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ABSTRACT
Background: Participation rates of patients with acute
coronary syndrome (ACS) in efficacious cardiac
prevention and rehabilitation programmes (CPRPs) are
low, particularly in ethnic minorities. Few studies have
evaluated the full array of potential barriers to
participation in a multiethnic cohort with identical
insurance coverage.
Objective: To assess the hierarchy of multiple barriers
(ie, sociodemographic, systemic, illness related,
psychological and cultural) to participation in CPRP of
Jewish and Arab patients served by a regional hospital
in Israel.
Methods: Patients with ACS (N=420) were interviewed
during hospitalisation about potential barriers and
subsequently about participation in CPRP. Decision
tree analysis determined, hierarchically, the best
predictors of participation in CPRP.
Results: Ethnicity was the salient predictor of
participation in CPRP (61.1% (95% CI 55.6% to
66.5%) of Jewish patients versus 17.2% (95% CI
11.2% to 24.9%) of Arab patients). Among Jewish
patients the dominant determinant was a
recommendation for CPRP in the hospital discharge
letter (32.5% (95% CI 23.1% to 43.1%) vs 71.9%
(95% CI 65.8% to 77.6%) participation without and
with a recommendation, respectively). Other major
hierarchical determinants included age, discharge
diagnosis, socioeconomic position and perceived
benefits of exercise. Among Arab patients, anxiety was
the main predictor (5.5% (95% CI 1.1% to 14.1%) vs
27.9% (95% CI 17.7% to 40.0%) participation among
those with high vs lower anxiety levels). Additional
contributors were a predischarge visit to the
rehabilitation centre (familiarisation) and car ownership
(access).
Conclusions: Utilisation of decision tree
analysis enables us to identify the key barriers
to participation in CPRP in an ethnic-specific
mode. Interventions to improve participation can
then be designed to address each group’s specific
barriers.

INTRODUCTION
In order to prevent the recurrence of acute
coronary syndrome (ACS),1–3 cardiac preven-
tion and rehabilitation programmes (CPRPs)
are now an inherent element in the
European,4 5 American6 7 and Israeli8 formal
guidelines for secondary prevention follow-
ing ACS.
Unfortunately, despite the proven efficacy

of CPRP,9–11 there is a substantial underutil-
isation of this service worldwide.12–15

Therefore, the identification of putative bar-
riers to CPRP participation has been the
focus of our research team in Israel in the
past several years.16–19

In our former publications, we identified
sociodemographic, systemic and cognitive bar-
riers to participation in CPRP. Overall, ethnicity
was found to be the salient barrier with signifi-
cantly lower participation among Arab patients
compared with Jewish patients. Despite accu-
mulated evidence pointing at ethnicity as a key
factor in explaining underutilisation of health

KEY MESSAGES

What is already known about this subject?
▸ Multiple causes have been identified to account

for low participation rates in cardiac rehabilitation.

What does this study add?
▸ Establishes an hierarchal assessment of barriers

to participation utilizing decision tree analysis to
identify critical decision nodes.

How might this impact on clinical practice?
▸ Attempts to augment patient participation rates

require an understanding of critical decision
nodes so that resources for improvement can be
appropriately allocated.
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services, cultural values putatively underlying the associ-
ation between ethnicity and CPRP adherence have not
been previously investigated. Therefore, in the current
study we measured specific illness-related cultural world
views. Also included were the psychological manifestations
of anxiety and depression that others have detected as bar-
riers for CPRP participation.20 21

We have also identified non-cultural barriers including
lower socioeconomic position (SEP), history of coronary
heart disease (CHD), diagnosis of unstable angina pec-
toris (UAP) (compared with myocardial infarction
(MI)), absence of a recommendation to participate in
CPRP in the discharge letter, absence of a visit to the
rehabilitation centre during hospitalisation, the lack of a
driving license,16 17 high levels of anxiety and depres-
sion,18 low perceived benefits of regular exercise, and a
low sense of personal control.19 Although we were able
to identify those predictors of participation in CPRP, our
previous reports did not evaluate the relative contribu-
tion of each barrier, and also did not provide clinically
relevant cut-off points at which each variable becomes a
barrier, a prerequisite for any serious endeavour of tai-
loring interventions for the most in-need populations.
Therefore, in the current study we analyse, in a compre-
hensive manner, all the putative barriers to participation
in CPRP evaluated in the cohort, including the cultural
and psychological aspects.
Our objectives were (1) to determine the hierarchy of

the strengths of each of the above-mentioned barriers to
CPRP participation and (2) to determine dichotomous
cut-off points at which any of the predictor variables
becomes a significant barrier to CPRP participation.

METHODS
Study population
The methods of the current study have been previously
reported.16–19 22 The study was undertaken at a regional
hospital in central Israel serving both Jewish and Arab
populations. The hospital provides an in-house compre-
hensive cardiac prevention and rehabilitation pro-
gramme with a strong emphasis on physical activity. In
brief, 1705 patients admitted to the coronary care unit
(CCU) of the Meir medical centre or transferred from
the internal medicine wards to the CCU for urgent cath-
eterisation, between January 2009 and August 2010,
were registered. Of these, 19 died during hospitalisation
and 603 were discharged with no ACS diagnosis. Of the
remaining 1083 patients, 434 were not eligible for the
study due to the following criteria: having severe
physical/mental disability that would prevent participa-
tion in CPRP (244), early referral for further acute
phase treatment at another hospital (98), inability to be
interviewed in Hebrew or Arabic (52) and inability to
commit to the study (n=40). Of the 649 eligible patients,
501 consented to be interviewed during hospitalisation
(77.2% response rate); of these 83.8% consented to be
interviewed at the 6-month follow-up (for a flow

diagram, see figure 1 in our previous publication: ref.
21). The final study sample comprised 420 patients who
had been hospitalised due to ACS (as confirmed by a
senior cardiologist based on positive electrocardio-
graphic changes or positive troponin levels) and who
were eligible to participate in CPRP. All the respondents
were interviewed in their native tongue (Hebrew or
Arabic). No differences were found in response rate
according to age or ethnic group. There were, however,
differences according to gender and diagnosis with
higher response rates among men than women (67.5%
and 52.8%, respectively) and between patients with MI
versus patients with UAP (68.6% and 56.7%, respect-
ively). The mean age of the respondents was 59.6
±10.9 years, 84.5% were men and 15.5% were women,
72.4% were Jews and 27.6% were Arabs, and 71.7% were
hospitalised for AMI and 28.3% for UAP. Informed
consent was obtained from each patient. The study was
authorised by the hospital Institutional Review Board.

Variable definitions
Data regarding the main outcome, participation in
CPRP (coded as yes/no), were collected in the follow-up
interview. Patients who indicated that they had joined
any long-term CPRP after the index event, at the Meir
medical centre or elsewhere for a period of at least
1 month were classified as participants. Among the
potential barriers specifically examined were as below:
Sociodemographic characteristics, which included ethnicity

( Jews/Arabs), gender, age, birth place (Israel/other),
marital status, level of education (highest certificate/
degree earned), employment status (gainfully employed
or not), economic situation (subjective assessment),
religiosity, health services supplier membership and sub-
jective SEP.19 22

Baseline clinical data that were extracted from patient
medical records included the hospitalisation unit
(CCU/Internal medicine), diagnosis (MI/UAP), per-
sonal history of CHD (yes/no) and traditional CHD risk
factors (family history of CHD, obesity, smoking, dyslipi-
demia, diabetes and hypertension (yes/no-unknown, for
all risk factors)).
System-based barriers included access-based barriers namely

no driving license, not in possession of a car and limited
familiarity with Hebrew, and hospital-based barriers namely
absence of a recommendation to participate in CPRP in
the discharge letter and absence of a documented visit
to the rehabilitation centre during hospitalisation, a
routine part of the intensive recruitment programme.17

We emphasise that the only eligibility criteria for inclu-
sion in the study, in addition to informed consent, were
physical and emotional suitability for joining CPRP.
There were no other declared criteria for preventing
patients from visiting the CPRP or being referred to the
programme.
Illness cognition barriers included a health beliefs com-

ponent and a control component.19 The health beliefs
component was measured using the 28-item
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questionnaire developed by Mirotznik et al.23 The
control component was measured by the cure/control
dimension of the revised Illness Perception
Questionnaire.24

Psychological barriers included anxiety (6 items) and
depression (7 items)25 of the validated Brief Symptom
Inventory.26 Responses for level of distress over the past
days ranged from 1 (not at all) to 5 (extremely). The
average score for each subscale was used.
Cultural barriers were conceptualised as specific illness-

related cultural world views. These were measured using
a 34-item scale designed specifically for the purpose of
the current study, based on Cohen and Azaiza’s27 Arab
Culture-Specific Barriers questionnaire, and on in-depth
interviews tapping the issue of coping with cardiac
illness, which were held with focus-groups of patients
and service providers of the two ethnic groups.

Data analysis
Decision tree analysis, a data mining technique, was
used to create set of rules for predicting participation in
CPRP.28 The decision tree is represented by a flow chart
consisting of nodes that split and create branches. At
each stage (node) the best predictor for participation in
CPRP was selected and the optimal forecasting values
were determined. The Chi Squared AID (CHAID) algo-
rithm29 30 was used; the number of splits was limited to
4 and the number of patients in a specific node was
restricted to 20 and above to limit the number of
branching points and preserve statistical power.
Data for the various variables included in the decision

tree analysis were complete for 87.1% of the patients. As
the extent of missing data was less than 5% for each vari-
able separately, multiple imputations were not used.
Data for the variables actually included in the decision
tree (presented in figure 1) were complete for 93.6% of
the patients. As per the CHAID algorithm used, missing
values are included in the tree-growing process as a float-
ing category that is allowed to merge with other categor-
ies at tree nodes.
To validate the present decision tree, a fivefold cross-

validation procedure for decision tree analysis available
on SPSS statistical software was used. In short, a series of
decision trees is generated, each time excluding onefold
of the sample (one-fifth). Misclassification risk is then
calculated by applying the tree to the excluded fold and
identifying the number of cases that are incorrectly clas-
sified. The following estimates were calculated (1) a mis-
classification risk estimate, calculated on the complete
sample; (2) an overall accuracy percentage and (3) the
cross-validation risk estimate.
The risk estimate for the classification tree was 0.23.

The classification tree analysis accurately predicted
patients’ participation in CPRP (77% correct). The
cross-validation estimate for risk of misclassification
(0.27) approximated that of the full model (0.23).

RESULTS
Table 1 in our previous publication22 presents the
description of the main patient characteristics according
to population group.
Utilising decision tree analysis (figure 1), the single

most critical element determining participation in CPRP
was ethnic background. The majority of the Jewish
patients, that is, 61.1% (95% CI 55.6% to 66.5%), parti-
cipated in a CPRP compared with less than a fifth of the
Arab patients, that is, 17.2% (95% CI 11.2% to 24.9%).
Within the Jewish patients the most important contri-

bution to participation was the presence of a written rec-
ommendation in the discharge letter from the hospital
to their personal physicians. Only 32.5% (95% CI 23.1%
to 43.1%) of patients not having such a recommenda-
tion participated as opposed to the 71.9% (95% CI
65.8% to 77.6%) participation rate when such a recom-
mendation was present. The other major contributors
were age, discharge diagnosis, SEP, the health services
supplier and perceived benefits of exercise. When no
recommendation was included in the discharge letter
and patients were above age 74 years only 8.3% (95% CI
1.4% to 24.9%) participated in CPRP compared with a
42.4% (95% CI 30.3% to 55.2%) participation rate
among those aged 74 years or younger who also lacked a
documented recommendation. This decision node was,
however, affected by the discharge diagnosis with 58.3%
(95% CI 36.7% to 77.9%) of patients with an MI partici-
pating as opposed to 31.4% (95% CI 17.8% to 48.1)
with a discharge diagnosis of UAP. Among Jewish
patients who did receive a recommendation for partici-
pation in the discharge letter, SEP came up as a crucial
determinant for participation with an 80.6% (95% CI
73.5% to 86.4%) participation rate among high SEP
patients. Among Jewish patients of lower SEP, health
beliefs proved important with a 90.5% (95% CI 72.0%
to 98.4%) participation rate in the subgroup who pro-
fessed a belief that physical exercise was a critical
element in preventing acute cardiac events.
In the Arab patients anxiety played an important role;

there was 27.9% (95% CI 17.7% to 40.0%) participation
among those with moderate or low anxiety levels as con-
trasted with 5.5% (95% CI 1.1% to 14.1%) among those
with high anxiety levels. Further branching was pre-
cluded by the small number of Arab participants. To
evaluate possible additional determinants anxiety was
removed and the decision tree analysis was recomputed
(figure 2). Excluding anxiety, the importance of the sys-
temic barriers of a rehabilitation centre visit prior to dis-
charge and possession of a car became evident.

DISCUSSION
The current study was undertaken to establish a hier-
archy of barriers to patients’ participation in CPRP.
Following Balady’s mapping,31 we incorporated into the
model variables related to sociodemographic, systemic,
clinical and cognitive dimensions, many of which have
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been demonstrated in smaller less comprehensive
studies to play a role, as well as psychological manifesta-
tions and illness-related cultural world views. A decision
tree analyses were implemented to identify not only
which variables are significant barriers but also to estab-
lish hierarchal rankings of their importance in these two
ethnic groups.
Overall, ethnicity (Arab minority) was by far the most

important barrier to participation. When analysing the
barriers for each ethnic group separately, a distinct
picture emerged for each group. For Jewish patients,
receiving a recommendation to participate in CPRP was asso-
ciated with an increased probability of participation.
Among those who did receive such a recommendation,
low SEP became a barrier to participation. Narrowing
down to those with low SEP, low levels of belief in the

benefits of such intervention were identified as the main
obstacle.
Among Jewish patients who did not receive a recom-

mendation to participate in CPRP, age was found to be
an important determinant. With age introduced as a
continuous variable, the decision tree analysis identified
age 74 years as the point at which it becomes a signifi-
cant barrier. This vulnerable subgroup, characterised by
a very low probability to participate (8.3%, 95% CI 1.4%
to 24.9%) represents the older patients who were dis-
charged from hospital with no written recommendation.
Given the documented benefit of CPRP in older
patients,32 the recommendation becomes particularly
important for this subgroup.
Among Arab patients, the overwhelmingly important

determinant was level of anxiety with a probability of

Figure 1 Decision tree (using the CHAID algorithm) for predicting participation in a cardiac prevention and rehabilitation

programme (CPRP) among 420 Jewish and Arab patients with acute coronary syndrome (ACS). At each node the best predictor

for participation in CPRP was selected from multidimensional potential barriers and the optimal forecasting values were

determined (CPRP categories: 0=did not participate in CPRP, 1=participated in CPRP).
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just 5.5% (95% CI 1.1% to 14.1%) to attend when the
level of anxiety was higher than 1.8 (based on the Brief
Symptoms Inventory questionnaire) vs 27.9% (95% CI
17.7% to 40.0%) when the level was lower than 1.8.
These results provide an important focal point for
further studies. Focusing on these specific barriers, and
analysing the main barriers within each ethnic group,
may prove more beneficial in designing interventions.
Our analysis represents an important addition to the

understanding of barriers to participation in CPRP. The
roles of ethnicity, letters of recommendation, age and
SEP are already well established in the literature. The
confirmation of their importance and their incorpor-
ation and positioning into the decision tree hierarchy in
the analysis of the Jewish sector is an observation that

will facilitate the implementation of remedial interven-
tions. For example, SEP, although an established barrier,
is a variable that is difficult if not impossible to amend;
therefore, efforts should be channelled into improving
the recommendation letter procedure as well as to the
augmenting of belief in the benefits of CPRP. Especially
among the Jewish sector, focusing on these barriers may
prove more beneficial than anything else.
The analysis in the Arab sector is more limited

because of the constraints of the sample size, including
a very small number of female participants. This is the
main limitation of our study. Nevertheless, the ranking
of anxiety levels as the most important barrier in the
Arab sector provides an important focal point for
further investigation. In addition, efforts should be chan-
nelled into minimising those systemic barriers that are
mostly relevant for the Arab patients. Making a predis-
charge visit to the rehabilitation centre an integral
and routine part of a patient’s hospitalisation for ACS
as well as providing each eligible patient a mandatory
recommendation letter for joining their local CPRP may
be useful in facilitating participation, especially among
this minority group. Our former findings based on the
same database, which showed that absence of a letter of
recommendation is a strong barrier for CPRP attend-
ance beyond all other sociodemographic and clinical
variables,17 strengthen this inference. It is important to
further decipher the determinants of these systemic bar-
riers between the two ethnic groups. The fact that car
ownership came up as a predictor among the Arab
patients indicates that access is a topic that should be
addressed. Although unique to our study is an attempt
to identify the specific illness-related cultural world views
which might account for the overwhelming differences
in participation rates between the two ethnic groups
studied, none of the components assessed came up as
significant barriers when integrated into the decision
tree analysis.
In summary, in 2011, the AHA issued a presidential

advisory related to referrals to and participation in pro-
grammes of CPRP.31 They include a list of 25 factors
which have been identified as contributing to non-
participation. Our study incorporated many of those
factors into the evaluation of barriers in one regional
hospital serving an ethnically and economically diverse
population and confirmed many of the AHA recommen-
dations. By establishing a hierarchy of importance,
however, we enable more targeted interventions directed
to specific subpopulations to improve attendance. The
recognition that age, discharge diagnosis, health beliefs
and, arguably most importantly, anxiety and letters of
referral are critical elements in promoting participation
is reinforced by our analysis. Our hierarchy of barriers,
however, emphasises the over-riding importance of eth-
nicity and minority status and places strong focus on the
importance of evaluating barriers specific to different
cultural groups.33–35

Figure 2 Decision tree (using the CHAID algorithm) for

predicting participation in a cardiac prevention and

rehabilitation programme (CPRP) restricted to the 116 Arab
patients with ACS patients. At each node the best predictor for

participation in CPRP was selected from multidimensional

potential barriers and the optimal forecasting values were

determined (CPRP categories: 0=did not participate in CPRP,

1=participated in CPRP).
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