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Purpose: Despite beneficial effects, adherence to exercise-based cardiac rehabilitation 
(exCR) is low in patients with coronary artery disease (CAD). The aim of this study was 
to investigate adherence to and the effects of a behavioral medicine intervention in phy-
siotherapy (BMIP) added to routine exCR care on the primary outcome of physical fitness 
compared with routine exCR care.
Patients and Methods: In a randomized, controlled trial, 170 patients with CAD (136 men), 
mean age 62.3 (7.9) years, were included at a Swedish university hospital. Patients were rando-
mized 1:1 to routine exCR care (RC) or to a BMIP added to routine exCR care for four months, 
with a long-term follow-up at 12 months. The outcome assessment included submaximal aerobic 
exercise capacity, muscle endurance and self-reported physical activity and physical capacity.
Results: The four-month follow-up showed improvements in all outcomes for both groups, 
but changes did not differ significantly between the groups. Patients in the BMIP group were 
more adherent to exCR recommendations compared with the RC group (31% vs 19%) and 
a non-significant tendency towards the maintenance of submaximal aerobic exercise capacity 
over time was seen in the BMIP group, whereas patients in the RC group appeared to 
deteriorate.
Conclusion: Both groups improved significantly at the four-month follow-up, while the 12- 
month follow-up showed a non-significant tendency towards better long-term effects on 
submaximal aerobic exercise capacity and exercise adherence for a BMIP compared with 
RC. In spite of this, a better understanding of the role of a BMIP in enhancing adherence is 
needed.
Keywords: aerobic capacity, coronary artery disease, control theory, secondary prevention

Introduction
Coronary artery disease (CAD) is one of the leading causes of death worldwide.1 

Mortality rates in CAD have decreased markedly in recent decades, due mainly to 
improved evidence-based treatment and reductions in cardiovascular risk factors. As 
a result, the proportion of patients in need of secondary prevention is increasing.2,3 In 
the treatment of CAD, secondary prevention administered through cardiac rehabilita-
tion is an important contributor to mortality reduction.3 Exercise-based cardiac 
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rehabilitation (exCR) is often described as a central part of 
cardiac rehabilitation and has been given high priority in 
international guidelines.4,5 Meta-analyses clearly indicate 
the positive health benefits of exCR in terms of reduced 
cardiovascular mortality and a reduced risk of hospital re- 
admission,6,7 as well as beneficial effects on cardiovascular 
risk factors,7 anxiety and depression8 and aerobic exercise 
capacity.9 The combination of both aerobic and resistance 
exercise has been shown to achieve the best effects on 
overall risk reduction and cardiovascular fitness.10 In 
patients with CAD, aerobic exercise capacity is a strong 
predictor of mortality and a small gain in oxygen uptake can 
therefore improve both functional capacity and survival 
prospects.11,12

In spite of its established positive effects, exCR 
remains underutilized in patients with CAD, with referral 
rates in Europe in recent decades of about 50% and with 
a minority of the referred patients actually attending and 
adhering to exCR.13 In Sweden in 2019, only 19% of 
referred patients completed an exCR program during the 
first year after an acute myocardial infarction.14 A recent 
Cochrane Review has found insufficient evidence of the 
effects of interventions aiming to increase adherence to 
exCR.15 The ability to determine the consistency of find-
ings was limited due to multifaceted, varied interventions 
and more research is needed.15 Behavioral medicine inter-
ventions have previously been shown to be effective in 
healthy adults and self-monitoring has been shown to be 
the most important component for a behavioral change to 
be successful when changing exercise behaviour.16 It has 
also been shown that interventions that combined self- 
monitoring with other components, such as goal-setting 
or feedback on behavior/exercise, were more effective in 
promoting physical activity than other evaluated 
interventions.16 A few studies have used a behavioral 
medicine intervention in the context of exCR in order to 
increase adherence to exercise programmes.15,17–19 One 
review has shown that self-monitoring and goal-setting 
may be effective behavioral change techniques to increase 
physical activity levels in patients with CAD. Knowledge 
of interventions evaluating the effects of behavioral med-
icine interventions in the context of exCR is still limited, 
however, and further high-quality research is needed. By 
promoting adherence to exCR, the effectiveness of this 
treatment in terms of improved aerobic exercise capacity 
is likely to be increased and this would in turn affect 
cardiovascular mortality. The aim of the present study 
was to investigate adherence to and the effects of 

a behavioral medicine intervention added to routine 
exCR care on the primary outcome of physical fitness 
compared with routine exCR care.

Patients and Methods
Study Design
This study is an open-label, randomized, controlled trial.

Subjects
Patients were screened consecutively for study inclusion at 
a coronary care unit at a Swedish university hospital. The 
inclusion criteria were an index event due to CAD and/or 
percutaneous coronary intervention (PCI), age ≥ 18 years 
and < 75 years. The exclusion criteria were serious physi-
cal or psychological disease interfering with participation 
in exCR and an inability to understand the Swedish lan-
guage. The study is performed in accordance with the 
principles stated in the Declaration of Helsinki. Ethical 
approval was obtained from the regional ethical review 
board in Linköping, Sweden in 2015 (Registration num-
ber: 2015/209-31), and with an amendment in 2018 
(Registration number: 2018/383-32). The study is regis-
tered at ClinicalTrials.gov (NCT02895451). All patients 
gave their informed written consent before entering the 
study.

Inclusion Procedure and Randomization
Physiotherapists at the coronary care unit received, through 
patient records, daily information about patients eligible for 
inclusion in the study, asked potential patients about partici-
pation and obtained informed consent. Baseline testing, 
performed by the physiotherapist responsible for the testing 
procedure, took place within two to three weeks after dis-
charge. After completed baseline tests, patients were rando-
mized 1:1, using sealed envelopes, to either routine exCR 
care (RC) or to a behavioral medicine intervention in phy-
siotherapy (BMIP), in addition to routine exCR care for four 
months. Randomization was stratified by submaximal aero-
bic work capacity and a cut-off at 100 watts was used.20 The 
physiotherapists performing the tests were not blinded to 
group allocation for organizational reasons. Different phy-
siotherapists were responsible for the testing procedure and 
the behavioral medicine intervention. Details about the 
methods in this study have been given in the previously 
published study protocol.20
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Intervention
Routine exCR Care
Patients randomized to RC followed routine exCR care. The 
exercise program was individually prescribed, based on tests 
of physical fitness, and consisted of hospital-based continu-
ous aerobic exercise two days/week for 20–60 minutes/ses-
sion at an intensity of 40–80% of VO2max, corresponding to 
12–17 according to Borg´s Rating of Perceived Exertion 
Scale, and resistance exercise containing 8–10 different exer-
cises, 10–15 repetitions in 1–3 sets.4,5 In order to achieve the 
recommendation of at least three aerobic exercise sessions/ 
week, patients were instructed to perform one additional 
home-based aerobic exercise session/week. Following rou-
tine exCR care, patients were also able to choose to perform 
their entire exCR in a home-based setting. Home-based 
exercise sessions were registered by the patients in an exer-
cise diary. The exercise diary was not followed up by 
a physiotherapist during the exCR period and no other struc-
tured interventions to control or increase exercise adherence 
were parts of routine care.

Behavioral Medicine Intervention
Patients in the intervention group received a BMIP added to 
routine exCR care, with the aim of increasing adherence to 
the prescribed exercise program and thereby also with the 
potential to affect physical fitness. The behavioral change 
techniques used in this study, ie specific goal-setting, re- 
evaluation of the goals, self-monitoring and feedback, are 
based on the control theory (CT).21 CT describes a model of 
self-regulation that can be used in the analysis of human 
behavior. CT is part of the Social Cognitive Theory of Self- 
Regulation22 in which the importance of self-efficacy is 
emphasized and goal-setting and self-monitoring are central 
behavioral change techniques23 in supporting an increase in 
self-efficacy for adherence to exCR in our study. Providing 
feedback on performance is also included in the CT.21

Specific Goal-Setting and Re-Evaluation of Goals
Figure 2 illustrates an overview of the timeline of the beha-
vioral medicine intervention. Initially, the patients met 
a physiotherapist for detailed planning and specific goal- 
setting for the exCR program. Specific goal-setting accord-
ing to the CT involves detailed planning that specifies what 
to do, the exercise dose and the context in which the exercise 
is performed.21 Since the intervention in this study has 
a patient-centered approach, it was important that the 
detailed planning for the exCR program (what to do, the 
exercise dose and the context for exercise) was agreed 

between the patient and the physiotherapist. In relation to 
achieving the exercise goals, possible facilitators and barriers 
were identified and an action plan with strategies to promote 
facilitators and overcome barriers was developed together 
with the patient. The patient’s motivation and self-efficacy 
for the exCR program were also discussed in relation to the 
goals set. In accordance with CT,21 the exercise goals were 
re-evaluated during and at the end of the intervention period.

Self-Monitoring and Feedback
In accordance with CT,21 the patients self-monitored their 
exercise goal, including a specification of the performed 
exercise dose, in an exercise diary. The exercise diary was 
followed up by a physiotherapist every three weeks and 
the patients received positive feedback on achieved goals, 
supporting feedback in relation to barriers and the oppor-
tunity to discuss strategies to increase adherence. At nine 
weeks, visual feedback on physical activity levels, using 
accelerometer cut-points to classify the measured physical 
activity into different intensity levels, was also given.

At the end of the intervention (16 weeks), a follow-up 
meeting with the physiotherapist took place to discuss how 
the intervention had been perceived, goal achievement and 
to set a long-term exercise goal.

To summarize, the behavioral medicine intervention con-
tained one face-to-face meeting (baseline), three structured 
telephone/face-to-face follow-ups (3, 6 and 12 weeks), one 
face-to-face follow-up for visual feedback (9 weeks) and one 
face-to-face meeting at the end of the intervention (16 weeks).

Outcomes
Exercise Adherence
Exercise adherence was defined as “the extent to which 
a patient acts in accordance with the advised interval, 
exercise dose and exercise dosing regimen”.24 In the cur-
rent study, we chose a definition of exercise adherence of 
meeting at least 75% of the recommended exercise dose 
according to exCR guidelines.4,5 This definition is used in 
accordance with both European position statement recom-
mendations and the Swedish SWEDEHEART quality 
registry.14,25 Exercise adherence was calculated from 
patient records and exercise diaries.

Physical Fitness
Clinical and demographic patient characteristics were col-
lected from medical records and patient interviews. Outcome 
assessments at baseline, four and 12 months included the 
variables listed below, apart from self-rated physical capacity, 
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which was only measured at four and 12 months. All out-
comes, with the exception of self-reported physical activity, 
are part of routine exCR care in Sweden, are included in the 
Swedish SWEDEHEART quality registry and have been 
found to be reliable for patients with CAD.26,27

Primary Outcome
Submaximal Aerobic Exercise Capacity
Submaximal aerobic exercise capacity (watts, (W)) was 
evaluated with a submaximal exercise test on a bicycle 

ergometer, according to the modified WHO protocol.28 

The test has been found to be reliable for patients with 
CAD and has been described in detail elsewhere.26

Secondary Outcomes
Muscle Endurance
Muscle endurance was evaluated by the number of repeti-
tions performed on two clinical muscle endurance tests for 
lower (unilateral isotonic heel lift) and upper extremities 
(unilateral isotonic shoulder flexion).26

Figure 1 Flowchart of study participants.
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Self-Reported Physical Activity and Physical Capacity
The level of physical activity was measured using two 
indicator questions regarding physical activity from the 
Swedish National Board of Health and Welfare (the 
BHW PA questions),29 while physical capacity was mea-
sured on a visual analogue scale according to the 
SWEDEHEART registry.27 The BHW PA questions con-
sist of two questions regarding total time of exercise (high 
intensity) and everyday physical activity (moderate inten-
sity) during a regular week, specified in fixed response 
alternatives. The results for the two questions are merged 
into a new dimension called “activity minutes”. The BHW 
PA questions have been found to be valid for adults in 
Sweden.29 Patients also self-rated their physical capacity 
on a visual analogue scale (VAS) ranging from 0–100, 
where 0 is the worst possible state and 100 the best 
possible state of physical capacity.27

Statistical Methods
Descriptive statistics were used for demographic data and 
are presented as means and standard deviations (SD), or 
numbers and proportions (%), as appropriate. Since the 
data on submaximal aerobic exercise capacity, muscle 
endurance, self-reported physical activity and physical 
capacity were normally distributed, differences between 
groups were tested with an independent samples t-test 
and, for comparisons within groups, a paired t-test was 
used. An intention-to-treat and a per-protocol analysis 
were performed. Missing values for submaximal aerobic 
exercise capacity, muscle endurance, self-reported physi-
cal activity and physical capacity were handled with multi-
ple imputation. Demographic data, patient records and 
outcome measurements at baseline were included as inde-
pendent variables, while outcome measurements at 16 
weeks and one year were entered as both independent 
and dependent variables in the multiple imputation mod-
els. Multiple imputation using the chained equations pro-
cedure (fully conditional specification method in SPSS) 
with 10 data sets was used.30 Constraints were applied to 
each variable according to the minimum and maximum 
value from observed data, except for self-reported physical 
capacity, for which the range of the scale (0–100) was 
used. The results of the pooled analyses were used for 
each of the variables. A response analysis on demographic 
data and outcome measurements at baseline was per-
formed, comparing patients with complete data at 16 
weeks follow-up and patients without complete data at 

16 weeks follow-up. No substantial differences were 
revealed, whereby missing at random could be assumed. 
Statistical analysis was performed using SPSS statistical 
software for Windows (SPSS Version 25, IBM 
Corporation, New York, USA).

Sample Size Calculation
Sample size calculation was based on data from a similar 
clinical exCR setting (n=50) for differences in submaximal 
aerobic exercise capacity (W), before and after 
a completed exCR program. The estimated total sample 
size was 160 patients in order to detect a least mean 
difference at 10W (SD 20W), with a power of 80%, a two- 
sided significance level of p < 0.05 and a calculated loss to 
follow-up of 20%. To compensate for a possible larger loss 
to follow-up, an additional 10 patients were recruited.

Results
Study Population and Demographic Data
Of 453 consecutively screened patients, a total of 170 
patients were included. The enrolment period extended 
from January 2016 to October 2018. The study flowchart 
is presented in Figure 1. The mean (standard deviation) 
age was 62.3 (7.9) years and 136 (80%) were men.

There were no major differences in baseline demo-
graphics between the groups (Table 1). However, 
a significantly lower proportion of non-ST-elevation myo-
cardial infarction (p=0.037) and a correspondingly higher 
proportion of unstable angina (p=0.011), as the index 
cardiac event, were seen in the BMIP group. No statistical 
differences between the groups were found in submaximal 
aerobic exercise capacity and muscle endurance at base-
line. Patients in the BMIP group had a significantly higher 
number of activity minutes in the BHW PA questions at 
baseline (309.1 vs 243.8 activity minutes, p=0.004), com-
pared with patients in the RC group.

The largest proportion of patients in both groups chose 
to perform the exCR in a home-based setting (n=55 in 
BMIP and n=58 in RC respectively), whereas 20 patients 
in each group participated in hospital-based exCR. Five 
(RC) and 10 (BMIP) patients respectively chose to parti-
cipate once a week in hospital-based exCR in combination 
with home-based exercise. Data on the choice of exercise 
setting were missing for one patient in each group due to 
early exclusion after baseline tests (critical ischaemia or 
other disease). No serious adverse events related to exCR 
or the behavioral medicine intervention were reported. The 
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following events were noted; back strain (BMIP: n=2), 
foot injury/sprain (BMIP: n=3, RC: n=1), dizziness (RC: 
n=1), knee pain (BMIP: n=1), heel spurs (BMIP: n=1) and 
joint or muscle pain (BMIP: n=1, RC: n=3).

Adherence to Intervention
One hundred and forty-five of 170 patients (BMIP: n=75 
and RC: n=70) had data from patient records and/or exer-
cise diaries and could be included in the evaluation of 
exercise adherence. Twenty-three (31%) patients in the 
BMIP group and 13 (19%) patients in the RC group 
were considered to have adhered to the exCR program. 
Patients in both groups were more adherent to aerobic 
exercise than to resistance exercise, with 43 (57%) in the 
BMIP group and 31 (44%) in the RC group meeting the 
adherence definition of at least 75% of the recommended 
aerobic exercise dose.

Primary Outcome
There were no significant differences between the two 
groups in terms of the change in submaximal aerobic 
exercise capacity either between baseline and 16 weeks 
or between 16 weeks and 12 months (Table 2). 
Nonetheless, a non-significant tendency towards the main-
tenance of submaximal aerobic exercise capacity in the 
BMIP group (118.3 vs 120.0 W, p=0.333) and 
a deterioration in the RC group (115.3 vs 111.6 W, 
p=0.095) was found between the end of the intervention 
(16 weeks) and the long-term follow-up (12 months).

Secondary Outcomes
No significant differences between the groups for any of 
the secondary outcomes were found (unilateral isotonic 
heel lift, unilateral isotonic shoulder flexion, the BHW 

PA questions and the VAS physical capacity), between 
baseline and 16 weeks or between 16 weeks and 12 
months (Table 2).

Differences Within the Groups
Both groups improved significantly in all outcomes 
between baseline and 16 weeks, but there was no signifi-
cant difference in change within groups between 16 weeks 
and the 12-month follow-up (Table 2).

Per-Protocol Analysis Within and 
Between Groups
Similar to the results of the intention-to-treat analysis, 
no significant differences in change between the groups 
were found (Table 3). Adherent patients in both groups 
improved significantly in all outcomes between baseline 
and 16 weeks (Table 3). Adherent patients in both 
groups also had higher outcome values (except for uni-
lateral shoulder flexion in the RC group) at 16 weeks 
and at 12 months, compared with the results of the 
intention-to-treat analysis. Baseline values were also 
slightly higher for adherent patients in both groups 
(except for unilateral isotonic heel lift in the BMIP 
group).

Submaximal aerobic exercise capacity was also eval-
uated in the 43 patients in the BMIP group and the 31 
patients in the RC group who were adherent to aerobic 
exercise alone. The results showed a non-significant 
tendency similar to the intention-to-treat analysis, i.e. 
a further improvement in the BMIP group (127.76 vs 
130.51 W) and a deterioration in the RC group (123.94 
vs 121.11 W) between 16 weeks and the 12-month 
follow-up.

Figure 2 Overview of the timeline of the behavioral medicine intervention.
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Discussion
This study presents the results of one of the first rando-
mized, controlled studies to investigate adherence to and 
the effects of a behavioral medicine intervention in 
physiotherapy, containing goal-setting, self-monitoring 
and feedback, on the primary outcome of physical fit-
ness in exCR compared with routine exCR care. Patients 
in the BMIP group were more adherent to exCR 

Table 1 Baseline Demographics for Participants in the ECRA- 
Study, n=170

Whole 
Group

Behavioral 
Medicine

Routine 
Care

n=170 n=86 n=84

Age (years), mean (SD) 62.3 (7.9) 62.7 (7.8) 61.8 (8.0)

BMI (kg/m2), mean (SD) 27.2 (4.1) 27.2 (4.3) 27.1 (4.0)

Sex, n (%)

Men 136 (80) 72 (83.7) 64 (76.2)
Women 34 (20) 14 (16.3) 20 (23.8)

Country born, n (%)

Sweden 165 

(99.4)

86 (100.0) 79 (98.8)

Other 1 (0.6) 0 (0.0) 1 (1.3)

Relationship status, n (%)

Married/partner 135 

(79.4)

69 (80.2) 66 (78.6)

Living alone 35 (20.6) 17 (19.8) 18 (21.4)

Educational level, n (%)

Elementary school 11 (6.5) 8 (9.3) 3 (3.6)
High school 32 (18.9) 13 (15.1) 19 (22.9)

Vocational school 44 (26.0) 20 (23.3) 24 (28.9)

University 82 (48,5) 45 (52.3) 37 (44.6)

Occupational status, n (%)

Employed 89 (54.6) 43 (51.2) 46 (58.2)

Retired 71 (43.6) 40 (47.6) 31 (39.2)

Sick leave 2 (1.2) 0 (0.0) 2 (2.5)
Unemployed, student, 

other

1 (0.6) 1 (1.2) 0 (0.0)

On sick leave at time for 
baseline, n (%)

41(44.6) 16 (36.4) 25 (52.1)

Smoking status, n (%)

Never smoked 73 (42.9) 36 (41.9) 37 (44.0)

Ex- smoker > 1month 83 (48.8) 45 (52.3) 38 (45.2)
Smoker 14 (8.2) 5 (5.8) 9 (10.7)

Previous diseases, n (%)

AMI 13 (7.6) 5 (5.8) 8 (9.5)

PCI 18 (10.6) 8 (9.3) 10 (11.9)
CABG 6 (3.5) 3 (3.5) 3 (3.6)

Diabetes 17 (10.0) 11 (12.8) 6 (7.1)

Hypertension 80 (47.1) 45 (52.3) 35 (41.7)
Chronic heart failure 1 (0.6) 0 (0.0) 1 (1.2)

Stroke 5 (2.9) 2 (2.3) 3 (3.6)

Type of index cardiac event, n (%)

(Continued)

Table 1 (Continued). 

Whole 
Group

Behavioral 
Medicine

Routine 
Care

n=170 n=86 n=84

STEMI 47 (27.6) 25 (29.1) 22 (26.2)

NSTEMI 53 (31.2) 20 (23.3) 33 (39.3)

Unstable angina 30 (17.6) 22 (25.6) 8 (9.5)
Stable angina 40 (23.5) 19 (22.1) 21 (25.0)

Type of index cardiac intervention, n (%)

PCI 163 

(95.9)

83 (96.5) 80 (95.2)

Left ventricular function, n (%)

Normal (EF >50%) 93 (68.9) 53 (73.6) 40 (63.5)

Lightly reduced (EF 
40–49%)

28 (20.7) 13 (18.1) 15 (23.8)

Moderate/severely 

reduced (EF <39%)

14 (10.4) 6 (8.3) 8 (12.7)

Medication, n (%)

ACE 63 (37.5) 34 (39.5) 29 (35.4)

ARB 47 (27.6) 27 (31.4) 20 (23.8)

Calcium inhibitors 25 (14.7) 11 (12.8) 14 (16.7)
Anticoagulants 11 (6.5) 6 (7.0) 5 (6.0)

Other platelet 

inhibitors

169 

(99.4)

86 (100.0) 83 (98.8)

ASA 165 

(97.1)

84 (97.7) 81 (96.4

Betablockers 107 
(62.9)

57 (66.3) 50 (59.5)

Statins 170 

(100.0)

86 (100.0) 84 

(100.0)
Diuretics 9 (5.3) 3 (3.5) 6 (7.2)

Experience of exCR, 

n (%)

14 (8,2) 6 (7.0) 8 (9.5)

Abbreviations: BMI, body mass index; AMI, Acute Myocardial infarction; PCI, 
percutaneous coronary intervention; CABG, coronary artery bypass grafting; 
STEMI, ST elevation myocardial infarction; NSTEMI, Non ST elevation myocardial 
infarction; EF, ejection fraction; ACE, Angiotensin converting enzyme; ARB, 
Angiotensin receptor blocker; ASA, Acetyl salicylic acid; exCR, exercise-based 
cardiac rehabilitation.
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recommendations than those in the RC group, but simi-
lar significant improvements in all outcomes were found 
in both groups at the 16-week follow-up. For the sus-
tainable effect of physical fitness after the completion of 
exCR, the non-significant tendency towards a positive 
long-term effect on submaximal aerobic exercise capa-
city shown in this study is interesting and may indicate 
that a BMIP can be effective in supporting exercise 
adherence over time.

Continuing to exercise according to guidelines after the 
completion of an exCR-program has proven to be difficult.31,32 

Studies have shown that fewer than 50% maintain an exercise 
regimen for six months or longer after the completion of an 
exCR programme31,32 and only 16% of European patients with 
CAD performed vigorous physical activity, ≥ 20 minutes, at 
least three times/week, one year after the index event.33 Since 
aerobic exercise capacity is a strong predictor of mortality in 
patients with CAD and a small exercise-induced gain can have 

Table 2 Intention-to-Treat Analysis of Change in Outcomes Within and Between Groups

Variables Routine Care Behavioral Medicine Between Groups (1–2)

n=84 n=86

Change in submaximal bicycle ergometer test (Watt)

Baseline 104.90 107.52

Mean change between baseline-16 weeks 10.40 10.76 −0.36

(CI) (6.26 to 14.54) (p=<0.001) (6.77 to 14.75) (p=<0.001) (−6.14 to 5.42) (p=0.902)
16 weeks 115.30 118.28

Mean change between 16 weeks-1 year −3.68 1.72 −5.40

(CI) (−7.97 to 0.61) (p=0.095) (−1.76 to 5.19) (p=0.333) (−10.97 to 0.17) (p=0.060)

Change in unilateral isotonic heel lift (repetitions)

Baseline 12.5 13.1

Mean change between baseline-16 weeks 3.24 2.23 1.01

(CI) (1.03 to 5.45) (p=0.004) (0.60 to 3.86) (p=0.008) (−1,64 to 3.66) (p=0.455)
16 weeks 15.7 15.3

Mean change between 16 weeks-1 year −0.50 1.60 −2.10

(CI) (−2.79 to 1.79) (p=0.666) (−0.38 to 3.58) (p=0.113) (−5.00 to 0.80) (p=0.157)

Change in unilateral isotonic shoulder flexion (repetitions)

Baseline 24.6 29.0

Mean change between baseline-16 weeks 8.99 8.30 0.69
(CI) (5.21 to 12.77) (p=<0.001) (5.03 to 11.56) (p=<0.001) (−4.29 to 5.68) (p=0.785)

16 weeks 33.6 37.3

Mean change between 16 weeks-1 year 0.90 1.69 −0.79
(CI) (−2.91 to 4.71) (p=0.642) (−1.94 to 5.32) (p=0.361) (−5.80 to 4.23) (p=0.758)

Change in the BHW PA questions (activity minutes)

Baseline 243.8 302.1

Mean change between baseline-16 weeks 101.71 65.21 36.51
(CI) (72.39 to 131.04) (p=<0.001) (34.95 to 95.47) (p=<0.001) (−6.06 to 79.07) (p=0.093)

16 weeks 345.5 367.3

Mean change between 16 weeks-1 year −29.06 −28.45 −0.61
(CI) (−62.49 to 4.37) (p=0.093) (−58.77 to 1.86) (p=0.068) (−44.59 to 43.38) (p=0.978)

Change in VAS physical capacity (millimeter)

16 weeks 70.0 72.2

Mean change between 16 weeks-1 year 0.34 −2.33 2.67
(CI) (−3.40 to 4.08) (p=0.858) (0.95 to −5.61) (p=0.165) (−2.34 to 7.68) (p=0.297)

Notes: Headings and significant differences are presented in bold. 
Abbreviations: CI, confidence interval; BHW PA, The Swedish National Board of Health and Welfare physical activity; VAS, visual analogue scale.
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a positive impact on survival prospects,11,12 it is essential that 
cardiac patients preserve the effects of exCR on physical 
fitness and continue to follow a regular exercise program 
over time. In the present study, a non-significant tendency 
towards the maintenance of submaximal aerobic exercise capa-
city in the BMIP group and a deterioration in the RC group was 
found between the end of the intervention (16 weeks) and 
a long-term follow-up (12 months). The non-significant ten-
dency towards the maintenance of submaximal aerobic 

exercise capacity in the BMIP group and a deterioration in 
the RC group could possibly be explained by the sustained 
effects of the behavioral change supporting the intervention 
over time. Previous research has shown that behavioral med-
icine interventions are effective in increasing physical activity 
both in healthy adults and in cardiac patients.16,17,34 However, 
more studies that evaluate the effectiveness of behavioral 
medicine interventions, specifically on physical fitness, are 
needed. Findings from the review by Ferrier et al17 support 

Table 3 Per-Protocol Analysis of Change in Outcomes Within and Between Groups

Variables Routine Care Behavioral Medicine Between Groups (1–2)

n=13 n=23

Change in submaximal bicycle ergometer test (Watt)

Baseline 109.03 115.18

Mean change between baseline-16 weeks 17.74 10.95 6.80

(CI) (10.15 to 25.34)(p=<0.001) (6.52 to 15.37) (p=<0.001) (−1.39 to 14.98) (p=0.103)
16 weeks 126.78 126.12

Mean change between 16 weeks-1 year −0.22 3.65 −3.87

(CI) (−6.71 to 6.27) (p=0.948) (−1.50 to 8.80) (p=0.165) (−12.27 to 4.54) (p=0.367)

Change in unilateral isotonic heel lift (repetitions)

Baseline 9.8 13.1

Mean change between baseline-16 weeks 7.45 4.22 3.23

(CI) (2.68 to 12.21) (p=0.002) (1.76 to 6.68) (p=0.001) (−1.66 to 8.18) (p=0.196)
16 weeks 17.2 17.4

Mean change between 16 weeks-1 year −0.89 0.03 −0.92

(CI) (−5.25 to 3.48) (p=0.691) (−2.13 to 2.20) (p=0.978) (−5.37 to 3.54) (p=0.687)

Change in unilateral isotonic shoulder flexion (repetitions)

Baseline 21.2 31.4

Mean change between baseline-16 weeks 10.00 9.96 0.04
(CI) (0.56 to 19.44) (p=0.038) (4.37 to 15.54) (p=<0.001) (−11.62 to 11.70) (p=0.994)

16 weeks 31.2 41.3

Mean change between 16 weeks-1 year 2.85 −0.84 3.69
(CI) (−6.71 to 12.40) (p=0.559) (−7.07 to 5.39)(p=0.792) (−7.26 to 14.63)(p=0.509)

Change in the BHW PA questions (activity minutes)

Baseline 267.7 347.6

Mean change between baseline-16 weeks 151.62 99.98 51.64
(CI) (80.83 to 222.40) (p=<0.001) (49.96 to 150.00) (p=<0.001) (34.61 to 137.89) (p=0.241)

16 weeks 419.3 447.6

Mean change between 16 weeks-1 year −61.64 −63.15 1.61
(CI) (−144.70 to 21.62) (p=0.148) (−112.48 to −13.83) (p=0.014) (−84.76 to 87.98) (p=0.971)

Change in VAS physical capacity (millimeter)

16 weeks 74.1 74.1

Mean change between 16 weeks-1 year 2.24 −0.41 2.65
(CI) (−3.75 to 8.23)(p=0.462) (−8.71 to 7.89) (p=0.922) (−9.62 to 14.92) (p=0.672)

Notes: Headings and significant differences are presented in bold. 
Abbreviations: CI, confidence interval; BHW PA, The Swedish National Board of Health and Welfare physical activity; VAS, visual analogue scale.
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self-monitoring and goal-setting as behavioral change techni-
ques that may be effective in increasing physical activity in the 
post-CR context. This review was, however, limited by the 
small number of studies and the lack of a clear description of 
the behavioral interventions.17 The current study used goal- 
setting, feedback and self-monitoring based on the control 
theory.21 A combination of different behavioral change tech-
niques, such as those used in our study, has previously been 
found to be effective in promoting physical activity behavior 
following the completion of CR programs in small study 
samples,35 as well as in healthy adults.16 The results of the 
present study are consistent with the results of a recent 
Cochrane Review, in which subgroup analyses did not reveal 
any significant differences between groups for theory-based 
interventions in a CR setting.15 Only a few interventions have 
been shown to improve adherence to exCR.15 Lynggaard et al19 

found that the addition of learning and coping strategies 
improved adherence to a short eight-week exCR program, 
but the study lacked a long-term follow-up.19 Sniehotta et al18 

showed that an intervention based on action planning and 
coping planning could enhance physical exercise and adher-
ence in CR patients.18

It has been suggested that the evaluation of adherence 
levels, screening for non-adherence and promoting adherence 
to secondary prevention therapies should be included in the 
core components of a modern CR programme.5 Tailoring the 
exCR program based on patients’ preferences and the integra-
tion of the patients’ perspectives may help to increase uptake 
and adherence.5 The patients in the present study were given 
the choice of performing the exCR in a hospital-based, home- 
based or a combined setting. The proportion of patients in the 
different settings was representative of routine clinical prac-
tice. International guidelines support centre-based, supervised 
exCR,4,5 but various strategies for increasing uptake and 
adherence to exCR are ongoing, including home-based pro-
grammes and E-health solutions.36–40 However, the efficacy of 
these alternative intervention models still needs to be further 
investigated.40 A recent Cochrane Review by Santiago et al,15 

focusing on interventions to promote the utilization of CR, 
found better effects on adherence when offered remotely. 
However, these findings should be interpreted with caution. 
The subgroup analysis supporting these findings has been 
performed on only a few studies with a relatively small 
study population. Furthermore, adherence ascertainment in 
supervised and unsupervised settings may not be 
comparable.15 Adherence to exCR is still a matter of concern 
and more research is needed to determine the appropriate 
organization of the programme.5

The results of the present study regarding improved aero-
bic exercise capacity after participation in exCR are in line 
with a newly published European position statement,25 which 
reports an expected improvement in aerobic exercise capacity 
of at least 5–10%.25 The mean change in submaximal aerobic 
exercise capacity before and after the exCR program in our 
study was also in line with Swedish quality registry data, 
which reports a mean change of 12.1 W (13.4%).14

A newly published position paper from the European 
Society of Cardiology5 emphasizes the need to increase uptake 
and adherence to secondary prevention through CR in order to 
realize the considerable potential for further reductions in 
cardiovascular mortality.5 The current study showed better 
exercise adherence to a behavioral medicine intervention 
added to exCR (31%) compared with routine exCR care 
(19%). Exercise adherence in the RC group was identical to 
the percentage of referred patients who completed a hospital- 
based exCR program in Sweden in 2019,14 whereas exercise 
adherence in the BMIP group was higher. Reports of adherence 
to recommended exercise guidelines from earlier studies vary 
widely, from levels of 30% up to 110%.41 The interpretation of 
the results is limited by the large variation in the exercise 
prescription methodologies used in different studies, as well 
as the basic definition of what constitutes exercise adherence.41 

In our study, we used the same definition of exercise adherence 
(meeting at least 75% of the recommended exercise dose 
according to exCR guidelines), as used in both European 
position statement recommendations and the Swedish 
SWEDEHEART quality registry,14,25 but, as previous studies 
have also shown,13 realizing the definition of exCR adherence 
is a challenge.

Strengths and Limitations
One strength in the current study is its randomized, con-
trolled design, which is regarded as the golden standard for 
examining whether a particular treatment is effective. 
Another strength is that the behavioral change techniques 
used in the present study are grounded in a theoretical 
framework,21 which has been shown to be effective in 
interventions in other patient groups42,43 and also specifi-
cally in cardiac patients.17,35 The behavioral medicine 
intervention used in our study requires no additional edu-
cation or materials and can therefore be implemented as 
part of existing routine exCR care. Moreover, this study 
provides a long-term follow-up at 12 months, which 
enables analyses of the sustained effects of the behavioral 
change supporting interventions over time.
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This study was conducted with a single-center design, 
which is a limitation, as it may affect the generalizability of 
the results. Furthermore, the per-protocol analysis was lim-
ited by the small number of patients in each group. The 
patients in the present study managed a higher workload on 
the symptom-limited bicycle ergometer test both at baseline 
and after the completed exCR period, compared with 
patients registered in the Swedish SWEDEHEART quality 
registry. This could be explained by selection bias, where 
participants in the current study are more prone to exercise, 
compared with patients with CAD in general. Moreover, the 
present study included patients up to the age of 75 years, 
while the age limit in SWEDEHEART has recently been 
increased to 80 years. In this study, the use of randomiza-
tion, together with a lower loss to follow-up than calculated, 
minimized the effect of a possible selection bias. Due to 
organizational aspects, it was not possible to blind the 
physiotherapists performing the tests to group allocation. 
However, the test procedure was validated between the 
involved physiotherapists and standardized test protocols 
were used. Furthermore, group allocation was kept confi-
dential to patients. Finally, exercise adherence was evalu-
ated with self-reported exercise diaries, which may involve 
limitations in terms of accuracy and overestimation.

Conclusion
This study shows significant improvements in all out-
comes for both groups at 16 weeks (end of intervention) 
and a non-significant tendency towards a behavioral med-
icine intervention in physiotherapy, added to routine exCR 
care, having better long-term effects on submaximal aero-
bic exercise capacity compared with routine exCR care. 
Patients who received a BMIP had better exercise adher-
ence than RC patients. The improvement in physical fit-
ness after participation in an exCR-program for both 
groups matches that identified in previous studies. 
Interventions that promote adherence and stimulate the 
maintenance of physical fitness and continued regular 
exercise habits, even after the completion of exCR, are 
important in order to realize the considerable opportunities 
for further reductions in cardiovascular mortality. A better 
understanding of the role played by a behavioral medicine 
intervention in physiotherapy in enhancing adherence and 
the effects on physical fitness in exCR could assist and 
improve the secondary prevention of patients with CAD.
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