Multiple interventions following an acute coronary syndrome event increase uptake into cardiac rehabilitation

Lawless M1, Harrison AS1, Doherty P1
Affiliation
1The University of York
Authorship Statement
This author takes responsibility for all aspects of the reliability and freedom from bias of the data presented and their discussed interpretation
Keywords
Treatment, Acute coronary Syndrome, Cardiac Rehabilitation, Uptake
Word Count 
3080
Address of corresponding author
Alexander.harrison@york.ac.uk
Research Fellow,
Area 4, Seebohm Rowntree Building
The University of York
York
YO105DD

[bookmark: _Hlk54791758]Abstract
Aims
Cardiac rehabilitation (CR) improves morbidity and mortality. Uptake varies for patients following acute coronary syndrome (ACS). Entry into CR is often dependent on the management strategy received, lower following percutaneous coronary intervention (PCI), higher following coronary artery bypass grafting (CABG). This study sought to investigate differences in CR uptake following an ACS event for those patients receiving multiple treatments.
Methods
Data was from the National Audit of CR between 2016-2019. Patients with ACS were categorised as: no intervention; one treatment (such as any PCI, CABG, any valve surgery and any device therapy); two treatments; or three or more treatments. Baseline demographics and logistic regression were used to analyse the effect of multiple treatment intervention on uptake into CR.
Results
A total of 6833 ACS patients were included in the analysis (0 treatments 2014, 1 treatment 3104, ≥2 treatments 2799). Patients who received ≥2 therapeutic interventions were more likely to be male, partnered and >2 comorbidities. Logistic regression showed a positive relationship between uptake total intervention. Similar associations were seen: being younger, male, partnered and having any comorbidity. The hospital stay, history of angina, diabetes and stroke was negatively correlated with an uptake. 
Conclusion
This study showed for the first time that multiple interventions following ACS is a significant predictor of uptake into CR.  The findings align with recent trends with medically managed myocardial infarction uptake. Our findings identify factors associated with poor uptake to CR which should be considered as part of strategy to increase participation.


Introduction

Cardiac rehabilitation (CR) is a comprehensive intervention delivered by a multi-disciplinary team known to improve the physical, mental and social consequences of cardiovascular disease (1). CR reduces cardiovascular mortality and decreases rates of hospital readmission (2-4). CR is currently listed as a Class 1a recommendation in European Society of Cardiology guidelines. The NHS England Long Term Plan has set an ambitious target of 85% of patients participating in a CR programme post-myocardial infarction (MI) by 2028, however, uptake rates currently attain only 50% across the UK (5). Numerous strategies have been proposed to encourage greater patient uptake into CR (6).
Acute coronary syndrome (ACS) is defined as any myocardial infarction (ST-elevated, STEMI, and non ST-elevated, NSTEMI) and unstable angina. There are over 80000 ACS admissions per year in UK (7) and NICE guidelines recommend that CR should be offered to all patients post-MI. Following an ACS event CR reduces cardiac death and lowers the risk of recurrence of MI and stent (8, 9).
Management of ACS depends on cause, effectiveness of treatment and patient preference. Early therapeutic intervention is required to reduce the risk of future morbidity and mortality (10). All patients are offered combination medical therapy including dual antiplatelets, statin, beta-blocker, nitrates and analgesia as required. The majority of patients are vascularised with percutaneous coronary intervention (PCI) and some receive coronary artery bypass grafting (CABG) depending on outcomes of further investigation such as angiography. In addition to these common treatment strategies patients may also receive valve replacement or device therapy following the ACS event. 
CR following PCI or CABG reduces all-cause mortality (11), future cardiac events and readmission rates (12). Patients who received CR following valvuloplasty, both open and percutaneous procedures, as well as those who received left ventricular assist device therapy were shown to have an increased exercise capacity than those who did not (13-17). Despite the benefits of CR post ACS treatment, there are notable differences in CR uptake following different treatment modalities. In the UK in 2019 75% of patients who received CABG entered into CR, in contrast to only 52% of those who received PCI (5). The difference in severity and impact on the patient of the two treatments may influence uptake; in addition, increased length of stay in hospital could also contribute.
In order to understand the relationship between uptake to CR and treatment modality received following an ACS event, this current study aimed to investigate the effects of multiple treatments on the uptake to CR services in the UK. 
Methods
Data interpretation was performed in concordance with STROBE guidelines (18).

Data
Data analysed in the present study was sourced from the British Heart Foundation National Audit of Cardiac Rehabilitation (NACR). The main aim of the audit is to monitor the CR service and provide information on inequality and sufficiency of rehabilitation programmes in order to increase availability, uptake and output of CR. Clinical data is obtained from both clinical practitioners and patient-led questionnaires. The data is entered by local CR teams with authorisation approved by Caldicot Guardian and a lead clinician who is responsible for service quality. Patient demographics, behaviour, mental health, wait times, uptake and completion are all recorded. The secure database is managed by NHS Digital who supply NACR with anonymised data approved annually under authorisation of Health Research Authority Confidentiality Group. The audit has been established for over 10 years and is embedded into routine practice collecting information on close 100,000 cardiac events per year.

This is a retrospective observational study utilising patient and service level data selected based on those presenting with an initiating ACS event between 1st April 2016 and 31st March 2019. This was determined in those patients coded as presenting with any of the following: myocardial infarction (MI) type unknown, ST-elevated MI, non-ST elevated MI, heart failure with MI, unstable angina and ACS. Patient treatment was considered either medical management or interventional management. For those patients who received interventional management, four individual groups of treatment were created (see supplementary materiel for detail): Percutaneous coronary intervention, coronary artery bypass graft, valvular surgery and device therapy. Patients receiving 2 or more treatments could have any combination of these therapies.


Study flow and sample size
Across the study period the NACR database contained data from 580433 patients. Following an ACS event, 2799 patients received ≥2 interventions, leaving 311647 patients who received ≤1 intervention. In order to attain true predictions using a logistic regression model the treatment groups were adjusted to matched sample sizes. Thus, in order to minimise selection bias, a random selection of patients was generated from those who received ≤1 intervention, resulting in a total population of 24704, of whom 8342 had an ACS event, Figure 1. The total number of patients following ACS entering into CR was 4034.

Cardiac rehabilitation engagement
Patients having an ACS event either proceeded to enter into a CR programme or not following a formal referral post-discharge from hospital. Previous research had identified several variables may have a direct impact on the decision to engage in CR these included age (continuous), gender (male/female), marital status (single/partnered), comorbidity (above or below 2 comorbidities), ethnicity (white/non-white) (19).

Statistical analysis
Analysis was conducted in SPSS 25. Baseline data characteristics were generated for each relevant variable as described previously (19). Continuous variables were described as per treatment group and differences defined through t-test and odds ratio computed by logistic regression. Categorical variables were described and tested using chi squared and odds ratio. In both cases a p value < 0.05 was considered statistically significant. 
Those patients receiving three or more treatments represented a smaller group in comparison to the other treatment groups. This empowered a decision to combine those receiving 2 or more treatments as a multiple treatment group enabling comparisons to be made between those receiving no intervention (medical therapy alone), 1 treatment (any treatment), and multiple treatment (≥2 treatments). A binary logistic regression forward stepwise model was used to predict the uptake to a CR programme and examine the association between the variables described above. The model was tested for sensitivity and specificity, as well as a goodness-of-fit analysis. Odds ratios are presented with confidence intervals. For univariate analysis a Bonferroni correction was used to counteract any problems with multiple comparisons, significance threshold was considered p < 0.01.
Results
Patient demographics and the effect of increased intervention
The sample population had a mean age of 67(12) 27% female. Table 1 and Table 2 show descriptive statistics and odds ratio for continuous and categorical variables.

Patients who received medical therapy alone were older, mean age 71 years. This was significantly older than those patients who received one (64 years) or more treatments (69 Years), p<0.002. 
Following an ACS event 78% of males and 65% of females received more than one intervention. When compared with those receiving only medical therapy, the number of males receiving a combination of intervention was greater than females (medical vs >2 Treatments: males 21% vs 36%; females 35% vs 27%). The odds of being male and receiving any treatment was significantly increased (1.21, 95% CI 1.13, 1.31), which was further enhanced when receiving multiple treatment (1.38, 95% CI 1.24, 1.53).
The number of patients who were reportedly single was higher in the medical therapy group (single 28%, partnered 22%). The odds ratio of receiving any intervention was significantly increased if the patient was partnered (1.08, 95% CI 1.01, 1.16), an effect which was exacerbated if receiving multiple treatments (1.18, 95% CI 1.08, 1.28). 



The number of comorbidities a patient presented with was tested against the number of interventions they received. The odds of receiving multiple interventions was significantly increased if two or more comorbidities were present (1.21, 95% CI 1.10, 1.34).
For the purposes of this study ethnicity was described as white versus non-white. The proportion of the non-white population receiving 1 intervention was higher than the white population, 49% and 41% respectively, which was the converse for more than two interventions (white 34%, non-white 29%). Overall the odds of receiving either any or multiple intervention was not significantly affected by ethnicity.

Uptake to cardiac rehabilitation
This study has sought to investigate the effect of therapeutic intervention on the uptake to a cardiac rehabilitation programme. Those patients who received medical therapy alone were less likely to enter CR (no CR 70% vs yes CR  30%). The odds ratio of entering into cardiac rehabilitation is significantly increased by any treatment intervention (1.28, 95% CI 1.20, 1.37). Patients were 3% more likely to uptake rehabilitation if they received multiple therapy.


Predicting uptake into cardiac rehabilitation programme
Logistic regression was used to compare uptake into CR by treatment intervention, patient characteristics and length of stay with the odds ratio and p value presented for each variable Table 3.


This regression analysis shows that there is a significant increase in uptake to CR with increasing number of interventions (p < 0.001). The included covariates of age, gender, marital status and comorbidity were all shown to be significantly associated with an increased uptake to rehabilitation (p < 0.001). The model showed that uptake to rehabilitation was more likely if the patient was younger, male, partnered and having the presence of at least one comorbidity. The assumptions of uniform variance and linearity for the regression model have all been met.
Some comorbidities (coded no/yes) were more likely to be associated with an increase in uptake into cardiac rehabilitation programme (arthritis, claudication, emphysema, asthma, chronic back pain, osteoporosis), whereas others were associated with a reduced uptake into rehabilitation (angina, diabetes, stroke).
Length of stay (days) in hospital was shown to be negatively correlated with uptake Table 3, suggesting that the longer a patient stays in hospital the less likely they are to enter into the service.
Discussion
This study has, for the first time shown that multiple treatment intervention increases the likelihood of a patient entering into a CR programme following an ACS event. 
CR is well known to be beneficial to patients following ACS regardless of treatment strategy (2). Interestingly, uptake into CR is dependent on the mode of treatment strategy adopted, thus those patients who received PCI are less likely to enter into CR than those who receive CABG (5, 20). We could speculate as to the reasons behind this discrepancy; patient preference; increased contact with healthcare services; the risks and burden of having undergone major surgery rather than receiving PCI, which is often viewed and described as a ‘procedure’. Nevertheless, the present study shows that those who receive more than one intervention will more likely uptake a CR service. 
This study has shown that the association of uptake to CR and treatment number is associated with an important demographic of patients: patients being younger, male, partnered and having more than one comorbidity. 
Patient age is correlated with increased chance of comorbidity and complexity of coronary vascular lesion, which is further complicated by the direct effects of age on the myocardium (reduced elasticity, endothelial dysfunction, pro-coagulative pro-inflammatory). Moreover, the older patient often poses problems associated with frailty, polypharmacy, decreased functional and cognitive status, social implications (21). The present study has shown that patients who received any intervention were younger, <70 years. Current guidelines indicate that any patient presenting with ACS should be offered revascularisation regardless of age, the caveat being this is dependent on patient preference, risk and benefit, comorbidity and quality of life. It has been extensively reported that mortality and risk of repeat MI, rehospitalisation and death are all significantly reduced following intervention after an ACS event (22, 23). However, it still remains that there is a deficit in the proportion of elderly patients receiving intervention (24, 25). It is possible that one reason for this deficit is that it is much harder to define acute ischaemia in the elderly patient based on current diagnostic aid. ECG changes in an older patient may be masked by concomitant changes such as left ventricular hypertrophy, left bundle branch block or pacemaker complexes. Furthermore, high sensitive troponin measurement may be less sensitive due to heart failure or renal dysfunction (26). Furthermore, elderly patients may have less typical symptoms of acute myocardial ischaemia (25, 27). 
Differences in prognosis following ACS between males than females has been known for over thirty years (28), with little understanding to the cause of this difference. This study has found that men are more likely to receive intervention following ACS, an effect which is exacerbated when factoring in multiple interventions. Similar observational studies have previously described female patients receiving less intensive therapeutic interventions than male patients (29-31). Females are more likely to have a longer time-to-treatment following arrival in hospital than males (32) and therefore unfortunately may suffer longer ischaemic times. Moreover, female patients are less likely to accept intervention in the form of PCI and CABG, 6% and 7% less than males respectively, preferring medical management (33-35). Despite this difference in uptake to treatment, it has been shown that females are more likely to have a better long-term outcome than males following matched intervention. The differences observed in the present study could indicate patient choice. We report that the number of males receiving a combination of interventions was greater than females, which likely reflects the greater number of males in the dataset, furthermore males are generally younger at time of acute coronary events. Regardless of this, it is maintained that it we must attract more females to CR programmes in order to facilitate uptake.

Studies have previously shown that being single or living alone increases risk of ACS and cardiovascular mortality (36). Furthermore prognosis following MI is poorer in those who were unmarried or living independently regardless of age or gender (37). Prognosis may be explained by significant differences in adherence to secondary prevention medications of patients who live unmarried or independently (38). To our knowledge this is the first study to show partnered patients are more likely to receive intervention following ACS, which may indicate an advantage of a direct social support network on the outcome of therapy in ACS. 
Risk factors for cardiovascular diseases include increasing comorbidity. The literature describes risk of ACS therapy being based upon ACS related and non ACS related risk factors, with certain comorbidities carrying greater risk of contraindication for intervention than others (39). This study has shown that those patients who have >2 comorbidity are more likely to receive multiple treatments following an ACS event. It is known that ACS rates increase with increasing comorbidity (25, 40), however there are no guidelines to suggest that intervention should be provided based on comorbidity alone and is therefore guided by clinical discretion. This may present a limitation to the present study as our umbrella term of ACS may indicate clinical decision determining different management strategies for those with comorbidities suffering STEMI, versus a patient with the same comorbidities suffering an NSTEMI.
We conclude that the findings of the present study therefore suggest that these important patient characteristics make it more likely for a patient to enter into CR following increased intervention. 
Limitations
The data available to us is derived from data inputted by clinical personnel and service user questionnaires. Thus, the first limitation of the present study is the potential presence of data entry errors and missing data. Increasing the quantity of data through future audit iterations can reduce the number of errors and maximise the relevance of conclusions to influence future cardiac rehabilitation services. Furthermore, to limit bias, we utilised a random sample of the complete data set, which aimed to enable more robust comparisons to be made using the regression analysis. No difference was observed between the characteristics of patients used in the random sample an those in the total population.
Another important limitation of our study is that we used a combination of ACS as the investigated disease, however, a lot of the literature focuses specifically on STEMI or NSTEMI/unstable angina cohorts. This may reflect the current thinking of viewing an acute pathology under the umbrella of ACS, rather than a more chronic pathology of chronic angina. This suggests that our study is perhaps more relevant to patients following an acute event. 

Our study has focussed on quantitative measures and predictors of uptake to cardiac rehabilitation programmes; however, this does not truly represent the real-world patient decisions to enter or not enter CR. It would be important to explore qualitatively patient choice and their thought process behind consideration of CR services following ACS. This future work would enable direct comparisons between the patient demographics and the predictors described in this study with the personal factors that influence patient choice. After all, striking the balance of both understanding statistically significant predictors of healthcare access and actual patient choice is the future of healthcare service provision. 
Conclusion
This is the first study to test the association of multiple treatment interventions following ACS and the uptake to CR services. An increase in the number of interventions received following any ACS is a significant predictor of uptake into a CR programme. The effect of increased treatment number on uptake to rehabilitation is however less associated with those patients who have increasing age, unpartnered and female. We would suggest that clinical cardiology practitioners and CR services should therefore be mindful of patient characteristics, treatment number and type when offering CR, in order to attract more of this “known but lost” population to the CR service. In hospital patient education led by the recruitment teams would be an ideal opportunity to  identify patients less likely to start CR and tailor the CR offer to their need and preferences.  
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