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[bookmark: _GoBack]Cardiovascular diseases (CVDs) are the leading cause of mortality worldwide, with over 80% of CVD deaths occurring in low- and middle-income countries.1 In the middle-income country of Brazil for instance (ie, gross national per capita income between US$996 and US$12,195), CVDs are responsible for 32% of total mortality.2 Yet, people with CVDs in such countries have less access to proven treatments, including secondary prevention therapies.2
Cardiovascular rehabilitation (CR), which is a comprehensive outpatient program of secondary prevention and lifestyle counselling, has been shown to reduce mortality, improve functional capacity, and decrease rehospitalization and overall medical costs.3 Preliminary research suggests comparable benefits in middle-income countries,5 including Brazil.4 Despite these well-established benefits, CR programs are greatly underutilized, with rates of enrollment around 20% in high-income countries, ie, countries with a gross national per capita income above US$12,195, such as Canada5 and 14% in middle-income countries.6 
Health system, provider, and patient-level barriers to CR utilization have been well-established in high-income countries.7 However, given the recognition of the burden of noncommunicable diseases such as CVDs in low- and middle-income countries, information regarding barriers to CR enrollment and completion in these contexts is greatly needed. The aim of this study was to describe and compare multilevel barriers to CR enrollment and participation in Brazilian and Canadian cardiac outpatients. It was hypothesized that Brazilians would report significantly greater barriers than their Canadian counterparts. 

METHODS
Data were collected from 11 community and academic hospitals in Ontario, Canada between 2006 and 2008 as part of a larger study on CR referral strategies.8 Data were collected in Brazil between in 2011 from 2 health institutions, 1 private and 1 public, in Southern Brazil. Brazilian CR attendees completed the questionnaire while in the CR program. The study included cardiac outpatients eligible to participate in CR based on similar guidelines from Brazil9 and Canada.10 

Measures
Participant clinical characteristics were obtained from the medical chart and included cardiac history and risk factors. Sociodemographic characteristics were self-reported. The CR enrollment was self-reported (yes/no). The Cardiac Rehabilitation Barriers Scale (CRBS) was administered to assess multilevel barriers affecting patient CR enrollment and participation.11  
The CRBS assessed patient perceptions of the degree to which patient, provider, and health system-level barriers affect their CR enrollment and participation.11 Regardless of CR referral or enrollment, participants are asked to rate their level of agreement with each of the 21 statements. Items were rated on a 5-point Likert-type scale that ranged from 1=strongly disagree to 5=strongly agree. Higher scores indicated greater barriers to participation or adherence to CR.
The CRBS was originally developed in Canada by Grace et al8 in English, and psychometrically-validated by Shanmugasegaram et al.11 It was later translated, culturally-adapted to Brazilian-Portuguese and psychometrically-validated by Ghisi et al.12 Factor analysis revealed 4 subscales in the English version of the CRBS: perceived need/health care factors, work/time conflicts, comorbidities/functional status, and logistical factors. The Brazilian-Portuguese version consists of 5 subscales: perceived need, work/time conflicts, comorbidities / functional status, personal/family issues, and access.

Statistical Analysis
SPSS Version 19 was used for data analysis. Descriptive statistics were used to describe sociodemographic and clinical characteristics of each group of patients. Pearson’s χ2, t-tests, and ANOVAs (as applicable) were computed to test for significant differences by country and by CR enrollment status. To establish the reliability of the scale in each language, Cronbach’s alpha was computed for the total scale and each subscale. To establish the validity of the scale in each language, mean barrier scores were compared by CR enrollment (yes/no). A descriptive examination of mean total barriers scores and mean item scores by sample (Brazil vs. Canada) was performed. To test for differences between countries, nonparametric tests (Mann-Whitney U) were applied. Overall mean differences in total barriers, and items were compared in the Canadian vs. Brazilian sample. 

RESULTS
With regard to the Canadian sample, as reported elsewhere,8 389 (14.8%) inpatients were lost to followup 1 year later. The reasons were as follows: patient could not be contacted (n=246; 63.2%), deceased (n=107; 27.5%), too ill to participate (n= 8; 2.1%), or other reasons (n=28; 7.2%). Of the 2246 remaining participants, 1809 completed the followup survey (80.5% retention rate). Of these, 1434 (79.3%) participants fully completed the CRBS. 
With regard to the Brazilian sample, 131 (55.2%) were recruited from a private site and 106 (44.8%) from a public site. Thus, the participants of this study were 1671 cardiac outpatients eligible for, or participants of, CR: 237 (14.2%) from Brazil and 1434 (85.8%) from Canada. Of these, 139 (58.6%) from the Brazilian sample and 779 (54.3%) from the Canadian sample were enrolled in CR (P=.60).
Table 1 displays the characteristics of these participants. Overall, Canadian respondents were significantly older, had greater educational attainment, were more often obese, hypertensive, and dyslipidemic, had undergone revascularization, and had heart failure, and significantly less often had arrhythmias when compared to Brazilian respondents. Participant characteristics also differed by CR enrollment status in both countries, as also shown in Table 1.

Psychometric Performance of the CRBS
The CRBS performed reliably in both contexts / languages, with Cronbach’s alpha for the Canadian and Brazilian-Portuguese versions being 0.92 and 0.86, respectively. Cronbach’s alpha for the subscales ranged from .71 to .89 for the English version, and from .55 to .88 for the Brazilian-Portuguese version. 
Validity of both language versions of the CRBS was also supported. As shown in Table 2, Brazilian nonattendees reported significantly greater barriers than Brazilian CR attendees (P<.01). This was also observed in the Canadian sample (P<.01). Table 2 also displays differences in item scores by CR enrollment status for the Canadian and Brazilian samples. In the Brazilian sample, 15 of the 21 barriers were rated significantly higher by CR nonattendees than attendees, and conversely 1, namely travel, was rated significantly higher by CR attendees than nonattendees. In the Canadian sample, 20 of the 21 barriers were rated significantly higher by CR nonattendees than attendees.

Binational Comparison of CR Barriers 
Table 2 displays the mean total and item barriers scores for Brazilian and Canadian respondents. As shown, Canadian respondents reported significantly greater CR barriers than their Brazilian counterparts. Upon computation of subscale scores, for the Canadian sample, the mean subscale scores were 2.11±1.2 for perceived need/health care factors, 2.21±0.3 for work/time conflicts, 2.04±0.5 for comorbidities/functional status, and 2.21±1.26 for logistical factors. For the Brazilian sample, the mean subscale scores were 1.83±1.37 for perceived need, 1.93±1.11 for work/time conflicts, 1.61±1.11 for comorbidities/functional status, 1.53±0.9 for personal/family issues, and 1.71±1.08 for access. For 17 of 21 barrier items, Canadian respondents reported significantly greater barriers than their Brazilian counterparts. The greatest disparities in mean item score between Brazilian and Canadian respondents were for already exercising at home or in the community (1.43), wait times (0.82), severe weather (0.79), and preference not to manage one’s health in a group (0.71).

DISCUSSION
This study investigated CR barriers across different countries, for the first time to our knowledge. Outpatient CR programs have been offered in a small number of Brazilian institutions for over 3 decades.4 Given the growing epidemic of noncommunicable diseases such as CVD in low and middle-income countries13, this study sought to compare barriers to utilization of these low-cost, comprehensive secondary prevention programs in such contexts, with a high-income context where the barriers are also many, but are well-known. Contrary to our hypothesis, Canadian outpatients reported significantly greater CR barriers than their Brazilian counterparts. 	Comment by maw55040: Provide reference. Also, is this how countries of varying economic stature, are referred to, “middle-income countries” – need reference??	Comment by meloghg: The reference is included. The classification in high-, middle-, and low- income countries is based on the World Bank classification – an international financial institution that provides loans to developing countries for capital programs. Below I provide a few references using this classification, in a variety of populations, demonstrating that indeed this is the accepted nomenclature:
- Howe LD, Galobardes B, Matijasevich A, Gordon D, Johnston D, Onwujekwe O, et al. Measuring socio-economic position for epidemiological studies in low- and middle-income countries: a methods of measurement in epidemiology paper. Int J Epidemiol 2012; 41(3):871-86.
- Mendis S, Lindhom LH, Mancia G, Whitworth J, Alderman M, Lim S, et al. World Health Organization (WHO) and International Society of Hypertension (ISH) risk prediction charts: assessment of cardiovascular risk for prevention and control of cardiovascular disease in low and middle-income countries. J Hypertens 2007;25(8):1578-82.
- Abegunde DO, Mathers CD, Adam T, Ortegon M, Strong K. The burden and costs of chronic diseases in low-income and middle-income countries. Lancet 2007;370(9603):1929-38.
- Palmer N. The use of private-sector contracts for primary health care: theory, evidence and lessons for low-income and middle-income countries. Bull World Health Organ. 2000;78:821–829.
- Yusuf S, Islam S, Chow CK, Rangarajan S, Dagenais G, Diaz R, et al. Use of secondary prevention drugs for cardiovascular disease in the community in high-income, middle-income, and low-income countries (the PURE Study): a prospective epidemiological survey. Lancet 2011; 378(9798):1231-43.

Of note, the chief barriers reported in the high-income Canada would be considered patient-level barriers and highly modifiable, whereas the chief barriers in the middle-income Brazil would be considered health-system level. In the case of the former, that cardiac patients reported exercising in the home or community environment as a barrier to CR might at first glance suggest that they did not have a need for CR. However, given the low levels of physical activity in the Canadian population14 however, and that inactivity is a risk factor for CVD, whether patients were exercising sufficiently and maintaining activity at guideline-recommended levels is suspect. Arguably these results suggest healthcare providers must do a better job at educating cardiac patients about the comprehensive nature of CR (ie, not only exercise, but also diet and psychological well-being), the substantive health benefits of participation (ie, lower mortality and rehospitalization, and better psychosocial health), and that participation is the standard of care. In addition, patients should be encouraged to continue exercising at home or within the community environment most days of the week throughout their CR program and beyond.. With regard to personal travel, patients need to be informed that managing their chronic health condition should be prioritized before discretionary travel, again because it will reduce their risk of future morbidity and mortality.. Of note, among Brazilian respondents, travel was conversely a significant facilitator of CR attendance, likely as it indicates high socioeconomic status (i.e., financial means to pay for CR, or employment with benefits to reimburse their participation).	Comment by maw55040: Again, high –income versus middle-income; are these the best descriptors?	Comment by meloghg: as described above, these are the most common descriptors used in the literature to classify countries with different incomes. Indeed, this classification is used by WHO.	Comment by maw55040: reference	Comment by meloghg: Reference added.	Comment by meloghg: This discrepancy was rectified and the term “psychological well-being” was substituting “education”.	Comment by maw55040:  This is unclear. What sort of travel, to and from the CR center, or within the country? Vacation?	Comment by maw55040: Please expound on this point. What about income, is associated with attendance? 	Comment by meloghg: Higher income is a major predictor of CR attendance among patients referred to CR. We added the following: “i.e., financial means to pay for CR, or employment with benefits to reimburse their participation”. 
Arguably, the chief barriers reported by Brazilian outpatients are substantive, and apply in all countries, regardless of whether they are considered low, middle, or high-income.. High-income countries continue to spend the significant proportion of healthcare dollars on acute cardiac care, to the neglect of proven, low-cost CR programs.15 For example, there is insufficient CR capacity due to lack of funding in Ontario, Canada where the sample was derived.  Moreover, many low to middle-income countries such as Brazil have advanced operating theatres to perform cardiac revascularization procedures, but patients are not offered CR thereafter.4 It is untenable that countries of all income levels provide the most expensive care and discharge patients without the kind of follow-up and secondary prevention at the core of CR. Health policies to provide low-technology, low-cost CR services proximate to outpatients at an affordable cost are required. 	Comment by maw55040: This paragraph is a flight of ideas and is somewhat convoluted. Please rethink and rephrase.	Comment by meloghg: This has been revised to read “It is untenable that countries of all income levels provide the most expensive care and discharge patients without the kind of follow-up and secondary prevention at the core of CR.”	Comment by meloghg: Upon re-reading this paragraph I can see where the ideas do not seem to connect. It has been revised and re-ordered. I hope it is no longer convoluted for the reader.
The mean ratings of several CR barriers were comparable among responders from both countries. Distance, as alluded to above, was one. The other 2 related to provider-related factors, namely that their physicians did not perceive CR was necessary, and that they did not know about CR. While we cannot rule out that some patients may not have been eligible for CR due to undocumented factors, the patients for this study were approached  based on their indication for CR. Most physicians across the Americas likely train at the same pool of institutions, and therefore may receive the same messaging about CR. The burden of evidence supporting the benefits of CR in mortality reduction, and the magnitude of benefit when compared to highly-prescribed cardiac therapies are well-established. Thus, physicians should perceive CR as necessary, yet research has suggested that physicians remain skeptical of the benefits of CR. Patients in all countries need to get the message from their physicians that they need CR to promote their long-term health. 	Comment by maw55040: Selected for the study?	Comment by meloghg: Yes. Text revised accordingly.	Comment by maw55040: I do not understand how this fits in here. You have just mentioned above that the 2 countries were comparable and that physician “education or knowledge” seemed to be lacking. How does this sentence fit in with the beginning of the paragraph?	Comment by meloghg: Revised to read “Thus, physicians should perceive CR as necessary, yet research has suggested that physicians remain skeptical of the benefits of CR. Patients in all countries need to get the message from their physicians that they need CR to promote their long-term health.”
Caution is warranted when interpreting results. The chief limitation is selection bias. It is unknown how generalizable the samples from each country are, in relation to the average cardiac outpatient. Given the high rates of CR enrollment in both countries in this sample, likely barriers are under-represented, herein. Barriers may be greater in the larger population where there are lower rates of CR utilization. Moreover, there were significant differences in the sociodemographic and clinical characteristics of both samples.For example, there were no Brazilian female CR attendees in the sample, suggesting there may be greater gender inequities related to healthcare access in the Brazilian than Canadian context. We cannot rule out that this sex difference explains some of the results observed, over and above the country of origin, however it is likely that these factors are inter-related. Second, due to the secondary use of data for the Canadian sample, there is a large discrepancy in sample size between groups, which could impact comparisons. Nonparametric tests were applied to mitigate this threat. Third, the context of recruitment within each country should be taken into consideration. In Canada, participants were recruited from the province of Ontario where CR is paid through provincial healthcare coverage. In Brazil, participants were recruited from Santa Catarina, the Brazilian state with an established CR history. Fourth, the Canadian and Brazilian data were collected at different time points, which may introduce bias. Finally, due to the multiple comparisons, error rates could be inflated. Replication in a matched sample, and across a greater number of high vs. middle-income countries, using a multivariate approach, is warranted.	Comment by maw55040: Please clarify.	Comment by meloghg: According to Grace et al (2011), overall only approximately 30% of eligible cardiac in-patients enrol in CR programs. In this study, rates of CR enrollment are above the usual percentage (58% for Brazilians and 54% for Canadians respondents) and that is why barriers could be under-represented.
Reference: Grace SL, Chessex C, Arthur H, Chan S, Cyr C, Dafoe W, et al. Systematizing inpatient referral to cardiac rehabilitation 2010: Canadian Association of Cardiac Rehabilitation and Canadian Cardiovascular Society joint position paper endorsed by the Cardiac Care Network of Ontario. Can J Cardiol 2011;27(2):192-9.
The following has been added to the text “Barriers may be greater in the larger population where there are lower rates of CR utilization.”	Comment by maw55040: Is there any identifiable reason for this that you could mention	Comment by meloghg: There may be greater gender inequities related to healthcare access in the Brazilian than Canadian context	Comment by meloghg: The sentence was rephrase: “Fourth, the Canadian and Brazilian data were collected at different time points, which may introduce bias”
In conclusion, this study has examined barriers to CR enrollment and participation in 2 different setting: a middle-income country, Brazil, and a high-income country, Canada. Despite the significantly lower availability of CR in Brazil and the universal healthcare system in Canada, cardiac outpatients in Canada perceived significantly greater CR barriers. The nature of barriers identified suggests Canadians have higher expectations of outpatient care, and that different strategies would be required to promote enrollment in these countries.
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