Participants randomised to low-to-moderate intensity 
training (n = 245)

Participants randomised to high intensity 
training (n = 248)

Adherence to endurance 
training (%)

Adherence to resistance 
training (%)

Adherence to endurance 
training (%)

Adherence 
to resistance 
training (%)

Cluster 1 (low) 13.4 (3.7–26.1) 29.7 (8.6–45.4) 8.6 (2.9–20.7) 26.1 (7.8–38.8)

Cluster 2 (mixed) 51.3 (35.9–59.1) 69.8 (59.2–78.8) 41.2 (28.3–49.4) 65.7 (56.0–73.4)

Cluster 3 (high) 100 (88.8–100) 73.2 (62.7–82.2) 83.3 (69.7–93.0) 73.8 (66.7–81.2)
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according to the protocol, this could have impacted 
intensity, time and type. In addition, and participants 
may have felt uncomfortable pushing themselves to the 
high intensity prescribed, so may have chosen to exer-
cise at a lower intensity or for longer or shorter intervals 
according to their preference.

There were not substantial groups of participants with 
high adherence to resistance training but low adherence 
to endurance training or vice versa. This suggests that 
adherence can be considered an overarching correlated 
behavioural pattern within individuals that is typically 
not distorted by preference for one particular type of 
training. Nonetheless, among participants randomised 
to high intensity training, adherence to exercise type was 
the one FITT principle where there was a subset of par-
ticipants with very low adherence for resistance training 
that was not seen in the endurance training. These par-
ticipants often had high adherence to frequency, inten-
sity and time. This observation is likely to reflect physical 
barriers to performing the prescribed exercises at the 
gym. In these situations the exercises were adapted to the 
participants’ limitations in accordance with the interven-
tion protocol. For example, patients with breast surgery 
may have struggled to perform some of the upper body 
resistance exercise at the correct intensity, so they were 
instructed to perform either a similar exercise (i.e. same 
muscle group working) at a lower intensity (e.g. using 
resistance bands or merely body weight), or another exer-
cise involving other upper body muscle groups (e.g. tri-
ceps dips).

Our results suggest that in future interventions, par-
ticipants with lower age, lower fitness levels, less fatigue, 
and lower quality of life, may require additional strate-
gies to encourage adherence to exercise prescriptions 
of both low-to-moderate and high intensity. Our results 
are in line with previous studies that have shown higher 
age [21] and baseline fitness [21–24] to be associated 
with higher adherence to exercise intervention during 
treatment in cancer survivors. However, in contrast to 
our findings, others have shown inverse associations or 
have not found associations of age [22, 23, 25, 26], base-
line fitness level [26, 27] and quality of life [23, 26] with 
adherence to exercise interventions during cancer treat-
ment. These mixed results suggest that determinants of 
adherence to exercise interventions may be dependent on 
the content and context of the intervention, since there 
has been wide variety in the type, intensity and duration 
of exercise interventions that have been delivered, and 
many different populations and cancer types that have 
been previously studied. The association of higher physi-
cal fatigue with lower adherence has also been reported 
in some [22], but not all [23, 25, 26] previous studies. It 
was interesting that physical fatigue was a determinant 

of intervention adherence among participants ran-
domised to high-intensity training, but not among those 
randomised to low-to-moderate intensity training. This 
suggests that participants with higher levels of baseline 
fatigue may require extra support to achieve high levels 
of adherence to exercise interventions if they are required 
to train at high intensity, that may not be required if the 
training prescribed is of low-to-moderate intensity. No 
particular treatment or disease related symptoms, except 
constipation, were associated with adherence to the exer-
cise interventions, even though disease and treatment-
related symptoms have previously been suggested as 
reasons for reduced attendance of exercise interventions 
during treatment [28]. Nonetheless, symptoms such as 
fatigue are known to vary across chemotherapy cycles 
[29], so it may be that measuring baseline symptoms does 
not capture the relevant timeframe for these potential 
determinants of adherence.

The main strength of this study is the detailed infor-
mation about adherence to resistance and endurance 
training acquired from a large, rigorously conducted, 
multicentre RCT, which allowed adherence to resistance 
and endurance training to be examined in parallel. One 
limitation was that it was not possible to compare resist-
ance and endurance training adherence for individual 
FITT principles for the low-to-moderate intensity train-
ing groups, since training frequency was not stipulated in 
the low-to-moderate intensity training protocol. Further, 
our results may have limited generalisability since, as in 
all exercise-trials, participants were a subgroup of the 
population who were willing to participate in a 6 month 
exercise intervention during treatment for cancer, and 
they were largely highly educated and already planning to 
become physically active at baseline.

Conclusions
Our results suggest that (1) in exercise interventions 
during cancer treatment that include both endurance 
training and resistance training, adherence can be con-
sidered an overarching correlated behavioural pattern 
within individuals, that is typically not distorted by 
preference for one particular type (resistance vs. endur-
ance) of training, (2) around 10% patients undergoing 
treatment for cancer may not be able to perform the 
type of high intensity resistance exercises at the gym 
that has been prescribed, even if they are able to adhere 
well to the prescribed frequency, intensity and time of 
these exercises—future interventions may need to be 
personalised to take this into account; (3) in future 
interventions additional support encouraging adher-
ence to exercise prescriptions may be beneficial for 
participants with lower age, lower fitness levels, less 
fatigue, and lower quality of life at the start of their 
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cancer treatment, for both low-to-moderate and high 
intensity exercise interventions, while participants 
with higher levels of baseline fatigue may require extra 
support to achieve high levels of adherence to exer-
cise interventions if they are required to train at high 
intensity.
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