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Abstract

Background: Exercise-based cardiovascular rehabilitation (CR) improves exercise capacity (EC), lowers cardiovascular
risk profile and increases physical functioning in the short term. However, uptake of and adherence to a physically active
lifestyle in the long run remain problematic. Home-based (HB) exercise programmes have been introduced in an attempt
to enhance long-term adherence to recommended levels of physical activity (PA). The current systematic review and
meta-analysis aimed to compare the longer-term effects of HB exercise programmes with usual care (UC) or centre-
based (CB) CR in patients referred for CR.

Design: Systematic review and meta-analysis.

Methods: Non-randomised controlled trials (RCTs) or randomised trials comparing the effects of HB exercise pro-
grammes with UC or CB rehabilitation on EC and/or PA, with a follow-up period of >12 months and performed in
coronary artery disease patients, were searched in four databases (PubMed, EMBASE, the Cumulative Index to Nursing
and Allied Health Literature (CINAHL) and the Cochrane Central Register of Controlled trials (CENTRAL)) from their
inception until September 7, 2016. Standardised mean differences (SMDs) were calculated and pooled by means of
random effects models. Risk of bias, publication bias and heterogeneity among trials were also assessed.

Results: Seven studies could be included in the meta-analysis on EC, but only two studies could be included in the meta-
analysis on PA (total number of 1440 patients). The results showed no significant differences in EC between HB
rehabilitation and UC (SMD 0.10, 95% confidence interval (Cl) —0.13 to 0.33). There was a small but significant difference
in EC in favour of HB compared to CB rehabilitation (SMD 0.25, 95% CI 0.02-0.48). No differences were found for PA
(SMD 0.37, 95% CI —0.18 to 0.92).

Conclusions: HB exercise is slightly more effective than CB rehabilitation in terms of maintaining EC. The small number
of studies warrants the need for more RCTs evaluating the long-term effects of different CR interventions on EC and PA
behaviour, as this is the ultimate goal of CR.
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diseases, CVD caused 17.3 million deaths in 2008 and
accounted for 10% of the global disease burden.! The
incidence of CVD increased by 5% between 1990 and
2000, and an additional increase of 25% is expected
by 2030.>

Exercise capacity (EC) is a strong and independent
predictor of cardiovascular and all-cause mortality in
CVD.** It has been previously shown that one meta-
bolic equivalent (MET) increase in EC is associated
with 12% improved survival.” Therefore, exercise, as
a means of increasing EC, is one of the key components
in the current management of CVD.® This is supported
by different meta-analyses of randomised trials eviden-
cing that ambulatory exercise-based cardiac rehabilita-
tion (CR) programmes significantly enhance EC and
prevent premature mortality.” ° Despite this, uptake
rates of exercise-based CR are disappointingly low,
with only 30% of all eligible patients participating
in supervised phase II CR programmes. %"
Moreover, from this low number of participants, only
50% remains active for 6 months or longer after com-
pletion of the CR programme.'' However, as we aim
to preserve the achieved EC and to improve prognosis,
a continuation of exercise habits is essential.'

Among the environmental and social barriers con-
tributing to this low uptake of physical activity (PA)
and longer-term adherence, patients primarily report
limited CR availability, accessibility, financial costs,
lack of time and low self-efficacy as the main
causes.'*'"* Home-based (HB) rehabilitation pro-
grammes might overcome some of these barriers and
target a broader range of patients who would benefit
from CR. Furthermore, it is anticipated that HB
rehabilitation enhances patients’ self-efficacy and facili-
tates the lifelong implementation of PA in their
lifestyle.'>'°

Indeed, meta-analyses showed that HB rehabili-
tation can be at least as effective as supervised
rehabilitation for maintaining EC, with some evidence
of higher levels of programme completion and
adherence up to 12 months.'”'® In the current meta-
analysis, we aimed to evaluate the longer-term
effects (=12 months) of HB exercise CR programmes
on the EC and PA behaviours of cardiac patients
referred for CR.

Methods

This analysis is reported as following the Preferred
Reporting Items for Systematic Review and Meta-
Analyses (PRISMA) statement.'® The review was regis-
tered in the International Prospective Register of
Systematic Review (PROSPERO) Registry: CRD4201
6041981.

Eligibility criteria

Randomised controlled trials (RCTs), randomised clin-
ical trials and non-RCTs were considered for inclusion
if they: 1) evaluated the longer-term effects (>12
months after starting an intervention) of a HB exercise
CR intervention in comparison with a control group
receiving usual care (UC) or a centre-based (CB)
rehabilitation group; 2) were in coronary artery disease
(CAD) patients referred for rehabilitation; and 3)
reported on EC and/or PA. Patients allocated to a
HB exercise intervention should have received clear
instruction on how to exercise, and regular follow-ups
on PA behaviour were a requirement (logbook, phone
calls, home visits and repeated follow-up measure-
ments). The UC group could receive standard medical
care, but without any form of structured exercise. CAD
patients were defined as patients eligible for CR and
who had experienced a myocardial infarction and/or
underwent a percutaneous coronary intervention
(PCI) or coronary artery bypass grafting (CABG).
Studies including CAD patients with other underlying
pathologies, such as valve surgery or cardiomyopathy,
were not excluded. If heart failure (HF) was due to
ischaemic heart disease, inclusion was also considered.
HF based on other underlying pathologies was defined
as an exclusion criterion. The primary outcome EC
could be reported in METs, Watts or peak oxygen con-
sumption. PA could be assessed by means of objective
(step counts or energy expenditure) or subjective instru-
ments (questionnaires or scales). Adverse events
included re-hospitalisation for cardiac events or death.

Data sources and searches

An electronic literature search was performed in four
databases — PubMed medical database, including
MEDLINE, EMBASE (OVID), the Cumulative Index
to Nursing and Allied Health Literature (CINAHL)
and the Cochrane Central Register of Controlled
trials (CENTRAL) — from their inception date until
September 7, 2016, with no language restrictions.
Searches were limited to RCTs, non-RCTs or rando-
mised clinical trials performed in humans. The latter
two types of trial are defined as prospective trials with
a comparison group. Two investigators (JC and NC)
screened all titles and abstracts to identify all poten-
tially eligible articles fulfilling above mentioned inclu-
sion criteria. Screening of full-text reports was
performed by three reviewers (JC, RB and VAC) inde-
pendently in order to determine their eligibility for data
extraction. Reference lists from these studies were hand
searched in order to identify additional articles.
A detailed search strategy for each of the databases
can be found in Supplemental File 1.
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Data extraction and analysis

Three unblinded reviewers (JC, RB and VAC) inde-
pendently conducted the data extraction. A specifically
developed data extraction sheet was used to extract
data on sample size, study design, intervention, patient
characteristics and outcome measures at follow-up.
Discrepancies were resolved by discussion. In case of
missing or incomplete data, authors were contacted by
email (Lear et al.,” OQerkild et al.,>' Marchionni
et al.??).

Study quality

Trial quality was assessed using the Tool for the
Assessment of Study Quality and Reporting in
Exercise (TESTEX)?® by two authors (NS and RB).

Statistical analysis

Meta-analytic statistical analysis was performed using
Review Manager software version 5.3, developed by the
Cochrane Collaboration. Descriptive data are reported
as mean = SD or median (range). Since the data were
continuous, it was assumed that randomisation would
adjust for baseline differences, and only follow-up data
were used to calculate the effect sizes.”* Given the vari-
ance in reporting of EC and PA measures, these differ-
ences were expressed as standardised mean differences
(SMDs) and 95% confidence intervals (CIs). In order to
allow interpretation of the SMDs, the guidelines of
Cohen were applied, stating a SMD of 0.2 as low, a
SMD of 0.5 as medium and a SMD of 0.8 as large.”
Statistical heterogeneity among the studies was assessed
using Cochran Q tests, with p < 0.05 considered statis-
tically significant; an inconsistency I° statistic with a
value > 50% was considered indicative of high hetero-
geneity. Given the large variety in interventions and the
observed statistical heterogeneity (p-value for the x*
test of heterogeneity < 0.05), random effects models
were used in order to pool the effect sizes and a leave-
one-out sensitivity analysis was performed in order to
check whether our findings were driven by a single
study. We assessed publication bias by using the
funnel plot symmetry and Egger regression intercept.

Results
Study selection

An overview of the screening and selection process
is presented in Figure 1. From 19 full-text papers
screened, only nine articles fulfilled all of the eligibility
criteria,?*2>2°31 and seven articles could be included in
the quantitative meta-analysis.’>**>' Five studies
compared HB rehabilitation with a UC group after

completion of a phase II CR programme,>-2%-27-2%-30

and one study used HB rehabilitation as a phase II
CR programme.?® Five trials compared a HB exercise
programme with a CB group,?'?*?3%3! but only one
of them implemented the HB and CB interventions
after the phase II CR period.*® One trial*’ included
two different study groups of CAD patients, and
three other trials compared the HB group with two
other study groups (UC and CB*** and CB treadmill
and CB group exercise’'). This yielded a total of 10
study groups evaluating the effects of HB interventions
on EC and two study groups evaluating the effects on
PA. The main reasons for exclusion of trials were short
duration of follow-up, inadequate intervention, out-
come measure or patient population or published in a
language unknown by the reviewers (Japanese®> and
Russian™). A detailed overview of the excluded studies
and the main reason for exclusion can be found in
Supplemental File 2. Two trials were excluded from
the quantitative analysis due to the lack of precise esti-
mates of the post-intervention data (i.e. only figures or
differences were available).?!*>

Study characteristics

A general description of each trial is provided in
Table 1. All studies were prospective randomised or
non-randomised controlled studies or randomised clin-
ical trials with a parallel design, conducted between
2000 and 2016. Two studies were performed in
Canada,”®?® two in Norway*-! and the remaining
were conducted in Switzerland,>® the USA,*
Finland,?” Denmark?' and Italy.?” Sample sizes at base-
line ranged from 48 to 302, resulting in a total of 1628
participants (mean age HB=64.2 years, UC=062.43
years, CB=65.90 years, 834 participants were men,
258 were women and 536 were of unknown gender).
A total of 188 participants dropped out (range: 11—
44, median: 16, 91 in HB, 49 CB and 48 UC), leaving
1440 patients (645 HB, 261 CB and 534 UC) to be
included in the final analysis. Dropout rates were simi-
lar across intervention groups except for Marchionni
et al.,”> who found a greater dropout rate in the HB
group in comparison with the CB and UC groups.
A PCI was performed in 458 patients and CABG in
517, and 758 patients had a history of myocardial
infarction. All studies reported an equal distribution
of cardiac treatment between study groups, except for
Lear et al.,® who reported a greater proportion of
CABG npatients in their UC group. Concerning medi-
cation use, one study did not report medication, five
studies only reported medication at baseline®®>!-27-28:31
and two studies stated that patients were optimally
medically treated.'*° Three studies explicitly reported
differences in medication use between baseline and
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Figure 1. PRISMA flow diagram for selection of studies.

follow-up,?**®3! but only Brubaker et al.** excluded
patients from the analysis of EC if changes in B-blocker
medication were present.

Intervention characteristics

A detailed description of the applied interventions in
each of the trials can be found in Table 1. All studies
varied widely in frequency, intensity, type and time
(FITT) parameters of prescribed HB exercise interven-
tions. Overall, the median follow-up length after
enrolment in the study was 12 months (range: 12-24
months). Frequency of training ranged from two to
six times per week (median: four times). Intensity
was expressed as a percentage of Heart rate reserve
(HRR),?"?*3% and varied between 50% and 65% and
70% and 80% of HRR, or as a percentage of
maximum heart rate (HRmax) (70-95%)**>%!

using the Borg scale (intensity 11-13).>" The four
studies that provided information on the type of
exercise all used some type of endurance train-
ing,?>272%30 except for Karjalainen et al.,’’ who also
added one additional strength training session per

week. The eight studies that provided data on the
duration of a training session advised to train for at
least 30 minutes per session. Two studies limited the
exercise duration to 40 minutes per session,”’** while
one study recommended a training duration of 60-70
minutes per session.”® Monitoring of training was
mainly performed by means of a logbook/
diary,?%2%267283% telephone calls,?*?"**% group gath-
erings®*?%2%2% and home visits.?'*** In one study,
there was no contact with the patients from the end
of CR until the follow-up measurements.’! Four stu-
dies provided some type of behavioural cognitive
therapy (BCT) on top of the specific exercise prescrip-
tion.?* 23 Patients entering in a CB group trained
two to five times per week at a prescribed intensity
and were supervised by hospital staff. In two studies,
participants were encouraged to train at home during
the CB intervention?' period or received the same
training instructions as the HB group after completion
of the CB programme, but without the patient con-
tact.”® Patients randomised to the UC control group
received the standard information about risk factor
modification and were encouraged to remain active.
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No further contact was provided except for the
follow-up measurements. Not one study reported spe-
cifically about the parameters of the exercise per-
formed by participants in the UC group during the
follow-up period; however, Brubaker et al.** suggested
that knowledge of follow-up testing alone was suffi-
cient motivation for continuing PA.

Assessment of outcomes

A description of the assessments of physical fitness and
PA is shown in Table 1. All nine studies assessed max-
imal EC, but only seven could be included in the meta-
analysis, representing 10 study groups.’*?*3! EC was
evaluated by means of a symptom-limited exercise test
on a bicycle (n=15) or a treadmill (n=4). PA was mea-
sured using time quotas®®** or by means of question-
naires (Saltin-Grimby scale,”’?” Physical Activity
Scale for the Elderly (PASE),”® Minnesota Leisure
Time Physical Activity Questionnaire (MLTPAQ),
International Physical Activity Questionnaire (IPAQ)
and one not specified).?***3! One study did not
evaluate PA.*

Quantitative data synthesis

Figures 2 and 3 show the forest plots of the main effects
for EC. Overall, we observed no statistically significant
difference in EC between the HB intervention group
versus the UC group (SMD 0.10, 95% CI -0.13 to
0.33, I =59%). However, there was high heterogeneity
across studies. Leave-one-out sensitivity analysis
showed that when we removed the study of Madssen
et al.,” the overall effect changed into a small but sig-
nificant difference in favour of the HB exercise group
(SMD 0.17, 95% CI 0.03-0.32, I°=7%). This was
expected as all studies except Madssen et al.”® reported
a trend®*?%273 or a significant effect’’ in favour of HB
exercise. No change was found when the CAD plus
type 2 diabetes mellitus (T2D) group from the study
of Karjalainen et al.?’ was excluded (SMD 0.05,
95% CI —0.22 to 0.32, I =64%).

A small but significant effect was also seen between
the HB intervention group and the CB group in favour
of the HB group (SMD 0.25, 95% CI 0.02-0.48,
I =0%). Heterogeneity was low, although only three
studies (four groups) could be included.

Home-based exercise Usual care Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight 1V, Random, 95% CI Year 1V, Random, 95% CI
Brubaker 2000 32.55 10.5 16 31.85 11.55 15 7.9% 0.06 [-0.64, 0.77] 2000
Lear 2003 35 10.5 142 35 875 136 23.2% 0.00 [-0.24, 0.24] 2003 -
Arrigo 2008 163 49 105 154 47 123 21.9% 0.19 [-0.07, 0.45] 2008 T
Madssen 2014 28.8 5.6 24 3238 5.8 25 10.5% -0.69 [-1.27,-0.11] 2014 A —
Karjalainen 2015 CAD 27.65 7 72 252 56 68 18.6% 0.38 [0.05, 0.72] 2015 -
Karjalainen 2015 CAD+T2D 2275 5.6 63 21 56 64 17.9% 0.31[-0.04, 0.66] 2015 T
Total (95% Cl) 422 431 1000%  0.10[-0.13,0.33] ’
Heterogeneity: Tau? = 0.05; Chi? = 12.34, df =5 (P = 0.03); |2 = 59% f f ! f f
Test for overall effect: Z = 0.85 (P = 0.39) 05 025 0 025 05

Favours Usual care Favours Home-based
Figure 2. Synthesis of results: exercise capacity, home-based vs. usual care.

Cl: confidence interval.

Home-based Center-based Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI Year IV, Random, 95% CI
Brubaker 2000 322 1.4 16 315 1.05 17 10.8% 0.55 [-0.14, 1.25] 2000 ] "
Smith 2004 20.26 5.6 96 19.04 525 102 67.5% 0.22 [-0.06, 0.50] 2004 T .
Aamot 2016 Group training 3.7 58 12 341 58 24 107% 0.44 [-0.26, 1.14] 2016 ] "
Aamot 2016 Treadmill 36.7 5.8 11 374 74 29 10.9% -0.10 [-0.79, 0.60] 2016 "
Total (95% Cl) 135 172 100.0% 0.25[0.02, 0.48] ‘

! 1 1 ]

Heterogeneity: Tau? = 0.00; Chi2 = 2.01, df = 3 (P = 0.57); I = 0% '2 '1 o ; 2'
Test for overall effect: Z = 2.11 (P = 0.03) Favours Center-based Favours Home-based

Figure 3. Synthesis of results: exercise capacity, home-based vs
ClI: confidence interval.

. centre-based.
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Home-based exercise Usual care Std. Mean Difference Std. Mean Difference

Study or Subgroup Mean SD  Total Mean SD Total Weight 1V, Random, 95% ClI 1V, Random, 95% ClI

Lear 2003 2,440 1,698 142 2288 1,554 136 51.1% 0.09 [-0.14, 0.33] — i

Smith 2004 2326 994 102 170 892 96 48.9% 0.66 [0.37, 0.95] —i—

Total (95% Cl) 244 232 100.0% 0.37 [-0.18, 0.92] «‘

Heterogeneity: Tau? = 0.14; Chi2 = 8.97, df = 1 (P = 0.003); |12 = 89% f f f i

Test f Il effect: Z = 1.31 (P = 0.19 - 08 0 05 !

estfor overall effect: 2= 1.31 (P = 0.19) Favours Usual care Favours Home-based
Figure 4. Synthesis of results: physical activity, home-based vs. usual care.
Cl: confidence interval.

PA was reported as a percentage of people remain- Finally, seven studies reported on adverse

ing active above a certain threshold”® or as the mean
number of days or minutes per week someone was
physically active.’”** Two studies used the Saltin—
Grimby questionnaire in order to classify patients
into four PA categories.”’*” Aamot et al.*' used both
the TPAQ and a SenseWear Pro2 Armband, but
reported only the median and interquartile ranges of
the TPAQ scores. They found no group differences
between HB, CB treadmill and CB group exercise in
PA, both with the IPAQ and SenseWear Pro2
Armband. The only two studies that could be included
in our meta-analysis made use of the PASE® or the
MLTPAQ?™ (see Figure 4). In general, the HB group
was more active than the control group, but this could
not be statistically confirmed in the meta-analysis. In
the study of Arrigo et al.,>® 73% of the intervention
group did moderately intense activity three or more
times per week for>30 minutes in comparison with
40% in the control group. Brubaker et al.** reported
an exercise frequency of 4.2 +0.6 days/week for the HB
group, but did not measure the frequency of the UC
group out of fear that it would influence their PA
behaviour. Karjalainen et al.?’” found an increase in
exercise minutes per week for both the CAD and
CAD plus T2D group (164£96 to 179 £91 minutes/
week and 141+ 50 to 146 £ 69 minutes/week, respect-
ively). A difference of —4 points on the Saltin—Grimby
scale was reported by Oerkild et al.>! The HB group
was significantly more active in the study of Smith
et al.,” as was seen in the PASE scores (232.6+99.4
vs. 170 +89.2; p=0.005). Lear et al.*® found a signifi-
cant decrease in PA both in the Extensive Lifestyle
Management Intervention (ELMI) group (3134 +2294
to 2440+£1698 kcal/week; p<0.01) and in the UC
group (3022 £2308 to 2288+1554 kcal/week;
p<0.001), with the intervention group remaining
active at a higher level. Although Madssen et al.*’
reported PA after the intervention period, no
between-group comparisons were made and data were
reported in steps and time spent in sedentary, moderate
and vigorous PA zones.

events. 20 2226:282931 Twenty-six patients died during
follow-up: one cancer, one sudden death, two re-infarc-
tion, three neoplasm, one pulmonary embolism, one
perioperatively during CABG and 17 undefined. None
of the studies reported a significant difference between
groups, and none reported whether death was related to
exercise.

Study quality

The TESTEX score was used to evaluate study quality.
A median score of 8 out of 15 was obtained (range:
5-10), which indicated low to medium quality. Details
on randomisation method and procedure, blinding of
assessors, activity monitoring of controls, relatively
adjusting exercise intensity and exercise energy expend-
iture were the most frequently lacking items. In particu-
lar, this last shortcoming is of major importance since it
has been documented before that a direct comparison of
training effects is only possible if programmes are isoca-
loric.** A detailed overview of the study quality of each
of the trials can be found in Supplemental File 3.

Publication bias

The slight asymmetry of the funnel plot (Figure 5) for
the comparison of HB and UC suggested small publi-
cation bias. However, the Egger regression coefficient
was not significant (one-tailed p-value=0.27) and,
using the trim-and-fill method, no additional studies
were added. Visual inspection of the funnel plot
(Figure 6) for the comparison of HB and CB showed
no asymmetry. This was confirmed by a non-significant
(one-tailed p-value =0.40) Egger regression coeflicient
and the fact that no studies were added by the trim-
and-fill method.

Discussion

Despite the well-known benefits on EC, CR remains
seriously underused. Moreover, participation in
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Std. diff.: standardised difference.

supervised CR programmes does not necessarily lead to
a sustained change in PA levels in daily life.!"*>-*® The
results of this meta-analysis show that when CR is
offered to stable, low-risk patients in the HB setting,
the longer-term results seem better when compared to
CB rehabilitation. This implies that implementation of
an exercise routine in the daily lives of the patients after
a cardiac event is necessary in order to obtain lasting
lifestyle changes. Surprisingly, we could not document
a larger effect on EC between HB rehabilitation and
UC when both were offered after completion of a
phase IT CB CR programme.

Currently, a clear definition for ‘HB CR’ is lacking.
As such, the contents of these interventions varied
widely and ranged from the use of manuals for a heal-
thier lifestyle to personalised exercise prescriptions.'”’

However, as exercise should be the key component of a
CR programme, we opted to only include those studies
that investigated the long-term effects on EC and PA of
well-defined exercise prescriptions delivered in the
home environment of the patient.

There were only three studies that compared the
longer-term effects of HB exercise with CB rehabilita-
tion. Two interventions were performed as phase II
programmes, whereas the third study evaluated
patients 1 year after enrolment, instead of 1 year after
completion of the phase II CR.* Our results indicated
a small but significant difference in EC in favour of the
HB group. This is in line with the study of Smith et al.*®
comparing HB with CB rehabilitation over a 6-year
follow-up period. These authors observed a signifi-
cantly higher EC in the HB group compared to the
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CB group at 6—year follow-up. However, in contrast to
our results, they also reported a significantly higher
self-reported PA score in the HB group.

Unexpectedly, we did not observe a significant dif-
ference in EC between HB exercise and UC. Previously,
Hansen et al.** showed that only 27% of patients that
participated in an in-hospital programme adhered to
the minimal PA level that is required to obtain signifi-
cant health benefits at 18 months of follow-up. This
level was defined as doing more than 5 days of moder-
ate-intensity activities or walking per week. However,
when looking at our data in more detail, all but one of
the included studies reported a trend for a higher EC in
favour of HB exercise. When we subsequently omitted
this one study?® by means of a leave-one-out sensitivity
analysis, the results changed into a significant difference
in favour of HB exercise (SMD 0.17, 95% CI 0.03—
0.32). One of the potential explanations for this is
that participants in the HB group of Madssen et al.?
received a high-intensity interval exercise prescription.
However, only a third of their patients reported exercis-
ing at high intensity two to three times/week, demon-
strating that adherence to their exercise prescription
was low. This suggests that it might be more difficult
to implement high-intensity interval training as a rou-
tine practice, and if patients are not given any proper
alternative, they seem to opt not to do any PA at all.
Given the limited amount of data, more research is
needed in order to confirm this.

Only two studies compared the effect of HB exercise
on PA behaviour. Although both studies showed a ten-
dency towards higher levels of PA following HB exer-
cise, this was not shown by a significant effect size
following HB training. However, given the scarcity of
data, more high-quality studies are needed in order to
evaluate the potential superiority of HB interventions
in phase III programmes.

Further, the approaches to follow-up during the
interventions were very diverse, involving telephone
calls, occasional group sessions, home visits or any
combination of these methods. There is no doubt that
the way of contact during the intervention has an influ-
ence on adherence and motivation. However, the clin-
ical effectiveness and cost-effectiveness of each of these
different interactions remains to be elucidated. In add-
ition, although we tried to focus on the exercise com-
ponent of delivered HB programmes only, we did not
exclude studies in which some kind of supplementary
BCT was implemented. This was the case in half of the
included studies. BCT on its own is known to influence
PA behaviour,40 and thus EC,*' and could have
affected the results.

Finally, adverse events included cardiovascular
problems, but also musculoskeletal and metabolic
issues. In case of the 26 reported deaths, underlying

causes were poorly documented. Not a single study
stated whether adverse events were exercise induced
or not.

Limitations

This study has some limitations, which mainly reflect
the lack of high-quality research in the field to date. The
first limitation is the large variability and complexity of
the interventions. The different FITT parameters of the
prescribed exercise programmes make a direct compari-
son of interventions extremely difficult. It is impossible
to know which factor contributes most to the observed
differences, not only between the groups of the same
trial, but also between trials. Furthermore, some trials
applied BCT on top of the exercise prescription, and
there was a broad use of follow-up methods. Both BCT
and the choice of follow-up method have independent
effects on our outcome measures, as indicated before.
Second, as long-term adaptations are the ultimate goal
of CR, the number of studies available evaluating the
longer-term effects of CR interventions was disappoint-
ingly low. Third, there were almost no studies reporting
on PA, and the objective measurement of PA was extre-
mely poor; that is, PA was often reported as a percent-
age of people achieving a threshold based on time or as
raw values in minutes or days per week. Although it is
feasible to obtain valid and reliable measures of PA
(PASE,42 MLTPAQ,* SenseWear Armband,** etc.),
these measures remain generally underemployed.
More uniformity and objectivity are warranted in mea-
suring PA behavior.*’ Fourth, given the secondary pre-
vention goal of CR, a follow-up period of 1year is
negligible, and there is an urgent need for studies eval-
uating the effect of CR over even longer periods of
time. Fifth, there was a high amount of missing
gender specifications, which could affect adherence
rates, and thus EC results, as studies have shown that
men are more adherent to exercise programmes.*®*’
Sixth, overall, study quality was low to moderate,
which indicates the need for further well-designed
RCTs that take into account EC and PA. More atten-
tion should be given to relatively easy aspects such as
providing details of the randomisation procedure,
blinding of assessors and determining whether HB
and CB programmes are isocaloric.

Conclusions

Only a low number of studies and thus a scarcity of
evidence are currently available on HB exercise inter-
ventions and their effects on EC and PA in the longer
term in cardiac patients. Our results demonstrated no
significant differences between HB exercise rehabilita-
tion and UC, but a small significant difference between
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HB exercise and CB rehabilitation in favour of the
former. Our results were influenced by the large variety
that was present in different exercise prescriptions, mea-
suring instruments and follow-up methods, making a
direct comparison of interventions difficult. Future
research involving exercise interventions for cardiac
patients should aim to apply a longer follow-up
period and methods that are easily interpretable, as
well as to show any results in the most convenient
units of measurement. Researchers should try to estab-
lish transparent protocols with an emphasis on the use
of widespread criterion methods for means of follow-up
and outcome measures. According to us, the current
state of technology is sufficient to provide the patient
with effective and objective means of monitoring their
exercise parameters and adherence in a HB setting.
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