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Aims Functional decline due to skeletal muscle abnormalities leads to poor outcomes in patients with acute heart failure
(AHF). The 6-minute walking test (6MWT) reliably evaluates functional capacity, but its technical difficulty for
the elderly often limits its benefits. Although the Short Physical Performance Battery (SPPB) is a comprehensive
measure of physical performance, its role in AHF remains unclear. This study aimed to examine the prognostic
significance of SPPB compared to the 6MWT in elderly patients hospitalized for AHF.

...................................................................................................................................................................................................
Methods
and results

We retrospectively analysed 1192 elderly patients with AHF whose SPPB and 6MWT were measured during the hospi-
talization. The primary outcome measure was defined as a composite of all-cause death and heart failure
readmission until 1 year after discharge. Patients with lower SPPB scores (0–6, n = 373) had significantly poorer outcomes
than those with higher SPPB scores (7–12, n = 819) even after multivariable adjustment [adjusted hazard ratio (HR) 1.28,
95% confidence interval (CI) 1.01–1.61; P = 0.049], similar to those with shorter 6MWT (<median) than those with lon-
ger 6MWT (adjusted HR 1.61, 95% CI 1.27–2.04; P < 0.001). Although both SPPB and 6MWT [net reclassification index
(NRI) 0.139, P = 0.036 and NRI 0.350, P < 0.001, respectively] exhibited incremental prognostic value over conventional
risk factors of HF, the additive prognostic effect of 6MWT was superior to that of SPPB (NRI 0.300, P < 0.001).
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Conclusions Reduced functional capacity assessed by either the SPPB or 6MWT was associated with worse outcomes in
hospitalized elderly patients with AHF. The incremental prognostic value over the conventional risk factors was
higher in 6MWT than in SPPB.

...................................................................................................................................................................................................
Trial
Registration

UMIN000023929
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INTRODUCTION

Acute heart failure (AHF) is the main cause of hospital admissions in
elderly people world wide and is characterized by increased mortal-
ity, poor quality of life, and a high economic burden on the health
care systems.1 Elderly patients with heart failure (HF) have substan-
tially impaired physical function, which is accompanied by poorer clin-
ical outcomes. Therefore, a comprehensive assessment of physical
function, including the strength and endurance of peripheral muscles,
is of utmost importance.2

Cardiovascular functional capacity is often estimated by indices
from maximal effort tests such as peak oxygen consumption obtained
from cardiopulmonary exercise tests, or a 6-minute walking test
(6MWT).3,4 Owing to its clinical applicability, 6MWT has been used
as a simple, reproducible, and feasible alternative to cardiopulmonary
exercise testing to evaluate functional capacity in patients with HF.5

However, because of the increasing number of elderly HF patients
with orthopaedic and neurological comorbidities, it is often difficult
to perform exercise tests that require maximal effort.6 Recently,
functional capacity was assessed using the Short Physical
Performance Battery (SPPB), a comprehensive physical performance
test that comprises three timed tasks: standing balance, walking
speed, and chair stand tests.7 In a reflection paper from the European
Medicines Agency, the SPPB was introduced as a useful instrument to
assess physical performance, and a possible classification of frailty
and/or pre-frailty.8 Despite the extensive literature on the prognostic
value of the SPPB in various cardiovascular diseases or even in the
general population,7–10 little is known regarding its role in patients
hospitalized with AHF.

Therefore, we examined the prognostic significance of the SPPB in
comparison to 6MWT using data from a large-scale multicentre
registry focusing on hospitalized elderly patients with AHF.

Graphical Abstract
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METHODS

Study design and study participants
The study design and primary results of the FRAGILE-HF registry
have been previously reported in detail.11 In brief, the FRAGILE-HF
study was a multicentre, prospective observational cohort study that
enrolled 1,332 consecutive hospitalized elderly patients (age
>65 years) with AHF who could ambulate at discharge. This registry
consisted of individual patients, and only the first hospitalization dur-
ing the study period was registered. Heart failure decompensation
was diagnosed based on the Framingham criteria.12 The exclusion cri-
teria were1 previous heart transplantation or presence of a left ven-
tricular assist device,2 either chronic peritoneal dialysis or
haemodialysis, and3 acute myocarditis. Patients with missing brain
natriuretic peptide (BNP) or N-terminal-pro BNP data and those
with a BNP level <100 pg/mL or N-terminal-pro BNP level <300 pg/
mL at admission were also excluded. The study was conducted in
compliance with the Declaration of Helsinki and the Japanese Ethical
Guidelines for Medical and Health Research involving Human
Subjects from September 2016 to March 2018 at 15 centres in Japan
after obtaining approval from each participating centre’s ethics com-
mittee or institutional review board (UMIN000023929). A waiver of
written informed consent from each patient was granted by the insti-
tutional review board because the study met the conditions of the
Japanese ethical guidelines for epidemiological studies.

Of the 1332 patients who were enrolled, we excluded 140
patients whose data for either the SPPB score or 6-minute walking
distance (6MWD) were unavailable. A total of 1192 patients were
included in the analysis. Baseline patient characteristics including age,
height, body weight, blood pressure, heart rate, laboratory data, and
echocardiographic data were recorded or measured at the time of
hospital discharge. A baseline medication was defined as medication
administered at the time of discharge. Patients were divided into two
groups according to the SPPB score, lower SPPB score (0–6) vs.
higher SPPB score (7–12) as previously described,13 and based on the
6MWD, shorter (below the median value) vs. longer (above median
value).

Short Physical Performance Battery and 6-

minute walking test
The SPPB and 6MWT were evaluated by experienced physical thera-
pists and/or HF specialists after decongestion therapy and clinical sta-
bilization of AHF. The SPPB consists of three physical performance
tests to assess the frailty domains of balance (static standing balance),
gait speed (4-m walk time), and weakness (time to complete five
repeated chair stands).14 Each test is scored from 0 to 4, with a total
score ranging from 0 (worst performance) to 12 (best performance).
For balance tests, the participants were instructed to maintain their
feet in side-by-side, semi-tandem, and tandem positions for 10 s each.
For the gait speed assessment test, the participants’ usual speed was
timed during a 4-m walk. For the chair stand test, participants were
instructed to stand up and sit down five times as quickly as possible.
The 6MWT was assessed in an unobstructed hallway according to
the guideline.15 Patients were instructed to walk as fast as possible
between two points positioned 30 m apart and the distance walked

in 6 min was recorded. Patients were allowed to use an assistive de-
vice if needed.

Outcomes
Patients were followed up at least every 3 months after discharge or
according to their medical needs. For patients without follow-up in
outpatient clinics, prognostic data were obtained from telephone
interviews, and medical records were obtained from the other
departments that took care of the patient or family. The primary out-
come of interest in this analysis was a combined endpoint of all-cause
death and readmission for HF within 1 year after discharge. We
defined a readmission event as ‘HF readmission’ only if the criteria
described in the American College of Cardiology/American Heart
Association key data elements and definitions for cardiovascular end-
point events in clinical trials for HF readmissions were met.16 The first
occurrence of readmission or death after discharge was considered
as the outcome date.

Statistical analyses
Categorical variables are shown as numbers and percentages and
were compared using the v2 test or Fisher’s exact test, as appropri-
ate. Continuous variables are expressed as mean and standard devi-
ation or median and interquartile range (IQR). Based on their
distribution (qualitatively judged by histogram and Q-Q plot), con-
tinuous variables were compared using Student’s t-test or Wilcoxon
rank-sum test as appropriate. Two-sided P-values <0.05 were consid-
ered statistically significant. The Kaplan–Meier method was used to
estimate the cumulative incidence of events, and differences were
compared using the log-rank test. A Cox proportional hazards model
was used to evaluate the association between each variable and the
incidence of adverse events, defined as a composite of all-cause death
and readmission for HF. Consistent with our previous report, we
used the following conventional prognostic factors as risk-adjusting
variables: age; sex; left ventricular ejection fraction; current smoking
status; history of HF (de novo case or not); hypertension; diabetes
mellitus; coronary artery disease; chronic obstructive lung disease;
atrial fibrillation; systolic blood pressure; estimated glomerular filtra-
tion rate; haemoglobin; serum sodium level; serum albumin; log-
transformed BNP; prescription of angiotensin-converting enzyme in-
hibitor or angiotensin receptor blocker, beta-blocker, and mineralo-
corticoid receptor antagonist; and New York Heart Association
functional Class III/IV at discharge.11 All variables were selected a pri-
ori as they were either known predictors of outcomes in patients
with HF or because of their ability to confound the association.
Proportional hazard assumption violations were estimated using a
generalized linear regression of scaled Schoenfeld residuals over
time. Additionally, we constructed the following statistical models:
Model 1, incorporating conventional prognostic factors as adjustment
variables in the Cox models; Model 2, incorporating conventional
prognostic factors plus the SPPB score; Model 3, incorporating con-
ventional prognostic factors plus 6MWD; and Model 4, incorporating
conventional risk factors, 6MWD, and the SPPB score. Incremental
prognostic predictability was evaluated using the net reclassification
improvement (NRI).

Statistical analyses were performed using the statistical software
program JMP 14.0.0 (SAS Institute Inc., Cary, NC, USA) and R version
3.4.4 (R Foundation for Statistical Computing, Vienna, Austria).

SPPB vs. 6MWT in hospitalized elderly HF 3
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RESULTS

Patient characteristics, Short Physical
Performance Battery, and 6-minute
walking test
The median patient age was 81 years (IQR 74–86), 57.2% were male,
and the median left ventricular ejection fraction was 45% (IQR 32–
60). The median SPPB score was 8 (IQR 6–11), and the median
6MWD was 242 m (IQR 150–346). The median values of each com-
ponent in the SPPB score were as follows; static balance test, 4 (2–4);
4-m gait time 5.4 s (4.2–7.3); and time to complete 5 repeated chair
stands, 12.8 s (9.8–16.9).

There were 373 and 819 patients in the lower SPPB scores and
higher SPPB score groups, respectively. Comparisons of baseline
characteristics stratified based on the SPPB scores are shown in
Table 1. Patients with lower SPPB scores were older were associated
with severe HF symptoms, lower estimated glomerular filtration
ratio, lower serum albumin levels, and lower prescription of beta-
blockers. Patients with lower SPPB scores had significantly shorter

6MWD than those with higher SPPB scores (151 ± 95 vs.
299± 111 m, P < 0.001). There were 595 and 597 patients in the
shorter 6MWD group (<242 m), and the longer 6MWD group
(greater than or equal to 242 m), respectively.

Outcomes
During the follow-up, 138 deaths, 322 HF readmissions, and 386 pri-
mary outcome measures were observed. In the Kaplan–Meier ana-
lysis, patients with lower SPPB scores had worse outcomes than
those with higher SPPB scores (P < 0.001, Figure 1A). In addition,
patients with lower SPPB scores had a higher risk of adverse events
compared to those with higher SPPB scores in unadjusted Cox re-
gression analysis [hazard ratio (HR) 1.46, 95% confidence interval
(CI) 1.19–1.78; P < 0.001]. Even after multivariable adjustment, lower
SPPB scores were independently associated with an increased risk of
adverse events (adjusted HR 1.28, 95% CI 1.01–1.61; P = 0.049, Table
2). Similarly, patients with shorter 6MWD had worse outcomes than
those with longer 6MWD (P < 0.001, Figure 1B). A 6MWD less than
the median value was associated with higher adverse event rates
compared to that of a 6MWD greater than the median value (HR
1.32, 95% CI 1.08–1.61; P < 0.001). After multivariable adjustment,
the results remained significant (adjusted HR 1.61, 95% CI 1.27–2.04;
P < 0.001, Table 2). The prevalence and event rates among subgroups
according to the SPPB score and 6MWD are shown in Figure 2.

The incremental prognostic values of SPPB scores and 6MWD
over conventional prognostic factors were assessed (Table 3).
Compared to Model 1, consisting of conventional prognostic factors
alone, the addition of both the SPPB score (Model 2; NRI 0.139, 95%
CI 0.008–0.270; P = 0.036) and 6MWD (Model 3; NRI 0.350, 95% CI
0.220–0.480; P < 0.001) showed statistically significant incremental
prognostic value. However, adding 6MWD to the baseline model
was associated with better risk prediction than adding the SPPB score
to the model (Model 2 vs. Model 3, NRI 0.300, 95% CI 0.171–0.433;
P < 0.001). In addition, 6MWD showed incremental prognostic value
over the SPPB score plus conventional risk factors (Model 4 vs.
Model 3, NRI 0.358, 95% CI 0.228–0.448; P < 0.001), whereas the
SPPB score failed to show any additional incremental benefit over the
6MWD plus conventional risk factors (Model 4 vs. Model 2, NRI
0.048, 95% CI -0.083 to 0.180; P = 0.48).

For sensitivity analyses, we also constructed Cox regression mod-
els and examined the prognostic values of SPPB and 6MWD using
continuous values. In the univariable analysis, continuous SPPB was
significantly associated with poor outcomes (HR 0.59, 95% CI 0.42–
0.84; P = 0.003). However, SPPB was not statistically significant after
multivariable adjustment (adjusted HR 0.97, 95% CI 0.93–1.00). In
contrast, 6MWD as a continuous value remained significant both in
the univariable (HR 0.81, 95% CI 0.75–0.88; P < 0.001) and multivari-
able analyses (adjusted HR 0.84, 95% CI 0.76–0.93; P < 0.001).

DISCUSSION

This retrospective analysis of data collected in the FRAGILE-HF regis-
try, which enrolled hospitalized elderly patients with AHF, investi-
gated the prognostic significance of comprehensive assessment of
physical performance by the SPPB score in comparison with 6MWD.
The major findings of this study were as follows:1 lower SPPB scores

.................................................................................................

Table 1 Baseline patients’ characteristics among
those with SPPB score < 7 and �7

SPPB <7 SPPB�7 P-value

(n 5 373) (n 5 819)

Age 85 (80–89) 79 (72–84) <0.001

Male 154 (41.3) 528 (64.5) <0.001

Body mass index 21.3 (4.3) 21.4 (3.5) 0.57

NYHA III or IV 80 (21.4) 80 (9.8) <0.001

Atrial fibrillation 165 (44.2) 370 (45.2) 0.81

Coronary artery disease 137 (36.7) 281 (34.3) 0.46

COPD 33 (8.8) 95 (11.6) 0.19

Diabetes mellitus 135 (36.2) 290 (35.4) 0.84

Hypertension 283 (75.9) 566 (69.1) 0.02

Laboratory data

BNP (pg/mL) 300 (153–621) 261 (130–459) 0.013

BUN (mg/dL) 29 (21–41) 25 (19–34) <0.001

Creatinine (mg/dL) 1.38 ± 0.71 1.38 ± 0.88 0.94

Haemoglobin (g/dL) 11.3 ± 1.8 12.1 ± 2.0 <0.001

Albumin (g/dL) 3.3 ± 0.5 3.5 ± 0.5 <0.001

Na (mEq/L) 139.2 ± 4.0 139.0 ± 3.6 0.34

K (mEq/L) 4.3 ± 0.5 4.4 ± 0.5 <0.001

Medication

Beta-blocker 257 (68.9) 629 (76.8) 0.005

ACEI or ARB 229 (61.4) 586 (71.6) 0.001

MRA 25 (6.7) 75 (9.2) 0.192

Loop diuretics 342 (92) 703 (86) 0.004

Digoxin 6 (1.6) 28 (3.4) 0.08

Warfarin 85 (23) 194 (24) 0.73

DOAC 108 (29) 286 (35) 0.04

ACEI, angiotensin-converting enzyme inhibitor; ARB, angiotensin receptor block-
er; BNP, brain natriuretic peptide; BUN, blood urea nitrogen; COPD, chronic ob-
structive pulmonary disease; DOAC, direct oral anticoagulant; MRA,
mineralocorticoid receptor antagonist; NYHA, New York Heart Association
functional class; SPPB, short physical performance battery.

4 T. Kitai et al.
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.(<7) and shorter 6MWD (<median) were independently associated
with increased post-discharge adverse event rates;2 both the SPPB
score and 6MWD each had incremental prognostic values over con-
ventional HF risk factors; and3 incremental prognostic value over the
conventional risk factors was superior in 6MWD than that in SPPB
score.

Physical performance and functional status have been increasingly
recognized as important factors related to prognosis and quality of
life, especially in elderly patients.17–19 The term ‘frailty’ has been used

to characterize the state of increased vulnerability resulting from
aging-associated decline in reserve and function across multiple
physiologic systems.20,21 Frail patients have an increased risk of falls,
disability, hospitalization, and mortality.20–23 Therefore, identifying
frail patients is important for clinicians to provide appropriate care
for elderly patients. Although multiple clinical models of frailty have
been proposed such as the Clinical Frailty Scale and the Fried Frailty
Index, there is no gold standard method that is consistently used to
assess frailty.24 This may be because it is a multi-dimensional concept

Figure 1 The Kaplan–Meier curve showing a comparison of event-free survival rates due to a composite of all-cause death and heart failure re-
admission between patients with (A) Short Physical Performance Battery scores lower than < 7 vs. those with scores >_7 and (B) 6-minute walking dis-
tance less than the median value vs. greater than or equal to the median value.

.................................. ..................................

.................................................................................................

Table 2 Univariable and multivariable analyses of
SPPB score and 6MWD for predicting a composite of
all-cause death and heart failure readmission

Unadjusted Adjusteda

HR 95% CI P-value HR 95% CI P-value

SPPB score <7

1.46 1.19–1.79 <0.001 1.28 1.01–1.61 0.049

6MWD <median

1.32 1.11–1.61 0.008 1.61 1.23–2.04 <0.001

6MWD, 6-minutes walking distance; CI, confidence interval; HR, hazard ratio;
SPPB, Short Physical Performance Battery.
aAdjusted for age, sex, left ventricular ejection fraction, current smoking status,
history of heart failure, hypertension, diabetes mellitus, coronary artery disease,
chronic obstructive lung disease, atrial fibrillation, systolic blood pressure, esti-
mated glomerular filtration rate, haemoglobin, serum sodium level, serum albu-
min, log-transformed BNP, prescription of angiotensin-converting enzyme
inhibitor or angiotensin receptor blocker, beta-blocker, and mineralocorticoid re-
ceptor antagonist and NYHA functional class.

Figure 2 Prevalence and event rates among subgroups according
to the Short Physical Performance Battery score and 6-minute walk-
ing distance.

SPPB vs. 6MWT in hospitalized elderly HF 5
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involving many physical, psychological, and social aspects of health.22

Given the importance of the detection of frailty and early interven-
tion in patients with HF, many studies have addressed the potential
effects of interventional exercise and nutritional supplement
strategies.

Historically, the 6MWT has been indicated as a surrogate test
for the evaluation of functional capacity and a significant determin-
ant of prognosis in patients with HF.4–6 In the current study,
patients with shorter 6MWD were independently associated with
worse outcomes and the 6MWD showed incremental prognostic
values over conventional HF risk factors. Our results confirmed
that the evaluation of functional capacity is important for the man-
agement of elderly patients with HF. However, 6MWT is some-
times difficult to perform in elderly patients with concomitant
orthopaedic and/or neurological disorders. The 6MWT could not
be performed in 115 patients, and among them, 91 patients were
successfully evaluated using the SPPB. The SPPB has emerged as a
comprehensive objective measure of physical performance includ-
ing a slow gait, weakness, and balance impairment,25 which has
better concurrent validity when compared to other measures of
frailty.26,27 The strength of the SPPB in clinical practice is its simpli-
city and reproducibility, which only requires 5–10 min to com-
plete; hence, it can be integrated into patient management
without excessive time consumption. As an objective measure of
physical performance, the SPPB was adopted in multiple observa-
tional studies that consistently found an association among incident
disability, hospital admission, and mortality.14,17,25,28–31 A systematic re-
view and meta-analysis of 17 observational studies encompassing 16 534

participants has revealed a significant association between low SPPB
scores and all-cause mortality.32 Another meta-analysis including 22 598
patients with HF has reported that patients with poor physical perform-
ance in the 6MWT, SPPB, and gait speed test showed a higher risk of
hospitalization or mortality.33 In the current analysis including elderly
patients with HF, the SPPB score was low at a median of 8. As SPPB can
be used to classify physical limitations and/or physical frailty, identifying
frail or prefrail patients using the SPPB score may be important for fur-
ther clinical treatment such as cardiac rehabilitation. Rinaldo et al. have
reported that a lower SPPB score was associated with a higher compli-
cation rate in the post-acute phase in elderly (>_75 years) patients with
cardiac surgery, HF, or acute coronary syndrome.34 In the current ana-
lysis, we found that the SPPB score provides additive prognostic infor-
mation to conventional risk factors, but it is inferior to that of 6MWD.
As there is no fixed cut-off SPPB score, we have added sensitivity analy-
ses using continuous SPPB score and 6MWD. The results support our
primary results that 6MWD is superior to SPPB in terms of outcomes
prediction. Nevertheless, given its ease of use, we believe that the SPPB
might be a useful alternative, especially in patients who are incapable of
performing the 6MWT. Further studies are required to test this
hypothesis.

Strengths and limitations
The strength of the present study lies in the fact that this is a
real-world large-scale registry focusing on elderly patients with
HF, and provides entirely novel insights regarding the prognostic
significance of the SPPB score compared to 6MWD in hospital-
ized elderly patients with AHF. However, the current study has
several limitations. First, this was a post hoc analysis of a pro-
spective observational cohort study with inherent associated
limitations. Despite covariate adjustments, we could not exclude
the influence of other measured and unmeasured confounding
factors. Second, in this analysis, we used the median value of the
6MWD as the cut-off value for grouping. This is because we
thought that the value of 300 m, which is often used as a marker
of decreased physical function, may be significantly high for our
elderly HF cohort. Therefore, we added the sensitivity analysis
using the cut-off value of 300 m and 6MWD as a continuous
value, and we found that the results remained significant. Third, it
is possible that our data cannot be generalized to all patients
with AHF. Particularly, the current cohort excluded patients
who were unable to walk independently. Although we believe
that the SPPB is better suited for more vulnerable and frail
patients, further studies are needed to test this hypothesis.
However, as SPPB measures different domains of physical per-
formance compared to 6WMT, both instruments should be
assessed if possible.

CONCLUSIONS

Reduced functional capacity assessed by either the SPPB or 6MWT
was associated with worse outcomes in hospitalized elderly patients
with AHF. The incremental prognostic value over the conventional
risk factors was superior in 6MWT than that in SPPB.

.................................................................................................

Table 3 Comparisons of prognostic models for pre-
dicting a composite of all-cause death and heart failure
readmission

NRI 95% CI P-value

Baseline model (Model 1) Reference

Baseline model þ SPPB score

(Model 2)

- vs. Model 1 0.139 0.008–0.270 0.036

Baseline model þ 6MWD

(Model 3)

- vs. Model 1 0.350 0.220–0.480 <0.001

- vs. Model 2 0.300 0.171–0.433 <0.001

Baseline model þ 6MWD þ SPPB

score (Model 4)

- vs. Model 1 0.338 0.209–0.468 <0.001

- vs. Model 2 0.358 0.228–0.488 <0.001

- vs. Model 3 0.048 -0.083 to 0.180 0.475

6MWD, 6-minute walking distance; CI, confidence interval; NRI, net reclassifica-
tion improvement; SPPB, Short Physical Performance Battery.
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