Musculoskeletal Comorbidities


Original Submission to Archives of Physical Medicine and Rehabilitation

Musculoskeletal Comorbidities in Cardiac Patients:

Prevalence, Predictors, and Health Services Utilization

Presentation at Meetings:  This study has not been previously presented or published.

This study was funded by Canadian Institutes of Health Research (CIHR IGH & ICRH) and The Heart and Stroke Foundation of Canada Grant # HOA-80676. 

We certify that no party having a direct interest in the results of the research supporting this article has or will confer a benefit on us or on any organization with which we are associated AND, if applicable, we certify that all financial and material support for this research (eg, NIH or NHS grants) and work are clearly identified in the title page of the manuscript.

Text Word count: 3070 Abstract word count: 250 

Musculoskeletal Comorbidities in Cardiac Patients:

Prevalence, Predictors, and Health Services Utilization

Objectives:  To describe the prevalence of musculoskeletal conditions (MSKC) in patients with coronary artery disease (CAD), examine the sociodemographic, clinical and psychosocial predictors of these comorbidities, and describe healthcare utilization by MSK comorbidity status.

Design/Participants:  1803 patients in whom a cardiac condition was the reason for hospital admission, were administered a questionnaire in hospital and 1 year later. 
Setting: Eleven hospitals in Ontario, Canada.

Outcome Measures:  Sociodemographic, MSKC, clinical and psychosocial factors were ascertained via questionnaire and in-hospital chart extraction. A healthcare utilization questionnaire was mailed 1 year later. 
Results:  Over half (56%) of patients with CAD had MSKCs, with arthritis/joint pain accounting for 64.4% of these MSKCs. Patients who were older (OR=1.03), female (OR=1.87), white (OR=1.80), with higher body mass index (OR=1.05), depressive symptoms (OR=1.92), and lower family income (OR=1.46) were more likely to present with MSKCs. One year post-hospitalization, a greater proportion of those with MSKCs reported ≥1 cardiac-related emergency department visit (33.2 vs. 28.3%,p=0.03), hospital admission (30.7 vs. 22%, p=0.006), more primary care physician visits (6.6 ± 5.6 vs. 5.7 ± 4.6, p<0.001) and fewer cardiac rehabilitation referrals (61.5 vs. 70%, p<0.001). After adjusting for depressive symptoms, body mass index, age, income, ethnicity, and sex, MSKCs predicted only hospital readmissions. 

Conclusions:  Over half of patients hospitalized for CAD have MSKCs. Those with MSKCs have a physical and psychosocial profile that places them at greater cardiovascular risk than those with CAD only, explaining, in part, their greater healthcare utilization. Despite a greater need for comprehensive risk factor management in patients with MSKCs, fewer were referred to cardiac rehabilitation. 
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Abbreviations:  

MSKCs=musculoskeletal conditions

CAD=coronary artery disease
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REB=research ethics board

PCI=percutaneous coronary intervention

CABG=coronary artery bypass graft

BMI=body mass index

The global prevalence of co-existing chronic health conditions is increasing and there is growing recognition that a different approach to health care may be required for people coping with more than one chronic illness1. However, the increased psychosocial and economic burden of comorbid chronic diseases is not well investigated. Cardiovascular disease is the leading cause of mortality globally2 while MSKCs are a leading cause of morbidity and disability3, 4 and many suffer both simultaneously. In the US, Behavioral Risk Factor Surveillance System data suggest that MSKCs more frequently affect those with CAD; specifically, arthritis is estimated to affect 57.4% of adults with CAD compared with 27.4% of the general adult population5. MSKCs and CAD are each a major cause of psychosocial and economic burden2-4. While MSKCs alone are reported to cost the US almost 3% of their gross domestic product4, and 3.4% in Canada6, CAD has been reported to be an even higher source of health expenditure7, 8. Moreover, additional co-morbidities and characteristics such as physical inactivity and depressive symptomatology are prevalent in those with MSKCs and in those with CAD
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 but their impact on those living with both conditions has been infrequently investigated.

Collectively, these data suggest that MSKCs in those with CAD may incur an even greater burden on social and economic health resources than either condition alone. This is of concern given that the prevalence of MSKCs, specifically arthritis is growing both in the developed and developing world 3, 4 and estimates from the US, project that by 2030 the incidence of arthritis, will include ~25% of US adults11. Therefore, a better understanding of the demographic, clinical, and psychosocial profile of those with both MSKCs and CAD is needed to inform development of enhanced clinical management strategies and targeted therapies. In addition, an examination of health service utilization in this population merits special attention, with regard to not only cost implications of additional visits to the emergency department and hospitals, but also to referrals for disease management services which could reduce these expensive acute contacts with the healthcare system. Therefore, the objectives of this study were to: (1) describe the prevalence of MSKCs in patients with CAD, (2) examine the sociodemographic, clinical and psychosocial predictors of these comorbidities, and (3) describe healthcare utilization by MSK comorbidity status.

Research Methods

Design and Procedure

The design of this multi-center study was observational and cross-sectional. The results herein represent secondary analyses from a study on cardiac rehabilitation referral strategies12. The study was reviewed and approved at all participating institutions’ REBs. Medically stable cardiac inpatients from 11 community and academic hospitals between Windsor, Sudbury, and Ottawa, Ontario, Canada were approached to participate between 2006 and 2008. Upon providing informed consent, eligible patients completed a survey assessing comorbidities (including MSKCs), functional status, physical activity behavior, depressive symptoms, and social and demographic data. Clinical data were extracted from medical charts. Participants were then mailed a follow-up survey 1 year later, assessing functional status, physical activity behavior, quality-of-life, depressive symptoms, presence of an arthritic condition, and self-reported healthcare utilization.

Participants

A total of 2635 inpatients in whom a cardiac condition was the reason for hospital admission were recruited. Inclusion criteria were: acute coronary syndrome diagnosis at any point, PCI or CABG surgery, concomitant diagnosis of heart failure, proficiency in English, French, or Punjabi (surveys were translated into these languages) and eligibility for cardiac rehabilitation based on national guidelines13. Based on criteria for the primary study, patients were excluded if they had participated in cardiac rehabilitation within 2 years, or had a significant visual, orthopedic (i.e., inability to ambulate), neuromuscular, cognitive or non-dysphoric psychiatric condition that precluded cardiac rehabilitation participation. 
Outcome Measures

Sociodemographic and clinical characteristics 

Self-reported sociodemographic characteristics assessed in the survey included marital status, education level, ethnocultural background, gross annual family income, and work status. Patients were asked whether they lived within a 30 minute drive of a hospital, and were coded as rural if they responded “no”. 

The patient survey included the Duke Activity Status Index (DASI) to assess functional status. The DASI is shown to be highly correlated with peak oxygen uptake14. The survey also included the Physical Activity Scale for the Elderly (PASE), which is a reliable instrument used to assess physical activity in epidemiological studies of persons age 65 years and older15. 

Cardiac medications, presence of CAD risk factors, resting blood pressure, and comorbidities were also obtained from the medical chart. Height and weight, comorbid conditions and smoking history were collected by patient self-report. 

Musculoskeletal Conditions

In the survey administered in hospital, participants were asked to report if they experienced muscle or joint problems (such as rheumatoid arthritis, osteoarthritis, neck or back pain, fibromyalgia, thin bones or osteoporosis, fracture, others). This was cross-validated with chart-reported comorbidities ascertained at time of hospitalization. The MSKC categories by chart were arthritis and related conditions (i.e., joint pain, effusion and other unspecified joint disorders, osteoarthritis and allied disorders, rheumatoid arthritis, myalgia/myositis, carpal tunnel syndrome, spondylosis/spondylitis and allied disorders, diffuse connective tissue disease, gout and other crystal arthropathies and other specified rheumatic conditions)16, 17, as well as soft tissue disorders, disorders of the spine and bone, injuries (sprains/strains), fractures, and joint pain. For cross-validation purposes, participants were asked to report if they had arthritis in the 1-year post-hospitalization survey. 
Psychosocial Factors

Several psychometrically-validated scales were also administered. The Beck Depression Inventory-II (BDI-II)18 was used to assess depressive symptoms in hospital and 1 year later. It is a reliable and well-validated 21-item scale that has been widely used in cardiac populations19. Scores >14 reflect mild to severe symptomatology.  The validated and reliable MacNew heart disease specific health-related quality-of-life instrument was used to measure physical, emotional, social, and global domains of well-being 1 year post-hospitalization 20. Finally, the ENRICHD Social Support Inventory is a validated and reliable self-report measure and was used to assess social support in hospital. It is a 7-item questionnaire, with higher scores indicating greater social support21, 22. 

Health Services

One-year post-hospitalization, participants self-reported the number of times, if any, in the past 12 months that they had seen their family doctor, a heart specialist, gone to the emergency department for symptoms related to their heart, or been admitted to the hospital for symptoms related to their heart. They were also asked to report if they were referred to any of the following chronic disease management services: cardiac rehabilitation, dietary, occupational or physiotherapy. 
Statistical Analyses

Univariate analyses were used to investigate the sociodemographic, clinical, psychosocial factors associated with MSKCs (independent variable), using chi-square tests for categorical variables and Student’s t tests for continuous variables. Backward, multivariate logistic regression analysis was used to assess independent predictors associated with MSKC (dependent variable). Only those baseline variables shown to relate to MSKCs in the bivariate analysis (p<0.05) were entered into the model. Goodness of fit was assessed by the Hosmer and Lemeshow test. Strength of the individual predictors was established by the Wald statistic.  Finally, healthcare utilization was compared by MSKC (independent variable) using X2 tests and Student’s t tests for unadjusted analysis and linear or binary logistic regression analyses for adjusted analysis as appropriate. Probability values <0.05 were considered significant. IBM SPSS Version 19.0 was used for analyses.
Results:

Respondent Characteristics

Of the 5767 inpatients approached, 2635 consented to participate, 1449 were ineligible and 2635 consented to participate (61% response rate) (See Figure 1). At 1-year post-recruitment, 1803 completed the follow-up survey and 389 (14.8%) were deemed ineligible (80.2% retention). Reasons for ineligibility were as follows: unable to contact (n=246;63.2%), deceased (n=107;27.5%), too ill to participate (n=8;2.1%), and other reasons (n=28;7.2%). 

Characteristics of participants retained versus not retained are presented elsewhere12. In summary, retained participants were more likely to be married, have undergone CABG, and less likely to smoke, or have diabetes than non-retained participants. Patients who declined to participate were more likely to be younger, working, and to be of non-white race than retained participants. Characteristics of those retained in the study 1 year post-hospitalization are shown in Table 1. 

Prevalence and Factors Associated with MSKC

Of the 1803 participants who participated in the study 1 year post-hospitalization, 56% (n=1010) reported 1123 underlying MSKCs. The most common underlying condition was arthritis/joint pain (64.4%), followed by disorders of the spine (6.4%). Type of MSKC was unspecified by 21.9% of patients.

Univariate analyses showed that a greater proportion of those with MSKCs were female, obese, living alone, unmarried, retired, not working full-time, had less than a high school education, a lower family income, less social support, and a lower self-reported socioeconomic status, than those without MSKCs (Table 1). Moreover, those with MSKCs had a higher systolic blood pressure, lower functional status, more depressive symptoms, and they were more likely to be current tobacco smokers and living in a rural area than those without MSKCs. One year post-hospitalization, those with MSKCs were more likely to have depressive symptoms, a lower quality-of-life, lower functional status, and a poorer physical activity behavior profile than those without MSKCs. A further investigation of ethnocultural differences revealed that whites were significantly older (65.9±10.4 vs. 61.5±10 years, p<0.001) and had a greater body mass (84±17.3 vs. 76.2±15.5 kg, p<0.001) when compared to non-whites.

A backwards stepwise logistic regression analysis was performed to examine the baseline predictors of MSKC. A test of the full model compared with a constant-only or null model was significant (p<0.001) and the goodness of fit was assessed by Hosmer and Lemeshow test (not significant). Being older, female, white, and having depressive symptoms, a higher BMI, and a lower family income were associated with MSKCs (Table 2). Age was the strongest predictor of MSKC as determined by the Wald statistic. 

Health Service Utilization

Those with MSKC reported more primary care physician visits, more cardiac-related visits to the emergency department, and cardiac-related inpatient hospitalizations compared to those with CAD alone (Table 3). With regard to non-physician health service use for chronic disease, while a greater proportion of those with MSKCs were referred to occupational or physical therapy services, a smaller proportion were referred to a cardiac rehabilitation program than those without MSKCs. After adjusting for depressive symptoms, BMI, age, income, ethnicity, and sex, MSKCs predicted only hospital admissions for cardiac-related symptoms.

Discussion
MSKC and CAD are common chronic diseases, characterized by disability and a heavy social and economic burden3, 7. In this broad outpatient sample, MSKCs were present in over half (56%) of retained patients hospitalized for CAD, with the most common type being arthritis/joint pain. This study provides further insight into the profile of this disadvantaged cohort. In regression analyses, those with both MSKC and CAD were more likely to be older, female, white, have depressive symptoms, a higher BMI, and a lower family income than those with CAD only. Moreover, 1 year post-hospitalization, those with comorbid MSKCs were significantly more likely to have depressive symptoms, a lower quality-of-life, lower functional status, and a poorer physical activity behavior profile than those without MSKCs. This profile reflects greater cardiovascular and psychosocial risk, and explains in part the greater number of primary care physician visits, as well as visits to the emergency department and inpatient hospitalizations due to cardiac-related symptoms. Remarkably, despite a profile that includes a greater prevalence of cardiovascular risk factors modifiable by lifestyle changes, a smaller proportion of those with both conditions were referred to cardiac rehabilitation services.
Baseline Factors Associated with Co-existing Disease

Older age and BMI predicted MSKC in the present study, as in a previous cohort of patients enrolled in outpatient cardiac rehabilitation23. However, the results of the present study may be more representative due to assessment of a larger multi-site inpatient sample, including additional psychosocial and demographic measures. Depressive symptoms, being white, female sex and a lower family income were identified as additional correlates of comorbid MSKCs.

The high prevalence of comorbidity between CAD and MSKC may reflect the growing prevalence of shared risk factors such as obesity and aging of the population23, 24 combined with an increased life expectancy for those with CAD25. Being overweight has been previously implicated as a risk factor in the onset and progression of MSKCs and pain (including osteoarthritis)24, 26. It is believed that chronic overloading of the joints during daily weight bearing activities may predispose the overweight to osteoarthritis27, 28. However, the effects of biological factors such as obesity and aging, as well as other factors such as ethnicity, and socioeconomic status are not likely to occur independently29.

In the present study, patients reporting a white ethnocultural background and a lower family income were more likely to have MSKC and CAD together. Ethnocultural differences in prevalence of co-existing disease have been reported elsewhere5, yet the underlying mechanisms for these differences have not been elucidated.  In the present study, whites were significantly older and had a higher BMI compared to non-whites; both recognized risk factors for developing MSKC. Work disability due to MSKCs may contribute to lower family income in those with co-existing disease. For example, in the United States, arthritis-attributable work limitation affected one in three working-age adults with arthritis30. Moreover, lower income groups, after age- and sex-adjustment, have a higher rate of obesity than the highest income group in Canada31, possibly contributing to the association between income and MSKCs. 

Previous studies suggest that women generally suffer from MSKCs more frequently than men32, 33 and this is recapitulated in our cardiac population even after adjusting for age, depressive symptoms and BMI (OR=1.87). Possible genetic, biological, behavioral, and socioeconomic factors underpinning this disparity in MSK health have been proposed34. 

Depressive symptoms are common in those with CAD and in those with arthritis
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. The present study reports an almost 2-fold greater prevalence of MSKCs in those with higher depressive symptoms after adjusting for age, BMI, sex, income, and ethnicity.  Moreover, 1 year after hospitalization, depressive symptoms continued to be more prevalent in CAD patients with MSKC. This relationship is likely to be of clinical significance considering the link between depression and increased risk for cardiac mortality and poor compliance with clinical management
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. An important mediator of the relationship between depression and cardiac mortality is physical inactivity40, to which the present study suggests that MSKC might significantly contribute by 1 year post-hospitalization. An exercise training program has been reported to be equally effective as antidepressant medication in reducing depressive symptoms in older patients with major depression41.  Therefore, assisting patients to overcome physical and psychosocial barriers to physical activity, in the setting of cardiac rehabilitation for instance, might reduce the impact of depressive symptoms on future medical morbidity.

Healthcare Utilization
In unadjusted analyses, rates of primary care access, cardiac-related visits to the emergency department and hospital admissions were greater among patients with comorbid MSKC compared to CAD alone. Among patients with chronic conditions in Ontario, those with MSKC are the most likely to receive ambulatory care42, 43. In the United States, arthritis is ranked as the second most prevalent chronic condition at the time of the ambulatory physician visit, which is approximately three times higher than the rate for ischemic heart disease44. 

Our findings suggest that the increase in primary care physician visits and cardiac-related emergency department visits associated with MSKC can be partially explained by the profile of the patients with MSKC. When the analysis was adjusted for BMI, depressive symptoms, age, sex, ethnicity, and gross family income, MSKC no longer had a significant effect, except on hospital admissions. Indeed, previous research indicates that these factors also rank highly in prevalence at the time of ambulatory physician visits in the US. Specifically, while arthritis ranked 2nd among chronic diseases, depression ranked 5th, followed next by obesity (ranked as 6th). Ischemic heart disease was ranked as 7th 44.  Moreover, cardiovascular risk factors elevated in those with MSKC and CAD, including depressive symptoms and BMI, have been related previously to healthcare costs45, 46.
While the presence of MSKC concomitant with CAD was related to more frequent use of occupational and physical therapy in unadjusted analysis, it was related to significantly less use of cardiac rehabilitation. We have previously shown that cardiac rehabilitation is safe and effective for patients with CAD and MSKC, and that it improves health outcomes23. Indeed, the beneficial effects of physical activity extend beyond the control of cardiovascular risk factors in patients with MSKC, reducing pain by up to 30%, improving function, and reducing the risk of disability by almost 50%47, 48. Cardiac rehabilitation use has been shown to decrease re-hospitalization rates, and thus increased utilization of cardiac rehabilitation in this group might help to address over-use of more expensive acute care services. Cardiac rehabilitation programs are tailored to individual patient needs, offering non-weight bearing exercise modalities for those with limitations due to MSKC. Moreover, the poorer cardiovascular risk profile of these patients, including depressive symptoms and a greater BMI indicate a greater need for comprehensive risk factor management offered by cardiac rehabilitation services. While reasons for under-use of cardiac rehabilitation are often multi-factorial
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 our results strongly suggest the need for focused exploration of barriers to utilization in this population.  

Limitations

Caution is warranted in interpreting results for several reasons. First, no causal conclusions can be drawn from an observational study. Second, with regard to measurement, aascertaining the presence of MSKC and arthritis by self-report may have introduced some bias and although clinical data was extracted from medical charts, these may not have been consistently reported by each provider. Although self-reported cardiac rehabilitation utilization was not verified, previous evidence supports excellent congruence between self-report and cardiac rehabilitation site-report data51. Final limitations relate to generalizability. Some patients with significant mobility limitations were excluded from the study on the basis that they were not eligible for cardiac rehabilitation; therefore, the prevalence of MSKCs may be underestimated. Given that there were sociodemographic and clinical differences between retained and non-retained patients, an impact of retention bias cannot be ruled out.  Results can only be generalized to patients managed within a similar universal healthcare system. Also, dichotomization of ethnocultural status for statistical analyses fails to capture the complexity of ethnocultural differences. 

Conclusion

Over half of patients hospitalized for CAD suffered from MSKCs.  Those with MSKC presented with a physical and psychosocial profile that places them at greater cardiovascular risk than those with CAD alone, namely greater depressive symptoms, higher BMI and older age. These factors may explain, in part, greater healthcare utilization. Despite an increased need for management of cardiovascular risk factors and the potential benefits of physical activity to MSK outcomes, fewer patients with MSKC were referred to cardiac rehabilitation.  
North Americans are living with multiple chronic diseases in increasing numbers, with chronic care costs increasingly consuming health service resources. While CAD is the leading cause of death globally, MSKC result in the most disability. Each condition poses a significant physical and psychosocial cost to the individual but jointly the effects are intensified. Focused research to optimize complex outpatient care in this group, including increasing the utilization of cardiac rehabilitation, is required to improve medical and psychosocial outcomes, and to divert patients from costly acute health system contacts.
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Figure.  Study Flow Diagram
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