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Disproportionate heart failure outcomes exist for Blacks in the Veterans Health 

Administration (VHA) despite equitable access and financial barrier minmization. No 

study has examined the association of race and income with health service utilization for 

veterans with heart failure. 

This observational study investigated race and income associations with 

readmissions, bed days of care, and emergency room (ER) visits for veterans with heart 

failure after controlling for predisposing, enabling, and illness severity factors. 

Medical record data were collected for 149 veterans telemonitored for heart 

failure during 2008-2011. Heart failure symptoms severity and comorbidities were 

measured using investigator-adapted scales based on the New York Heart Association I-

IV scale and the Charlson comorbidity index. Heart failure related outcomes (30 day, 90 

day, 1 year, and total readmissions, ER visits, and total bed days of care) were modeled 

controlling for age, marital status, and heart failure and comorbidity severity. 

Of patients younger than 60 years of age, 18% were Black compared to 11% of 

Whites, Jf (2, N=149) = 5.15, p= .02. Blacks had a much higher comorbidity prevalence 

than Whites,p = .000. Ischemic heart disease and chronic kidney disease rates were 



double and triple national VHA rates, respectively, among Whites and Blacks. Race did 

not predict readmissions, bed days of care, or ER visits. The odds of a readmission or bed 

day of care ever decreased by 38% and 43%, respectively, for married men,p = .03. The 

odds of) a readmission or bed day of care ever due to severe heart failure-compared to 

less severe heart failure--were four to five times higher, respectively, p :5 .004. Income 

increased the odds of total bed days of care by 14%,p = .00, holding race constant. 

Overall, the sample experienced far fewer readmissions, bed days of care, or ER visits, 

compared to VHA national rates, but sample size may have limited accurate comparisons. 
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CHAPTER ONE 

Introduction 

Heart failure--a chronic and fatal condition-is a serious and growing public 

health problem, which accounts for 43% of Medicare expenditures due to frequent 

readmissions and complex care. Annually, heart failure costs Medicare and the Veterans 

Health Administration (VHA) approximately $37 billion (American Heart Association 

[AHA], 2008) and $2.4 billion, respectively (Treating Chronic Heart Failure, Februrary, 

2004). More Medicare patients (Rosamond, eta!., 2007) and veterans (VA QUERI Fact 

Sheet, February, 2008) are admitted due to heart failure than any other condition. Twenty 

percent of all patients with heart failure experienced readmission within 30 days after 

hospital discharge,p<.001, 95% confidence interval (CI) [20.0, 20.2] (Bueno, eta!., 

2010). VHA readmissions (23%) are comparable (Heidenreich, Sahay, Kapoor, Pham, & 

Massie, 201 0). In the VHA, telehealth may be a solution as it has reduced bed days of 

care and improved veteran health outcomes (Schofield, et a!., 2005). 

Patients with heart failure suffer from fluctuating symptoms-particularly fatigue, 

dyspnea, and fluid retention-that vacillate unpredictably from activity-limiting to 

disabling and life threatening (Heart Failure Society of America, 2006). 

I 
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These severe episodes (decompensation) require inpatient admission and occur more 

frequently as the disease progresses. Social isolation and chronic uncertainty coupled 

with worsening anxiety, depression, and suboptimal diet and medication compliance 

increase risk of readmission (Mary Ann Anderson, et a!., 2006; Annema, Luttik, & 

Jaarsma, 2009; Callahan, 2003). Symptom severity may not correlate with cardiac 

function (Heart Failure Society of America, 2006) hindering optimum intervention. The 

decompensation-readmission cycle adversely affects quality oflife (American College of 

Cardiology & American Heart Association Task Force on Practice Guidelines, 2005; 

Johnson & Lehman, 2006) by decreasing independence and self-determination. Patients 

with heart failure are increasingly discharged to skilled nursing facilities instead of 

returning home (Bueno, eta!.·,-201 0) further decreasing quality of life. Due to health 

disparities, the symptom severity burden and resulting decreased quality oflife may be 

worse for Blacks compared to Whites. 

Health Disparities 

According to the Institute of Medicine (2003), health disparities are avoidable 

racial differences in health care quality which are unrelated to clinical factors, patient 

preferences, or ability to pay for services. Black Medicare beneficiaries develop heart 

failure before age 50 at 20 times the rate ofWhites,p<O.OOl (Bibbins-Domingo, et al., 

2009). This racial difference is likely due to a greater prevalence of non-ischemic 

cardiomyopathy (Echols, et a!., 2006), and uncontrolled hypertension and diabetes among 

Blacks compared to Whites (Agoston, et a!., 2004). Blacks admitted for heart failure tend 

to be younger compared to Whites, 57 years vs. 70 years, p<.OOOl. Older Blacks have a 

66% greater likelihood of readmission due to heart failure, Relative Risk (RR) 1.66, 
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p<0.01, CI [1.21, 2.28] compared to Whites (Lafata, Pladevall, Divine, Heinen, & 

Philbin, 2004). These research findings persist after controlling for age, gender,p<.05, 

(Brown, Haldeman, Croft, Giles, & Mensah, 2005; Cnrtis, et al., 2008) and clinical 

management (Lafata, et a!., 2004). Readmission rates were almost triple for hospitals that 

treat a greater proportion of Black patients, Odds Ratio (OR) 1.14,p<.001 95% CI [1.11, 

1.17] (Epstein, Jha, & Orav, 2011; Joynt, Orav, & Jha, 2011). Compared to White 

veterans, Black veterans possess significantly more factors contributing to heart failure 

readmissions (diet and medication nonadherence, poorer social support, and less 

outpatient follow-up),p<.001 (Singh, Gordon, & Deswal, 2005). Within the VHA, 

however, the relationship between race and health service utilization is unclear. 

Disproportionate heart failure outcomes exist in the VHA despite equitable access 

and financial barrier minimization (Quiiiones, et a!., 2011; Saha, eta!., 2008). Race-based 

findings vary. In a large retrospective study, Black veterans experienced worse heart 

failure symptoms severity, New York Heart Association (NYHA) class 2.0 ± 0.7, range= 

1-4, p<.05, and significantly higher readmissions compared to Whites veterans (NYHA) 

class 1.8 ± 1.4, range 1-8 admissions,p<.001 (Evangelista, Dracup, & Doering, 2002). 

Similarly, another retrospective study showed Black veterans (n=2313) were more likely 

to be hospitalized for any cause, OR 1.20, 95% CI [1.08, 1.33], or for heart failure, OR 

1.43, 95% CI [1.23, 1.66], compared to White veterans (n=16298; Deswal, Petersen, 

Urbauer, Wright, & Beyth, 2006). These findings conflicted with a previous secondary 

data analysis of Black (n=4,901) and White (n=17,093) veterans hospitalized for heart 

failure. Race did not predict readmissions or bed days of care. However, findings 

indicated that Black veterans underwent an average of0.4 more emergency room (ER) 
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visits than Whites annually,p<.001 (Deswal, Petersen, Souchek, Ashton, & Wray, 2004). 

No VHA study clearly associates race and readmissions for heart failure. 

Georgia Veterans 

Black veterans comprise 13% of Georgia veterans but lack an equivalent standard 

ofliving and have poorer health compared to regional White veterans (Department of 

Veterans Affairs, 2001, 2007). In Georgia, the majority ofBlack veterans over 65 years 

of age are impoverished: 62% have incomes below $10,000 and 91% have incomes 

below $20,000, Jtl = 69, p<.01 (Department of Veterans Affairs, 2001 ). Conversely, 73% 

of White veterans have annual incomes exceeding $30,000, 73% were married, and 63% 

have some college education,p<.0001 (Department of Veterans Affairs, 2001). 

Telehealth may overcome preventable barriers that contribute to health disparities. 

Care Coordination Home Telehealth 

The VHA sponsors the Care Coordination Home Telehealth (CCHT) program to 

manage chronic medical conditions, including heart failure. Currently, the program 

provides telemonitoring, case management, and patient-centered care to 43,000 veterans 

nationally (Darkins, eta!., 2008). Patients remain enrolled for life if they comply with 

physiological data submission and retain a telephone line (land line). Due to CCHT 

system incompatibility, cellular telephones at the time of data collection were not 

allowed, but recent technological advancements permit their use. Patients measure their 

vital signs, weight, oxygen saturation, glucose levels, and other parameters using 

telemonitoring devices. They submit their physiologic data over telephone lines to a 

remote secured server in the VHA. Abnormal values automatically alert telemonitoring 

staff to address patients' needs. Since CCHT program began, readmissions and bed days 



of cartt (any cause) have decreased by 20% and 25%, respectively. Heart failure 

readmissions decreased by 26% (Saha, Freeman, Toure, Tippens, & Weeks, 2007), but 

the association of race and income with these outcomes is unknown. 

5 

In summary, heart failure is a serious, expensive, and growing public health 

problem, particularly for the VHA. Telehealth, specifically the CCHT program, provides 

coordinated patient-centered care and routine telemonitoring. Race and income 

association with health service utilization remain unknown for veterans enrolled in the 

CCHT program for heart failure. 

Research Question 

The research question for this study was: 

What association does race and income have with health service utilization 

(readmissions, bed days of care, ER visits) for veterans receiving CCHT services for 

heart failure after controlling for individual determinants (predisposing, enabling, and 

illness severity factors)? 

Purpose of the Study 

The purpose of this observational study was to examine race and income 

association with health service utilization for veterans with.heart failure after controlling 

for predisposing, enabling, and illness severity factors. This study focused on veterans 

receiving CCHT services for heart failure at the Charlie Norwood Veterans Affairs 

Medical Center in Augusta, Georgia. 

Conceptual Framework 

The Andersen Individual Determinants of Health Service Utilization explain 

health care access and utilization on system and individual levels. The original model was 
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modified for this study and g=ane components selected (Figure 1 ). The model was 

analyzed using criteria established by Meleis (2003). 

Model Description 

The model-developed in 1963-was based on the Donabedian quality assurance 

model (Aday & Andersen, 1974). The latest version (2005) considers broader 

characteristics ofhealth service utilization yet retains the original predisposing, enabling, 

and illness level variables, as well as original framework assumptions and purpose 

(Andersen & Newman, 2005). The model includes unique personal characteristics 

(individual determinate factors) that interrelate and determine health service utilization 

(Andersen & Newman, 2005). Individual determinates of health service utilization 

contribute to the type and volume of health service used by an individual and are 

dependent upon the individual's: 

1. Predisposition to use health care (predisposing factors) 

2. Ability to obtain health care (enabling factors) 

3. Illness level (illness level factors) 

I. Individual Determinates of Health Service Utilization 

• Predisposing Enabling illness level 
Factors Factors Factors 

Age Income Heart failure 
Race Home health services symptoms severity 
Marital status Rurality Comorhirlities 

• 
. Health Service Utilization 

Readmissions 
Bed days of care 
Emergency room visits 

Fig. I: Andersen Individual Determinants of Health Service Utilization 
(R. Andersen & Newman, 2005). 



7 

Predisposing factors. Some people use health care services more than others due 

to personal and individual characteristics that pre-date illness onset. In this study, 

predisposing factors included age, race, and marital status. With a predisposition to use 

health care services, a patient must be able to access health care services. 

Enabling factors. Enabling factors are conditions that make health care 

accessible and allow individuals to satisfy needs (Andersen & Newman, 2005). In this 

study, enabling factors included income, provision of home health care services, and 

rurality. 

Illness level factors. The individual must perceive an illness in order for health 

service use to occur. Illness level is the immediate cause of health service use (Andersen 

& Newman, 2005). In this study, illness level factors included patient's heart failure 

symptoms severity and the number and severity of comorbidities as evaluated by a health 

care professional. 

Health service utilization. Health service utilization outcomes are characterized 

by type of use, purpose, and unit of :p1alysis. The type of health service use includes 

admission, out-patient care (CCHT program), or long-term institutionalized care. The 

purpose of health service utilization is the health need (heart failure decompensation) that 

necessitated health service use. The unit of analysis include initial versus ongoing contact 

(telemonitoring), volume of services offered, and episodic care delivered (Andersen & 

Newman, 2005). In this study, health service utilization outcomes included readmissions, 

bed days of care, and ER visits. 

The Andersen (2005) model describes relationships between the system-level 

concepts-societal determinates, health service systems, and individual determinates of 



health service utilization-and health service utilization. The investigator adapted the 

Anderson (2005) model for this study which included predisposing, enabling, and illness 

level factors, and health service utilization. 

Stated and assumed relationships. 

The model assumes that different categories of people have varying degrees of 

health care access. The model also assumes that some persons encounter access barriers 

based on characteristics unique to their status, ethnicity, or background. Health care 

services utilization and outcomes are affected in a predictable manner (Gelberg, 

Andersen, & Leake, 2000). Stated assumptions are: 

• Medical care, a basic human right regardless of income, must contribute to the 

general health of the population. 

• Impoverished persons, minorities, inner city and rural residents lack comparable 

health care or equitable engagement, involvement, or participation in available 

health care. 
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• A crisis exists in medical care, stimulated by rapidly rising costs and limited 

access to necessary services (M. A. Anderson, Clarke, Helms, & Foreman, 2005). 

Empirical support for the model. 

The model is widely studied, comprehensive, and broad in scope. Relevant to this 

study, the model has been used to explain differential health service utilization for 

veterans (Elhai, Grubaugh, Richardson, Egede, & Creamer, 2008; Sleath, Thorpe, 

Landerman, Doyle, & Clipp, 2004). Research on readmissions and ER visits among 

elderly Blacks was based on the model (Bazargan, Bazargan, & Baker, 1998). The model 

framed research on heart failure readmissions (Lafata, eta!., 2004; Terry, 2004), and ER 



visits (Afilalo, et al., 2004) including two systematic reviews (McCusker, Karp, Cardin, 

Durand, & Morin, 2003; Padgett & Brodsky, 1992). 

In summary, heart failure is a costly and growing health problem. Blacks have a 

greater heart failure prevalence and severity which increases their risk of readmission 

compared to Whites. However, research regarding health service utilization is unclear 

based on race for veterans with heart failure. Blacks remain at risk for health disparities 

in the VHA system despite equal access and financial barrier minimization. The 

Andersen model includes explanatory factors of health service utilization for 

imp0verished Blacks on an individual level. This study analyzed relevant health service 

utilization outcomes for veterans with heart failure based on predisposing, enabling, and 

illness level factors. 

9 



CHAPTER TWO 

Review of the Literature 

THis literature review analyzed studies about veteran health service utilization for 

heart failure. The Andersen Individual Determinants of Health Service Utilization guided 

the selection of concepts (predisposing, enabling, and illness level factors) that affect 

health service utilization for heart failure among veterans. 

Literature Search Strategy 

A systematic strategy guided this literature search. Fourteen data sources were 

searched (ABIIINFORM, American College of Physicians Journal Club, ProQuest, 

Cochrane Database of Systematic Reviews, Cochrane Controlled Trials Register, 

CumulaJive Index to Nursing and Allied Health Literature [CINAHL], Database of 

Abstrac~s of Reviews of Effectiveness, Dissertations and Theses, Health and 

Psychosocial Instruments, Medline, PsyciNFO, Telemedicine Information Exchange, and 

Web of Science). Search terms were heart failure AND disease management OR case 

management AND telemonitoring OR telemedicine OR telemonitoring OR telenursing. 

The inclusion and exclusion criteria (Table 1) delineated literature selection. 

10 
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Table 1: Inclusion and Exclusion Criteria 

Inclusion Exclusion 

Heart failure case management Health service utilization outcomes omitted 

interventions Automated and non-automated 

Physiologic telemonitoring (computerized physiological data not separated 

or internet-based telemonitoring devices) Nursing role not described 

with automated patient data transmission Vital signs and weight not monitored 

Peer-reviewed, original research from Data collection not restricted to heart 

1995-2010 failure 

Note. BDOC: bed days of care. ER: emergency room. 

Literature Search Results 

The literature search produced 324 studies. References from these studies along 

with bibliographies and journal tables of contents (i.e., Journal ofTelemedicine and 

Telecare and Telemedicine and e-Health) produced an additional20 articles for a total of 

344 articles. Ten articles (3%) met the inclusion criteria including a case control study, a 

case series, a cohort study, two randomized controlled trials (RCTs), and five descriptive 

studies. A meta-analysis and systematic reviews were not included in this literature 

review due to methodological issues as discussed in a later section. 

Reasons for Excluding Studies 

The reasons for excluding the remaining 334 studies (97%) were: 

1. Health service utilization outcomes (i.e., readmissions, bed days of care, or ER 

visits) were not reported (n=165, 50%). 

2. Ongoing, routine physiologic telemonitoring, with automated transmission of 

patient data, were not conducted (n=89, 27%). 

3. A diagnosis of heart failure was lacking (n=45, 14%). 
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4. Nursing case management was not described (n=14, 4%). 

5. Various other reasons (n=21, 6%). 

Systematic Reviews 

Systematic reviews indicated that telemonitoring reduced readmissions in heart 

failure, but study quality varied widely. Methodological issues--combining of diverse 

studies-existed. A meta-analysis of five telemonitoring studies reported a moderately 

positive relationship, effect size= 0.32, Z=3.0,p<.Ol, without any significant negative 

outcomes (2008). This meta-analysis did not differentiate studies that included case 

management with studies not including case management. A telemonitoring intervention 

for hypertension-not heart failure--was also included in a systematic review of heart 

failure telemonitoring interventions. 

Four other systematic reviews were published, but studies lacked homogeneity in 

study design variations and study quality. Meta-analysis was not possible for these 

reviews. Polisena, et al. (2010) conducted a systematic review of21 telemonitoring 

studies. They reported significant reductions in health service utilization. Pooled 

estimates were not reported due to study heterogeneity, I~SO%. Moreover, studies with 

and without case management were not differentiated. 

Chaudhry, et a!. (2007) conducted a systematic review of nine studies including 

telephone-based symptom monitoring (n=5) and automated monitoring of heart failulre 

signs and symptoms (n=4). They reported significant reductions in readmissions with 

telemonitoring. Pooled estimates of relative risk were not reported, and study quality was 

not described. Results of studies involving automated physiological monitoring were not 

differentiated from telephone only monitoring. 
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Clark, Inglis, McAlister, Cleland, and Stewart (2007) published a systematic 

review of 14 RCTs comparing the effects of telemonitoring or structured telephone 

support on readmissions as compared to routine outpatient care. They reported that 

telemonitoring decreased heart failure readmissions by 21 %,p = .05, 95% CI [11, 31]. 

Conversely, any-cause readmissions was not significant,p = .83, 95% CI [0.89, 1.02]. 

Results of studies involving automated physiological monitoring were not differentiated 

from telephone only monitoring. 

Martinez, Everss, Raja-Alvarez, Figal, and Garcia-Alberola (2006) conducted a 

systematic review (N=23) oftelemonitoring effects on readmissions. Only three quality 

studies (meta-analysis, RCTs, non-randomized controlled prospective studies) found 

significance. Pooled estimates of relative risk were not reported. Study quality was fair to 

poor for the majority of the studies (n= 17). Case management studies were combined 

with other studies lacking case management. 

In contrast, a systematic review of non-telemonitoring studies (N=8) reported 

significant decreases in readmissions, RR 0.79,p<.001, 95% CI [0.68-0.91] 

heterogeneity, P=.25. These studies involved multi-disciplinary patient interventions, 

education, and clinic or telephone follow-up (Gwadry-Sridhar, Flintoft, Lee, Lee, & 

Guyatt, 2004). 

In summary, systematic reviews oftelemonitoring studies reported a significant 

decrease in readmissions, bed days of care, or ER visits. Unfortunately, pooled estimates 

were lacking, and high quality studies remain scarce. All of the systematic reviews 

combined diverse studies. 
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Synthesis of the Literature 

The research literature review synthesizes results of individual determinant 

factors (predisposing, enabling, illness level) for heart failure based on the Andersen 

Individual Determinants of Health Service Utilization. Individual determinants of health 

service utilization linked to related literature variables are outlined in Table 2. 

Table 2: Andersen Individual Determinants of Health Service Utilization 

Factors Definition 

Predisposing The inclination to use health care services. 

Enabling Conditions that make health care accessible. 

illness level Severity of illness as evaluated by a 
healthcare professional. 

Age 
Race 

Variable 

Marital status 

Income 
Home health visits 
Rurality 

Heart failure symptoms 
severity 
Comorbidities 

The U.S. Preventive Services Task Force hierarchical grading system and quality 

evaluation guided the literature evaluation for this study. The U.S. ·Preventive Services 

Task Force hierarchical grading system ranks research designs on a scale: I (highest), II-

I, II-2, and III Oowest). The best rank, class I, included quality RCTs. Class II-I studies 

were well-designed controlled trials without randomization. Class II-2 studies were well-

designed cohort or case control analytic studies preferably involving multiple sites. Class 

II-3 studies included multiple time series with and without interventions. Dramatic results 

in uncontrolled experiments were included in some instances. Class III studies included 

expert opinion, clinical experience, descriptive studies, and case reports. Internal validity 

evaluation criteria categorized quality (good, fair, poor). Good studies met all applicable 

study design criteria. Fair studies lack some relevant criteria, but findings remain valid. 



Poor studies contained fatal flaws (Harris, et al., 2001). Class I and II studies were 

acceptable. Some Class III studies contributed value despite weak designs. These select 

Class III studies included CCHT program studies and other relevant VHA studies. 
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Overall, literature quality proved good to fair based on the U.S. Preventive 

Services Task Force hierarchical grading system and quality evaluation. The following 

section provides a critique of the 10 included studies, which are summarized in Table 3. 

A detailed synopsis of these studies is provided in Appendix D. Four small CCHT 

descriptive studies (class III) contributed value despite serious flaws such as lack of a 

control 'group or statistical significance values (i.e., p values or confidence intervals). 

Four stu<lies included sample sizes over 100 subjects and lasted longer than a year with 

adequate study designs (class II-2). Two quality RCTs were included also (class I). None 

of the 10 studies stratified outcomes by the variables listed in Table 2. The literature 

review findings about telemonitoring effectiveness with heart failure demonstrated 

inconsistencies possibly due to heterogeneity in study design, sampling, sample size, 

location or type of facility (i.e., VHA versus non-VHA), or study duration. 

This literature review included eight VHA studies and two non-VHA studies 

analyzing health service utilization. The eight VHA studies included six CCHT studies 

and two non-CCHT programs. Some studies were uncontrolled demonstration pilots. 

Many do not report p-values or confidence intervals. The six CCHT program studies 

were conducted in Florida; the two non-CCHT VHA studies were conducted in Chicago, 

IL (Cherry, Dryden, Kobb, Hilsen, & Nedd, 2003; Cleland, Louis, Rigby, Janssens, & 

Balk, 2005; Kobb, Hoffman, Lodge, & Kline, 2003; Meyer, Ryan, Kobb, & Roswell, 

2003). 
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Table 3 Telemouitoring Studies Reporting Health Service Utilization Outcomes 

Health· Service Utilization Outcome 
' CitaHon < Quality . Sample'Size Readmission· · bed days of care ··ER Visits 

Neugaard, 2005a Fair II-2 162 Not significant ---- ---

Meyer et a!., 2003 a Fair III 1110 -63% (pre/post) -60% (pre/post) -40% (pre/post) 

Benatar et a!., 2003 b Good I 108 13 vs. 24 (UC)** 49.5 vs. 105 (UC)** --

Cleland et a!., 2005° Good! 106 Not significant -18% at 450 days (UC)* Not significant 

Kobb et a!., 2003 a Good II-2 281 -60%(UC) -68% (UC) -66% (UC) 

Schofield et a!., 2005 a Fair III 73 --- 19% (pre/post)** ---
Cherry et a!., 2003 a Good II-2 
Site 1 Lake City 98 -68% (pre/post) -71% (pre/post) -70% (pre/post 
Site 2Ft Myers 183 -46% (pre/post) -29% (pre/post) -19% (pre/post) 

Site 3 Miami 64 -13% (pre/post) + 13% (pre/post) -15% (pre/post) 

Bondmass eta!., 1999 b Fair III 60 -70% (pre/post)*** -73% (pre/post)*** -76% (pre/post)*** 

Dang eta!., 2006 a Fair III 59 20 vs. 8 (pre/post)* Not significant 30 vs. 10 (pre/post)* 

Co disco et a!., I 999 c Fair II-2 30 43% vs. 71% UC* ---- 3% vs. 22% UC* 

Note. ---- indicates a variable that was not reported. UC: usual care. 

I aCCHT program. bNon-CCHTprogram conducted at VHA. 0 Non-VHA study.* p<.05, ** p<.OOI, *** p<.OOOI. 
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Care Coordination Home Telehealth Program Studies 

A case control study (N=281) compared 12-month pre- and post-enrollment 

outcomes to traditional VHA outpatient clinic care (n=l,l20). Favorable results included 

decreases in readmissions (60%), bed days of care (68%), and ER (66%). Quality was 

judged as good (class II-2) with a large sample size and a 1-year follow-up (Kobb, eta!., 

2003). 

A quasi-experimental, descriptive pilot study (N=lllO) evaluated 6-month post

enrollment outcomes. Readmission rates, bed days of care, and ER visits decreased 63%, 

60%, and 40%, respectively, compared to baseline values. Quality was judged as fair 

(class III) due to short-term follow-up (Meyer, Kobb, & Ryan, 2002; Meyer, eta!., 2003). 

A descriptive CCHT study (N=73) compared pre- and post-enrollment outcomes. 

Bed days of care decreased by 19%,p<.001. Study quality was judged as fair (class III) 

due to small sample size and short-term follow-up (Schofield, eta!., 2005). 

A multi-site CCHT demonstration pilot study (N=345) compared outcomes from 

three sites in Florida (Lake City, Ft. Myers, Miami). The Lake City site (n=98) produced 

the best outcomes of the three sites. Readmissions, bed days of care, and ER visits 

decreased 68%,71%, and 70%, respectively. At the Ft. Myers site (n=l83) readmissions, 

bed days of care, and ER visits decreased 46%, 29%, and 19%, respectively. The Miami 

site (n=64) showed mixed outcomes. Readmissions decreased by 13%, but bed days of 

care increased by the same percent. Conversely, ER visits decreased by 15%. Overall 

outcomes were not reported. Study quality was judged as good (class II-2) due to multi

site design, and !-year follow-up (Cherry, eta!., 2003). 



In a small descriptive stndy (N=59), readmissions decreased (20 to 8),p<.05 as 

did ER visits (30 to 10),p<.05 within six months after enrolling subjects in the CCHT 

program compared to pre-enrollment. Stndy quality was judged as fair (class III) due 

short term follow-up (Dang, Chao, Nedd, Aguilar, & Roos, 2006). 
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A quasi-experimental cohort stndy (N=984) conducted at two sites found no 

differences in readmissions between CCHT program patients (n=162) compared to heart 

failure clinic patients (n=141) or VHA community clinic patients (n=681). Stndy quality 

was judged as fair (class 11-2) due to large sample size, multi-site desigu, and 1-year 

follow-up (B. Neugaard, eta!., 2007; B. I. Neugaard, 2005). 

In summary, these six CCHT stndies conducted in Florida included small pilot 

stndies and larger, quasi-experimental stndies. Results were mostly favorable. Four 

stndies were favorable; one stndy provided mixed results, and one stndy showed non

significant findings. Stndy quality was mostly fair. 

Non-Care Coordination Home Telehealth Program Studies 

A RCT (N=216) compared readmissions and bed days of care for telemonitoring 

(n=108) compared to skilled nursing homecare visits (n=108). Telemonitoring patients 

experienced fewer readmissions (13 versus 24), p<.001 and fewer bed days of care ( 49.5 

versus 105 days),p<.OOl. These findings remained siguificant at six and 12 months, 

p<.OOt1. Stndy quality was judged to be good (class I) due to the randomized controlled 

desigu and 1-year follow-up. However, post randomization differences in comorbidity 

(diabetes) and medication taken possibly affected findings. After randomization, the 

telemonitoring group included more patients with diabetes (39 vs. 11 ), p<.OO 1 but also 
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patients with more angiotensin-converting enzyme inhibitors and beta-blockers 

administered (100 vs. 8l),p<.05 (Benatar, Bondmass, Ghitelman, & Avitall, 2003). 
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A feasibility pilot study (N=60) found highly significant decreases in 

readmissions (70%), bed days of care (73%), and ER visits (76%). Study quality was fair 

(class III) due to small sample sized and short-term follow-up (Bondmass, 2007; 

Bondmass, Bolger, Castro, & Avitall, 1999). 

Non-VHA Studies 

A cohort study (N=81) compared telemonitoring (n=30) to routine heart failure 

clinic care (n=51). Readmission occurred in thirteen (43%) intervention patients 

compared to 36 (71 %) routine care patients, p<.05. Only one telemonitored patient (3%) 

visited the ER compared to 11 (22%) of the control group,p<.05. Study quality was fair 

(class II-2) due to small sample size (Codisco, Beniaminovitz, Hammond, & Mancini, 

1999). 

A RCT (N=426) compared telemonitoring (n=106), telephone monitoring 

(n=llO), and routine primary care given by a primary care provider (n=55) with mixed 

results. Readmissions and ER visits Jacked significant results but mean bed days of care 

dropped by 6 days, 95% CI [1, 11]. The study was conducted at 16 metropolitan hospitals 

in the United Kingdom, Germany, and the Netherlands. Study quality was good (class I) 

due to large sample size, multi-site design, and lengthy follow-up (Cleland, et al., 2005). 

In summary, health service utilization improved y;ith telemonitoring. However, 

favorable results of weakly designed studies remained inconsistent when compared to 

mixed results of a single strong, quality study. 
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Individual determinates of health service utilization included predisposing, 

enabling, and illness level factors. The literature documented inclusion of predisposing 

factors (age, marital status, race), enabling factors (income, provision of home health care 

services, rurality), and illness level (heart failure symptoms severity, comorbidities) 

Health service utilization outcomes were not based on any of these variables. Such 

variables were included as part of sample descriptions to demonstrate group 

homogeneity. 

In summary, the literature lacks a consistent description of predisposing, enabling, 

and illness level association with health service utilization for veterans with heart failure. 

In particular, health service utilization based on race and income remains unknown. 

Literature Gaps 

Based on this literature synthesis, the following gaps in the literature were 

identified: 

ll. The predisposing, enabling, and illness level association with health service 

utilization outcomes for veterans receiving telemonitoring services remains 

undetermined. 

2. The association of race and income with health service utilization outcomes 

remains unknown. 

Based on the presented literature review, this study attempted to close these gaps by 

investigating the relationship between patients' race and income with health service 

utilization outcomes, specifically readmissions, bed days of care, and ER visits, for 

veterans with heart failure. The need for further exploration of health service system 

utilization is clearly indicated. 



CHAPTER THREE 

Methodology 
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This observational stndy analyzed race and income association with health service 

utilization for veterans with heart failure as guided by the Andersen Individual 

Determinants of Health Service Utilization (Andersen & Newman, 2005). This stndy 

focused on veterans receiving CCHT services for heart failure at the Charlie Norwood 

VHA in Augusta, Georgia. 

Research Question 

The research question for this stndy was: 

What association does race and income have with health service utilization for veterans 

receiving CCHT services for heart failure after controlling for individual determinants 

(predisposing, enabling, and illness severity factors)? 

Research Hypothesis 

The research hypothesis was: 

Black and impoverished individuals would experience higher health service 

utilization outcomes after controlling for predisposing, enabling, and illness severity 

factors 

Variables 

Dependent Variables 

Health service utilization outcomes (dependent variables) included 30-day, 90-

day, 1-year, and total readmissions, total bed days of care, and 30-day, 90-day, 1-year, 

and total ER visits. 
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Independent Variables 

Predisposing, enabling, and illness severity factors comprised the independent 

variables. Predisposing factors involved age, race, and marital status. Enabling factors 

entailed income, provision of home health care services, and rurality. illness severity 

factors consisted of heart failure severity and comorbidities severity. Descriptive 

variables included priority group, service-connected disability, CCHT program 

enrollment time, gender, and ejection fraction. As defined in an upcoming section, 

priority group and service-connected disability are traditional VHA-specific descriptive 

variables. Although desirable, this study excluded education and literacy levels 

(unavailable in the VHA). 

Human Subject Protections 

The investigator obtained IRB approval (expedited) from the Human Assurance 

Committee (HAC), which serves as the Institutional Review Board (IRB) for the Georgia 

Health Sciences University (GHSU) and the Charlie Norwood VHA. The investigator 

received VHA Office of Research and Development approval. Refer to appendices A-C 

for relevant human subject protection documentation including HAC and ORD approval 

letters and informed consent and Health Information Portability and Accountability Act 

waivers. Using the VHA encrypted email system, the CCHT Lead Care Coordinator sent 

the investigator a CCHT program patient list. Medical record review utilized the 

Computerized Patient Record System at the Charlie Norwood VHA in Augusta, Georgia. 

The VHA research server stored all identified data and restricted access to the 

investigator who avoided direct contact with study patients. 
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Participants 

The sample included all the Charlie Norwood VHA CCHT patients with heart 

failure who submitted physiologic data. The data collection timeframe, January 1, 2008-

December 31, 2011, encompassed the CCHT program initiation until study data 

collection ended. The CCHT Lead Care Coordinator provided the investigator a list of 

patients with heart failure meeting enrollment criteria for the CCHT program (N=169). 

This list included the patient's first and last name, the last four digits of their Social 

Security Number, CCHT program enrollment date, and discharge date (if applicable). 

Medical record review identified patients who submitted data during the data collection 

timeframe. The sample (n=149, 88%) excluded patients who did not submit data during 

that timeframe (n=20, 12%). 

Data Abstraction Procedures 

Medical records review produced predisposing, enabling, and illness level factors 

and health service utilization data for the study sample (n= 149), which the investigator 

entered into an Excel spreadsheet. The investigator recorded applicable dates of CCHT 

program enrollment and discharge, death and health service use (home health visits, 

hospital admission and discharge, and use ofER or urgent care clinics). The investigator 

obtained predisposing, enabling, and illness level factors and descriptive data at CCHT 

program enrollment. 
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Measurement of Variables 

The Andersen Individual Determinants of Health Service Utilization guided study 

variable selection (Table 4). 

Table 4 Theoretical Concepts, Study Variables and Operational Measures 

Theoretical Concepts Study Variables Operational Measures• 

Predisposing factors Age Years 
Race Black or White 
Marital status Married or unmarried 

Enabling factors Income Annual incomeb 

Home health care Home health visit totals0 

Rurality Rural-urban co=uting area codes 

Heart failure NYHA class I-IV 
Illness level factors symptoms severity 

Co-morbidities Myocardial infarction 
Ischemic heart disease 
Cerebrovascular disease 
Chronic pulmonary disease 
Peripheral vascular disease 
Diabetes 
Chronic kidney disease 

Health service Readmissions 30-day, 90-day, 1-year totals, all totals 
Utilizationd Bed days of care Total number of days hospitalized 

ER visits 30-day, 90-day, 1-year totals, all totals 

Note. NYHA: New York Heart Association, BDOC: bed days of care, ER: emergency room. 
•Baseline measures taken at CCHT program enrollment date except for home health care visits. 
"Median income derived from 2010 Census data limited to veterans and census tract 
0Variable deleted from dataset due to highly skewed distribution preventing estimation of association 
with outcome variables. 
dHeart failure related 



Individual Determinates of Health Service Utilization 

Predisposing Factors 
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Predisposing factors included age, race, and marital status. For privacy 

protections, the investigator categorized age (measured chronically in years) into deciles 

from 30-90 years. Race, categorically listed as "Black" or "White," follows VHA 

recommendations (VA Information Resource Center, 2004, March). The investigator 

categorized marital status as married or unmarried. 

Enabling Factors 

Enabling factors involved income, home health skilled nursing visits, and rurality. 

Originally, the study used self-reported income (Means Test) but missing or improbable 

information (i.e. annual income of$0.00 or $1.00) was discovered for more than a quarter 

of the sample (n=40, 27%). In an effort to obtain reliable income data, the investigator 

queried the 2010 Census website for median income data limited to veterans and census 

tract (U.S. Census Bureau). Using the 2010 Census data, the investigator produced an 

annual income measure for each study patient then divided the results into quartiles for 

analysis. Income analysis using Chi-square test crosstablulation required variable 

reconfiguration (heart failure symptoms severity, priority group, service-connected 

disability, and CCHT program enrollment time) to achieve minimal cell counts. 

Originally, the study included home health skilled nursing visits as an enabling 

factor. Small sample size prevented estimation of home health visit association with 

outcomes. A highly skewed distribution produced no variance on the outcome variables 

(non-zero values) requiring deletion of the home health visit variable from the dataset. 

For privacy reasons, the investigator converted zip codes to rural-urban commuting area 
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codes categorically defined as urban (1-3) or rural (4-10) regions (Rural Health Research 

Center, n.d. ). 

Illness Level Factors 

Illness level factors encompassed heart failure symptoms severity and 

comorbidity severity. The investigator defined heart failure symptoms severity as the 

worst heart failure episode occurring six months prior to CCHT program enrollment or 

within two months following enrollment. Although timeframes varied, these incidences 

typically occurred during the hospital admission immediately prior to CCHT program 

enrollment. Heart failure symptoms defined heart failure severity because symptoms 

predict readmissions and bed days of care more precisely than ejection fraction (DeLuca, 

Abraham, Fonarow, & Gheorghiade, 2006; Malki, et al., 2002). The investigator, 

however, correlated ejection fraction measures with heart failure symptoms severity 

classification for descriptive purposes. Initially, the investigator classified heart failure 

symptoms severity using the NYHA I-IV system (American College of Cardiology & 

American Heart Association Task Force on Practice Guidelin~s, 2009), which delineates 

heart failure symptoms severity according to activity restrictions due exclusively to heart 

failure. The investigator adapted the NYHA scale (Table 5) to include additional heart 

failure symptoms because many sample patients cannot ambulate due to amputation, 

chronic pain, advanced age, spinal cord injury, or other conditions unrelated to heart 

failure. The investigator observed that heart failure documentation often lacked the 

NHY A rating as recommended (American College of Cardiology, n.d.). The investigator 

tallied NHY A scale use and correlation with heart failure symptoms. Income analysis of 
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heart failure symptoms severity required dichotomization (NYHA 1-II and III-IV) in 

order to achieve minimal cell counts necessary for Chi-square test crosstablulation. 

Table 5 Adapted NYHA Classification 

Class Original Definition Adapted Heart Failure Symptoms• Severity Measures 

Class I No symptoms. No symptoms with routine physical activities. 

Class II Symptoms occur with Symptoms occur with walking 2 blocks or 2 flights of 
moderate activity. stairs. 

Class III Symptoms occur with Symptoms occur with walking 1 block or 1 flight of 
any physical activity. stairs or the equivalent (walking to mailbox). Patients 
None at rest. limit physical activity to avoid symptoms. 

Class IV Symptoms occur with Require extra pillows to elevate head of bed or sleep 
no activity or at rest. sitting up to avoid symptoms. 

Note. a Heart failure symptoms include fatigue, dyspnea, and dependent edema. 

Comorbidities measurement. The investigator categorically measured 

comorbidities using an adapted Charlson comorbidity index (Charlson, Pompei, Ales, & 

MacKenzie, 1987; Ghali, Hall, Rosen, Ash, & Moskowitz, 1996; Heidenreich, et al., 

201 0). The Charlson comorbidity index differentially weights comorbidities based on the 

International Statistical Classification of Diseases, Ninth Revision, Clinical Modification 

(ICD-9-CM) codes. Applicable to this study, the Charlson comorbidity index predicted 

health service utilization including readmissions (Librero, Salvador, & Ordinana, 1999), 

bed days of care (Elixhauser, Steiner, Harris, & Coffey, 1998; Fortin, et al., 2005; 

Kieszak, Flanders, Kosinski, Shipp, & Karp, 1999; Librero, et al., 1999; Matsui, et al., 

1996), and ER visits (Shah, Rathouz, & Chin, 2001; Wang, Chew, Kung, Chung, & Lee, 

2007). The Charlson comorbidity index reliably predicted heart failure related 

readmissions for veterans (Heidenreich, et al., 201 0) and bed days of care (Polanczyk, 
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Rohde, Dec, & DiSalvo, 2000). A Charlson comorbidity index score greater than or equal 

to two increased heart failure readmission risks by 25%,p<.05 (Chin & Goldman, 1997). 

An adapted Charlson comorbidity index of more than one predicted 6-month 

readmissions for heart failure, OR: 1.56, p<.OOI, 95% CI [1.45, 1.68] (Krumholz, et al., 

1997). 

The investigator noted that medical record documentation frequently described 

comorbidities relevant to this study but lacked the corresponding ICD-9 codes precluding 

use of the Charlson comorbidity index. In particular, documentation rarely indicated a 

causal relationship between diabetes and related complications (neuropathy, retinopathy) 

as required by the Charlson comorbidity index. As a result, the investigator added the 

American College of Cardiology comorbidity definitions (National Cardiovascular Data 

Registry, n.d.) to the Charlson comorbidity index (Table 6) to accurately capture 

comorbidities. The investigator correlated comorbidity documentation between the ICD-9 

Problem List and physician notes. 
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Table 6: Adaptation of the Charlson Comorbidity' Index 

Conditions ICD-9 Code Wt Acceptable Diagnosesb 

Myocardial 402.XX, 410.XX, 412 1 Myocardial infarction 
infarction 
Ischemic heart 410-414 1 CABG, PCI, coronary angioplasty, 
disease angina 
Cerebrovascular 362.3, 362.34, 430-436, 1 CV A, TIA, severe carotid artery 
disease 437.1, 437.9, 438, 781.4, disease, carotid artery 

784.3, 997.0 surgery/intervention, thoracic aortic 
aneurysm 

Chronic pulmonary 415.0, 496 1 COPD, chronic bronchitis, emphysema 
disease 
Peripheral vascular 440-443.X, 447.1, 785.4 2 Claudication, amputation due to 
disease arterial vascular insufficiency, vascular 

reconstruction, bypass surgery or 
intervention, abdominal aortic 
aneurysm, positive non-invasive test 
indicating severe disease (renal, 
subclavian, femoral, iliac arteries) 

Diabetes with end 250.50. 250.51, 250.60, 2 Nephropathy, retinopathy, 
organ damage 250.61 osteomyelitis, foot ulcer, and gangrene 

when related to diabetes 

Chronic kidney 581.9, 582.81, 582.9, 3 Dialysis, chronic kidney disease IV-V 
disease (end stage) 583.81, 585,586 

Note. ICD-9: International Statistical Classification of Diseases, Ninth Revision, Clinical Modification. 
Wt: weight. CABG: coronary artery bypass graft surgery; PC!: percutaneous coronary intervention; CV A: 
cerebrovascular accident; TIA: transient ischemic attack; COPD: chronic obstructive pulmonary disease; 
3Baseline comorbidities were measured at the date of CCHT program enrollment. b American College of 
Cardiology comorbidity defmitions. 

Health Service Utilization 

Health service utilization included readmissions, bed days of care, and ER visits 

due to heart failure. Starting from the hospitalization discharge date coinciding with 

CCHT program enrollment, or lacking that, the CCHT program enrollment date, the 

investigator calculated readmissions as inpatient hospitalizations occurring within 30 

days, 90 days, or 365 days. A sum of all readmissions equaled the readmissions total for 

each patient during CCHT program enrollment. Bed days of care per readmission equaled 
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the discharge date minus the readmission date and smnmed to obtain the total bed days of 

care. Similar to readmissions, the investigator computed ER visits for 30-day, 90-day, 1-

year, and total ER visits. The investigator could not access hospitalization data outside of 

the Charlie Norwood VHA (study limitation). 

Logistic regression controlled covariate association (priority group, service

connected disability, and CCHT program enrollment time) with health service utilization 

outcomes. The VHA ranks health care eligibility as priority groups (1 =highest, 8=lowest) 

according to the military-service connected illness severity or financial hardship. The 

VHA provides healthcare services at no cost to veterans in Priority groups 1-4 or to 

veterans with a 50% or greater military service-connected disability. Veterans in lower 

priority groups without military service-connected disabilities cannot receive VHA 

healthcare services unless their income falls below the geographically-adjusted income 

threshold (Department of Veterans Affairs, n.d.-b). Priority group and service-connected 

disability have predicted VHA health service utilization (Department of Veterans Affairs, 

n.d.-a; Payne, et al., 2005). The investigator rounded the nmnber of months from CCHT 

program enrollment until disenrollment to obtain CCHT program enrollment time. 

Chi-square test crosstablulation required priority group, service-connected 

disability, and CCHT program enrollment time reconfiguration in order to achieve 

minimal cell counts. The investigator dichotomized the priority group variable into 

priority group 1-4 (highest) and priority group 5-8 (lowest). Likewise, service-connected 

disability split into two groups labeled 0-40% disability and 50-100% disability. The 

investigator sectioned CCHT program enrollment time into three timeframes including 

less than 12 months, 12-23 months, and 24 months or more. 
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The investigator included death event and gender as descriptive variables. Death 

event either occurred (yes) or did not occur (no) during CCHT program enrollment. 

Gender (male or female) was recorded for descriptive purposes. 

Data Analysis 

The study used Statistical Package for the Social Sciences Inc. (SPSS, Inc., 

Chicago, IL) for statistical analyses with a priori probability (p) value ofless than 0.05. 

The investigator tabulated descriptive statistics--central tendency and frequency 

measures-and assessed frequency distributions for normal distribution, outliers, and 

missing data. Analysis of variance and chi-square Ci) test statistics were used to analyze 

continuous and categorical variables. Chi square tests were used to analyze all possible 

combinations of race and income by quartiles on covariates. Logistic regression was used 

to measure race and income association, and race-income interaction association with 

health service utilization outcomes while controlling for predisposing, enabling, 

evaluated illness level factors. The investigator incorporated dummy variable coding as 

appropriate for regression analysis. General linear regression predicted 30-day, 90-day, 1-

year, and total numbers of readmissions and ER visits. Poisson regression was used to 

analyze race and income association, and race-income interaction association with bed 

days of care totals. 

The regression equations are listed below: 

p 
log -

1
- =b0 +X1 +X2 +X3 •••• Xn 
-p 

Readmission= age+ race+ marital status+ income+ rurality+ HF severity 

+ comorbidity +priority group+ service-connected disability 

+ enrollment time + race * income 



BDOC = age+ race + marital status + income + rurality + HF severity 

+ comorbidity index score + priority group 

+ service-connected disability + enrollment time + race 

*income 

ER visits = age + race + marital status + income + rurality 

+ HF severity + comorbidity index score+ priority group 
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+ service-connected disability + enrollment time + race * income 



CHAPTER FOUR 

Results 

This chapter presents study results of health service utilization by veterans 

receiving CCHT services for heart failure at the Charlie Norwood VHA in Augusta, 

Georgia from January 1, 2008-December 31, 2011. The Andersen Individual 

Determinants ofHea1th Service Utilization (Andersen & Newman, 2005) guided the 

explanation of veterans' health service utilization as related to predisposing, enabling, 

and illness severity factors. 

Sample Characteristics 
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The study sample included 149 veterans emolled in the CCHT program. The 

original study planned to involve patients from eight different VHA hospitals, but that 

data collection plan was unfeasible beyond the one hospital sampled. The new data 

collection plan involved manual entry of data from medical records, which benefited the 

local VHA with an unbiased clinical process evaluation. 

The sample age ranged from 39 to 92 years, M = 68, SD = 11 (Table 7). The 

sample involved more White patients (n = 94, 63%) than Black patients (n =55, 37%). 

The sample age for Whites ranged from 52 to 92 years compared to the age range for 

Blacks of39 to 90 years, Whites: M= 71, SD = 10; Blacks: M= 66, SD = 12. Of patients 

younger than 60 years of age, 11% were White compared to 18% of Blacks, X2 (2, 

N=I49) = 5.15,p= .02. Of patients age 70 or older, 17% were White compared to 11% of 

Blacks,X2 (2, N=149) = 5.15,p= .02. 
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Table 7 Race and Age Sample Distribution 

Race 
Age White Black 

n % n % 
30-39 years 0 0% 1 1% 
40-49 years 0 0% 5 3% 
50-59 years 10 6% 12 7% 
60-69 years 36 21% 21 12% 
70-79 years 30 18% 6 4% 
80-89 years 16 9% 10 6% 
90+ 2 1% 0 0% 
Total (N=149) 94 63% 55 37% 

Married patients (n = 97, 65%) outnumbered unmarried patients (n =52, 35%). 

Most< of the sample (n = 116, 78%) resided in urban areas categorized as rural-urban 

commuting area codes 1-3 compared to 22% of rural patients (n = 33) in rural-urban 

commuting area codes 4-8. Table 8 displays sample demographics. 
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Table 8 Sample Demographics 

Variables n (%) M(SD) Range 

Age (years) 149 (100%) 68 (11) 39-92 

Race 

White 94 (63%) 71 (10) 

Black 55 (37%) 66 (12) 
52-92 

Marital Status 

Unmarried 52 (35%) 0.35 (0.73) 51-53 
Married 97 (65%) 0.65 (1.37) 96-98 

Income' $28,503 (12736) $9,120-81,339 

Home health visits 0 (4.0) 0-69 

Rurality 

Rural 33 (22%) 0.22 (0.53) 32-34 

Urban' 116 (78%) 0.77 (1.87) 115-117 

Heart failure symptoms severity 3.0 (1.0) 1-4 

NYHAclassi 16 (11%) 

NYHA class II 18 (12%) 

NYHA class III 52 (35%) 

NYHA class IV 61 (41 %) 

Comorbiditiesb n=407 3 (1.60) 0-6 

Myocardial infarction' 69 (46%) 
Ische~ic heart diseased 108 (72%) 
Cerebrovascular disease' 41 (28%) 
Chronic pulmonary disease£ 63 (42%) 

Peripheral vascular disease' 38 (26%) 
Diabetesb 44 (30%) 
G:hronic kidney disease' 52 (35%) 

Note: NYHA: New York Heart Association. 
'Median income derived from 2010 Census data (limited to veterans, census tract). •comorbidities 
assessed using the International Statistical Classification of Diseases, Ninth Revision, Clinical 
Modification (ICD-9-CM) codes as follows: '402.XX, 410.XX, 412; d410-414; '362.3, 362.34,430-436, 
437.1, 437.9, 438, 781.4, 784.3, 997.0; r415.o, 496; '440-443.X, 447.1, 785.4; •25o.so, 250.51, 250.60, 
250.61 (involves end organ damage); '581.9, 582.81, 582.9, 583.81, 585, 586 (end stage). 

Because more than a quarter of the sample (n = 39, 27%) reported an annual 

income of $1.00 or less, the original self-reported income measure was replaced with 

2010 Census income data. All study analyzes utilized median 2010 Census income data 
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(limited to veterans and census tract) instead of the original self-reported income 

measure. Self-reported income data showed a wider spread than Census data and a lower 

median, which cannot be validated. Table 9 displays highly significant differences 

between self-reported income and the 2010 Census income data. 

Table 9 Annual Income Comparisons Self-Reportedvs. 2010 Census 

M Paired Differences 

n (Median) SD Range M SD SEM 95% CI' t 

Self- $23,216 $14,367 $0-$80,000 $5,459 $19,008 $1,821 $1,850- 3 

report" 
110 

($20,423) 
$9,068 

Censns• 
$28,503 $12,736 $9,120-

149 ($24,961) $81,339 

'CI: confidence interval for the difference between self-reported and Censns income, df= 108, (2-tailed) 

p=.003. 

b Annual income derived from median 2010 Census data (limited to veterans, census tract). 

Results showed home health visit data as highly skewed and produced no variance 

on the outcome variables (non-zero values), which prevented analyses. Most of the 

sample (97%) received no home health visits (skilled nursing). One patient received one 

home health visit and a second received two visits. Three patients received 15 or more 

visits (actual counts= IS, 24, 27) out of the sample total of69 visits. Small sample size 

prevented estimation of home health visit predictability on outcomes. Income and rurality 

showed a highly significant relationship as presented in Table I 0. Urban residents earned 

75% or more income than most of the rural residents, X (3, N=149) = 20.6!,p =.000, but 

results may be invalid due to less than minimal cell numbers required for Chi-square 

tests. Most rural residents were at the 50% income quartile or below, but urban residents 

were equally distributed across all income quartiles. 
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Table I 0 Income a by Quartiles and Rurality Association 

Quartilesb 

Rurality RUCA n (%) 25% 50% 75% 100% X'(p) 

Rural 1-3 33 (22%) 15(11%) 3 (2%) 6 (4%) 1 (1%) 20.61 

(.000*) 

Urban 4-8 I16 (78%) 21 (16%) 30 (22%) 23 (17%) 35 (26%) 

Note. RUCA: rural-urban commuting codes. 

•Median income derived from 2010 Census data (limited to veterans, census tract). Income reported per 
$10,000. 

•N= 149. Chi-square calculated using v<.OS, df= 3. 

Heart Failure and Comorbidities 

Based on the NYHA I-IV scale (IV= worst), heart failure symptoms severity 

ranged from I-4, M 3, SD I. Specifically, NYHA classification produced the following 

counts per class: class I with I6 patients (II%); class II with I8 patients (22%), class III 

with 52 patients (35%); and class IV with 61 patients (4I %). No significant relationships 

existed between heart failure symptoms severity and either race Jf (I, N = I49) = 2.08,p 

=.56 or incomeJf (I, N = I49) = 1.81,p = .61. 

Heart failure symptoms severity correlated poorly with ejection fraction percent 

(Table II), K= -I.OI,p =.II. Ejection fraction ranged from I0-65%, M= 32, SD = IO. 

Findings showed ejection fraction percent missing for I8 patients (I4%). Income by 

quartiles, however, showed a significant association with ejection fraction, Jf (3, N=I49) 

=I1.06,p =.OI, but not with heart failure symptoms severity as noted previously. 
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Table 11 Heart Failure Severity Comparisons 

n K SEa p 

EF% 
NYHA NYHA 

131 -.101 0.66 .11 
I-II III-IV 

EF<35% 14 66 

EF 40-65% 15 36 

Total 29 102 

Note. EF: ejection fraction. NYHA: New York Heart Association 

•standard error not assuming the null hypothesis, p<.05. 

Comorbidities. The study sample experienced a total of 407 comorbidities with a range 

of 0-6 comorbidities, M = 3, SD = 1.60. Comorbidities included myocardial infarctions 

(n = 69, 46%), ischemic heart disease (n = 108, 72%), cerebrovascular disease (n = 41, 

28%), chronic pulmonary disease (n = 63, 42%), peripheral vascular disease (n = 38, 

26%), diabetes (n = 44, 30%), and chronic kidney disease (n =52, 35%). 

Charlson comorbidity index scores ranged from 0-10 (O=no comorbidities, 10 

highest score), M = 4, SD = 2.6. Frequency distribution showed skewed results toward 

the lower end of the scale, which would decrease power to find significance, if present, 

related to greater number of comorbidities. To increase power, the investigator condensed 

the Charlson comorbidity index into four categories (Table 12). 
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Table 12 Charlson Comorbidity Index Frequency Distribution 

Original Charlson Index RegrouJled Charlson Index 

Score f % Score f % 
0 10 6.7 0 10 6.7 

1 15 10.1 1-2 39 26.2 

2 24 16.1 3-4 42 28 

3 19 12.8 5-10 55 26.9 

4 23 15.4 
5 16 10.7 
6 10 6.7 
7 9 6.0 
8 9 6.0 
9 6 4.0 
10 5 3.4 

Total 146 98.0 Total 145 98 
Missing 3 2.0 Missing 3 2.0 

Total 149 100.0 Total 149 100.0 

No significant relationship existed between any of the seven comorbidities and 

income (Appendix E). Race showed highly significant relationships with myocardial 

infarction, ischemic heart disease, and chronic puhnonary disease as listed below. 

• Myocardial infarction X (1, N = 149) = 13.17,p = .000 

• Ischemic heart diseaseX(1, N = 149) = 17.06,p = .000 

• Cerebrovascular disease X (1, N = 149) = 0.22, p = .64 

• Chronic pulmonary diseaseX2 (1, N= 149) = 12.83,p = .000 

• Peripheral vascular disease X (1, N = 149) = 1.48, p = .22 

• DiabetesX(1,N=149)=0.06,p=.81 

• Chronic kidney disease X (1, N = 149) =2. 78, p = .1 0 
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Comorbidity assessment limited to documented ICD-9 codes, consistent with the 

Charlson comorbidity index, frequently excluded otherwise noted comorbidities. For the 

purpose of the study, revised comorbidity measurements included any documented 

comorbidity. Inconsistent comorbidity documentation by physicians showed poor 

correlation with the ICD-9 Problem List for heart failure and all eight comorbidities 

(Table 13). 

frable 13 Comorbidity Documentation in VHA Patient Care Records 

Entire Record ICD-9 List 

Clinical Diagnoses n (%) n(%) K SE' p 

Heart failure severity" 147 (99%) 56 (76%) .23 .062 .000 

Myocardial infarction' 69 (46%) 8 (5%) .14 .046 .006 

Ischemic heart diseased 108 (73%) 85 (57%) .58 .067 .000 

Cerebrovascular disease' 41 (28%) 32 (22%) .75 .064 .000 

Chronic pulmonary diseaser 63 (42%) 35 (24%) .54 .068 .000 

Peripheral vascular disease• 38 (26%) 30 (20%) .80 .059 .000 

Diabetes" 44 (30%) 32 (22%) .68 .068 .000 

Chronic kidney disease' 52 (35%) 29 (20%) .56 .071 .000 

Note. Cohen's K (p<.05) measured correlation between physician documentation and the Problem 
List in the VHA computerized patient record system. Clinical diagnoses documentation 
incorporates applicable International Statistical Classification of Diseases, Ninth Revision, 
Clinical Modification (ICD-9-CM) codes. 'Not assuming the null hypothesis. "Measured using 
the New York Heart Association (NYHA) classification (1-IV, IV= worst). ICD-9 codes 
included: '402.:XX, 410.:XX, 412; d410-414; '362.3, 362.34,430-436,437.1,437.9,438, 781.4, 
784.3, 997.0; r415.0, 496; "440-443.X, 447.1, 785.4; h 250.50, 250.51, 250.60, 250.61 (involves 
end organ damage); '581.9, 582.81, 582.9, 583.81, 585,586 (end stage). 

Descriptive Variables 

Descriptive variables included priority group, service-connected disability, 

enrollment time, gender, and death event. Priority group ranged from 1-8, M = 3. 7, SD = 

2.3. The highest priority group (group 1) included 48% of the sample, but the majority of 

the sample (60%) was in priority group 5. Priority group 8 (lowest priority) included 13% 
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of !lie sample. Service-connected disability ranged from 0-100% with 85% of the sample 

having no service-connected disability, M = 33, SD = 44. CCHT program emollment 

timce_ranged widely (1-44 months), M = 17, SD = 11. Most patients survived the program 

(n = 92, 62%) compared to those patients who died (n =57, 38%). Males (n = 145, 97%) 

greatly outnumbered females (n = 4, 3%). 

Race showed no significant relationships with priority group Jf (1, N = 149) = 

1.52; p = .22, service-connected disability Jf (1, N = 149) = 0.59, p = .44, CCHT program 

emollment timeX2 (4, N= 149) = 3.2,p = .20, or death eventX2 (1, N= 149) = 1.54, 

p=.67. Priority group and service-connected disability were analyzed separately to 

determine association with median income in quartiles. As expected, both priority group 

and service-connected disability showed significant associations with income because 

income partly defined both variables (Table 14). Median income lacked any significant 

connection with CCHT program emollment time. 

Table14 Income0 Association with Priority Group, SC Disability, and Enrollment Time 

Quartiles 
' Priority group 25% 50% 75% 100% x" (p) 

1-4 (Highest) 22 (17%) 14(11%) 8 (6%) 21 (16%) 8.11 (.04) 
5-8 (Lowest) 14(11 %) 19 (14%) 20 (15%) 15 (11%) 

SC disabilityb 11.14 (.01 *) 
0-40% disabled 24 (20%) 16 (14%) 24 (20%) 15 (13%) 
50-100% disabled 6 (5%) 14 (12%) 5 (4%) 14 (12%) 

Enrollment time• 
<12 months 9 (7%) 16 (12%) 7 (5%) 18 (13%) 10.97 (.09) 
12-23 months 18 (13%) 9 (7%) 11 (8%) 12 (9%) 

24+months 7 (7%) 8 (6%) 11 (8%) 6(4%) 

Note: N= 149. Chi-square calculated usingp<.OS, df= 6 for enrollment time; the df= 3 for all other 
variables. All explanatory variables tested separately in the model. Baseline measures were taken at the 
CCHT program enrollment date. 'Median income was derived from the 2010 Census data linrited to 
veterans and census tract Income reported per $10,000. bSC: service connected disability. •Enrollment 
time (months) is measured from CCHT program enrollment date to disenrollment date. 
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The income measure might be artificially inflated when analyzing income, priority group, 

and service-connected disability together because income partly defines both priority 

group and service-connected disability. To correct multicollinearity and possible artificial 

income measure inflation, the investigator regressed priority group, service-connected 

disability, and income separately on readmissions, bed days of care, and ER visits with 

non-significant results. Next, the investigator regressed the covariate combinations on the 

same outcomes sequentially in the following order 1) income + priority group, 2) income 

+service-connected disability, 3) priority group+ service-connected disability, and 4) 

income'+ priority group + service-connected disability with non-significant findings for 

each analysis. Due to the non-significant findings, the remaining analyses in the study 

included income, but excluded priority group and service-connected disability. 

Health Service Utilization Outcomes 

Health service utilization outcomes (Table 15) included 30-day, 90-day, I.-year, 

and total readmissions, total bed days of care, and 30-day, 90-day, 1-year, and total ER 

visits. Overall, the patients required 10 or fewer readmissions or ER visits, and five bed 

days of care, on average. Bed days of care, however, were highly skewed with over half 

(55%) of the sample experiencing no bed days of care and 30% of the sample 

experiencing five or more bed days of care. 
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Table 15 Health Service Utilization Distribution 

Health Service Utilization Measures M(SD) Range 

Readmissions Less than 30 days 0 (0) 0-6 
Less than 90 days 0 (1) 0-8 

Less than I year 0 (1) 0-9 

Total readmissions 0 (2) 0-10 

TotaltBDOC 5.0 (9.0) 0-44 

ER visits Less than 30 days 0 (0) 0-5 
Less than 90 days 0 (1) 0-8 

Less than 1 year 1 (2) 0-10 
Total ER visits 1 (2) 0-10 

Note. BDOC: bed days of care; ER: emergency room. 

Research Question 

This study analyzed race and income predictability of health service utilization for 

veterans with heart failure after controlling for individual determinants (predisposing, 

enabling, and illness severity factors). 

Research Question 

The research question for this study was: 

What association does race and income have with health service utilization for veterans 

receiving CCHT services for heart failure after controlling for individual determinants 

(predisposing, enabling, and illness severity factors)? 

The investigator hypothesized that Black patients and patients with the lowest incomes 

would experience more readmissions, bed days of care, and ER visits than White patients 

or patients with higher incomes after controlling for predisposing, enabling, and illness 

severity factors. 
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Hypothesis Testing 

General linear regression was used to analyze covariate association with 

readmissions and ER visits less than 30- and 90-days, less than 1-year, and all total 

during CCHT program enrollment. Poisson regression was used to analyze covariate 

predictability with total bed days of care. Binomial logistic regression measured covariate 

predictability with readmissions, bed days of care, and ER visits ever during CCHT 

program enrollment. Covariates included race and income predictability and race-income 

interaction association. Race was dichotomized as White or Black. Income (per $10,000) 

was analyzed as a continuous variable and also categorized in quartiles where 25% 

quartile :S $20,211; 50% quartile= $20,212- $24,961; 75% quartile= $24,961-$36,150, 

and 100% quartile 2:$36,151. Race and income association analysis with health service 

utilization followed the sequence listed below: 

1. Linear income predictability with race (income+ race). 

2. Linear income by race interaction predictability (income*race). 

3. Nonlinear income predictability with race (income+ race). 

4. Nonlinear income by race-income interaction predictability (income* race). 

Dummy Variable Coding 

For general linear regression, dummy variable coding and baseline variables (in 

italics) included the following: 

1. Race: White race = 0, Black race = I 

2. Income variables: 

a. Income 25% quartile = 0 

b. Income 50% quartile = 1 

c. Income 75% quartile= 2 

d. Income 100% quartile = 3 



3. Interaction variables: 

a. White race*Income = 0 

b. Black race*Income = 1 

c. White race*Jncome 25% quartile= 0 

d. White race*Income 50% quartile= 0 

e. White race*Income 75% quartile= 0 

j White race*Income 100% quartile= 0 

g. Black race* Income 25% quartile= 0 

4. Age: 

a. 30-60 years= 0 

b. 61-91+ years= 1 

5. Marital status 

a. Unmarried = 0 

b. Married= 1 

6. Rurality 

a. Rural= 0 

b. Urban= 1 

7. Heart failure symptoms severity: 

a. NYHA 1-11 = 0 

b. NYHA III-IV= 1 

8. Charlson comorbidity index 

a. Charlson comorbidity index 0=0 

b. Charlson comorbidity index 1-2 = 1 

c. Charlson comorbidity index 3-4 = 2 

d. Charlson comorbidity index 5-l 0 = 3 

9. Priority groups: 

a. Groups 5-8 = 0 

b. Groups 1-4 = 1 

10. Service-connected disabilities 

a. 0-40% = 0 

b. 50-100% = 1 
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11. CCHT program enrollment time: 

a. Less than 12 months = 0 

b. 12-23 months= 1 

c. 24 months or more = 2 

General Linear Regression Analysis 

General linear regression showed no significant covariate predictability with 

readmissions and ER visits less than 30-days, 90-days, less than 1-year, and all totals 

during enrollment (Appendix F-G). The investigator repeated the regression analysis 

using exact statistics with similar findings. Regression equations used for each analysis 

are presented with significant variables identified with bold font as applicable. 
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Poisson regression was used to analyze race and income predictability and race

income interaction association with total bed days of care using the same dummy variable 

coding and analysis sequence described previously for general linear regression. Income 

displayed a highly significant association with total bed days of care during CCHT 

program enrollment (Table 16). Income by quartiles showed no association with total bed 

days of care during CCHT program enrollment (Appendix H). 



Table 16 Poisson Regression of Race and Income Association with Total BDOC 

Hypothesis Test 95% Wald CI Exp(jf) 

Parameter p SE Wald/ p Exp(jf) Lower Upper 

(Intercept) 1.19 0.11 109.93 .000 3.29 2.63 4.11 

Black race o.or 0.17 0.01 .942 1.01 0.72 1.42 

White race 0' 1.00 

Income 0.13 0.03 15.30 .000 1.14 1.07 1.22 

Black race * income 0.01 0.05 0.08 .777 1.01 0.92 1.12 

White race* income 0' 1.00 

(Scale) 1b 

Note. BDOC: bed days of care. Dependent variable total BDOC during CCHT program 
enrollment. Income per $10,000 in quartiles from the 2010 Census data (median). Model: 
(intercept), race, income (quartile), race*income (quartile). 
3Set to zero because this parameter is redundant bComputed based on the deviance. 

Income increased the odds of total bed days of care by 14% during CCHT program 

enrollment holding race constant. The equation that was used for this analysis is listed 

below. 

log _P_ = 1.19 + 0.01Black + 0.13/ncome + 0.01Black *Income 
1-p 

Binomial Logistic Regression 

Binomial logistic regression was used to analyze covariate associations with 

readmissions and ER visits less than 30-days, 90-days, and 1-year ever with dummy 
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variable coding and analysis sequence presented previously for general linear regression 

and Poisson regression. Non-significant results occurred for all readmissions and ER 

visits analyses (Appendix I). 

The investigator regressed all eight comorbidities individually and as a group on 

health service utilization. No significant associations resulted, but chronic pulmonary 
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disease, p =.07, and chronic kidney disease, p =.06, came closest to indicating a 

significant association with any ER visits ever during the CCHT program enrollment. 

Regression of individual comorbidities on readmissions and bed days of care ever during 

· CCHT program enrollment showed no significant results. 

Binomial logistic regression was used to analyze predisposing, enabling, and 

illness level associations on health service utilization ever during CCHT program 

enrollment. When regressing predisposing, enabling, and illness level covariates as a full 

model on readmissions ever during CCHT program enrollment, only NYHA III-IV 

indicated significance forreadmissions,p =.012, bed days ofcare,p =.009, and ER visits, 

p =.01, ever during CCHT program enrollment (Appendix J). Charlson comorbidity 

index scores 3-4 and 5-l 0 came close to indicating significance. 

The investigator regressed each non-significant variable from the full model 

individually on health service utilization ever during CCHT program enrollment. Age 

indicated significance, p =.0 17, with ER visits ever during CCHT program enrollment, 

but not readmissions,p =.17 or bed days of care ever,p =.15. Marital status showed 

significant association with readmissions,p =.016, bed days of care,p =.029, and ER 

visits ever,p =.029. Of the Charlson comorbidity index scores, only Charlson index score 

5-l 0 indicated significance withER visits ever, p =.029, but not with readmissions, p 

=.10, or bed days of care,p =.086. As individual variables, race, income, income by 

quartiles, and CCHT program enrollment time revealed non-significant associations with 

health service utilization ever during CCHT program enrollment. The race*income 

interaction and race*income by quartiles showed no significant associations with health 

service utilization ever during CCHT program enrollment. 
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The investigator regressed the significant covariates on health service utilization 

ever during CCHT program enrollment. Stepwise covariate entry occurred in the 

following order: age, marital status, Charlson comorbidity index score, and NYHA score. 

Covariates showing significant associations with readmissions ever during CCHT 

program enrollment included being married and NYHA class III-IV (Table 17). 

Readmission odds for married men decreased by 38% holding age, Charlson comorbidity 

index score, and severe heart failure (NYHA III-IV) constant. Readmission odds for 

patients with severe heart failure (NYHA III-IV) were five times higher holding age, 

Charlson comorbidity index score, and marital status constant. 

Table 17 Stepwise Binomial Regression: Readmission Ever 

Covariate p SE Waldx2 p Exp(B) 

Step 1 a Age 61-91 years 0.21 0.54 0.16 .692 1.24 

Married -0.96 0.43 5.04 .025 0.38 

Charlson index =0 4.90 .179 

Charlson index= 1-2 1.33 1.17 1.29 .256 3.79 

Charlson index= 3-4 2.13 1.18 3.28 .070 8.42 

Charlson index= 5-10 1.93 1.17 2.72 .099 6.88 

NYHAIII-IV 1.64 0.58 7.90 .005 5.14 

Constant -3.53 1.22 8.35 .004 0.03 

Note. NYHA: New York Heart Association. All variables measured at CCHT program enrollment 
date. •variable(s) entered on step 1: age. 

The stepwise binomial regression equation used to analyze age, being married, Charlson 

comorbidity index scores 0 to 5-l 0, and NYHA class III-IV on readmissions ever during 

CCHT program enrollment is listed below. 



log _P_ 
1-p 

- -3.53 + 0.21Age 61-91 +years+ -0. 96Married 

+ 1.33Charlson index score= 1-2 
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+ 2.13Charlson index score= 3-4 + 1.93Charlson index score= 5-10 + 1. 64NYHA III-IV 

Covariates showing significant associations with bed days of care ever during 

CCHT program enrollment included being married and NYHA class III-IV (Table 18). 

The stepwise binomial regression equation used to analyze age, being married, Charlson 

comorbidity index scores 0 to 5-10, and NYHA class III-IV on bed days of care ever 

during CCHT program enrollment is listed below. 

p 
log--

1-p 

= -3.60 + 0.24Age 61-91+ years+ -0.83Married 

+ 1.30Charlson index score= 1-2 

+ 2.60Charlson index score= 3-4 + 1.97Charlson index score= 5-10 + 1. 69NYHAIII-IV 

The odds of a bed days of care occurring ever during CCHT program enrollment 

decreased by 43% for married men holding age, Charlson comorbidity index score, and 

severe heart failure (NYHA III-IV) constant. The odds of a bed days of care ever during 

CCHT program enrollment for patients with severe heart failure (NYHA III-IV) were 

five times higher holding age, Charlson comorbidity index score, and marital status 

constant. 
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Table 18 Stepwise Binomial Regression: Bed Days of Care Ever 

Covariate p SE Waldx2 p Exp(,B) 

Step 1 a Age 61-91 years 0.24 0.54 0.21 .651 1.28 

Married -0.83 0.42 3.88 .049 0.43 

Charlson index =0 4.88 .180 

Charlson index = 1-2 1.30 1.17 1.24 .266 3.69 

Charlson index = 3-4 2.06 1.18 3.08 .079 7.88 

Charlson index= 5-l 0 1.97 1.17 2.85 .092 7.18 

NYHAIII-IV 1.69 0.58 8.49 .004 5.44 

Constant -3.60 1.22 8.69 .003 0.03 

Note. NYHA: New York Heart Association. All variables measnred at enrollment date. 
ay ariable entered on step I: age. 

Only NYHA class III-IV indicated a significant association withER visits ever 

during CCHT program enrollment (Table 19). The odds of an ER visit ever during CCHT 

program enrollment for patients with severe heart failure (NYHA III-IV) were four times 

higher holding age, Charlson comorbidity index score, and marital status constant. 

Table 19 Stepwise Binomial Regression: ER visits Ever 

Covariate p SE Waldx2 p Exp(,B) 

Step I a Age 61-91 years 0.69 0.53 1.70 .192 1.99 

Married -0.58 0.40 2.13 .144 0.56 

Charlson index =0 4.58 .206 

Charlson index = 1-2 1.58 1.16 1.84 .175 4.84 

Charlson index = 3-4 1.82 1.17 2.44 .119 6.19 

Charlson index = 5-10 2.20 1.16 3.59 .058 9.00 

NYHAIII-IV 1.42 0.49 8.47 .004 4.14 

Constant -3.50 1.19 8.64 .003 0.03 

Note. NYHA: New York Heart Association. All variables measnred at CCHT program enrollment 
date. aVariable(s) entered on step 1: age. 
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The stepwise binomial regression equation used to analyze age, being married, Charlson 

comorbidity index scores 0 to 5-10, and NYHA class III-IV on bed days of care ever 

during CCHT program enrollment is listed below. 

log _P_ 
1-p 

= -3.50 + 0.69Age 61-91+ years+ -0.58Married 

+ 1.58Charlson index score= 1-2 

+ 1.82Charlson index score= 3-4 + 2.20Charlson index score= 5-10 + 1.42NYHA III-IV 
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Summary 

General linear regression analyzed race and income associations with 

readmissions and ER visits less than 30 days, 90 days, and !-year, and total readmissions 

and ER visits during CCHT program enrollment. No significant findings occurred. 

Poisson regression revealed a significant association between income and total bed days 

of care. Binomial logistic regression analyzed race and income associations with 

readmissions less than 30 days, 90 days, and !-year ever during enrollment as well as bed 

days of care ever with no significant results for most analyses. 

Binomial logistic regression analyzed predisposing, enabling, and illness level 

covariate predictability with health service utilization ever during CCHT program 

enrollment. Only NYHA III-IV indicated significance. Stepwise regression produced 

significance for age, marital status, and Charlson comorbidity index score 5-l 0 for some 

health service utilization outcomes. Marriage and NYHA class III-IV indicated a 

significant association with readmissions and bed days of care ever during CCHT 

program enrollment holding age, Charlson comorbidity index score, and marital status 

constant. NYHA class III-IV was significantly associated withER visits holding age, 

Charlson comorbidity index score, and marital status constant. 
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CHAPTER FIVE 

Discussion 

This observational study targeted a sample of veterans receiving CCHT services 

for heart failure at the Charlie Norwood VHA in Augusta, Georgia from January 1, 2008-

December 31,2011. The aim was to examine race and income associations with health 

service utilization for veterans with heart failure. Selected components of the Andersen 

Individual Determinants of Health Service Utilization framework (Andersen & Newman, 

2005) guided patient characteristic inclusion based on literature-specified health service 

utilization predictors. Sample size limitations possibly hindered discovery of significant 

findings. 

Study Findings 

The study sample totaled 149 veterans served at the local VHA instead of a larger 

national sample. The original data collection plan failed due to unforeseen intricacies and 

advanced skills required to access VHA administrative data from national databases. 

Therefore, the investigator audited veterans' medical records and entered the data 

manually. This process resulted in fewer veterans in the sample but revealed several 

findings related to heart failure care processes included in the implications. 

Similar to all veterans in Georgia, the sample included predominantly White 

married men 70+ years of age, living in urban areas, and earning about $25,000 annually 

(Department of Veterans Affairs, 2001, 2007). Most (76%) of the patients enrolled in the 

CCHT program experienced severe heart failure and three comorbidities, on average, 

scoring double the national mean score on the Charlson comorbidity index (Heidenreich, 

et al., 201 0). Assuming equivalent comorbidity measurements, the sample ischemic heart 



disease and chronic kidney disease rates were double and triple national VHA rates, 

respectively. Other sample comorbidities were slightly higher than national rates 

(Heidenreich, et a!., 20 I 0). 
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Priority scores and service-connected disabilities determine VHA healthcare 

eligibility. Access to the CCHT program for most of the sample occurred due to 

relatively high priority scores or financial hardship despite low service-connected 

disability ratings. Patients enrolled in the CCHT program for 17 months, on average, 

when disenrollment occurred due to phone (land) line loss, failure to submit 

physiological data, extended hospitalization, or death. While almost 40% of patients died 

in the 2008-2011 study period, most of the patients involuntarily left the program upon 

losing their telephone land line. [Only recently, has the VHA allowed cellular phone 

usage for physiologic data submission.] The CCHT program enrollment usage observed 

in this study compared similarly to VHA nationally reported findings (Darkins, et a!., 

2008; Hill, eta!., 2010). Overall, the patients experienced many fewer readmissions, bed 

days of care, or ER visits, compared to VHA national rates (Heidenreich, et a!., 201 0). 

However, sample size limited accurate comparisons. 

In summary, the study sample experienced a higher burden of illness from heart 

failure and comorbidities and utilized acute care health services at a lower rate than the 

national average for veterans with heart failure. Based on the literature, this finding was 

unexpected, but small sample size may have prevented discovery of significant results. 
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Predisposing Factors 

Of the predisposing factors (age, race, and marital status), only age and race were 

significantly associated. Marital status was not associated with age or race, but marital 

status exhibited strong association with reduced readmissions after controlling for other 

covariates. The sample involved almost twice as many White patients (n=94, 63%) as 

Black patients (n=55, 37%), but the numbers of Blacks in the study sample exceeded the 

reported 22%-24% of Black patients with heart failure in the VHA (Heidenreich, et al., 

2010). Furthermore, Blacks in the sample disproportionately represented younger patients 

compared to Whites in the sample consistent with reported findings (Agoston, et a!., 

2004; Bibbins-Domingo, eta!., 2009; Mathew, eta!., 2005; Thomas, eta!., 2005). Except 

for marital status, predisposing factors did not predict health service utilization in this 

study. 

Enabling Factors 

Urban residents earned 75% more than rural residents, and almost all rural Blacks 

and Whites earned less than $25,000 (50% income quartile). Urban Blacks and Whites 

were evenly distributed across all income quartiles which conflicts with reported 

literature results that 90% of Blacks earned less than $20,000 (Department of Veterans 

Affairs, 2001). Income was the only enabling factor that predicted health service 

utilization. 

Illness Severity Factors 

Heart failure symptoms severity (NYHA class I-IV) was not related to race or 

income, which conflicts with literature reported findings (Bibbins-Domingo, et al., 2009). 

Black race and age less than 60 years of age showed a highly significant relationship 
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compared to Whites in the sample and to reported norms for age and low ejection fraction 

(Kamath, Drazner, Wynne, Fonarow, & Yancy, 2008). Most Blacks (70%) lived with a 

35% ejection fraction or lower compared to 55% of Whites in the sample. But race

related ejection fraction below 35% showed no association likely due to small sample 

size. Converse to literature findings, patients with the worst heart failure symptoms were 

evenly distributed across all income levels in the sample. 

Comorbidities were highly significantly related to Black race as compared to 

White race in the sample. Blacks in the sample lived with a much higher prevalence of 

myocardial infarction, ischemic heart disease, and chronic pulmonary disease consistent 

with literature reported results (Kamath, eta!., 2008). Contrary to earlier findings, income 

and comorbidities lacked any significant association in the study. 

Race was not associated with priority group, service-connected disability, or 

CCHT program enrollment time. As expected due to the components of the priority 

score, income was significantly related with higher priority groups and service-connected 

disability comparable to VHA reports (Department of Veterans Affairs, 2001, 2007). 

Health Service Utilization 

Overall, race and income showed no significant association with readmissions, 

bed days of care, or ER visits conflicting with several study findings that Blacks were 

more likely to be readmitted for heart failure compared to Whites (Dang, eta!., 2006; 

Deswal, eta!., 2006; Elhai, eta!., 2008; Heidenreich, eta!., 2010). Income was highly 

associated with total bed days of care during CCHT program enrollment, but income by 

quartiles showed no significance. 
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The study hypothesis was not supported because Black patients and patients with 

the lowest incomes in the study did not significantly experience more readmissions, bed 

days·of care, or ER visits than White patients or patients with higher incomes after 

controlling for predisposing, enabling, and illness severity factors. 

Only being married and severe heart failure indicated significance for 

readmissions and bed days of care ever during CCHT program enrollment and only 

severe heart failure indicated a significant association with ER visits ever during CCHT 

program enrollment holding the other co variates constant. The odds of a bed day of care 

ever during CCHT program enrollment decreased by 43% for married men holding age, 

Charlson comorbidity index score, and severe heart failure (NYHA III-IV) constant. The 

odds of a ER visits or bed day of care ever during CCHT program enrollment for 

patients with severe heart failure (NYHA III-IV) were four and five times higher, 

respectively, compared to patients with less severe heart failure, holding age, Charlson 

comorbidity index score, and marital status constant. 

Unexpected Study Findings 

Unexpected findings occurred during the study requiring study variable 

adjustment. Median 2010 Census income data-limited to veterans and census tract

replaced the study's original self-reported income measure due to validity concerns. 

Another unanticipated finding found narrow heart failure symptoms severity definitions 

lacked applicability with non-ambulatory patients. Broader heart failure severity 

definitions better reflected documented heart failure symptoms applicable to a largely 

non-ambulatory population. In this study, the finding that heart failure symptoms severity 



correlated poorly with ejection fraction was consistent with literature findings (Lam, 

Donal, Kraigher-Krainer, & Vasan, 2010). 
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Comorbidity assessment-limited to documented ICD-9 codes consistent with the 

Charlson comorbidity index-frequently excluded some comorbidities noted in the 

medical record. Revised comorbidity measurements accounted for any documented 

comorbidity. These study findings were consistent with literature findings that 

comorbidities were underestimated in VHA medical records (Schneeweiss & Maclure, 

2000). 

Study Strengths and Limitations 

Study strengths included entry of data directly from the subject's medical record, 

allowing for data analysis and observation of service processes and health status 

documentation patterns. A study strength supported by the literature used median income, 

limited to veterans and census tract (Geronimus & Bound, 1998; Krieger, 1992). 

Study strengths included scale adaptation. The investigator-adapted NYHA scale 

utilized heart failure symptoms severity assessments of non-ambulatory patients and 

predicted health service utilization due to severe heart failure using the adapted scale. 

Investigator-adapted Charlson comorbidity index scale revealed highly significant 

associations between comorbidities and Black race as compared to White race which 

indicates inequitable health outcomes between Blacks and Whites. This adapted Charlson 

comorbidity index revealed comorbidity underestimation based on ICD-9 coding in VHA 

medical records. Study findings confirmed current VHA findings regarding Georgia 

veterans in terms of age, marital status, rurality, and income levels. 
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Study limitations included small sample size, skewed distributions, and missing 

data, which hampered analysis. Also, data collection was limited to one hospital in the 

VHA. With a larger sample size and less missing data, significant results may have been 

discovered. The study was seriously underpowered with a sample of 149 participants to 

analyze all study variables accurately. In particular, relatively few Black participants in 

the sample greatly hampered the ability to test interactions between race and pertinent 

variables based on the literature. Nevertheless, the study has now been structured and can 

serve as foundation to a national study of heart failure in veterans. 

Medical record data use presented both a study strength and limitation. Study 

results confirmed that ICD-9 coding documentation showed poor correlation with 

physician documentation of chronic medical conditions. However, medical record data 

use also creates common secondary data limitations. 

In this study self-reported income data and limited documentation of heart failure 

severity and comorbidities hampered robust analytical examination. Medication 

adherence, and its effect on heart failure severity or comorbidity severity, was not 

measured. Patient and family-related factors (participation in care, adherence to 

prescribed diet or medication regime, and knowledge of heart failure) were not included. 

Patient admission to or use of other hospitals was not considered. 

Implications 

Primary implications for this study included confirmation that health disparate 

outcomes exist for Blacks with chronic health conditions in the VHA. Blacks developed 

heart failure at a younger age than Whites and have a higher prevalence of comorbidities. 

This finding suggests that more preventative health measures should be implemented to 
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control hypertension, myocardial infarction, ischemic heart disease, chronic pulmonary 

disease and assess Blacks for heart failure at a much younger age possibly while still on 

active military duty and during entry into the VHA system. Hypertension prevalence for 

Blacks in general, and the devastating effects on younger individuals, presents future 

implications to military and VHA prevention efforts. 

Blacks living in rural areas are at risk for worse health outcomes due to lower 

income levels compared to Blacks or Whites living in urban areas. The CCHT program 

might replace the need for costly health service utilization particularly for at-risk Blacks 

and patients in lower income levels. Marital status may reduce health service utilization 

for patients with heart failure based on study results and literature findings (Chin & 

Goldman, 1997). But a complete answer is yet to be determined. Variation among CCHT 

programs within the VHA needs to be examined to see if race or income related 

outcomes vary between facilities. 

Implications for future research based on study findings include scale 

development that reliably and quickly measure heart failure symptoms severity in a non

ambulatory population over time, which do not currently exist. Reliable scales (Kansas 

City Cardiomyopathy Questionnaire, Minnesota Living with Heart Failure Questionnaire, 

Chronic Heart Failure Questionnaire) exist but are lengthy and cumbersome for daily use 

by busy clinicians. For ambulatory patients, recording the NYHA class should occur at 

each outpatient encounter and readmission to quantifY the heart failure imposed degree of 

functional limitations as recommended by the American College of Cardiology practice 

guidelines (American College of Cardiology, n.d.). Similarly, comorbid scale measures 

could also be adapted, and innovative information technology could be a partial solution. 
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Automated information technology (IT) related to medical record data in the 

VHA could be adapted to continuously scan medical records and capture documented 

diagnosis throughout the medical record. Such technologies could identify diagnosis, 

particularly related to chronic medical conditions, from key words and prompt healthcare 

providers to confirm or deny accuracy of these IT-identified diagnoses. Today's IT 

systems could build a chronologically complete and accurate clinical conditions list 

distinguishing between current clinical conditions, previous, but ongoing clinical 

conditions, and prior clinical conditions that no longer impact a patient's health. 

Evidenced-based medical condition measurement could underpin IT development and the 

capture of medical diagnosis from electronic medical records. The VHA standardized 

electronic medical record is recognized as being foremost in the field of national health 

systems and could be enhanced with such IT modifications. Automated IT designs could 

facilitate staff collaboration and efficiencies, improved health care processes, implement 

evidenced-based medical guidelines, and identify at-risk populations. The VHA might 

consider offering training programs by experts for novice (student) investigators to access 

VHA national data sets. 

Involvement of relevant healthcare clinicians and communication between 

members of the health care team and CCHT staff was not clearly evident in the medical 

record. Greater dietician involvement, similar to the current practice in the CCHT obesity 

program (MOVE), may be of great help as diet noncompliance often contributes to heart 

failure decompensation (Singh, eta!., 2005). Dietician expertise might be helpful with 

severe comorbid renal failure, diabetes, deconditioning, and gastrointestinal issues. 

Frequently, primary care clinicians documented communication to long-term outpatient 



care providers, but documentation of communication to CCHT staff was infrequently 

noted. Clinician notes often noted home healthcare involvement, as applicable, but 

infrequently documented CCHT referral requests or CCHT program enrollment. 

Clinician review of CCHT documentation was inconsistently noted. 
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As the CCHT program continues to develop, the VHA might consider 

standardizing program implementation across facilities. Some CCHT programs at other 

VHA facilities in the southeast region telemonitor assigned patients without separation by 

clinical condition. CCHT staff could effectively telemonitor all health problems patients 

experience with advanced healthcare practitioner support to account for the Joss of 

specialized knowledge. Such changes in caseload assignment might provide timely 

assessment and earlier intervention with comorbid conditions. If staff members remain 

specialized as they currently are, close collaboration among various CCHT program staff 

members could occur when a patient enrolls, or needs to enroll, in multiple CCHT 

programs. Team collaboration among various CCHT teams was not clear particularly in 

recent years. Case management notes from past years were more frequently found in the 

medical record compared to recent years. 

Telemonitoring staff might consider fully implementing case management 

principles. Possibly such activities currently exist, but documentation does not clearly 

reflect integrated and collaborative activities between CCHT, home healthcare, primary 

care providers, and outpatient clinics. Increased collaboration might increase staff 

efficiency, reduce duplicative efforts, and limit miscommunication. CCHT staff 

frequently mentioned upcoming clinic visits, but follow-up interventions after clinic 

visits were infrequently recorded. Clinicians in the heart failure clinic often documented 
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education provided to CCHT heart failure patients. However at times, CCHT notes lack 

descriptions of how clinic-provided education was reinforced. Cardiology or internal 

medicine follows many of the CCHT patients with heart failure, but not all. Because 

CCHT staff members monitor their patients from dayio day, ihey are ideally placed to 

coordinate care among all providers and integrate recommended clinical regimes. 

Routine CCHT documentation could be strengthened by clearly describing initial 

enrollment and ongoing monitoring. Frequency and type of patient-submitted data was 

not clear in some instances. Submitted physiologic data, at times, contained some but not 

all parameters that were submitted on other dates. Blood pressures, pulse, and patient 

weights, were more frequently documented than oxygen saturation levels or glucose 

values. Frequency of abnormal physiologic data versus normal parameters was 

infrequently documented. 

In summary, VHA innovations including the CCHT program and a standardized 

electronic medical record are foremost in the field of national health systems. As IT 

programs evolve, automated designs could facilitate improved care provider 

collaboration, increased staff efficiency, implement evidenced-based medical condition 

measurement, and prompt clinicians to implement preventative health measures for 

identified at-risk populations. Future research using larger populations may clarify how 

race and income affect health service utilization for Blacks at risk for inequitable health 

outcomes in the VHA. 
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Conclusions 

The study analyzed how race and income were associated with health service 

utilization (readmissions, bed days of care, ER visits) for veterans receiving CCHT 

services for heart failure after controlling for predisposing, enabling, and illness severity 

factors. 

Novel findings of this study include the following: 

Health disparate outcomes exist for Blacks with chronic health conditions in the 

VHA despite equitable access and financial barrier minimization. Blacks developed heart 

failure at a younger age than Whites and have a higher prevalence of comorbidities. 

Ischemic heart disease and chronic kidney disease rates were double and triple national 

VHA rates, respectively, among Whites and Blacks. Race did not predict readmissions, 

bed days of care, or ER visits. 

Income was evenly distributed across income quartiles for Blacks and Whites in 

the study. Urban veterans earn substantially more than rural residents. Rural residents 

were in the lowest income quartiles. Income partly predicted health service utilization but 

not when analyzed by quartiles. Race and income interactions were not significantly 

related to health service utilization outcomes. 

Heart failure and comorbidity severity were inconsistently documented. The 

NYHA classification has limited applicability for non-ambulatory patients. The Charlson 

co-morbidity index underestimates comorbidity measurement in VHA medical records. 

Predisposing, enabling, and illness level factors predicted health service 

utilization to a limited degree. Of predisposing factors, age initially predicted ER visits 

but was no longer significant after controlling for other covariates. Race did not predict 
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health service utilization. Marital status predicted readmissions, bed days of care, and ER 

visits. Of enabling factors, income predicted bed days of care but not readmissions or ER 

visits. Of illness level factors, heart failure symptoms severity predicted readmissions, 

bed days of care, and ER visits. Charlson comorbidity index initially predicted ER visits, 

but lost significance after controlling for other covariates. Overall, patients in this study 

required few readmissions, bed days of care, or ER visits. 

Nurses may use the findings of this study to address the healthcare needs of 

Blacks at risk for health disparities. A greater awareness of documentation 

inconsistencies may improve measures to address deficiencies incll]ding increased use of 

automated information technologies. Increased collaboration and improved 

communication among VHA care providers might occur. Heart failure care process 

improvements may lead to fewer readmissions and possibly lighten the illness burden for 

patients with heart failure and their families. Future research may clarify study results 

that race and income have a limited to no association with health service utilization. 
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Ap1 endix D Studies Using Applicable Variables of the Andersen Individual Deternunants of Health Servrce Utilization 
Study Description Staffing Facility Outcomes Results 

Cherry Descriptive pilot CCHT Site 1 Lake City VHA Site 1 Lake City EVIDENCE: good (class II-2). Large demonstration 
et al., study (N=345) pre/post LS 2:98 VISN8 • Readmission -68% multi-site pilot, lasting 1 year; p values not reported. 
2003 comparison of outcomes NLS 1:98 CCHT • BDOC-71% 

program • ER visits -70% 
Site 2 Ft Myers Site 2 Ft Myers 
LS 3:183 • Readmission -46% 
NLS 1:183 • BDOC-29% 

• ER visits -19% 
Site 3 Miami Site3 Miami 
LS 2:64 • Readmission -13% 
NLS 1:64 BDOC+13% • 

• ER visits -15% 
Kobb Quasi-experimental case 2APN 8VHA Readmission: -60% Pilot study. Purpose not clearly stated; statistical 
et al., control pilot study to lMSW, VISN8 BDOC: -68% measures not reported other than percentages; no CI, p 
2003 compare case program CCHT ER Visits: -66% values not reported. Measures other than ANCOV A not 

management and CCHT support program mentioned 
group (n=281) with usual assistant EVIDENCE: good (class 11-2). Large sample, 1 year 
care (n= 1120) 281 patients follow-up. Not controlled. Inadequate description of 

methodology and statistical measures 
Meyer Quasi-experimental, 8LS 1110 VHA Readmission: -63% EVIDENCE: fair (class III). Large demonstration 
eta!., Descriptive study to patients VISN8 BDOC: -60% pilot, lasting 1 year; non-randomized; baseline groups 
2002, evaluate effect of CCHT LS makes CCHT ER visits: -40% characteristics not described; selection bias not 
2003 program in VISN for home visits program discussed; outcomes specific to HF not identified. 

multiple chronic and installs Results not reported with appropriate p values or 
conditions, HF TMequipment confidence intervals. 

Neugaar Quasi-experimental study lAPN 2VHA Readmission: NS Black sample population 5-11%. Does not stratify 
d, 2005, (N=984) that compares 162 patients VISN 8 BDOC --- outcomes based on income. Does not assess for care 
2007 outcomes of CCHT CCHT ER visits---- giver status, presence of home health care services, or 

patients (n=l62) vs CM program severity ofHF except for ejection fraction. 
(n=l41) onlyvs UC EVIDENCE: fair (class II-2). 
(primary care only, 
n=681) 
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Study Description Staffing Facility Outcomes Results 

Schofiel Descriptive study {N=73) 1:73 VHA Mean BDOC baseline EVIDENCE: fair (class ill). Small sample size, short 
d et al., pre/post CCHT VISN8 of8.63 ± 9.6 per patient duration (6 months). Readmission rates not reported; 
2005 enrollment CCHT to 1.65 ± 5.4 per person income and race/ethnicity of sample not reported. 

program {p<.OOI) Staffing patterns not reported. No control or comparison 
~rouo 

Dang Descriptive {N~59). 2FTEto 19 VHA Readmission 20 vs 8, HF severity and comorbidities not described; Race 
et al, demonstration project (6 IRN Miami,FL p<.OS measured but nQt used for analysis of outcomes, Income 
2006 months) to evaluate TM IMSW CCHT BDOC 179 vs 53,p<.05 not measnred. 

program using the Health I secretary program ER visits 30 vs I 0, EVIDENCE: fair (class ill). Demonstration project. 
Buddy® TM device HF patients ~ p<.OS Small sample size, short follow-up; Lacked control 

19 Total ER visits, group; cannot control for regression toward the mean or 
Readmission decreased other bias. CC: home visit install TM, educate regarding 
by more than 50% use, daily monitoring, APN: lead CM for pt care with 

referral to MD. Other: I APN I MD 
Benatar RCT (N~216) to compare 1:108 VHA Readmission 13 vs 24 Outcomes not stratified by race or income. 
et al., outcomes ofTM vs home Chicago uc EVIDENCE: good (class I) large sample, I year 
2003 visits after hospital Non- BDOC 49.5 vs 105 UC, follow-up, quality study. Groups significantly differed 

discharge. monitored for 3 CCHT p<.OO! at baseline co-morbidity (DM and medication taken). 
months; follow-up for 12 program Sample of race Blacks and Whtes not representative of 
months _general population 

!Bondmass Descriptive study (N~60) to ~: pt ratio I :60 ~HA pre/post p<.OO I Outcomes not stratified by race/income. 
et al., ~etermine the feasibility fchicago HF readmission -70% EVIDENCE: good (class I. Pilot study; Small study, 
1999 Fffectiveness ofTM on HF ~on-CCHT BDOC decrease -73% short timeframe (3 months). biotechicians: made home 

(HF readmission, BDOC, ER visits -76% visit to install monitor, instruct pt/family on use. 
~ealth provider time, costs) telemetry technicians monitored alarms, called pt, and 

referred issues to APN. APN (education, CM, responding 
to alarms). Provider time (min/pt/day): APN: 3.5 min, 
Techs: 4.5, MD: 0.6. Authors theorize: I RN:300 multi-
morbid, chronically ill patients and could work from 
home 
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Study Description Staffing Facility Outcomes Results 

Co disco Cohort study. Quasi- IRN:30TM AMCNY Readmission <I: 43% RN CM duties not described; Usual care not described; 
et al., experimental, non- I Techician: HF clinic VS 71% UC,p<.05 groups self-selected, data collection not blinded; small 
1999 randomized, prospective 30 Readmission 2: 2, deaths sample sizes; Sample not fully described (NYHA class, 

study (n~SI) ofTM vs [NS] comorbidities, etc.) Race, income not measured. 
clinic visits. Sample {TM BDOC--- EVIDENCE: fair (class 11-2). Non-randomized, non-
n~30). Follow-up: ER visits 3% vs 22% equivalent comparison group, small sample size. 
slightly over I year uc Technician instructed installation via phone call after 

monitor mailed to pt home Titration of meds successful 
usingTM 

Cleland RCT (N~26) compare IRN: 106TM 16 Readmission NS Baseline differences gender, age, living status, cause of 
eta!., effect ofTM (n~!06) vs I Tech: 106 hospitals BDOC -18% at 450 days HF, HF severity, comorbidities measured to verif'y 

2005, telephone (n~!IO) vs UC Technician: major ER visits NSR homogenous randomization. Outcomes not stratified by 
2006 (n~55) (followed by initial home metro areas such variables due to power limitations. Study 

primary care provider). visit to install UK underpowered to conduct robust subgroup analysis. 
Hypothesis: Primary equipment, Germany Exploratory analyses did not identif'y any specific 
effect ofTM, compared instruct on use Netherland subgroup that obtained significantly greater benefit 
with phone care, would be MD,RN s from TM compared with phone for the primary end 
to reduce BDOC point. 

EVIDENCE: good (class I) Large multi-center RCT, 
followed for 24 months. Majority of home visits made 
by MD not RN except for the phone group 

Note. CCHT~Care Coordination Home Telehealth; LS~licensed staff; NLS~non-licensed staff; V AM~Veterans Affairs Medical Center; VISN~Veterans 
Integrated Service Network; BDOC~bed days of care; ER~emergency room; APN~Advanced Practice Nurse; MSW~Masters-prepared Social Worker; 
ANCOV A~analysis of covariance; HF~heart failure; TM~telemonitoring; CM~case management; UC~sual care; NS~not significant; FTE~full time 
equivalent; RTC~randomized controlled trial;jl_ryatient; AMC~academic medical center; NY~New York City; NYHA~New York Heart Association. 
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APPENDIXE 

lrncome" and HF and Comorbidity Severity 

Comorbidities• n(%) x"(p) 

Myocardial infarction' 69 (46%) .54 (.91) 

Ischemic heart disease' 108 (73%) .13 (.99) 

Cerebrovascular disease' 41 (28%) 6.90 (.08) 

Chronic pulmonary disease' 63 (42%) 3.20 (.36) 

Peripheral vascular disease• 38 (26%) 1.10 (.79) 

Diabetesh 44 (30%) .36 (.95) 

Chronic kidney disease' 52 (35%) 1.90 (.59) 

Note: N= 149.Chi-square calculated using p<.05, df= 3, all explanatory variables tested 

separately in this model. Baseline measures were taken at the CCHT enrollment date. HF: 

heart failure. NYHA: New York Heart Association. 'Median income was derived from the 

20 I 0 Census data limited to veterans and census tract. •comorbidities assessed using the 

International Statistical Classification of Diseases, Ninth Revision, Clinical Modification 

(ICD-9-CM) codes as follows: '402.XX, 410.XX, 412; '410-414; '362.3, 362.34,430-436, 

437.1, 437.9, 438, 781.4, 784.3, 997.0; '415.0, 496; "440-443.X, 447.1, 785.4; •25o.so, 

250.51, 250.60, 250.61 (involves end organ damage); '581.9, 582.81, 582.9, 583.81, 585, 586 

(end stage). 
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APPENDIXF 

Race and Income Association with Readmissions Less than 30-days or 90-Days, Less 
than 1-Year, and Total Readmissions during CCHT Program Enrollment 

General Linear Regression: Race and Income Association with Readmissions Less than 30 Days 

Parameter Hypothesis Test 
95% Wald 
CIExpW) 

~ SE Wald ;( p Exp(~) LL UL 
(Intercept) 0.53 0.23 5.16 .023 1.69 1.07 2.66 
Black race -0.29 0.35 0.68 .411 0.75 0.38 1.49 
White race 0' 1.00 
Income -0.08 0.08 1.00 .316 0.93 0.80 1.07 
Black race * income 0.13 0.11 1.27 .260 1.13 0.91 1.41 
White race* income 0' 1.00 
(Scale) .736b 

Note. Dependent variable readmission less than 30 days. Income per $1000 in quartiles from the 2010 
Census data (median). Model: (Intercept), Race, Income (quartile), Race*Income (quartile). 
•set to zero because this parameter is redundant. 
bComputed based on the deviance. 

General Linear Regression of Race and Income Association with Readmissions Less than 90 
Days 

Parameter Hypothesis Test 
95% Wald 
CIExp(~) 

~ SE Wald ;( p Exp(~) LL UL 
(Intercept) 0.59 0.33 3.20 .074 1.80 0.94 3.44 
Black race -0.30 0.50 0.37 .544 0.74 0.28 1.96 
White race 0' 1.00 
Income -0.03 0.11 0.10 .755 0.97 0.78 1.19 
Black race * income 0.15 0.16 0.88 .348 1.16 0.85 1.58 
White race* income 0' 1.00 
(Scale) 1.490b 

Note. Dependent variable readmissions less than 90 days. Income per $1000 in quartiles from the 2010 
Census data (median). Model: (Intercept), Race, Income (quartile), Race*Income (quartile)."Set to zero 
because this parameter is redundant. bComputed based on the deviance. 
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General Linear Regression of Race and Income Association with Readmissions Less than I 
Year 

Parameter Hypothesis Test 
95% Wald 
CI Exp(~) 

~ SE Waldj p Exp(~) LL UL 
(Intercept) 0.69 0.40 2.92 .088 1.99 0.90 4.36 
Black race -0.04 0.61 O.Ql .943 0.96 0.29 3.15 
White race 0' 1.00 
Income 0.00 0.13 0.00 .973 1.00 0.78 1.30 
Black race * income 0.06 0.19 0.11 .745 1.07 0.73 1.56 
White race* income 0' 1.00 
(Scale) 2.212b 

Note. Dependent variable readmissions less than I year. Income per $1000 in quartiles from the 2010 

Census data (median). Model: (Intercept}, Race, Income (quartile}, Race*Income (quartile). 

•set to zero because this parameter is redundant. 
bComputed based on the deviance. 

General Linear Regression of Race and Income Association with Total Readmissions 

Parameter Hypothesis Test 
95% Wald 
CI Exp(~) 

~ SE Waldj p Exp(~) LL UL 
(Intercept) 0.79 0.46 2.98 .084 2.21 0.90 5.46 
Black race -0.50 0.70 0.51 .474 0.61 0.16 2.38 
White race 0' 1.00 
Income 0.02 0.15 0.02 .898 1.02 0.76 1.37 
Black race * income 0.21 0.22 0.92 .337 1.24 0.80 1.91 
White race* income 0' 1.00 
(Scale) 2.902b 

Note. Dependent variable readmissions totals during CCHT program enrollment. Income per $1000 in 

quartiles from the 2010 Census data (median). Model: (Intercept), Race, Income (quartile}, 

Race*Income (quartile}. 

•set to zero because this parameter is redundant. 
bComputed based on the deviance. 
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APPENDIXG 

Race and Income Association withER visits Less than 30-days or 90-Days, Less than 1-
y ear, and Total ER Visits during CCHT Program Enrollment 

General Linear Regression of Race and Income Association withER Visits Less than 30 days 

Parameter Hypothesis Test 
95% WaldCI 

Exp(~) 

~ SE Waldi p Exp(~) LL UL 
(Intercept) 0.62 0.26 5.50 .019 1.86 1.11 3.12 
Black race 0.19 0.40 0.22 .642 1.20 0.55 2.64 

White race 0' 1.00 
Income -0.10 0.09 1.38 .240 0.90 0.76 1.07 
Black race * income 0.02 0.13 0.02 .896 1.02 0.79 1.31 
White race * income 0' 1.00 
(Scale) .959b 

Note. Dependent variable ER visits less than 30 days. Income per $1000 in quartiles from the 20 I 0 

Census data (median). Model: (Intercept), Race, Income (quartile), Race* Income (quartile). 

'Set to zero because this parameter is redundant. 
bComputed based on the deviance. 

General Linear Regression of Race and Income Association withER Visits Less than 90 Days 

95% WaldCI 
Hypothesis Test Exp(~) 

Parameter ~ SE Waldi p Exp(~) LL UL 
(Intercept) 0.62 0.38 2.62 .106 1.86 0.88 3.93 
Black race 0.51 0.58 0.77 .380 1.66 0.53 5.17 

White race 0' 1.00 
Income -0.01 0.12 O.Ql .913 0.99 0.77 1.26 
Black race * income -0.04 0.18 0.04 .840 0.96 0.67 1.38 
White race* income 0' 1.00 
(Scale) 2.009b 
Note. Dependent variable ER visits less than 90 days. Income per $1000 in quartiles from the 2010 
Census data (median). Model: (Intercept), Race, Income (quartile), Race*Income (quartile). 'Set to zero 
because this parameter is redundant. b Computed based on the deviance. 
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General Linear Regression of Race and Income Association with ER Visits Less than 1 Year 

Hypothesis Test 
95% Wa1dCI 

Exp(p) 
Parameter p SE Waldi p Exp(p) LL UL 

(Intercept) 1.03 0.50 4.19 .041 2.80 1.04 7.52 
Black race 0.48 0.76 0.40 .528 1.62 0.36 7.19 
White race 0' 1.00 
Income -0.02 0.16 0.02 .893 0.98 0.71 1.35 
Black race * income -0.04 0.24 0.03 .863 0.96 0.60 1.54 
White race* income 0' 1.00 
(Scale) 3.476b 

Note. Dependent variable ER visits less than I year. Income per $1000 in quartiles from the 2010 Census 

data (median). Model: (Intercept), Race, Income (quartile), Race*Income (quartile). 

•set to zero because this parameter is redundant. 
bComputed based on the deviance. 

General Linear Regression of Race and Income Association withER Visits 

Hypothesis Test 
95% WaldCI 

Exp( p) 
Parameter p SE Waldi p Exp( Pl LL UL 

(Intercept) 0.89 0.46 3.68 .055 2.43 0.98 6.00 
Black race 0.45 0.70 0.41 .523 !.56 0.40 6.14 
White race 0' 1.00 
Income 0.07 0.15 0.22 .640 1.07 0.80 1.44 
Black race * income -0.10 0.22 0.19 .661 0.91 0.59 1.40 
White race* income 0' 1.00 
(Scale) 2.924b 

Note. Dependent variable total ER visits during CCHT program enrollment. Income per $1000 in 

quartiles from the 2010 Census data (median). Model: (Intercept), Race, Income (quartile), Race*Income 

(quartile). 

aSet to zero because this parameter is redundant. 

bComputed based on the deviance. 
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APPENDIXH 

Poisson Regression Race and Income by Quartiles Association with Total BDOC 

Hypothesis 95% Wald 
Test CIExp(p) 

Parameter p SE Wald/ p Exp(p) LL UL 
(Intercept) 

1.80 0.33 30.38 .000 6.05 3.19 
11.4 

7 
Black race -0.24 0.53 0.21 .645 0.79 0.28 2.20 
White race 0' 1.00 
Black race*Income 100% quartile -0.04 0.59 0.00 .945 0.96 0.30 3.05 
Black race*Income 75% quartile 0.05 0.73 0.00 .944 1.05 0.25 4.44 
Black race*Income 50% quartile 0.15 0.62 0.06 .802 1.17 0.35 3.92 
Black race*Income 25% quartile 0' 1.00 
White race*Income 100% quartile 0.32 0.43 0.54 .462 1.37 0.59 3.18 
White race*Income 75% quartile -0.94 0.60 2.49 .115 0.39 0.12 1.26 
White race*Income 50% quartile -0.27 0.48 0.30 .582 0.77 0.30 1.97 
White race*Income 25% quartile 0' 1.00 
Income 100% quartile 0' 1.00 
Income 75% quartile o• 1.00 
Income 50% quartile o• 1.00 
Income 25% quartile o• 1.00 
(Scale) 12.906 

b 

Note. Dependent variable total BDOC visits during CCHT program enrollment. Income per $1000 in 
quartiles from the 2010 Census data (median). Model: (Intercept), Race, Income (quartile), Race*Income 
(quartile). 
'Set to zero because this parameter is redundant. 

bComputed based on the deviance. 
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APPENDIX I 

Binomial logistic regression was used to analyze covariate associations on readmissions 
less than 30-days, 90-days, and 1-year ever and ER visits less than 30-days, 90-days, and 
1-year ever. 

Binomial Logistic Regression Race and Income by Quartiles Association with Readmissions 
Less than 30 Days Ever 

Hypothesis 95% Wald 
Test CIExp(p) 

Parameter p SE Wald/ p Exp(p) LL UL 
(Intercept) -1.39 0.56 6.15 .013 0.25 0.08 0.75 

Black race -0.08 0.85 O.Ql .925 0.92 0.17 4.89 

White race 0' 1.00 

Black race*Income I 00% quartile -0.35 0.84 0.17 .678 0.71 0.14 3.66 

Black race*Income 75% quartile -1.66 1.17 2.02 .155 0.19 0.02 1.87 

Black race*Income 50% quartile 0.41 0.74 0.30 .582 1.50 0.35 6.35 

Black race*Income 25% quartile 0' 1.00 

White race*Income I 00% quartile 0.72 1.20 0.35 .552 2.05 0.19 21.64 

White race*Income 75% quartile 1.33 1.71 0.60 .437 3.79 0.13 
109.0 

4 
White race*Income 50% quartile 0.88 1.15 0.59 .444 2.41 0.25 22.86 

White race*Income 25% quartile 0' 1.00 

Income 100% quartile O' 1.00 

Income 75% quartile 0' 1.00 

Income 50% quartile 0' 1.00 

Income 25% quartile 0' 1.00 
(Scale) 1b 

Note. Dependent variable readmissions less than 30 days ever during CCHT program enrollment.. 
Income per $1000 in quartiles from the 2010 Census data (median). Model: (Intercept), Race, Income 
(quartile), Race*lncome (quartile). 
'Set to zero because this parameter is redundant. 

bComputed based on the deviance. 
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Binomial Logistic Regression Race and Income Association with Readmission Less than 90 
Days Ever 

Hypothesis 95% Wald 
Test CIExp(p) 

Parameter p SE Wald/ p Exp(p) LL UL 
(Intercept) 1.10 0.52 4.53 .033 3.00 1.09 8.25 

Black race 0.00 0.77 0.00 
1.00 

1.00 0.22 4.56 
0 

White race 0' 1.00 

Black race*Income I 00% quartile 0.29 0.76 0.14 .705 1.33 0.30 5.93 

Black race*Income 75% quartile 0.41 0.76 0.29 .592 1.50 0.34 6.61 

Black race*Income 50% quartile -0.12 0.70 O.o3 .867 0.89 0.22 3.53 

Black race*Income 25% quartile O' 1.00 

White race*Income I 00% quartile -0.88 1.09 0.65 .420 0.42 0.05 3.50 

White race*Income 75% quartile 0.29 1.44 0.04 .842 1.33 0.08 22.40 

White race*Income 50% quartile -0.80 1.09 0.53 .465 0.45 0.05 3.84 

White race*Income 25% quartile O' 1.00 

Income I 00% quartile 0' 1.00 

Income 7 5% quartile O' 1.00 

Income 50% quartile 0' 1.00 

Income 25% quartile O' 1.00 
(Scale) lb 
Note. Dependent variable readmissions less than 90 days ever during CCHT program enrollment. 
Income per $1000 in quartiles from the 2010 Census data (median). Model: (Intercept), Race, Income 
(quartile), Race*Income (quartile). 
'Set to zero because this parameter is redundant. 

bComputed based on the deviance. 
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Binomial Logistic Regression Race and Income Association with Readmission Less than I Year 
Ever 

Hypothesis 95% Wald 
Test CI Exp(~) 

Parameter ~ SE Waldi p Exp(~) LL UL 
(Intercept) -1.10 0.52 4.53 .033 0.33 0.12 0.92 

Black race 0.85 0.72 1.38 .240 2.33 0.57 9.60 

White race o• 1.00 

Black race*Income I 00% quartile 0.90 0.68 1.72 .190 2.45 0.64 9.39 

Black race*Income 75% quartile 0.73 0.67 1.17 .278 2.08 0.55 7.79 

Black race*Income 50% quartile 0.54 0.68 0.63 .428 1.71 0.45 6.51 

Black race*Income 25% quartile 0' 1.00 

White race*Income 100% quartile -0.90 0.99 0.83 .364 0.41 0.06 2.83 

White race*Income 75% quartile -1.40 1.19 1.38 .240 0.25 0.02 2.54 

White race*Income 50% quartile -0.11 1.04 0.01 .919 0.90 0.12 6.92 

White race*Income 25% quartile 0' ' 1.00 

Income 100% quartile o• 1.00 

Income 75% quartile 0' 1.00 

Income 50% quartile . o• 1.00 

Income 25% quartile 0' 1.00 
(Scale) lb 

Note. Dependent variable readmissions less tban I year ever during CCHT program enrollment. Income 
per $1000 in quartiles from the 2010 Census data (median). Model: (Intercept), Race, Income (quartile), 
Race*Income (quartile). 
'Set to zero because this parameter is redundaut. 

bComputed based on the deviance. 
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APPENDIXJ 

Predisposing, enabling, and illness level covariates regressed as a full model on 
readmissions, BDOC, and ER visits ever during CCHT program enrollment. Significant 
values indicated by bold font. 

Binomial Regression: Full Model Covariates on Readmission Ever 
Hypothesis 95% WaldCI 

Test Exp(B) 

Parameter ~ SE Wald/ p Exp(~ LL UL 
(Intercept) 4.66 1.71 7.38 .007 105.20 3.65 3028.11 

Age 61-91 years -0.44 0.64 0.47 .493 0.64 0.18 2.26 

Age 30-60 years 0' 1.00 

Black race 0.79 1.15 0.48 .490 2.21 0.23 20.93 

White race o• 1.00 

Married -0.93 0.51 3.37 .067 0.40 0.15 1.07 

Unmarried 0' 1.00 

Income 0.19 0.27 0.52 .472 1.21 0.72 2.04 

Urban 0.36 0.54 0.44 .510 1.43 0.50 4.11 

Rural 0' 1.00 

NYHAID-IV -1.65 0.66 6.29 .012 0.19 0.05 0.70 
NYHAI-II 0' 1.00 

Charlson index= 5-10 -2.31 1.33 3.01 .083 0.10 0.01 1.35 

Charlson index = 3-4 -2.48 1.35 3.40 .065 0.08 0.01 1.17 

Charlson index= 1-2 -1.49 1.33 1.26 .262 0.23 0.02 3.05 

Charlson index = 0 0' 1.00 

Time 24+ months -0.64 0.56 1.31 .253 0.53 0.18 1.58 

Time 12-23 months -0.12 0.54 0.05 .819 0.88 0.31 2.53 

Time <12 months 0' 1.00 

Black race*income -0.53 0.38 1.98 .159 0.59 0.28 1.23 

White race*income o• 1.00 
(Scale) 1.198b 

Note. NYHA: New York Heart Association. All covariates baseline taken at CCHT program 
enrolhnent date. Dependent variable: readmissions ever during CCHT program enrolhnent. 
Model: (Intercept), age, race, marital, income, rural-area commuting area codes, NYHA, Charlson 
index, Time, race*income 
a. Set to zero because this parameter is redundant. 
b. Computed based on the deviance. 
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Binomial Regression of Fnll Model Covariates on BDOC Ever 

Hypothesis 95% Wald CI 
Test Exp(B) 

Parameter p SE Wald/ p Exp(p) LL UL 
(Intercept) 4.45 1.71 6.74 .009 85.48 2.98 2455.83 

Age 61-91 years -0.46 0.64 0.52 .470 0.63 0.18 2.21 

Age 30-60 years 0' 1.00 

Black race 0.93 1.15 0.66 .417 2.54 0.27 24.26 

White race 0' 1.00 

Married -0.78 0.50 2.44 .118 0.46 0.17 1.22 

Unmarried 0' 1.00 

Income 0.22 0.27 0.67 .413 1.25 0.74 2.11 

Urban 0.30 0.54 0.30 .582 1.35 0.47 3.87 

Rural 0' 1.00 

NYHAIII-IV -1-71 0.66 6.73 .009 0.18 0.05 0.66 
NYHAI-II 0' 1.00 

Charlson index = 5-l 0 -2.32 1.34 3.02 .082 0.10 0.01 1.35 

Charlson index= 3-4 -2.39 1.35 3.14 .077 0.09 0.01 1.29 

Charlson index= 1-2 -1.47 1.34 1.20 .273 0.23 0.02 3.17 

Charlson index = 0 0' 1.00 

Time 24+ months -0.56 0.56 1.02 .314 0.57 0.19 1.70 

Time 12-23 months -0.04 0.53 0.01 .944 0.96 0.34 2.74 

Time <12 months 0' 1.00 

Black race*income -0.56 0.38 2.18 .140 0.57 0.27 1.20 

White race*income 0' 1.00 
(Scale) 1.212b 

Note. NYHA: New York Heart Association. All covariates baseline taken at CCHT program 
enrollment date. Dependent variable: BDOC ever during CCHT program enrollment 
Model: (Intercept), age, race, marital, income, RURAL-AREA COMMUNTING AREA CODES, 
NYHA, Charlson index, Time, race*income 
a. Set to zero because this parameter is redundant. 
b. Computed based on the deviance. 
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Binomial Regression of Full Model Covariates on ER Visits Ever 

Hypothesis Test 
95% WaldCI 

Exp(~) 

Parameter p SE Waldi p Exp(p) LL UL 
(Intercept) 5.11 1.78 8.25 .004 165.97 5.08 5427.85 

Age 61-9-1 years -1.00 0.65 2.40 .121 0.37 0.10 1.30 

Age 30-60 years 0' 1.00 

Black race 0.44 1.12 0.16 .692 1.56 0.17 13.87 

White race 0' 1.00 

Married -0.57 0.48 1.44 .231 0.56 0.22 1.44 

Unmarried 0' 1.00 

Income 0.14 0.26 0.30 .586 1.15 0.70 1.90 

Urban -0.36 0.54 0.43 .513 0.70 0.24 2.03 

Rural 0' 1.00 

NYHAIII-IV -1.49 0.58 6.69 .010 0.22 O.o7 0.70 
NYHAI-11 0' 1.00 

Charlson index= 5-10 -2.64 1.39 3.60 .058 O.Q7 0.00 1.09 

Charlson index= 3-4 -2.18 1.40 2.44 .118 0.11 0.01 1.74 

Charlson index= 1-2 -1.94 1.39 1.94 .163 0.14 O.Ql 2.20 

Charlson index= 0 0' 1.00 

Time 24+ months -0.31 0.56 0.30 .585 0.74 0.24 2.22 

Time 12-23 months -0.42 0.53 0.65 .422 0.66 0.23 1.84 

Time <12 months 0' 1.00 

Black race*income -0.37 0.37 1.01 .316 0.69 0.34 1.42 

White race*income 0' 1.00 
(Scale) 1.292b 

Note. NYHA: New York Heart Association. All covariates baseline taken at CCHT program 
enrollment date. Dependent variable: ER visits ever during CCHT program enrollment. 
Model: (Intercept), age, race, marital, income, RURAL-AREA COMMUNTING AREA CODES, 
NYHA, Charlson index, Time, race* income 
a. Set to zero because tbis parameter is redundant. 
b. Computed based on the deviance. 




