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Background-—Heart failure (HF) patients experience impaired functional status, diminished quality of life, high utilization of
healthcare resources, and poor survival. Yet, the identification of patient-centered factors that influence prognosis is lacking.

Methods and Results-—We determined the association of 2 measures of self-rated health with healthcare utilization and skilled
nursing facility (SNF) admission in a community cohort of 417 HF patients prospectively enrolled between October 2007 and
December 2010 from Olmsted County, MN. Patients completed a 12-item Short Form Health Survey (SF-12). Low self-reported
physical functioning was defined as a score ≤25 on the SF-12 physical component. The first question of the SF-12 was used as a
measure of self-rated general health. After 2 years, 1033 hospitalizations, 1407 emergency department (ED) visits, and 19,780
outpatient office visits were observed; 87 patients were admitted to a SNF. After adjustment for confounding factors, an increased
risk of hospitalizations (1.52 [1.17 to 1.99]) and ED visits (1.48 [1.04 to 2.11]) was observed for those with low versus moderate-
high self-reported physical functioning. Patients with poor and fair self-rated general health also experienced an increased risk of
hospitalizations (poor: 1.73 [1.29 to 2.32]; fair: 1.46 [1.14 to 1.87]) and ED visits (poor: 1.73 [1.16 to 2.56]; fair: 1.48 [1.13 to
1.93]) compared with good-excellent self-rated general health. No association between self-reported physical functioning or self-
rated general health with outpatient visits and SNF admission was observed.

Conclusion-—In community HF patients, self-reported measures of physical functioning predict hospitalizations and ED visits,
indicating that these patient-reported measures may be useful in risk stratification and management in HF. ( J Am Heart Assoc.
2014;3:e000931 doi: 10.1161/JAHA.114.000931)
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H eart failure (HF) is a major public health problem,
currently affecting nearly 6 million Americans with

>550 000 new cases diagnosed each year.1,2 HF patients
experience impaired functional status, diminished quality of
life, high utilization of healthcare resources, and poor
survival.3,4 Furthermore, HF is the leading cause of hospital-
ization in Medicare patients5 and nearly one-fourth of
hospitalized HF patients are discharged to skilled nursing
facilities (SNF).6–8

The identification of patient-centered factors that influence
prognosis may be useful in the management of HF patients.
Such factors may include self-reported measures of physi-
cal health status, which have been shown to predict
hospitalizations and mortality in some studies of HF patients.9

We have previously shown that among HF patients in the
community, subjective measures of physical health, includ-
ing the physical component 12-item Short Form Health Survey
(SF-12) as well as the first question of the SF-12 alone
predicted all-cause mortality as well as an objective measure
of physical functioning, the 6-minute walk test.10 In addition,
associations of physical health status with hospitalizations
have been reported in HF; however, limitations of these
studies, including restricting to only HF-related hospitaliza-
tions or utilization of a composite endpoint pooling mortality
with hospitalizations,11–19 have limited the generalizability of
these results. Few studies have assessed the relationship
between self-reported measures of physical health with all-
cause hospitalizations,20–22 which is particularly important to
understand in HF because >80% of hospitalizations in HF
patients are due to causes other than HF.23 Furthermore, data
on the association of self-reported physical health status
measures with other adverse outcomes in HF patients, such
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as emergency department (ED) and outpatient visits, as well
as admission to SNFs are lacking. To address these gaps in
knowledge while optimizing clinical relevance, it is important
to study these questions in a community population with
comprehensive prospective capture of patient-centered
factors and complete capture of healthcare utilization. Thus,
the goal of our study was to prospectively determine the
association of 2 measures of self-reported physical health
with healthcare utilization and SNF admission in a cohort of
HF patients from the southeastern Minnesota community.

Methods

Study Setting
This study was conducted in southeastern Minnesota. This
area of Minnesota is relatively isolated from other urban
centers and only a few providers, including Mayo Clinic,
Olmsted Medical Center, and a few other practices, deliver
most health care to local residents. The Rochester Epidemi-
ology Project, a record-linkage system, allows the indexing of
medical records among residents in southeastern Minnesota,
thus enabling the retrieval of all health care-related events
occurring in this geographic area.24,25 This study was
approved by the Mayo Clinic and Olmsted Medical Center
Institutional Review Boards.

Identification of the Study Cohort
Potential HF events from October 2007 through December
2010 were identified among residents of Olmsted, Dodge, and
Fillmore Counties in Minnesota using natural language
processing of electronic medical records. Prompt ascertain-
ment of events was possible as documentation from a clinical
visit is transcribed and available in the medical record within
24 hours of the encounter. Trained nurse abstractors
reviewed the medical records of potential HF events to verify
that the Framingham criteria were met,26 and if so, patients
were contacted to obtain consent for study participation.

Physical Health Status Measures
A 12-item Short Form Health Survey (SF-12) was completed
by cohort participants as part of the study return visit, which
occurred within 6 weeks of enrollment (median time from
consent to survey completion: 23 days). Two different
measures of self-rated health status were obtained by the
responses to the SF-12. First, self-reported physical function-
ing was assessed using the physical component of the SF-12.
Those scoring ≤25 were categorized as having low self-
reported physical functioning, whereas scores >25 indicated
moderate-high physical functioning. Second, the first question

of the SF-12 was used as a measure of self-rated general
health. Responses to this first question, “In general would
you say your health is,” included poor, fair, good, very good,
and excellent; those reporting good, very good, and excel-
lent were pooled into one category and served as the
reference group.

Clinical Data Collection
Nurse abstractors obtained information on demographics, risk
factors, and comorbidities at the time of enrollment from
manual review of the medical record. Body mass index (BMI)
was calculated as weight (in kg) divided by height (in meters)
squared. Current cigarette smoking status was defined as
smoking within the past 6 months of HF index. A history of
hypertension was defined as ≥2 ambulatory blood pressure
readings of ≥140 mm Hg systolic and/or ≥90 mm Hg dia-
stolic or a physician diagnosis of hypertension. Prevalent
diabetes was defined according to the American Diabetes
Association criteria.27 A clinical diagnosis documented in the
medical record identified those with a previous myocardial
infarction (MI). Finally, information on comorbid conditions
was used to calculate a score using the Charlson comorbidity
index.28

Glomerular filtration rate (GFR) was estimated using the
closest serum creatinine value within 1 year of HF using the
Modification of Diet in Renal Disease Study (MDRD) equa-
tion.29 Left ventricular ejection fraction (LVEF) (%) was
determined using values collected from an echocardiogram
performed within 6 months prior to or 2 months after study
enrollment.

Ascertainment of Healthcare Utilization and
Skilled Nursing Facility Admission
Hospitalizations, ED visits, outpatient office visits, and
admissions to SNFs were obtained from study enrollment
through September 30, 2011 from the Olmsted County
Healthcare Expenditure and Utilization Database, which
contains healthcare utilization occurring in Olmsted County,
MN from 1987 to present. If the patient was hospitalized
during the index HF event, only subsequent hospitalizations
were included in the analysis. In-hospital transfers or transfers
between Olmsted Medical Center and Mayo Clinic were
analyzed as a single hospitalization. ED visits that resulted in a
hospital admission were counted as both an ED visit and a
hospitalization. Outpatient visits included only office visits and
excluded tests, imaging, or outpatient procedures. Individuals
residing in a SNF at index were excluded from the SNF
analysis. Both temporary stays for rehab and long-term
placement in SNFs were counted; however, assisted living and
hospice care were not considered in the SNF analysis.
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Statistical Analysis
Statistical analyses were performed using SAS statistical
software, version 9.2 (SAS Institute Inc). Differences in
participant baseline characteristics between low and moder-
ate-high self-reported physical functioning were compared
using 2-sample t tests for normally distributed continuous
variables, Wilcoxon rank-sum tests for non-normal continuous
variables, and chi-square and Fisher’s exact tests for
categorical variables. Follow-up time was calculated from
the index date of HF until death, last follow-up, or September
30, 2011, whichever came first. The cumulative mean number
of hospitalizations, ED visits, and outpatient visits over follow-
up time by levels of self-reported physical functioning and
self-rated general health were plotted using a nonparametric
estimator described by Nelson.30

Andersen-Gill modeling, which allows for modeling of
multiple outcome events, was used to estimate hazard ratios
of hospitalizations and ED visits for both the self-reported
physical functioning and self-rated general health exposure
variables. The following Andersen-Gill models were run for
each comparison of physical functioning with hospitalizations
and ED visits: unadjusted, age- and sex-adjusted, and fully
adjusted with adjustment for age, sex, BMI, eGFR, prevalent
versus incident HF status, LVEF, and diabetes.

Because outpatient office visits during follow-up may
cluster together (eg, multiple outpatient visits on a given
day or within a span of several days as part of the diagnostic
process or for yearly physical examinations), a time-to-event
analysis such as the Andersen-Gill model was not appropriate.
The number of outpatient visits was modeled with the natural
logarithm of the duration of follow-up as the offset using
negative binomial regression since Poisson regression
resulted in overdispersion. Rate ratios were estimated for
the unadjusted, age- and sex-adjusted, and fully adjusted
models, adjusted for the same covariates as the models for
hospitalizations and ED visits.

The Kaplan-Meier (KM) method was used to visualize the
cumulative probability of SNF admission over follow-up time
by levels of self-reported physical functioning and self-rated
general health by plotting the 1-KM curves. Cox proportional
hazards regression was used to estimate the associations of
self-reported physical functioning and self-rated general
health with SNF admission in unadjusted, age- and sex-
adjusted, and fully adjusted models.

Results
Of the 519 HF patients enrolled in our study between October
2007 and December 2010, 91 did not complete the
questionnaire and 11 did not have available healthcare
utilization data, resulting in 417 patients included in the

analysis. Compared with the 417 patients in our final cohort,
those who did not complete the questionnaire were more
likely to be a current smoker, less likely to have an LVEF
<50%, and had a greater mean Charlson comorbidity index,
although were similar in all other baseline characteristics.

The mean (standard deviation [SD]) age of the cohort was
73.3 (13.3) years and 178 (43%) were female. Sixty-one (15%)
patients had low self-reported physical functioning, defined as
scores ≤25 on the physical component of the SF-12. In
response to the first question of the SF-12, 54 (13%) reported
poor and 135 (32%) reported fair self-rated general health. Of
those with low self-reported physical functioning, 46%
reported poor, 39% fair, and 15% good-excellent self-rated
general health. For those with moderate-high self-reported
physical functioning, 7% reported poor, 31% fair, and 62%
good-excellent self-rated general health. Those with low self-
reported physical functioning had higher BMI, lower eGFR,
were more likely to have diabetes and had a greater number
of comorbidities compared with those with moderate-high
physical functioning (Table 1).

Over a mean (SD) follow-up of 2.1 (1.0) years, a total of
1033 hospitalizations, 1407 ED visits, and 19 780 outpatient
office visits were observed. Seventy-two percent of hospital-
izations were preceded by an ED visit, whereas 53% of ED
visits resulted in a hospitalization. The average number of
hospitalizations and ED visits over time was higher for the
lower levels of physical health (Figures 1A and 1B), although
similar numbers of outpatient office visits were observed
between categories of self-reported physical functioning and
self-rated general health (Figure 1C).

After adjustment for important confounders, including age,
sex, BMI, eGFR, diabetes, incident versus prevalent HF status,
and EF, those with low self-reported physical functioning
exhibited a 50% increased risk of both hospitalizations and ED
visits compared to those with moderate-high physical func-
tioning (hazard ratio (HR) 1.52, 95% confidence interval (CI)
1.17 to 1.99 for hospitalizations and 1.48, 1.04 to 2.11 for ED
visits) (Table 2). Compared with those reporting good-excel-
lent self-rated general health, those rating their general health
as poor experienced a 70% increased risk of both hospital-
izations and ED visits; fair self-rated general health was
associated with a 50% increased risk of both hospitalizations
and ED visits. In contrast, the rates of outpatient office visits
were consistent across levels of self-reported physical
functioning and self-rated general health.

Nine patients residing in an SNF at the time of study
enrollment were excluded from the SNF analysis. Among the
408 patients remaining, 87 were admitted to an SNF over a
mean follow-up of 1.9 years. Seventy-five (86%) of the SNF
admissions were immediately preceded by a hospitalization.
The cumulative probability of SNF admission was higher for
low versus moderate-high self-reported physical functioning,
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A B C

Figure 1. Mean cumulative number of hospitalizations (A), emergency department visits (B), and outpatient visits (C) over follow-up by levels
of self-reported physical functioning and self-rated general health. ED indicates emergency department.

Table 1. Participant Baseline Characteristics by Levels of Self-Reported Physical Functioning

Low (N=61) Moderate-High (N=356) P Value

Age, y 73.6�12.7 73.3�13.4 0.96

Male 30 (50.8) 209 (58.7) 0.16

Non-white 0 12 (3.4) 0.23

Body mass index, kg/m2 33.0�8.7 30.4�7.3 0.033

Current smoking status 3 (4.9) 30 (8.4) 0.45

Married 33 (54.1) 212 (59.6) 0.42

>High school education 23 (38.3) 169 (49.1) 0.12

Hyperlipidemia 51 (83.6) 290 (81.5) 0.69

Hypertension 59 (96.7) 319 (89.6) 0.08

Depression 27 (44.3) 140 (39.3) 0.47

Myocardial infarction 21 (34.4) 88 (24.8) 0.11

Diabetes 34 (55.7) 130 (36.6) 0.005

Chronic obstructive pulmonary disease 21 (34.4) 89 (25.0) 0.12

Charlson comorbidity index 5.2�2.5 3.7�2.6 <0.0001

Estimated GFR, mL/min per 1.73 m2 45.1 (36.3, 72.0) 57.8 (43.3, 71.5) 0.04

Prevalent heart failure 42 (68.9) 204 (57.3) 0.09

Left ventricular ejection fraction <50% 27 (45.8) 189 (53.9) 0.25

Beta blockers 54 (88.5) 297 (83.4) 0.31

Angiotensin converting enzyme inhibitors/angiotensin II receptor blockers 38 (62.3) 243 (68.3) 0.36

Statins 35 (57.4) 211 (59.3) 0.78

Values are mean�standard deviation for normally distributed continuous variables, median (25th, 75th percentile) for non-normally distributed continuous variables, and N (percent) for
categorical variables. GFR indicates glomerular filtration rate.
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although differences between levels of self-rated general
health were not as apparent (Figure 2). In unadjusted models,
low self-reported physical functioning and poor self-rated
general health were associated with increased risk of SNF
admission (Table 3). After adjustment for important con-
founders, similar associations for SNF admission as those for
hospitalizations and ED visits were observed; however, these
associations were not significant, likely due, in part, to the
small number of SNF admissions.

Discussion
In the community, HF patients with low self-reported physical
functioning (scores ≤25 on the physical component of the
SF-12) and poor and fair self-rated general health experienced
an increased risk of ED visits and hospitalizations. However,
no association was observed between self-reported physical
functioning or self-rated health with outpatient office visits or
SNF admission.

Table 2. Rates, Hazard Ratios* (95% CI), and Rate Ratios† (95% CI) for Hospitalizations, Emergency Department Visits, and
Outpatient Office Visits by Self-Reported Physical Functioning and Self-Rated General Health

Self-Reported Physical Functioning Self-Rated General Health

Low (N=61) Moderate-High (N=356) Poor (N=54) Fair (N=135) Good-Excellent (N=228)

Hospitalizations*

Rate‡ 1.8 1.1 2.0 1.5 0.9

Crude 1.57 (1.20 to 2.05) 1.00 (ref) 2.19 (1.67 to 2.87) 1.66 (1.30 to 2.11) 1.00 (ref)

Age- and sex-adjusted 1.59 (1.23 to 2.07) 1.00 (ref) 2.17 (1.66 to 2.85) 1.65 (1.30 to 2.09) 1.00 (ref)

Adjusted§ 1.52 (1.17 to 1.99) 1.00 (ref) 1.73 (1.29 to 2.32) 1.46 (1.14 to 1.87) 1.00 (ref)

Emergency department visits*

Rate‡ 2.3 1.5 2.6 2.0 1.2

Crude 1.49 (1.08 to 2.05) 1.00 (ref) 2.00 (1.44 to 2.78) 1.58 (1.22 to 2.05) 1.00 (ref)

Age- and sex-adjusted 1.49 (1.08 to 2.06) 1.00 (ref) 2.00 (1.43 to 2.78) 1.58 (1.23 to 2.04) 1.00 (ref)

Adjusted§ 1.48 (1.04 to 2.11) 1.00 (ref) 1.73 (1.16 to 2.56) 1.48 (1.13 to 1.93) 1.00 (ref)

Outpatient office visits†

Rate‡ 27.4 22.2 27.7 24.1 21.1

Crude 1.28 (1.07 to 1.54) 1.00 (ref) 1.41 (1.16 to 1.71) 1.19 (1.04 to 1.38) 1.00 (ref)

Age- and sex-adjusted 1.27 (1.06 to 1.53) 1.00 (ref) 1.38 (1.13 to 1.68) 1.18 (1.03 to 1.36) 1.00 (ref)

Adjusted§ 1.14 (0.94 to 1.38) 1.00 (ref) 1.14 (0.92 to 1.41) 1.12 (0.96 to 1.31) 1.00 (ref)

*Estimates are hazard ratios for hospitalizations and emergency department visits.
†Estimates are rate ratios for outpatient office visits.
‡Crude event rate per person year.
§Adjusted for age, sex, body mass index, estimated glomerular filtration rate, prevalent vs incident heart failure status, ejection fraction, and diabetes.

Table 3. Hazard Ratios (95%CI) for Admission to a Skilled Nursing Facility by Self-Reported Physical Functioning and Self-Rated
General Health

Self-Reported Physical Functioning Self-Rated General Health

Low (N=61) Moderate-High (N=356) Poor (N=54) Fair (N=135) Good-Excellent (N=228)

Skilled nursing facility admission

Rate* 21.7 10.1 18.2 11.5 10.0

Crude 2.07 (1.23 to 3.50) 1.00 (ref) 1.79 (1.00 to 3.23) 1.14 (0.71 to 1.83) 1.00 (ref)

Age- and sex-adjusted 1.93 (1.15 to 3.26) 1.00 (ref) 1.99 (1.10 to 3.59) 1.32 (0.82 to 2.12) 1.00 (ref)

Adjusted† 1.46 (0.80 to 2.67) 1.00 (ref) 1.49 (0.77 to 2.86) 1.09 (0.64 to 1.87) 1.00 (ref)

*Crude rate of nursing home placement per 100 person-years.
†Adjusted for age, sex, body mass index, estimated glomerular filtration rate, prevalent vs incident heart failure status, ejection fraction, and diabetes.
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Self-ratings of one’s health have been shown to be
sensitive to declines in physical health and are reflective of
trajectories in health over time.31 In addition, a single
question asking a patient to rate their health in general may
be as effective as longer questionnaires. In a large population
of veteran patients (8% had HF), a single question asking
about self-rated general health was predictive of death and
hospitalization equally well as the full SF-36 physical compo-
nent score.32 In a prior community study of HF patients, the
first question of the SF-12 equally discriminated those who
would and would not die when compared to the physical
component of the SF-12 and even an objective measure, the
6-minute walk test.10

While few studies have investigated self-reported mea-
sures of physical health status with healthcare utilization and
SNF admission in HF patients, our results corroborate a few
prior studies that have found independent associations of self-
reported physical health status measures with hospitaliza-
tions after adjustment for important confounders. Among 394

HF patients admitted to 4 Spanish hospitals, scores below the
median on the SF-36 physical functioning and general health
scales, as well as the physical component summary score,
were each associated with >50% increased risk of hospital
readmission after adjusting for demographics, comorbidities,
biomedical, and treatment variables.22 In addition, worse
scores on the physical dimension of the Minnesota Living with
Heart Failure (MLWHF) questionnaire were predictive of
rehospitalization over 2 years of follow-up in 225 survivors
of an HF admission attending a disease management
program.21 Finally, in 208 hospitalized HF patients from the
Optimizing Congestive Heart Failure Outpatient Clinic Project
(OPTIMAL) study, worse physical mobility quality of life scores
(measured by the Nottingham Health Profile) were observed
among those who were readmitted compared with those not
readmitted over a mean follow-up of 3 years.20

Clinical Implications
Our results indicate that self-reported measures of health
status, including responses to the first question of the SF-12
as well as the physical component score of the SF-12, predict
hospitalizations and ED visits in HF patients. However, an
association of self-reported physical functioning and self-rated
health with outpatient office visits and SNF admission was not
observed. Nevertheless, given that hospital readmission rates
after HF have not improved over recent years,23,33 self-
reported measures of health status may be a useful addition in
the evaluation and management of HF patients to help identify
those at risk of hospitalization. In particular, the administration
of one simple question asking a patient about his/her general
health may provide valuable information about the patient’s
current state of health above and beyond traditional assess-
ments. This single question may help to identify patients who
may not normally be considered at high risk of hospitalization
based on standard assessments and, thus, may provide useful
information for targeting those HF patients who may benefit
from closer monitoring or stricter management.

Limitations and Strengths
We acknowledge the following limitations. First, our cohort was
small, which may have limited our ability to detect modest
associations and to identify effect modifiers of the associations
between self-reported physical functioning and self-rated
general health with healthcare utilization and skilled nursing
facility admission. Second, our study results may have been
impacted by differences in patients who completed the
questionnaire compared to those who did not complete the
questionnaire. Third, we did not have information on changes in
confounders over time and were thus unable to adjust for time-
dependent covariates in our models. Fourth, some healthcare

Figure 2. Cumulative probability of skilled nursing facility
admission by levels of self-reported physical functioning and
self-rated general health. SNF indicates skilled nursing facility.
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utilization and SNF admissions occurring outside of Olmsted
County may have been missed. However, because Olmsted
County is relatively isolated from other urban centers and the
majority of health care for local residents is provided by the few
medical centers within the county, we expect missing data to
have been minimal. Finally, the participants in our cohort were
primarily white, and thus, our results may not be generalizable
to individuals of other race groups or ethnicities.

However, our study also has strengths that deserve
mention. Our prospective cohort is a community cohort
representing the full spectrum of HF, consisting of both
inpatients and outpatients with either incident or prevalent HF
and includes those with both preserved and reduced EF. In
addition, we employed rigorous methods to validate each HF
event and manually collected comprehensive data on risk
factors, comorbidities, and patient characteristics, allowing us
to minimize the amount of residual confounding present in our
fully adjusted models. This approach helps delineate with
clarity the role of patient-centered and patient-reported
measures in the care of HF.

Conclusions
In community HF patients, self-reported measures of physical
functioning, from both the first question and the physical
component of the SF-12, predict hospitalizations and ED
visits, but are not associated with outpatient visits or SNF
admissions. These data indicate that self-reported measures
of physical health may be useful in the management of HF.
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