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Abstract
Heart failure (HF) in the elderly is a major public health problem, and its prevalence is rising.
Outcomes of HF in the elderly have not changed in the past 2 decades despite the introduction of
novel HF therapies. This may be due to the combined impact of multiple comorbidities and frailty.
The majority of elderly patients with HF are frail with multiple comorbidities. These
comorbidities, along with frailty, contribute to the poor outcome of HF in the elderly and pose
independent management challenges. More research is needed to: better understand the interaction
between frailty and multiple comorbidities and the mechanisms by which they impact HF and its
management; develop prognostic tools that incorporate frailty and multiple comorbidities and
provide more accurate prediction of outcomes; test available treatments in typical elderly patients;
and develop and test novel interventions that directly address the adverse impact of multiple co-
morbidities and frailty.
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I. Introduction
According to the American Heart Association 2011 update on heart disease and stroke
statistics, there are more than 5.7 million individuals living with heart failure (HF) in the
United States [1]. In 2007, HF was responsible for nearly 1 million hospitalizations, 3.4
million outpatient visits, and 60,000 deaths [1]. Both incidence and prevalence of HF
increase steeply with age. The annual incidence of HF in both men and women doubles with
every one decade increase in age after age 65, and the prevalence of HF increases from less
than 0.5% in the age group of 20-39 year old, to more than 10% in those 80 years of age and
older [1]. Although age-adjusted incidence of HF has seen some decline in the past 2
decades, especially in women, the overall incidence and prevalence of HF in the elderly is
still rising [2]. This may be explained partly by the improvement in life expectancy and in
survival of patients with ischemic heart disease [3]. Eighty percent of patients with HF are
elderly (65 years and older) whose disease differs significantly from that seen in middle-
aged adults [1]. Elderly patients with HF are more likely to be women, and to have frailty,
higher burden of comorbidities, and preserved left ventricular ejection fraction [4].
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Mortality and rehospitalization rates in elderly patients with HF have not substantially
improved in the past 2 decades despite the many advances in available therapies. According
to the Framingham Heart Study, 59% of men and 45% of women age 65 to 74 die within 5
years of being diagnosed with HF, with an average one-year mortality rate of 20% [5,1].
Although there has been some overall improvement in survival of patients with HF over the
past two decades [5], the survival of the more common type of HF in the elderly, heart
failure with preserved ejection fraction (HFPEF), has not changed [2]. The rate of
rehospitalization among elderly patients with HF has also remained high [6,7]. According to
Jencks et al, one-fifth of Medicare beneficiaries hospitalized with HF are readmitted within
30 days and almost one-third are readmitted within 90 days from the day of discharge [7].
The most striking finding is that only 37% of those readmitted had HF as their primary
readmission diagnosis, while others were readmitted for indications other than HF [7].

Novel therapies and other interventions have failed to show significant benefit in improving
outcomes of elderly patients with HF. For instance, several medications that are proven
effective in younger patients with HFREF (heart failure with reduced ejection fraction) have
been tried in older patients with HFPEF and failed to show any benefit [8-10]. Other
strategies in the management of HF have also been tried in this patient population, including
telemonitoring and post-discharge care management, and showed no significant impact on
mortality or rehospitalization rates [11].

Relative lack of progress in improving outcomes in older persons with HF may be due to the
fact that most studies have not taken into account two common and key characteristics of
elderly patients with HF, frailty, and multiple comorbidities. In this review, we will describe
frailty and comorbidity and discuss their coexistence and interaction in the elderly person;
review the available evidence about the impact of frailty and multiple comorbidities on the
outcomes of elderly patients with HF; and finally discuss some of the implications these two
entities have for the management of HF in elderly.

II. Frailty and Heart Failure in the Elderly
The concept of frailty in the medical literature has evolved from being synonymous to
advanced age, disability, or comorbidity to being a distinct biological syndrome defined as a
state of decreased reserve and resistance to stressors, resulting from cumulative declines
across multiple physiologic systems, and causing vulnerability to adverse outcomes [12].
Sarcopenia, a process that is central in the pathophysiology of frailty, is defined as having
lean body mass two standard deviations below the sex-specific mean in a young healthy
sample [13]. Several diagnostic and staging criteria of frailty have been proposed, but the
criteria proposed by Fried et al have been most widely used and proven clinically useful.
According to Fried et al [12], a person is considered frail if three or more of the following
criteria are present: weight loss of more that 10 lbs in one year; physical exhaustion by self
report; weakness as measured by grip strength; decline in walking speed; and low physical
activity. Based on Fried criteria, it is estimated that 6.9% of older community dwelling
adults are frail. This prevalence increases sharply with age, from 3.2% among persons 65-70
years old to 23.1% among persons 90 years and older [12].

Several studies have shown significant associations between frailty and cardiovascular
disease, including HF. In the Cardiovascular Health Study (CHS), the prevalence of HF
increased from 1.8% in the non-frail, 4.6% in the intermediate group, to 14.0% in the frail
group, with an adjusted odds ratio of 7.51 (95% confidence interval: 4.66-12.12) [14].
Similarly, participants of the women health initiative (WHI) who have HF were 6 to 7 folds
more likely to be frail (OR = 6.16, 95% CI = 4.97-7.64) [15]. This relationship between
frailty and HF may potentially be explained by the common inflammatory, metabolic, and
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autonomic abnormalities seen in both clinical entities. A substudy from CHS found that frail
persons have significantly higher levels of C-reactive protein, factor VIII, and D-dimers
even after adjusting for age and associated comorbidities [16]. Similarly, frail women form
the women's health and aging studies (WHAS) were found to have higher levels of IL-6 and
white blood cell counts [17]. A recent analysis of the Third National Health and Nutrition
Survey (NHANES III) found that vitamin D deficiency was associated with 4 fold increase
in the risk of frailty [18]. Finally several reports have shown association between frailty and
autonomic dysfunction as measured by reduced heart rate variability [19]. All these
inflammatory, metabolic, and autonomic abnormalities that are associated with frailty are
also frequently seen in patients with HF [20,21].

Frailty is associated with worse outcome in elderly patients with HF. Among 120 patients
with HF (age 75.9±6.7), Cacciatore et al found significantly higher risk of death in those
with a Lachs's frailty score of 2 or 3 than in those with a score of 0 or 1 (adjusted hazard
ratio1.62, 95% confidence interval: 1.08-2.45) [22]. After 9 years of follow-up, Cacciatore
reported that the probability of death in patients with HF and frailty score of 3 was 100% as
compared with 55% in patients with HF and frailty score of 1 (Figure: 1). Another study by
Pulignano showed significantly higher rate of 1-year mortality (16.9% vs. 4.8%; P < 0.001)
and higher rate of hospitalization (20.5% vs. 13.3%; P = 0.01) in elderly patients with HF
who have frailty than in those who do not [23].

Cachexia is an important phenomenon in HF patients that is associated with poor outcomes.
It shares some common features with frailty, though is in other ways distinct. According to
the Cachexia Consensus Conference of December 2006, cachexia is defined as “a complex
metabolic syndrome associated with underlying illness and characterized by weight loss of
5% in 12 months or less (or having a body mass index (BMI) < 20) in addition to satisfying
at least 3 of the following 5 criteria: decreased muscle strength, fatigue, anorexia, low fat-
free mass index, or abnormal biochemistry (inflammation, anemia, or low serum sodium)”
[24]. Cardiac cachexia represents the terminal phase of body wasting seen in advanced
stages of HF [25]. From the definition of cachexia, we appreciate how it shares several
clinical features with frailty such as fatigue, muscle weakness, sarcopenia, neurohormonal
activation, and inflammation. However, as discussed earlier in this review, frailty is
characterized by a progressive decline in physiologic reserve, is associated with aging, and
while it usually occurs with chronic illness, it can occur without an underlying chronic
illness. In addition, while weight loss is essential for the diagnosis of cachexia, it is not
necessarily present in frailty as the loss in muscle mass can be counterbalanced by an
increase in total body fat mass, so-called ‘sarcopenic obesity’.

It has been shown that body wasting and cachexia in HF are associated with higher mortality
rate, while greater body weight, even up to the moderate obesity range, appears to be
associated with increased survival. Anker et.al showed that cachectic state is a strong
independent risk factor of mortality in patients with HF, and when combined with low peak
oxygen consumption, it identifies a subset of patients at extremely high risk of deaths [26].
In agreement with other studies in younger pateints with HFREF, among older patients with
HFPEF who were participants in the Irbesartan in Heart Failure with Preserved Ejection
Fraction Study (I-Preserve), higher BMI was associated with more favorable outcome, and
the relationship between BMI and survival was non-linear and took a U shape [27]. While
many studies have shown an association between higher BMI and better survival, there is a
lack of randomized trials that examine the effect of purposeful, intentional weight loss on
survival, not only in heart failure but in most other conditions [28]. In the recent first
published report of the effect of intentional, controlled weight loss in a large clinical trial of
elderly with chronic conditions, there was improvement in survival with intentional and

Murad and Kitzman Page 3

Heart Fail Rev. Author manuscript; available in PMC 2013 October 21.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



controlled weight loss [29]. Whether this favorable outcome of intentional weight loss can
be demonstrated in older persons with HF remains to be tested.

III. Comorbidities and Heart Failure in the Elderly
Feinstein recognized comorbid illnesses as important determinants of health outcomes. He
defined comorbidity as “any distinct additional entity that has existed or may occur during
the clinical course of a patient who has the index disease under study” [30]. Another
definition of comorbidities was provided by Guralnik as the co-occurance of multiple
diseases in one person [31].

Comorbidities are common among the elderly and far more common among those with HF.
Wolff reported that 82% of the 1999 medicare beneficiaries aged ≥ 65 had one or more
chronic conditions and 65% had multiple chronic conditions [32]. The burden of
comorbidities in elderly patients with HF is much higher than in those without HF [3,33].
Braunstein et al studied the burden of non-cardiac comorbidities in 22,630 HF patients, 65
years and older, identified in a 5% random sample of all US Medicare beneficiaries [34]. He
found that 40% of these patients had ≥ 5 comorbidities, 70% had ≥ 3 comorbidities, and
only 4% had no comorbidities at all [34]. This is in strong contrast to middle aged patients
with HF who usually have a lesser burden of comorbidities.

There is growing evidence indicating that comorbidities, frequently seen in elderly patient
with HF, contribute greatly to their poor outcomes. Braunstein et al demonstrated that the
40% of the elderly HF population who have ≥5 comorbidities were responsible for 81% of
the total inpatient hospital days experienced by all HF patients [34]. He also found that the
risk of hospitalization and potentially preventable hospitalization strongly increased with the
increase in the number of associated comorbidities (both p values < 0.0001). After
controlling for demographic factors and other diagnoses, comorbidities that were
consistently associated with notably higher risks for CHF-preventable and all-cause
preventable hospitalizations, and mortality, included chronic obstructive pulmonary disease
and/or bronchiectasis, renal failure, diabetes mellitus, depression, and other lower
respiratory diseases (all p values were less than 0.01) [34]. Similar findings were recently
reported by Muzzarelli who found that the majority of 30-day and 90-day readmissions of
patients with HF from the Trial of Intensified versus standard Medical therapy in Elderly
patients with Congestive Heart Failure (TIME-CHF) were for non-cardiac conditions [35].

IV. The Relationship between Frailty and Comorbidity
Frailty and comorbidity are clinical manifestations of 2 distinct aging-related processes,
namely diminished functional reserve and accumulation of pathological processes.
Nevertheless, frailty and comorbidity often overlap in the elderly and lead to impairment in
quality of life and functional status. Wong et al recently reported that among community
dwelling seniors who are frail 82% have comorbidities, 29% have disability in at least one
activity of daily living (ADL), and 93% have disability in at least one instrumental activity
of daily living (IADL) [36]. Similar overlap between frailty, comorbidity, and disability has
been reported among CHS participants (Figure 2) [12].

The interaction between disease processes and normal physiologic processes of aging is an
important element in the development of frailty. Morley described how disease processes
(HF as well as its associated comorbidities) can accelerate functional muscle loss leading to
sarcopenia, the hallmark of functional frailty [13,37]. Once frailty is developed, both HF and
its associated comorbidities can give rise to acute stressors which can lead to rapid
functional decline resulting in disability, hospitalization, institutionalization, and eventually
death (figure 3). Examples of such acute stressors are decompensated HF, acute
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exacerbation of chronic obstructive pulmonary disease, pneumonia, urinary tract infection,
acute delirium, acute myocardial infarction, acute stroke, falls, acute injuries, and others.
This ill response of a frail person to acute stressors is explained partially by the limited
reserve of physiologic systems, but more importantly by the inefficient use of energy, a
pathological response to the limited physiologic reserve of frailty [38]. Interventions that
target already frail persons and improve the efficiency of their energy use and therefore the
response to acute stressors could have potentially large impact on outcomes in elderly heart
failure patients.

V. Implications for Management
Frailty and multiple comorbidities adversely impact the management of HF in the elderly on
many levels including recruitment and representation in clinical trials, early and accurate
diagnosis of HF, treatment of HF and its associated comorbid conditions, and providing
accurate prognosis to guide clinical care.

Elderly patients with HF have been clearly underrepresented in randomized clinical trials
(RCTs) [39]. In fact, the more common form of HF in the elderly (HFPEF) was not formally
recognized as a genuine form of HF until 2004 and to date, it has only been represented in a
handful of large clinical trials [39]. In HF-ACTION (Heart Failure: A Controlled Trial
Investigating Outcomes of exercise training) [40], despite the lack of upper age limit in the
inclusion criteria and the emphasis on recruitment of older persons, the mean age of
participants (59 years old) was well below the average age of persons with HF as reported in
population studies. This suggests that other characteristics of the elderly, in addition to age,
contribute to their exclusion from HF trials. Such characteristics include frailty and multiple
comorbidities. Frail patients are more likely to be excluded from trials based on their limited
mobility and access to research facilities, their cognitive impairment that limits the ability to
understand and sign informed consents, and their presumed intolerance of the intervention
being studied [41]. Patients with multiple comorbidities have been often excluded from
clinical trials, often for the concern of being able to study the index disease in its “pure”
form [39]. By excluding patients with frailty and multiple comorbidities from HF research,
studies fail to capture these two key determinants of outcomes in the elderly HF patients.
Despite this inherent selection bias of clinical trials toward excluding multiple
comorbidities, the outcomes appear to be persuaded by them. For instance, the I-
PRESERVE trial reported a majority of clinical events as non-cardiac and likely attributable
to comorbidities and frailty rather than to HF [8].

This underrepresentation of elderly patients with HF in RCTs, especially those with frailty
and multiple comorbidities, has resulted in a paucity of evidence in this patient population
and rendered many aspects of their care largely empirical. It is uncertain whether trial results
obtained in younger patients pertain directly to the management elderly persons with HF, as
growing evidence has shown that older patients respond differently to current therapies than
do younger patients with HF. In TIME-CHF, investigators demonstrated that HF therapy
guided by N-terminal brain natriuretic peptide improved outcomes in patients aged 60 to 75
years but not in those aged 75 years or older (p value < 0.02 for interaction) [42]. Similarly,
recent trials testing drugs known to be effective in younger patients with HFREF failed to
show any significant impact on outcomes in older patients with HFPEF [8,9].

Frailty and multiple comorbidities delay and complicate the diagnosis of HF in the elderly.
Fuat et al identified several barriers to accurate and effective diagnosis of HF in the primary
care setting, many of which can be linked to the presence of frailty and comorbidities [43].
In elderly frail persons fatigue and decreased exercise endurance are common; dyspnea is a
frequent symptom and often attributed to other comorbid conditions; and fluid overload can
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be subtle and difficult to detect by physical examination. Left ventricular ejection fraction is
normal or high in more than 60% of elderly patients with HF [4]. Nevertheless, early and
accurate diagnosis of HF in the primary care setting is important since it prompts the
implementation of proper therapy, and may prevent unnecessary hospitalizations. The utility
of newer diagnostic tools, such as tissue doppler, cardiac magnetic resonance imaging, and
serologic markers, should be evaluated in this patient population.

Frailty and multiple comorbidities often limit implementation and tolerability of
conventional HF therapies. Diuretics therapy in a frail person is more likely to lead to
urinary incontinence, electrolytes imbalance, progression of renal dysfunction, delirium, and
falls. Similarly, vasodilators therapy in a frail person is more likely to lead to orthostatic
hypotension due to arterial sclerosis and autonomic dysfunction. Some comorbid conditions
present relative or even absolute contraindication to the use of certain HF therapies such as
the use of inhibitors of the renin-aldosterone-angiotensin axis in patients with chronic
kidney disease and the use of beta blocking agents in patients with chronic obstructive
pulmonary disease.

Management of certain comorbid conditions in elderly HF patients is also challenged by the
presence of frailty and other comorbidities. Optimal control of systolic and diastolic
hypertension, a class IA recommendation according to the ACC/AHA guidelines for the
management of both HFPEF and HFREF [44], can be difficult to attain in the elderly HF
patient. Orthostatic hypotension, hyperkalemia, worsening renal failure, lower extremity
edema, and bronchospasm are known adverse effects of different classes of antihypertensive
medications and are more often seen in the elderly frail patients. Management of atrial
fibrillation (AF) in elderly patients with HF is likewise challenging, and with lower rates of
success. These patients are often intolerant to rate controlling agents, leading to
symptomatic bradycardia and resulting in syncope, falls, and decompensation of HF due to
transient reduction in cardiac output. Rhythm maintaining agents are associated with
potentially serious side-effects and proarrhythmic risk. Catheter ablation for restoration and
maintenance of sinus rhythm has not been as fully evaluated in this patient population.
While these patients clearly benefit from anticoagulation therapy, their risk of bleeding
complications is much higher as a result of their increased risk of falling, drug and dietary
interaction, cognitive impairment, and lower compliance. Atrial fibrillation also impacts the
clinical course HF in the elderly by accelerating the development and progression of frailty.
The loss of atrial contraction in AF can decrease exercise cardiac output resulting in reduced
exercise tolerance and contributing to the development and progression of frailty [45]. In
addition, the higher incidence of stroke in atrial fibrillation can result in limited mobility,
disability, and cognitive impairment. Other challenges are encountered when managing
other comorbidities in elderly patients with HF, such as chronic kidney disease and chronic
obstructive pulmonary disease, with limited evidence to guide clinical care.

Non-adherence to medical care is common among the elderly, and is associated with poor
outcomes [46]. Mocker et al found that non-persistence with medication was an independent
predictor of HF rehospitalization [47]. Non-adherence to medical therapy was independently
associated with higher mortality among participants in the Candesartan in Heart Failure
Assessment of Reduction in Mortality and Morbidity (CHARM) trial [48]. Frailty and
multiple comorbidities possibly contribute to non-compliance in elderly patients with HF
leading to higher rate of hospitalization, rehospitalization, and ultimately institutionalization
and death. Frail patients may have more limited access to healthy food, and medical follow-
up. Patients with cognitive and sensory impairment are less likely to adhere to dietary
restrictions, prescribed medications, weight monitoring, and timely reporting of symptoms.
Patients with physical impairment and with disability are less likely to participate in physical
exercises and cardiac rehabilitation programs. Patients with multiple comorbidities are often

Murad and Kitzman Page 6

Heart Fail Rev. Author manuscript; available in PMC 2013 October 21.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



on complex medication regimes which may increase the risk of non-adherence, drug-to-drug
interaction, and serious adverse effects.

Accurate estimation of prognosis of elderly patients with HF would likely empower them
and their clinicians to make informed decisions about their care and would likely result in a
more responsible and efficient use of health care resources. While several risk prediction
models have been developed for patients with HF to estimate mortality risk and risk of
hospitalization, these models did not include measures for frailty and multiple comorbidities
and were derived from cohorts of younger patients often with HFREF or from participants in
clinical trials with their inherent selection bias [49,50]. Reseach is needed to develop risk
prediction models specific for the elderly HF patients that include measures for frailty and
the burden of comorbidities.

VI. Conclusion
Frailty and multiple comorbidities are 2 distinct characteristics seen in older patients and are
highly prevalent among elderly patients with HF. Frailty and multiple comorbidities often
coexist and interact in this patient population adversely impacting their clinical course and
their outcomes (figure 3). Elderly HF patients who are frail and have multiple comorbidities
are much more likely to be hospitalized, rehospitalized, become disabled, be
institutionalized, and ultimately die. Therapeutic interventions targeting specifically HF
alone have failed to substantially improve outcomes in this patient population. Future
research should aim at preventing the development of frailty and its progression to
disability, and providing optimal management of comorbidities in order to improve
outcomes in elderly patients with HF.
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Figure 1.
Cox regression adjusted survival curve of patients with HF stratified by Lachs Frailty score
(reproduced with permission from Cacciatore et al [22]).
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Figure 2.
Venn diagram displaying the extent of overlap of frailty with ADL disability and
comorbidity (≥2 diseases) in 2,762 subjects who have at least one of these 3 entities
(reproduced with permission from Fried et al [12]).
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Figure 3.
An illustration of the complex relationships between frailty, comorbidities, and heart failure.
Notice how heart failure contributes to the development of frailty, and how both frailty and
comorbidities give rise to acute stressors resulting in deterioration of the clinical status of
patients with heart failure.

Murad and Kitzman Page 13

Heart Fail Rev. Author manuscript; available in PMC 2013 October 21.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript


