
C L I N I C A L I N V E S T I G A T I ON

Prefrailty, impairment in physical function, and risk of
incident heart failure among older adults

Matthew W. Segar MD, MS1 | Sumitabh Singh MBBS2 |

Parag Goyal MD, MSc3 | Scott L. Hummel MD, MS4 | Mathew S. Maurer MD5 |

Daniel E. Forman MD6 | Javed Butler MD, MPH, MBA7 |

Ambarish Pandey MD, MSCS1

1Division of Cardiology, Department of Medicine, University of Texas Southwestern Medical Center, Dallas, Texas, USA
2Division of Endocrinology, Diabetes, Metabolism, and Nutrition, Mayo Clinic, Rochester, Minnesota, USA
3Department of Medicine, Weill Cornell Medicine, New York, New York, USA
4University of Michigan and the LTC Charles S. Kettles VA Medical Center, Ann Arbor, Michigan, USA
5Department of Medicine, Columbia University Irving Medical Center, New York, New York, USA
6Divisions of Geriatrics and Cardiology, University of Pittsburgh Medical Center and VA Pittsburgh Healthcare System, University of Pittsburgh,
Pittsburgh, Pennsylvania, USA
7Department of Internal Medicine, University of Mississippi Medical Center, Jackson, Mississippi, USA

Correspondence
Ambarish Pandey, Department of Internal
Medicine, Division of Cardiology,
University of Texas Southwestern Medical
Center, 5323 Harry Hines Boulevard,
Dallas, TX 75390-9047, USA.
Email: ambarish.pandey@
utsouthwestern.edu

Funding information
National Institutes of Health, Grant/
Award Numbers: P30AG024827,
R01AG051376, R01AG058883,
R01AG060499, CARA-009-16F9050,
R01HL139813, R01AG062582; American
Heart Association, Grant/Award Number:
20CDA35310455; National Institute on
Aging GEMSSTAR Grant, Grant/Award
Numbers: K76AG064428, K24AG036778,
1R03AG067960-01; Gilead Sciences
Research Scholar Program; Texas Health
Resources Clinical Scholarship

Abstract

Objective: Evaluate the association between prefrailty and the risk of heart

failure (HF) among older adults.

Design, setting, and participants: This prospective, community-based

cohort study included participants from the Atherosclerotic Risk in Communi-

ties study who underwent detailed frailty assessment using Fried Criteria and

physical function assessment using the Short Performance Physical Battery

(SPPB) score. Individuals with prevalent HF and frailty were excluded.

Main outcomes and measures: Adjusted association between prefrailty (vs

robust), physical function measures (SPPB score, grip strength, and gait speed),

and incident HF (overall and HF subtypes, HF with reduced [HFrEF,

EF < 50%] and preserved ejection fraction [HFpEF]) were assessed using Cox

proportional hazards models.

Results: Among 5210 participants (mean age 75 years, 58% women), 2565

(49.2%) were identified as prefrail. In cross-sectional analysis, prefrail individ-

uals had a higher burden of chronic myocardial injury (troponin, Std β = 0.08

[0.05–0.10]) and neurohormonal stress (NT-ProBNP, Std β = 0.03 [0.02–0.05])
after adjustment for potential confounders. Over a median follow-up of

4.6 years, there were 232 (4.5%) HF events (HFrEF: 102; HFpEF: 97). Prefrailty

was associated with an increased risk of HF after adjusting for potential clinical

confounders and cardiac biomarkers (aHR [95% CI] = 1.65 [1.24–2.20]). Among
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HF subtypes, prefrailty was associated with an increased risk of HFpEF but not

HFrEF (aHR [95% CI] = 1.73 [1.11–2.70] and 1.38 [0.90–2.10], respectively). A
lower SPPB score was also associated with an increased risk of overall HF and

HFpEF, but not HFrEF. Among individual components, increased gait speed

were associated with a lower risk of HFpEF, but not HFrEF.

Conclusions and relevance: Subtle abnormalities in physiological reserve

(prefrailty) and impairment in physical function (SPPB) were both significantly

associated with a higher risk of incident HF, particularly HFpEF. These find-

ings highlight the potential role of routine assessment of geriatric syndromes

for early identification of HF risk.
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INTRODUCTION

Heart failure with preserved ejection fraction (HFpEF) is
the most common phenotype of heart failure
(HF) encountered in older individuals. HFpEF is character-
ized by exercise intolerance and often clinical volume over-
load despite preserved left ventricular ejection fraction.1–3

In addition to a high risk of mortality and hospitalization,
HFpEF is also associated with functional impairment and
poor quality-of-life.4,5 Unlike heart failure with reduced
ejection fraction (HFrEF), HFpEF continues to be refrac-
tory to available medical therapies highlighting the need
for novel approaches to its prevention.6–8

An important first step to prevention is identifying
intermediate phenotypes that may underlie the progres-
sion from at-risk stage to clinical HFpEF. Frailty is a state
of reduced physiologic reserve with increased vulnerabil-
ity and poor resolution of homeostasis following stress
that predisposes individuals to an increased risk of
adverse outcomes.9 Prior studies have identified key simi-
larities in the pathophysiology of HFpEF and frailty and
implicated frailty as an important factor in the develop-
ment and progression of HFpEF.10–12 The transition from
a robust state to frailty is often encountered among older
individuals and most likely occurs through the subclini-
cal accumulation of several metabolic and physiologic
impairments.13–15 Prefrailty, an intermediate stage that
precedes frailty, represents an early stage of physiologic
impairment that may be potentially reversible with effec-
tive multimodality interventions.16–19 The association of
prefrailty and other measures of functional impair-
ments with the risk of HF and its subtypes, HFpEF and
HFrEF, among community-dwelling adults is not well-
established. A better understanding of the contribution
of geriatric syndromes such as prefrailty to develop-
ment of HFpEF may facilitate primary care physicians

and geriatricians to identify these older high-risk
patients and target them with preventive strategies
aimed at reducing progression to frailty and down-
stream HF.4,20,21 Accordingly, in this study, we evalu-
ated the association of the presence of prefrailty and
other objective measures of functional impairment
with the risk of incident HF and its subtypes among
community-dwelling older adults.

METHODS

Study population

This study used deidentified, publicly available data from
the Atherosclerotic Risk in Communities (ARIC) study

Key Points

• Among older adults, impairments in physiolog-
ical reserve (prefrailty) and physical function
(SPPB score) are significantly associated with a
higher risk of incident heart failure.

• Prefrailty and impaired physical function are
associated with an increased risk of HFpEF,
but not HFrEF.

Why Does this Paper Matter?

Prefrailty may be implicated in the development
of heart failure, especially HFpEF, in older
adults.
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obtained from the National Institute of Health Biologic
Specimen and Data Repository Coordinating Center
(BioLINCC). Details of the ARIC study have been previ-
ously described.22 In brief, ARIC is a community-based
cohort study that enrolled 15,792 participants in 1987–
1989 from four U.S. communities (Jackson, MI; Forsyth
County, NC; Washington County, MD; and selected sub-
urbs of Minneapolis, MN). For the present analysis, par-
ticipants from visit 5, conducted between 2011 and 2013,
where participants underwent detailed assessment of
frailty and functional status, were used as baseline
(N = 5953). While 6538 participants attended visit 5, 585
did not consent to data release in the BioLINCC cohort.
As the present study focused on the associations of pre-
frailty and risk of HF outcomes, we further excluded par-
ticipants with baseline frailty (N = 335), HF (N = 400),
or unknown cardiovascular disease (CVD) or HF status
(N = 8) at the time of visit 5 (baseline). The final study
population included 5210 participants (Figure S1). All
ARIC participants gave their written and informed con-
sent, and the study was approved by the institutional
review of the coordinating center.

Outcomes of interest

Our primary outcome of interest was physician adjudi-
cated incident HF hospitalization event. A detailed
description of HF event adjudication is described in the
Supplemental Materials. Briefly, potential HF hospital-
ization events were ascertained through either annual
cohort follow-up, death registries, or hospital surveil-
lance and adjudicated by physician reviewers as previ-
ously described.23,24 Among HF subtypes, HFpEF was
defined by incident HF hospitalization event with
LVEF ≥50%.25 HFrEF was identified by LVEF <50% at
the time of HF hospitalization. All-cause mortality
events were confirmed using the National Death
Index.26 All events were adjudicated by the event adju-
dication committee.

Frailty and functional status assessment

The frailty phenotype was defined using the Cardiovas-
cular Health Study components as previously described
by Fried et al.21,27 Briefly, frailty phenotype was identi-
fied using five criteria as detailed in Table S1 and Sup-
plemental Materials. Individuals with three or more
components were categorized as frail, one or two
defined as prefrail, and none defined as robust. As this
study excluded participants classified as frail, only par-
ticipants categorized as prefrail or robust were

included. The Short Physical Performance Battery
(SPPB) score, a standardized objective screening tool
for primary lower-extremity functional impairment,
was also calculated for each individual.28 SPPB com-
prises three components: standing balance, timed
repeated chair rise, and gait speed. Each component is
scaled and scored from 0 to 4 based on specific cut
points (Table S2). The components are then summed
for a total score ranging from 0 to 12.

Clinical covariates and cardiac biomarkers

Demographic, anthropometric, laboratory, and clinical
characteristics were assessed at the time of the fifth visit.
Criteria to identify comorbidities such as hypertension, HF,
CVD, diabetes mellitus, type II are detailed in the Supple-
mental Materials. High-sensitivity cardiac troponin-T (hs-
cTnT) and N-terminal pro-B-type natriuretic peptide (NT-
proBNP) concentrations were measured as previously
described using standard assays and described in the Sup-
plemental Materials.29 As all covariates had <10% mis-
singness, missing data were imputed using random forest
imputation.30

Statistical analysis

Baseline characteristics were compared across the pre-
frail vs. the robust categories. Differences across groups
were assessed using one-way analysis of variance for
continuous and chi-square test for categorical vari-
ables. Exposure variables of interest for this analysis
were prefrailty (vs. robust), SBBP score, grip strength,
and gait speed. Cross-sectional associations between
exposure variables of interest and levels of hs-cTnT
and NT-proBNP were assessed using multivariable lin-
ear regression models. Owing to the skewed distribu-
tion, hs-cTnT and NT-proBNP levels were log-
transformed for the regression analysis. Separate
models were constructed for each exposure variable
and the biomarker outcome of interest with adjustment
for the following covariates (model 1): age, sex, race,
education level, income, systolic BP, body mass index,
hypertension, smoking status, CVD, diabetes mellitus,
type II status, statin medication, eGFR, HDL-c, and
HbA1c levels.

Unadjusted cumulative incidence of overall HF and HF
subtypes was assessed across frailty groups using time-to-
event analysis with the log-rank test. Multivariable Cox pro-
portional hazard models were used to evaluate the associa-
tion of frailty measures and risk of incident HF. Separate
models were constructed for each exposure variable of
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TABLE 1 Baseline characteristics of participants stratified by robust versus prefrail status

Robust (N = 2645) Prefrail (N = 2565) p-Value

Age, years 74.5 (4.7) 76.5 (5.3) <0.001

Male, % 1195 (45.2) 1012 (39.5) <0.001

White race, % 2157 (81.6) 1997 (77.9) 0.001

SBP, mmHg 130.3 (17.6) 130.6 (18.3) 0.48

DBP, mmHg 67.6 (10.4) 65.5 (10.8) <0.001

HR, bpm 64.5 (10.5) 65.6 (11.3) <0.001

BMI, kg/m2 28.4 (5.1) 28.8 (5.9) 0.007

Current smoker, % 131 (5.3) 156 (6.4) 0.13

Alcohol use <0.001

Current 1421 (57.7) 1130 (46.2)

Former 610 (24.8) 744 (30.4)

Never 432 (17.5) 574 (23.4)

Education level, % <0.001

High school or less 264 (10.0) 380 (14.8)

Some college 1326 (50.1) 1057 (41.2)

College graduate 1055 (39.9) 1128 (44.0)

Household income, $ 50,774 (28,313) 42,634 (26,915) <0.001

Cardiovascular disease, % 291 (11.2) 362 (14.4) <0.001

Diabetes mellitus, type II, % 565 (22.1) 816 (32.7) <0.001

Diabetes mellitus, type II medication use, % 383 (14.6) 594 (23.3) <0.001

Hypertension, % 1653 (63.2) 1745 (69.3) <0.001

Anemiaa, % 232 (9.4) 370 (14.9) <0.001

COPD, % 97 (3.7) 177 (6.9) <0.001

CKDb, % 620 (23.4) 756 (29.5) <0.001

Cancer, % 79 (3.0) 94 (3.7) 0.20

Mild cognitive impairment, % 447 (16.9) 601 (23.4) <0.001

Dementia, % 57 (2.2) 143 (5.6) <0.001

Hypertension medication use, % 1634 (62.5) 1732 (68.7) <0.001

Statin use, % 1355 (51.5) 1358 (53.2) 0.22

HbA1c, % 5.9 (0.7) 6.0 (0.9) <0.001

eGFR, ml/min/1.73 m2 71.4 (15.7) 69.1 (17.6) <0.001

HDL-c, mg/dl 52.4 (13.6) 52.0 (14.2) 0.34

Triglycerides, mg/dl 126.2 (60.9) 126.8 (66.9) 0.75

LDL-c, mg/dl 106.4 (33.5) 102.7 (35.4) <0.001

NT-proBNP, pg/ml 204.9 (628.1) 295.4 (770.5) <0.001

hs-TnT, mcg/L 12.1 (9.9) 14.0 (10.8) <0.001

Fat mass, kg 27.8 (10.1) 27.8 (11.6) 0.94

Lean body mass, kg 51.6 (11.2) 50.2 (10.7) <0.001

Abbreviations: BMI, body mass index; CKD, chronic kidney disease; COPD, chronic obstructive pulmonary disease; DBP, diastolic blood pressure; HR, heart
rate; hs-cTnT, high-sensitivity cardiac troponin T; NT-proBNP, N-terminal pro-B-type natriuretic peptide; SBP, systolic blood pressure.
aDefined as hemoglobin <13.0 g/dl for men or 11.2 g/dl for women.
bDefined as eGFR <60 ml/min/1.73 m2.
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interest described above with adjustment for the following
potential confounders based on biological plausibility and
prior literature: model 1: as above; model 2: model 1 + hs-
cTnT + NT-proBNP. Adjusted Cox models were also con-
structed to evaluate the association of prefrailty and func-
tional status measures with risk HFpEF and HFrEF
separately with all-cause mortality and the other HF sub-
type treated as a censoring event. Multivariable adjusted
restricted cubic splines were constructed to evaluate the
association of continuous SPPB score with risk of HF sub-
types. Multivariable Cox models were also used to
assess the risk of incident HF across increasing Fried
scores (0 vs 1 vs 2) with the same adjustments as the
primary analysis. To account for competing risks (death
and other HF subtype), sensitivity analyses were per-
formed using multivariable Fine–Gray proportional
subdistribution hazards models with the same adjust-
ments as the primary analysis.31 Sensitivity analyses
were also performed to address the potential for reverse
causation in the observed association between HF and
frailty by (1) excluding participants with a prior history
of CVD, (2) excluding participants with an HF event
within 12 months of baseline, and (3) stratifying partici-
pants with NT-proBNP ≥ 125 pg/ml. Finally, we
assessed the improvement in C-index and continuous
net reclassification index (NRI) between the ARIC HF
biomarkers risk score with and without the exposure
variable (either prefrailty, SPPB score, grip strength, or
4 m walk time). Improvement in C-index was assessed
using the DeLong's test.29,32 Analyses were performed
using R version 3.6.3 (R Foundation, Vienna, Austria)
with p < 0.05 indicating significance.

RESULTS

The study included 5210 participants (mean age 75
± 5 years, 58% women, 20% African American), of which
2565 (49.2%) were identified as prefrail. Compared with
robust participants, prefrail individuals were more likely
to be older, women, and of the self-identified black race
(Table 1). Prefrail individuals also had a significantly
higher prevalence of traditional CV risk factors such as
hypertension, diabetes mellitus, type II, and hyperlipid-
emia. Prefrail individuals also had a higher burden of
chronic myocardial injury, as assessed by hs-cTn levels,
and neurohormonal stress, as assessed by the NT-ProBNP
levels, compared with the robust individuals (Table 1).
Among measures of functional impairment, prefrail indi-
viduals had lower SPPB scores, worse grip strength, and
slower 4 m walk time [mean (SD) (vs. robust) SPPB: 9.4
(2.4) vs. 10.6(1.6); Grip strength: 26.6(9.6) vs. 33.5(10.3);
4-m walk time: 4.7(1.5) vs. 3.8(0.8) sec; P<0.001 for all].

Over a median follow-up of 4.6 (interquartile range:
4.1–5.1) years from visit 5, the primary outcome of inci-
dent HF occurred in 232 (4.5%) participants, of which
102 (44.0%) were HFrEF, 97 (41.8%) were HFpEF, and 33
were undetermined HF subtype.

Prefrailty, measures of physical function,
and biomarkers of chronic myocardial
injury and neurohormonal stress

We evaluated the association of prefrailty categorization,
SPPB score, grip strength, and gait speed (4 m walk time)
with the levels of biomarkers of chronic myocardial in-
jury (hs-TnT) and neurohormonal stress (NT-ProBNP).
Compared with robust individuals, prefrail individuals
had higher levels of hs-cTnT (Std β = 0.08 [0.05–0.10],
p < 0.001) and NT-ProBNP (Std β = 0.03 [0.02–0.05],
p < 0.001) after adjustment for potential confounders
(Table S3). Similarly, lower SPPB score, indicating worse
functional status, was also significantly associated with
higher hs-cTn (Std β per 1-unit lower SPPB = 0.04 [0.04–
0.05], p < 0.001) and NT-proBNP (Std β per 1-unit lower
SPPB = 0.01 [0.01–0.02], p < 0.001) levels. Among indi-
vidual components of physical function, lower grip
strength and slower 4 m walk time were also significantly
associated with higher levels of hs-cTnT and NT-proBNP
(Table S3).

Prefrailty and risk of incident HF and its
subtypes

In unadjusted analysis, the cumulative incidence of HF
was higher among prefrail versus robust individuals
(8.3% vs 3.3%, log-rank p < 0.001, Figure S2). In adjusted
analyses, prefrail (vs robust) individuals had a signifi-
cantly higher risk of incident HF that remained
significant after further adjustments for measures of bio-
markers of chronic myocardial injury (hs-TnT) and neu-
rohormonal stress (NT-ProBNP) (hazard ratio [HR], 95%
confidence interval [CI] = 1.65 [1.24–2.20]; model 2,
Table 2). A graded increase in HF risk was observed for
increasing Fried scores from 2.7% with scores of 0 to 6.6%
with scores of 2 (Figure S3). In most adjusted analyses, a
1-unit increase in Fried score was associated with 33%
higher risk of HF (HR [95% CI] = 1.33 [1.01–1.74]; model
2; Table S4).

Among HF subtypes, prefrail individuals had a higher
cumulative incidence of HFpEF and HFrEF events (log-
rank p < 0.001 for both, Figure 1A,B). In adjusted analy-
sis, prefrail (vs. robust) individuals had a significantly
higher risk of HFpEF in the most adjusted model
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(HR [95% CI]: 1.73 [1.11–2.70]; model 2, Table 3). In con-
trast, prefrailty was associated with the risk of HFrEF
with a trend toward significance in partially (model 1)

adjusted model but this association was attenuated and
not significant in the most adjusted model (model 2,
Table 3). Consistent patterns of associations were also

TABLE 2 Multivariable adjusted associations of prefrailty status and physical function measures and risk of incident heart failure

Covariate

Model 1 Model 2

HR (95% CI) p-Value HR (95% CI) p-Value

Prefrailty (ref: robust) 1.73 (1.30, 2.31) <0.001 1.65 (1.24, 2.20) <0.001

SPPB (per 1-unit decrease) 1.12 (1.06, 1.18) <0.001 1.11 (1.05, 1.16) <0.001

Grip strength (per 1SD decrease) 1.33 (1.10, 1.60) 0.002 1.26 (1.04, 1.53) 0.02

4 m walk time (per 1SD increase) 1.14 (1.03, 1.25) 0.005 1.12 (1.01, 1.23) 0.03

Note: Baseline covariates = age, sex, race, education level, income, systolic blood pressure, body mass index, hypertension, smoking status, cardiovascular
disease, diabetes mellitus, type II status, statin medication, eGFR, HDL-c, and HbA1c levels. Model 1 = baseline covariates + exposure variable of interest (grip
strength, 4 m walk time, prefrailty, or SPPB score each in a separate model). Model 2 = baseline covariates + hs-cTn + NT-proBNP + exposure variable of
interest (grip strength, 4 m walk time, prefrailty, or SPPB score each in a separate model).
Abbreviations: CI, confidence interval; HF, heart failure; HR, hazard ratio; hs-cTn, high-sensitivity cardiac troponin; NT-proBNP, N-terminal pro-hormone B-

type natriuretic peptide; SD, standard deviation; SPPB, Short Physical Performance Battery.

FIGURE 1 Cumulative

incidence of (A) heart failure

with reduced ejection fraction

and (B) heart failure with

preserved ejection fraction

among robust versus prefail

individuals. HFpEF, heart

failure with preserved ejection

fraction; HFrEF, heart failure

with reduced ejection fraction

TABLE 3 Multivariable adjusted associations of prefrailty status and physical function measures and risk of incident heart failure

subtypes: heart failure with preserved ejection fraction (HFpEF) and heart failure with reduced ejection fraction (HFrEF)

HFrEF (N = 102 events) HFpEF (N = 97 events)

Covariate

Model 1 Model 2 Model 1 Model 2

HR (95% CI)
p-
Value HR (95% CI)

p-
Value HR (95% CI)

p-
Value HR (95% CI)

p-
Value

Prefrailty (ref: robust) 1.45 (0.95, 2.21) 0.09 1.38 (0.90, 2.10) 0.14 1.81 (1.16, 2.83) 0.009 1.73 (1.11, 2.70) 0.02

SPPB (per 1-unit
decrease)

1.09 (1.01, 1.18) 0.03 1.08 (0.99, 1.70) 0.07 1.13 (1.04, 1.22) 0.003 1.12 (1.03, 1.21) 0.006

Grip strength (per
1SD decrease)

1.39 (1.05, 1.83) 0.02 1.32 (0.99, 1.74) 0.06 1.37 (1.01, 1.85) 0.04 1.32 (0.97, 1.79) 0.08

4 m walk time (per
1SD increase)

1.04 (0.86, 1.25) 0.68 1.01 (0.83, 1.23) 0.91 1.20 (1.05, 1.38) 0.008 1.19 (1.04, 1.36) 0.01

Note: Baseline covariates = age, sex, race, education level, income, systolic blood pressure, body mass index, hypertension, smoking status, cardiovascular
disease, diabetes mellitus, type II status, statin medication, eGFR, HDL-c, and HbA1c levels. Model 1 = baseline covariates + exposure variable of interest (grip
strength, 4 m walk time, prefrailty, or SPPB score each in a separate model). Model 2 = baseline covariates + hs-cTn + NT-proBNP + exposure variable of

interest (grip strength, 4 m walk time, prefrailty, or SPPB score each in a separate model).
Abbreviations: CI, confidence interval; HR, hazard ratio; hs-cTn, high-sensitivity cardiac troponin; NT-proBNP, N-terminal pro-hormone B-type natriuretic
peptide; SD, standard deviation; SPPB, Short Physical Performance Battery.
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observed in sensitivity analyses excluding participants
with a prior history of CVD, excluding individuals with
an incident HF event within 12 months, or in accounting
for the competing risk of death and other HF subtype
(Tables S5–S7). In stratified analysis by NT-ProBNP
levels, individuals in the higher NT-proBNP strata
(≥125 pg/ml) had a significantly higher risk of overall
HF, HFpEF, and HFrEF (Table S8). However, the pattern
of association between prefrail (vs. robust) status and
higher risk of HF, HFpEF, and HFpEF was consistent
across both high and low NT-ProBNP level strata
(Figure S4 and Table S9).

Measures of physical function and risk of
incident HF and its subtypes

As assessed by SPPB, worse physical function was sig-
nificantly associated with a higher risk of HF after
adjustment for potential confounders. Specifically, a
1-unit lower SPPB score was associated with a 11%
higher risk of HF in the most adjusted model (HR [95%
CI] = 1.11 [1.05–1.16]; model 2, Table 2). Similarly,
both lower grip strength and slower 4 m walk time
were also significantly associated with a higher risk of
HF that remained significant after further adjustments
for cardiac biomarkers (HR [95% CI] per 1-standard
deviation = 1.26 [1.04–1.53] and 1.12 [1.01–1.23],
respectively; model 2, Table 2).

Among HF subtypes, lower SPPB was significantly
associated with risk of HFpEF but not HFrEF in the
most adjusted analysis (HFpEF: HR [95% CI] per

1-unit lower SPPB = 1.12 [1.03–1.21]; HFrEF: HR
[95% CI] per 1-unit lower SPPB = 1.08 [0.99–1.70];
model 2, Table 3 and Figure 2). Similar patterns of
associations were noted between 4 m walk time, but
not grip strength, and risk of HF subtypes (Table 3).
A similar pattern of association was observed in mul-
tiple sensitivity analyses (Tables S5–S7 and S9).

Prognostic utility of prefrailty and
measures of functional status

The C-index for predicting incident HF risk using the
ARIC HF biomarker risk score was 0.76. When prefrailty
status was added to the risk score, there was a significant
improvement in model discrimination (C-index = 0.79,
p by DeLong test = 0.004) (Table S10). There was a trend
towards significance with the addition of SPPB score (C-
index = 0.78, p by DeLong test = 0.06) to the ARIC HF
risk model. The addition of both prefrailty status and
SPPB score also resulted in a significant increase in con-
tinuous NRI (Table S10). Conversely, there was no
improvement in model performance with the addition of
grip strength or gait speed alone (p by DeLong test = 0.16
and 0.09, respectively).

DISCUSSION

In this community-based cohort study, we observed sev-
eral significant findings. First, impairment in physiolog-
ical reserve, as identified by the presence of prefrailty,

FIGURE 2 Continuous association between SPPB score and risk of (A) heart failure with reduced ejection fraction and (B) heart failure

with preserved ejection fraction. Restricted cubic spline showing the continuous adjusted association between SPPB score and risk of

incident HF. The shaded area shows the 95% confidence interval. The model was adjusted for age, sex, race, education level, income, systolic

blood pressure, body mass index, hypertension, smoking status, cardiovascular disease, diabetes mellitus, type II status, statin medication,

estimated glomerular filtration rate, high density lipoprotein-cholesterol, hemoglobin A1c, high-sensitivity troponin, and natriuretic peptide

levels. HF, heart failure; HFpEF, heart failure with preserved ejection fraction; HFrEF, heart failure with reduced ejection fraction; SPPB,

Short Physical Performance Battery [Color figure can be viewed at wileyonlinelibrary.com]
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was common and prevalent in up to 50% of individuals.
Second, prefrailty was significantly associated with a
higher burden of chronic myocardial injury, neurohor-
monal stress, and a higher risk of incident HF hospitali-
zation. Third, among HF subtypes, the presence of
prefrailty categorization was more strongly and consis-
tently associated with risk of HFpEF but not HFrEF
hospitalization after adjustment for potential con-
founders. Furthermore, the higher risk of HFpEF hospi-
talization among prefrail individuals was independent
of the burden of chronic myocardial injury and stress.
Fourth, among physical function measures, gait speed
and SPPB were each significantly associated with a
higher risk of HFpEF hospitalization but not HFrEF.
Finally, the physiological reserve measures, when added
to the well-established HF risk scores, significantly
improved HF risk prediction. Our study findings sug-
gest that early and modest impairment in physiologic
reserve and physical function may predispose older
individuals to a higher risk of HF hospitalization, par-
ticularly HFpEF in older adults.

Frailty, prefrailty, and risk of adverse
cardiovascular outcomes

Frailty is a state of increased vulnerability to endogenous
and exogenous stress factors, resulting from decreased
physiological reserves and dysfunction and dysregulation
of multiple systems, which interfere with homeostasis
and response to stress.21,33 Importantly, it is a continuum
characterized by an earlier potentially reversible state of
prefrailty.20 Among non-fatal CV outcomes, previous
studies have demonstrated a significant association
between the presence of frailty and risk of HF and
ASCVD.13,14,27 However, frailty represents an advanced
stage of impairment in physiologic reserve, and it
remains unclear if it can be modified or reversed with
therapeutic interventions. In contrast, prefrailty is an ear-
lier potentially reversible stage of decline in physiologic
reserve. Prior studies have demonstrated a delay in the
functional decline among prefrail individuals with effec-
tive therapies such as exercise training.21,34 Studies evalu-
ating the association between prefrailty and risk of HF
and its subtypes are lacking. This is particularly relevant
considering the growing burden of frailty and HF among
older adults. In the Health ABC cohort, Khan et al. pro-
vided evidence that frailty is independently associated
with an increased risk of incident HF.35 Similarly, in a
study from the Pro-VA cohort, Sergi et al. demonstrated
the association between prefrailty and an increased risk
of CVD.36 Our study findings have extended these obser-
vations by evaluating the association between prefrailty

and risk of HF subtypes observing a more consistent and
stronger risk for HFpEF than HFrEF among prefrail
individuals.

Contribution of prefrailty to HFpEF

We observed that the risk of HFpEF associated with pre-
frailty and functional impairment was independent of
traditional CV risk factors and markers of chronic myo-
cardial injury and stress. These observations highlight the
systemic nature of HFpEF and the potential contribution
of non-cardiac pathways towards its development. An
increase in inflammatory markers originating in the fatty
tissue in the setting of multi-morbidity, physical inactiv-
ity, and aging leads to loss of capillarity, sarcopenia,
mitochondrial dysfunction, and endothelial dysfunction.
This high-stress environment can also lead to multi-
organ dysfunction, frailty, and cardiac and skeletal
muscle myopathy and collectively contributes to the
development and clinical manifestation of HFpEF with
a high burden of functional impairment, poor quality-
of-life, and increased risk of hospitalization and mor-
tality.37–39

Contribution of impairment in physical
function to HFpEF

Similar to prefrailty, we also observed a significant asso-
ciation between individual and composite physical func-
tion measures, such as gait speed and SPPB score, and
risk of HFpEF. In contrast, impairment in these physical
function measures was not associated with the risk of
HFrEF after adjustment for potential confounders. Pre-
vious studies have evaluated the association of SPPB
and mortality and shown SPPB score is an independent
predictor of all-cause mortality among patients dis-
charged from acute care hospitals.40 Further studies by
Bellettiere et al. reported strong linear inverse associa-
tions between SPPB and incident CVD.41 In the Health
ABC cohort, worse performance on a physical function
assessment battery was associated with a higher risk for
HF.35 Prior analyses have also demonstrated grip
strength and gait speed as an independent predictor of
adverse cardiovascular outcomes, including the risk of
HF.42,43 In UK Biobank data, higher grip strength was
associated with a lower incidence of HF risk and a simi-
lar association was found for gait speed in the Pro-VA
study.36,44 Our study findings add to the existing litera-
ture by demonstrating the unique contribution of
impairment in physical function towards the develop-
ment of HFpEF.
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Clinical implications

Our study findings have important clinical implications.
HFpEF is increasing in prevalence among older adults
and is often managed in the outpatient setting by primary
care physicians and geriatricians.4 Early identification
and implementation of strategies that modify the progres-
sion of prefrailty to frailty and lower the risk of HF, such
as exercise training or improved physical activity, may be
key to stemming the rising burden of HFpEF among
older adults.38,45,46 Findings from our study suggest that
early decline in physiologic reserve, as identified by pre-
frailty, and impairment in physical function may be
important and independent contributors to the develop-
ment of HFpEF in older adults. Similarly, we observed
that the addition of physiologic reserve measures, as
identified by prefrailty, significantly improves the perfor-
mance of a well-established HF risk prediction model.
These findings suggest that routine assessment of physi-
cal function and frailty assessment among older individ-
uals by the primary care providers and geriatricians may
facilitate early identification of individuals at high risk of
developing HFpEF. Once identified, these individuals
could be targeted to improve physical function, exercise
endurance, and cardiovascular reserve. Future studies are
needed to determine if such interventions may modify
the risk of HF hospitalizations in older, prefrail
individuals.

Limitations

Our study is not without limitations. First, consistent
with the study's observational nature, our findings may
be subject to selection bias and unmeasured confounding.
However, our study included over 90% of the HF free par-
ticipants from the ARIC visit 5, and we adjusted for sev-
eral biologically plausible confounders, including
measures of cardiac biomarkers. Second, limitations to
the frailty instrument used in ARIC have been reported
previously, including lack of “unintentional” weight loss
assessment based on the estimated 10% weight
loss between visit 4 and 5, and use of Becke's question-
naire for physical activity assessment, unlike prior frailty
instruments developed in Women's Health Initiative and
Cardiovascular Health Study.27 Third, owing to the lack
of availability of data on dietary habits, we were unable
to adjust for potential dietary risk factors such as salt
intake in the models evaluating the association of pre-
frailty/functional status and risk of HF. Fourth, the low
number of HFrEF and HFpEF may provide imprecision
around the hazard ratio estimates. However, additional
competing risk analysis using Fine–Gray subdistribution

hazard models showed a similar significant association
between prefrailty and risk of incident HFpEF but not
HFrEF events. Fourth, there is a potential for reverse
causation in the observed association between prefrailty/
low SPPB score and high risk of HF. It is plausible that
subclinical HF may contribute to poor functional status
and prefrailty at baseline before diagnosis of clinical
HF. However, a consistent pattern of significant associa-
tion between prefrailty, functional impairment, and risk
of HF, particularly HFpEF in in sensitivity analysis
excluding individuals with CVD, landmarking at
12 months, and across strata of individuals with low ver-
sus high NT-ProBNP suggest that the observed associa-
tions are not completely related to reverse causation.
Furthermore, the reverse causation and unmeasured con-
founding would be expected to confound the prefrailty
association with HF subtypes. The consistent indepen-
dent association of prefrailty and other physical function
measures with the risk of HFpEF but not HFrEF hospi-
talization highlights the robustness of our study findings.
Finally, we did not adjust for multiple comparisons in
our study, and the empirical findings should be consid-
ered hypothesis-generating and need to be validated in
other independent cohort studies.

CONCLUSION
In conclusion, among older participants in the ARIC
community-based study, we observed that subtle abnor-
malities in physiological reserve, as identified by the pres-
ence of prefrailty, and impairment in physical function,
as assessed by SPPB, were both significantly associated
with a higher risk of incident HF, particularly HFpEF.
These findings highlight the potential role of routine
assessment for geriatric syndromes, such as frailty and
functional impairment, as an effective strategy for early
identification of older individuals who may be at an
increased risk for HFpEF. Future trials are needed to test
if physical rehabilitation interventions to reverse pre-
frailty and improve physical function can decrease the
risk of HF, especially HFpEF.
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Table S10: Predictive performance of frailty measures.
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