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Abstract   
 

Title of Dissertation: Health-related Quality of Life and Mortality in Incident Heart  
    Failure from the Cardiovascular Health Study (CHS) 

 
Patricia Woltz, Doctor of Philosophy, 2014 
 
Dissertation Directed by: Erika Friedmann, PhD 
 

Heart failure (HF) is a debilitating clinical syndrome and the end stage of many 

heart diseases.  Despite recent advances in treatment, it is a growing problem with a 

steadily increasing number of deaths annually. Costs of care have been rising and are 

projected to continue to do so over the next 20 years. Studies report that health related 

quality of life (HRQL) in HF adds prognostic information beyond that of traditional 

demographic and clinical risk factors, however findings vary.  This research was 

conducted on data from The Cardiovascular Health Study (CHS), a large, population 

based cohort study of community dwelling older adults recruited in 2 annual waves 

(1989-1990; 1992-1993) and followed through 2009.  These data were aligned into a data 

set that began at participant intake and continued with a maximum 20 year follow up 

(median 13.56) to examine changes in HRQL in participants newly diagnosed with HF.  

Changes in self-reported health, life satisfaction, depressive symptoms, physical 

functioning, and perceived social support were evaluated from the annual study visit 

immediately before to immediately after new HF diagnosis (N=987).  In linear mixed 

models analysis, depressive symptoms (t(3150) = 3.13, p = .002), self-reported health 

(t(2968) = 4.85, p < .001), and self-reported physical functioning (t(3139) = 3.16, p = 

.002) deteriorated more in those diagnosed with HF than in an age/gender matched 

comparison group over a similar period.  In Cox proportional hazard regression, changes 

in self-reported physical functioning in the year of HF diagnosis and self-reported health 



 

 
 

prior to diagnosis independently contributed to mortality after adjusting for age, gender, 

and functional status (15-foot walk time). Mortality risk increased 9% for every one-point 

worsening in physical functioning from before to after diagnosis (HR 1.09, 95%CI 1.02, 

1.17) and 17% for every one-point worse self-reported health prior to diagnosis (HR 1.17, 

95%CI 1.04, 1.33).  Missing data introduced potential selection bias. Understanding the 

contributors to mortality in HF may help develop interventions and assist in the selection 

of patient centered treatment options. Assessment of HRQL in routine practice is 

recommended. Further research is needed to improve the sensitivity of HRQL measures 

to detect change. 
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Chapter 1: 
Introduction 

 
Background 

 
Heart failure (HF) is a complex clinical syndrome that results from any structural or 

functional impairment of ventricular filling or ejection of blood (Yancy et al., 2013).  The 

incidence of HF increases with age and is most prevalent in persons over 65 years. In the 

U.S., the lifetime risk of HF is 20% in persons > 40 years of age (Go et al., 2014). Over 

the past several decades, the incidence of HF in the U.S. population has remained 

relatively stable (Curtis et al., 2008; Go et al., 2014; Rogers et al., 2004), while 

prevalence is rising largely due to population aging. Survival for HF is improving over 

time (Bahrami et al., 2008; Huffman et al., 2013), with an absolute mortality rate of 

approximately 50% within 5 years of diagnosis. (Roger et al., 2004; Levy et al., 2002). In 

2012, total costs of HF care were estimated at over $30 billion (Curtis et al., 2008).  

There is no “gold standard” diagnostic test for HF because it is largely a clinical 

diagnosis based on history and physical examination.  Heart failure may be associated 

with a wide spectrum of left ventricular functional abnormalities, ranging from normal 

left ventricular size and preserved left ventricular ejection fraction (LVEF) to severe 

dilation and/or markedly reduced LVEF. Dyspnea, fatigue, and fluid retention, which 

may lead to edema, are the cardinal manifestations of HF (Yancy et al., 2013).  Heart 

failure also significantly decreases health-related quality of life (HRQL), especially in the 

areas of physical functioning and vitality (Heo et al., 2008; Lesman-Leegte et al, 2009). 

Strong evidence exists that beyond the influence of traditional biological and clinical 

factors, psychological and social factors also contribute to poor outcomes in HF. Better 

understanding about HRQL and its impact on survival and mortality in HF is needed.  
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Health related quality of life is a multidimensional latent construct (Fayers & Hand, 

1997) that is individually defined (U.S. Food and Drug Administration [FDA], 2009; 

Garrattt, Schmidt, Mackintosh & Ray, 2002) by psychological, physical, social, and well-

being domains (Guyatt, 1993; Hays, Bjorner, Revicki, Spritzer, & Cella, 2009; Schron & 

Shumaker 1990). With the ability to prolong life in HF using technological innovations 

that may worsen one’s quality of life (Eshelman, 2008; Kirkpatrick, 2010; Sears Jr & 

Conti, 2002) and with higher rates of morbidity and mortality in those with poor HRQL 

(Carson et al., 2009; Faller et al., 2007; Konstam et al., 1996; Rodriguez-Artalejo et al., 

2005; Soto, Jones, Weintraub, Krumholz & Sperus, 2004), HRQL is especially relevant 

to the outcomes of progressive disease conditions that accompany the growth of an aging 

population.   

Since the 1980’s, HRQL has been increasingly investigated as a prognostic 

indicator of later health outcomes. Self-assessed emotional distress, physical and social 

functioning, life satisfaction, general health, and various other HRQL dimensions predict 

survival in the general population (Berkman & Syme, 1979; Kaplan & Camacho, 1983; 

Koivumaa-Honkanen et al., 2000), in the hospitalized elderly (Inouye, 1998), and in a 

variety of disease conditions that include cancer  (Coates et al., 2000; Dancey et al., 

1997; Lis, Gupta, Granick & Grutch, 2006; Maisey et al., 2002), pulmonary disease 

(Celli, Cote, Lareau & Meek, 2008; Marin et al., 2011), renal disease (Chilcot, Wellsted 

& Farrington, 2011; Han et al., 2009), and psychiatric illness (Russo et al., 1997). 

Persons with HF may manifest poor HRQL (Bekelman et al., 2009; Westlake, Dracup, 

Fonarow & Hamilton, 2005; Zambroski, Moser, Bhat & Ziegler, 2005) that adversely 

affects all aspects of a patient’s life (Bosworth et al., 2004; Chin & Goldman, 
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1997). Studies report that persons with HF have poorer HRQL than those in the 

general population  (Heo, Moser, Lennie, Zambroski & Chung, 2007; Hobbs et al., 2002; 

Riedinger, Dracup & Brecht, 2002), healthy controls  (Ekman, Fagerberg & Lundman, 

2002), and persons with other chronic disease conditions such as hypertension, Parkinson 

disease, and cancer (Riedinger et al., 2002; Stewart et al., 1989).  

Relationships have been reported between certain patient-rated HRQL domains 

and mortality in patients with HF. An association has been extensively described between 

the emotional distress caused by depression and mortality in HF (Faris, Purcell, Heinen & 

Coats, 2002; Friedmann et al., 2006; Jiang et al., 2007; Kop et al., 2010; Rumsfeld et al., 

2005). Although not fully elucidated, shared pathophysiological processes in depression 

and HF help explain the prognostic influence of depression on mortality in patients with 

HF. Depression produces distress that activates neurohormonal and immune processes 

that alter sympathetic tone and regulation of inflammatory cytokines  (Grippo & Johnson, 

2009; Maes et al., 1998; Maes, Bosmans, Meltzer, Scharpé & Suy, 1993; Rauchhaus et 

al., 2000). These effects can increase intralumenal shearing forces, platelet aggregation, 

and vasoconstriction  (Lechin et al., 1995); lower ventricular fibrillation threshold  

(Carney, Freedland, Rich, Smith & Jaffe, 1993); and decrease heart rate variability  

(Carney et al., 2000; Tousoulis et al., 2009). However, Gottlieb et al. (2009) report that 

the severity of HF disease in person with depression is associated more with patient and 

clinician perceptions of disease severity than with objective assessments, including B-

type natriuretic peptide (BNP), LVEF, and peak oxygen consumption. Behaviorally, 

patients with HF and depression are less likely to comply with prescribed medical 

regimens, adopt healthier lifestyles, and seek medical attention when appropriate (Gary & 
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Lee, 2007; Granger et al., 2005; Luyster, Hughes & Gunstad, 2009; Kop, Synowski & 

Gottlieb, 2010; van der Wal & Jaarsma, 2008).  These complex relationships may explain 

the individually heterogeneous progression of HF. 

Compared to studies of depression, fewer studies have examined the influence of 

HRQL on mortality in HF. Some studies have reported that HRQL independently 

predicts mortality in HF. Konstam and colleagues (1996) analyzed data from the Studies 

of Left Ventricular Dysfunction (SOLVD) and found that baseline HRQL predicted 

mortality in 3,375 patients with LVEF less than 35%. Using a battery of HRQL 

measures, univariate predictors of mortality at an average of 36.5 months included 

depression, social functioning, activities of daily living, general health perception, life 

satisfaction, vigor, and global HRQL. After controlling for age, LVEF, treatment, and 

New York Heart Association (NYHA) classification, independent risk factors were 

activities of daily living, general health perception, and HF symptoms. However, large 

amounts of unexplained missing data and the potential use of highly correlated scales 

limit interpretation of these findings. In another prospective study of 394 emergently 

admitted HF patients > 65 years of age, baseline HRQL predicted 6-month mortality 

(Rodriguez-Artalejo et al., 2005). Using the Medical Outcomes Study 36-item Short 

Form (SF-36; Ware & Shelbourne, 1992) and the Minnesota Living With Heart Failure 

Questionnaire (MLHFQ; Rector, Kubo & Cohn, 1987), independent predictors of 

mortality were physical functioning, general health perception, and the instruments’ 

overall summary scores after adjusting for a variety of biomedical, psychosocial, and 

health care variables. However, baseline HRQL data were collected during an emergent 

hospitalization, which can substantially confound HRQL measurements (Moser et al., 
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2009).  In a cohort of 231 patients hospitalized with HF, the SF-36 mental component 

score and the Kansas City Cardiomyopathy Questionnaire (KCCQ) clinical summary 

score were independent predictors of mortality (Faller et al., 2007). Limitations of this 

study also were the collection of HRQL measures during hospitalization, as well as 

highly correlated NYHA classification and HRQL physical measures that may have 

confounded and unduly suppressed HRQL effects. Kosiborod and colleagues (2007) also 

used the KCCQ to measure serial HRQL in 1358 HF patients after acute myocardial 

infarction in the Eplerenone’s Neurohormonal Efficacy and Survival Study (EPHESUS). 

In multivariate analysis, two-month change in KCCQ overall score following 

hospitalization for myocardial infarction was independently associated with mortality 

after a median follow-up of 14 months (HR = 1.09, 95%CI 1.00 – 1.18 for each 5-point 

decrease in KCCQ change score). 

Still other studies have not found independent HRQL effects with mortality, but 

have described a significant bivariate relationship between the two. In a 3-year 

prospective study of 179 patients with left ventricular systolic dysfunction, baseline 

MLHRQ score predicted survival by Kaplan-Meier analysis, but only trended towards 

independence in Cox proportional hazard models of mortality (Iqbal, Francis, Reid, 

Murray & Denvir et al., 2010). Mejhert and colleagues (2006) followed 208 patients 

hospitalized with HF and found baseline HRQL assessed with the Nottingham Health 

Profile questionnaire (Hunt et al., 1980) univariately associated with mortality after 18 

months. However, only traditional variables of age, male gender, systolic function, BNP, 

and serum creatinine were associated with mortality in multivariate analysis. In a 

prospective cohort of 108 outpatients with advanced HF in the EPICAL (Epidémiologie 
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de l'Insuffisance Cardiaque Avancée en Lorraine) study, baseline HRQL measured with 

the Duke Health Profile (Parkerson, Broadhead & Tse, 1990) and the MLHRQ predicted 

survival at one year in unadjusted analysis (Alla et al., 2002). However, this effect 

disappeared after adjusting for heart rate, serum creatinine, serum sodium, age, serious 

comorbidities, and others factors. In 1050 African-American HF patients with NYHA 

class III or IV HF and severe systolic dysfunction in the randomized, controlled African-

American Heart Failure Trial (A-HeFT), HRQL was assessed with the MLHRQ.  After 

18 months, HRQL baseline and 3- and 6-month change scores predicted mortality in 

unadjusted analysis, but were only independent predictors of combined all-cause 

mortality or HF hospitalization endpoint (Carson et al., 2009). Two studies have 

described attenuation of subjective health and HRQL effects on mortality when 

depression was entered into the models (Faller et al., 2007; Murberg et al., 1999), 

suggesting that depression mediates the effects of other HRQL ratings on mortality. One 

study of NYHA Class IV outpatients showed a significant interaction between HRQL and 

age with mortality (O'Loughlin et al., 2010). As age increased, the association of HRQL 

with mortality decreased.  

Studies that differ about the contribution of HRQL on survival may be attributed to 

variations in generic and disease-specific HRQL measures, control variables, 

multicollinear measures, sample characteristics, sample size, study duration, and 

nonrandom selection.  Diverse study designs make comparison of findings difficult, but 

highlight that important questions remain. Fundamentally, any causal relationship 

between the latent construct of HRQL and prognosis in HF (as well as in any underlying 

disease condition) may remain enigmatic. Self-assessed HRQL is thought to measure a 
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different dimension of disease than clinical outcomes and and may reflect an accurate 

perception of the severity of the underlying HF condition that is not always apparent in 

clinical measurements such as LVEF.  Health related quality of life has been found to 

both influence and be an outcome of health status in HF (Carson et al., 2009; Gottlieb et 

al., 2009; Mathisen et al., 2007). Further, selective survival may significantly alter the 

importance of certain risk factors for mortality, particularly in the older population. 

Health related quality of life risk factors for mortality in HF weaken with advancing age, 

including self-reported general health (Schwartz & Sprangers, 2000), physical 

functioning (Carson et al., 2009; Masoudi et al., 2004), and global HRQL (Carson et al., 

2009; O'Loughlin et al., 2010). Such findings suggest that changing expectations of 

health accompany aging. 

Statement of the Problem 
 

Heart failure is a complex and progressive clinical syndrome that is the end stage of 

most heart diseases and lacks both a prognostic model and clear diagnostic criteria. Heart 

failure also is a considerable and growing public health burden.  Despite advance in its 

treatment, that annual number of death caused by HF in the U.S. has steadily increased 

(Jessup et al., 2009). Several biological prognostic factors for mortality in HF have been 

identified, such as age (Mejhert, Kahan, Persson & Edner, 2006), BNP (Kop et al., 2010), 

and LVEF (Austin et al., 2008; Gottdiener et al., 2002). However, biological predictors 

neither fully account for the risk of HF (Kaplan & Camacho, 1983), nor are psychosocial 

predictors of HF severity explained by physiological status.  

Prior studies examining the influence of HRQL on survival in HF have enrolled 

patients with existing HF, measured HRQL controlling for HF severity, and found that 
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poor HRQL was associated with higher rates of morbidity and mortality. Although 

instructive, these associations seem fundamentally intuitive.  No studies were found that 

have explored how HRQL may change around the time of newly diagnosed HF, and what 

impact such changes, if any, may have on mortality. Thus, questions remain about the 

impact of HRQL in HF, particularly in the older population that has a high rate of often-

complex comorbid processes.  Whether the changes that occur in HRQL and incident HF 

influence survival is unknown. Further, the roles of mediators and moderators on HRQL 

relationships with mortality are poorly described. Further investigation is needed to better 

understand how HRQL is affected by and affects the natural history of HF disease.  

Problem Significance 
 

An estimated 5.7 million people in this country have HF and over 650,000 are 

newly diagnosed each year (Go et al., 2013; Lloyd-Jones et al., 2010). In adults over age 

65 years, it is the number one cause of hospitalization (Thom et al., 2006; Curtis et al., 

2008) and one of the leading causes of death. Total costs in the U.S. exceed $30 billion 

annually (Curtis et al., 2008).  Despite recent advancements in understanding and 

treatment of HF, its prevalence is increasing due to population aging and increased 

survival following myocardial infarction  (Barker, Mullooly & Getchell, 2006; Levy et 

al., 2002; Roger et al., 2004). The clinical syndrome of HF may result from disorders of 

the pericardium, myocardium, endocardium, heart valves or great vessels or from certain 

metabolic abnormalities (Yancy et al. 2013). Many patients with HF have symptoms due 

to impaired left ventricular myocardial dysfunction.  In most patients, abnormalities of 

systolic and diastolic dysfunction coexist, irrespective of LVEF. Left ventricular ejection 

fraction is considered important in classification of patients with HF because of differing 
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patient demographics, comorbid conditions, prognosis, and response to therapies and 

because most clinical trials have selected patients based on LVEF status (Fonarow et al., 

2007; Yancy, et al. 2013).  

Substantial evidence exists that HRQL predicts poor outcomes among adults with 

HF.  Better understanding of baseline HRQL of older adults with HF might be used to 

help characterize individuals likely to have poor outcomes and stratify them in clinical 

trials for the purpose of developing and implementing early intervention strategies. In 

those at risk for or newly diagnosed with HF, modifiable risk factors such as emotional 

distress, poor social support, or impairments in activities of daily might be targeted for 

enhancing self-care behaviors and adherence to therapy, reducing symptom burden, 

decreasing hospitalizations and costs, improving quality of life, and prolonging survival.   

Health related quality of life evaluation in people with HF represents a clear and 

significant guide to allocating resources and assessing the effectiveness of health 

professionals and organizations. As health care providers who endeavor to provide 

holistic care, nurses are concerned with HRQL and routinely assess psychological, 

functional, and social parameters in HF patients. Self-rated HRQL helps nurses develop 

plans of care that address those aspects of disease severity that may not be apparent in 

observer rated performance status or other clinical measures of disease severity, such as 

LVEF.  Improved understanding of HRQL in HF adds to nursing knowledge for 

improving evidence based, patient centered nursing care. Addressing HRQL in a 

interdisciplinary fashion can provide a firm set of criteria that convincingly demonstrates 

nursing’s contribution to patient health and well-being and represents a reaffirmation of 

one of nursing’s and other health care providers’ most important missions.   
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Study Purpose 
 

More research among older persons with HF is needed to better characterize HRQL 

and its role in HF prognosis. The proposed study is a secondary data analysis of 

previously unanalyzed HRQL data from the Cardiovascular Health Study (CHS). This 

investigation will seek to examine potential changes in HRQL with the onset of HF and 

evaluate the potential influences of the changes in HRQL to all-cause mortality. The CHS 

was a prospective, population based cohort study of cardiovascular disease among a 

representative sample of Medicare-eligible, community dwelling, older adults, ages > 65 

years (Fried et al., 1991).  The CHS enrolled nearly equal percentages of males and 

females in two waves from 1989 to 1990 and from 1992 to 1993 and conducted regular 

follow up assessments from participant intake until 1999. Study assessments included 

comprehensive cardiovascular examinations, repeated measures of subjective 

assessments, adjudicated cardiovascular diagnoses with diagnostic testing, and 100% 

survival outcome ascertainment (CHS Coordinating Center, 2008).  

 To the best of our knowledge, prospective investigation has not been conducted to 

examine how HRQL changes with the onset of HF and whether such changes are related 

to mortality. The CHS dataset provides a unique opportunity to look at early HRQL 

changes in community dwelling older adults who are newly diagnosed with HF, and 

examine the potential contribution of these changes to mortality. Findings may inform 

prevention and intervention strategies to improve HRQL and prolong survival in elderly 

adults who are either at risk for or newly diagnosed with HF.   

The specific aims of this secondary data analysis are to: 
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1.   Examine changes in HRQL (i.e., general health perception, overall well being, 

depressive symptoms, physical functioning, and social support dimensions) from the 

annual assessment immediately before to the annual assessment immediately after HF 

diagnosis. 

2.   Determine the bivariate relationships between HRQL change scores (from Aim #1 

above) and between known biological/clinical predictors of mortality in HF (age, 

gender, LVEF, HF symptoms, HF medications, functional performance status, and 

cognitive function). 

3.  Determine whether changes in HRQL that occur with the onset of HF furnish 

prognostic information beyond that of the significant demographic and 

biological/clinical predictors of mortality from Aim #2. 

4. Examine the potential moderating effects of age and the mediating effects of 

depressive symptoms on the relationships of other measures of HRQL with mortality.   

Research Questions 
 

The research questions pertaining to this sample of community dwelling older 

adults with newly diagnosed HF are: 

1. What HRQL biopsychological (general health perception, life satisfaction, depressive 

symptoms, and physical functioning) and social (social support) variables 

significantly deteriorate from the annual assessment immediately before to the annual 

assessment immediately after diagnosis of HF? 

2. What significant one-year HRQL diagnosis change scores (from Question #1) and 

other demographic and clinical variables previously shown to be associated with 
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mortality in HF (age, gender, LVEF, HF symptoms, HF medications, functional 

performance, and cognitive function) are bivariate predictors of mortality?   

3. After controlling for the effects of demographic and clinical bivariate predictors, do 

HRQL change scores independently predict mortality? 

4. Does age moderate the relationships between general health perception and overall 

life satisfaction with mortality?  

5. Does depressive symptoms score mediate the relationships between other measures of 

HRQL and mortality?  

Conceptual Framework 
 

The proposed study is conceptualized using the Biopsycho-social-ecological Model 

of Health (Friedmann et al., 2010). A newly conceived model that combines the Social 

ecological Model (McLeroy, Bibeau, Steckler & Glanz, 1988) and the Biopsychosocial 

Model (Engel, 1997; Hoffman & Discoll, 2006), the Biopsycho-social-ecological Model 

provides a comprehensive perspective of health that can be applied across a broad variety 

of health outcomes and the factors that affect them in a multitude of populations. The 

purported strength of this new model is its holistic approach to conceptualizing the 

interrelationships between individual, social, environmental, and policy realms for the 

purpose of guiding clinical and translational work and research.  Well-suited to 

encompass a breadth of nursing science, the Biopsycho-social-ecological Model 

incorporates factors that affect health, extending beyond (patho-)physiology to include 

cognitive-behavioral components, the physical environment, and the implications of 

policy. Schematically, the bio-psycho-social-ecological model is comprised of a core 

surrounded by four concentric circles (Figure 1.1).  
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Figure 1.1: The Biopsycho-social-ecological Model of Health 

 

 

 

 

The core is defined by the health outcome of interest. The first concentric circle 

around the core represents an intrapersonal realm consisting of biological and 

psychological factors, called the biopsychological realm.  The biopsychological realm is 

conceptualized to include demographic, biological, psychological, and cognitive-

behavioral factors that are generated within the individual. The second concentric circle 

is an interpersonal realm comprised of social factors that include social functioning, 

health behaviors, and socioeconomic status that are generated thorough individual-social 

interactions.  The third and fourth concentric rings represent environmental and policy 

realms, respectively. The concentric model moves from micro (intrapersonal bio-psycho) 

to macro (policy) organizational levels emphasizing the extent and context of the realms 

that may directly impact health outcomes. Reciprocal interactions can occur between 

health and all realms and between the realms and each other.  A jagged line in the model 
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represents the reciprocal interactions that occur among the realms and core, which can 

vary in number of realms involved and the relative influence of each.     

The Biopsycho-social-ecologic Model of Health is the a conceptual framework 

for this investigation of HRQL and mortality in a sample of community dwelling older 

adults with HF. Mortality is the health outcome of interest at the model core (Figure 1.2).  

Figure 1.2: Conceptual Framework for Health Related Quality of Life and Mortality in  
      Community Dwelling Older Adults with Heart Failure  

 

 

 

 

 

 

 

 

 

 

 

Taking advantage of the broad array of measures collected by the CHS, traditional 

clinical variables known to affect mortality in patients with HF and four self-reported 

dimensions of HRQL were selected as covariates in the biopsychological realm. 

Traditional variables include age and gender, LVEF, HF symptoms, HF medications, gait 

speed, and cognitive function. Dimensions of HRQL in the biopsychological realm based 

on the literature examining HRQL in older adults with HF include general health 
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perception, emotional distress, physical functioning, and life satisfaction (Artalejo et al., 

2005; Heo, Moser, Riegel, Hall & Christman, 2005; Konstam et al., 1996; Mendes de 

Leon et al., 2009; Müller-Tasch et al., 2007; Murberg, Bru, Svebak, Tveterås & Aarsland, 

1999; Newsom & Schulz, 1996; O'Loughlin et al., 2010; Rodríguez-Artalejo et al., 2005; 

Sullivan, Levy, Russo, Crane & Spertus, 2007). An additional HRQL dimension is social 

functioning, which is in the social-interpersonal realm. This study does not examine 

concepts in the environmental or policy realms.  

Definition of Health Related Quality of Life 
 

Lacking a single, universally accepted definition, HRQL focuses upon the aspects 

of one’s quality of life that are health related (Spilker & Revicki, 1996). A 

multidimensional construct, HRQL refers to how a person’s health affects his or her own 

assessment of overall well-being, physical functioning, emotional status, social 

functioning, and health perception (Guyatt, 1993; Hays et al., 2009; Schron & Shumanker 

1992).  Because it is individually defined, HRQL should be measured from the 

individual’s perspective and self-evaluation (U.S. FDA, 2009; Garrattt et al., 2002). 

Measurements of HRQL are considered objective measurements of subjective 

dimensions; and because they come directly from the patient, they are clinically relevant 

to therapy management (Allen, Hernandez, O’Connor & Felker, 2009). This secondary 

data analysis is limited to the definition of HRQL used by the CHS, which included a 

battery of generic instruments to measure self-rated general health perception, life 

satisfaction, depressive symptoms, physical functioning, and social support.  

Assumptions 
 

This study proposal makes the following assumptions: 
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1. The sample of older adults with newly diagnosed HF in the CHS was 

representative of the population from which it was obtained.  

2. Health related quality of life is a multidimensional, latent construct that:  

a. Is defined by domains of general health perception, overall well-being, 

emotional distress, physical functioning, and social functioning. 

b. Is conceptually well represented by self-reported measures of general 

health perception, overall life satisfaction, depressive symptoms, 

physical functioning, and perceived social support. 

c. Is unambiguously operationalized in older persons with HF with the 

CHS’s choice of generic instruments. 

3. Self-administered study forms were accurately completed by the participant from 

the participant’s point of view and without input from study staff. 

4. Clinical data were accurately collected and recorded. 

Summary 
 

Recent studies suggest that poor HRQL predicts mortality in persons with HF, but 

findings vary. Using a publicly available dataset from a large epidemiological study of 

Medicare-eligible adults age 65 years of age and older, this secondary data analysis seeks 

to examine how changes in self-reported dimensions of HRQL that occur around the time 

of a new HF diagnosis impact survival following diagnosis.  The contribution of changes 

in HRQL domains around the time of HF diagnosis to all-cause mortality will be 

examined after adjusting for demographic and clinical factors that previously have been 

shown to be associated with mortality in HF. Potentially mediating and moderating 

effects of biopsychological and social variables on the relationship between HRQL and 
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mortality will be examined.  This investigation is proposed to provide insights into 

HRQL and the natural history of HF to inform health care professionals about persons 

newly diagnosed with HF who may be at higher risk of dying for the purpose of aiding in 

the design, testing, and implementation of interventions to improve or stabilize HRQL 

and thereby potentially improve survival.   
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Chapter 2: 
Literature Review 

 
Introduction 

 
The purpose of this study is to explore the potential changes in health related 

quality of life (HRQL) that may occur with incident heart failure (HF) among community 

dwelling older adults and evaluate the contribution of these changes to mortality. 

Mortality is examined within the context of the Bio-psycho-social-ecological Model of 

Health and includes biopsychological (age, gender, left ventricular ejection fraction 

[LVEF], symptoms of HF, treatment for HF, walk time, cognitive function, and self-rated 

general health, life satisfaction, depressive symptoms, physical functioning) and social 

(perceived social support) variables. This chapter’s literature review is divided into two 

sections: studies that evaluated associations of the above biopsychological factors with 

mortality and those that evaluated associations of the social factor with mortality in the 

HF population. 

Bio-psychological Factors and Mortality 
 
Age  
 

Age is the number one factor that contributes both to the incidence and mortality 

of HF (Schocken, 2000). With the mean age of incident HF ranging from approximately 

74 to 80 years (Schellenbaum et al., 2004; Vaartjes et al., 2010), there is approximately 

four times as much HF in adults over the age of 65 years as in middle aged (Kannel, 

2000). Among older adults, the incidence of HF approximately doubles with each 

advancing decade of age after the age of 45 years (Davis, Hobbs & Lip, 2000). New HF 

is diagnosed in 1.52% of those ages 65-74 years, 3.17% of those 75 to 84 years, and 

6.52% of those > 85 years (National Heart, Lung and Blood Institute, 2006). Mortality 
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rate in HF also increases with advancing age.  In the CHS and Framingham studies, fewer 

than 45 percent survived for at least five years following a new diagnosis of HF 

(Schellenbaum et al., 2004).   

Gender 
Generally, survival is better in HF for women compared to men although 

estimates vary (Ho, Anderson, Kannel, Grossman & Levy, 1993; Parashar et al., 2009; 

Roger et al., 2011). The National Center for Health Statistics reports an overall 8.54% 

mortality in HF with approximately 40% of those being female and 60% male (Roger et 

al., 2011). Data from the Framingham Study report that the 5-year survival for all patients 

with HF is 50%, with a median survival of 1.7 years in men and 3.1 years in women after 

the onset of HF (Ho et al., 1993). After adjusting for age and comorbidity, hazard ratios 

for mortality in men versus women have been reported for 28 days, 1 year and 5 years at 

1.21 (95%CI 1.14 - 1.28), 1.26 (95%CI 1.21 - 1.31), and 1.28 (95%CI 1.24 -1.31), 

respectively (Vaartjes et al., 2010). 

Left Ventricular Ejection Fraction 
  

The process of cardiac remodeling in HF along with the introduction of 

therapeutic interventions to mediate it, mean that multiple estimates of volumes and left 

ventricular ejection fraction (LVEF) by simple and relatively inexpensive 

echocardiography testing are frequently used to assess an individual’s need for and 

response to treatment. Left ventricular ejection fraction, the most widely used index of 

ventricular function, depends not only on contractility but also on preload, afterload, and 

heart rate (De Backer, 2011). However, it is contractility that reflects the intrinsic ability 

of myocardial fibers to shorten at a given preload and afterload, which ideally should be 

assessed (Sengupta & Khandheria, 2009). Further, LVEF assessed at rest does not reflect 
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the possible hemodynamic responses to exercise, which limits its prognostication 

predominantly among those who die from sudden death versus pump failure (Enriquez-

Sarano, Rossi, Seward, Bailey & Tajik, 1997). Healthy individuals typically have a 

LVEF between 50% to 65 or 70%. However, the definition of preserved and reduced left 

ventricular function can vary in research and in practice (Davis et al., 2000). Left 

ventricular systolic dysfunction may be defined as LVEF < 40% (Yancy et al., 2013) and 

may include elements of diastolic dysfunction as well (Kane et al., 2011).  

Left ventricular ejection fraction predicts mortality in persons with HF (Austin et 

al., 2008; Gottdiener et al., 2002; Grigorian, Gonzalez-Juanatey, Roman, Acuna & 

Lamela, 2005; Herrmann et al., 2010; Lee et al., 2010; Owan et al., 2006; Pocock et al., 

2006; Varela-Brown et al., 2002). In 317 persons with HF in the CHS, the adjusted risk 

for mortality after a median follow up of 6.4 years was increased in those with a LVEF < 

45% compared to a referent group with no HF and normal systolic function (HR 2.14, 

95%CI 1.5 - 3.1; Gottdiener et al., 2002). In another cohort of HF patients followed for a 

median of 3.2 years, LVEF < 40% predicted mortality after controlling for age, gender, 

and comorbidity (HR 1.42, 95%CI 1.13 - 1.80, p = .003, N = 413; Austin et al., 2008). 

After controlling for serum uric acid, cholesterol, serum tumor necrosis factor receptor-1, 

and peak oxygen consumption in a study of 114 HF patients, LVEF < 40% independently 

predicted 2-year mortality (p = .02; Herrmann et al., 2010).  Receiver-operator 

characteristic (ROC) curve analysis showed that a LVEF cutoff of 22% was 71% 

sensitive and 76% specific with the area under the curve (AUC) 0.75, positive predictive 

value (PPV) 92, and negative predictive value (NPV) 40 (Herrmann et al., 2010).  

In the past, studies of HF predominantly enrolled males younger than 65 years of 
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age with substantially impaired left ventricular systolic function (McMurray & Stewart, 

2002). Many studies generally required a LVEF of 45% or lower (Rodeheffer, 2003). The 

results of such clinical trials (Angermann et al., 2009; Flynn et al., 2009) may not be 

applicable to those with HF and preserved LVEF. Approximately half of elderly patients 

with HF have preserved LVED (Kitzman et al., 2001; Masoudi et al., 2003; Owan et al., 

2006). Heart failure patients with preserved LVEF are more likely to be older and female 

(Austin et al., 2008; Cohn, 1995). The population attributable risk of HF with preserved 

LVEF for mortality increases with age (Gottdiener et al., 2002). Data from Olmsted 

County, Minnesota, indicate that over time, the proportion of persons with HF and 

preserved LVEF increases. Survival over time improved among individuals with reduced 

LVEF, but not among those with preserved LVEF (Owan et al., 2006).  

Recent reports suggest a smaller effect on mortality by LVEF than previously 

reported (Rodeheffer, 2003). Advances in medical interventions in patients with 

decreased LVEF may be contributing to this change (Cohn & Jay, 1997; Davis et al., 

2000). For example, clinical trials of angiotensin converting enzyme (ACE) inhibitors 

have been convincingly shown to decrease mortality in patients with decreased LVEF 

(Pfeffer et al., 2003; The SOLVD Investigators, 1991; The CONSENSUS Trial Study 

Group, 1987).  

Symptoms of Heart Failure 
  
 The CHS assessed the presence of two symptoms, orthopnea and paroxysmal 

nocturnal dyspnea (PND) in the past two weeks, which will serve as surrogate markers of 

HF severity. The symptoms in this study are limited to those data collected in the CHS.  
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 Symptoms are fundamentally subjective experiences (American Thoracic Society, 

1999). Dyspnea is one of the most common and disturbing symptoms for people with HF 

and the principal cause of hospitalization for patients with acute HF (Jessup et al., 2009). 

The pathophysiology of dyspnea is theorized to result from a person’s perceived 

mismatch between efferent motor activity of the respiratory center in the brain and the 

incoming afferent signals form mechanical receptors in the airways, lungs, and chest wall 

structures and from chemoreceptors in the circulatory system (Allen, Hernandez, 

O'Connor & Felker, 2009; American Thoracic Society, 1999). Pump failure with or 

without pulmonary congestion initiates a cyclic and deleterious cascade of events that 

leads to a ventilatory challenge which the body is unfit to meet. To date, a central 

processing cortical center responsible for the discomfort associated with dyspnea has not 

been identified (Ambrosino & Serrador, 2006). Dyspnea is often associated with signs of 

fluid overload (Gheorghiade & Pang, 2009, Gheorghiade et al., 2007; McMurray et al., 

2002) and accompanied by elevated B-type natriuretic peptide (BNP) or N-terminal pro-

B-type natriuretic peptide (pro-BNP) levels, which are released in response to increases 

in ventricular volume and/or pressure (Worster et al., 2008). Favorable changes in 

dyspnea are correlated with favorable changes in other signs and symptoms including 

orthopnea, edema, and a sense of general well-being (Metra et al., 2010).   

Patients with systolic dysfunction may develop diastolic dysfunction. This leads 

to the development of pulmonary and systemic congestion (Enriquez-Sarano et al., 1997) 

that can manifest as orthopnea, PND, and peripheral edema. Edema also is a sign of a 

pump failure where insufficient cardiac output and lower blood pressure triggers 

adrenergic neurohormonal activation of the rennin-angiotensin-aldosterone system to 
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promote renal salt and water retention.  Pedal edema is one of the best independent 

predictors of 1-year rehospitalization or mortality in patients with left ventricular systolic 

dysfunction (HR 1.98, 95%CI 1.42 - 2.75, N = 1528; Dunlay et al., 2010).  

In large screening studies, exertional dyspnea is the most frequently reported 

symptom among patients with HF, however its prevalence is high in the general 

population, which makes it a poor prognostic indicator (Ridsdale et al., 1993). In a study 

of 365 primary care centers, the value of symptoms in the diagnosis of HF was tested in 

over 5000 patients representative of those found in the community (Fonseca et al., 2004). 

Symptoms of PND (likelihood ratio [LR] 36), orthopnea (LR 39), and dyspnea when 

walking on a flat surface (LR 26) were highly associated with the diagnosis of HF. Used 

alone, these symptoms were infrequent and had little value in diagnosing HF, but 

importantly, they were associated with other objective measures of more severe HF 

pathology. In a similar study with 557 confirmed cases of HF, 6-month hospitalization 

was best predicted by peripheral edema and PND at the time of diagnosis. However these 

symptoms did not predict mortality, as they also were more common among the survivors 

(Devroey & Casteren, 2010). In 5771 participants in the CHS with 4.7% prevalence of 

HF, the sensitivity, specificity, PPV, and NPV of either orthopnea or PND (N = 1075) for 

incident HF were 52%, 83%, 13%, and 97%, while the values for both orthopnea and 

PND (N = 388) were 28%, 94%, 20%, and 96%, respectively (Ekundayo et al., 2009). 

Heart Failure Medications 
 

The CHS began in 1989 and continued through the 1990s when dramatic changes 

in the management of HF came about following new insights into the underlying 

pathophysiology of HF and the importance of maladaptive neurohormonal mechanisms 
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(Francis, Goldsmith, Levine, Olivari & Cohn, 1984; Finkel et al., 1992; Funder, Pearce, 

Smith & Smith, 1988; Givertz & Colucci, 1998; Shah, Meulemans & Brutsaert, 1989). 

Beta-blocker and ACE inhibitor therapies were introduced in response to clinical trials 

that demonstrated 20% to 30% relative risk reduction in mortality (Flather et al., 2000; 

Garg & Yusuf, 1995; Heidenreich, Lee & Massie, 1996; Lechat et al., 1998). Integration 

of these therapies into clinical guidelines (Williams et al., 1995) and adoption into 

practice were anticipated to produce substantial improvement in HF outcomes. However, 

large epidemiologic studies that followed did not detect the predicted positive changes in 

HF outcomes. A study that analyzed almost 4 million Medicare beneficiaries hospitalized 

with HF between 1992 and 1999, showed little to no improvement in 30-day mortality 

despite the introduction of new therapies (Kosiborod et al., 2006). Possible explanations 

for the discrepancy between these efficacy and effectiveness studies are that less than 

20% of older adults with HF met enrollment criteria for the drug trials (Masoudi et al., 

2003; Masoudi et al., 2004), comorbidities have been increasing (Braustein et al., 2003; 

Kosiborod et al., 2006) and many older adults with HF have contraindications to ACE 

inhibitors and beta-blockers.   

 The proposed medications that will be examined in this secondary data analysis 

are those that have been shown to contribute to survival in HF. These are the ACE 

inhibitors and beta-blockers.  In the CHS, less than 20% of older adults with HF were 

receiving both a beta-blocker and an ACE inhibitor in the late 1990s (Smith et al., 2004). 

From 1990 to 1995, use of ACE inhibitors in CHS participants with incident HF and low 

LVEF remained relatively unchanged (Smith et al., 1998). The potential benefits of beta-

blockers were not recognized until 1997 (Heidenreich et al., 1997; Lechat et al., 1998) 
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and during the early period of the CHS, beta-blockers were in fact contraindicated in HF 

(Ekundayo et al., 2009). Very little data were collected on angiotensin receptor blockers, 

so this class of medications will not be examined in the current study.  

Gait Speed 
 

Physical capability is a term used to describe a person’s ability to do the physical 

tasks of everyday living (Kuh, 2007). It can be assessed by self-report or objectively by 

physical performance testing of, for example, gait speed.  A performance measure 

represents one’s ability to integrate physiological capacity, such as cardiac output, nerve 

conduction, or muscle strength into coordinated, efficient movements with psychosocial 

factors such as confidence, motivation, perceived ability, and depressive symptoms 

(Cress, Conley, Balding, Hansen-Smith, & Fay, 1996). Gait speed, a strong predictor of 

survival (Cesari et al., 2005; Cesari et al., 2009; Ostir, Kuo, Berges, Markides, & 

Ottenbacher, 2007; Rolland et al., 2006; Rosana, Newman, Katz, Hirsch & Kuller, 2008; 

Woo, Ho & Yu, 1999; Cesari et al., 2008; Markides et al., 2001), has been found 

equivalent, and in some cases superior to other performance measures in predicting 

survival (Studenski et al., 2011).  Walking requires energy and movement control and 

places demands on cardiopulmonary, circulatory, nervous and musculoskeletal systems 

(Rasekaba, Lee, Naughton, Williams & Holland, 2009). Reduced gait speed may reflect 

either disability or a high-energy cost of walking (Studenski et al., 2011). Reduced 

walking over time results in deconditioning, which directly effects health and survival 

(Cesari et al., 2009).   

There is extensive evidence that declining gait speed is an independent predictor 

of mortality in a dose-dependent fashion. In meta-analysis of five cohorts of community 
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dwelling older adults (N = 14,692), the slowest compared to the fastest quartile of gait 

speed predicted all-cause mortality after controlling for age, gender, and body size (HR 

2.87, 95%CI 2.22 - 3.72); as did the second to the slowest quartile of gait speed compared 

to the fastest quartile (HR 1.77, 95%CI 1.45 - 2.17; Cooper, Kuh & Hardy, 2010). 

Another pooled analysis was done of nine cohort studies of 34,485 older community 

dwelling adults followed for a median of 13.8 years (Studenski et al., 2011). Gait speeds 

that were calculated in distance and time for walking distances that varied from 8 feet to 

6 meters varied from < 0.4 to 1.4 meters/second and significantly predicted survival in 

age-adjusted analysis (HR .83 - .94, all p < .001). The overall hazard ratio for survival for 

each 0.1 meter/second faster gait speed was .88 (95%CI .87, .90). Age, gender, and gait 

speed predicted 5- and 10-year mortality (C statistic = .75 and .74, respectively).  

 Older adults in the lowest one third of baseline gait speed who were followed for 

an average of 5 years were almost three times more likely than the upper two thirds to die 

of cardiovascular causes (HR 2.92, 95%CI 1.46 - 5.84, N = 3205; Dumurgier et al., 

2009).  As in the above-mentioned studies, the CHS used a short distance (15 foot/4.57 

meter) timed test. Advantages of the 15-foot walk test are its safe and low-cost ease of 

administration by nonprofessional staff in a variety of settings. However, most studies 

among persons with HF use a 6-minute walking distance test (6-MWT) as a better 

measure of functional limitation and poor exercise capacity (Daullxhiu et al., 2011). A 

number of smaller studies report that the 6-MWT is an independent predictor of mortality 

in older adults with HF (Alahdab, Mansour, Napan & Stamos, 2009; Arslan et al., 2007; 

Boxer et al., 2010; Curtis, Rathore, Wang & Krumhotz, 2004; Rostagno et al. 2003; Roul, 

Germain & Bareiss, 1998). However, other studies, which included younger individuals 
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with HF and standard indices of cardiac function or exercise capacity, conclude that walk 

time is not be associated with mortality due to confounding by patient-specific variables 

such as comorbidities and motivation.  In 96 NYHA class I – IV HF patients who had 

mean age 57 years and LVEF 26%, 6-MWT was not associated with one-year mortality 

after controlling for MLHFQ scores, cardiac biomarkers (e.g., BNP), and total ACE 

inhibitor dose (Hülsmann et al., 2002). Another study of 315 individuals with moderate to 

severe HF who averaged 53 years of age found that 6-MWT was not related to cardiac 

function and was only moderately related to exercise capacity. Further, distance traveled 

with the 6-MWT did not contribute to prognostic models that included peak oxygen 

consumption (VO2) and NHYA class, suggesting that 6-MWT may be of limited 

usefulness (Opasich et al., 2001). 

Cognitive Function 
 
 Mild cognitive impairment is a general term used to describe subtle deficits that 

are greater than would be normally expected with aging, but without symptoms of 

dementia. Mild cognitive impairment is a measureable deficit in one or multiple cognitive 

domains, most often memory. Symptoms of dementia include impaired judgment and 

reasoning and difficulty performing ADL (Vogels, Scheltens, Schroeder-Tanka & 

Weinstein, 2007). Measures used in studies to assess cognitive function vary widely. The 

most commonly used instrument, the used Mini-Mental State Evaluation (MMSE; 

Folstein, Folstein & McHugh, 1975) is a simple, nonspecific screening test that lacks 

validated cutoff values for mild cognitive impairment and dementia and underestimates 

mental dysfunction due to disturbances in various cognitive domains that it does not 

assess (Vogels et al., 2007). Persons with HF who have cognitive dysfunction 
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demonstrate global cognitive deficits with selective deficits in working memory, long-

term memory, attention, mental flexibility, psychomotor speed, and executive functioning 

(Bennett & Sauve, 2003; Pressler, 2008; Vogels et al., 2007). Persons who are 

cognitively impaired may not reliably describe or report symptoms of HF (Rains, 2002).  

The mechanisms underlying cognitive impairment in HF remain poorly 

understood and lack thorough investigation.  Cerebral hypoperfusion, impaired cerebral 

reactivity, and multiple emboli may be involved (Pullicino & Hart, 2001; Vogels et al., 

2007). Interestingly, cognitive impairment in HF has been shown to improve following 

heart transplantation and successful drug therapy (Almeida, & Tamai, 2001; Incalzi et al., 

2003; Roman et al., 1997; Zuccala et al., 2005), suggesting a reversible mechanism. 

Along with social and behavioral problems, cognitive dysfunction contributes to 

decreased compliance to prescribed therapy and increased hospitalizations (Cohen & 

Mather, 2007). Depressed mood and anxiety are independently correlated with 

deterioration in cognitive performance (Vogels et al., 2007). It is unclear whether the 

association between HF and cognition is related to pathophysiological mechanisms, poor 

adherence to therapy induced by cognitive impairment or depression (Cline et al., 1999), 

deconditioning, or to some combination of these.  

Systematic reviews report that the prevalence of cognitive dysfunction in HF 

ranges from 25 - 74% (Pressler et al., 2010; Vogels et al., 2007). In a cross-sectional 

study of 1072 older participants, the risk of cognitive impairment was estimated to be 

1.96 times greater in those with HF (Cacciatore et al., 1998). Conversely, a population 

based study (n= 14089) that looked at risk factors of probable HF using Framingham 

criteria of self-reported orthopnea and PND, found that those with HF were not more 
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likely to have cognitive impairment than those without HF after adjusting for higher 

income, education level, depression, and history of stroke (Pullicino & Hart, 2001).   

 Poor cognition increases with increasing NHYA classification (Gorkin et al., 

1993), suggesting that cognition in HF may be related to mortality. In a prospective 

cohort of 400 older community dwelling individuals, mild cognitive impairment 

significantly predicted six-year median survival in a multivariate hypothesis-generating 

analysis that included HF as a covariate (HR 2.38, 95%CI 1.52 - 3.74). However, this 

study did not control for multiple comparisons. Cognitive impairment is one aspect of 

frailty; a concept that encompasses a number of clinical conditions and results in 

functional impairment in patients with HF. Although frailty independently predicts 

mortality in HF (Cohen & Mather, 2007), no studies were found describing a similar 

relationship between cognitive dysfunction and mortality in individuals with HF. 

General Perception of Health 
 

It is widely recommended that the assessment of HRQL include a single question 

about general overall health (Fayers & Sprangers, 2002; Hays, Bjorner, Revicki, Spritzer 

& Cella, 2009; Hays, Revicki & Coyne, 2005; Heo, Moser, Riegel, Hall & Christman, 

2005), which allows individuals to decide for themselves how to summarize the various 

dimensions of HRQL (Gill & Feinstein, 1994). A single question about overall health 

status is a useful indicator of a person’s overall well-being and a powerful predictor of 

mortality in healthy and diseased populations (Coates, Porzsolt, & Osoba, 1997; Diehr, 

Williamson, Patrick, Bild, & Burke, 2001; Idler & Benyamini, 1997; Newman et al., 

2009).  
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 There is a dose-response relation between GHP and cardiovascular mortality. 

Men with HF and left ventricular dysfunction who rated themselves as ‘healthy’ had 

better cardiovascular survival compared to men who rated themselves as ‘rather healthy,’ 

while men who rated themselves as ‘rather healthy’ had a better cardiovascular survival 

compared to men who rated themselves as ‘moderate to not healthy’ (P for trend < .0001; 

Kamphuis et al., 2009). After adjustment for physical activity and disability, the dose-

response relation weakened but worse GHP was still significantly associated with 

cardiovascular mortality (P for trend 0.01). Konstam and colleagues (1996) reported that 

GHP predicted mortality after controlling for LVEF, age, treatment, and NYHA 

classification in patients with left ventricular dysfunction (HR 1.12, p < .000; N = 3365). 

In 394 patients discharged following a HF-related emergency admission, GHP predicted 

6-month mortality (adjusted HR 1.72, 95%CI 1.00 - 2.96, p < .05; Rodriguez-Artalejo et 

al., 2005). Alla et al. (2002) found GHP was a univariate predictor of survival and an 

independent predictor of hospital-free survival in outpatients with advanced HF (HR  

1.19 – 1.22, p < .05, N = 108).  

Life Satisfaction 
 

A component domain of HRQL and a biopsychological factor that contributes to 

health outcomes in persons with HF, life satisfaction is a measure of overall well-being in 

HF (Neugarten, Havighurst, & Tobin, 1961) that can be considered a positive trait-like 

disposition (Chida & Steptoe, 2008; Heo, Lennie, Okoli & Moser, 2009). The link 

between life satisfaction and health is largely unexplored. Positive affect states and traits 

may enhance coping strategies during periods of stress to attenuate sympathetic nervous 

system stimulation and decrease blood pressure, and to downregulate stress-induced 
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inflammatory mediators, including cortisol (Polk, Cohen, Doyle, Skoner & Kirschbaum, 

2008; Steptoe, O’Donnell, Badrick, Kumari & Mormot, 2008).  Life satisfaction may also 

mediate behavioral mechanisms, such as those that enhance sleep quality (Fosse, 

Stickgold & Hobson, 2002; Ryff, Singer Dienberg & Love, 2004) reduce alcohol 

consumption (Dear, Henderson & Korten, 2002), or increase other health promoting 

behaviors (Rozanski, Blumenthal, Davidson, Saab & Kubzansky, 2005).  

Using random effects modeling, meta-analysis of 70 studies among 35 healthy 

and 35 disease populations showed that positive affect which included measures of life 

satisfaction, reduced cardiovascular mortality in healthy individuals (HR .82, 95%CI .76 

– .89, p < .001) and reduced renal and HIV related mortality in persons with these 

diseases (HR .98, 95%CI .95 – 1.00. p > .03; Chida & Steptoe, 2008). Life satisfaction 

has not been found a predictor of mortality in HF. Interestingly, women with HF were 

found to have significantly worse general life satisfaction compared to normative values 

for men and women from a nationwide study (Bortner & Hultsch, 1970). Sixty-five 

percent of women (n = 691) reported being ‘extremely,’ ‘very,’ or ‘generally satisfied’ 

with their lives compared to being ‘mixed,’ ‘generally dissatisfied,’ or ‘extremely 

dissatisfied’ (N = 450) (Riedinger, Dracup, Brecht & SOLVD Investigators, 2002). 

Depressive Symptoms 
 

A biopsychological component of HRQL, depressive symptoms include both 

physical and psychological symptoms that are measureable and fluctuate over time. 

Feelings of sadness, apathy, and amotivation are some of the indicators identified in the 

literature that assess depression.  Anhedonia and depressed mood are defined as core 

symptoms of major depressive disorder in the American Psychological Association 
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Diagnostic and Statistical Manual (DSM–IV) fourth edition (American Psychiatric 

Association, 1994). Anhedonia is a decreased capacity to experience pleasure of any sort. 

The inability to enjoy life can effect pain perception and lead to social isolation thorough 

difficulty with interpersonal and family relationships (Alpert & Fava, 2004).  

Depressive symptoms are common among persons with HF. Comorbid depression 

and HF is estimated to occur at four to five times the rate of depression alone in the 

general population (Parissis et al. 2005). Patients with HF may experience depressive 

symptoms because decreased cardiac output leads to poor physical functioning, which 

may lead to depressed mood and loss of interest, particularly in younger patients 

(Gottlieb et al., 2004). Shared pathophysiological mechanisms of neurohormonal 

activation that occur in depression and in HF may explain how depression contributes to 

HF pathology. These mechanisms involve pathways of hypothalamus-pituitary-adrenal 

axis activation, autonomic dysregulation, immune system alteration, and platelet 

activation (Johnson & Grippo, 2006; Kop, Synowski & Gottlieb, 2011; Lesperance & 

Frasure-Smith, 2007; Moser & Worster, 2000; Pelle, Gidron, Szabó & Denollet, 2008; 

Silver, 2010; Thomas, Friedmann, Khatta, Cook & Lann, 2003).  

Increased depression is associated with greater severity of HF (Freedland et al., 

2003; Jiang et al., 2011; Jünger et al., 2005; Rutledge, Reis, Linke, Greenberg & Mills, 

2006) and remission of depressive symptoms predicts reduction in cardiovascular events 

or mortality (Jiang et al., 2011). In persons with HF, depressive symptoms contribute 

substantially and independently to self-reported overall HRQL (Patrick, Kinne, 

Engelberg & Pearlman, 2000) and significantly alter subjective assessments of functional 

status (Skotzko, 2009), health, and symptoms (Murberg, Bru, Svebak, Tveterås & 



 

33 
 

Aarsland, 1999). Thus, the potential for depressive symptoms to mediate the relationships 

between overall HRQL and its component domains with mortality should be considered 

in predictive analyses of mortality in HF. 

Over and above more traditional physiological measures of HF, extensive 

evidence exists that in adjusted modeling, depressive symptoms scores independently 

predict mortality risk in inpatients (Angermann et al., 2009; Faller et al., 2007; Faris, 

Purcell, Henein & Coats, 2002; Jiang et al., 2007; Jünger et al., 2005; Sullivan, Levy, 

Crane, Russo & Spertus, 2004; Vaccarino, Kasl, Abramson & Krumholz, 2001) and 

outpatients   (Friedmann et al., 2006; Johansson, Dahlström & Alehagen, 2007; Murberg 

et al., 1999; Rumsfeld et al., 2003; Sherwood et al., 2007) with HF. In a meta-analytic 

review of 8 cohort studies, persons with both HF and depression were twice as likely to 

die and have secondary events compared to their counterparts without depression (HR 

2.1, 95%CI 1.7 - 2.6; Rutledge et al., 2006).  

Self-reported Physical Functioning 
 

Self-assessed physical functioning is a domain of HRQL that describes the 

maximal capacity that a person believes he/she has to perform specific physical tasks 

(Leidy, 1994); specifically those mobility tasks, activities of daily living (ADL), and 

instrumental activities of daily living (IADL) that are important for achieving & 

maintaining an independent living status (Kaplan et al., 2001). Generally, it is believed 

that physical impairment results from the physiological consequences of disease 

pathology. Among 5201 participants in the CHS, the self-described impairments in ADL 

and IADL of those with heart disease were most frequently associated with activities 

requiring high aerobic work, such as doing heavy housework, walking up stairs, walking 
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a half mile, and lifting or carrying ten pounds (Ettinger Jr et al., 1994). However, the 

contribution of depressive symptoms, low motivation, and perceived ability have been 

increasing recognized in subjective measures of functional status in persons with HF 

(Skotzko, 2009). Persons with HF and cognitive deficits report lower physical 

functioning than those without cognitive deficits (Sloan & Presslar, 2009). And, persons 

with HF and depressive symptoms score lower on more subjective measures of perceived 

disease severity (New York Heart Association class and 6-minute walk time) compared 

to their scores from more objective measures of disease severity (LVEF, BNP and peak 

oxygen consumption; Gottlieb et al., 2009).  

A number of studies have described self-assessed physical functioning as an 

independent predictor of mortality in persons with HF. After adjusting for age, LVEF, 

treatment, and New York Heart Association (NYHA) classification in 3375 patients with 

systolic dysfunction, ADL scores were a significant predictor of mortality (HR 1.41,    

p < .001; Konstam et al., 1996). Among emergently admitted HF patients over 65 years 

of age, the baseline Medical Outcomes Study 36-item Short Form (SF-36) physical 

functioning subscale score and Minnesota Living with Heart Failure Questionnaire 

(MLHFQ) physical summary score were independent predictors of 6-month mortality 

after controlling for biomedical, psychosocial, and health care variables (HR 2.08, 95%CI 

1.16 - 3.72 and HR 2.83, 95%CI 1.60 - 4.99, respectively, N = 394; Rodríguez-Artalejo et 

al., 2005).   

In a population-based study of older adults with HF, the one-year trends in self-

rated ADL and IADL demonstrated more stability over time than general health 

perception (GHP) and were highly correlated with mortality. At four years, ADL, but not 
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IADL, tended to predict 4-year mortality (OR 1.18, 95%CI 1.00 - 1.38, N = 872; Chin, 

Zhang & Rathouz, 2003). Preadmission score of ADL was an independent predictor of 

one-year mortality after admission for acute HF decompensation (Parada et al., 2011). 

Among newly diagnosed older HF patients admitted to the hospital, baseline ADL scores 

were significantly different among those who died versus those that survived one year 

(p= 0.02). Further, one-year ADL scores were lower than preadmission values in 64% of 

the surviving patients. Unfortunately, these scores were collected retrospectively during 

an index hospitalization for HF and may reflect conditions of the hospitalization itself.  

Social Factors and Morbidity 
 
Perceived Social Support 
 

As the conceptualization of social support varies considerably from study to study 

and affects its relationship with mortality, it is important to begin with a definition of 

social support.  Perhaps the best framework of social support (House, Umberson & 

Landis, 1988) describes three broad categories: social integration, social networks, and 

relational content.  Social integration refers to social ties (e.g., marital status, having close 

friends) and the degree of participation in groups.  Social networks are the structural 

aspects of relationships (i.e., size, reciprocity, and density). Relational content is the 

functional aspect or quality of social relationships. Relational content includes positive 

aspects of emotional (caring and affection), instrumental (tangible assistance and material 

goods) and informational support (Luttik, Jaarsma, Moser, Sanderman & van Veldhuisen, 

2005). In studies of HF, social support conceptualization may be more empiric as with 

social network (e.g., social isolation) or more latent (e.g., quality of relationships). In the 

CHS, perceived social support was defined as the support one believes he or she would 
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receive from others in the environment in terms of tangible (assistance and material 

goods), belonging (identification with one’s social network), self-esteem (from 

comparison with others), and appraisal (information-giving) content (Newsom & Schulz, 

1996).  

 Social support may affect health outcomes through physiologic or behavioral 

mechanisms (Cohen & Mather, 2007). Social support may buffer stressful events thereby 

minimizing negative emotions that can activate detrimental neurohormones and the 

sympathetic nervous system. Behaviorally, social relationships are associated with better 

self-care and adherence to treatment, particularly in terms of support that is relational as 

compared to structural (DiMatteo, Lepper & Croghan, 2000; Riegel, Dickson, Kuhn, 

Page & Worrall-Carter, 2010). The nature of the relationship between social support and 

health outcomes has not been well elucidated. In a study of 291 outpatients with HF who 

were followed for nine months, high social support contributed to resolution of baseline 

anxiety and depression. Further, partnership and low levels of emotional problems 

protected patients who began the study with a good emotional state from developing 

psychological distress (Scherer et al., 2007).  Unfortunately, many studies evaluating 

social support such as these, also fail to examine potential physiological mechanisms. 

It is widely held that women with HF and other cardiac conditions are more likely 

to have psychosocial distress and need more social support than their male counterparts 

(Davidson et al., 2003). However, emotional social support was not significantly different 

among men and women in a recent study by Heo and colleagues (2008). Among 122 

outpatients who were classified as NYHA class III/IV, neither social support nor physical 

functioning status were related to self-care behaviors in a multivariate analysis model that 
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included self-care confidence, perceived control, knowledge, and age.  

Several studies have found that social isolation, but not perceived social support, 

is a predictor of mortality in outpatients with HF (Friedmann et al., 2006; Murberg & 

Bru, 2001). Two other studies showed a relationship between perceived social support 

and mortality. Coyne et al. (2001) investigated the influence of marital quality in 

individuals with HF on survival (mean age 53 years). High marital quality, as judged by 

interview and observation of 189 couples, was independently predictive of 4-year 

survival after adjusting for NYHA classification (p < .001), particularly in women. 

Krumholtz and colleagues (1998) retrospectively studied the effect of emotional support, 

instrumental support, and social ties on 1-year mortality and cardiovascular 

hospitalization in 292 HF patients. Instrumental and social ties were not associated with 

outcomes. However, the absence of emotional support before admission was a risk factor 

for fatal and nonfatal cardiovascular events in the year after admission controlling for 

demographics, clinical severity, comorbidity, and functional status (OR 3.2, 95%CI 1.4 – 

4.9).  Women without emotional support were eight times more likely to be hospitalized 

or die than men (OR 8.2, 95%CI 2.5 – 27.2). 

Summary 
 

The above findings lead to questions about the magnitude of HRQL changes in 

HF and how to best model HRQL to quantify its contributions to mortality risk.  

Although distinct phenomenon, substantially correlated component domains of HRQL 

compete when entered into models together. Examining the impact of changes in HRQL 

that occur with the onset of HF has potential to better isolate unique relationships 
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between HRQL and HF to target early intervention strategies that may impact HF 

outcomes. 
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Chapter 3:  
Methods 

 
Introduction 

 
Using epidemiologic data from the Cardiovascular Health Study (CHS), this 

secondary data analysis proposes to examine the changes in health related quality of life 

(HRQL) that occur with the onset of heart failure (HF). The purpose of this study is to 

examine the potential changes in HRQL from the annual assessment immediately before 

to the annual assessment immediately after diagnosis of HF in a population based, 

community dwelling sample of older adults.  The contributions of significant one-year 

HRQL changes with mortality will be examined after controlling for demographic and 

clinical factors known to be associated with mortality in HF. Scores from a battery of six 

generic HRQL measures that correspond with five HRQL domains will be examined. 

Measures include self-reported general health perception (GHP), life satisfaction, 

depressive symptoms, physical functioning, and perceived social support.  Moderating 

and mediating effects of age and depressive symptoms on the relationships between 

HRQL dimensions and mortality will be examined.  

Research Hypotheses 
 

Based on the HRQL literature, the following hypotheses are proposed in the 

community-dwelling older adults who developed incident HF in the CHS: 

1. Health related quality of life (GHP, life satisfaction, depressive symptoms, 

physical function, and social support) deteriorates from the annual assessment 

immediately before to the annual assessment immediately after diagnosis of HF. 

2. One-year HRQL diagnosis change scores as well as demographic and clinical 

variables previously shown to be associated with mortality in HF (age, gender, HF 
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symptoms, HF medications, left ventricular ejection fraction [LVEF], walk time, 

and cognitive function) are bivariate predictors of all-cause mortality after 

controlling for the length of time from the annual assessment prior to HF 

diagnosis to HF diagnosis. 

3. One-year HRQL diagnosis change scores are independent predictors of mortality 

in HF after controlling for the effects of the significant variables from hypothesis 

#2 and the length of time from the annual assessment prior to diagnosis to HF 

diagnosis. 

4. Age moderates relationships between GHP and mortality and between life 

satisfaction and mortality. Ratings of GHP and life satisfaction vary by age such 

that these measures are less predictive of mortality with increasing age. 

5. Depressive symptoms score mediates the direct relationships between other 

measures of HRQL and mortality. 

Study Design  
 

This is a secondary data analysis of data from the CHS, a large prospective, 

population-based study funded by the National Heart, Lung and Blood Institute. The CHS 

was designed to determine the risk factors, consequences, and natural history of 

cardiovascular diseases in a representative sample of community living adults ages 65 

years and older (Fried et al., 1991). Potential participants were obtained by random 

selection from Medicare beneficiary lists. Letter and subsequent telephone calls were 

used to recruit identified individuals and their age-eligible household members. From 

1989 to 1993, a total of 5,888 participants were enrolled in two waves from four 

geographically dispersed communities in the U.S.  
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At study enrollment, in-person structured interviews at a location of the 

participant’s choice, typically a residence, and clinic examination to assess for traditional 

risk factors and subclinical disease were conducted. The interview consisted of 

demographic characteristics, medication use, and self-report of life satisfaction, emotion 

distress, social and physical functioning, health perception, symptoms, and physician-

diagnosed diseases. Physical examination, laboratory testing, echocardiography, 

electrocardiogram, and pulmonary function tests were performed at baseline to identify 

the presence and severity of cardiovascular disease risk factors such as hypertension, 

hypercholesterolemia, and glucose intolerance; subclinical disease such as carotid artery 

atherosclerosis, left ventricular enlargement, and transient ischemia; and clinically overt 

cardiovascular disease. Self-reported history of specific cardiovascular diseases (i.e., HF, 

myocardial infarction, angina, intermittent claudication and stroke) was validated using 

standardized algorithms involving history supplemented by clinic examination results, 

medication use, and medical record review. Further evaluation involved laboratory tests, 

measurement of heart rate and blood pressure, electrocardiogram, echocardiography, 

chest radiography, and other objective measurements. An expert panel adjudicated index 

events by reviewing all pertinent data. 

Participants were followed with semi-annual contacts alternating between clinic 

examination and telephone contact. If study interviewers perceived that participants were 

unable to complete their own self-report forms, the interviewers would administer the 

forms. When a participant’s condition deteriorated and communication was not possible 

(e.g., comatose, hearing impaired, no longer able to function cognitively), an individual 
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in the home was designated to serve as proxy to complete study interviews (CHS 

Collaborative Research Group, 2003).   

Annual clinic examinations, which included the major study baseline exam 

components and potential cardiovascular events continued for ten years. Unfortunately, 

annual assessment of perceived social support ended after five years in 1994. Thus, 

examination of the HRQL dimension of social support in the proposed investigation is 

limited to persons who developed incident HF in the CHS through 1994. Design of the 

CHS has been described in detail elsewhere (Fried et al., 1991).  

Study Sample  
 

Cardiovascular Health Study participants consisted of 5,888 randomly selected 

individuals from Health Care Financing Administration (HCFA) Medicare-eligible lists 

in Forsyth County, North Carolina; Sacramento County, California; Washington County, 

Maryland; and Pittsburg, Pennsylvania. The Pittsburgh population was entirely urban and 

the other 3 areas were a mixture of urban and rural populations. The sampling procedure 

was designed to produce a 60/40 female-to-male ratio with the following age 

stratification: 35% age 65 to 69 years, 25% age 70 to 74 years, 20% age 75 to 79 years, 

and 20% age 80 years and above (Tell et al., 1993).  

The original cohort was enrolled over a one-year period beginning in 1989.  

Among those eligible, 57.3% were enrolled, 38.6% refused, and 4.1% could not be 

enrolled before the end of the recruitment period (Tell et al., 1993). The cohort consisted 

of 57% women and 43% men with average age of 72.8 years. Ninety-five percent were 

white, 4.7% black, and 0.6% were other races. Sixty-nine percent were married  

(Newsom & Schulz, 1996).  Using similar methods, a minority cohort of 687 African 
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Americans (256 males, 431 females) was enrolled from 1992 to 1993 from three of the 

four field centers (CHS Coordinating Center, 2008). 

Eligibility Criteria 
 

The proposed secondary data analysis is limited to the eligibility criteria of the 

CHS.  Inclusion criteria of the CHS were: 

• Age 65 years or older  

• Medicare-eligible or living in the household of an Medicare-eligible individual 

sampled from the Health Care Financing Administration sampling frame 

• Non-institutionalized 

• Able to give informed consent and not requiring a proxy respondent at baseline  

The CHS exclusion criteria were: 

• Wheelchair-bound in the home at baseline 

• Unable to participate in a clinic examination at the study field center 

• Receiving hospice treatment, radiation therapy, or chemotherapy for cancer 

• Planning to move from the area in less than 3 years 

One additional inclusion criterion for the proposed secondary data is: 

• New diagnosis of HF between 1990 to 1998 that was confirmed by the CHS 

adjudication committee  

CHS Criteria for Heart Failure 
 

The CHS conceptually defined HF as a constellation of symptoms and physical 

signs that occurred in a participant whose cardiac output could not match metabolic needs 

despite adequate filling pressure (CHS Collaborative Research Group, 2003). At 

semiannual contacts, participants were asked about the presence of physician-diagnosed 
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HF. The diagnosis of HF was confirmed and adjudicated by an expert CHS committee 

through collection of relevant information, which included history, physical examination, 

chest radiography reports, and medication use. The designation of an index HF event 

required that a participant be both diagnosed with HF from a physician and undergoing 

medical treatment which included prescriptions for both a diuretic and digitalis or a 

vasodilator (nitroglycerin, hydralazine, or angiotensin converting enzyme inhibitor [ACE 

inhibitor]).  Sufficient but not necessary criteria to validate a new diagnosis of HF were 

documentation in the medical record of a constellation of symptoms (shortness of breath, 

fatigue, orthopnea, paroxysmal nocturnal dyspnea [PND]) and physical signs (edema, 

rales, tachycardia, gallop rhythm, displaced left ventricular apical impulse point), or 

supporting clinical findings of the presence of cardiomegaly and pulmonary edema on 

chest radiography, or decreased LVEF or evidence of LV dilation and segmental LV wall 

dysfunction by either echocardiography or contrast ventriculography (CHS Coordinating 

Center, 2008). Detailed description of CHS methods used to assess and adjudicate 

prevalent and incident HF cases have been reported elsewhere (Ives et al., 1995; Psaty et 

al., 1995; Schellenbaum et al., 2004).  

Power Analysis and Sample Size 
 

There are no comparable data in older individuals with incident HF to obtain 

effect sizes. Thus, the general guideline in Cox regression tests of one predictor per ten 

outcome or “failure” cases will be used to estimate sufficient power. There were 367 

incident HF cases from 1990 to 1994 in the CHS of which 184 survived (and 183 died) 

through 1997 (T. Wilsdon, written communication, April 15, 2011). Therefore, it is 

anticipated that 18 predictors and interaction terms can be safely included in statistical 
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computations to achieve adequate power, precise estimates, and models that behave 

properly (Concato, Peduzzi, Holford & Feinstein, 1995; Vittinghoff, Glidden, Shiboski, 

& McCulloch, 2005). 

 Operational Definitions 
 
Definition of Terms  
 
 The independent variables of primary interest are the four biopsychological plus 

one social variables that represent the domains of HRQL: GHP, life satisfaction, 

depressive symptoms, physical functioning, and social support.  There are seven 

demographic and clinical biopsychological independent variables that will be controlled 

for: age, gender, LVEF, HF symptoms, HF medications, gait speed, and cognitive 

function. The dependent outcome variable is time to all-cause mortality.  

Dependent Variable 
 
 The dependent variable in the proposed study is time from HF diagnosis to death 

calculated in days. Ascertained by semiannual study contact and proxy interview or 

through local newspaper obituaries, mortality data were collected and confirmed by death 

certificate, medical record review, or review of data on hospitalizations from the Health 

Care Financing Administration Medicare database on health care utilization (Gottdiener, 

2002; Ives et al., 1995). All-cause mortality was obtained in 100% of cases (Newman et 

al., 2009; Parashar et al., 2009).   

Independent Biopsychological Variables 
 
Demographic characteristics 
 

Demographic information was self-reported at study entry. Age was recorded as 

age in years. Gender was recorded male or female.  
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Left ventricular ejection fraction 
 

Echocardiographic data were collected on each subject in the original cohort at 

study baseline and interpreted at a centralized core echocardiography laboratory by 

persons blinded to participants’ clinical information. Two-dimensional echocardiography 

measurements of left ventricular images were made with images selected at end diastole 

and end systole for computation of left ventricular end-diastolic volume (EDV), end-

systolic volume (ESV), and LVEF. The video frame corresponding to end diastole was 

identified as the frame with the largest visible left ventricular dimension recorded in early 

diastole by referring to the QRS complex. End-systole was determined by locating the 

frame demonstrating the smallest visible left ventricular dimension. Left ventricular (LV) 

volumes at EDV and ESV were calculated from the two-dimensional images (parasternal 

short-axis and apical four chamber or two-chamber views) using truncated ellipsoid and 

modified Simpson’ rule methods. Data were calculated using the formula:  

 
LVEF = (EDV – ESV)/EDV *(times) 100% 

Global left ventricular systolic function was qualitatively assessed as normal (LVEF > 

55%), borderline (LVEF 45 - 54%), or impaired (LVEF < 45%). (CHS Coordinating 

Center, 2008; Gardin et al., 1992). 

Heart failure symptoms 
 

At annual visits, symptoms of orthopnea and paroxysmal nocturnal dyspnea were 

inventoried. Specifically, participants were asked whether they experienced orthopnea or 

paroxysmal nocturnal dyspnea within the last 12 months. Responses were scored no (0) 

or yes (1).  
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Heart failure medications 
 

At annual visits, data about medications taken within the past two weeks were 

collected directly from prescription bottles and data about selected over-the-counter 

medications were collected by questionnaire (Psaty et al., 1992). Then medication data 

were entered into a master drug database where medications were reviewed and coded 

with unique National Drug Code (NDC) numbers and with one of the class codes 

developed by the American Hospital Formulary Society (CHS Coordinating Center, 

2008). All medication variables were coded no (0) or yes (1), indicating whether the 

participant took a particular type of medication. In the proposed study, the use of ACE 

inhibitors and beta-blockers, which are used to treat HF and to improve survival (Flather 

et al., 2000; Garg & Yusuf, 1995; Heidenreich, Lee & Massie, 1996; Lechat et al., 1998) 

will be evaluated using information collected at the time of CHS surveillance visit 

immediately following newly diagnosed HF.  

Gait speed 
 

At annual examinations, participants walked at a usual pace for 15 feet either 

independently or with assistance from the side to assure stability (CHS Coordinating 

Center, 2008).  Those who were bed or wheelchair bound, refused, or indicated that they 

are unsure whether they were able to walk were not asked to perform the walk.  The walk 

was demonstrated first and then the participant was timed with a stopwatch beginning 

with a verbal command to start to when the first of the participant’s feet completely 

crossed the finish line. Walk time was recorded in number of seconds. 
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Cognitive function  
 

The CHS used the Modified Mini-Mental State Examination (3MS; Teng & Chui, 

1987) at annual surveillance visits to test participants’ cognitive function for orientation 

to time and place, registration, attention, calculation, recall, simple language, and 

visual/spatial construction. In the 3MS, participants are asked to provide information and 

perform specific tasks that duplicate common human experiences. Based on the response 

or performance, the “correctness” of the response is marked by the test administrator.  

In the CHS, study staff familiar with the test administered the examination in a 

quiet location with minimal distractions, and then test source documents were tallied and 

scored by computer algorithm (CHS Collaborative Research Group, 2003). Scores on the 

3MS examination range from 0 to 100 with higher scores representing higher cognitive 

function. The 3MS can be used to assess cognitive impairment and with a cutoff of 77/78, 

screen for dementia (McDowell, Kristjansson, Hill & Hebert, 1997). 

General health perception (GHP) 
  

General health perception is defined as an individual’s subjective assessment of his 

or her overall health status (Heo, Moser, Riegel, Hall & Christman, 2005a) at that 

particular point in time (Fries & Singh, 1996). Every year, GHP was measured in the 

CHS using a self-administered personal history questionnaire that included a single 

question asking participants to rate their general health as excellent, very good, good, 

fair, or poor. Responses were scored 1 to 5. Lower scores indicate better self-rated health 

(Appendix A; McHorney, Ware, Lu & Sherbourne, 1994).    
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Life satisfaction 
  

Life satisfaction describes an individual’s ability to derive satisfaction from life 

(CHS Collaborative Research Group, 2003). Two individual self-anchoring questions 

about life satisfaction were assessed at annual structured interviews (Appendix B). First, 

participants were asked, “How do you feel about life as a whole?”  Likert-like, semantic 

differential response options used a 6-point Delighted-Terrible (D-T) Scale  (Andrews & 

Crandall, 1976), which was presented on a card given to respondents. Options of 

delighted, pleased, mostly satisfied, mostly dissatisfied, unhappy, and terrible were 

subsequently rated from 1 to 6, respectively.  The second item asked, “How satisfied are 

you with the meaning and purpose of your life?”  Responses were obtained using a card 

with a visual analog scale (VAS) of 1 to 10 that was anchored by ‘extremely satisfied’ 

and ‘extremely dissatisfied,’ respectively (Andrews & Crandall, 1976). For both items, a 

lower score indicates higher life satisfaction.  

Depressive symptoms 
  

Frequency of depressive symptoms as a measure of emotional distress was 

assessed annually with the 10-item version of the Center for Epidemiologic Studies-

Depression Scale (Appendix C; CES-D 10; Andresen, Malmgren, Carter & Patrick, 

1994). Depressive symptoms experienced during the past week, which included mood (5 

items), energy level (two items), irritability, concentration, and sleep (one item each) 

were rated as rarely or none of the time (0), 1 – 2 days (1), 3 – 4 days (2), or most of the 

time (3). After reverse scoring of positive mood items, items are totaled for a scale 

ranging from 0 to 30 with higher scores indicating more depressive symptoms.  A cutoff 
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score of  > 8 is considered at risk and < 8 not at risk for clinical depression (Arbelaez, 

Ariyo, Crum, Fried & Ford, 2007; Schulz et al., 2000).  

Physical functioning 
  

Annual structured interviews to assess perceived physical functioning were 

conducted using a modified version of the Supplement on Aging survey (mSAS; 

Appendix D) from the 1984 National Health Interview Survey (CHS Collaborative 

Research Group, 2003; Fitti & Kovar, 1987) and the Established Populations for 

Epidemiologic Studies of the Elderly (EPESE) (Taylor, Wallace, Ostfeld, & Blazer, 

1998). The mSAS assesses general level of physical functioning and mobility and the 

ability to carry out activities of daily living (ADL) and instrumental activities of daily 

living (IADL). The CHS defined physical functioning as ADL and IADL as basic self-

care activities and activities necessary for independent function in the community, 

respectively (CHS Coordinating Center, 2008). Participants reported their degree of 

difficulty performing a specific activity and identified both the main symptom(s) and 

disease(s) that limited the activity. In the proposed study, six ADL (walking around the 

home, getting out of bed or chair, feeding, dressing, bathing, and toileting) and six IADL 

(heavy and light housework, shopping, meal preparation, financial management and 

telephone use) will be summed for a total score ranging from 0 to 12 with higher numbers 

indicating more impairment in physical functioning.  

Independent Social Variable: Perceived Social Support 
 

The CHS defined social support as a participant’s perception about how well he 

or she was supported by family and friends. Perceived support was operationalized using 

a 6-item version of the Interpersonal Support Evaluation List (ISEL; Appendix E; Cohen, 
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Mermelstein, Kamarck & Hoberman, 1985). Respondents rated statements as definitely 

true, probably true, probably false, or definitely false, which were scored from 1 to 4, 

respectively. Statements were: a) When I feel lonely, there are several people I can talk 

to, b) I often meet or talk with family or friends, c) If I were sick, I could easily find 

someone to help me with my daily chores, d) When I need suggestions on how to deal 

with a personal problem, I know someone I can turn to, e) If I had to go out of town for a 

few weeks, it would be difficult for find someone who would look after my home 

(reverse coded), and f) There is at least one person I know whose advice I really trust. 

Scores are summed for a scale that ranges from 6 to 24 with higher score indicating lower 

levels of perceived support. 

Instrumentation, Reliability and Validity  
 

The following summarizes the instruments used in the CHS to measure the study 

variables proposed above. See Appendix F for a table summary of measures. 

Left Ventricular Ejection Fraction and Quantitative Systolic Function 
 

Left ventricular ejection fraction is the most frequently determined index of LV 

function.  It can be established noninvasively with echocardiography, radionuclide 

cineangiography, and magnetic resonance imaging (MRI). Two-dimensional 

echocardiography uses 2-D images or simple diameter measurements to evaluate LVEF 

or surrogates of LVEF.  Two-dimensional echocardiography estimates of LVEF are 

highly dependent on good endocardial border definition and are limited by geometrical 

models using LV diameter or area measurements performed in one or two orthogonal 

planes and the assumption that the left ventricle has a spherical or elliptical shape with a 

homogenous contraction. (Bellenger et al., 2000; De Backer, Cholley, Slama, Vieillard-
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Baron, & Vignon, 2011).  Other sources of variability in echocardiographic evaluations 

of LVEF include changes in patient hemodynamic parameters, image quality, and 

disparity in reader and measurement techniques.   

In the CHS, quality control measures for echocardiography involved standardized 

training of echo technicians and readers, periodic reader review sessions, quality control 

audits, and blind duplicate readings at a centralized core facility. Based on the quality-

control rereads of 370 study echocardiograms, interreader agreement of LVEF was fair 

(94%, κ  = 0.32). However, intrareader agreement was excellent in 158 rereads (98%, κ = 

0.82) (Gardin, 1995). This pattern of reproducibility is consistent with a similar study of 

two-dimensional echocardiography in healthy individuals, where interreader agreement 

was 93% and intrareader agreement was 95% (Himelman, Cassidy, Landzberg & 

Schiller, 1988).  

Heart Failure Symptoms: Orthopnea and Paroxsymal Nocturnal Dyspnea 
 

Symptom burden and distress were not measured in the CHS. The two symptoms  
 
of orthopnea and paroxysmal nocturnal dyspnea (PND) that are unique to HF and will be  
 
examined in the proposed study are common in HF and significantly impact functioning  
 
and overall HRQL (Ekman et al., 2005; Jurgens et al., 2009; Zambroski, Moser, Bhat, &  
 
Ziegler, 2005). This simple symptom inventory has not been tested for reliability and  
 
validity.  However, the presence of symptoms may serve as a proxy for HF disease  
 
severity for the purposes of evaluating convergent validity with HRQL domains (Guyatt,  
 
Jaeschke, Feeny & Patrick, 1996). 
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CHS Medication Inventory Form 
                                                                                                                                                                       
The CHS medication inventory form was adapted from the Atherosclerosis Risk 

in Communities (ARIC) form (CHS Collaborative Research Group. 2003). Interviewers 

transcribed information from all medicine containers and queried participants about each 

medication and the participant’s use. Data were entered in CHSMeds, a database of all 

prescription medications and some non-prescription medications, derived from the 

Master Drug Data Base (MDDB: Medi-Span, Indianapolis, IN).  

Fifteen-foot Walk test 
 

The 15-foot (4.57 meters) and 4-meter walk tests are common performance 

measures used in the evaluation of physical functioning and overall health status in 

community dwelling older adults (Ferrucci et al, 2000; Markides et al, 1999; National 

Center for Health Statistics, 2004; Studenski, et al., 2004).  In a recent meta-analysis by 

Studenski et al. (2011), the reliability of the relative risks of gait speed to survival were 

found to be consistent across nine large cohort studies that included 34,485 community 

dwelling older adults with normal walking speed tests ranging from 8 feet to 6 meters 

(age adjusted HR .83-.94, all p< .001). Age-adjusted hazards ratios for heart disease 

compared to no heart disease across the same studies were also consistent (weighted 

effect size I2 = 59.4 and 75.9, Q-statistic for heterogeneity = 17, p= .016 and 29.0, p= 

.0001, respectively). Comparing individual studies and pooled values, C statistics for the 

area under the receiver operator characteristics (ROC) curve showed predictive validity 

of gait speed, age, and sex for 5- and 10-year survival compared to a more complex 

model of age, sex, chronic diseases, basal metabolic index, systolic blood pressure, and 

prior hospitalization in all nine studies. In 91 disabled community dwelling women, one-
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week test-retest reliability of the 4-meter walk was excellent at 6, 13, and 20 weeks 

(ICC= .86, .80. and .89, respectively; Ostir, Volpato, Fried, Chaves, & Guralnic, 2002).  

Reports using the 15-foot walk test in studies of persons with HF only were not found. 

Modified Mini-Mental State (3MS) Examination 
 

The 3MS examination is a lengthier version of the Mini-Mental State 

Examination (MMSE; Folstein, Folstein & McHugh, 1975) with four additional test 

items to assess a broader range of difficulties and cognitive domains, reduce ceiling and 

floor effects that can occur with the MMSE test, and enhance test reliability and validity 

for use in prospective and epidemiological studies. The MMSE is widely used and has 

demonstrated reliability and validity in a number of populations (Anthony, LeResche, 

Niaz, von Korff & Folstein, 1982; Tombaugh & McIntyre, 1992), including HF.  The 

MMSE has demonstrated concurrent validity with the Montreal Cognitive Assessment 

(Athillingam et al., 2011) and the Wechsler Adult Intelligence Scale (Almeida & Flicker, 

2001) for measuring cognitive impairment in community dwelling and hospitalized older 

adults with HF.  

No psychometric study of the 3MS in persons with HF was found. In patients 

with probable or possible dementia, the 3MS demonstrates excellent interrater agreement 

(r = .98, p < .001), test-retest reliability (r = 0.91 – 0.93), and is 91% sensitive and 97% 

specific for dementia at a cutoff score of 79/80 (Teng & Chui, 1987; Teng, Chui, 

Hubbard & Corgiat, 1987). In community dwelling older adults, internal consistency of 

the 3MS is less, ranging from Cronbach’s α .68 to .87 (McDowell et al., 1997; Tombaugh 

& McIntyre, 1992). Based on the gold standard diagnosis of a clinical dementia, the 3MS 

demonstrated sensitivity of 87%, specificity of 89%, and AUC of 94% at a cutoff of 
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77/78 for dementia, which was superior to MMSE psychometrics in the same study 

(McDowell et al., 1997).  

General Health Perception Single-item Measure  
 

The CHS utilized a single question to assess GHP that is identical to the single 

item on the SF-12 Health Survey (SF-12; Ware, Kosinski & Keller, 1996) that measures 

the HRQL domain of general health perception. The SF-12 is a generic HRQL instrument 

that has fulfilled psychometric standards of reliability and validity for assessing HRQL in 

healthy and medical population samples  (Ware & Kosinski, 2001; Ware et al., 1996), 

and in HF patients when compared to other reliable and valid disease-specific 

instruments, the MLWHF and Chronic Heart Failure questionnaires (N = 211; Bennet et 

al., 2002). This single item measure of general health perception has demonstrated 

reliability and validity in assessing illness burden in healthy individuals (N = 8200; 

Eriksson, Undén & Elofsson, 2001) and when compared to the MLWHF questionnaire in 

HF patients grouped by NYHA class (r = -.53, -.54, and -.45 for total scale, and physical 

and emotional subscales (p < .01; N = 638; Heo, Moser, Riegel, Hall & Christman, 

2005b).  

Life Satisfaction, Two Single-item Measures 
 

Life satisfaction as a measure of overall well-being has face validity and has been 

used as a measure of HRQL in studies of healthy and diseased populations (Chida & 

Steptoe, 2008). Use of at least one self-assessment question about overall well-being 

whereby a person defines what HRQL means to himself or herself is recommended in 

assessment of HRQL as it allows an individual to serve as his or her own internal control 

and decide how to evaluate quality of life and combine various dimensions (Gill & 
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Feinstein, 1994; McDowell & Newel, 1987; Spilker, 1996). Single item measures of life 

satisfaction are easy to administer and minimize respondent burden, contributing to a 

high rate of completion. Generic measures of HRQL permit comparison of HRQL across 

healthy and disease groups. However, no reports of reliability or validity for either of the 

CHS’s two items measuring life satisfaction could be found in individuals with heart 

disease.  

First introduced in sociological research and incorporated into various research 

measures, the D-T Scale has demonstrated reliability and validity in measuring life 

satisfaction in non-cardiovascular disease populations  (Leidy, 1994 for example).  Using 

maximum likelihood parameter estimates, a 7-point D-T scale was second most valid in a 

comparison of six methods to measure self-reported well-being (validity coefficient = 

.79, N = 222; Andrews & Crandall, 1976). Five-month test-retest with 80% of 

participants choosing the same or an immediately adjacent category, suggests that D-T 

responses are reliable over time (N = 300; Andrews, 1974). Internal consistency of the 

scale is acceptable in chronic mental health patients (α = .74 - .87; Lehman, Ward & 

Linn, 1982). The CHS used the 6-point D-T Scale (which removes the ‘mixed’ response 

option in the 7-point scale), which is reported reliable and valid in marketing research 

measuring consumer satisfaction (Westbrook, 1980). Compared to a visual analog scale 

(VAS), the D-T Scale offers “improved representation of the construct of satisfaction 

through more explicit reference to and gradation of the affective component” 

(Westbrook, 1980, p.68).  Likert scales may be an easier scaling method than VAS for 

older individuals to understand (Hasson & Arnetz, 2005).  Unfortunately, Likert-like 

semantic differential scales have been associated with response bias. Acquiescent bias 
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occurs when respondents tend to be influenced by wording and agree with items 

independent of the content (Ware, 1978). End-aversion bias whereby respondents tend to 

mark the middle options and avoid the extreme ends of the scale is more common with 

Likert scales than with VAS (Hasson & Arnetz, 2005).  

Visual analog scales have no interval anchoring points so acquiescent bias is 

eliminated (Singer & Thode, 1998). More commonly used than D-T scales, items using 

VAS have been found valid and reliable in assessing subjective concepts. Single-item life 

satisfaction VAS ratings have been strongly correlated with multi-item HRQL measures. 

In patients with esophageal cancer undergoing surgery (N = 83; de Boer et al., 2004), 

measurement of life satisfaction using a single-item VAS was moderately to highly 

correlated with all subscales of the Medical Outcomes Study Short Form-20 (r = .30 - 

.67; Stewart, Hays & Ware, 1988). Test-retest reliability of the life satisfaction VAS 

using structured interview versus postal survey among disease-free patients was also 

acceptable (intraclass correlation [ICC] r = 0.87, p <0.01). In a study of neuro-oncology 

patients (N= 205; Locke et al., 2007), single item VAS measuring five different HRQL 

domains was found similar to psychometrically sound multi-item instruments used for 

measuring HRQL in cancer patients: the Functional Assessment of Cancer Therapy-Brain 

(Cella et al., 1993; Weitzner et al., 1995), the Profile of Mood States-Short Form (Baker 

et al., 2002) and the Symptoms Distress Scale for Cancer Patients (McCorkle & Benoliel, 

1983). The VAS items also highly correlated with each other over a 4-month period (r = 

0.53 - 0.65, p < 0.001). In another study (N = 805; Hasson and Arnetz, 2005), VAS items 

were highly correlated with corresponding, previously validated single-item Likert scales 

among respondents on a web-based questionnaire measuring multidimensional 
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psychosocial constructs (ICC r = .90 - .94, p < .001). Strong correlations between related 

constructs indicate construct-related (convergent) and criterion-related (concurrent) 

validity. However, marginal homogeneity testing showed that the absolute scores for two 

out of five single-item corresponding VAS-Likert pairs were significantly different.   

Overall, findings suggest that both VAS and Likert scales are reliable and likely 

valid in measuring complex multidimensional constructs among various populations, but 

they are not necessarily interchangeable or additive. Thus, the two CHS parallel items 

that measure life satisfaction will be treated individually in the proposed study. A 

correlation coefficient of <.50 between the two measure will be considered a sufficient 

discrimination level. This discrimination level has been used before by other investigators 

and is thought to discriminate enough that constructs can be considered different from 

each other (Gorkin et al., 1993; Riedinger, Dracup, Brecht & SOLVD Investigators, 

2002). Center for Epidemiologic Studies-Depression Scale, Short Form (CES-D 10)  

The CES-D 10 is derived from the CES-D  (Radloff, 1977). The CES-D is a 

reliable (Crohnbach’s α = .88; Orme, Reis & Herz, 1986) and widely-used screening 

instrument validated for identifying clinically significant symptoms of depression against 

the gold standard of clinical diagnosis in healthy elderly and various medical populations  

(Berkman & Seeman, 1986; Boyd, Weissman, Thompson & Myers, 1982; Eaton & 

Kessler, 1981; Jones et al., 2005; Meyers & Weissman, 1980; Wada et al., 2007). In a 12-

month study of patients who underwent heart surgery (N=416), factor analysis of the 

CES-D and comparison of latent factor means revealed three stable factors and 2 unstable 

questions  (Contrada, Boulifard, Idler, Krause & Labouvie, 2006). The CES-D 10 does 

not include these two unstable questions and loads well on two factors: positive and 
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negative effects (Andresen et al., 1994). In otherwise healthy older adults (N=1542), a 

CES-D 10 cutoff score of > 8 had acceptable agreement (κ = .75) and detected similar 

depression prevalence as the CES-D (Andresen et al., 1994).  The CES-D 10 is a good 

screening instrument for major depression with little to no loss of sensitivity, specificity, 

or internal consistency (Shrout & Yager, 1989). In a sample of healthy elderly, test-retest 

reliability of CES-D 10 scores was good over three weeks (overall r = .71, item rs = .21 - 

.84) and over 12 months (r = .59; Andersen et al., 1994). Concurrent validity of the CES-

D 10 with self-reported health is supported: as depressive symptoms rise, self-reported 

health decreases (Kamphuis et al., 2009). In regression analysis, five items account for 

89% of the variance in overall CES-D 10 score; the largest being the single item, “ I felt 

depressed” (45% variance; Andresen et al., 1994). 

National Health Interview Supplement on Aging Survey, Modified Version (mSAS) 
 

To better understand aging and disability among the U.S. noninstitutionalized 

elderly as mandated by the National Health Survey Act of 1956 and the contemporaneous 

needs of government, policy makers and other stakeholders in 1984, the Supplement on 

Aging to the National Health Interview Survey (SAS) was developed  (Fitti & Kovar, 

1987).  Topics that include ADL and IADL impairment were selected following literature 

review, review of previous or existing surveys, consultation with experts, and input from 

conferences and meetings on the issues of the aging. The proposed survey was pretested 

in two representative samples and revisions made. The ADL and IADL component is 

comparable with that of the 1985 National Nursing Home Survey, and 1971-75, 1982-84, 

and 1986 National Health and Nutrition Examination Survey and Follow Ups  (Fitti & 

Kovar, 1987).  
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No empirical evidence of reliability and validity testing was found for the ADL or 

IADL topical surveys in the SAS or for the CHS’s modified version of the SAS (mSAS).  

Using factorial analysis, Fried et al. (1994) examined the mSAS and several other indices 

of physical functioning in the CHS study. While ADL and IADL items are conceptually 

distinct, the two activity types overlap in physiological difficulty producing four factors 

that differentially associated with specific diseases, thus supporting an etiologic basis for 

the factors. Persons with HF were significantly different from individuals with no 

disease, conditions or symptoms and had at least one item of difficulty in each of the four 

factor groups: mobility and exercise tolerance, complex activities relying heavily on 

cognition and sensory input, very basic self-care, and upper extremity ability. In logistic 

regression analyses, persons with HF reported difficulties that were significantly 

associated with the mobility and exercise factor (which is comprised of both ADL and 

IADL items), and overall with IADL disability.  Based on these findings, the proposed 

study will measure physical functioning as the number of impairments in both ADL and 

IADL.  

Interpersonal Support Evaluation List, 6-item version (ISEL-6) 
  

The 6-item version of the ISEL was adapted from a widely used, previously 

established valid and reliable, full-length parent version (Cohen et al., 1985; Heitzmann 

& Kaplan, 1988). The short version includes two items for each of three component 

factors that measure perception of tangible support, appraisal (information giving) and 

belonging (Newsom & Schulz, 1996). Summing of all six items yields an index of 

satisfaction and perceived adequacy with social contacts, if they were to be needed  

(Berkman, Oxman & Seeman, 1992). Internal consistency of the condensed version 
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(Cronbach’s α = .73) is acceptable among samples of older persons (Schulz & 

Williamson, 1991). In studies of individuals with heart disease, the condensed version of 

the ISEL has demonstrated convergent validity with measures of marital and work stress, 

physical impairment, depression, and quality of life (Blom, Janszky, Balog, Orth-Gomér 

& Wamala, 2003; Newsom & Schulz, 1996). 

Statistical Analysis Plan 
 
Missing Data 
 

Cases without HRQL data from annual assessments immediately before to 

immediately after HF diagnosis will be excluded from final analyses. The potential 

selection bias of excluding these cases will be examined with missing data analysis.  

Analyses  
 

Normality of distribution for continuous variables will be assessed using the 

Kolmogorov–Smirnov test. Predictors will be examined for skew and kurtosis and 

transformed as necessary for use in parametric statistical tests. Recoding of variables will 

be performed as indicated.  HRQL domains may be dichotomized with the lowest tertile 

indicating poor HRQL as compared with the upper two tertiles indicating good HRQL. 

As advocated by others, dichotomization of HRQL enhances clinical interpretability 

(Rumsfeld et al., 2003; Soto et al., 2004; Schenkeveld et al., 2010). Bivariate correlations 

will be conducted to examine multicollinearity between predictors. Principal components 

factoring of scores used in multivariate analysis will be used to examine multivariate 

colllinearity. Substantially redundant measures (SMC > .9) will be dropped.  

Descriptive statistics corresponding to the time of diagnosis will be evaluated 

using χ2 and Student t tests to compare demographic and clinical variables among those 
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who developed HF and those who did not. Results will be detailed in table format.  

The pre to post change in HRQL in HF will be compared to those in an 

age/gender match comparison group. Analyses will control for the time from the Pre visit 

assessment to HF diagnosis since it is expected that the amount of time elapsed will 

affect the degree of change in HRQL.  Analyses will also examine whether Pre score 

values affect the amount of change in HRQL scores. Cox proportional hazards regression 

tests will be used to analyze the contributions of the predictors to mortality. Hazard ratios 

(HR) with 95% confidence intervals (CI) and p-values by the likelihood test will be 

reported. First, a series of bivariate linear analyses will examine the contribution of each 

predictor to survival after controlling for the length of time from HRQL assessment prior 

to diagnosis to the date of HF diagnosis. Linearity of bivariate relationship will be 

examined by scatter plot. Clinical and HRQL variables that predict survival with p < .20 

statistical significance in bivariate models will be analyzed using Cox proportional 

hazards regression with hierarchical entry of demographic and clinical variables followed 

by HRQL variables. Graphical approaches will be used to test for assumptions of Cox 

regression and proportionality of hazards (Singer & Willet, 2003). 

Interaction terms of age with HRQL measures will be included in model testing. 

Single mediating effects of depressive symptoms on direct relations between other HRQL 

measures and mortality will be tested using multiple regression tests. In any simple three-

variable model, the direct path should approximately equal the product of the two indirect 

paths, distinguishing between mediator and moderator functions. (MacKinnon, 2008). 

Statistical analyses will be performed using SPSS version 20.0 (SPSS Inc., Chicago, 

Illionois).  Unless otherwise noted, all tests will be 2-tailed with p < .05 considered 
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statistically significant.  

Reliability and Validity of HRQL Measures 
 

Reliability tests of the multi-item HRQL scales will be performed for internal 

consistency.  Scales should exceed 0.70 alpha coefficient level for these norm referenced 

scales (Nunnally, 1978). Discriminate validity of the HRQL measures will be tested using 

a correlation matrix to determine the degree of independence among constructs.  A 

calculated correlation < 0.50 between the HRQL constructs (domains) in the CHS battery 

will be considered a sufficient discrimination level. This discrimination level has been 

used before by other investigators and is thought to discriminate enough that constructs 

can be considered different from each other (Gorkin et al., 1993; Riedinger, Dracup, 

Brecht & SOLVD Investigators, 2002).  

Human Subjects Protection 
 

A written investigation that describes a secondary data analysis of CHS variables 

must be proposed and approved by the University of Maryland Institutional Review 

Board before CHS Manuscript Proposal, Data Request, and Data Distribution Agreement 

documents may be accepted by the CHS Coordinating Center. Approval by the CHS 

Coordinating Center is granted after it is assured that the proposed investigation is in 

compliance with the terms of participants’ CHS informed consent and infers that no 

conflicts of publication interests are pending. A minimal dataset with de-identified coded 

data will be sought to minimize risk to CHS participants and their families’ 

confidentiality and privacy.   
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Summary 
 

To examine changes in HRQL that occur around the time of new HF diagnosis, 

scores from a battery of generic HRQL measures will be analyzed. One-year changes in 

HRQL in HF will be compared the changes in an age and gender matched comparison 

group. Those that reach significance of p < .20 will be used to create a parsimonious 

model of mortality risk in HF using Cox proportional hazard regression. Hierarchical 

entry will be used to enter demographic and clinical variables followed by HRQL change 

scores.  Analyses will examine potential confounding in one-year HRQL diagnosis 

change scores by the amount of HRQL existing at the outset (Pre visit scores), and by the 

elapsed time from the annual visit immediately before HF diagnosis to diagnosis. 

Interactions of age with HRQL measures will be tested for moderating effects. Potential 

mediation by depressive symptoms will be evaluated for direct effects with mortality 

greater than those that exist between mortality and other HRQL measures. Health related 

quality of life measures will be evaluated for discrimination (bivariate correlations < .50) 

and internal consistency reliability (multi-item instrument coefficient alpha > .70). 
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Chapter 4:  
Analyses 

 
Introduction 

 
Research shows that health related quality of life (HRQL) declines sometime after 

being diagnosed with heart failure (HF) and contributes to mortality risk. However, when 

HRQL first begins to decline after diagnosis is unknown.  The purpose of this study is to 

examine if HRQL changes can be detected when HF is first diagnosed and if these 

changes contribute to predicting mortality. Detection of HRQL changes at HF diagnosis 

could offer insights into development of early interventions to mitigate mortality risk and 

improve quality-adjusted survival.  

The longitudinal design of the Cardiovascular Health Study (CHS), which 

followed community dwelling elderly individuals for risk factors of cardiovascular 

disease and mortality, provides a dataset that allows examination of changes in HRQL 

when HF is first diagnosed. The CHS enrolled participants in two waves. An “Original” 

cohort of 5701 participants was enrolled from 1989 to 1990, followed by another cohort 

of 687 primarily African American (AA) participants from 1992 to 1993. Participants 

underwent up to ten years of annual health evaluations from enrollment through 1999, 

followed by nine years of follow-up for cardiovascular and mortality events only.   

The independent variables (IVs) of interest are the changes in HRQL scores from 

the annual assessment immediately before to immediately after HF diagnosis. Health-

related quality of life IVs are self-reported general health perception (GHP), feelings 

about life, overall life satisfaction, depressive symptoms, physical functioning, and 

perceived social support. Each IV was measured with a different instrument. The 

dependent variable (DV) of interest is all-cause mortality. Results of this secondary data 
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statistical analysis are provided in 3 sections: data preparation, sample description, and 

hypothesis testing. Analyses were conducted using SPSS version 20.0. All tests are 2-

tailed with significance, p < .05. 

File Creation 
 
Merging Files 
 
 Three files were received from the CHS Coordinating Center: Main (N=5888; 507 

variables), Depress Years 7&9 (N=5888, 27 variables), and LVEF (N=1781, 11 

variables).  Main and Depress Years 7&9 datasets were merged to create a dataset that 

included all variables of interest, except left ventricular ejection fraction (LVEF).  Left 

ventricular LVEF is viewed as a marker of HF severity; however, it was data were 

obtained only in a subset of the participants who developed HF. Thus, if one-year 

changes in HRQL at diagnosis are found to predict mortality, then LVEF will be used in 

sensitivity analysis to take into consideration the effect of HF severity on mortality.  

Variable Recoding 
 

Each variable of interest in the merged dataset was examined for values within 

range, distribution, outliers, and need for recoding.  

1. Time-related variables (e.g., time to HF diagnosis, time to study visit, time to death) 

were defined as days from enrollment.  Study assessments are designated by the CHS 

study year. 

2. All but three baseline study categorical variables had acceptable group distribution.  

These three - education, income, and race - were each recoded into theoretically 

meaningful categories with sufficient numbers in each group.  Participant highest 

education achieved was recoded from 22 discontinuous groups to 4 categories, 
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income was recoded from eight to four categories, and race was recoded from five to 

two categories (Table 4.1).   

Table 4.1: Recoded Variables  

Variable 
Original Coding 
(Original Name) 

Revised Coding 
(Revised Name) Reason for Recoding 

Education 22 categories  
 

4 categories: 1) Grades 
1-11, 2) Grade 12 or 

GED,  
3) Vocational or <3 yr. 

college,  
4) 4 yr. college, graduate 

or professional school 
 

Collapsed groups in a 
meaningful way to better 

distribute sufficient 
numbers  

Income 8 categories 4 categories: 1) <8K,  
2) 8K-15999,  

3) 16K-34999,  
4) >35K 

 

Collapsed groups into 
quartiles to evenly 

distribute sufficient 
numbers  

Race 5 categories 
White (83.6%) 
Black (15.7%) 

Am. Indian/Alaskan 
Native (0.3%) 
Asian/Pacific 

Islander (0.1%) 
 

2 categories:  
White, Non-White 

 

Combined non-
Caucasian groups to 
create 2 groups with 

sufficient numbers 

Orthopnea 6 categories  2 categories:  
yes, no 

 

Changed ordinal coding 
used in later years to 

align with dichotomy 
used in early years. 

Physical 
function 

0-6 scales 
 

0-12 scale:  
No impairment to Most 

impairment 
 

Summed yearly ADL 
and IADL scores to 
create a composite 

physical function score  
 

3. Orthopnea, which was initially coded dichotomously and later coded ordinally during 

the CHS was dichotomously recoded for all years (Table 4.1). 

4. As proposed in this dissertation, annual activity of daily living (ADL) scores were 

summed with the corresponding year’s instrumental activity of daily living (IADL) 

scores to create a physical function variable, PFXNSCR, for each year (Table 4.1).  
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5. The time to walk 15 feet (in seconds), TIMWLK, had several outliers. First, several 

zero seconds values existed. Based on the CHS Manual of Operations (Physical Exam 

Data Collection Form [Record 17]) and the CHS Longitudinal Data Documentation 

Reference (Performance-Based Measurements Form [Record 27]), participants were 

either able to walk 15 feet or not. The CHS assessment tools coded those who refused 

or were unsure about walking 15 feet as “Not assessed.” Those who could not 

perform the timed walk even with assistance were coded “Unable.” Thus, zero values 

appeared erroneous and were recoded missing. As such, annual mean walk times vary 

from 5.4 to 6.2 seconds (SDs 2.2 – 3.9).   

At the high end, values of 72, 88, 94 and even 119  (which is greater than the 

dataset’s missing data code of 99 for the timed walk variable) seconds are markedly 

far removed from other values (cases 5502535, 5018137, 6500684, and 4005155 in 

CHS years 3, 4, 6, and 7, respectively). Winsorizing upper values to within 3 SD 

reduced the upper annual range limits to 13 -15 seconds, effectively removing any 

meaningful spread of values. Thus, just the four upper values were deemed outliers 

and recoded as missing. 

Despite recoding, all years of data for the timed walk are severely skewed to the 

left and kurtotic, which is conceptually feasible. Variable distribution was not 

transformed since sample sizes were > 100 which will ensure robust parametric tests. 

6. By CHS design, some variables were not assessed in all study years.  Social support 

values are absent in CHS Years 7 - 10.  General health values are absent in CHS  

Year 4 (Table 4.2). 
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Table 4.2: CHS Independent Variables Not Assessed Annually  
Variable Variable name CHS Years with No Data 

Social support perception SOCSUP 7-10 
General health perception HLTH1 4 

 
Alignment of Cohorts in Time   
  

A new dataset was created to align the enrollment year of both cohorts to ‘Year 

1.’ To do so, Original and AA cohort data were separated into two datasets. The first 

three calendar years were removed from the AA cohort dataset because the AA cohort 

was not enrolled until the forth year of the study. The AA variables were computed to 

match the elapsed study years (i.e., AA cohort year 4 was aligned with the Original 

cohort year 1 and if needed, variable names were changed to match the Original variable 

names. Measurement agreement within each variable (nominal, ordinal, scale) in the 

cohorts was ensured and then, cases were added to merge the datasets. Frequencies of 

predictor variables by cohort in the newly merged dataset were checked against the 

unmerged datasets to verify proper alignment.  

After alignment, the CHS naming convention of study years was revised from 

Year 2 – 11 to Year 1 – 10 (Table 4.3).  
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Table 4.3: Naming Convention of Study Years Adopted After Aligning Cohorts in Time 

CHS Naming Revised Naming 

Year 
Original 
Cohort 

AA 
Cohort 

Both 
Cohorts 

Original 
Cohort 
Year 

AA 
Cohort 
Year 

Diagnos
is 

Change 
Score 

1989-90 Yr 2 (BL)   Yr 1 1989-90 1992-93 NA 
1990-91 Yr 3  Yr 2 1990-91 1993-94 1    
1991-92 Yr 4  Yr 3 1991-92 1994-95 2    
1992-93  Yr 5 Yr 5 

(BL) 
Yr 4 1992-93  1995-96 3 

1993-94 Yr 6 Yr 6 Yr 5 1993-94 1996-97 4    
1994-95 Yr 7 Yr 7 Yr 6 1994-95 1997-98 5    
1995-96 Yr 8 Yr 8 Yr 7 1995-96 1998-99 6    
1996-97 Yr 9 Yr 9 Yr 8 1996-97 FU 7    
1997-98 Yr 10 Yr 10 Yr 9 1997-98 FU 8    
1998-99 Yr 11 Yr 11 Yr 10 1998-99 FU 9  

1999-2008  Yrs 12-20 
(FU) 

Yrs 12-
20 (FU)  

Yr > 11 FU FU NA 

Note. AA, African American; BL, baseline enrollment; FU, follow-up for mortality events only; NA, not applicable; 
Yr, year. 
 
Unless otherwise stated, the revised naming is used from this point forward.  

Sample Description 
 
Entire CHS Sample 
 

The CHS enrolled a sample of 5888 community-dwelling adults, ages 65 years 

and older.  Characteristics of the entire sample at enrollment are summarized in Table 

4.4. 
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Table 4.4: Cardiovascular Health Study Sample Characteristics at Enrollment  
     (N = 5888) 

 N % Missing   
Male 2495 42.4 0   
Race   0   
     White 4925 83.6    
     Black 924 15.7    
     Other 39 0.7    
Hispanic ethnicity 62 1.1 21   
Education   1   
     Did not complete high school 1842 31.3    
     High school or GED 1620 27.5    
     Some college 1324 22.5    
     Bachelors degree or higher 1711 29.1    
Annual income (dollars)   380   
     < 8000 1434 26.0    
     8000 – 15999 1922 34.9    
     16000 – 34999 893 16.2    
     > 35000 1159 21.0    
Normal cognitive function  4203 80.8 688   
Preexisting heart failure  275 4.7 0   
Awaken at night by trouble breathing  678 11.6 49   
Sleeping on 2 or more pillows 823 14.06 36   
Taking a beta blocker 755 12.83 5   
Taking an ACE inhibitor 439 7.46 5   
      

 Mean  SD Missing Skew Range 
Age (years) 72.84 5.59 0 .89 64-100 
100-point 3MS score 89.63 7.07 120 -2.32 19-100 
15-foot timed walk (seconds) 5.83 2.43 87 6.32         2-58   
General health perception score 2.78 1.03 13 -.06         1-5 
Feelings about life score 2.28 .84 27 .16         1-6 
Life satisfaction score 2.82 1.73 47 .94         1-10 
Depressive symptoms BDI score 4.66 4.57 10 1.48         0-29 
Perceived physical functioning score .49 1.07 13 3.69         0-10 
Perceived social support score 8.30 2.64 18 1.56         6-23 

Note. 3MS, Modified Mini-Mental State Examination; ACE, angiotensin converting enzyme; BDI, Beck Depression 
          Inventory; GED, General Education Development test for Certificate of High School Equivalency 
 
Heart Failure Prevalence and Incidence 
 

The CHS classified a new HF event as requiring both 1) physician-diagnosed HF 

and 2) prescription of either a vasodilator (e.g., an angiotensin converting enzyme (ACE) 

inhibitor, nitroglycerin, or hydralazine) or a diuretic and digitalis. At enrollment, 275 of 

5888 (4.67%) participants had existing HF. Prevalent cases were removed from further 

analyses because they lacked measurement of health related quality of life (HRQL) 
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predictors in the year prior to being diagnosed with HF.  Of the remaining 5613 

participants at risk of developing HF in the CHS, 30.23% of participants (n = 1697) 

developed HF. 

Incidence of HF was calculated by life table analysis using the variable, ttochf, 

which was time in days from enrollment to HF diagnosis. Heart failure incidence at one, 

five, ten and twenty years during the CHS was 1.4, 9.1, 20.2, and 38.1%, respectively 

(Table 4.4) 

Life table analysis suggests that only 936 (55.2%) of the total 1697 incident HF 

cases during the CHS will be available for hypothesis testing because 761 cases are 

lacking data for statistical testing. One hundred thirty-three cases developed HF in year 

10 and did not have study assessments following diagnosis and another 628 cases 

developed HF in the follow-up period after annual data collection ceased and will not 

have predictor data.  

Sample at Risk for Developing Heart Failure 
 

Characteristics of participants at study enrollment who were at risk for developing 

HF were compared based on whether they developed HF or not (Table 4.5).  
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Table 4.5: Characteristics at Enrollment of Sample at Risk for Heart Failure (N=5613) 

 
Did Not 

Develop HF 
(n=3916) 

Developed 
HF 

(n=1697) 
Difference  No. 

Missing 

 N (%) N (%) X2 (p)  
Male 1568 (40) 794 (47)      22    (<.001) 0 
Race   NS 0 
     White 3278 (84) 1437 (85)   
     Black 614 (16) 250 (15)   
     Other 24   (1) 10   (1)   
Hispanic ethnicity 44   (1) 14   (1) NS 21 
Education         16     (.001) 0 
     Did not complete high 
school 

1098 (28) 524 (31)   

     High school or GED 1098 (28) 458 (27)   
     Some college 860 (22) 412 (24)   
     Bachelors degree or higher 860 (22) 303 (18)   
Annual income (dollars)         17     (.001) 364 
     < 8000 919 (25) 445 (28)   
     8000 – 15999 1237 (34) 601 (38)   
     16000 – 34999 596 (16) 230 (14)   
     > 35000 893 (25) 328 (20)   
Normal cognitive function  2884 (82) 1206 (80)       4.0    (.045)   649 
Awaken at night by trouble 
breathing  

379 (10) 198 (12)       5.3    (.021) 44 

Sleeping on 2 or more pillows 457 (12) 250 (15)     10.5    (.001) 33 
Taking a beta blocker 451 (12) 267 (16)     19.0  (<.001) 5 
Taking an ACE inhibitor 234   (6) 126   (7)       4.2    (.041) 5 
     
 Mean (SD) Mean (SD) t (p)  
Age (years) 72.3 (5.5) 73.7 (5.6) -8.6 (<.001) 0 
100 point 3MS score  90.0 (7.2) 89.3 (7.0)        3.2   (.001) 7 
15-foot timed walk (seconds) 5.7 (2.5) 5.9 (2.2)       -3.4   (.001) 51 
Note. 3MS, Modified Mini-Mental State Examination; GED, General Education Development test for Certificate of  
          High School Equivalency; NS, not significant. 
 
There was no difference in incident HF by race or ethnicity. At study enrollment, those 

who later developed HF more often male (47 vs. 40%, X2=22, p<.001), less educated 

(X2=16, p=.001), had lower income (X2=17, p=.001), and were more often cognitively 

impaired (12 vs. 10%, X2=4, p=.045). They also were older (73.7 vs. 72.3 years, t=-8.6, 

p<.001), scored lower on cognitive tests (89.3 vs. 90.0 points, t=3.2, p=.001), and walked 

slower in 15-foot timed tests (5.9 vs. 5.7 seconds, t=-3.4, p=.001) compared to those who 

did not later develop HF. Also at enrollment, those who later developed HF reported 
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more symptoms of HF (i.e., sleeping on two pillows [15 vs. 12%, X2=10.5, p=.001]) and 

awakening at night with trouble breathing [12 vs.10%, X2=5.3, p=.021]) and use of beta 

blockers (16 vs. 12%, X2=19, p<.001) and ACE inhibitor (7 vs. 6%, X2=4.2, p=.042).  

Final Sample of Incident Heart Failure Cases in Study Years 1 – 9 
 

Incident HF cases with HRQL data available both immediately pre and post 

diagnosis constitute the sample available for analysis of one-year HRQL diagnosis 

change scores. To identify and examine the incident HF cases, a variable, 

YR1PREHFDX, was created to identify each individual’s annual visit immediately 

preceding his or her HF diagnosis date. Values of 2 through 10 were assigned to 

correspond with the CHS study year immediately preceding the date of HF diagnosis.  

Evaluating incident HF cases by study visit yielded a sample of 982 participants with 

incident HF with potentially both pre and post HRQL data. Incident HF cases after study 

year 9 (n = 715) were excluded from analyses because predictor data were not available.  

Pre and Post diagnosis scores for HRQL measures 
  

For participants who developed HF within the first nine years of the CHS study, 

HRQL scores from the annual assessment before diagnosis (Pre) were selected using 

syntax and the YR1PREHFDX variable to select only the scores that coincided in time 

with an individual’s HF diagnosis. Then, the Pre scores from each year were combined to 

create a single Pre HRQL variable for all participants who developed HF in any year.  

Similarly, all years of HRQL Post scores from the study visit immediately following HF 

diagnosis were selected and Post scores for incident HF cases were combined to create a 

single Post score for all years for each HRQL variable. Table 4.6 provides a convenient 

reference of the HRQL measures. In all instruments, lower scores indicate better HRQL.  
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Table 4.6: Health-related Quality of Life Instrument Scoring 

Variable 
Measurement 

Scale Interpretation 
Life satisfaction 1-10 Extremely satisfied to Extremely 

dissatisfied  
Feel about life 1-6 Delighted to Terrible 
Depressive symptoms 0-30 Depressive symptoms worsen as score 

increases 
General health perception 1-5 GHP worsens as score increases 
Physical function 0-12 No impairment to Most impairment 
Social support 6-24 Perceived social support worsens as 

score increases  
 

Comparison of average Pre and Post diagnosis HRQL scores revealed that all 

HRQL measures worsened following HF diagnosis, except social support (Table 4.7).  

Table 4.7: Health-Related Quality of Life Scores Pre and Post Diagnosis for Heart  
     Failure Diagnosed in Study Years 1 – 9 (n = 982) 
 GHP 

Pre 
GHP 
Post  

Feel 
Pre 

Feel 
Post 

Satisf
ied 
Pre 

Satisf
ied 

Post 

Depr
ess 
Pre 

Depr
ess 

Post  

PF 
Pre  

PF 
Post  

SS 
Pre  

SS 
Post  

N 805 681 820 661 814 650 818 658 824 672 367 278 
Mean 3.27 3.49 2.48 2.53 3.33 3.50 6.18 6.76 1.48 1.81 8.56 8.31 
Median 3 4 3 3 3 3 5 6 1 1 8 8 
Mode 3 4 3 3 1 3 3 0 0 0 6 6 
SD .93 .95 .83 .90 1.92 1.93 5.17 5.45 2.28 2.59 3.02 2.63 
Skew -.28 -.33 .05 .30 .72 .77 1.06 1.00 2.19 2.05 1.59 1.54 
SE 
skew 

.09 .09 .09 .10 .09 .10 .09 .10 .09 .09 .13 .15 

Kurtosis -.06 -.25 .71 1.00 .31 .46 .99 .67 4.82 4.07 2.63 2.78 
SE 
kurtosis 

.17 .19 .17 .19 .17 .19 .17 .19 .17 .19 .25 .29 

Min 1 1 1 1 1 1 0 0 0 0 6 6 
Max 5 5 6 6 10 10 28 27 12 12 20 20 

Note. Depress, depressive symptoms Feel, feelings about life; GHP, general health perception; PF, self-assessed 
physical functioning; Satisfied, overall satisfaction with life  
 
On a scale of 6 - 24 points, average social support score improved 0.25 points following 

diagnosis (n = 278). 
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Reliability and Discriminate Ability of HRQL Measures 
 
 Cronbach’s coefficient alpha was calculated to evaluate the internal consistency 

of the HRQL instruments in HF cases and their age and gender matched controls (n = 

1697).  The Center for Epidemiological Studies-Depression Scale, Short Form (CES-D 

10) coefficient alpha was .775. The National Health Interview Supplement on Aging 

Survey, modified version (mSAS) for physical functioning coefficient alpha was .762. 

And, the Interpersonal Support Evaluation List, 6-item version (ISEL-6) for social 

support was .461.  

In discriminate evaluation, one pair of HRQL variables were correlated > .50: 

Satisfaction with life DCS and Satisfaction with life Pre score (r = -.526; Appendix G). 

This correlation is acceptable since these are the same construct. No other HRQL Pre 

scores or DCS were correlated with any other HRQL Pre scores or DCS at this level.   

Health-related quality of life diagnosis change scores (DCSs) 
  

The primary IVs of interest, the HRQL diagnosis change scores (DCSs), were 

calculated by subtracting Pre from Post scores in the year that an individual developed 

HF and then summing the annual change scores to get total HRQL diagnosis change 

scores. Descriptive statistics for the HRQL DCSs are summarized in Table 4.8.  
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Table 4.8: Health-Related Quality of Life Diagnosis Change Scores for Heart Failure 
    Diagnosed in Study Years 1 – 9 (n = 982) 

 N Missing   
N (%) Mean (SD) Range IQR Ske

w 

Kur
tosi

s 
GHP DCS 591 391 

(40) 
 .267  

(.887) 
   -3 to 4 0 to 1 .41 1.4

7 
Feel about life 
DCS 

628 354 
(36) 

.041  
(.897) 

   -2 to 4  0 to 
0 

.90 1.0
2 

Life satisfaction 
DCS 

618 364 
(37) 

.209 
(2.073) 

   -7 to 9 -1 to 
1 

.32 2.4
8 

Depressive 
symptoms DCS 

626 356 
(36) 

.907 
(4.917) 

 -21 to 
24 

-2 to 
3 

.30 2.6
7 

Physical function 
DCS 

638 344 
(35) 

.443 
(1.963) 

   -8 to 
11 

 0 to 
1 

1.54 6.9
8 

Social support 
DCS 

274 704 
(72) 

-.139 
(2.528) 

   -9 to 
10 

-1 to 
1 

-.14 2.0
6 

Note. All change scores are based on self-reported measures. DCS, diagnosis change score (Post score – Pre score); 
         GHP, general health perception. 
 
Positive mean values for all but social support imply that HRQL diminished in the year 

of HF diagnosis except in the case of social support.  Although kurtotic, DCSs for all 

HRQL variables (General health perception [GHP], Feelings about life, Life satisfaction, 

Depressive symptoms, Physical function, and Social support) are otherwise normally 

distributed with enough variance to be treated as continuous measures in parametric 

testing. 

Hypothesis Testing 
 
Research Question 1 

  
Does self-reported HRQL (GHP, Feelings about life, Life satisfaction, Depressive 

symptoms, Physical functioning, and Social support) deteriorate from the annual 

assessment immediately before to the annual assessment immediately after diagnosis of 

HF? 

Hypothesis 1:  Health-related quality of life variables deteriorate from the annual 

assessment immediately before to immediately after diagnosis of HF.  
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Pre to post diagnosis change in HRQL scores in HF using t test 
  

In participants who developed HF, changes in HRQL scores from the annual 

assessment before to the annual assessment after HF diagnosis were analyzed using 

paired samples t testing (Table 4.9).  

Table 4.9: Change from Pre to Post Diagnosis HRQL Measures in Heart Failure  
                 (N=982) 

Note. HF, heart failure; GHP, General health perception. 
 
General health perception (mean change 0.259, t(589) = 7.1, p < .001), life satisfaction 

(mean change .202, t(617) = 2.4, p = .015), depressive symptoms (mean change .920, 

t(625) = 4.7, p < .001), and physical functioning (mean change .440, t(636) = 5.7, p < 

.001) scores worsened in the year participants were diagnosed.  Although Feelings about 

life worsened and Social support improved, neither change was significant by paired t test 

(p = .248 and .363, respectively).   

Characteristics of HF cases compared to age and gender matched at-risk  
comparisons using Chi-square and t tests  

 
To determine whether the one-year HRQL changes in those who developed HF 

were unique from those who did not develop HF, an age and gender matched comparison 

group of persons at-risk for HF who never developed HF in the CHS was identified. 

Paired Differences 

95% CI of the 
Difference 

 
Mean 

Change SD Lower Upper t df Sig.  

GHP Post – Pre .267 .887 .196 .340 7.331 589 <.001 
Feelings about life Post – 
Pre 

.041 .897 -.029 .112 1.156 627 .248 

Life satisfaction Post - Pre .209 2.073 .045 .373 2.503 617 .013 
Depressive symptoms Post – 
Pre 

.907 4.917 .521 1.293 4.617 625 <.001 

Physical function Post - Pre .443 1.963 .290 .595 5.691 636 <.001 
Social support Post - Pre -.139 2.528 -.439 .161 -.911 274 .363 
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Using a randomly generated start number, potential comparisons were identified. Then, 

comparisons were selected for a 1:1 match with cases, taking into account their 

availability of comparison Pre and Post data.  

The sample characteristics and change from Pre to Post HRQL scores were 

analyzed by HF group using Chi-square tests for categorical data and Student’s t tests for 

continuous data (Table 4.10).   
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Table 4.10: Characteristics HF Cases Immediately Prior to Diagnosis with An Age and  
      Gender Matched Comparison Group (N =1962) 

       Note. * p < .05; ACE, angiotensin converting enzyme 
 
Prior to diagnosis, those with and without HF did not differ by race, ethnicity, 

neurocognitive assessment, or self-assessed social support. However, those diagnosed 

with HF were less educated (X2 = 27.8, p < .001) and had lower income X2 = 32.9, p < 

.001). At the annual study visit immediately before HF diagnosis, those diagnosed with 

 Incident HF 
Cases 

Age & Gender 
Matched 

Comparisons Difference Missing  
Study Enrollment  N (%) N (%) X2 (p) N (%) 

Female gender             478 (49)             478 (49)     < .1  (.999)                 0 
Race       4.48  (.107) 0 
    White 814 (83) 836 (85)                
     Black 161 (16) 132 (14)   
     Other 7   (1)          12   (1)   
Hispanic ethnicity 6   (1) 11   (1)    1.50   (.221) 3   (0.2) 
Education   27.77 (<.001)* 0 
     Did not complete high  
       school 

348 (35) 290 (30)   

     High school or GED 248 (25) 232 (24)   
     Some college 226 (23) 205 (21)   
     Bachelors or higher  
        degree  

160 (16) 253 (26)   

Annual income (dollars)   32.87 (<.001)* 111   (5.7) 
     < 8000 296 (32) 245 (27)   
     8000 – 15999 354 (38) 281 (31)   
     16000 – 34999 119 (13) 153 (17)   
     > 35000 162 (17) 241 (26)   
Normal cognitive function  660 (77) 743 (82)    8.43   (.065) 202 (10.3) 
     

Pre Diagnosis Visit N (%) N (%)  X2 (p) N (%) 
Sleeping on 2 or more 
pillows 

144 (17) 80   (9) 26.41   (.007)* 209  (10.7) 

Awaken at night by trouble 
breathing  

131 (16) 80   (9) 18.91 (<.001)* 301  (15.3) 

Taking a beta blocker 149 (17) 117 (13)   9.14   (.010)* 152    (7.7) 
Taking an ACE inhibitor 75   (8) 56   (6) 36.49 (<.001)* 152    (7.7) 
     

 Mean (SD) Mean (SD) t (p) N (%) 
Age (years) 78.769   (6.241) 78.719  (6.150)     -.17   (.863)                0 
100-point 3MS score 96.329 (92.937) 92.277(63.190)   -1.04   (.298) 321 (16.3) 
15-foot timed walk (seconds) 6.969   (4.388) 5.703  (2.937) -6.64 (<.001)* 387 (19.7) 
General health perception 3.266     (.934) 2.815    (.900) -10.00(<.001)* 310 (15.8) 
Feel about life  2.477     (.829) 2.335    (.798)  -3.62 (<.001)* 254 (13.8) 
Life satisfaction  3.328   (1.922) 2.991  (1.661) -3.86 (<.001)* 262 (13.4) 
Depressive symptoms  6.192   (5.176) 5.289  (4.924) -3.70 (<.001)* 256 (13.0) 
Physical function  1.482   (2.281) .705  (1.563) -8.15 (<.001)* 266 (13.6) 
Social support 8.557   (3.015) 8.511  (2.909)  -2.12   (.832)   1206 (61.5) 
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HF had significantly slower walking speed (t = -6.6, p < .001) and scores for GHP (t = -

10.0, p < .001), Feelings about life (t = -3.6, p < .001), Life satisfaction (t = -3.9, p < 

.001), Depressive symptoms (t = -3.7, p < .001) and Physical function (t = -8.2, p < .001).  

Change in HRQL in HF cases and age and gender-matched comparisons  
using linear mixed models to account Pre score values  
 
To better evaluate if changes in HRQL during the year of HF diagnosis were 

significantly worse than what might occur with usual aging alone over time, Pre to Post 

changes in HRQL were examined using linear mixed models that included Pre score 

values to examine what effect, if any, the Pre score values might have on the amount of 

subsequent change in HRQL in the two groups.  

Linear mixed models examined HRQL mean scores from time one (Pre) to time 

two (Post) by nesting controls within cases (using a CASEMATCONL variable). A dataset 

was created of incident HF cases with their age and gender matched counterparts with 

multiple lines per individual. Each person’s data was listed on two lines with the first line 

for HRQL scores at time one (Pre) and the next line for HRQL scores at time two (Post). 

Each line also included the individual’s Pre score. Then, changes in HRQL scores were 

examined looking for an interaction between group and the Pre-Post mean difference.  

Models with a random intercept were evaluated first without HRQL Pre scores and then, 

controlling for Pre HRQL scores to evaluate whether including Pre scores improved 

models.  

General health perception  
 
In mixed modeling with and without GHP Pre score, the best fitting model 

controlled for GHP Pre score (AIC 4863 with versus 8332 without). In this model (Table 
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4.11), the interaction of HF group X Pre to Post change in GHP predicted GHP score (t = 

4.854, p < .001).   

Table 4.11: Mixed Modeling Estimates of Fixed Effects for General Health Perception 
       Scores (N = 591) 

      95% CI 

Parameter Estimate 
Std. 

Error df t Sig. 
Lower 
Bound 

Upper 
Bound 

Intercept .8672 .0422 2968 20.559 <.001 .7845 .9500 
HF -.2808 .0308 2968 -9.125 <.001 -.3412 -.2205 
Prepost -.2605 .0297 2968 -8.775 <.001 -.3188 -.2023 
Prepost*HF .1971 .0406 2968 4.854 <.001 .1175 .2767 
PreGHP .8142 .0110 2968 73.703 <.001 .7926 .8359 
Note. Model AIC: 4863. HF = incident HF; reference group is those with incident HF; Prepost is before or after HF  
         incidence, reference is after incident HF; PreGHP = general health perception prior to HF diagnosis. 
 
The positive value of the estimate for the interaction term of group X time (Table 4.12) 

indicates that those diagnosed with HF had both significantly worse GHP prior to 

diagnosis and greater deterioration over time of GHP score compared to those without 

HF (Means 3.06 vs. 2.97 and 3.32 vs. 3.04, respectively).  

Table 4.12: Estimated Marginal Means of General Health Perception Scores in Heart  
       Failure and Non-Heart Failure groups from Pre to Post Measurement 
     95% Confidence 

Interval 
INCIDENT 

HF 
Two Times 
of Measure Mean Std. Error df 

Lower 
Bound 

Upper 
Bound 

NO 1 2.974a .019 2968 2.937 3.011 
 2 3.037a .021 2968 2.997 3.078 
YES 1 3.058a .020 2968 3.019 3.096 
 2 3.318a .023 2968 3.74 3.363 

Note. Covariates appearing in the model are evaluated for general health perception prior to HF diagnosis = 3.0101.  
         Time of Measure 1 is pre HF and 2 is post HF incidence. 
 
Since GHP Pre score impacted the amount of GHP Pre to Post change (t = 73, p < .001), 

Pre score will be included in future modeling to evaluate the effects of Pre-Post GHP 

change on mortality. The GHP Pre score, HF group, GHP Pre-Post change, and the 

interaction of HF group X Pre-Post change will be retained for model building. 
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Feelings about life 
 
Including Feelings about life (Feel) Pre scores produced a better fitting model 

than one that did not include the Pre score (AIC=5027 and 7819, respectively).  Feel Pre 

scores predicted the mean difference in the Feeling about life scores by group (p < .001), 

which was worse in HF than in non-HF (Mean 2.44 and 2.38, respectively; Table 4.13).  

Table 4.13: Estimates of Fixed Effects for Feelings about Life Scores by Heart Failure  
       Group and Time (N = 628) 

      95% Confidence 
Interval 

Parameter Estimate 
Std. 

Error df t Sig. 
Lower 
Bound 

Upper 
Bound 

Intercept 
.6104 .0360 3158 16.954 <.00

1 .5398 .6810 
HF -.0840 .0284 3158 -2.956 .003 .1397 .0283 
Prepost  -.0403 .0284 3158 -1.422 .150 -.0960 .0153 
Prepost*HF .0512 .0384 3158 1.333 .183 -.0241 .1265 
PreFeel .7699 .0117 

3158 65.684 
<.00

1 
.7469 .7929 

Note. Model AIC: 5027. HF = incident HF; reference group is those with incident HF; Prepost is before or after 
HF incidence, reference is after incident HF; PreFeel = feelings about life score prior to HF diagnosis. 

 
Controlling for Pre score, Feelings about life scores averaged .084 points higher in HF 

than in those without HF (p = .003) (Table 4.14). 

Table 4.14: Estimated Marginal Means of Feelings About Life Scores by Heart Failure  
       Group 
    95% Confidence Interval 

INCIDENT 
CHF 

Mean Std. Error df Lower Bound Upper Bound 

NO 2.378a .013 3158 2.353 2.404 
YES 2.436a .014 3158 2.409 2.464 

Note. Covariates appearing in the model are evaluated for feelings about life score prior to HF diagnosis = 2.3980. 

No interaction of group X Pre to Post change in Feelings about life (p = .183) indicated 

that the decline over time about how participants felt about life was not unique to being 

diagnosed with HF.  All variables for Feelings about life (HF group, Pre to Post mean 

difference, the interaction of HF group X time, and Pre scores) were significant at p < 

.20, so will be retained for building the most parsimonious model. 
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Overall life satisfaction 
  
Linear mixed modeling that controlled for Life satisfaction Pre score resulted in a 

better fitting model than one without Pre score (AIC=10228 versus 12831, respectively; 

Table 4.15).  

Table 4.15: Estimates of Fixed Effects for Life Satisfaction Mean Scores (N = 618) 
      95% Confidence Interval 

Parameter Estimate 
Std. 

Error df t Sig. 
Lower 
Bound 

Upper 
Bound 

Intercept .9961 .0647 3131 15.391 <.001 .6892 1.1229 
HF 

-.1345 .0661 
3131 -2.034 .042 .139737

  -.0049 
Prepost 

-.2010 .0660 3131 -3.046 .002 
-

.096027 
-.0716 

Prepost*HF 
.0539 .0892 

3131 .604 .546 
-

.024133 
.2288 

PreSatisfaction .7611 .0126 3131 60.594 <.001 .746927 .7858 
Note. Model AIC: 10228. HF = incident HF; reference group is those with incident HF; Prepost is before or after 
         HF incidence, reference is after incident HF; PreSatisfaction = life satisfaction score prior to HF diagnosis. 

 
Pre to Post mean difference (t = -3.05, p = .002) predicted Life satisfaction scores. Life 

satisfaction scores were worse in HF than in non-HF participants (Mean 3.28 versus 3.17, 

respectively; Table 4.16).  

Table 4.16: Estimated Marginal Means for Life Satisfaction Scores in Heart Failure  
       Versus Non-Heart Failure Groups  
    95% Confidence Interval 

INCIDENT 
CHF 

Mean Std. Error df Lower Bound Upper Bound 

NO 3.174a .030 3131 3.115 3.233 
YES 3.282a .033 3131 3.217 3.347 

   Note. Covariates appearing in the model are evaluated for life satisfaction score prior to HF diagnosis = 3.1354. 
 
Also, Life satisfaction Pre score (t = 60.6, p < .001) predicted mean change in Life 

satisfaction score, which was .135 points (p = .04) worse in those with HF.  However, 

there was no interaction between HF group X Time (p = .55), suggesting that the Pre to 

Post change in Life satisfaction was not unique to diagnosis of HF.  For the purposes of 
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building the most parsimonious model: HF group, Life satisfaction mean difference over 

time, and Life satisfaction Pre scores (all ps < .20) will be retained in the model. 

Depressive symptoms 
  
Mixed modeling with and without Depressive symptoms Pre score showed that 

better model fit was obtained when Pre score was in the model (AIC=15814 and 19355, 

respectively). After controlling for Pre score, Depressive symptoms score was on average 

.827 (p < .001) points worse in HF than without HF (Table 4.17).  

Table 4.17: Estimates of Fixed Effects for Depressive Symptoms Score (N = 626) 
      95% Confidence Interval 

Parameter Estimate 
Std. 

Error df t Sig. 
Lower 
Bound 

Upper 
Bound 

Intercept 1.9357 .1342 3150 14.428 <.001 1.6726 2.1987 
HF -.8270 .1580 3150 -5.233 <.001 -1.1368 -.5171 
Prepost -.8478 .1579 3150 -5.370 <.001 -1.1573 -.5382 
Prepost*HF .6683 .2136 3150 3.128 .002 .2494 1.0871 
PreDepressive .8243 .0107 3150 77.303 <.001 .8034 .8452 
Note. Model AIC: 15814. HF = incident HF; reference group is those with incident HF; Prepost is before or after HF 
         incidence, reference is after incident HF; PreDepressive = depressive symptoms score prior to HF diagnosis. 

 
An interaction of HF group X Pre-Post time (t = 3.13, p < .002) indicates that Depressive 

symptoms scores significantly worsened over time in those with HF compared to those 

without HF. Compared to their matched counterparts, those with HF started with worse 

Depressive symptoms scores prior to diagnosis (M = 5.54 and 5.69, respectively) and 

their scores markedly worsened following diagnosis (M = 5.72 and, 6.5 respectively) 

(Table 4.18).  
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Table 4.18: Estimated Marginal Means for Pre to Post Depressive Symptoms Scores by  
       Heart Failure Group 
     95% Confidence 

Interval 
INCIDENT 

HF 
Two Times 
of Measure Mean Std. Error df 

Lower 
Bound 

Upper 
Bound 

NO 1 5.535a .100 3150 5.340 5.730 
 2 5.715a .104 3150 5.511 5.919 
YES 1 5.694a .104 3150 5.490 5.898 
 2 6.542a .119 3150 6.309 6.775 

Note. Covariates appearing in the model are evaluated for depressive symptoms score prior to HF diagnosis = 5.5876. 
 
Pre score value also predicted Depressive symptoms score (t = 77, p < .001). Since the 

both the interaction term and Pre score were significant predictors of Depressive 

symptom score, all predictors will be retained in the model. 

Self-assessed physical functioning 
 

  Mixed modeling with and without Physical functioning Pre score indicates that 

controlling for Pre score produces the best fitting model (AIC=9648 and 13665, 

respectively) and that Pre score predicts Physical function score (t = 84, p < .001; Table 

4.19).  

Table 4.19: Estimates of Fixed Effects for Physical Functioning Mean Scores (N = 638) 
      95% Confidence Interval 

Parameter Estimate 
Std. 

Error df t Sig. 
Lower 
Bound 

Upper 
Bound 

Intercept .5485 .0465 3139 11.783 <.001 .4572 .6397 
HF -.3205 .0599 3139 -5.350 <.001 -.4380 -.2031 
Prepost -.4239 .0593 3139 -7.147 <.001 -.5400 -.3075 
Prepost*HF .2551 .0807 3139 3.160 .002 .0968 .4135 
PrePF .9259 .0109 3139 83.951 <.001 .8945 .9373 
Note. Model AIC. 9648.170. HF = incident HF; reference group is those with incident HF; Prepost is before or after  
         HF incidence, reference is after incident HF; PrePF = physical functioning score prior to HF diagnosis. 

 
A significant interaction of HF group X Time  (t = 3.16, p < .002) indicates that 

compared to the decline in self-assessed Physical functioning that occurred with usual 

aging, Physical function was worse in those with HF just prior to diagnosis (Means .98 
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versus 1.05, respectively) and worsened after diagnosis (Mean 1.15 versus 1.47, 

respectively; Table 4.20).  

Table 4.20: Mixed Modeling Estimated Marginal Physical Functioning Means Pre to  
       Post Diagnosis in Heart Failure and An At-Risk Comparison Group  
     95% Confidence 

Interval 

INCIDENT 
HF 

Two 
Times 

of 
Measure Mean 

Std. 
Error df 

Lower 
Bound 

Upper 
Bound 

NO 1 .980a .038 3139 .905 1.054 
 2 1.148a .040 3139 1.070 1.226 
YES 1 1.045a .039 3139 .968 1.122 
 2 1.469a .045 3139 1.381 1.556 

Note. Covariates appearing in the model are evaluated for physical functioning prior to HF diagnosis = 1.0048. 
 
Since the interaction of HF group X time and Physical functioning Pre score were 

significant predictors of Physical function score, all predictors will be retained in the 

model. 

Perceived social support 
  
Mixed modeling with and without Social support Pre scores revealed that 

controlling for the Pre score produced a better fitting model (AIC=5176 and 6786, 

respectively, Table 4.21).  

Table 4.21: Estimates of Fixed Effects for Social Support Scores (N = 274) 
      95% Confidence 

Interval 

Parameter Estimate 
Std. 

Error df t Sig. 
Lower 
Bound 

Upper 
Bound 

Intercept 
1.6080 .1532 1386 10.49

4 <.001 1.3074 1.9086 
HF -.0656 .1252 1386 -.524 .600 -.3113 .1800 
Prepost  -.1586 .1242 1386 1.277 .202 -.0851 .4024 
Prepost*HF .0562 .1689 1386 .333 .739 -.2750 .3875 
PreSocial .7935 .0143 

1386 55.46
1 

<.001 .7469 .8216 

Note. Model AIC: 5176. HF = incident HF; reference group is those with incident HF; Prepost is before or after  
         HF incidence, reference is after incident HF; PreSocial = social support score prior to HF diagnosis. 
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And, Pre Feel scores were predictive of Post scores (t = 55.46, p < .001).  Social support 

scores were worse in those with HF compared to without HF (8.430 versus 8.393, 

respectively; Table 4.22), however; the difference was not significant (t = -5.24, p = .60); 

scores did not change significantly from Pre to Post (t = 1.277, p = .202); and their 

interaction term did not predict Social support score (t = .33, p = .74; Table 4.22).  

Table 4.22: Estimated marginal means for Social support score in HF versus non-HF  
       groups  
    95% Confidence Interval 

INCIDENT 
CHF 

Mean Std. Error df Lower 
Bound 

Upper Bound 

NO 8.393a .057 1386 8.281 8.505 
YES 8.430a .062 1386 8.309 8.552 

Note. Covariates appearing in the model are evaluated for social support score prior to HF diagnosis = 8.4976. 
 
Overall, these results indicate that the one-year mean change in Social support is not 

related to being diagnosed with HF. The significance is > .20 for all social support 

variables, so they will be dropped from further model building. 

Effect of HRQL Pre scores on HRQL diagnosis change scores using linear  
Regression 

  
To better understand the contributions of HRQL Pre score values on the amount 

and direction of change from Pre to Post in HRQL measures for those with HF, a series 

of bivariate regressions was conducted. Each HRQL diagnosis change score was 

regressed on its respective Pre score (Table 4.23).   
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Table 4.23: Bivariate Linear Regression of Health-Related Quality of Life Diagnosis  
       Change Scores on Their Respective Pre Scores in Heart Failure ( N = 982) 

Note. HF, heart failure; GHP, general health perception. 
 
Consistent with the linear mixed models above, each Pre score predicted the amount of 

change in its respective HRQL change score measure during the first year of diagnosis 

(all ps < .001).  Of note, all Beta coefficients were negative indicating that the higher 

(worse) the HRQL score prior to diagnosis, the less it changed from time 1 to time 2 

within the first year of HF diagnosis. Also, the better a participant’s self-reported HRQL 

prior to diagnosis, the more it deteriorated during the first year of HF diagnosis. 

Specifically, for every one-point increase (worsening) in: 

• GHP Pre score, GHP DCS decreased by .44 points (F(1) = 156, p < .001).  

• Feelings about life Pre score, Feelings about life DCS decreased by .51 points 

(F(1) = 181, p < .001).  

• Life satisfaction Pre score, Life satisfaction DCS decreased by .58 points 

(F(1) = 235, p < .001).  

Unstd 
Coefficient 

Std 
Coeffici

ent 
Model N F p 

Adjus
ted R2 B SE Beta 

GHP Pre score 591 156 <.001 .21 
-

.441 
.03
5 

-.457 

Feel about life Pre score 
62
8 181 

<.00
1 .22 

-
.507 

.03
8 -.474 

Life satisfaction Pre 
score 

61
8 235 

<.00
1 .28 

-
.581 

.03
8 -.526 

Depressive symptoms 
Pre score 

62
6 117 

<.00
1 .16 

-
.390 

.03
6 -.397 

Physical function Pre 
score 638 35 <.001 .05 

-
.223 

.03
8 

-.229 

Social support Pre score 274 110 
<.00

1 .29 
-

.467 
.04
5 -.537 
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• Depressive symptoms Pre score, Depressive symptoms DCS decreased by .39 

points (F(1) = 117, p < .001).  

• Physical functioning Pre score, Physical functioning DCS decreased by .22 

(F(1) = 35, p <. 001).  

•  Social support Pre score, Social support DCS decreased by .47 points (F(1) = 

110, p < .001).  

Hypothesis 1 summary of findings 
   
In community-dwelling older adults newly diagnosed with HF, paired t-testing 

showed significant changes Pre to Post HF diagnosis in GHP, Satisfaction with life, 

Depressive symptoms, and Physical functioning scores, but not in Feelings about life or 

Social support scores (Table 4.9). However, when compared to an age- and gender-

matched comparison group using linear mixed modeling, only Pre-Post GHP, Depressive 

symptoms, and Physical functioning had significantly deteriorated in persons in HF 

(Table 4.24).  

Table 4.24: Summary of Health-Related Quality of Life Variables Retained for  
       Parsimonious Model Building 

HRQL variable 
Incident HF 

group 
Pre - Post 
Change 

Interaction of 
Pre - Post 

Change with 
HF group Pre Score 

GHP < .001 < .001 < .001 < .001 
Feelings about life .003 .150 .183 < .001 
Life satisfaction .042 .002 - < .001 
Depressive symptoms < .001 < .001 .002 < .001 
Physical functioning < .001 < .001 .002 < .001 
Note. Variables retained if p < .20 in mixed models with a matched at-risk comparison group. 
 
Thus, Hypothesis 1 was supported for GHP, Depressive symptoms, and Physical 

functioning.  
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Pre to Post HF diagnosis changes for feelings about life and overall life 

satisfaction which did not differ by HF group, but reached significance of p < .20, will be 

retained for building the most parsimonious survival model. Pre to Post Social support 

scores did not differ over time in t tests or when compared to an age- and gender-matched 

comparison group in linear mixed modeling. Because pre to post social support change 

had significance > .20, it is dropped from further analysis.  

Importantly, the best fitting mixed models controlled for HRQL Pre scores, 

suggesting that Pre score values affect the amount of one-year change in their respective 

HRQL variables. Participants with worse HRQL scores prior to diagnosis (i.e. higher Pre 

score) had smaller changes in HRQL during the first year of HF diagnosis.  Thus, all 

HRQL Pre scores (except Social support which failed to obtain significance of p < .20) 

are retained in the model.  

Research Question 2  
 

Are one-year changes in HRQL and demographic and clinical variables known to 

be associated with mortality in HF, bivariate predictors of all-cause mortality in elderly 

persons newly diagnosed with HF? 

Hypothesis 2:  One-year changes in HRQL (variables from Hypothesis #1) and 

demographic and clinical variables known to be associated with mortality in HF (i.e., age, 

gender, 15-foot walk time, cognitive function, symptoms of orthopnea and PND, and HF 

medications) are bivariate predictors of time to death in persons with incident HF.  

Dependent variable: Time from HF diagnosis to death 
 

 The dependent variable (DV), Time to death, was collected for 100% of CHS  
 
participants. Of the 982 participants who developed HF during study years 1 - 9, 899  
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(91.5%) died in study years 1 - 9 and 83 (8.5%) died during the CHS follow-up period.  
 

A variable for Time from HF diagnosis to death (tmhfdxtodth) was computed by 

subtracting the time from enrollment to HF diagnosis from the time from enrollment to 

death. Median time from HF diagnosis to death was 3.59 years (M 4.68, SD 4.17, range 0 

day – 18.3 years) (Table 4.25).  

Table 4.25: Survival Time and Time from Pre visit to Diagnosis For Incident Heart  
       Failure Cases Diagnosed in Study Years 1 – 9 (N = 982) 
 

Time from diagnosis to death  
Time from annual visit immediately  

prior to diagnosis to diagnosis  

 
Non-normal distribution of the DV (Figure 4.1) is acceptable in Cox regression because it 

is semi parametric.   

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 Days Years Days Years 
Mean (SD) 1707.52 

(1522.201) 
4.68 (4.17) 205.76 (121.371) 0.56 (0.33) 

Median 1309.50 3.59  207.00 0.57 
Mode 0 0 308.00 0.84 
Range 0 - 6678 0 -18.30 1 – 687   
IQR 432 -1310  106 - 296  
Skew .938  .251  
SE Skew .078  .082  
Kurtosis .166  -.428  
SE Kurtosis .156  .163  
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Figure 4.1: Time From Diagnosis to Death in Participants Who Developed Heart Failure  
       In Study Years 1 – 9 (N = 982) 

 

Missing data 
  

Although there are greater than 5% missing data for all HRQL DCSs (Table 4.7), 

missing data analysis is not indicated because the outcome, mortality, has no missing 

data. Thus, any pattern of predictor missingness cannot inform the missingness of the 

outcome data (Tabachnick and Fidell, 2007). Power will be reduced as cases with 

missing data are excluded from Cox analyses. 

Time from the visit immediately preceding HF diagnosis to diagnosis 
  
In evaluating whether HRQL DCSs predict mortality, the magnitude of the 

change in HRQL during the first year of diagnosis is likely affected by the length of time 

that elapsed from the study assessment prior to HF diagnosis to diagnosis. Thus, 

modeling will control for this elapsed time.  The Time from the Pre study visit before HF 

diagnosis to diagnosis, PRtodxtm, was calculated by subtracting the time from the start of 
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study to the study visit immediately prior to HF diagnosis (stdytm) from the time from 

start of the study to HF diagnosis (ttochf). The new variable, Time from Pre visit to HF 

diagnosis, averages 206 (SD + 121) days and can be treated as normally distributed in 

this large sample (Table 4.25, Figure 4.2).  

Figure 4.2: Time from the annual visit immediately prior to HF diagnosis to diagnosis 

 
     Relationships between HRQL variables and mortality in incident heart  
     failure  
 
     Time to death among the 982 incident HF cases was analyzed using Cox  

 
proportional hazards regression. The HRQL DCSs, Pre scores, Time from Pre visit to HF 

diagnosis, and the interactions of Pre scores X Time from Pre visit to HF diagnosis were 

entered simultaneously into models.  

General health perception 
 
Cox proportional hazards analysis of mortality on GHP included 569 HF cases 

(Table 4.26).  
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Table 4.26: Cox Regression of Mortality on General Health Perception Diagnosis  
        Change Score Among Participants with Incident Heart Failure (N = 569)a 

 
Covariate 

Means B SE Wald Sig. HR 

GHP DCS .260 .244 .063 14.712 <.001 1.276 

GHP Pre score 3.218 .259 .109 5.641 .018 1.295 
Time from Pre visit to HF 
diagnosis 

214.587 .000 .001 .069 .793 1.000 

GHP Pre score*Time from 
Pre visit to HF diagnosis 

687.239 .000 .000 .008 .929 1.000 

Note. DCS, diagnosis change score; GHP, general health perception; HF = heart failure. 
a. Model X2(4) = 25.747, p < .001; N = 569 (54 censored). 
 
Change in GHP during the year of HF diagnosis independently predicted time to death 

after controlling for the GHP Pre score value, Time from Pre visit to HF diagnosis, and 

the interaction of Pre score X Time from Pre visit to HF diagnosis (HR 1.276, 95%CI 

1.126, 1.445).  Newly diagnosed HF participants were 27.6% more likely to die for every 

one-point increase in the GHP DCS.  Also, every one-point increase in GHP Pre score 

predicted a 29.5% increase in likelihood of death (HR 1.295, 95%CI 1.046, 1.603).  Time 

from the Pre visit to HF diagnosis and the interaction of GHP Pre score X Time were not 

predictive of mortality. The interaction term of Time X GHP Pre score will be dropped 

from future testing to build the most parsimonious model because p > .20. 

Feelings about life 
 
Neither the DCS or Pre score for Feelings about life (HR 1.098, 95%CI .983; and 

HR 1.164, 95%CI .952, 1.423, respectively) predicted survival after controlling for Time 

from Pre score to diagnosis and the interaction of Pre score X Time (Table 4.27).   
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Table 4.27: Cox Regression of Mortality on Feelings About Life Diagnosis Change Score  
       Among Participants with Incident Heart Failure (N = 607)a 

 
Covariate 

Means B SE Wald Sig. HR 

Feelings about life DCS .041 .093 .056 14.712 .098 1.098 
Feelings about life Pre 
score 

2.463 
.151 .103 5.641 .140 1.164 

Time from Pre visit to 
HF diagnosis 

213.679 
.000 .001 .029 .864 1.000 

Feelings about life Pre 
score*Time from Pre 
visit to HF diagnosis 

523.132 .000 .000 .008 .965 1.000 

Note. DCS, diagnosis change score; HF = heart failure. 
a. Model X2(4) = 7.603, p = .107, N = 607 (60 censored) 
 
However, both reached p < .20 and will be retained for model building. Time from Pre 

score to HF diagnosis and its interaction with Pre score did not reach significance < .20 

so the interaction term will be dropped from future testing. 

      Overall life satisfaction 
  

Only Pre score for Life Satisfaction independently predicted Time to death when 

mortality was regressed on life satisfaction variables (Table 4.28).   

Table 4.28: Cox Regression of Time to Death on Life Satisfaction Diagnosis Change  
        Score Among Participants with Incident Heart Failure (N = 598)a 

 
Covariate 

Means B SE Wald Sig. HR 

Life satisfaction DCS .204 .041 .026 2.545 .111 1.042 
Life satisfaction Pre 
score 

3.283 
.141 .046 9.314 .002 1.151 

Time from Pre visit to 
HF diagnosis 

212.813 
.001 .001 3.104 .078 1.001 

Life satisfaction Pre 
score*Time from Pre 
visit to HF diagnosis 

694.110 .000 .000 2.964 .085 1.000 

Note. DCS, diagnosis change score; HF = heart failure. 
a. Model X2(4) = 11.482, p = .022, N = 598 (60 censored). 
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Newly diagnosed HF participants were 15.1% more likely to die with every one-point 

increase (i.e., worsening) in Life satisfaction Pre score (HR 1.151, 95%CI 1.052, 1.260). 

All other Life satisfaction variables (DCS, Time from Pre score to HF diagnosis, and the 

interaction of Pre score X Time from Pre visit to diagnosis) were not predictive of 

mortality, but will be retained for model building because all ps were < .20. 

      Depressive symptoms 
  

Depressive symptoms DCS was an independent predictor of mortality after 

controlling for Pre score, Time from Pre visit to HF diagnosis, and the interaction of Pre 

score X Time from Pre visit to HF diagnosis (Table 4.29).   

Table 4.29: Cox Regression of Time to Death on Depressive Symptoms Diagnosis  
        Change Score Among Participants with Incident Heart Failure (N = 606)a 

 
 

Covariate 
Means B SE Wald Sig. HR 

Depressive symptoms 
DCS 

.850 .025 .010 6.631 .010 1.025 

Depressive symptoms 
Pre score 

5.863 .029 .016 3.323 .068 1.029 

Time from Pre visit to 
HF diagnosis 

212.909 .000 .000 .478 .490 1.000 

Depressive symptoms 
Pre score*Time from Pre 
visit to HF diagnosis 

1188.482 .000 .000 .020 .889 1.000 

Note. DCS, diagnosis change score; HF = heart failure. 
a. Model X2(4) = 11.894, p = .018, N = 606 (60 censored). 
 
For every one-point increase in the Depressive symptoms DCS, risk of death in HF 

increased 2.5% (HR 1.025, 95%CI 1.006, 1.045). All other Life satisfaction variables in 

the model were not significant predictors of Time to death. Depressive symptoms Pre 

score was significance at < .20 and will be retained for model building. The interaction of 

Time from Pre visit to HF diagnosis X Pre score will be dropped from future model 

building. 
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      Self-assessed physical functioning 
  

Physical functioning DCS and the Pre score were independent predictors of 

survival time (Table 4.30).  

Table 4.30: Cox Regression of Time to Death on Physical Functioning Diagnosis Change  
        Score Among Participants with Incident Heart Failure (N = 617)a 

 
Covariate 

Means B SE Wald Sig. HR 

Physical functioning DCS .417 .159 .024 45.268 <.001 1.172 
Physical functioning Pre 
score 

1.241 .130 .043 9.008 .003 1.139 

Time from Pre visit to HF 
diagnosis 

213.707 .000 .000 .426 .514 1.000 

Physical functioning Pre 
score*Time from Pre visit 
to HF diagnosis 

255.303 .000 .000 .070 .792 1.000 

Note. DCS, diagnosis change score; HF = heart failure. 
a. Model X2(4) = 72.871, p < .001; N = 617 (62 censored). 
 
After controlling for Time from Pre visit to HF diagnosis and its interaction with Pre 

score, participants diagnosed with HF were 17.2% more likely to die for every one-point 

increase in their Physical functioning score during the year of HF diagnosis (HR 1.172, 

95%CI 1.119, 1.228) and 13.9% more likely to die for every one-point increase in 

Physical functioning Pre score (HR 1.139, 95%CI 1.046, 1.240). The Time from Pre 

score to diagnosis and the interaction of Pre score X Time from Pre score to diagnosis 

were not significant predictors of survival time. The interaction term, which did not reach 

significance < .20, will be dropped from parsimonious model building. 

Hypothesis 2 summary of findings for HRQL independent variables 
 

Time from HF diagnosis to death was analyzed using Cox proportional hazards 

regression. Hypothesis 2 was supported for the one-year DCS for GHP, Depressive 

symptoms, and Physical functioning as bivariate predictors of mortality (Table 4.31).   
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Table 4.31: Summary of Quality of Life Bivariate Contributors to Mortality in Heart  
       Failure 
 

N 
Mortality 
Risk (%) p < .05 p < .20 

General health perception  569    
DCS  12.6 < .001  

Pre score  29.5 .018  
Feel about life  607    

DCS    .098 
Pre score    .140 

Life satisfaction  598    
DCS    .111 

Pre score  15.1 .002  
Time from Pre visit to HF diagnosis    .078 
Pre score*Time from Pre visit to HF     .085 

Depressive symptoms  606    
DCS  2.5 .010  

Pre score    .068 
Physical functioning  617    

DCS  17.2 < .001  
Pre score  13.9 .003  

Note. DCS, diagnosis change score. 
 
Feelings about life and Life satisfaction DCSs did not reach statistical significance, but 

will be retained in model building because ps were < .20.   

Hypothesis 2 was also supported for GHP, Life satisfaction, and Physical 

functioning Pre scores as bivariate predictors of mortality. Although not significant, the 

remaining HRQL Pre Scores that were tested met the criterion of p < .20 and will be 

retained for model building. Time from the Pre scores to HF diagnosis, as well as the 

interaction of the Life satisfaction Pre score X Time from the Pre score to HF diagnosis 

also reached p < .20 and will be retained for model building. 

Relationships of demographic and clinical variables with mortality in 
incident heart failure.  

 
Cox regression models were used to analyze relationships between the time to 

death with age, gender, 15-foot walk time, 100-point Mini Mental cognitive function 

score, HF symptoms (i.e., orthopnea and paroxysmal nocturnal dyspnea [PND]), and use 
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of HF medications (i.e., beta blockers and ACE inhibitors). Because it was relatively 

common that newly diagnosed HF participants missed the scheduled study visit 

immediately after being diagnosed, values from the study visit immediately before 

diagnosis (Pre visit values) were used for analyses with two exceptions. By definition, 

data obtained at the Post diagnosis visit were used for HF symptoms and HF medications. 

Each variable’s contribution to mortality was evaluated with and without controlling for 

the elapsed time from Pre visit to HF diagnosis.    

Age 
 
The age of participants with HF at the Pre diagnosis visit averaged 78.10 years 

(SD 6.28, median 79.0, range 65 - 101) and was normally distributed (Figure 4.3).  

Figure 4.3: Age at heart failure diagnosis  

 

Survival analysis was conducted with Age entered into the first block and followed by 

Time from Pre visit to HF diagnosis entered in the second block. Age prior to diagnosis 
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predicted mortality in HF (HR 1.070, p < .001). Time from Pre visit to HF diagnosis did 

not add to the model (Change in -2 log likelihood = -.547, p = .459). Risk of dying 

increased 7% for every one-year increase in age in this community dwelling sample with 

HF age 60 years or older (Table 4.32).  

Table 4.32: Cox Regression of Mortality on Age at Heart Failure Diagnosis (N = 900, 73  
       censored) 

 Mean B SE Wald Sig. HR 

Age at Pre visit 78.810 .068 .006 138.50 <.001 1.070 

 
Gender 
 
Of the 982 participants who developed HF during study years 1 – 9, 51.2% (n = 

503) were males. Gender predicted time to death in people diagnosed with HF (HR 

1.379, p < .001) (Table 4.33).  

Table 4.33: Cox Regression of Mortality on Gender in Incident Heart Failure (N = 982,  
        83 censored) 

 Means B SE Wald Sig. HR 

Gendera .512 .334 .067 24.72 <.001 1.379 
a. Female reference category 
 
Males with HF were 37.9% more likely to die earlier than females with HF. 

Fifteen-foot walk time  
 
At the study visit prior to HF diagnosis, 15-foot walk time averaged 7.01 seconds 

(SD 4.63, median 6.0, range 3 - 60) (Figure 4.4).  
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Figure 4.4: Fifteen-foot Walk Time at Heart Failure Diagnosis  

 

Walk time was not normally distributed, but can be treated as such in this analysis where 

sample size is > 100. Survival analysis was conducted with Walk time entered into the 

model in block one, followed by Time from Pre visit to HF diagnosis in block two. Walk 

time predicted mortality (HR 1.042, p < .001). Adding elapsed time from Pre visit to 

diagnosis did not add to the model (change in -2 log likelihood = -.007, p = .934) and will 

be ignored. For every one-second increase in 15-foot walk time, risk of dying increased 

4.2% (Table 4.34).  

Table 4.34: Cox Regression of Mortality on 15-foot Walk Time in Incident Heart Failure  

        (N = 722, 65 censored) 

 Mean B SE Wald Sig. HR 

15-foot walk time 6.868 .041 .008 27.78 <.001 1.042 
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Cognitive function score  
 
Modified Mini Mental (mm3) test scores averaged 87.19 points (SD 11.52, 

median 90.0, range 4 - 100) out of 100 possible in participants at the study visit prior to 

being diagnosed with HF (Figure 4.5).  

Figure 4.5: Modified Mini Mental Test Scores at the Study Visit Prior to Heart Failure     
      Diagnosis  

 

Although mm3 scores are not normally distributed, they do not violate the assumption of 

normality since N > 100. Time to death was regressed on mm3 score in block one of 

survival analysis, followed by Time from Pre visit to HF diagnosis in block two. Higher 

mm3 scores prior to diagnosis reduced the risk of mortality (HR .973, p < .001). Adding 

Time from Pre visit to HF diagnosis did not add to the model (Change in -2 log 

likelihood = -.002, p = .968). For every one-point increase in the mm3 score just prior to 

HF diagnosis, risk of dying decreased by 2.7% (Table 4.35).  
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Table 4.35: Cox Regression of Mortality on Mini Mental Test Scores in Incident Heart  
        Failure (N = 747, 65 censored) 

 Mean B SE Wald Sig. HR 

Mini Mental test score 87.326 -.027 .003 71.79 <.001 .973 
 

Symptoms of heart failure: orthopnea and paroxysmal nocturnal dyspnea  
(PND).     
 
Two hundred seven of 586 persons with HF (35.3%) self-reported experiencing 

symptoms of HF at the study visit just following HF diagnosis: 10.1% (59) had orthopnea 

only, 12.8% (75) had PND only, and 12.5% (73) had both orthopnea and PND.  Having 

orthopnea only, PND only, or either one or both symptoms did not predict Time to death 

in this sample (Table 4.36).  

Table 4.36: Cox Regressions of Mortality on Symptoms of Heart Failure 

 Frequency B SE Wald Sig. HR 
Orthopnea onlya 166 -.030 .094 .10 .747 .970 
PND onlyb 151 .121 .099 1.48 .224 1.129 
Orthopnea and/or 
PNDc 207 .066 .091 .53 .466 1.069 

Note. PND, paroxysmal nocturnal dyspnea. 
a. N = 706 (63 censored). 
b. N = 593 (57 censored). 
c. N = 586 (57 censored). 
 
Symptoms of HF will be dropped from future modeling because significance was > .20. 

Heart failure medications: beta-blockers and ACE inhibitors 
 
Seven hundred thirty-two persons were taking any beta-blocker and ACE 

inhibitor medication at the study visit following HF diagnosis. Of these, 11.5% (84) were 

taking a beta-blocker only, 23.4% (171) were taking an ACE inhibitor only, and 4.9% 

(36) were taking both a beta-blocker and ACE inhibitor. Taking either a beta-blocker 

only, an ACE inhibitor only, or taking either one or both medications did not predict 

survival. None of the HF medication variables reached significance of .20 (Table 4.37), 

so they will be dropped from future model building.  
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Table 4.37: Cox Regressions of Mortality on Beta-blockers and ACE Inhibitors in Heart  
        Failure (N = 732, 65 censored)a 

 Frequency B SE Wald Sig. HR 

Beta-blocker 120 -.106 .106 1.014 .314 .899 
ACE inhibitor  207 -.006 .086 .005 .946 .994 
Beta-blocker or ACE 
inhibitor 

  291 -.044 .079 .309 .579 .957 

Note. ACE, angiotensin converting enzyme. 
a. For all regressions, N= 732 (65 censored). 
 

Hypothesis 2 summary of findings for demographic and clinical contributors 
 for mortality 
   

Regressing Time to death on demographic and clinical variables, Hypothesis 2 

was supported for bivariate predictors of gender, age, walk time, and cognitive function. 

Male gender, increasing age, longer time in seconds to complete a 15-foot walk, and 

decreasing cognitive test score each increased the risk of dying in incident HF (Table 

4.38).   

Table 4.38: Summary of Demographic and Clinical Bivariate Predictors for Mortality in  
       Heart Failure by Cox Regression Analysis  
 

N 
Mortality 
Risk (%) p < .05 p < .20 

Age (years) 982 7.0 < .001  
Male gender  899 37.9 < .001  
15-foot walk time 
(seconds) 

538 4.2 < .001  

Mini Mental test score  546 -2.7 < .001  
 

Elapsed time from the Pre visit assessment to HF diagnosis did not affect 

demographic and clinical relationships with mortality. Symptoms of HF and use of HF 

medications were not predictive of mortality and will be dropped from multivariate 

model building because all ps were > .20.  
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Research Question 3   
 

Do the HRQL DCSs and Pre scores from Hypothesis 2 that were bivariate 

predictors for mortality in incident HF at p < .20 independently contribute to mortality 

after controlling for the demographic and clinical variables from Hypothesis 2?  

Hypothesis 3:  After controlling for significant demographic and clinical variables from 

Hypothesis 2 (age, gender, walk time, cognitive function), the one-year changes in HRQL 

at HF diagnosis that were bivariate predictors of mortality from Hypothesis 2 are 

independent predictors for mortality.  

Assumptions of Cox proportionate hazards regression 
  
Assumptions of Cox proportionate hazards regression were evaluated with the 

following tests.  

Absence of multicollinearity 
 
Bivariate relationships from Hypothesis 2 between mortality and HRQL DCSs, 

Pre scores, and the demographic and clinical variables were examined by Pearson 

product-moment correlation and by principle components factoring. All correlation 

coefficients (rs) were < .70 and squared multiple correlations (SMCs) were < .90, 

indicating absence of multicollinearity (Appendix G). 

Linear predictors of hazards     
 
Scatterplot graphs of bivariate relationships revealed linear relationships, which 

meets the assumption of linear predictors of hazard (Appendix H). 

Absence of influential cases    
 
No influential cases were identified using DfBeta variable graphs to examine 

change in regression coefficients if an influential case was eliminated (Appendix I). 



 

107 
 

Multivariate normality 
 
By scatterplot matrix, bivariate elliptical plots between continuous predictors 

confirmed multivariate normality (Appendix J). 

Constant proportionality of hazards 
 
Proportionality of hazard was examined for each IV. Continuous covariates were 

dichotomized and dummy coded for below the mean (0) and the mean value and above 

(1). Then, categories were stratified in log minus log survival curves to confirm that lines 

did not cross and that the proportionality of hazards was constant. A graphical approach 

was used for multiple predictors to confirm the similarity of superimposed categorical IV 

expected-to-observed survival curves (Appendix K). 

Analysis 
 
Time-invariant Cox regression model 
 
Cox proportional hazards analysis was conducted with hierarchical entry of the 16 

variables from Hypothesis 2 that reached significance of p < .20. Age and gender were 

entered in the first block, followed by Mini mental score and 15-foot walk time in the 

second block, and finally by the HRQL DCSs, HRQL Pre scores, Time from Pre visit to 

HF diagnosis, and their significant interaction terms from Hypothesis 2 in the third block. 

The model with all 16 variables (Table 4.39) predicts time to death (X2(16) = 119.51, p < 

.001). 
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Table 4.39: Time Invariant Hierarchical Cox Regression of Mortality on Demographic,  
       Clinical, and HRQL Variablesa 

 
Covariate 

Mean B SE Wald Sig. HR 
Age (years) 78.23 .066 .010 45.19 <.001 1.068 
Genderb .54 .574 .118 23.73 <.001 1.776 
Mini mental test score 89.56 -.008 .008 1.16 .282 .992 
15ft. walk time (seconds) 6.63 .040 .017 5.69 .017 1.041 
GHP DCS .18 .057 .080 .518 .472  1.059 
Feelings about life DCS .03 .037 .080 .216 .642 1.038 
Life satisfaction DCS .29 .002 .037 .005 .946 1.002 
Depressive symptoms DCS .73 -.001 .013 .008 .928 .999 
Physical functioning DCS .34 .088 .038 5.364 .021 1.092 
GHP Pre score 3.15 .151 .080 3.545 .060 1.163 
Feelings about life Pre score 2.43 -.039 .099 .155 .694 .962 
Life satisfaction Pre score 3.17 .138 .069 3.976 .046 1.148 
Depressive symptoms Pre score 5.68 -.013 .016 .718 .397 .987 
Physical functioning Pre score .99 .054 .046 1.347 .246 1.055 
Time from Pre visit to HF  
     Diagnosis 218.34 .002 .001 4.208 .040 1.002 

Satisfaction Pre score*Time  
     from Pre visit to diagnosis 685.51 .000 .000 3.208 .073 1.000 

Note. DCS, diagnosis change score; GHP, general health perception; HF, heart failure. 
a. Model  X2(16) = 119.51, p < .001; N =  412 (49 censored). 
b.    Female reference category. 

 
To parsimoniously model mortality, Cox regression was conducted with 

simultaneous entry of the 16 variables using backwards Wald elimination for probability 

< .20. Eight variables (Table 4.40) contributed to mortality in incident HF (X2(8) = 

112.51, p <.001).  
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Table 4.40: Time Invariant Cox Regression with Backwards Elimination for Mortality in  
        Incident Heart Failurea  

95% CI  
 

Covariate 
Mean B SE Wald Sig. HR Lower Upper 

Age (years) 78.231 .069 .009 54.26   <.001 1.071 1.052 1.091 
Genderb .539 .596 .114 27.38 <.001 1.814 1.451 2.267 
15ft. walk time (seconds) 6.631 .049 .014 11.89 .001 1.050 1.021 1.080 
Physical functioning DCS .342 .089 .034 6.98 .008 1.093 1.023 1.168 
GHP Pre score 3.150 .145 .065 4.91    .027 1.156 1.017 1.314 
Life satisfaction Pre  
     Score 3.167 .099 .058 2.89    .089 1.104 .985 1.237 
Time from Pre visit to  
     HF diagnosis 218.335 .001 .001 3.40    .065 1.001 1.000 1.003 
Life satisfaction Pre     
     score*Time from Pre  
     visit to HF diagnosis 

685.507 .000 .000 2.34    .126 1.000 .999 1.000 

Note. DCS, diagnosis change score; GHP, general health perception; HF, heart failure. 
a. Model X2(8) = 112.51, p <.001; N = 412 (49 censored). 
b. Female reference category. 
 
Five variables (age, gender, 15-foot walk time, Physical functioning DCS, and GHP Pre 

score) independently predicted time to death (all ps < .05). Pre score for Life satisfaction, 

Time from Pre visit to HF diagnosis, and the interaction of Life satisfaction Pre score X 

Time were included in the model, but were not independent predictors of mortality.  

Although the interaction of Life satisfaction Pre score X Time from Pre visit to 

HF diagnosis (HR 1.000, p = .126, 95%CI .999, 1.000) suggests a trend that as the 

elapsed time from Pre visit to HF diagnosis increases, the contribution of Life satisfaction 

Pre score decreases; the interaction effect is not clinically meaningful (HR 1.00) and thus, 

adds little information for parsimonious modeling. Therefore, the interaction term was 

removed and the analysis with backwards elimination for p < .20 was repeated with 15 

variables. Now, the model (X2(5) = 108.24, p <.001) includes just five variables (Table 

4.41) that each independently predict mortality in incident HF. 
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Table 4.41: Time Invariant Cox Regression Biopsychosocial Model of Mortality in  
        Incident Heart Failurea  

95% CI  
 

Covariate 
Mean B SE Wald Sig. HR Lower Upper 

Age (years) 78.231 .067 .009 52.60 <.001 1.069 1.050 1.089 
Genderb .539 .584 .114 26.51 <.001 1.794 1.436 2.241 
15ft. walk time (seconds) 6.631 .052 .014 13.65 <.001 1.053 1.025 1.080 
Physical functioning DCS .342 .089 .034 6.93 .008 1.093 1.023 1.167 
GHP Pre score 3.150 .159 .063 6.41 .011 1.172 1.037 1.326 

Note. DCS, diagnosis change score; GHP, general health perception. 
a. Model X2(5) = 108.24, p <.001; N = 412 (49 censored). 
b.    Female reference category. 
 

Time-varying Cox regression model 
 
The same series of Cox regressions were repeated with the addition of a time-

varying variable for Time from the Pre visit to HF diagnosis.  Hierarchical entry of the 

variables from Hypothesis 2 was used to enter age, gender and the time-varying covariate 

in the first block; Mini mental score and 15-foot walk time in the second block; and one-

year HRQL DCSs, Pre scores, Time from Pre visit to HF diagnosis, and the interaction of 

Time from Pre visit to HF diagnosis X Life satisfaction Pre score. The model (Table 

4.42) is equally predictive of time to death (X2(16) = 119.51, p < .001) as the time-

invariant model.  
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Table 4.42: Pre Diagnosis Time-varying Hierarchical Cox Regression of Mortality on  
       Demographic, Clinical, and HRQL Variablesa  

 
Covariate 

Mean B SE Wald Sig. HR 
Age (years) 77.14 .066 .010 45.19 <.001 1.068 
Genderb .50 .574 .118 23.73 <.001 1.776 
Mini mental test score 90.49 -.008 .008 1.158       .282 .992 
15ft. walk time (seconds) 6.25 .040 .017 5.69 .017 1.041 
GHP DCS .19 .057 .080 .518      .472 1.059 
Feel about life DCS .04 .037 .080 .216      .642 1.038 
Life satisfaction DCS .29 .002 .037 .005      .946 1.002 
Depressive symptoms DCS .54 -.001 .013 .008      .928 .999 
Physical function DCS .24 .088 .038 5.364 .021 1.092 
GHP Pre score 3.07 .151 .080 3.545 .060 1.163 
Feel about life Pre score 2.34 -.039 .099 .155      .694 .962 
Satisfaction Pre score 3.04 .138 .069 3.976 .046 1.148 
Depressive symptoms Pre score 5.52 -.013 .016 .718      .397 .987 
Physical function Pre score .87 .054 .046 1.347      .246 1.055 
Time from Pre visit to HF diagnosis 215.84 .002 .001 4.208 .040 1.002 
Satisfaction Pre score*Time from  
     Pre visit to diagnosis 659.10 .000 .000 3.208 .073 1.000 

Note. DCS, diagnosis change score; GHP, diagnosis change score. 
a. Model X2(16) = 119.51, p < .001; N = 412 (49 censored). 
b.  Female reference category. 
 
There was little change in the covariate contributions to mortality, except for Mini mental 

score, which no longer met the inclusion criterion of p < .20 in hierarchical modeling.  

The sixteen variables were simultaneously entered along with the time-varying 

covariate for elapsed time with backwards Wald elimination at probability < .20. Other 

than small changes in variable means, there was no difference in the eight contributors to 

mortality or their ability to model time to death compared to the time invariant, similar 

model (both models X2(8) = 112.51, p <.001, Tables 4.40 and 4.43). 
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Table 4.43: Time Varying Cox Regression with Backwards Elimination for Mortality in  
        Incident Heart Failurea  

95% CI  
 

Covariate 
Mean B SE Wald Sig. HR Lower Upper 

Age (years) 77.138 .069 .009 54.26   <.001 1.071 1.052 1.091 
Genderb  .499 .596 .114 27.38 <.001 1.814 1.451 2.267 
15ft. walk time (seconds) 6.245 .049 .014 11.89 .001 1.050 1.021 1.080 
Physical functioning DCS .238 .089 .034 6.98 .008 1.093 1.023 1.168 
GHP Pre score 3.066 .145 .065 4.91    .027 1.156 1.017 1.314 
Life satisfaction Pre  
     Score 3.038 .099 .058 2.89    .089 1.104 .985 1.237 

Time from Pre visit to  
     HF diagnosis 215.837 .001 .001 3.40    .065 1.001 1.000 1.003 

Life satisfaction Pre     
     score*Time from Pre  
     visit to HF diagnosis 

659.103 <.001 <.001 2.34    .126 1.000 .999 1.000 

Note. DCS, diagnosis change score; GHP, diagnosis change score. 
a. Model X2(8) = 112.51, p <.001; N = 412 (49 censored). 
b.    Female reference category. 

 
Again, the contribution of the interaction term of Life satisfaction X Time was 

deemed not clinically relevant in this model since its contribution was a HR = 1.00.  The 

interaction term was removed and time varying Cox regression with simultaneous entry 

of the fifteen variables and backward Wald elimination for p > .20 was conducted (Table 

4.44).    

Table 4.44: Time Varying Cox Regression Model of Mortality in Incident Heart Failurea  
95% CI  

 
Covariate 

Mean B SE Wald Sig. HR Lower Upper 
Age (years) 77.138 .067 .009 52.60 <.001 1.069 1.050 1.089 
Genderb  .499 .589 .114 26.51 <.001 1.794 1.436 2.141 
15ft. walk time (seconds) 6.245 .052 .014 13.65 <.001 1.053 1.025 1.082 
Physical function DCS .238 .089 .034 6.93 .008 1.093 1.023 1.167 
GHP Pre score 3.066 .159 .063 6.414 .011 1.172 1.037 1.326 

Note. DCS, diagnosis change score; GHP, diagnosis change score. 
a.  Model X2(5) = 108.24, p <.001; N = 506 (56 censored). 
b.  Female reference category. 
 
Five variables contributed to mortality in the time varying model (X2(5) = 108.24, p 

<.001).  Similar to the time invariant model: age, gender, 15-foot walk time, Physical 

function DCS, and GHP Pre score were independent predictors of mortality in the time 

varying, adjusted model.  Hypothesis 3 was supported for these five variables.  While 
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covariate means in the time invariant and variant models had slightly different values, 

there were no other differences in the two models of mortality.  Since including a time-

dependent covariate did not improve the model, it will be parsimoniously dropped.  

Sensitivity analysis with a biological marker of heart failure severity  
 
Heart failure severity is a strong biological predictor of mortality for those newly 

diagnosed with HF, which is commonly included in risk models. However, the CHS was 

not designed to routinely collect a measure of HF severity. Measured throughout the CHS 

for clinical reasons in a subset of participants, LVEF is a common marker of HF severity.  

The CHS Coordinating Center was able to provide quantitative estimates of LVEF for 

556 participants who developed HF in study years 1 – 9.  These data were used to 

conduct a sensitivity analysis of the parsimonious model of mortality with and without 

the LVEF variable.   

Left ventricular ejection fraction.  

Quantitative LVEF was assessed on average, 8.8 days after HF diagnosis (SD 

59.49, range -30 to 1204, mode 0, median 1.0, N = 556). The time from HF diagnosis to 

LVEF assessment was severely kurtotic (kurtosis 299), so a decision was made to only 

use data from participants with LVEF data within a 60-day window of HF diagnosis (+/- 

30 days).  When limited to this window, 487 participants had an average quantitative 

LVEF measure of 46.68% (SD 16.79, range 10 – 90; Table 4.45, Figure 4.6), which was 

assessed on average 2 days (M 1.825, SD 5.10) after being diagnosed (Table 4.45, Figure 

4.7).  
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Figure 4.6: Quantitative Estimates of Left Ventricular Ejection Fraction Within Sixty  
       Days of Heart Failure Diagnosis (N = 487)  

 

Table 4.45: Descriptive Statistics for Left Ventricular Ejection Fraction (LVEF) Within a  
       60-day Window of Heart Failure Diagnosis (N = 487) 

 

 

 

 

 
 
 
 

Note. LVEF, left ventricular ejection fraction. 
 
 
 
 
 
 
 
 
 
 
 

 
Quantitative LVEF (in %)  

Time (in days) from LVEF 
Assessment to HF Diagnosis 

Mean (SD) 46.68 1.83  
SD 16.79 5.10 
Median 45.00 1.00  
Mode 60.00 .00 
Range 10 to 90 -27 to 29 
Skew -.01 .50 
SE Skew .11 .11 
Kurtosis -.92 10.81 
SE Kurtosis .22 .22 
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Figure 4.7: Time from Left Ventricular Ejection Fraction to Heart Failure Diagnosis  
      (N = 487)  

 

The LVEF values follow an expected distribution pattern in which EF estimates are  
 
commonly rounded off to the closest 5% increment. The large sample size allows the  
 
LVEF variable to be treated as normally distributed.  The LVEF values within the 60-day  
 
window will be treated in sensitivity testing as if an assessment of LVEF at one point in  
 
time. 
 

Left ventricular ejection fraction sensitivity analysis.  
 

The parsimonious biopsychosocial model of mortality, which includes 5 variables 

(age, gender, 15-foot walk time, one-year diagnosis change in PF, and GHP Pre score, 

Table 4.41), was evaluated in a subset of patients with LVEF measured within a 60-day 

window of HF diagnosis (N = 487).  First, LVEF along with the five variables were 

entered simultaneously into a Cox regression analysis using backwards Wald elimination 

for probability > .20.  After cases with missing values were removed, 256 cases were 
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available for analysis.  The LVEF variable was eliminated because p > .20 (p = .207) 

after controlling for other variables. The five preexisting variables in the parsimonious 

model remained, although physical functioning DCS was no longer an independent 

contributor to mortality risk (Table 4.46).  

Table 4.46: Cox Regression Parsimonious Biopsychosocial Model of Mortality in  
        Incident Heart Failurea  

95% CI  
 

Covariate 
Mean B SE Wald Sig. HR Lower Upper 

Age (years) 78.996 .082 .012 49.51 <.001 1.085 1.061 1.110 
Genderb  .563 .776 .146 28.27 <.001 2.173 1.632 2.893 
15ft. walk time (seconds) 6.809 .034 .016 4.70 .031 1.034 1.003 1.067 
Physical function DCS .453 .075 .041 3.36 .067 1.077 .995 1.167 
GHP Pre score 3.168 .195 .080 5.91 .015 1.215 1.038 1.422 

Note. DCS, diagnosis change score; GHP, diagnosis change score. 
a.  Model X2(5) = 105.91, p <.001; N = 256 (32 censored) 
b.  Female reference category 

Supplemental analysis of heart failure survival by preserved versus reduced left 

ventricular ejection fraction.  

 In light of current reports that survival in HF varies by preserved (< 40%) versus 

reduced (> 40%) LVEF (Burkhoff, 2012; Meta-analysis Global Group in Chronic Heart 

Failure (MAGGIC), 2012), supplemental analyses were conducted to explore whether the 

predictors of mortality in this investigation might differ by LVEF group.  

Kaplan Meier survival curves were used to examine whether survival varied by 

preserved or reduced LVEF. Among those with LVEF data obtained within a 60-day 

window of HF diagnosis, those with preserved LVEF (n = 198) had poorer survival than 

those with reduced (n = 289) LVEF (Figure 4.8).  
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Figure 4.8: Survival of Incident Heart Failure Cases with Preserved Versus Reduced  
         Ejection Fraction (N= 487) 

 

Note. LVEF, left ventricular ejection fraction. 
 

Heart failure with preserved LVEF occurs in more frequently in older individuals 

(Meta-analysis Global Group in Chronic Heart Failure (MAGGIC), 2012) and may 

explain the higher mortality in preserved LVEF.  Thus, the preserved versus reduced 

LVEF group findings were evaluated using a median split of age to create “young” (< 79 

years) and “old” (> 79 years) age groups. Kaplan Meier analysis was used to examine the 

four groups: reduced LVEF and young (n = 114), reduced LVEF and old (n = 84), 

preserved LVEF and young (n = 145), and preserved LVEF and old (n = 144).  Results 

show independent age and LVEF effects on mortality (Figure 4.9).  
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Figure 4.9: Survival by Left Ventricular Ejection Fraction and Age At Heart Failure  
         Diagnosis 

 

Note. Low EF, LVEF < 40%; High EF, LVEF > 40%; LVEF, left ventricular ejection fraction; old, > 79 years;  
          young, < 79 years. 
 
Older individuals died earlier than younger individuals regardless of LVEF status and 

those with preserved LVEF died earlier than those with reduced LVEF regardless of age 

group.    

 Adding the preserved/reduced LVEF variable into the previous Cox multivariate 

regression models substantially reduced sample size.  When entered into the 16 variable 

models, sample size dropped to 208 with 774 cases dropped due to missing data 

suggesting substantial bias from missing data. Stratified analysis based on preserved and 

reduced LVEF of the 16 variable models were underpowered with sample sizes reduced 

to 112 and 86, respectively and thus, too many IVs for stable modeling.  In all cases, the 

preserved/reduced LVEF variable did not reach p < .20 and was dropped from the 

models.    
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Finally, the preserved/reduced LVEF variable was added into the final five-

variable parsimonious model.  The results (Table 4.47) mimic those of the above 

sensitivity analysis by quantitative LVEF (Table 4.46).   

Table 4.47: Cox Regression Parsimonious Biopsychosocial Model of Mortality in  
        Incident Heart Failure with Addition of Dichotomous Systolic Function  
       Variablea  

95% CI  
 

Covariate 
Mean B SE Wald Sig. HR Lower Upper 

Age (years) 78.996 .080 .012 47.83 <.001 1.083 1.059 1.108 
Genderb  .563 .751 .147 26.07 <.001 2.118 1.588 2.825 
15ft. walk time (seconds) 6.809 .034 .015 4.83 .028 1.034 1.004 1.066 
Physical function DCS .453 .074 .041 3.37 .070 1.077 .994 1.167 
GHP Pre score 3.168 .189 .081 5.50 .019 1.208 1.032 1.415 
Preserved or Reduced 
LVEF .590 .196 .140 1.96 .162 1.217 .924 1.601 

Note. DCS, diagnosis change score; GHP, diagnosis change score; LVEF, left ventricular ejection fraction. 
a.  Model X2(6) = 107.36, p <.001; N = 256 (32 censored) 
b.  Female reference category 
  
All variables remain in the model, but self-assessed physical functioning is no longer 

significant in the adjusted model. The preserved/reduced LVEF variable remains in the 

model but is not a significant predictor of mortality. 

Hypothesis 3 summary of findings 
 

A series of Cox proportional hazards analyses found that the parsimonious 

biopsychological model of time to mortality (Table 4.41) is a time invariant model that 

includes five variables: age at diagnosis, gender, 15-foot walk time just prior to diagnosis, 

one-year diagnosis change in self-assessed physical functioning, and GHP just prior to 

HF diagnosis.  All five variables in the adjusted model contribute to mortality risk.  All 

interaction terms that were evaluated were eliminated (all ps > .20). Sensitivity analysis 

with quantitative LVEF at diagnosis (+/- 30 days), a marker of HF severity, did not 

contribute to the model. Preserved/reduced LVEF remained in the model but was not a 

significant predictor. The physical functioning DCS remained in the models when LVEF 
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variables were added, but was not longer a significant predictor. In summary, hypothesis 

3 was supported for only one HRQL DCS variables: change in self-assessed physical 

functioning in the year of HF diagnosis when LVEF was not entered in the model.  

The combination of five variables (GHP Pre score, physical functioning DCS, 

age, gender, and 15-foot walk time) significantly contributed to the prediction of 

mortality [X2(5) = 152.94, p <.001].  Around the time of HF diagnosis, increasing age 

(HR 1.07, p < .001), male gender (HR 1.68, p < .001) increasingly longer walk time (HR 

1.04, p < .001), increased decline in one-year change in self-reported PF (HR 1.09, p = 

.008), and poorer GHP immediately prior to HF diagnosis each increase the risk of dying.  

Gender contributed the greatest to the model: males were 68% more likely to die earlier 

than females. Every one-year increase in participant age at time of HF diagnosis 

increased risk of dying 7.2%.  Every increased second in 15-foot walk time just prior to 

diagnosis increased mortality risk 3.9%. For every one-point increase in the change of 

self-assessed physical functioning from Pre to Post diagnosis, mortality risk increased 

8.6%. And, for every one-point increase in general health perception just prior to 

diagnosis, mortality risk mortality increased 16%.  

Research Question 4    
 

Does age moderate the relationships between GHP, overall life satisfaction, and 

self-assessed physical functioning with mortality?  

Hypothesis 4:  Age moderates the relationships between overall life satisfaction and 

mortality and between GHP and mortality. Ratings of life satisfaction and GHP vary by 

age such that these measures are less predictive of mortality with increasing age.  
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Findings 
 
Before accepting the five variables as the final model for predicting mortality, 

potential differences in the contributions of the HRQL variables to mortality were 

examined according to the demographic and clinical variables.  Interactions of age, 

gender, and 15-foot walk time with physical functioning DCS and with GHP Pre score 

were each analyzed in a Cox regression model. For each analysis of interaction with age: 

age, the HRQL predictor, and the interaction of age with the predictor were entered 

simultaneously. A similar series of analyses were conducted for interactions with gender 

and with 15-foot walk time.  Interaction of age with overall life satisfaction was not 

analyzed since life satisfaction did not contribute to mortality risk. 

Neither age (p = .071), nor gender (p = .971), nor 15-foot walk time (p = .197) 

significantly interacted with physical functioning DCS. And, neither age (p = .157), nor 

gender (p = .975), nor 15-foot walk time (p = .078) significantly interacted with GHP Pre 

score. All interaction terms not reaching significance p < .20 were removed (i.e., 

interactions with gender) and the model re-run with simultaneous entry of the 9 variables 

and backward Wald elimination for p > .20 to create a final parsimonious model for the 

biopsychological variables at HF onset that contribute to mortality risk (Table 4.48).     

Table 4.48: Parsimonious Biopsychological Cox Regression Model of Mortality in  
       Incident Heart Failurea  

95% CI  
 

Covariate 
Mean B SE Wald Sig. HR Lower Upper 

Age (years) 78.251 .070 .008 75.21 <.001 1.072 1.055 1.089 
Genderb  .534 .571 .099 27.34 <.001 1.677 1.382 2.036 
15ft. walk time (seconds) 6.918 .038 .009 17.41 <.001 1.039 1.020 1.058 
Physical function DCS .487 .082 .025 10.56 .001 1.086 1.033 1.141 
GHP Pre score 3.170 .149 .056 7.12 .008 1.161 1.040 1.295 

Note. DCS, diagnosis change score; GHP, diagnosis change score. 
a.  Model X2(5) = 152.94, p <.001; N = 522 (58 censored) 
b.  Female reference category 
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Research Question 5  
 

Does the depressive symptoms score mediate the relationships between other 

measures of HRQL and mortality?   

Hypothesis 5: Depressive symptom scores mediate the direct relationships between other 

measures of HRQL and all-cause mortality. 

Findings 
 
Since depressive symptom score did not contribute to mortality risk in the final 

parsimonious model (Table 4.41), this hypothesis did not warrant evaluation.  

Additional Analysis: Walk Time   
 
 Additional analysis of the 15-foot walk time was conducted to evaluate the 

clinical significance of being able to detect a change in a 15-foot walk time around the 

time of HF diagnosis as a predictor of mortality. Change in walk time was evaluated from 

immediately before to immediately after HF diagnosis. Walk time increased an average 

of 0.448 (SD 3.90, median 0, mode 0, range -16 to 60, N = 529) seconds from before to 

after HF diagnosis. In those newly diagnosed with HF, paired t test of the pre to post 

change in 15-foot walk time found that the increase was significant (t(528) = -2.65, p = 

.008). Mixed modeling with and without walk time Pre scores revealed that controlling 

for Pre score produced a better fitting model (AIC 11962 and 15958, respectively). 

Mixed modeling of HF cases compared to age and gender-matched controls (Table 4.49, 

4.50), showed that overall Pre walk time was predictive of Post walk time (t = -4.27, p < 

.001), walk time was worse in those with HF compared to without HF (t = -2.99, p = 

.003) and overall change from Pre to Post was significant (t = -4.27, p < .001).  
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Table 4.49: Estimates of Fixed Effects for 15-foot Walk Time (N = 529) 
      95% Confidence 

Interval 

Parameter Estimate 
Std. 

Error df t Sig. 
Lower 
Bound 

Upper 
Bound 

Intercept .8499 .1119 2847 7.597 <.001 .6305 1.0693 
HF 

-.3370 .1127 
2847 -

2.991 
.003 -.5578 .1161 

Prepost  
-.4800 .1124 2847 -

4.272 
<.001 -.7003 -.2597 

Prepost*HF .2614 .1500 2847 1.742 .082 -.0328 .5555 
Pre walk time .9479 .0011 

2847 85.27
6 

<.001 .9261 .9697 

Note. Model AIC: 11965. HF = incident HF; reference group is those with incident HF; Prepost is before or after 
HF incidence, reference is after incident HF; Pre walk time = social support score prior to HF diagnosis. 

 
Table 4.50: Estimated marginal means for Walk Time in HF versus non-HF groups  
    95% Confidence Interval 

INCIDENT 
CHF 

Mean Std. Error df Lower 
Bound 

Upper Bound 

NO 6.207 .050 2847 6.109 6.305 
YES 6.413 .057 2847 6.302 6.524 

Note. Covariates appearing in the model are evaluated for social support score prior to HF diagnosis = 6.122. 
 
However, there was no difference in the Pre to Post walk time between HF and their age 

and gender matched groups(t = 1.74, p = .082), suggesting that walk time will not be 

useful in modeling mortality in HF.  

Although walk time was not significantly different between those with and 

without HF, further testing was conducted since the change in walk time reached 

significance p < .20. Mortality was regressed on walk time DCS in the 982 incident HF 

cases using Cox proportional hazards analysis with simultaneous entry, controlling for 

walk time Pre score, Time from Pre visit to HF diagnosis, and the interaction of these 

two.  Change in walk time during the year of HF diagnosis did not predict to mortality 

(HR 1.001, 95%CI .983, 1.020, Table 4.51).   
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Table 4.51: Cox Regression of Time to Death on 15-foot Walk Time Diagnosis Change  
        Score in Incident Heart Failure (N = 516)a 

 
Covariate 

Means B SE Wald Sig. HR 

Walk time DCS .516 .001 .010 .021 .885 1.001 
Walk time Pre score 6.405 .071 .025 8.219 .004 1.073 
Time from Pre visit to 
HF diagnosis 

215.609 <.001 .001 .053 .818 1.000 

Walk time Pre 
score*Time from Pre 
visit to HF diagnosis 

1382.626 <.001 <.001 .007 .932 1.000 

Note. DCS, diagnosis change score; HF = heart failure. 
b. Model X2(4) = 26.07, p = < .001, 54 censored. 

Summary   
 
Linear mixed models were used to answer research question 1: Does self-reported HRQL 

(GHP, feelings about life, overall life satisfaction, depressive symptoms, physical 

function, and perceived social support) deteriorate from the annual assessment 

immediately before to the annual assessment immediately after diagnosis of HF? All 

HRQL variables, except social support, had deteriorated from pre to post diagnosis in HF. 

However, when compared to an age and gender matched comparison group using linear 

mixed models which controlled for Pre scores, only GHP, depressive symptoms, and self- 

assessed physical functioning DCSs had deteriorated more than that which occurred with 

usual aging alone (Table 4.52).  
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Table 4.52: Summary of Relationships Between Health Related Quality of Life Diagnosis  
       Change Scores and Mortality in Participants with Incident Heart Failure  

      (N = 987) 
Hypothesis GHP 

DCS 
Feelin

gs 
about 
life 

DCS 

Life 
Satisfa
ction 
DCS 

Depres
sive 

sympt
oms 
DCS 

Physic
al 

functio
ning 
DCS 

Social 
suppor
t DCS 

1. HRQL deteriorates from the 
annual assessment immediately 
before to immediately after HF 
diagnosis 

+ - - + + - 

2. HRQL DCSs, age, gender, 
walk time, cognitive function, 
HF symptoms, and HF 
medications are bivariate 
contributors to mortality risk. 

+ - - + + 

 

3. After controlling for 
demographic and clinical 
variables from H#2 (age, 
gender, walk time, cognitive 
function), HRQL DCSs from 
H#2 are independent predictors 
for mortality. 

-    +  

4.  Age moderates the 
relationships between HRQL 
and mortality.   

    -  

5. Depressive symptom scores 
mediate the direct relationships 
between other measures of 
HRQL and mortality.* 

      

Note. DCS, diagnosis change score; H#2, Hypothesis 2; HF, heart failure; GHP, general health perception.  
Key. + hypothesis supported by worsening in HRQL 
         -  relationship tested, but insignificant 
         * not tested 
 
Thus, Hypothesis 1 was supported for GHP, depressive symptoms, and physical 

functioning DCSs.  

Cox proportionate hazards bivariate regression models were used to answer 

research question 2: Are one-year changes in HRQL and demographic and clinical 

variables known to be associated with mortality in HF, bivariate predictors of all-cause 

mortality in elderly persons newly diagnosed with HF?  Larger deteriorations in GHP, 
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depressive symptoms, and physical functioning during the year of HF diagnosis each 

contributed to mortality risk (Table 4.52).   

Demographic and clinical bivariate contributors to mortality included gender, age, 

walk time, and cognitive function. Male gender, increasing age, longer time in seconds to 

complete a 15-foot walk, and decreasing cognitive test score each increased the risk of 

dying in incident HF.  

Cox proportionate hazards regression models were used to answer research 

question 3: Do the HRQL DCSs from Hypothesis 2 that were bivariate contributors to 

mortality, independently contribute to mortality after controlling for the demographic and 

clinical variables that were also bivariate contributors at p < .20? Time invariant and time 

varying models were tested for the sixteen demographic, clinical, and HRQL IVs that 

meet significance p < .20 in Hypothesis 2 testing.  The most parsimonious model 

included five IVs: age, gender, 15-foot walk time, one-year self-assessed change in 

physical functioning in the year of HF diagnosis, and the GHP score measured just prior 

to HF diagnosis (GHP Pre score).  All five IVs independently contributed to mortality 

risk in the adjusted model. Male gender, increasing age, longer time in seconds to 

complete a 15-foot walk, larger deterioration in self-assessed physical functioning in the 

year of HF diagnosis, and lower GHP measured immediately prior to HF diagnosis each 

increased mortality risk (Table 4.55). Modeling that allowed for time varying predictors 

did not improve the model. Sensitivity analysis with a clinical marker of HF severity, 

quantitative LVEF at diagnosis, did not improve the model. Sensitivity analysis with 

preserved/reduced LVEF did not improve the model: model without LVEF X2(5) = 

108.24, p <.001; model with preserved/reduced LVEF X2(6) = 107.36, p <.001.  
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Cox proportionate hazards regression models were used to answer research 

question 4: Does age mediate or moderate the relationships between GHP, overall life 

satisfaction, and self-assessed physical functioning with mortality?  Potential interactions 

of demographic and clinical variables in the parsimonious model (age, gender, and walk 

time) were explored with each HRQL variable in the model (physical functioning DCS 

and GHP Pre score).  No interactions were found. Age did not moderate HRQL variables, 

thus, Hypothesis 4 was not supported (Table 4.55).  

Research question 5 asked whether depressive symptoms score mediated or 

moderated the relationships between other measures of HRQL and mortality. This 

hypothesis was not tested because depressive symptom score did not contribute to 

mortality in adjusted models.  

Overall, hypothesis testing found that the most parsimonious biopsycho-social 

model for mortality risk in persons newly diagnosed with HF is a time invariant Cox 

proportionate hazards regression model (N = 412) with 5 IVs: age at diagnosis, gender, 

15-foot walk time just prior to diagnosis, one-year diagnosis change score for self-

assessed physical functioning, and self-assessed GHP just prior to HF diagnosis (Table 

4.41).  All other demographic, clinical, HRQL, and time IVs were excluded from the 

model for significance > .20. 
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Chapter 5:  
Conclusions 

 
Introduction 

 
Beyond clinical and biological predictors, evidence exists that HRQL predicts 

mortality in heart failure (HF), although reports vary.  Many studies enroll persons with 

existing HF, which is often advanced, and examine the relationship of HRQL with 

survival.  There is a dearth of studies involving early HF disease. The purpose of this 

secondary data analysis was to evaluate changes in health related quality of life (HRQL) 

from immediately before to immediately after new HF diagnosis and if a significant 

change has occurred, determine its contribution to all-cause mortality. This analysis used 

data from the Cardiovascular Health Study (CHS), a population-based, prospective cohort 

study of 5,888 U.S. community-dwelling adults 65 years of age and older. The CHS 

enrolled participants in 2 waves from random sampling from lists of Medicare-eligible 

residents at four distant urban and rural study sites. Beginning in 1989, participants were 

assessed for cardiovascular risk factors and outcomes at baseline and annually for up to 

ten years, followed by nine years of follow up for outcome events only.  A panel of 

physicians adjudicated new HF diagnoses by review of medical records for a 

constellation of signs (edema, pulmonary rales, gallop rhythm, displaced ventricular 

apical pulse), symptoms (shortness of breath, fatigue, orthopnea, paroxysmal nocturnal 

dyspnea), and clinical results (such as cardiomegaly or pulmonary edema on chest 

radiograph or evidence of a dilated ventricle and global or segmental wall-motion 

abnormalities with decreased systolic function by echocardiogram or contrast 

ventriculography).  Diagnosis of HF also was confirmed if in addition to having a 

physician diagnosis of HF, the participant was receiving medical therapy for HF, 
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including diuretics, digitalis, angiotensin converting enzyme (ACE) inhibitors and beta-

blockers. The CHS collected 100% of mortality events, confirmed by review of medical 

records and death certificates.  

The Biopsycho-social-ecological Model (Friedmann et al., 2010) guided this 

study’s analysis. It is a concentric model with the health outcome of interest (e.g., 

mortality) in the center. Moving outward, the individual’s biopsychological variables 

(i.e., demographic, biological, psychological, and cognitive-behavioral) are in the next 

realm, which are in turn affected by social, then environmental, and finally policy spheres 

of influence. This model offers a holistic approach to conceptualizing individual, social, 

environmental, and policy levels and their interrelationships, which may occur freely 

from micro to macro levels of organization. All independent variables examined in this 

study were conceptualized in the biopsychological domain except perceived social 

support, which was in the social domain.  

There is no universal agreement on either the generic or disease-specific 

definition of HRQL. Health related quality of life in this investigation was defined as 

being comprised of one social (perceived social support) and four biopsychological (self-

reported general health, overall feelings about life or life satisfaction, physical 

functioning, and depressive symptoms) variables.  Six instruments were used at yearly 

CHS visits to assess self-reported general health perception (GHP), feelings about life, 

overall life satisfaction, depressive symptoms, physical functioning, and perceived social 

support. Mortality in the current investigation was defined as the time from diagnosis to 

censor or all-cause death.   
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This discussion is organized into five sections: Interpretation of Findings, 

Conclusions and Comparisons to Other Research, Limitations, Significance of Findings, 

and Recommendations. 

Interpretation of Findings 
 

Pre to post changes in HRQL variables from the annual study visit immediately 

before to immediately after HF diagnosis were examined. Because participants with 

worse HRQL at the annual study visit before HF diagnosis (i.e., higher Pre scores) had 

significantly smaller one-year changes in all HRQL variables than participants who had 

better HRQL prior to being diagnosed, analyses of pre to post change in HRQL variables 

controlled for HRQL Pre score values. Mixed modeling revealed that compared to an age 

and gender matched comparison group, the pre to post changes in self-reported general 

health perception (GHP), depressive symptoms, and physical functioning had 

significantly deteriorated over that which occurred with normal aging alone. Although 

feelings about life and overall life satisfaction scores had deteriorated and perceived 

social support had improved in participants newly diagnosed with HF, the changes were 

not significantly different than the one-year changes that had occurred in their age and 

gender matched counterparts.  A number of the HRQL Pre scores also remained in the 

model. 

One-year changes in biopsychological and social variables that differed age and 

gender matched comparisons were tested in univariate and multivariate Cox 

proportionate hazard models.  Participants who underwent annual evaluations closer to 

being diagnosed with HF were expected to have smaller HRQL diagnosis change scores 

(DCSs). Thus, univariate Cox proportionate hazards models for the effects of HRQL 
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DCSs on mortality controlled for the time elapsed from the annual assessment before 

diagnosis to diagnosis and the interaction of the elapsed time with the Pre score values. 

Results showed that DCSs for GHP, depressive symptoms, and physical functioning each 

contributed to mortality risk after controlling for the elapsed time. Other biopsychological 

variables collected in the CHS that had been identified as predictors of mortality in prior 

studies were also entered into the models.  These included age, gender, physical 

performance (15-foot walk time), cognitive function (Mini Mental test score), symptoms 

of HF (orthopnea, paroxysmal nocturnal dyspnea) and HF medications (beta-blockers, 

ACE inhibitors).  Of these, only age, gender, walk time, and Mini Mental test scores were 

associated with mortality in univariate models.  

Multivariate testing retained all variables, including Pre score, interaction terms, 

and the time variable, which were individually associated with mortality at p < .20 to 

build a parsimonious model.  The final model was time invariant. Interaction terms and 

the time from Pre visit to HF diagnosis terms had been removed. The parsimonious 

model included five variables that each independently contributed to mortality in the 

adjusted model: increasing age, male gender, increasing 15-foot walk time, declining 

self-reported physical functioning during the year of HF diagnosis (larger DCS), and 

poorer GHP assessed at the study visit prior to HF diagnosis (larger Pre score).  

Although left ventricular ejection fraction (LVEF) is commonly included in HF 

risk prediction models (Alba et al., 2013; Pocock et al., 2012), it was only available for 

487 incident HF cases. Sensitivity analysis of LVEF in the five variable model with Cox 

regression and backward elimination at p > .20 found that LVEF did not add to the model 

when the other five variables were controlled, however physical functioning DCS, which 



 

132 
 

remained in the model, was no longer an independent contributor to mortality risk. 

Kaplan Meier survival analysis showed that mortality risk was greater in preserved 

compared to reduced LVEF independent of age effects in this sample.  Unfortunately, the 

limited number of cases with LVEF within a 60-day window of HF diagnosis prevented 

further analysis.  

Based on previous reports that age moderates the relationship with HRQL and 

mortality (O’Loughlin et al., 2010), interactions with age were tested. However, there 

were no statistically significant interactions to support the hypothesis. Previous reports 

that depressive symptoms mediate other HRQL relationships with mortality (Chung et al, 

2013; Murberg, Bru, Svebak, Tveterås & Aarsland, 1999; Patrick, Kinne, Engelberg & 

Pearlman, 2000; Skotzko, 2009) was also not supported because depressive symptoms 

did not contribute to mortality in multivariate analysis in this study.  Additional analyses 

to explore if the one-year change scores in walk time contributed to mortality risk in HF 

showed that although walk time significantly diminished in the year of HF diagnosis, the 

amount of change was no different from that which occurs with usual aging.  Thus, walk 

time change scores were not used to model mortality in HF.  

This investigation built a parsimonious model for the contribution of HRQL for 

mortality in incident HF. In the adjusted model, males were 79% (95%CI 1.44, 2.24) 

more likely to die than females by the end of the 20-year study.  Mortality risk increased 

7% (95%CI 1.05, 1.09) with every year of aging, 5% (95%CI 1.03, 1.08) with every one-

second increase in 15-foot walk time, 9% (95%CI 1.02, 1.17) with every one-point 

worsening in the physical functioning DCS, and 17% (95%CI 1.04, 1.33) with every one-

point worsening in the GHP score pre diagnosis.  Of the six HRQL variables evaluated 
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for significant change, only change in self-reported physical functioning around HF 

diagnosis was associated with mortality.  

Conclusions and Comparisons to Other Research 
 

The prospective cohort design of the CHS which followed community dwelling 

elderly individuals, allowed for the evaluation of HRQL changes during the first year of 

HF diagnosis. No other cohort studies were found that examined the association between 

the change in HRQL during the first year of HF diagnosis and mortality. However, a 

number of prospective cohort studies have recently reported on the relationship between 

HRQL and mortality in persons with existing HF. The results have been mixed with 

about half the studies reporting a significant relationship (Austin, Williams & Hutchison, 

2009; Bouvy, Heerdink, Leufkens & Hoes, 2003; Chan et al., 2010; Faller et al., 2008b; 

Hole, Grundtvig, Gullestad, Flonaes & Westheim, 2010; Joseph et al., 2013, Kato et al.; 

2011; O’Louglin et al., 2010; Soto, Jones, Wintraub, Krumholz & Spertus, 2004; Tate et 

al., 2007) and half reporting no relationship (Alla et al., 2002; Carson et al., 2009; Farkas, 

Nabb, Zaletel-Kragelj, Cleland & Lainscak, 2009; Friedmann et al., 2006; Iqbal, Francis, 

Reid, Murray & Denvir, 2010; Hoekstra et al., 2013; Pressler, Kim, Riley, Ronis & 

Gradus-Pizlo, 2010b;  Zuluga et al., 2010).  The reasons for the inconsistencies are not 

clear, but they may be related to differing clinical patient profiles, the HRQL instruments 

used, sample size, and length of follow up (Mommersteeg, Denollet, Spertus & Pedersen, 

2009). In a recent systematic review and meta-analysis of 17 such studies, Mastenbroek 

et al. (2014) examined the relationship between mortality risk and disease-specific health 

status. Disease-specific health status was defined as symptoms, functioning (physical, 

mental, social), and HRQL. Studies that used either the Minnesota Living with Heart 
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Failure (MLWHF) or Kansas City Cardiomyopathy questionnaire (KCCQ) instruments 

were evaluated using cut off scores to compare persons with good to moderate self-

reported health status to poor health status.  Studies were published between 2002 and 

2013 and included 10,793 patients. Five studies included only patients with advanced HF. 

Across studies, mean age ranged from 57 to 77 years, median follow up was 33 months, 

and mortality rates varied from 10% to 70%. Most studies adjusted their models for 

multiple potential demographic and clinical confounders, except for two studies, which 

conducted only univariable analyses (Austin et al., 2009; Pressler et al., 2010b). The 

studies that reported significant associations between disease-specific health status and 

mortality tended to be larger and have longer follow up.  The pooled multivariable HR 

for mortality was 1.39 (95%HR 1.25, 1.54), meaning that HF patients with poor disease-

specific health status had a 39% increase risk of dying compared with patients 

experiencing good to moderate disease-specific health status.  

The current investigation used data from a large, population-based study. Findings 

from this type of epidemiological study are broadly generalizable, inform disease rates, 

and produce findings can inform interventional studies (Sorltie & Wei, 2011).  Similar 

studies involving persons with newly diagnosed HF are lacking.  However, based on HF 

incidence alone, the sample of newly diagnosed HF cases in the CHS is representative of 

the newly diagnosed HF population.  Participants in the CHS (N=5888) were on average 

73 years of age at enrollment with an incidence of HF of 4.9% at 3 years, 9.1% at 5 years, 

20% at 10 years, and 38% at 20 years. This is similar to the American Heart 

Association’s current estimates of 2% incidence in persons 65 to 69 years of age that 

increase to > 8% in those > 85 years of age (Curtis et al, 2008).   
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The CHS enrolled a large sample and followed them longitudinally over a 

protracted period of 20 years to assess cardiovascular risk exposures and outcome 

relationships. This design provided data to assess the effect of new HF diagnosis on 

HRQL, demographic, and clinical variables and their relationship with mortality. Because 

the CHS was limited to people age 65 years and older, findings of the current study are 

generalizable only to an older population. However, because over 80% of person with HF 

in the U.S. are > 65 years of age (Parashar et al., 2009), study results are pertinent to most 

people with HF.  

There is no gold standard for HF diagnosis (Yancy et al., 2013). Thus, the method 

used to identify HF cases impacts incident rate and particularly may bias the 

characteristics of the individuals studied at the time of diagnosis. When CHS participants 

who were hospitalized for a HF qualifying event had their diagnoses classified by CHS, 

Framingham, or hospital discharge diagnosis criteria, the incidence of HF was 

approximately 23% greater by Framingham criteria (Schellenbaum et al., 2004) and 44% 

greater by hospital discharge diagnosis (Schellenbaum et al., 2006) than by CHS criteria. 

However, no difference was found in the survival rates of the participants hospitalized for 

a HF qualifying event whether classified by CHS, discharge diagnosis, Framingham, or 

REACH study diagnostic criteria (Schellenbaum et al., 2004; Schellenbaum et al., 2006). 

Although different diagnostic criteria for HF may not have a noticeable effect on survival 

time, the current study often failed to measure LVEF at diagnosis – a current standard of 

HF care today – which suggests that the classification of HF cases in the CHS was not in 

keeping with today’s standards and may biased this study’s findings. Further, it is not 

clear why some people got LVEF testing and some did not. This is another likely source 
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of bias that might help explain the unexpected higher mortality in HF persons with 

preserved compared to reduced LVEF.   

Age is a primary factor predicting HF incidence and all-cause mortality (Alba et 

al., 2013; Pocock et al., 2012; Roger et al., 2011; Schocken et al., 2000). The mean age of 

the participants with incident HF in this investigation was 79 years. Although participants 

in the CHS were all 65 years of age and older, this approximates the incident HF 

population, which is estimated between 74 to 80 years of age (Schellenbaum et al., 2004; 

Vaartjes et al., 2010). In the current investigation, the median time to death following HF 

diagnosis was 3.6 years. This is a little higher than the absolute mortality rate for HF in 

the Framingham Heart and the Olmsted County studies, which report that mortality has 

been stable at approximately 50% within 5 years of diagnosis (Levy et al, 2002; Murphy, 

Xu & Kochanek, 2010; Roger et al., 2004).  

The current investigation found that male gender increased mortality risk 79% in 

HF. Many studies report that male gender predicts mortality in HF. A meta-analysis of 31 

studies (N=41,949) reported that after adjustment only for age, the increased mortality 

risk was 31% higher for males compared to females with HF at 3 years (HR 1.31,95%CI 

1.25, 1.36). Further analysis showed that men remained at higher risk of death, 

irrespective of reduced or preserved LVEF (Martinez-Selles et al., 2012).  

Fifteen-foot walk speed, which averaged 7 seconds (SD 4.63, range 3 - 60) in this 

investigation, also independently predicted all-cause mortality. This is consistent with 

other studies that report gait speed is a strong predictor of mortality in elderly persons 

who are healthy or have HF (Alahdab, Mansour, Napan & Stamos, 2009; Arslan et al., 

2007; Boxer et al., 2010; Dumurgier et al., 2009; Studenski et al., 2011).  Unfortunately, 
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15-foot walk time has limited use for estimating mortality risk in HF since the one-year 

change in walk time in individuals with HF no different than what occurred with usual 

aging. Also, the one-year changes were frequently less than one second, which would be 

difficult to accurately detect and is likely of limited clinical utility.  

Although the current investigation did not use a disease-specific or single 

multidimensional measure of HRQL, recent meta-analytic findings (Mastenbroek et al., 

2014) are consistent with the current study’s finding that some HRQL variables, GHP 

and change in self-reported physical functioning at diagnosis, are associated with 

mortality. Self-assessed physical functioning is a strong predictor of mortality in HF in 

other studies.  In a 6-month observational study, self-assigned functional status by NYHA 

class (I/II versus II/IV) at baseline in patients with HF was a significant predictor of 

mortality (adjusted HR 1.84, 95%CI 1.10, 3.06; Holland, Rechel, Stepien, Harvey & 

Brooksby, 2010). Findings that GHP predicted mortality is consistent with other studies 

that found that one question on health status predicted adverse outcomes in HF. Self-

reported GHP was an independent predictor of CV mortality in elderly patients with 

possible HF (Johansson, Brostrom, Dahlstrom & Alehagen, 2008). In this 10-year study, 

ratings of “poor” or “good” were at four and three times the risk of CV mortality, 

respectively, after adjustment for age, gender, NYHA class, diabetes, ischemic heart 

disease, LVEF, and B-type natriuretic peptide plasma concentration. Farkas and 

colleagues (2009) examined the relationship between self-reported health and mortality in 

patients with stable CHF. After two years, GHP rated on a seven-point scale predicted 

mortality (HR) 1.39, 95% CI 1.10-1.74] after adjusting for patient characteristics and 

biomarkers. 
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Although a relationship between depressive symptoms and mortality in HF has 

been widely reported, this study found that depressive symptoms did not predict mortality 

after controlling for age, gender, walk time, one-year change in physical functioning and 

GHP. This may be due to the relatively low level of depressive symptoms present in this 

sample. The Center for Epidemiologic Studies-Depression, Short Form (CES-D 10) uses 

a cut-off score of > 8 for risk of clinical depression (Arbelaez et al., 2007; Schulz et al., 

2000). In this study, the CES-D 10 had acceptable internal consistency (coefficient alpha 

.77) and a mean score of 6.18 immediately before and 6.76 immediately after HF 

diagnosis. Thus, although depressive symptom scores significantly changed in the year of 

HF diagnosis compared to age and gender matched comparisons, the change in 

depressive symptoms may not have been great to infer increased mortality risk. The 

relationship between increasing depression and mortality risk has been reported (Junger 

et al., 2005).  An interaction between depressive symptoms and perceptions of HF disease 

severity may have confounded the results of this study (Gottlieb et al., 2009).  It is 

conceivable that persons newly diagnosed with HF who do not have significant levels of 

depressive symptoms, as in this study, may report fewer HF symptoms, better physical 

functioning and walk faster.  

Changes in life satisfaction and feelings about life, two measures of the same 

concept, were not highly correlated (bivariate r = .260). Both were entered into models, 

but did not predict mortality in this study. This may be attributable to the “state”-like 

quality of these constructs.  Life satisfaction and feelings about life are not disease-

specific measures and may be less likely to change with illness, especially in the older 
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population.  Indeed, the mean changes were small for both: .04 (SD .80) for feelings 

about life (scale 1 – 6) and .21 (SD 2.07) for overall life satisfaction on a 10-point scale.  

Some studies have reported that poor social support is associated with increased 

mortality risk (Coyne et al., 2001; Krumholtz et al., 1998). In the current study, perceived 

social support improved, but not significantly during the year of HF diagnosis. This 

might suggest that elderly individuals who are newly diagnosed with HF may receive, at 

least initially, additional support from others.  However, no conclusions can be made. 

The low performance of the social support Interpersonal Support Evaluation List, 6-item 

version (ISEL-6) instrument (reliability coefficient alpha .46) coupled with the large 

amounts of missing data indicate that further research is needed.   

Neither qualitative LVEF, which averaged 47% in this investigation, nor 

preserved/reduce LVEF at diagnosis was associated with mortality. Approximately the 

same number of men and women had reduced (< 40%) LVEF but more men than women 

had preserved (> 40%) LVEF (49% to 51% and 55% to 45%, respectively). It is possible 

that since mortality risk for men was substantially greater than it was for women, the 

association between LVEF and mortality was minimized by the preponderance of men 

with preserved LVEF in this analysis. The gender difference may also explain the higher 

rate of mortality in preserved compared to reduced LVEF in this study. In patients with 

clinical HF, studies estimate that the prevalence of preserved to reduced LVEF is 

approximately 50% (Owan et al., 2006). In terms of the high mortality in persons with 

preserved LVEF, there is recent evidence that the pathophysiology of preserved LVEF 

may be significantly influenced by the number and type of co-morbidities present in an 

individual patient (Abramov, He, Wang, Burkoff & Maure, 2011).  Large amounts of 
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LVEF missing data as well as the lack of information on comorbidities likely biased this 

study’s findings. 

Limitations 
 

There are a number of limitations in the current study.  First, this was a secondary 

data analysis that used preexisting data. The selection of measures and the timing of 

collection are limited to those of the CHS. Older instruments and a lot of missing data 

limit internal and external validity. The CHS diagnostic criteria for HF introduced bias. 

Use of other diagnostic criteria would have identified cases differently and affected the 

time at which the predictors were assessed. Also, identifying cases at the time of 

diagnosis does not take into account the subclinical HF disease occurring prior to 

diagnosis, which is likely already having an impact on HRQL. Heart failure detection, 

diagnostic criteria, and treatment have changed since the 1990s.  The prevalence of HF 

with preserved LVEF has been better described since the CHS coinciding with use of 

better technology to detect and measure it (Yancy et al., 2013). Predictors, such as LVEF, 

which were believed or found to be associated with morality in patients with HF twenty 

years ago may not act similarly in contemporary patients with HF. Further, the fact that 

LVEF data in newly diagnosed HF cases was limited to small subset of cases suggests 

bias and a deficiency from the current standards of care (Yancy et al., 2013). Medical 

management with beta-blockers for HF had not gained momentum for use in primary 

practice until the later half the 1990s (Smith et al., 2004). Changed medical management 

of HF since the 1990s limits the external validity of this study.  

Restricting the sample to > 65 years of age may have failed to find relationships 

where otherwise there may have been some.  For example, depressive symptoms may 
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have been a significant independent contributor of mortality if younger cases were 

included (Gottlieb et al., 2009).  Minorities were underrepresented in this study. Previous 

reports of the CHS found no relationship between race and mortality (Parashar et al., 

2009). The small number of minorities limited the evaluation of race in this analysis and 

constitutes another limitation. 

Health related quality of life is a multidimensional, dynamic construct. Many 

instruments purport to measure HRQL, but define it differently. The HRQL instruments 

used in this study do not reflect current thinking about HRQL or include summary scores. 

Another limitation was that both a generic and a disease-specific HRQL instrument were 

not available for comparison. Other limitations include the poor internal consistency of 

the social support instrument and the threat to construct validity with a correlation > .50 

between 15-foot walk time and the Pre diagnosis physical functioning score. 

To be usefully applied, prognostic models must be accurate and generalizable. 

Suboptimal models may pertain to the presence of missing data and variable selection. In 

the current study, 100% of mortality was obtained, however, HRQL and LVEF data lead 

to exclusion of cases because of missing information, which likely biased results.  Many 

newly diagnosed cases did not return to the CHS after being diagnosed. Twenty-nine to 

68% of incident HF cases were missing one or both pre and post HRQL scores. Missing 

variable data results in selection bias. Participants who were sicker likely had greater 

deterioration in HRQL and dropped out of the study. Left ventricular ejection fraction, 

which was only available for approximately 50% of participants with incident HF who 

had pre and post HRQL data, may have caused selection bias or unmeasured confounding 

between age, walk time, gender, and HRQL variables in those not assessed. Also, the 
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CHS did not collect a measure of HF severity at diagnosis, such as NYHA class, which 

limits understanding of the relationship between change in HRQL at diagnosis and 

mortality in HF. 

Missing data also reduced study power. The CHS stopped collection of perceived 

social support in study years 7 – 10. Failure to find a significant change in perceived 

social support between those newly diagnosed with HF and their age and gender matched 

counterparts may have been a function of loss of power and thus increased the chance of 

a Type II error in subsequent analyses.  Missing values in Cox proportionate hazards 

regression analyses with backward limitation also introduced bias.  As variables are 

entered into the model, cases with missing data are not entered back into the model with 

subsequent variable entry. 

Significance of Findings 
 

Heart failure is a complex and debilitating clinical syndrome and the end stage of 

most heart diseases (Jessup et al., 2009) that can have a detrimental impact on patients’ 

lives. From a public health perspective, HF is a major and growing problem. Despite 

advances in its treatment, the annual number of deaths caused by HF has increased 

steadily (Jessup et al., 2009). Costs of HF have been steadily increasing and are projected 

to continue to do so for the next 20 years. Understanding prognosis helps assist in the 

selection of treatment options. It is essential from both a public health and individual 

perspective to understand the patient centered variables that contribute to prognosis for 

providing the best and most cost efficient care possible. This study found that the one-

year change in physical functioning in the year of HF diagnosis and an individual’s GHP 

just prior to diagnosis contribute mortality risk after controlling for age, gender, and walk 
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time.  These findings suggest that self-reported GHP and change in physical functioning 

in newly diagnosed HF persons may provide additional prognostic information to 

traditional demographic and clinical factors.  

Particular issues in the assessment of HRQL in older populations include the 

persistent findings of a poor relationship between QOL and disability/disease severity 

and the dynamic nature of QOL. This study examined change in HRQL. However, 

HRQL instruments frequently lack sensitivity to change, particularly in elderly 

populations (Hicky, Barker, McGee & O’Boyle, 2005). Recent literature suggests that for 

HF, the MLWHF and KCCQ instruments, which measure symptoms, functioning, and 

HRQL, are reliable and valid for measuring HRQL as a dimension of disease-specific 

health status.  However, generic measures of HRQL which include a larger number of 

health dimensions may perform better in elderly persons who likely have more 

comorbidity than younger persons (Hicky et al., 2005), particularly in this study of 

persons with newly diagnosed HF.  

Recommendations 
 

As a terminal diagnosis for a number of cardiovascular conditions, the onset of 

HF may signal a turning point in the individual’s experience. This study’s findings 

suggest that self-reported change in physical functioning around the time of HF diagnosis 

and GHP just prior to diagnosis may provide important prognostic information. These 

findings and those of similar studies suggest that self-reported health and other 

dimensions of HRQL should be routinely assessed in everyday clinical practice to obtain 

important prognostic information beyond clinical examination and laboratory work-up. 

Such information cannot be captured from patients’ medical records. Understanding of 
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the onset changes in HRQL has potential to support earlier patient centered interventions 

that may mitigate HRQL deterioration and improve survival. 

 Further research is recommended to improve the measurement of HRQL in older 

individuals, particularly those newly diagnosed with HF. Many HRQL measurement 

tools assume a common set of important issues across individuals and thus, are not 

sensitive to the differing values of people or to the way priorities may change with 

increasing age. Fixed-item scales impose an external value system on respondents that 

may have little meaning or relevance to that person at that particular point in time or in a 

particular context.  The content does not measure, necessarily, an important life area that 

is undergoing change. For this reason, measures may lack sensitivity to small but 

significant changes. Better HRQL measures, perhaps employing item response theory 

with adaptive capacity, are needed to detect person specific changes in HRQL with newly 

diagnosed with HF (Rose et al., 2012; Ruo, Choi, Baker, Grady, & Cella, 2010).   
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Appendix A:  
General Health Perception Single-item Question 

 

Item question: “How do you rate your general health?” Repondents were asked to 

provide one of the following response options: 

–Excellent  

–Very good  

–Good  

–Fair  

–Poor  

 

Response score range from 1 (excellent) to 5 (poor). Lower scores indicate better self-

reported general health. 
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Appendix B: 
 Life Satisfaction: Two Single-item Questions 

 

1. How do you feel about life as a whole?  

a. Delighted (1) 

b. Pleased (2) 

c. Mostly satisfied (3) 

d. Mostly dissatisfied (4) 

e. Unhappy (5) 

f. Terrible (6) 

2. How satisfied you are with the meaning and purpose of your life from 1 (for 

extremely satisfied) to 10 (for extremely dissatisfied)?  
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Appendix C: 
 Center for Epidemiological Studies on Depression 10-item Short Form (CES-D 10) 

 

1. I was bothered by things that usually don’t bother me. 

2. I had trouble keeping my mind on what I was doing. 

3. I felt depressed. 

4. I felt that everything I did was an effort. 

5. I felt hopeful about the future. 

6. I felt fearful. 

7. My sleep was restless. 

8. I was happy. 

9. I felt lonely. 

10. I could not get “going.” 

 

Each item was rated on a four-point scale ranging from 0 (none of the time) to 3 (most of 

the time). Total score 0 to 30; cutoff score of 8 or above is at risk for clinical depression. 
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Appendix D:  
Modified Version of the Supplement on Aging Survey (mSAS) 

 

1. Do you have difficulty walking around your home? 

2. Do you have difficulty getting out of bed or a chair? 

3. Do you have difficulty eating, including feeding yourself? 

4. Do you have difficulty dressing yourself? 

5. Do you have difficulty bathing or taking a shower? 

6. Do you have difficulty using the toilet, including getting to the toilet? 

7. Do you have difficulty doing heavy housework like scrubbing floors or washing 

windows? 

8. Do you have difficulty doing light household work? 

9. Do you have difficulty shopping for personal items? 

10. Do you have difficulty preparing your own meals? 

11. Do you have difficulty managing your money, such as paying bills? 

12. Do you have difficulty using the telephone? 

Questions 1 through 6 represent activities of daily living. Questions 7 through 12 

represent instrumental activities of daily living. Each question was scored 0 for ‘no’ and 

1 for ‘yes.’ All points were tallied for a score of 0 - 12. Lower scores indicate better 

physical functioning. 
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Appendix E: 
Interpersonal Support Evaluation List (ISEL) 

 

1. If I feel lonely, there are several people I can talk to. 

2. I often meet or talk with family or friends. 

3. If I were sick, I could easily find someone to help me with y daily chores. 

4. When I need suggestions on how to deal with a personal problem, I know 

someone I can turn to. 

5. There is at least one person I know whose advice I really trust. 

6. If I had to go out of town for a few weeks, it would be difficult to find 

someone who would look after my home, for example the plants, pets, garden, 

etc. 

Each item was rated as definitely true (1), probably true (2), probably false (3), or 

definitely false (4). Total instrument range 6 to 24 points; lower scores indicated higher 

(better) perceived social support. 
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Appendix F:  
Table of Measures 

 
 

Concept Variable Measure 
Left ventricular 
function 

Left ventricular ejection 
fraction  
(LVEF) 
 

2-dimensional echocardiography  
 

HF symptoms Presence of orthopnea or 
paroxysmal nocturnal 
dyspnea (PND) 
 

Yes/no 
 

HF medications Use of any ACEI or beta-
blocker 
 

Yes/no 
 

Physical function  
 

Gait speed  15-foot walk time (seconds) 
 

Cognitive function Cognitive impairment  Modified Mini-Mental State 
Evaluation (3MS) (0-100) 
 

General health General health perception Single-item (1-5 for excellent, 
very good, good, fair, poor) 
 

Well-being  Life satisfaction  • Visual analog scale (1-10) 
• Delighted-Terrible Scale, 6-

point version (1-6) 
 

Emotional Status Depressive symptoms Center for Epidemiological 
Studies-Depression Scale, Short 
Form (CES-D 10) (0-30) 
 

Physical Functioning  Impairment in ADL and 
instrumental ADL 
 

National Health Interview 
Supplement on Aging Survey, 
modified version (mSAS) (0-12) 
 

Social Functioning  Perceived social support 
 

Interpersonal Support Evaluation 
List, 6-item version (ISEL-6) (6-
24) 
 

Note. ACEI, angiotensin converting enzyme inhibitor; ADL, activities of daily living 
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Table 2.  Principle Factoring for Squared Multiple Correlations  
Communalities 

 Initial 
Age .141 
15-foot walk time .327 
Modified Mini Mental State Evaluation score .175 
General health perception Pre score .440 
Feelings about life Pre score .595 
Life satisfaction Pre score .863 
Depressive symptoms score Pre score .499 
Physical functioning Pre score .423 
General health perception DCS .291 
Feelings about life DCS .439 
Life satisfaction DCS .463 
Depressive symptoms DCS  .374 
Physical functioning DCS  .202 
Time Pre visit to HR diagnosis .741 
Life satisfaction Pre diagnosis x Time Pre visit to HF 
diagnosis 

.856 

Note. DCS, diagnosis change score; HF, heart failure; Pre, score at annual visit immediately 
prior to heart failure diagnosis. 
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Appendix H: 
Assumptions of Cox Proportionate Hazards Regression: Bivariate Scatterplots 

 
Figure 1: Age and 15-foot Walk Time 

 
 
 
Figure 2: Age and Modified Mini Mental State Examination Score 
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Figure 3: Age and General Health Perception Diagnosis Change Score (DCS) 

 
 
 
Figure 4: Age and Feelings About Life Diagnosis Change Score (DCS) 
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Figure 5: Age and Life Satisfaction Diagnosis Change Score (DCS) 

 
 
 
Figure 6: Age and Depressive Symptoms Diagnosis Change Score (DCS) 
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Figure 7: Age and Physical Functioning Diagnosis Change Score (DCS) 

 
 
Figure 8: 15-foot Walk Time and General Health Perception Diagnosis Change Score  
    (DCS) 
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Figure 9: 15-foot Walk Time and Feelings About Life Diagnosis Change Score (DCS) 

 
 
Figure 10: 15-foot Walk Time and Life Satisfaction Diagnosis Change Score (DCS) 
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Figure 11: 15-foot Walk Time and Depressive Symptoms Diagnosis Change Score (DCS) 

 
 
 
Figure 12: 15-foot Walk Time and Physical Functioning Diagnosis Change Score (DCS) 
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Figure 13: Modified Mini Mental State Examination Score and General Health 
       Perception Diagnosis Change Score (DCS) 

 
 
 
Figure 14: Modified Mini Mental State Examination Score and Feelings About Life 

     Diagnosis Change Score (DCS) 
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Figure 15: Modified Mini Mental State Examination Score and Life Satisfaction 
     Diagnosis Change Score (DCS) 

 
 
Figure 16: Modified Mini Mental State Examination Score and Depressive Symptoms 

     Diagnosis Change Score (DCS) 
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Figure 17: Modified Mini Mental State Examination Score and Physical Functioning 
     Diagnosis Change Score (DCS) 

 
Figure 18: Age and Feelings About Life Pre Diagnosis Score 
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Figure 19: Age and General Health Perception Pre Diagnosis Score 

 
 
 
Figure 20: Age and Life Satisfaction Pre Diagnosis Score 
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Figure 21: Age and Physical Functioning Pre Diagnosis Score 

 
 
 
Figure 22: Modified Mini Mental State Examination Score and General Health 

     Perception Pre Diagnosis Score 
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Figure 23: 15-foot Walk Time and General Health Perception Pre Diagnosis Score 

 
 
 
Figure 24: General Health Perception Diagnosis Change Score (DCS) and General 

     Health Perception Pre Diagnosis Score 

 
 



 

165 
 

Figure 25: Physical Functioning Diagnosis Change Score (DCS) and General Health 
     Perception Pre Diagnosis Score 

 
 

 
Figure 26: Physical Functioning Diagnosis Change Score (DCS) and Physical 

     Functioning Pre Diagnosis Score 
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Appendix I: 
Assumptions of Cox Proportionate Hazards Regression: Identifying  

Influential Cases 
 
Figure 1a: Dfbeta for Age without Pre Diagnosis Scores in the Model 

 
 
Figure 1b: Dfbeta for Age with Pre Diagnosis Scores in the Model 
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Figure 2: Dfbeta for Gender 

 
 
 
Figure 3a: Dfbeta Walk Time without Pre Diagnosis Scores in the Model 
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Figure 3b: Dfbeta Walk Time with Pre Diagnosis Scores in the Model 

 
 
 
 
Figure 4a: Dfbeta for Mini Mental State Examination Score without Pre Diagnosis Scores 
                 in the Model 
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Figure 4b: Dfbeta for Mini Mental State Examination Score with Pre Diagnosis Scores in 
     the Model 

 
 

Dfbetas With and Without PreScores Similar for Variables 5 – 14. 

 
Figure 5: Dfbeta for General Health Perception Diagnosis Change Score (DCS) 
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Figure 6: Dfbeta for Feelings about Life Diagnosis Change Score (DCS) 

 
 
 
Figure 7: Dfbeta for Satisfaction with Life Diagnosis Change Score (DCS) 
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Figure 8: Dfbeta for Depressive Symptoms Diagnosis Change Score (DCS) 

 
 
Figure 9: Dfbeta for Physical Functioning Diagnosis Change Score (DCS) 
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Figure 10: Dfbeta for General Health Perception Pre Diagnosis Score 

 
 
Figure 11: Dfbeta for Feelings About Life Pre Diagnosis Score 
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Figure 12: Dfbeta for Life Satisfaction Pre Diagnosis Score 

 
 

 
Figure 13: Dfbeta for Depressive Symptoms Pre Diagnosis Score 
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Figure 14: Dfbeta for Physical Functioning Pre Diagnosis Score 

 
Figure 15: Dfbeta for Time from Pre Visit to Heart Failure Diagnosis 
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Appendix J:  
Assumptions of Cox Proportionate Hazards Regression: Multivariate Normality 

 
Figure 1: Demographic, Clinical and Health Related Quality of Life Diagnosis Change 
               Scores (DCS) 

Note. Scatterplot order left to right and top to bottom: age, 15-foot walk time, modified Mini Mental State Examination 
         score, general health perception Pre score, general health perception DCS, feelings about life DCS, life  
         satisfaction DCS, depressive symptoms DCS, and physical functioning DCS. 
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Figure 2: Demographic, Clinical and Health Related Quality of Life Pre Scores  

Note. Scatterplot order left to right and top to bottom: age, walk time, modified Mini Mental State Examination score,  
         general health perception Pre score, feelings about life Pre score, life satisfaction Pre score, depressive symptoms  
         Pre score, physical functioning Pre score, and physical functioning DCS. 
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Appendix K:  
Assumptions of Cox Proportionate Hazards Regression: Constant  

Proportionality of Hazards 
 

Bivariate Cox Regression of Mortality on Each Independent Variable 
 
Figure 1: Log Minus Log Survival Curve for Mean Dichotomized General Health 

  Perception (GHP) Diagnosis Change Score (DCS)  

 
 
Figure 2: Log Minus Log Survival Curve for Mean Dichotomized Feelings About Life 

   (feel) Diagnosis Change Score (DCS)  
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Figure 3: Log Minus Log Survival Curve for Mean Dichotomized Life Satisfaction (satis) 
   Diagnosis Change Score (DCS)  

 
 
Figure 4: Log Minus Log Survival Curve for Mean Dichotomized Depressive Symptoms 

  (DEPR) Diagnosis Change Score (DCS)  
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Figure 5: Log Minus Log Survival Curve for Mean Dichotomized Physical Functioning 
  (PF) Diagnosis Change Score (DCS)  

 
 
 
Figure 6: Log Minus Log Survival Curve for Mean Dichotomized Age (agedxhf)   
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Figure 7: Log Minus Log Survival Curve for Gender 

 
 
 
Figure 8: Log Minus Log Survival Curve for Mean Dichotomized 15-foot Walk Time 
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Figure 9: Log Minus Log Survival Curve for Mean Dichotomized Modified Mini Mental 
   State Examination Score 
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Multivariate Cox Regression of Mortality by Strata for Each Independent Variable 
 
Figure 10: Log Minus Log Multivariate Survival Curve Stratified by Mean Dichotomized 

    General Health Perception (GHP) Diagnosis Change Score (DCS)  

 
Figure 11: Log Minus Log Multivariate Survival Curve Stratified by Mean Dichotomized 

    Feelings About Life (feel) Diagnosis Change Score (DCS)  
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Figure 12: Log Minus Log Multivariate Survival Curve Stratified by Mean Dichotomized 
     Life Satisfaction (satis) Diagnosis Change Score (DCS)  

 
 
Figure 13: Log Minus Log Multivariate Survival Curve Stratified by Mean Dichotomized 

    Depressive Symptoms (DEPR) Diagnosis Change Score (DCS)  
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Figure 14: Log Minus Log Multivariate Survival Curve Stratified by Mean Dichotomized 
     Physical Functioning (PF) Diagnosis Change Score (DCS)  

 
 
 
Figure 15: Log Minus Log Multivariate Survival Curve Stratified by Mean Dichotomized 

     Depressive Symptoms (agedxhf)  
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Figure 16: Log Minus Log Multivariate Survival Curve Stratified by Gender 

 
 
Figure 17: Log Minus Log Multivariate Survival Curve Stratified by Mean Dichotomized 
                 modified Mini Mental State Examination Score (anyPremm3)  
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Figure 18: Log Minus Log Multivariate Survival Curve Stratified by Mean Dichotomized 
    15-foot Walk Time (anyPrewlktm)  
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