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Abstract

Background—Patient overall perception of health may provide an effective early warning for

risk of hospitalization and death among heart failure patients.

Objective—Determine whether overall perceived health predicts all-cause hospitalization or

death in heart failure patients after adjusting for confounding factors in a sample of adults with

heart failure.

Design—Prospective, longitudinal, observational study.

Settings—Three outpatient urban settings in the northeast United States between 2007 and 2010.

Participants—Adults with chronic Stage C heart failure confirmed by echocardiographic and

clinical evidence.

Methods—A secondary analysis was conducted using data collected on 273 Stage C patients

with heart failure. Participants in the parent study were followed for 6 months. Overall perceived

health was measured by self-report. Hospitalization and death were assessed from electronic

hospital records and confirmed with county death records as needed. Cox proportional hazards

models were used to examine the association between perceptions of health and rates of

hospitalization and death.
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Results—Patients with poor or fair perceived health had over 5.5 times the rate of death or

hospitalization over the 6-month period (hazard ratio; 95% confidence interval: 2.0-15.6; p=0.001)

after controlling for model covariates. The predictive ability of perceived health attenuated over

time such that at 30-days patients who reported poor or fair perceived health had only 1.2 times

the rate of an event and virtually no difference in event rate by 60-days.

Conclusions—Overall perceived health is a powerful indicator of impending events and can be

a quick tool for prioritizing heart failure patients who are at highest risk of imminent death and

hospitalization. Questions about perceived health need to be asked of patients regularly in order to

have clinical utility.

Introduction

Heart failure is estimated to affect about 5.7 million adults in the United States (Roger et al.,

2012). The prevalence of heart failure is rising as treatment approaches improve and

survival among elderly patients with heart failure increases (Roger et al., 2012). At this time,

the age-adjusted 5-year mortality estimate for heart failure is approximately 50% (Roger et

al., 2004). Heart failure causes frequent hospitalization; (Hunt et al., 2009, Kosiborod et al.,

2006) among Medicare beneficiaries it is the most frequent cause of hospitalization (Cheng

and Nayar, 2009). In 2010, the estimated direct and indirect costs of heart failure were over

$39.2 billion (Lloyd-Jones et al., 2010), most of which were attributed to hospitalizations.

One of the present challenges of heart failure management is identifying which patients are

at highest risk of hospitalization in order to intervene early or prevent hospitalization

entirely with better self-care and disease management. Preventing hospitalizations can

reduce costs and improve patients’ quality of life. There are multiple ways to determine

which patients are at highest risk of hospitalization. Two commonly used prognostic

indicators include New York Heart Association (NYHA) functional class and exercise

capacity (Havranek et al., 2001). These outcomes are limited by being determined

exclusively by clinicians, rather than by patients. A simple question about overall perceived

health consistently predicts mortality, (Farkas et al., 2009, Havranek et al., 2001, Idler and

Benyamini, 1997, Johansson et al., 2008, Rosen et al., 1997) physical disability, (Idler and

Kasl, 1995, Mossey et al., 1989) worsening health, (Havranek et al., 2001) and hospital

utilization (Wolinsky et al., 1994) better than objective clinical information or physician

rating (Winter et al., 2007). Therefore, the aim of this study was to determine the

contribution of overall perceived health to the risk of all-cause hospitalization or death after

adjusting for confounding factors in a sample of adults with heart failure.

Overall perceived health (or perceived health as it is subsequently termed in this paper) is

synonymous with the term self-rated health, is a self-assessed, subjective measure of general

health status measured by a single question, “In general would you say your health is

excellent, very good, good, fair or poor?” This question is sensitive to changes in social,

physical and psychological state (Bailis et al., 2003, Winter et al., 2007). Besides predicting

outcomes, perceived health influences health behaviors such as engagement in physical

activity and adherence to medical therapy (DiMatteo et al., 2007, Zimmermann et al., 2008).
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Patients’ reports on the status of their health are valuable because many patients are

sensitive and aware of the subtle changes in their health status, which may not be

quantitatively assessed by their health provider. Perceived health incorporates both the

current level of health as well as changes in health status (Idler and Benyamini, 1997). In a

sample of patients with heart failure, Rosen et al. reported that perceived health was

influenced primarily by levels of physical function, emotional distress, and socioeconomic

status measured by income (Rosen et al., 1997). In their conceptual model, Wilson and

Cleary proposed perceived health as one of the four domains of a patient’s health related

quality of life, along with biological/physiological factors, symptom and functional status

(Wilson and Cleary, 1995). The existing literature on perceived health suggests that this

concept may be an important indicator of heart failure outcomes, so in this study we tested

the contribution of perceived health to the risk of all-cause hospitalization or death after

adjusting for confounding factors.

Methods

This study was a secondary analysis of data collected in a prospective cohort study of 280

community-dwelling adults with heart failure. The parent study was conducted to investigate

the relationship between excessive daytime sleepiness and self-care. The detailed

methodology for this study has been reported elsewhere and is briefly summarized here

(Riegel et al., 2011).

Patient Characteristics

Inclusion criteria were specified by the parent study as enrolment of adults with chronic

Stage C heart failure, defined by the American College of Cardiology as those with previous

or current heart failure symptoms in the context of an underlying structural heart problem

causing the heart failure, in spite of medical treatment (Jessup et al., 2009). Patients were

screened for visual acuity and hearing sufficient to engage in dialogue and English literacy.

Exclusion criteria included residence in a long-term care setting, working nights or rotating

shifts, renal failure requiring dialysis, imminently terminal illness, plans to move out of the

area, history of serious drug or alcohol abuse within the past year, or major depressive

illness.

Illness and Treatment Characteristics

Clinical information, including the etiology of heart failure and left-ventricular ejection

fraction, was abstracted from the medical record by registered nurses. Research assistants

collected data during home visits between 2007 and 2010. NYHA functional class was

obtained using a standardized interview (Kubo et al., 2004), and then scored by a single

board certified cardiologist. Patients were followed up in person at three and six months

following enrolment.

Questionnaires

At baseline, participants were asked to complete a number of questionnaires and a question

about perceived health; “In general would you say your health is, excellent, very good,

good, fair or poor?” The Charlson Comorbidity Index was used to measure comorbid
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conditions. The Charlson Comorbidity Index is a well-accepted measure of 17 comorbid

conditions with possible scores ranging 0 to 30. Raw scores can be categorized as low (1 or

2) versus medium (3 or 4) or high risk (5 or more) of death within 10 years (Charlson et al.,

1987).

Statistical Analysis

The aim of the analysis was to assess the prognostic value of perceived health as a

determinant of heart failure events, defined as all-cause hospitalization or death over 6

months or 180 days of follow-up. The categories were amalgamated to facilitate statistical

analysis, as other authors have done (Johansson et al., 2008), and clinical interpretation.

Perceived health was recoded into two categories: excellent, very good, or good versus fair

or poor because few participants rated their health as excellent or very good.

A Cox proportional hazards survival analysis model was used to examine the association

between perceived health and event rates. Time was censored as the date of last follow-up

for patients who were still alive and had not been hospitalized. Covariates included in the

multivariate analysis included age, highest year of education, race, gender, income, NYHA

class, type and etiology of heart failure, site of enrolment, and Charlson Comorbidity Index

score. Race, gender, site, and NYHA class have been used as covariates in all analyses

associated with the parent study. In addition, we included additional covariates following

preliminary regression analyses, including all variables significantly associated with the

outcome (events). Select variables were also retained in the model based on their theoretical

relevance to the outcome; including education, heart failure etiology and type of heart

failure.

The proportional hazards assumption was tested with a global test and coefficient-specific

Schoenfeld residuals. The proportionality assumption was relaxed and interaction terms with

time were included for covariates with statistically significant Schoenfeld residuals (p

<0.05). The Kaplan-Meier event-free survival graphs controlled for all covariates in the

regression model. The sample size for the current analysis was determined by the

requirements of the parent study. All analyses were performed using STATA version 11

(StataCorp, 2009).

Results

A total of 280 patients with heart failure were included in the parent study. The final Cox

regression analysis included 273 patients because six patients were lost to follow-up prior to

study completion and one patient was excluded by listwise deletion due to missing data on

two independent variables, heart failure etiology and type of heart failure. There were a total

of 97 events in this analysis (6 deaths and 91 hospitalizations) over the 180-days of follow-

up. The majority of subjects (65%) were event-free at the end of the six-month follow-up

period.

At baseline the sample had a mean age of 62 years. The majority was male (64%) and

functionally limited in NYHA class III/IV (76%). Most had systolic heart failure (69%) with

an average ejection fraction of 36% and non-ischemic etiology (64%). More than half of the
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sample (54%) had completed at least 2 years of college education. Income was measured by

its impact on household needs; 16% had less than needed and 49% had enough to meet their

needs. Few patients (13%) rated their health as poor, although among patients with events,

65% perceived their health as poor and 34% perceived their health as fair. Clinical

characteristics are shown in Table 1. Charlson Comorbidity Index raw scores ranged from 1

to 11; 90% of the sample had a low or moderate level of comorbid illness with raw scores

between 1 and 4. Overall, 53% were in the low risk category and 47% had either moderate

or high risk of ten-year mortality based on their Charlson Comorbidity Index score.

At baseline we examined for differences in medical therapies between participants who

classified themselves as having excellent/good versus fair/poor self-perceived health. There

were no differences between the two groups (p>0.05) for the following medical therapies:

angiotensin-converting enzyme inhibitor, angiotensin II receptor blocker, or treatment for

sleep-disordered breathing such as treatment with continuous positive airway pressure.

There was a difference in the proportions of participants on diuretics between the two

groups (p<0.001) so it was included as a covariate in the final model. Most of the

participants in this cohort study were followed in specialty heart failure clinics and the vast

majority was followed up consistency with standard medical therapy. There were some

differences among the three sites in the intensity with which patients were followed but

these differences were controlled for by including a variable for site as a covariate in our

final model.

Of all covariates included in the model, patient perception of health had the largest impact

on the event rate (Table 2). Controlling for eleven covariates, patients with fair or poor

perceived health 5.5 times the rate of dying or being hospitalized compared to patients with

good perceived health (adjusted hazard ratio (HR): 5.7; 95% confidence interval (CI): 2.0 to

15.6; p=0.001). A Kaplan Meier survival graph illustrates the survival functions for the two

categories of perceived health (excellent/very good/good and fair/poor). The Kaplan Meier

graph was adjusted for the covariates included in the final model, including enrolment site,

age, highest year of education, race, gender, income, NYHA class, heart failure type, heart

failure etiology, diuretic therapy and comorbid conditions (Figure 1).

There were statistically significant differences in the rate of events between participants who

reported different levels of income. The event rate was lowest in the income group that

reported having less than enough income to meet needs compared to those reporting more

than enough income (hazard ratio (HR): 0.12, 95% CI: 0.03–0.45, 95% confidence interval

(CI): 0.002). People with the most severe NYHA class IV had 3 times the rate of an event

compared to patients in NYHA class I or II (HR: 3.0, 95% CI: 1.50–6.16, p=0.002). There

was no difference in the event rate between people with different levels of comorbid

conditions.

The Cox regression assumption of non-proportionality was tested with Schoenfeld residuals,

which computes tests for both individual covariates and the model as a whole. The results of

the global test were significant for a violation of the proportional hazards assumption

(p=0.002). More specifically, there was evidence (p<0.05) of non-proportional hazards for

the following covariates: income, enrolment site, perceived health and comorbid conditions,
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indicating that interaction terms and time needed to be included for each of these covariates

in the final model (Table 3). Most importantly, the effect size of the interactions between

perceived health and time weakened over the follow-up period, such that after 30 days the

hazard of having an event after reporting fair or poor health on day one decreased from 5.67

to 1.20. The hazard rate attenuated further to 0.67 at 60 days, reaching 0.14 by 90 days

(Table 3).

Discussion

The major finding of this study is that patients with heart failure who reported poor or fair

perceived health had over five and a half times the rate of having an event within six months

compared to patients with heart failure who reported excellent or good perceived health.

What is interesting and novel about these findings is that the predictive ability of this

question to predict event rates declined remarkably within 30 days and was virtually null by

60 days. In addition, as expected, patients with more severe heart failure, measured with

NYHA functional class, had over three times the risk of having an event compared to people

with less severe heart failure. Patients with lower income levels had lower event rates

compared to people who self-reported higher incomes.

The major finding on the increased risk of death and hospitalization for people who reported

fair and poor perceived health is consistent with the literature (Farkas et al., 2009, Havranek

et al., 2001, Johansson et al., 2008). The primary difference between this study and prior

research is that prior studies do not report the results of interactions between perceived

health and time. In a post hoc analysis of the IntraMural infusion of low molecular weight

heparin to Prevent REStenosis after Stent implantation (IMPRESS) trial, Havranek et al

report a protective effect of higher health perception, measured using a Visual Analog Scale,

on the risk of death or hospitalization (adjusted HR of 0.74, 95% CI: 0.61–88, p=0.001)

(Havranek et al., 2001). These results are from a clinical trial population, which in general

tends to be younger, healthier and male. The outcome was also measured with a visual

analog scale rather than the global question used in most studies, as it was in the present

study. In a patient population similar to ours, Johannson et al reported a four times higher

event rate of cardiovascular mortality in patients with heart failure who reported poor versus

very good perceived health status (adjusted HR 4.1, CI 95% 1.8–9.4) (Johansson et al.,

2008) over a ten-year follow-up period. One of the limitations of the Johannson et al study

was that they did not account for the potential interaction between perceived health and

time. Perceived health is a dynamic measure that is likely to change over the course of 10

years of follow-up. Another study by Farkas et al. also reported similar results in a

Slovenian patient population. Heart failure patients with poor or worse health had almost

double the risk of dying over 48 months compared to people who rated their health as

average or better (adjusted HR: 1.92, 95% CI 1.06–3.48) (Farkas et al., 2009). The outcome

in the Farkas et al study was exclusively mortality (hospitalizations were not included as an

event) and the sample size was limited with only 100 patients. This present study adds to the

literature by confirming the value of measuring perceived health status and adds that the

relationship changes over time. This result suggests that the question about perceived health

should be repeated at follow-up appointments in clinical practice because the effect of

perceived health on outcomes attenuates over time.
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After perceived health, NYHA functional class was the best predictor of having an event in

this study. NYHA functional class is an indirect indicator of heart failure severity, so we

would expect patients with more severe heart failure to have a higher rate of having an

event. In this analysis, there was also a curious protective effect of lower socioeconomic

status on the risk of an event. This may be explained by the fact that 73% of the people in

the lowest income bracket had medical insurance through Medicare or Medicaid, compared

to people reporting higher baseline income, 44% of whom had coverage through a preferred

provider organization and 13% through a health maintenance organization. Perhaps

government-funded coverage provides better incentives for follow-up than private insurers;

however, this is only speculation and the association with low socioeconomic status may not

hold clinical significance.

Strengths and Limitations of the study

The strengths of the study were that it has a relatively large sample size, the data were

collected from three study sites, and there was good representation of women and minorities

in the study. The primary limitations of the study are the number of events and

generalizability of the results. The rule of thumb for Cox Regression analysis is that there

should be 10 outcome events per predictor variable (Concato et al., 1995, Peduzzi et al.,

1995, Peduzzi et al., 1996). In this study, there are 97 events and 11 predictor variables. The

event per predictor variable ratio is 8.8. This rule of thumb has been relaxed based on

simulation studies done by Vittinghoff and McCulloch in which they demonstrated that

errors were uncommon with 5–9 event per predictor variable and really no different with

10–16 event per predictor variable based on the assumption that we regard confidence

interval coverage less than 93 percent, type 1 error greater than 7 percent as problematic

(Vittinghoff and McCulloch, 2007). Given the aforementioned findings, the likelihood of

our results being due to chance is unlikely.

Like many randomized clinical trials, the mean age for this heart failure sample was

relatively young (62 years) and thus can be criticized for not being representative of

community heart failure patients. While it is true that this sample is younger than other

community-based samples, because most came from a university-based referral center, they

were comparable in terms of heart failure etiology and severity. Another limitation is that

there might be some selection bias due to the cohort design of the study and the exclusion

criteria. As individual cohorts of the parent study were saturated, patient eligibility focused

on criteria related to excessive daytime sleepiness and cognitive status, thus eliminating over

300 individuals who would have otherwise been eligible (Riegel et al., 2011). Overall, the

generalizability of these results is limited to community dwelling, English speaking heart

failure patients, without moderate or major cognitive decline, major depression or severe

concomitant renal failure requiring dialysis.

In this study, as with others, (Farkas et al., 2009, Havranek et al., 2001, Johansson et al.,

2008) perceived health was based on a single assessment at baseline. It would be optimal to

measure the association between perceived health and events at baseline and at all follow-up

time periods.
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Conclusions and Clinical Implications

Overall, health perception is a stronger predictor than NYHA functional class, income,

education, or comorbid conditions for predicting events in patients with heart failure, at least

in the short-term. This is not a surprise in light of previous work that demonstrates health

perception is able to integrate emotional, socioeconomic factors with functional status

(Rosen et al., 1997). The implications are that in an elderly population with heart failure, a

single global question on perceived health at one time point may be a helpful predictor of a

patient’s event rate over the next month, but it needs to be repeated in follow-up visits to

capture changes in health. This makes sense given the dynamic nature of health, especially

in an older adult population with a syndrome as serious as heart failure. With further support

from future research, the assessment of patients’ perceived health in routine clinical visits

may be an efficient and cost-effective triage tool, as other authors have suggested as well

(Carlson, 2012, Farkas et al., 2009, Johansson et al., 2008). Future observational studies and

clinical trials with patients with heart failure should consider including repeated measures of

perceived health so that comparisons across time can be made to determine the consistency

of this finding in other samples.
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What is already known about the topic?

• In heart failure patients, overall perceived health is a predictor of physical

disability, worsening health and hospital utilization.

• Overall perceived health influences health behaviors such as engagement in

physical activity and adherence to medical therapy.

What this paper adds?

• A single question about overall perceived health is a short-term predictor (0–30

days) of heart failure rehospitalization and death.

• The predictive ability of a single question about overall perceived health

attenuates after 30 days.
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This is a comparison between poor/fair versus excellent/very good and good perceived

health. The hazard ratios are adjusted for the following covariates: age, gender, race,

education, income, comorbid conditions, diuretic therapy, heart failure type, heart failure

etiologies, NYHA and enrollment site.
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Figure 1. Event-free survival: Cox proportional hazard model
Results indicate the difference in composite event risk for patients who had excellent or

good versus fair or poor overall perceived health. Results control for the following

covariates: age, gender, highest year of education, race, income, HF etiologies, HF type,

New York Heart Association functional class, diuretic therapy, comorbid conditions and

enrolment site. The risk table shows the number of participants who are at risk of having an

event at each time point. The number of failures are reported in parentheses between the

displayed at-risk times.
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Table 1

Baseline characteristics of the sample by overall perceived health

Variables Categories of overall perceived health
(mean +/− SD or %)

All
(n=280)

Excellent/very
good/good

(n=128)

Fair/Poor (n=152)

Age 61.9 (12.5) 63.3 (12.7) 60.9 (12.2)

Ejection fraction 35.4 (17.0) 34.7 (16.7) 35.9 (17.4)

Dutch Knowledge of Heart

Failure Score (n=270) 11.7 (0.1) 11.7 (1.6) (n=122) 11.7 (1.7) (n=148)

Gender

  Male 180 (64.3) 75 (41.7) 105 (58.3)

  Female 100 (35.7) 53 (53.0) 47 (47.0)

Race

  Black/Other 105 (37.5) 25 (25.7) 78 (74.3)

  White 175 (62.5) 101 (57.7) 74 (42.3)

Highest Level of Education

  < High school 27 (9.6) 11 (40.7) 16 (59.3)

  High school 102 (36.4) 39 (38.2) 63 (61.7)

  > 2 years of college 151 (53.9) 78 (51.7) 73 (48.3)

Income

  More than needed 98 (35.0) 70 (71.4) 28 (28.6)

  Enough to meet needs 137 (48.9) 49 (35.8) 88 (64.2)

  Less than needed 45 (16.1) 9 (20.0) 36 (80.0)

HF type

  Systolic 194 (69.3) 95 (49.0) 99 (51.0)

  Diastolic 53 (18.9) 21 (39.6) 32 (60.4)

  Mixed 32 (11.4) 12 (37.5) 20 (62.5)

  Unspecified 1 (0.4) 0 1 (100)

HF etiology

  Ischemic 102 (36.6) 43 (42.2) 59 (57.8)

  Nonischemic 177 (63.4) 85 (48.0) 92 (52.0)

NYHA Functional Class

  Class I/II 66 (23.6) 44 (66.7) 22 (33.3)

  Class III 164 (58.6) 76 (46.3) 88 (53.7)

  Class IV 50 (17.9) 8 (16.0) 42 (84.0)

Charlson Comorbidity Index

  Low (1–2) 149 (53.2) 79 (53.0) 70 (47.0)

  Moderate (3–4) and

  High (5–11) 131 (46.8) 49 (37.4) 82 (62.6)

Diuretic medical therapy

  No 54 (19.3) 39 (72.2) 15 (27.8)
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Variables Categories of overall perceived health
(mean +/− SD or %)

All
(n=280)

Excellent/very
good/good

(n=128)

Fair/Poor (n=152)

  Yes 226 (80.7) 89 (39.4) 137 (60.6)

HF: heart failure; NYHA: New York Heart Association
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Table 2

Cox proportional hazard model: overall perceived health and event risk

Variable Adjusted
HR

95% CI p-value

Perceived Health

  Excellent/very good/good 1.0 -- --

  Fair/poor 5.61 2.04 – 15.41 0.001

Income

  More than needed 1.0 -- --

  Enough to meet needs 0.39 0.19–0.79 0.010

  Less than needed 0.12 0.03–0.45 0.002

NYHA

  I/II 1.0 -- --

  III 1.45 0.77–2.71 0.249

  IV 3.22 1.57–6.58 0.001

Site of Enrollment

  A 1.0 -- --

  B 2.46 1.18–5.13 0.017

  C 2.81 0.93–8.49 0.066

NYHA: New York Heart Association functional class; HR: hazard ratio; CI: confidence interval. Results are based on models controlling for age,
gender, race, education, income, comorbid conditions, heart failure type, diuretic therapy, heart failure etiologies, NYHA and enrolment site.

Int J Nurs Stud. Author manuscript; available in PMC 2014 July 07.



Creber et al. Page 17

Table 3

Covariates with an interaction with time

Variable Coefficient 95% CI p-value

Income 0.011 0.003 to 0.018 0.004

Site −0.007 −0.013 to −0.001 0.020

Perceived health −0.018 −0.028 to −0.007 0.001

Comorbidity 0.016 0.006 to 0.026 0.002

Attenuation of perceived health over time

HR 1 day HR 30 days HR 60 days HR 90 days

Poor vs. good* 5.67 1.20 0.67 0.14

CI: Confidence interval; HR: adjusted hazard ratio; NYHA: New York Heart Association functional class
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