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Abstract

BACKGROUND: Older patients with acute decompensated heart failure (ADHF) have severely
impaired physical function (PF) and quality-of-life (QOL). However, relationships between
impairments in PF and QOL are unknown but are relevant to clinical practice and trial design.

METHODS: We assessed 202 consecutive patients hospitalized with ADHF in the multicenter
Rehabilitation Therapy in Older Acute HF Patients (REHAB-HF) Trial. PF measures included
Short Physical Performance Battery (SPPB) and 6-minute Walk Distance (6MWD). Disease-
specific QOL was assessed by Kansas City Cardiomyopathy Questionnaire (KCCQ). General
QOL was assessed by the Short Form-12 (SF-12) and EuroQol-5D-5L. PF was evaluated as a
predictor of QOL using stepwise regression adjusted for age, sex, race, and NYHA class.

RESULTS: Participants were 72+8 years, 54% women, 55% minority race, 52% with reduced
ejection fraction, BMI 33+9kg/m?2. Participants had severe impairments in PF (MWD 18599
meters, SPPB 6.0+2.5 units) and disease-specific QOL (KCCQ Overall Score 41+21, Physical
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Score 47+24) and general QOL (SF-12 Physical Score 28+9, EuroQol Visual Analogue Scale
57+23). There were modest, statistically significant correlations between 6MWD and KCCQ
Overall, KCCQ Physical Limitation, and SF-12 Physical Scores (r=0.23, p<0.001, r=0.30,
p<0.001, and r=0.24, p=0.001, respectively); and between SPPB and KCCQ Physical and SF-12
Physical Scores (r=0.20, p=0.004, and r=0.19, p=0.007, respectively). Both 6MWD and SPPB
were correlated with multiple components of the EuroQol-5D-5L. 6MWD was a significant, weak
predictor of KCCQ Overall Score and SF-12 Physical Score (estimate=0.05+0.01, p<0.001 and
estimate=0.05+0.02, p=0.012, respectively). SPPB was a significant, weak predictor of KCCQ
Physical Score and SF-12 Physical Score (estimate=1.37+0.66, p=0.040 and estimate=0.54+0.25,
p=0.030, respectively).

CONCLUSION: In older, hospitalized ADHF patients, PF and QOL are both severely impaired,
but are only modestly related, suggesting that PF and QOL provide complementary information
and assessment of both should be considered to fully assess clinically meaningful patient-oriented
outcomes.

Keywords
physical function; quality of life; older adults; heart failure

INTRODUCTION

Acute decompensated heart failure (ADHF) is the leading cause of hospitalization in older
adults and is associated with high rates of morbidity, mortality and health care expenditures.
1 Older patients with acute decompensated heart failure (ADHF) are commonly frail with
severe impairments in many domains of physical function (PF), including balance, strength,
mobility, and endurance.2=4 These impairments are further worsened during hospitalization °
and some patients never recover baseline function.*=® This occurs during the most
vulnerable, high-risk period for re-hospitalizations, up to six months post discharge,’ and
likely contributes to the high rates of re-hospitalizations with accompanying high costs.

ADHF patients also suffer from severe impairments in quality of life (QOL) in comparison
to patients with chronic ambulatory HF.8-10 Several studies suggest that QOL, like physical
function, is a predictive variable for disease progression, independent of other routine
prognostic factors, such as left ventricular ejection fraction.11:12 Severe impairments in PF
due to HF decompensation 313 are exacerbated by low mobility during hospitalization which
leads to muscle weakness and physical deconditioning3-1415 and worse QOL.16

In chronic HF patients, disease-specific and general QOL are assessed as indicators of
chronic HF severity.1” Additionally, QOL is a predictor for development of an acute
cardiovascular disorder and physical deconditioning.8 In chronic, stable HF patients,
changes in patient-reported health status, as measured by the KCCQ and its subscales, are
linked but not highly correlated with changes in functional capacity, including peak oxygen
consumption and six-minute walk distance (6MWD).19 Previous studies have shown that
exercise training and improvements in PF are inconsistently related with improvements in
QOL.20.21 However, the relationship between PF and QOL has not been examined
systematically in older, hospitalized ADHF patients. Therefore, the purpose of this study
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was to examine the relationship between PF and QOL in older patients hospitalized with
ADHF.

METHODS

Study Design and Population

A total of 202 hospitalized ADHF first consecutively enrolled patients in the NIH-funded
REHAB-HF trial (NCT02196038), a multicenter, randomized, attention-controlled, single-
blind trial of a novel, progressive, multi-domain rehabilitation intervention versus attention
control were included in this analysis. Details regarding the trial design and methods have
been previously published.22:23 Briefly, patients across 7 US centers were 60 years old,
hospitalized for =24 hours for ADHF, and included both HFrEF (defined as EF <45%) and
HFpEF (defined as EF >45%) phenotypes. ADHF was based on at least one symptom of HF
(exertional dyspnea or fatigue, swelling of legs or abdomen, orthopnea, or paroxysmal
nocturnal dyspnea) and at least two signs of HF (pulmonary congestion by examination or x-
ray film, elevated jugular or central venous pressure, peripheral edema, elevated B-type
natriuretic peptide [>100 pg/ml] or N-terminal prohormone of B-type natriuretic peptide
[>220 pg/ml]); and change in medical treatment consistent with HF (e.g., augmentation of
diuretic agents). The diagnosis of ADHF was confirmed by a study cardiologist with
expertise in HF. Additional inclusion criteria were age =60 years, independent with basic
activities of daily living prior to admission, able to walk at least 4 meters at the time of
enrollment (assistive device allowed) and expected to be discharged to home. All
participants provided informed consent and the study was approved by the Institutional
Review Board of each site.

Physical and Cognitive Function

Study variables were assessed during hospitalization for ADHF, after achieving clinical
stability per clinician assessment but before hospital discharge. Trained assessors used
standardized protocols to assess physical function measures. 6MWD was assessed by the
method of Guyatt et al in cleared hallways; patients were allowed to use an assist device,
slow down, or stop if necessary.242> The SPPB, a standardized measure in older adults’
patients of physical function across 3 domains: balance, mobility, and functional strength.
The 3 components of the SPPB are static balance, 4-meter walk time, and time to complete 5
repeated chair stands. Each component is scored from 0-4 for a total score of 0-12 with
higher scores representing better physical function, and a score <10 indicates risk for
physical disability.26 Each component of the SPPB is independently associated with
important outcomes including HF and mortality.2” Time to walk 4 meters was used to
calculate gait speed, where <0.8 m/s is considered a limitation to community ambulation.28
Cognitive function was assessed using the Montreal Cognitive Assessment (MoCA), which
screens multiple domains of cognition, and is scored on a scale of 0-30 with a score <26
indicating at least mild cognitive impairment.2°

Quality of Life Measures

The primary measure of QOL was the KCCQ, which is a HF disease-specific measure and
an independent predictor of clinical outcomes such as hospitalization, recent hospitalization
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and mortality in outpatients with HF.30:31 We used multiple scores of the KCCQ: the Overall
Summary Score, and the subscores: Physical Limitation Score, Total Symptom Score,
Quality of Life Score, and Social Limitation Score. All scores are graded on a 0-100-point
scale with higher scores indicating better QOL. A 5-point change in KCCQ is associated
with cardiologists’ ratings of changes in clinical status in chronic HF outpatients and with
all-cause mortality, cardiovascular death, hospitalization, and cardiologists’ rating of health
status in patients with HF complicating acute myocardial infarction.32:33

General QOL was assessed using the 12-1tem Short-Form Health Survey (SF-12). The SF-12
is composed of the Physical Composite Score (PCS) and the Mental Composite Score
(MCS), which are independent. Both scores are graded on a 0—100-point scale with a higher
score equating better QOL. The SF-12 is valid and reliable in older adults and in HF.34:35

The Euro-QOL was utilized to assess patient specific health utilities.3® It consist of five
items that measure difficulties with 1) mobility; 2) self-care; 3) usual activities; 4) pain/
discomfort; 5) anxiety/depression and the Visual Analogue Scale self-rating (0—100 scale)
“thermometer” of the respondent’s overall health, with higher scores indicating better health
status.37

Statistical Analyses

Pearson’s correlation examined association between PF as measured by SPPB and 6MWD
and QOL as measured by KCCQ Overall, Clinical, and Physical Limitation Scores, SF-12
PCS and MCS, and EuroQol components. L regression models with stepwise selection were
performed to identify independent predictors of the KCCQ Overall Score, Physical
Limitation Score, SF-12 PCS, and Euro-QOL Visual Analogue Scale separately forcMWD
and SPPB total score, including independent variables of age, sex, non-white race, and New
York Heart Association class. A 2-tailed p< 0.05 was considered significant. The sample size
of our study (n=202) provided 80% power to detect correlations as low as 0.20 between PF
and QOL measures. All analyses were performed using SAS Enterprise Guide 7.1 (Cary,
NC).

RESULTS

Participant characteristics are listed in Table 1. Mean age of the cohort was 7248 years. Of
the 202 participants, 54% were female, 52% were non-white, 52% had HFrEF, and 44% had
a previous hospitalization within the prior 6 months of enrollment, with 61% of these recent
hospitalizations being for HF. Participants had high rates of comorbidities, including
hypertension, diabetes, dyslipidemia, chronic kidney disease, and obesity with a mean BMI
of 33.2+8.8kg/m?.

Participants had severe impairments in PF and QOL (Table 1). Mean total SPPB score was
6.0+2.5 (range: 1-12) units. Average 6MWD was 185+99 (range: 12-547) meters.
Additionally, gait speed was impaired at 0.61+0.21 m/s. On average, participants had at least
mild cognitive impairment as indicated by MoCA score <26. Impairments in QOL were
broad, both in disease-specific and general QOL measures. The disease-specific KCCQ
Overall Score was 41+21 (range: 4-99) and Physical Limitation Score 47+24 (range: 0-
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100). General QOL was very low in the SF-12 PCS 2849 and SF-12 MCS 44+14. By the
EuroQol, participants frequently reported problems with mobility, self-care, and usual
activities as well as pain/discomfort and anxiety/depression.

Univariate relationships between PF and QOL measures are presented in Table 2. Notably,
SPPB and the KCCQ Overall Score were unrelated, as well as the Total Symptom, Quality
of Life, and Social Limitation scores, and the EuroQol Visual Analog Scale. The SPPB and
KCCQ Physical Limitation Score had a modest but highly statistically significant correlation
(r=0.20, p=0.004, Figure 1). The SPPB was also correlated with measures of general QOL.:
the SF-12 PCS (r=0.19, p=0.007) and multiple EuroQol components: mobility, usual
activities, and pain/discomfort. 6MWD showed modest, significant correlations with the
KCCQ Overall (Figure 1), Physical Limitation, Total Symptom, and Social Limitation
scores (r=0.23, p=0.0007, r= 0.30, p <0.0001, r=0.25, p<0.001, and r=0.15, p=0.039,
respectively). For general QOL, 6MWD was correlated with the SF-12 PCS, and had highly
statistically significant correlations with all components of the EuroQol, except the Visual
Analog Scale. Partial correlation analysis adjusting for age and race did not meaningfully
alter results.

In stepwise regression, 6MWD, but not SPPB, was a modest but statistically significant
predictor of the KCCQ Overall Score (Table 3). However, both the SPPB and 6MWD were
statistically significant predictors for the KCCQ Physical Limitation Score, along with body
mass index. For general QOL, only the SPPB was a significant predictor for SF-12 PCS, and
neither 6MWD nor SPPB were predictors for the Visual Analog Scale.

DISCUSSION

In this study, we utilized multiple measures of PF, and three different QOL instruments to
assess impairments in a well-characterized population of older patients with ADHF. Older
patients with ADHF displayed severe impairments in many domains of PF and QOL across
multiple measures, and that had considerable variation and range between individual
patients. Our findings suggest that PF and QOL are only modestly related despite both being
severely impaired in older, hospitalized ADHF patients. This finding suggests that PF and
QOL are distinct, relatively independent domains and that they cannot be used as surrogates
for each other (Figure 2). Thus, PF and QOL, while modestly related, should both be
assessed to fully characterize clinically meaningful patient-oriented outcomes in older
patients with ADHF.

Impairments in PF were severe and broad in older ADHF patients. Marked PF impairments
were present in multiple domains including balance, mobility, and strength as measured by
the SPPB total score 6.0+2.5 units and endurance as measured by 6MWD of 185+99 meters,
well below a threshold of <300 meters that indicates severe functional impairment.38 We
have previously shown that these impairments are much more profound than in stable HF
patients and are comparable to advanced HF outpatients awaiting left ventricular assist
device implantation (204 m).3% These severe and broad impairments are likely due to
combined effects of preexisting impairments from aging, comorbidities (including
orthopedic limitations), chronic HF, chronic skeletal muscle dysfunction, and the recent
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insult of ADHF itself and exacerbated by immobility and deconditioning during
hospitalization.40-42

Similarly, QOL was impaired across multiple measures, including disease-specific and
general QOL measures. These levels of QOL impairment were substantially greater than
previously seen in older, stable HFrEF and HFpEF patients, but less than QOL
measurements seen in patients referred to a palliative care trial.%1043 That these
impairments were not only disease-specific, but also present in the general SF-12 and
EuroQol instruments suggests a broad impairment, possibly due to factors beyond HF
symptomology, such as frailty, depression, and multiple comorbidities.

Despite the severity and broad range of impairments in both PF and QOL, our findings
suggest that these domains are only modestly related. By univariate analysis, SPPB, a
multiple-domain measure of PF, was not correlated to the Overall KCCQ score, although it
was significantly but only modestly correlated to the Physical Limitation subscore only. That
other subscores of the KCCQ (Total Symptom, Quality of Life, and Social Limitation) were
not related to SPPB further emphasizes the distinct information of assessed by PF testing
and QOL instruments. Although the 6MWD was correlated to the KCCQ and multiple
subscores, these associations were again only modest (all r<0.30), further supporting that
6MWD and QOL have only a small amount of overlap of information regarding the patient
experience of disease manifestations. The SPPB and 6MWD had modest association with
general QOL measures (SF-12 PCS), but correlation coefficients were small. In multivariate
analyses, the SPPB and 6MWD were significant but weak predictors of QOL measures, and
were less potent than simple demographic predictors such as age and body mass index.
Altogether, these findings indicate that PF and QOL represent distinct domains of the ADHF
profile, and should not be used interchangeably.

The clinical implications of our study support the concept that patient-reported outcome
measures such as the KCCQ in addition to PF provide crucial information to the profile of
patient health. The KCCQ offers unique information in that it quantifies, from a subjective
patient perspective, the severity of HF symptoms and their impact on PF and social function
and QOL in ADHF. Conversely, PF measures provide objective information regarding
functional ability to complete ADLs, remain independent and community dwelling, as well
as provide important prognostic indicators. Additionally, these measures also provide clear
patient-centered targets for intervention.

This analysis extends previously published data from this study and other existing studies as
it uniquely focused on association of PF and QOL in hospitalized, older patients with
ADHF. Although the lack of a strong association in ADHF patients may be due to the recall
period used in QOL measurements during which patients may had better PF, the finding of
only a modest relationship between PF and QOL have also been identified in previous
studies in stable outpatient HF populations.1944 This was apparent in our recently reported
study of stable patients with HFpEF that showed that improvements in health-related QOL
and physical function in response to exercise training were largely independent.2
Additionally, QOL and PF measures have been shown to associate differently with clinical
changes in patients with HFrEF.33

JAm Geriatr Soc. Author manuscript; available in PMC 2022 July 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Aladin et al.

Conclusion

Page 7

Our study has multiple strengths including: several validated, multi-domain PF measures
multiple QOL instruments including both disease-specific and general QOL, and a large,
diverse population of older, frail, hospitalized patients with ADHF. This study also has
limitations. Because the study was designed to include only older, frail who were
hospitalized with ADHF, the results may not be generalizable to other patient populations.22
Second, because we excluded non-independent and non-ambulatory patients, we potentially
underestimated the severity of PF and QOL impairments in hospitalized ADHF patients.
Finally, the cross-sectional study design does not allow for assessment of intervention of PF
or QOL as an outcome.

In older patients hospitalized with acute ADHF, PF and QOL are severely impaired but only
modestly related. This suggests that PF and QOL provide complementary information and
assessment of both is required to fully characterize clinically meaningful patient-oriented
outcomes in ADHF.
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Key Points

. Physical function and quality of life are both severely impaired in older
patients hospitalized with acute decompensated heart failure.

. Physical function and quality of life impairments are only modestly related.

. Physical function and quality of life are distinct, partly independent measures,
and provide complementary information to fully characterize clinically
meaningful patient-oriented outcomes in ADHF.

Why does this paper matter?

Older, hospitalized patients with acute decompensated heart failure have severely
impaired physical function and quality of life. These impairments are only modestly
related, meaning they are partly independent, and that assessment of both is needed to
fully characterize their patient-centered outcomes.
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Figure 1.
Relationship of physical function as measured by A) 6-minute walk distance and B) SPPB

Total Score with QOL as measured by KCCQ Physical Limitation Score. In panel B, boxes
represent 25t 50t and 75t percentiles, whiskers represent 95t percentiles, and (+)
represents mean.
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Domains of Impairment in ADHF

Impaired Quality of Life

Impaired Physical Function - Disease-specific: Subjective

- Broad in multiple domains: impression of disease burden
Balance, Functional Strength, and symptoms on physical,
Endurance, Mobility social, mental

- Objective, quantifiable - General: Global impression of
impairments to functionality quality of life, not specific to

health status

Modest relation of domains suggests these are independent,
distinct clinically meaningful patient-oriented outcomes.

Figure 2.
Impaired physical function and impaired quality of life are frequent in older patients

hospitalized with ADHF. The only modest relation between these domains suggests the
complementary information these assessments provide in characterizing impairments in
patients with ADHF.
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Table 1.
Participant Characteristics

Characteristics N=202

Age 720+75
Women 109 (54%)
Non-white 105 (52%)
BMI (kg/m?) 33.2+88
Ejection fraction < 45% 106 (52%)
Days Hospitalized at Index Hospitalization, median (IQR) 5(3,7)

Patients with previous hospitalizations within 6 months 89 (44%)

Patients with previous HF hospitalizations within 6 months 55 (27%)

BNP (n=117) 923 + 958

Pro-BNP (n=77) 5968 + 10066

Comorbidities

Diabetes mellitus 111 (55%)
Hypertension 187 (93%)
Hyperlipidemia 140 (69%)
Chronic obstructive pulmonary disease 65 (32%)
Chronic kidney disease 67 (33%)
History of Stroke 32 (16%)
Arthritis 94 (47%)
History of Cancer 42 (21%)
History of Depression 33 (16%)

Physical Function

SPPB total score 6.0+25

6-minute walk distance (m) 185+ 99

Gait speed (m/s) 0.61+0.21
Cognitive Function (MoCA Score) 21.7+45

Quality of Life Measures

KCCQ Overall Score 41+21
KCCQ Physical Limitation Score 47+ 24
KCCQ Total Symptom Score 33+22
KCCQ Quality of Life Score 39+25
KCCQ Social Limitation Score 42 +£31
SF-12 PCS 28+9
SF-12 MCS 44 + 14

EuroQol 5D-5L Components

Walking 25+1.0
Self-Care 1.7+0.9
Usual Activities 27+12

JAm Geriatr Soc. Author manuscript; available in PMC 2022 July 01.
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Characteristics N=202
Pain/Discomfort 2411
Depression/Anxiety 18+1.0
Visual Analog Scale (0-100) 57 +£23

Values presented as mean =+ standard deviation or N (%) unless otherwise noted. Abbreviations: BMI — body mass index; BNP — B-type natriuretic
peptide; Pro-BNP — n-terminal brain natriuretic peptide; SPPB — Short Physical Performance Battery; MoCA — Montreal Cognitive Assessment;
KCCQ - Kansas City Cardiomyopathy Questionnaire; SF-12 — Short Form 12; PCS - Physical Composite Score; MCS — Mental Composite Score.

1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuen Joyiny

JAm Geriatr Soc. Author manuscript; available in PMC 2022 July 01.



1duosnuey Joyiny

1duosnuen Joyiny

Aladin et al. Page 15

Table 2.

Univariate Relationships of Physical Function and Quality of Life

Measure 6-minute walk distance SPPB Score

r p-value r p-value

Participant Characteristics

Age -0.11 0.13 -0.26 | <0.001
Weight -0.29 <0.001 -0.07 0.36
Height 0.13 0.07 0.05 0.47
BMI -0.37 <0.001 -0.10 0.17

QOL Measures

KCCQ Overall Score 0.23 <0.001 0.07 0.31
KCCQ Physical Limitation Score 0.30 <0.001 0.20 0.004
KCCQ Total Symptom Score 0.25 <0.001 0.12 0.10
KCCQ Quality of Life Score 0.09 0.21 -0.03 0.66
KCCQ Social Limitation Score 0.15 0.039 0.01 0.91
SF-12 PCS 0.24 0.001 0.19 0.007
SF-12 MCS 0.06 0.39 -0.03 0.64

EQ-5D-5L Components

Mobility -0.40 <0.001 -0.36 | <0.001
Self-Care -0.25 <0.001 -0.20 0.004
Usual Activities -0.26 <0.001 -0.16 0.020
Pain/Discomfort -0.30 <0.001 -0.20 0.004
Depression/Anxiety -0.15 0.043 -0.13 0.07
Visual Analog Scale (0-100) 0.12 0.10 0.06 0.41

Abbreviations: BMI — body mass index; SPPB — Short Physical Performance Battery; KCCQ — Kansas City Cardiomyopathy Questionnaire; SF-12
— Short Form 12; PCS - Physical Composite Score; MCS — Mental Composite Score; EQ-5D-5L — EuroQol 5D-5L
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Table 3.

Predictors of Quality of Life by Physical Function Measures

Model R? | Estimate | partial R2* | p-value

6MWD models

KCCQ Overall Score 0.17 0.05+0.01 0.04 <0.001

KCCQ Physical Limitation Score 0.10 0.05+0.02 0.04 0.012

SF-12 PCS 0.07 -- -- -

EuroQol Visual Analogue Scale 0.03 -- - -
SPPB models

KCCQ Overall Score 0.14 -- -- -

KCCQ Physical Limitation Score 0.09 1.37+0.66 0.02 0.040

SF-12 PCS 0.06 0.54+0.25 0.03 0.030

EuroQol Visual Analogue Scale 0.03 -- - -

Page 16

Stepwise regression parameter estimate presented with SE if entered model. All models adjusted for age, sex, BMI, non-white race, and NYHA
class. Abbreviations: 6MWD - 6-minute walk distance; KCCQ - Kansas City Cardiomyopathy Questionnaire; SF-12 — Short Form 12; PCS -
Physical Composite score; SPPB — Short Physical Performance Battery.

*
partial RZ for 6MWD or SPPB
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