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Frailty and Healthcare Utilization Among Patients With Heart Failure
in the Community
Objectives

The aim of this study was to determine the prevalence of frailty in a community cohort of patients with heart failure
(HF) and to determine whether frailty is associated with healthcare utilization.

Background

Frailty is associated with death in patients with HF, but its prevalence and impact on healthcare utilization in
patients with HF are poorly characterized.

Methods

Residents of Olmsted, Dodge, and Fillmore counties in Minnesota with HF between October 2007 and March 2011
were prospectively recruited to undergo frailty assessment. Frailty was deﬁned as 3 or more of the following:
unintentional weight loss, exhaustion, weak grip strength, and slowness and low physical activity measured by the
SF-12 physical component score. Intermediate frailty was deﬁned as 1 or 2 components. Negative binomial
regression was used to examine the association between outpatient visits and frailty; Andersen-Gill models were
used to determine if frailty predicted emergency department (ED) visits or hospitalizations.

Results

Among 448 patients (mean age 73  13 years, 57% men), 74% had some degree of frailty (19% frail, 55%
intermediate frail). Over a mean follow-up period of 2.0  1.1 years, 20,164 outpatient visits, 1,440 ED visits, and
1,057 hospitalizations occurred. After adjustment for potential confounders, frailty was associated with a 92%
increased risk for ED visits and a 65% increased risk for hospitalizations. The population-attributable risk associated
with any degree of frailty was 35% for ED visits and 19% for hospitalizations.

Conclusions

Frailty is common among community patients with HF and is a strong and independent predictor of ED visits and
hospitalizations. Because frailty is potentially modiﬁable, it should be incorporated in the clinical evaluation of patients
with HF. (J Am Coll Cardiol HF 2013;1:135–41) ª 2013 by the American College of Cardiology Foundation

Heart failure (HF), a syndrome associated with substantial
morbidity and mortality worldwide, affects approximately
5.7 million Americans (1). Consequently, HF is associated
with signiﬁcant health care utilization and remains the leading
cause of hospitalizations among persons 65 years of age or older
(1,2). Frailty, a biologic syndrome characterized by a decline in
overall function and loss of resistance to stressors (3), is also
associated with increased morbidity, mortality, and healthcare
utilization among elderly persons (3–10). Although HF
primarily affects older persons (1), and some studies suggest
that patients with HF have a higher prevalence of frailty than
the general elderly population (11–13), the topic of frailty is
only recently gaining attention in the cardiology community.
Thus, few studies have investigated the prognostic role of
frailty in patients with HF (13–15). Although these studies
indicate that frailty predicts death among patients with HF,
data on the association between frailty and health care utilization in patients with HF are sparse, with only 1 study
examining the risk for HF hospitalizations (15). Furthermore,
to our knowledge, no other study has investigated the association between frailty and both inpatient and outpatient
healthcare utilization in a community population of optimal
clinical relevance. Thus, the relationship between frailty and
all-cause hospitalizations, emergency department (ED) visits,
and outpatient visits among community patients with HF is
unknown, and demonstrating a robust association between
frailty and outcomes could lead to changes in the clinical
evaluation of patients with HF.
To address these gaps in knowledge, our aim was to
determine the prevalence of frailty among community

patients with HF and to examine whether frailty is associated
with hospitalizations, ED visits, and outpatient visits, independently of comorbidities. Furthermore, we aimed to estimate the population attributable risk (PAR) of healthcare
utilization that is associated with frailty.
Methods
Study setting. This study was conducted in southeastern
Minnesota. As previously described, population-based
research is feasible in this area because only a few providers (Mayo Clinic, Olmsted Medical Center, and a few
private providers) deliver nearly all health care to the
local residents (16). The records from each institution are
indexed through the Rochester Epidemiology Project,
resulting in the linkage of medical records from all sources
of care (16).
Identiﬁcation of patients. Our methods for identifying
patients with HF have been previously described (17–19). In
brief, potential patients with HF residing in Olmsted,
Dodge, and Fillmore counties were prospectively identiﬁed
using natural language processing of the electronic health
records. The complete records of potential patients were
manually reviewed to collect clinical data and to verify the
diagnoses of HF, using the Framingham criteria (20).
Patients were then contacted about study participation.
After consent was obtained, patients completed questionnaires and a hand-grip test, administered by a registered
nurse. If a clinical echocardiogram was not available within 6 months before to 2 months after the HF index date,
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echocardiography was performed as part of the study. This
study was approved by the Mayo Clinic and Olmsted
Medical Center Institutional Review Board.
Frailty assessment. Frailty was ascertained using a modiﬁed version of the Cardiovascular Health Study frailty
deﬁnition (3). Patients were classiﬁed as frail if they met 3 or
more of the following criteria: weak grip strength, physical
exhaustion, slowness, low physical activity, and unintentional weight loss. Intermediate frailty was deﬁned as
meeting 1 or 2 criteria.
Grip strength was measured using a Jamar dynamometer
(in kilograms). Grip strength was considered weak if the
average of 3 tests was in the lowest 20% of sex-adjusted
and body mass index–adjusted community-dwelling older
adults (3). Physical exhaustion was assessed according to
self-report using a question from the Patient Health
Questionnaire (PHQ-9) (21): “Over the past 2 weeks have
you been bothered by feeling tired or having little energy?”
Patients who answered “more than half the days” or
“nearly every day” were classiﬁed as experiencing physical
exhaustion.
The SF-12, which includes a validated physical component scale, was administered to study participants (22). We
used the physical component score as an indicator of slowness and low physical activity, as was done in previous
studies (7,23). The SF-12 physical component score ranges
from 0 to 100; higher scores indicate better physical health.
A physical component score of 25 or less was used as an
indicator for both low physical activity and slow walking
speed. Unintentional weight loss was assessed by self-report
(3,23). The following question was asked: “In the past year,
have you lost any weight unintentionally (without trying)?”
A response of “10 pounds or more” was classiﬁed as unintentional weight loss.
Patient characteristics. Registered nurses, trained in data
collection from the medical records, collected characteristics at
the time of HF diagnosis from the medical records. Clinicians’
diagnoses were used to deﬁne hypertension, hyperlipidemia,
chronic obstructive pulmonary disease, myocardial infarction,
atrial ﬁbrillation, depression, and smoking status. Diabetes
mellitus was deﬁned according to the American Diabetes
Association criteria (24), and comorbidity was measured using
the Charlson comorbidity index (25).
Estimated glomerular ﬁltration rate was calculated using
the creatinine value closest to HF diagnosis (1 year) with
the MDRD (Modiﬁcation of Diet in Renal Disease) study
equation (26). Anemia was deﬁned as hemoglobin <13.0 g/dl
in men and <12.0 g/dl in women (27), using the value closest
to HF diagnosis (1 year). Body mass index (in kilograms
divided by square meter) was calculated using height at the
time of HF diagnosis and weight from the last outpatient visit
before HF diagnosis.
Left ventricular ejection fraction (EF) was obtained using
the closest value from an echocardiogram within 6 months
before to 2 months after HF date. Reduced EF was deﬁned
as EF <50% and preserved EF as EF 50% (28).
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Outcome ascertainment. PartiAbbreviations
and Acronyms
cipants were followed through
September 30, 2011, for healthCI = conﬁdence interval
care utilization. Outpatient visits,
ED = emergency department
ED visits, and hospitalizations
EF = ejection fraction
were ascertained via the Olmsted
HF = heart failure
County Healthcare Expenditure
and Utilization Database, which
MDRD = Modiﬁcation of Diet
in Renal Disease
contains Olmsted County health
HR = hazard ratio
care utilization information since
1987. Outpatient visits for tests,
PAR = population-attributable
risk
imaging, or outpatient procedures
were not included. ED visits that
resulted in hospitalizations were counted as both ED visits and
hospitalizations. For patients enrolled in the study during
hospitalization, only subsequent hospitalizations were
included in the analysis (2). In-hospital transfers or transfers
between Olmsted Medical Center and the Mayo Clinic were
counted as 1 hospitalization.
The primary reason for hospitalization was assessed using
the primary International Classiﬁcation of Diseases-Ninth
Revision code. This code, which reﬂects the main reason
for hospitalization, is assigned by trained personnel after
discharge. The primary reason for hospitalization was
grouped by condition.
Statistical analysis. Baseline characteristics are presented as
frequency (percent) for categorical variables, as mean  SD
for normally distributed continuous variables, and as median
(interquartile range) for continuous variables with skewed
distributions. Mantel-Haenszel chi-square tests and linear
regression were used to test trends in characteristics across
groups. Frailty status was coded as a single 3-level variable
(frail, intermediate frail, or not frail).
Negative binomial regression was used to analyze outpatient visits. Outpatient visits during follow-up may cluster;
for example, patients may have 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. To
account for this, the association between frailty and outpatient ofﬁce visits was evaluated by calculating the number of
visits per person-year for each patient. To determine if frailty
predicts ED visits or hospitalizations, Andersen-Gill modeling was used to account for repeated events, univariately
and while controlling for baseline characteristics. To test
whether associations increased with increasing frailty, we
tested for a trend using frailty as a single 3-level variable. The
proportional hazards assumption was tested using the scaled
Schoenfeld residuals and was found to be valid.
We estimated the PAR of outpatient visits, ED visits, and
hospitalizations associated with frailty using a standard
method (29). The PAR, which assumes a causal relationship, is an estimate of the proportion of outcome events in
this population that could have been prevented if all
participants were free of frailty.
Analyses were performed using SAS version 9.2 (SAS
Institute Inc., Cary, North Carolina) and R version 2.14.0
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(R Foundation for Statistical Computing, Vienna, Austria). A
p value of <0.05 was used as the level of statistical signiﬁcance.
Results
Patient characteristics. Between October 2007 and March
2011, 985 patients were approached for enrollment, and 560
(57%) consented to the study. We did not have complete
frailty assessments on 102 patients and could not obtain
health care utilization data on 10 patients, resulting in the
ﬁnal study cohort of 448 (mean age 73  13 years, 57% men)
(Table 1). The comorbidity burden was high in this cohort;
299 (67%) of the subjects had Charlson comorbidity indexes
of 3 or greater. A total of 173 patients (39%) had incident HF,
and the remaining 275 (61%) had prevalent HF.
Frailty. A total of 332 patients (74%) had some degree of
frailty: 84 patients (19%) were classiﬁed as frail and 248
(55%) as intermediate frail. A total of 213 patients (48%)
had poor grip strength, whereas 174 patients (39%) experienced exhaustion. Among all patients, 54 (12%) experienced 3 components of frailty, 28 (6%) experienced 4, and 2
(0.5%) experienced all 5 components. Baseline characteristics were examined according to degree of frailty (Table 1).
Patients who were frail were more likely to be older; to have
diabetes; to have had prior myocardial infarctions; and to
have chronic obstructive pulmonary disease, atrial ﬁbrillation, depression, anemia, lower estimated glomerular ﬁltration rates, prevalent HF, and a Charlson comorbidity index
of 3 or greater. Frail patients were also more likely to have
higher EFs (p ¼ 0.005), even after adjustment for age and
sex (p ¼ 0.034).

Healthcare utilization. After a mean follow-up period of
2.0  1.1 years, 20,164 outpatient visits, 1,440 ED visits, and
1,057 hospitalizations had occurred. The number of outpatient
visits after HF ranged from 1 to 220 (median 35) per person,
ED visits ranged from 0 to 44 (median 2) per person, and
hospitalizations ranged from 0 to 22 (median 2) per person.
Fifty-three percent of ED visits resulted in hospitalizations,
whereas 72% of the hospitalizations were preceded by ED visits.
There were strong positive graded associations between
frailty and hospitalizations and ED visits, whereas there was
a weaker association with outpatient visits (Table 2). The
association between frailty and healthcare utilization did
not differ signiﬁcantly according to EF (p > 0.05 for the
interaction of frailty and EF for hospitalizations, ED visits,
and outpatient visits). After adjustment for age, sex, EF,
incident versus prevalent HF, chronic obstructive pulmonary
disease, diabetes, anemia, and estimated glomerular ﬁltration
rate, the association between frailty and outpatient visits was
not statistically signiﬁcant (intermediate frail risk ratio: 1.08;
95% conﬁdence interval [CI]: 0.92 to 1.27; frail risk ratio:
1.13; 95% CI: 0.92 to 1.39). Frailty was associated with an
increased risk for ED visits. After adjustment for covariates,
intermediate frail patients had a 60% increased risk for
ED visits (hazard ratio [HR]: 1.60; 95% CI: 1.15 to 2.24)
compared with those who were not frail, whereas frail patients
had 92% increased risk for ED visits (HR: 1.92; 95% CI: 1.30
to 2.83). After adjustment, intermediate frail patients had
a 22% increased risk for hospitalizations (HR: 1.22; 95% CI:
0.89 to 1.68), and frail patients had a 65% increased risk for
hospitalizations (HR: 1.65; 95% CI: 1.17 to 2.35) compared
with those who were not frail. Furthermore, frail patients had

Baseline Characteristics by Frailty Status

Table 1

Number
Missing

Total
(n ¼ 448)

Not Frail
(n ¼ 116)

Intermediate Frail
(n ¼ 248)

Frail (n ¼ 84)

p Value for Trend

Age (yrs)

0

73.2  13.3

69.0  14.0

74.4  13.1

75.5  11.9

<0.001

Men

0

257 (57.4%)

68 (58.6%)

144 (58.1%)

45 (53.6%)

0.505

Hypertension

0

405 (90.4%)

102 (87.9%)

223 (89.9%)

80 (95.2%)

0.095

Current or former smoker

0

265 (59.2%)

65 (56.0%)

141 (56.9%)

59 (70.2%)

0.062

Diabetes mellitus

2

175 (39.2%)

38 (32.8%)

95 (38.5%)

42 (50.6%)

0.013

Hyperlipidemia

1

369 (82.6%)

89 (76.7%)

210 (84.7%)

70 (84.3%)

0.122

BMI (kg/m2)

0

29.7 (26–35)

30.3 (27–35)

29.6 (25–35)

29.9 (26–37)

0.873

Prior MI

2

118 (26.5%)

24 (20.7%)

63 (25.6%)

31 (36.9%)

0.013

COPD

0

119 (26.6%)

17 (14.7%)

70 (28.2%)

32 (38.1%)

<0.001
0.050

Variable

Cardiovascular risk factors

Comorbidities

Atrial ﬁbrillation/ﬂutter

0

284 (63.4%)

68 (58.6%)

155 (62.5%)

61 (72.6%)

Depression

1

179 (40.0%)

30 (25.9%)

108 (43.7%)

41 (48.8%)

0.001

49

57.1 (42–72)

61.3 (47–71)

57.7 (42–72)

47.7 (39–66)

0.024

Anemia

6

240 (54.3%)

36 (31.3%)

150 (61.7%)

54 (64.3%)

<0.001

Comorbidity index 3

2

299 (67.0%)

58 (50.0%)

175 (71.1%)

66 (78.6%)

<0.001

11

46.0  16.3

42.4  17.5

46.7  15.4

48.7  16.4

0.005

0

272 (60.7%)

60 (51.7%)

154 (62.1%)

58 (69.1%)

0.011

eGFR (ml/min/1.73 m2)

HF characteristics and
severity indexes
EF (%)
Prevalent HF

Values are mean  SD, n (%), or median (interquartile range).
BMI ¼ body mass index; COPD ¼ chronic obstructive pulmonary disease; EF ¼ ejection fraction; eGFR ¼ estimated glomerular ﬁltration rate; HF ¼ heart failure; MI ¼ myocardial infarction.
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Rates and RR (95% CI) or HRs (95% CIs) for Outpatient Visits, ED Visits, and Hospitalizations by
Frailty Status

Variable

Not Frail (n ¼ 116)

Intermediate Frail (n ¼ 248)

Frail (n ¼ 84)

p Value for Trend*

Outpatient visits
19.60

23.52

26.11

Unadjusted RR

Event ratey

1.00

1.13 (0.98–1.31)

1.30 (1.08–1.57)

0.007

Fully adjusted RRz

1.00

1.08 (0.92–1.27)

1.13 (0.92–1.39)

0.242

ED visits
Event ratey

1.16

1.70

2.20

Unadjusted HR

1.00

1.48 (1.12–1.95)

1.86 (1.32–2.62)

<0.001

Fully adjusted HRz

1.00

1.60 (1.15–2.24)

1.92 (1.30–2.83)

0.001

Hospitalizations
Event ratey

0.90

1.18

1.79

Unadjusted HR

1.00

1.32 (1.01–1.73)

1.90 (1.38–2.60)

<0.001

Fully adjusted HRz

1.00

1.22 (0.89–1.68)

1.65 (1.17–2.34)

0.004

*p value for 1 degree of freedom test. yUnadjusted rate per person-year. zAdjusted for age, sex, ejection fraction, incident versus prevalent heart failure,
chronic obstructive pulmonary disease, diabetes, anemia, and estimated glomerular ﬁltration rate.
CI ¼ conﬁdence interval; ED ¼ emergency department; HR ¼ hazard ratio; RR ¼ risk ratio.

higher rates of hospitalizations for all cardiovascular and
noncardiovascular conditions (Fig. 1).
The PAR associated with any degree of frailty (intermediate frail and frail) was 6%, 35%, and 19% for outpatient
visits, ED visits, and hospitalizations, respectively.
To evaluate the robustness of our results, we further
adjusted for hypertension, prior myocardial infarction, atrial
ﬁbrillation, cancer, depression, body mass index, and
smoking status, which yielded similar results to those found
in Table 2. We also conducted a sensitivity analysis, with
frailty assessed by only 4 components (an SF-12 physical
functioning score 25 represented only 1 component).
Frailty was deﬁned as having 2 components and intermediate frailty as having 1 component. Results were similar
to those obtained by assessing frailty with 5 components.
Discussion
Frailty was highly prevalent among community patients with
HF and was associated with an increased risk for ED visits
and hospitalizations, independently of comorbidities. Frail
patients were more likely to be hospitalized for cardiovascular
as well as noncardiovascular conditions. The PAR associated
with frailty was 35% for ED visits and 19% for hospitalizations.
Prevalence of frailty in HF. In the present study of
community patients with HF, 74% had some degree of
frailty (19% frail, 55% intermediate frail), according to
a modiﬁed version of the deﬁnition of frailty used in the
Cardiovascular Health Study (3). Furthermore, we found
that frail patients were more likely to have higher EFs,
which could be explained by the fact that patients with
preserved EF are often older than patients with reduced EF
and have a higher prevalence of comorbidities (30).
Previously published studies on the prevalence of frailty
among patients with HF have used varying deﬁnitions,
which compromises our ability to make comparisons.
However, in general, the data indicate that frailty is prevalent among patients with HF (13–15).

Furthermore, among 4,735 patients enrolled in the
Cardiovascular Health Study (11) (mean age 73 years, 43%
men), 51% had some degree of frailty (6% were frail and
45% were intermediate frail). Thus, our data indicate that
patients with HF experience an excess burden of frailty and
could greatly beneﬁt from interventions aimed at preventing
or managing frailty.
Frailty and healthcare utilization in HF. The relationship
between frailty and outpatient visits among community
patients with HF has not been previously studied. Outpatient
visits, which tend to denote long-term care, were frequent,
but the association between frailty and outpatient visits was
not statistically signiﬁcant after adjustment for comorbidities,
suggesting no major link between frailty and scheduled
healthcare visits among patients with HF. Because patients
with HF have a large burden of comorbidities, typically linked
to scheduled outpatient visits, it is conceivable that that frailty
does not further increase utilization.
There was a graded association between frailty and
hospitalizations. Intermediate frail patients had a 22%
increased risk for hospitalizations, and frail patients had
a 65% increased risk of being hospitalized compared with
those who were not frail. We also found a graded association
between frailty and ED visits, with intermediate frail
patients having a 60% increased risk for ED visits and frail
patients having nearly 2 times the rate of ED visits
compared with nonfrail patients. The relationship between
frailty and ED visits has not been previously investigated in
the community, and only 1 study investigated the association
between frailty and hospitalizations among patients with HF
(15). This study did not ﬁnd frailty to predict HF hospitalizations but included only hospitalized patients with HF
and aimed to predict only HF-related rehospitalizations,
which are now recognized as constituting a minority of
hospitalizations among patients with HF (2). Previous
studies of the elderly (3,4,6–8) and of patients with coronary
disease (31) have reported a signiﬁcant association between
frailty and hospitalizations.
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Rates of Hospitalizations by Frailty Status and Reason for Admission

Unadjusted rates (per person-year) of hospitalizations by frailty status and by reason for admission. *Includes infections; diseases of the blood, nervous system, skin, and
musculoskeletal system; mental disorders; cancer; pregnancy complications; and ill-deﬁned conditions. CI ¼ conﬁdence interval.

Frail patients are at an increased risk for falls, fractures,
and decreased mobility (3,6,7,32). However, frail patients in
our study had a higher rate of hospitalizations not only for
fractures and other injuries but also for cardiovascular and all
other noncardiovascular conditions, suggesting that frail
patients may be less capable of managing their care. As
recently stated by Joynt and Jha (33), hospitalizations often
“result from a complex interplay among patients, hospitals
and communities,” and the key drivers of hospitalizations are
not always the illness itself but precipitating factors such as
poor social support, poverty, or, as suggested in the present
study, frailty. Indeed, being frail may mean the difference
between being able to function at home and going to the
hospital or ED. However, despite growing importance, agerelated complexities are not yet integrated in the management of HF (34), underscoring the need for a holistic
approach to treating patients with HF that considers all
comorbid conditions and frailty.
Limitations, strengths, and clinical implications. On the
basis of available data in our cohort, we modiﬁed the deﬁnition of frailty in the Cardiovascular Health Study (3),
because we did not have measurements of walking speed in
our patients. However, physical health scores, such as the

SF-12 used herein, have been shown to be associated with
walking speed and physical activity and have been used as
surrogates in previous studies (7,23). Furthermore, the
Cardiovascular Health Study frailty deﬁnition, on which we
based our deﬁnition, is a standardized, widely used deﬁnition, which has been shown to offer predictive validity for
falls, disability, hospitalizations, and death (3). Although
southeastern Minnesota is becoming increasingly diverse,
the results reported herein need replication in communities
of different racial and ethnic composition.
Our study had several notable strengths, including the
rigorous validation of each HF diagnosis. This was a
community-based study including both inpatients and
outpatients, those with preserved and reduced EF and those
with incident and prevalent HF, thus capturing the complete
spectrum of HF. We provide new data on the association
between frailty and outpatient and ED utilization among
patients with HF.
We estimated that the PAR associated with frailty was
35% for ED visits and 19% for hospitalizations. This
suggests that interventions aimed at reducing frailty could
help decrease or control the already overwhelmingly high
healthcare utilization and costs associated with HF (2,35).
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Hence, these data further support the need to assess frailty
in the clinical setting, given that interventions, mostly
exercise based, appear effective among frail patients (36,37)
and have been shown to be safe and efﬁcacious in patients
with HF (38).
Conclusions
In the community, frailty is prevalent and is a strong and
independent predictor of hospitalizations and ED visits
among patients with HF. Because it is independent from
coexisting comorbidities, frailty deﬁnes new strategies for
intervention, and its assessment should be incorporated in
the clinical evaluation of patients with HF.
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