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Abstract

Background—There is a growing interest in the intersection of heart failure (HF) and frailty;
however, estimates of the prevalence of frailty in HF vary widely. The purpose of this paper was to
quantitatively synthesize published literature on the prevalence of frailty in HF and to examine the
relationship between study characteristics (i.e. age and functional class) and the prevalence of
frailty in HF.

Methods—The prevalence of frailty in HF, divided into Physical Frailty and Multidimensional
Frailty measures, was synthesized across published studies using a random-effects meta-analysis
of proportions approach. Meta-regression was performed to examine the influence of age and
functional class (at the level of the study) on the prevalence of frailty.

Results—A total of 26 studies involving 6896 patients with HF were included in this meta-
analysis. Despite considerable differences across studies, the overall estimated prevalence of
frailty in HF was 44.5% (95% Confidence Interval, 36.2%-52.8%; z= 10.54; p< 0.001). The
prevalence was slightly lower among studies using Physical Frailty measures (42.9%, 2= 9.05; p<
0.001) and slightly higher among studies using Multidimensional Frailty measures (47.4%, z=
5.66; p < 0.001). There were no significant relationships between study age or functional class and
prevalence of frailty.
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Conclusions—Frailty affects almost half of patients with HF and is not necessarily a function of
age or functional classification. Future work should focus on standardizing the measurement of
frailty and on broadening the view of frailty beyond a strictly geriatric syndrome in HF.
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1. Introduction

In recent years, frailty, often defined as “a biologic syndrome of decreased reserve and
resistance to stressors, resulting from cumulative declines across multiple physiologic
systems, and causing vulnerability to adverse outcomes,” (1) (p. M146) has emerged as a
significant area of research in heart failure (HF). Given the value of frailty in predicting
worse clinical- and patient-oriented outcomes among older adults in general (1) and adults
with HF in particular (2-7), there is now a substantial, worldwide literature base on frailty in
HF. Indeed, HF is associated with accelerated biological aging (8) and, as a result, geriatric
syndromes like frailty (9) are more likely to present irrespective of chronological age.
Additionally, recent scientific statements have recommended a formal frailty assessment as a
critical element in determining the care of adults with advanced HF (10), those being listed
for heart transplant (11), and those in skilled nursing facilities (12).

A number of published studies on frailty in HF and several systematic reviews have provided
insight into the overlap between frailty and HF, including proposed pathogenic mechanisms
and recommended interventions to prevent or ameliorate frailty (9, 13-16). The overall
prevalence and knowledge of factors that influence frailty in HF, however, are reported with
considerable inconsistency across studies and have not been effectively synthesized through
prior narrative reviews. The purpose of this meta-analysis was to quantitatively synthesize
published literature on the prevalence of frailty in HF. In an effort to extend the perspective
of frailty in HF beyond a strictly geriatric syndrome, we also examined the relationship
between study characteristics (i.e. age and functional class of the sample) and prevalence of
frailty in HF using meta-regression.

2. Methods
2.1 Data Sources and Study Eligibility

This study was a meta-analysis of published data-based studies on frailty in HF. Studies
were considered eligible for inclusion if they met the following criteria: 1) sample or
subsample consisted of HF patients, and 2) the prevalence (i.e. n or rate with denominator)
of frailty in the sample or subsample of HF patients was available using any form of frailty
assessment or portion of an assessment (e.g. gait speed or grip strength). Both observational
and interventional studies (baseline data) were considered for inclusion. Non-English studies
were excluded. We searched PubMed and CINAHL up until July 15, 2016 using the MeSH
heading heart failure and either the keyword frai/*or MeSH heading “Frail Elderly” or
MeSH heading “Geriatric Assessment.” The term “geriatric assessment” was used because
studies that include a frailty assessment are often categorized as a geriatric assessment.
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Abstracts were reviewed for the above criteria and reference lists were hand-searched for
additional relevant studies not identified in the search engines. To minimize publication bias,
abstracts were screened and known experts in the area of frailty in HF were approached at
national meetings to identify potential works-in-progress. Full search strategies are
presented within the PRISMA (17) flow diagram (Figure 1). Study screening and evaluation
for eligibility for this meta-analysis was performed and validated by two members of the
research team (Q.E.D. and C.S.L.). Reference list of excluded studies available upon
request.

2.2 Data Extraction

Data were extracted for the following variables: 1) study first author, 2) year and country of
publication, 3) number of HF patients in sample or subsample, 4) description of frailty
measure, 5) prevalence of frailty in sample, 6) mean or median age of sample, and 7)
proportion of New York Heart Association (NYHA) functional class HI/1V patients. If
clarification on extracted findings was required, the corresponding author was contacted via
electronic mail to request this information and also to query about any known pending work
on frailty in HF. Extracted data were independently verified (i.e. double verification) by
another member of the study team (S.K.). The authors conducted this meta-analysis in
concordance with PRISMA standards of quality for reporting meta-analyses (17) and the
guidelines for Meta-Analyses and Systematic Reviews of Observational Studies (18).

2.3 Statistical Analysis

We used a random-effects meta-analysis of proportions approach (19) to quantify the
prevalence of frailty in HF. Prevalence, or proportional, data assumes a binomial distribution
(i.e. number of “events” versus number of “non-events” in a sample). Traditional meta-
analytic approaches are problematic when prevalence proportions approach the limits of 0%
or 100%. Thus, a few revised procedures, including the recently developed metaprop Stata
command (19), have been developed to address this problem. The command metaprop pools
proportions and uses the score statistic and the exact binomial method, with the option to
incorporate the Freeman-Tukey double arcsine transformation, to compute 95% confidence
intervals. A random-effects model, within metaprop, was chosen because of the considerable
heterogeneity across studies in both the measurement of frailty and the samples studied. In
random-effects models, the effect sizes of observed studies are considered to represent a
distribution of possible effects; random-effects meta-analysis incorporates both within-study
variance and between-study heterogeneity (20). Studies reporting frailty estimates were
dichotomized into two groups according to measurement type: “Physical Frailty” and
“Multidimensional Frailty.” The prevalence of frailty in HF was quantified overall and by
measurement type. In addition to weighted estimates, the 95% confidence interval (CI) was
reported along with ztests (weighted estimate divided by the standard error of the weighted
estimate) and associated p values as metrics of precision.

Heterogeneity was quantified in this meta-analysis for the overall estimate and estimate by
measurement type. Total dispersion in effect sizes across studies (@) and the associated p
value were calculated. We also calculated / as a “signal-to-noise” ratio of excess dispersion
to total dispersion — ranges from 0% (indicating that all of the heterogeneity is spurious) to
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100% (indicating that all of the heterogeneity is “real” and requires further examination and
explanation) (21). Publication bias and bias associated with small study effects were
assessed visually with funnel plots and Egger’s test, respectively (22).

In an effort to explain significant observed heterogeneity, a random-effects meta-regression
was performed. Meta-regression assesses the relationship between study-level factors and
the effect size (23, 24). Our main factors of interest were the average study age and
proportion of NYHA Class I11/1V patients. The predictor variable was examined for
statistical significance using p values along with the slope coefficient + the standard error. A
p value < 0.05 was considered significant for all models. Comprehensive Meta-Analysis
V3.3 and Stata MP 13.1 were used for these analyses.

3.1 Included Studies

Results of study identification, screening, eligibility, and inclusion are outlined in the
PRISMA flow diagram (Figure 1). Twenty-six published studies (2—7, 25-44), involving a
total of 6896 patients with HF, were considered eligible and included in the meta-analysis
(Table). Seventeen studies were classified as “Physical Frailty” as they used primarily
physical frailty assessments such as the full Frailty Phenotype measure (1), portions of the
Frailty Phenotype measure (e.g. gait speed or handgrip strength), or the Short Physical
Performance Battery (45). Nine studies were classified as “Multidimensional Frailty” as they
used multidimensional frailty measurements, including the Frailty Index (46), the Tilburg
Frailty Indicator (47), and a geriatric assessment (also termed fragility assessment) that
included multiple geriatric tests.

3.2 Meta-Analysis

The overall estimated prevalence of frailty in HF was 44.5% (95% ClI, 36.2%-52.8%; z=
10.54; p< 0.001) (Figure 2). Heterogeneity statistics (Q = 1438.78; p< 0.001, = 98.3%)
indicated there was significant and substantive variability in the prevalence of frailty in HF
across studies. The estimated prevalence of frailty in HF as assessed by the Physical Frailty
measures was 42.9% (95% Cl, 33.6%-52.2%; z=9.05; p < 0.001). The estimated
prevalence of frailty in HF as assessed by Multidimensional Frailty measures was slightly
higher at 47.4% (95% CI, 31.0%-63.8%; z=5.66; p< 0.001). Effect sizes reported in
studies were distributed symmetrically (see Supplemental Material), and there was no
significant bias from small studies (Egger’s test p = 0.846). In sensitivity analyses, removing
studies that included advanced HF patients immediately prior to heart transplant or
ventricular assist device placement did not significantly change the estimated prevalence
(45.3%; 95% CI, 36.4%-54.2%). Moreover, the estimated prevalence by community
(39.0%; 95% CI, 28.4%—-49.7%) versus hospitalized or recently hospitalized (48.7%; 95%
Cl, 35.7%-61.6%) was not substantially different.

3.3 Meta-Regression

In preliminary analysis, average study age was significantly different across the 22 studies
that reported average age (= 120.36, p < 0.001); thus, we proceeded with examining age as
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a predictor variable in explaining variability in the prevalence of frailty in HF. There was no
significant relationship, however, between average study age and prevalence of frailty in HF
(see Supplemental Material; B = —0.001+0.007, ¢=-0.21, p= 0.838), indicating age does
not explain the heterogeneity observed across studies. There was also no significant
relationship between proportion of NYHA class 111/IV patients in each study and prevalence
of frailty in HF (see Supplemental Material; § = —0.263+0.198, t=-1.33, p=0.204),
indicating HF functional classification does not explain the heterogeneity observed across
studies. In sensitivity analyses, removing studies that included advanced HF patients did not
significantly change the age meta-regression results or the NYHA meta-regression results.

4. Discussion

Despite substantial variation across published studies, we derived a precise estimate of the
prevalence of frailty in HF based on data from 26 published studies involving 6896 patients
with HF worldwide. In this first known meta-analysis of the prevalence of frailty in HF, it is
evident frailty affects almost one in every two adults with HF. Moreover, the prevalence of
frailty in HF is not a function of age or functional classification but perhaps also reflective of
other mechanisms. Finally, based on differences in measurement across studies, it is
apparent there is a small, but meaningful, divide regarding the most appropriate measure that
undoubtedly interferes with our ability to capture frailty in HF and integrate frailty into the
clinical spectrum.

The high prevalence of frailty in HF indicates frailty is more common in HF than we may
have previously thought, which has important implications for practitioners caring for adults
with HF. In the landmark study by Fried et al. (1), overall prevalence of frailty was estimated
at about 7% in a large sample of community-dwelling older adults aged 65-101 years in the
United States. Prevalence of frailty increased with each 5-year age group with an estimate of
about 23% in those over 90 years of age. As such, HF is associated with a rate of frailty
(about 45% across a wide age range) that is substantially higher than what is seen among
community-dwelling oldest-old adults.

In order to pinpoint study-level factors that would potentially explain the heterogeneity of
reported prevalence rates across studies, we examined both age and functional classification
of the sample. Neither age nor functional classification assessed at the study level were
significantly associated with prevalence of frailty across studies. Frailty has traditionally
been considered a geriatric syndrome; but, the lack of a relationship between age and frailty
in HF indicates frailty in HF is not confined to older adults. In fact, frailty is high even
among studies with younger HF patients (3, 33). As mentioned by previous reviews (16), the
high prevalence of frailty in younger patients indicates we should consider frailty in HF at
all ages rather than as a strict geriatric syndrome. In the subgroup of studies that reported
NYHA class, functional classification of the sample was also not significantly associated
with prevalence of frailty in HF across studies.

Thus, if neither an age-related variable nor a HF functional class-related variable are
associated with frailty, then other mechanisms could explain variations in frailty in HF. The
interrelationships between neurochormonal dysregulation, inflammation, and skeletal muscle
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dysfunction have been proposed as underlying pathogenic mechanisms of frailty,(48) which
have been noted to also parallel the pathogenesis of HF.(13) The specific biological
mechanisms of frailty in HF, however, have not been investigated in detail, but are a rich
area of investigation given the interest in potentially reversing frailty through advanced HF
therapies.(14) Most likely the gradient of frailty in HF is more granular than simply age or
functional classification, and it may be due to the interaction of multiple age- and HF-related
factors, including but not limited to chronological age, subtype of HF (reduced versus
preserved ejection fraction), severity of HF from hemodynamic, neuroendocrine, and
inflammatory dysregulation standpoints, and the comorbidities feeding into the condition of
HF.

Ecological bias (i.e. bias due to aggregating data), however, must be taken into consideration
in interpreting these non-significant findings.(49, 50) In examining study-level factors, we
were limited to aggregate data (i.e. the average age and proportion of NYHA Class 111/1V).
As such, even though we did not observe a significant relationship, we are cautious in
deducing conclusions about individuals given the limitations of using aggregate data. Future
research could focus on pooling patient-level data,(49) which would potentially yield more
nuanced information regarding a relationship between age and frailty and/or NYHA and
frailty.

The lack of relationship between the two study-level factors and prevalence rate could also
be a reflection of the substantial variability in how frailty was measured. Many studies have
adopted a physical frailty perspective based primarily on the definition of frailty set forth by
Fried and colleagues (1) (Table). In contrast, other studies incorporated other factors (e.g.
social, cognitive, and psychological factors) into their definition and considered frailty to be
the cumulative sum of all these factors. In this meta-analysis, we noted the prevalence of
frailty in HF differed by the two perspectives. The wide dispersion in prevalence rates,
however, even among similar measures and similar sub-populations of HF patients,
highlights that an assessment of frailty is far from standardized. Thus, there is a need to
reach consensus of how to measure frailty in HF so that differences in the prevalence of
frailty can be attributed to differences in underlying disease processes and not to substantial
differences in measurement.

4.1 Future Recommendations

Our meta-analysis highlights several opportunities to improve future research on frailty in
HF. First and foremost, there is a need to standardize the measurement of frailty in HF. The
major benefit of using a unified measure is that we can make comparisons across studies to
better learn from cumulative science and design interventions based on results from multiple
studies. Based on the preponderance of evidence, we propose that the full Frailty Phenotype
be adopted as a measure of physical frailty in HF as it could easily be used across research
and practice settings at this time. Moving forward, more research is needed to rigorously test
and refine frailty measures to generate the most precise and accurate measure of frailty in
HF. There is also a need to disambiguate the relationship between physical frailty and
related concepts such as cognitive function and psychosocial health in order to improve the
predictive ability of frailty, as recently studied by Jha et al. (33).
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Second, the clinical implications of studying frailty in HF are considerable. Given the
finding that younger patients still had a high prevalence of frailty in HF, we should broaden
our view of frailty as a strictly geriatric syndrome to encompass the entire chronological age
spectrum in HF. Similar to recent guidelines (10-12), we recommend that an assessment of
frailty be incorporated into clinical practice for all patients with HF; however, appropriate
interventions to mitigate frailty in HF across the lifespan have yet to be determined. Of note,
the majority of studies in this meta-analysis included only older HF patients, and thus, more
research is needed to better understand the prevalence of frailty in younger HF patients.
Moreover, given the wide variety of settings in which frailty was assessed (e.g. outpatients
or acute decompensated HF), more research is needed to examine frailty in various sub-
populations of HF, which may yield important information about the pathogenesis of frailty
in HF.

Finally, there is a need to examine shared biological pathways and manifestations of frailty
and HF, including frailty in HF as a result of both primary aging and HF itself. Goldwater
and Pinney (15) recently explicated a difference between frailty related to primary aging and
frailty related to the progression of HF. Even though there is noted considerable overlap in
pathological mechanisms (e.g. systemic inflammation, oxidative stress) (13) between aging-
related frailty and HF-related frailty, there may be subtle differences in the ability to mitigate
frailty in these two groups with interventions such as ventricular assist devices (14).

4.2 Limitations

The findings of this meta-analysis have several limitations. First, due to the integration of
studies that used different measures of frailty, our findings demonstrated considerable
heterogeneity that should be acknowledged along with our estimate of the prevalence of
frailty in HF. Second, although we made every effort to identify completed or on-going
studies of frailty in HF, it is possible that we inadvertently missed published or unpublished
research in this area. Finally, we selected NYHA functional classification a priori as a HF-
related factor because this variable was figured to be the most commonly reported across
studies. It is uncommon to know all the available study-level factors a priori, and thus, we
were unable to tease apart other study-level factors (e.g. percentage of patients HF with
reduced ejection fraction) that would potentially explain differences in reported prevalence.

5. Conclusions

In this meta-analysis of frailty in HF, our findings demonstrate frailty affects almost one in
every two patients with HF. These results point to the importance of studying frailty in HF
across a patient’s lifespan and broadening our view of frailty beyond a strictly geriatric
syndrome. As such, there is a need to critically examine all aspects of frailty in HF,
including standardizing the measurement of frailty in HF, understanding the underlying
pathological mechanisms, and mitigating the effects of frailty in HF.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Highlights
Almost half of all heart failure patients are considered frail
Prevalence of frailty in heart failure was not related to age or functional class

There is significant heterogeneity in the measurement of frailty in heart
failure

Future work should focus on standardizing a measure of frailty in heart failure

Broaden our view of frailty beyond a strictly geriatric syndrome in heart
failure
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Figure 1. PRISMA Flow Diagram
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PRISMA flow diagram showing study identification, selection, eligibility, and inclusion.
From. Moher D, Liberati A, Tetzlaff J, Altman DG, The PRISMA Group (2009). Aeferred
Reporting Aems for Systematic Reviews and Meta-Analyses: The PRISMA Statement. PL0S

Med 6(6): €1000097. doi:10.1371/journal.pmed1000097 For more information, visit

www.prisma-statement.org.
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MULTIDIMENSIONAL FRAILTY
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I
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1

]
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McNallan (2013) " 0.19(0.16,0.23) 3.97
Chung (2014) : 0.22 (0.14,0.33) 3.80
Newman (2001) : 0.23(0.18,0.30) 3.9
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Dominguez-Rodriguez (2015) —— 0.28 (0.21,0.38) 3.83
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Jha (2016) —_—— : 0.33(0.26,0.40) 3.88
Pulignano (2016) —— 0.35(0.30,0.40) 3.94
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Joyce (2015) I —— 0.70 (0.60,0.79) 3.80
Vidan (2016) : — 0.76 (0.72,0.80) 3.96
Khanderwal (2012) : —_— 0.77 (0.59,0.88) 3.53
Subtotal (142 = 97.24%, p = 0.00) <': 0.43(0.34,0.52) 64.72

1
Heterogeneity between groups: p = 0.645 :
Overall (1*2 = 98.26%, p = 0.00); <;:> 0.45(0.36, 0.53) 100.00

!

I I I
0 5 75

Figure 2. Estimated Prevalence of Frailty in Heart Failure
Random effects meta-analysis of prevalence of frailty in heart failure by measurement type

(Physical Frailty (z=9.05, p< 0.001; denoted by short-dashed line) and Multidimensional
Frailty (z=5.66 p< 0.001; denoted by long-dashed line) and overall (z=10.54, p< 0.001;
denoted by solid line)). Cl = confidence interval; Wt = weight.
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