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Abstract

Aims Although aging is strongly associated with both heart failure and a decline in gait speed, a definition of slowness incor-
porating an age-related decline has yet to be developed. We aimed to define an event-driven cut-off for the relative decline in
gait speed against age-adjusted reference values derived from the general population and evaluate its prognostic implications.
Methods and results Standardized gait speed (SGS) was defined as the median gait speed stratified by age, sex, and height
in 3777 elderly (age ≥ 65 years) individuals without a history of cardiovascular diseases (Tokyo Metropolitan Institute of
Gerontology-Longitudinal Interdisciplinary Study on Aging: general population cohort). The mortality event-driven optimal
cut-off of the SGS ratio (actual gait speed divided by the respective SGS) was defined using FRAGILE-HF cohort data and ex-
ternally validated using Kitasato cohort data, comprising 1301 and 1247 hospitalized elderly patients with heart failure, respec-
tively. Using FRAGILE-HF data, the optimal SGS ratio cut-off was determined as 0.527. In the Kitasato cohort, SGS ratio < 0.527
was associated with a higher 1 year [hazard ratio (HR): 1.70, 95% confidence interval (CI): 1.07–2.72, P = 0.024] and long-term
(HR: 1.46, 95% CI: 1.05–2.02, P = 0.024) mortality rate, independent of pre-existing covariates.
Conclusions Gait speed was significantly declined in patients with heart failure, even after taking age and sex-related decline
into account. A SGS ratio of 0.527 is a validated cut-off for slowness independently associated with mortality in patients with
heart failure age ≥65.
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Introduction

Heart failure is a global pandemic affecting more than
26 million people worldwide, with one million patients

hospitalized due to heart failure each year.1 There is a strong
association between aging and the development of heart
failure. For instance, the National Health and Nutrition
Examination Survey reported that the proportions of men
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with heart failure are 6.6% and 10.6% for those aged 60–79
and ≥80 years, respectively; the respective proportions in
women are 4.8% and 13.5%.2

Gait speed, a metric of slowness, is considered a valid mea-
sure of frailty and is associated with functional status and
mortality in the general population.3,4 Furthermore, as frailty
plays a crucial prognostic role in heart failure, gait speed has
also been shown to be associated with the prognosis in nu-
merous studies.5–7 However, most previous studies defined
slowness using a single cut-off value derived from the general
population, regardless of age; no age-specific cut-offs have
been proposed, even though there is a clear age-related de-
cline in gait speed.8–10 As the heart failure population is
highly saturated with elderly patients, it is unclear whether
older age or heart failure itself contributes the substantial
number of patients with heart failure with low gait speed.
This further raises questions regarding whether the prognos-
tic impact of gait speed in patients with heart failure is truly
independent of the age-related decline, even though most
previous studies used age as an adjustment variable. More-
over, pre-existing cut-offs have not been defined according
to their association with adverse events. The development
of cut-offs using an event-driven approach in elderly patients
with heart failure is relevant, not only in terms of clinical re-
search but also in terms of individualized risk stratification.

Against these backdrops, we sought to define an event-
driven cut-off for the relative decline in gait speed compared
with age-adjusted reference values derived from the general
population and evaluate its prognostic implications.

Methods

The Tokyo Metropolitan Institute of Gerontology-
Longitudinal Interdisciplinary Study on Aging (TMIG-LISA) co-
hort was used to define reference gait speed values in the
general population stratified by age, sex, and height. We ap-
plied the obtained reference values to the FRAGILE-HF co-
hort, which comprised hospitalized patients with heart
failure aged ≥65 years, to determine the gait speed in pa-
tients with heart failure relative to that in the general cohort.
Next, we defined the optimal cut-off of the proportional de-
cline in gait speed relative to the respective reference value,
in terms of prognostication. Lastly, we tested the external va-
lidity of slowness defined by this event-driven optimal cut-off
in an independent cohort (the Kitasato cohort), which in-
cluded hospitalized patients with heart failure.

TMIG-LISA cohort (general population)

The TMIG-LISA cohort was established by the TMIG-LISA Re-
search Group to determine risk factors of geriatric diseases
or chronic medical conditions and to identify factors that

accelerate or decelerate aging, in representative samples of
older Japanese adults. We utilized a pooled data set of
4683 participants from six TMIG cohort studies: the Nangai
Cohort Study, Itabashi Cohort Study 2002, Yoita Longitudinal
Study, Kusatsu Longitudinal Study, Hatoyama Cohort Study,
and Itabashi Cohort Study 2011 (ITABASHI11). The partici-
pants of each cohort are detailed elsewhere.11 Of note, four
out of the six cohorts included participants aged ≥65 years,
one cohort included participants aged ≥71 years, and one in-
cluded participants aged ≥70 years. Patients who were aged
≤65 years or had a self-reported history of heart disease were
excluded from the present analysis. Usual gait speeds were
measured over 5 m with a dynamic start, except for one co-
hort (the ITABASHI 11 cohort), which measured usual gait
speeds over 10 m. Participants stood with their feet behind,
but just touching, a starting line marked with tape at 0 m.
Upon receiving the tester’s command, they started walking
at their usual pace along a 11 m (16 m in the ITABASHI 11 co-
hort) course. The actual walking time was measured over
5 m, starting when the body trunk passed the 3 m mark,
and ending when the body trunk passed the 8 m (13 m in
the ITABASHI 11) mark. The measurement was performed
once.

FRAGILE-HF cohort (derivation heart failure
cohort)

The FRAGILE-HF cohort study was a multicentre observa-
tional study, which included 1332 hospitalized patients with
decompensation of heart failure, aged ≥65 years, who could
ambulate at discharge. Patients with missing data were ex-
cluded from the present analysis. The main results of the
FRAGILE-HF study have been published elsewhere.12 Briefly,
the main objective of the FRAGILE-HF study was to evaluate
the prevalence and prognostic impact of multifrailty domains
in patients with heart failure. Exclusion criteria were as fol-
lows: (i) previous heart transplantation or treatment with a
left ventricular assist device, (ii) on either chronic peritoneal
dialysis or haemodialysis, and (iii) acute myocarditis. Patients
with missing brain natriuretic peptide (BNP) or N-terminal-
proBNP data, and patients with a BNP level <100 pg/mL or
N-terminal-proBNP level <300 pg/mL at admission, were also
excluded as the diagnosis could be unclear. Heart failure with
reduced and preserved ejection fraction was enrolled.

The FRAGILE-HF investigation conforms with the principles
outlined in the Declaration of Helsinki and Japanese Ethical
Guidelines for Medical and Health Research involving Human
Subjects. Because it was an observational study without inva-
sive procedures or interventions, written informed consent
was not required under the Ethical Guidelines for Medical
and Health Research Involving Human Subjects, issued by
the Japanese Ministry of Health, Labor, and Welfare. Study in-
formation, including the objectives, inclusion and exclusion
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criteria, primary outcomes, and names of the participating
hospitals, were published in the publicly available University
Hospital Medical Information Network (UMIN-CTR, unique
identifier: UMIN000023929), before the first patient was
enrolled.

In the FRAGILE-HF study, gait speed was measured with a
static start and 4 m distance, as part of a brief physical perfor-
mance battery. Patients were asked to walk along a 4 m corri-
dor at their usual speed without running. Each patient started
in a standing position at the start line. They were permitted to
use walking aids, such as canes or walkers. A standard digital
stopwatch was used to time the travel between the first foot-
step after the 0 m line and the first footstep after the 4 m
line. The patients performed the test twice, and whichever
time was shorter was adopted as the patient’s gait speed.

Kitasato cohort (external validation heart failure
cohort)

The Kitasato cohort was a single-centre retrospective obser-
vational study that included 1247 elderly patients with heart
failure whose usual gait speed was investigated during inpa-
tient cardiac rehabilitation at the Kitasato University Hospital
between 1 January 2008 and 31 December 2017. Patients at
high risk of adverse events during gait measurements and
those with difficulty in understanding instructions were selec-
tively excluded. Data for all evaluated variables and clinical
characteristics, including the primary endpoint, were ob-
tained from electronic medical records. Patients with missing
data were excluded from the present analysis.

The Kitasato cohort study was approved by the Research
Ethics Committee of Kitasato University Hospital (B20-030)
and was performed following the tenets of the Declaration
of Helsinki. Participants were informed that they could refuse
to participate by opting out.

In the Kitasato cohort, gait speed was measured near the
date of discharge. Patients were asked to walk at their usual
speed for 16 m, and the time to cover the middle 10 m was
determined using a stopwatch. There were no restrictions
on the use, or type, of walking aids. Patients at high risk of
falling were assisted by medical staff, with light hand contact,
or were monitored nearby, as needed. The gait speed was
calculated as the time required per meter.

Statistical analysis

Data are expressed as the mean and standard deviation for
normally distributed variables and as the median with quar-
tiles for non-normally distributed data. Categorical data are
expressed as numbers and percentages. Variables with
non-normal distribution by histogram evaluation were trans-
formed into a logarithmic scale for further analyses. Group

differences were evaluated using the Student’s t-test or
Mann–Whitney U test for continuous variables and the
chi-squared or Fisher’s exact tests for categorical variables.

We stratified all participants into subgroups according to
age (65–69, 70–74, 75–79, 80–84, and ≥85 years), height
(above/below median for each sex), and sex, as the
age-related decline in gait speed has been shown to signifi-
cantly interact with sex.11 We then calculated the median gait
speed value in each category, which was defined as the age,
sex, and height-standardized gait speed (SGS). Next, we ap-
plied the SGS to each patient enrolled in the FRAGILE-HF
study and calculated the SGS ratio by dividing the actual gait
speed by the respective SGS. We obtained 95% confidence in-
tervals (CIs) of the median SGS ratio via boot strapping (2000
samples) using the percentile method.

To define the event-driven optimal cut-off value of the SGS
ratio in terms of predicting mortality in patients with heart
failure, a receiver operating characteristic curve analysis
was performed, with the cut-off value defined based on the
Youden index.13 Internal validity of the derived cut-off value
was examined by stratifying the FRAGILE-HF cohort into slow
and non-slow groups according to the cut-off and by deter-
mining whether the slow group was associated with wors-
ened 1 year mortality, independent of pre-existing
prognostic factors, in univariate/multivariable Cox regression
analyses. The Meta-Analysis Global Group in Chronic
(MAGGIC) heart failure risk score and log-transformed BNP
were used as the adjustment variables for the outcome of
all-cause death, as their associations with mortality have
been well validated in Japanese patients with heart failure.14

Finally, the external validity and long-term prognostic im-
pact of slowness as defined using the derived cut-off value
was evaluated using data from another heart failure cohort
(the Kitasato cohort). The SGS ratio was used to define slow
and non-slow groups. Multivariable Cox regression analysis
was performed to determine whether the slow group was
associated with worsened 1 year and long-term mortality,
independent of pre-existing prognostic factors. In this analy-
sis, variables comprising the MAGGIC score (i.e. age, male
sex, body mass index, current smoker, systolic blood
pressure, New York Heart Association class at discharge, left
ventricular ejection fraction, history of diabetes, chronic
obstructive pulmonary disease, or heart failure, creatinine
at discharge, and prescription of a beta-blocker or angioten-
sin converting enzyme inhibitor/angiotensin II receptor
blocker at the time of discharge) and the log-transformed
BNP were used as the adjustment variables, rather than
the MAGGIC risk score, as information on heart failure dura-
tion, which is needed to calculate the original MAGGIC score,
was lacking.15

A two-tailed P value< 0.05 was considered statistically sig-
nificant. Statistical analyses were performed using R Version
3.6.3 (R Foundation for Statistical Computing, Vienna,
Austria; ISBN 3-900051-07-0, URL http://www.R-project.org).
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Results

The study flowchart is shown in Figure S1. After excluding pa-
tients with a history of cardiovascular disease or missing data,
3777 participants from the TMIG-LISA cohort were used to
define the SGS stratified according to age, sex, and height.
Additionally, 1301 and 1247 patients from the FRAGILE-HF
and Kitasato cohorts, respectively, were used to derive and
externally validate, respectively, the SGS ratio cut-off, after
excluding those with missing gait speed or height data. A
box-whisker plot of the gait speed in all three groups, strati-
fied by age category, is shown in Figure 1. In all three cohorts,
gait speed significantly declined with increasing age. Addi-
tionally, the heart failure cohorts (i.e. FRAGILE-HF and

Kitasato cohorts) showed lower gait speed compared with
that in the TMIG-LISA cohort (general population cohort)
for all age categories.

According to the gait speed standardized for age, sex, and
height derived from the TMIG-LISA cohort (Table S1), the SGS
ratio was calculated for all patients from the FRAGILE-HF and
Kitasato cohorts, and the density plot is shown in Figure 2.
The median SGS ratio was slightly, but significantly, lower in
the FRAGILE-HF cohort than in the Kitasato cohort [0.65
(quartiles: 0.50–0.82) vs. 0.74 (quartiles: 0.59–0.87), respec-
tively, P< 0.001], even though the gait speed distributions vi-
sually overlapped. The 95% CIs of the median SGS ratio were
0.64–0.67 (P < 0.001) for the FRAGILE-HF cohort and
0.73–0.76 (P< 0.001) for the Kitasato cohort. As the CIs were

Figure 1 Box-whisker plot of gait speed stratified by cohort and age categories. All three cohorts showed a significant association between age and
decline in gait speed (P < 0.001 for all). TMIG-LISA, Tokyo Metropolitan Institute of Gerontology-Longitudinal Interdisciplinary Study on Aging.

Figure 2 Density plot of the SGS ratio from the FRAGILE-HF and Kitasato cohorts. The dotted line represents an SGS ratio of 1. SGS, standardized gait
speed.
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both below a value of 1, the gait speed was significantly
lower in the heart failure cohorts than in the general popula-
tion cohort used to define the SGS. In addition, the SGS ratio
decreased with aging in both FRAGILE-HF cohort and Kitasato
cohort (Figure S2).

In total, 156 deaths occurred within 1 year of discharge in
the FRAGILE-HF cohort. The receiver operating characteristic
analysis for all-cause death identified an SGS ratio of 0.527
as the event-driven optimal cut-off for predicting mortality.
For internal validation, the FRAGILE-HF cohort was divided
into two groups: the non-slow group (SGS ratio > 0.527)
and slow group (SGS ratio ≤ 0.527). Table 1 shows the baseline
characteristics of the two groups. The slow group was associ-
ated with older age, female sex, severe symptoms, lower
haemoglobin, albumin, and blood urea nitrogen, and higher
left ventricular ejection fraction. The BNP level at discharge
was significantly higher in slow group than in the non-slow
group; however, no significant differences were observed for
heart failure medication prescriptions at discharge, except
for beta-blockers (lower in the slow group). The slow group
was associated with significantly higher mortality in Kaplan–
Meier analysis (Figure 3A). Likewise, the slow group was
significantly associated with mortality in the univariate and
multivariable Cox regression analyses, even after adjustment
for the MAGGIC score and log-transformed BNP (Table 2).

For external validation, the Kitasato cohort was divided
into two groups: the non-slow group (SGS ratio > 0.527)
and slow group (SGS ratio ≤ 0.527). The baseline characteris-
tics of each group are shown in Table 1. The slow group was
associated with older age, a history of heart failure, lower al-
bumin and haemoglobin, and estimated glomerular filtration
rate. Although significance was not reached, the slow group
was marginally associated with female sex and higher left
ventricular ejection fraction. No differences were observed
in heart failure medication prescriptions. In total, 107 deaths
occurred within 1 year from discharge, and 282 deaths oc-
curred during the entire follow-up period (median: 693 days;

quartiles: 322–1349 days). The slow group was associated
with higher 1 year and long-term mortality (log-rank:
P < 0.001 for both) (Figure 3B,C). Furthermore, these associ-
ations retained significance even after adjustment for other
covariates at discharge (Table 2).

Discussion

The present study evaluated the decline in gait speed in el-
derly patients with heart failure by applying reference gait
speeds derived from a general population cohort. We clari-
fied the extent to which gait speed was declined in patients
with heart failure, aged ≥65 years, and compared it with el-
derly individuals without heart failure, after taking the
age-related decline into consideration. We further deter-
mined the event-driven optimal cut-off for the SGS ratio to
identify patients at high risk for 1 year mortality and vali-
dated the obtained ratio in an independent cohort of elderly
patients with heart failure. To our knowledge, the present
study is the first to demonstrate that the gait speed in elderly
patients with heart failure is significantly declined relative to
that in general population, independent of the age-related
decline. Furthermore, we showed that evaluating the relative
decline in gait speed using the SGS ratio provides additive
prognostic information.

In contrast to the prognostic impact of gait speed,5,16 the
‘normal value’ of gait speed has not received much attention
in studies on patients with heart failure. Even though gait
speed is one of the validated metrics of physical performance
and is incorporated into most of the definitions of sarcopenia
from major societies or groups, a single cut-off value is typi-
cally used, irrespective of age, sex, and height.17–20 Indeed,
a value of 0.8 m/s is frequently used to define slowness in
studies involving patients with heart failure.5,7,21 However,
the use of this cut-off value in patients with heart failure is

Figure 3 Kaplan–Meier curves for mortality. The 1 year mortality in the FRAGILE-HF cohort (A), and the 1 year (B) and long-term mortality (C) in the
Kitasato cohort are shown. HF, heart failure.
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not recommended for several reasons. First, this value was
mainly derived from community-dwelling individuals and
not from patients with heart failure. Second, even though
this cut-off value has been recommended for defining
sarcopenia in current consensus/guidelines, sarcopenia asso-
ciated with heart failure is generally regarded as secondary
sarcopenia. Third, previously suggested or proposed cut-off
values were not originally event-driven, and most were de-
rived from cross-sectional studies of the general population
using a median, quantile, or percentile value. Fourth, using
a single cut-off value irrespective of age and sex does not re-
flect the impact of aging, which is a powerful driver of heart
failure. In the present study, we defined an event-driven cut-
off value for patients with heart failure using
age-standardized reference values of gait speed derived from
the general population, incorporating the impact of the
age-related decline. Moreover, we externally validated the
obtained cut-off value and showed its additive prognostic
values over a pre-existing prognostic model.

Thus, for the first time, we demonstrated that gait speed in
patients with heart failure was declined relative to that of
normal individuals, even after considering the fact that the
heart failure population was highly saturated by elderly pa-
tients. The decline in gait speed in two heart failure cohorts,
relative to that of the general population after adjusting for
age, sex, and height, was 35–40% according to the SGS ratio.
We also showed that the decline in gait speed in patients
with heart failure relative to that in the general population
was accelerated by aging; however, this association could
be still underestimated, as older patients with heart failure
with a lower gait speed are more likely to die than are those
without heart failure at the same age, and thus, were ex-
cluded from analysis.

The development of age-adjusted and sex-adjusted and
event-driven cut-offs values for gait speed may contribute
not only to patient care but also to future clinical research in
patients with heart failure. Referring to disease-specific and
patient-specific reference values for gait speed would enable
healthcare providers to estimate the future risk of adverse
events in individual patients with heart failure in clinical prac-
tice. This is clinically relevant, as the slowness threshold can-
not be the same for a 65-year-old male and a 90-year-old
female, which is clearly supported by the present data. In
terms of scientific research, the reference values and event-
driven cut-off value derived in the present study may aid in de-
fining the individualized target gait speed in interventional
studies using gait speed as a surrogate endpoint. However,
whether interventions increasing gait speed subsequently im-
prove the prognosis should be clarified in future studies.

Several limitations of the present study should be acknowl-
edged. The most important limitation is the difference in test-
ing procedures among the three cohorts in the present study,
even though all the cohort studies measured the usual gait
speed. The TMIG-LISA cohort used a dynamic start with aTa
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distance of 10 or 5m, the FRAGILE-HF cohort used a static start
with a distance of 4 m, and the Kitasato cohort used a dynamic
start with a distance of 10m. However, two systematic reviews
and a meta-analysis comprising 48 studies (7000 patients) and
46 studies (18428 patients), respectively, showed that the type
of start (static vs. dynamic) and walking distance (short vs.
long) did not significantly affect the gait speed value.22,23 Nev-
ertheless, this limitation should be carefully considered, as it
could have impacted the study results. Although we consid-
ered the SGS ratio stratified according to age, gender, and
height, as these factors supposedly impact gait speed and/or
an age-related decline in gait speed, there may be other
factors that were not taken into account andmay affect the re-
sults of our study. Regarding participants from the general
population cohort, we excluded those with cardiovascular
comorbidities; however, the medical history was obtained by
questionnaire, and no further evaluations were performed to
exclude potential comorbidities. This implies that our general
cohort may have included some patients with cardiovascular
disease. Furthermore, although the two heart failure cohorts
performed a gait speed assessment at a steady state, the dif-
ference in the timing of the test might have impacted the
study results. Finally, we observed a difference between the
FRAGILE-HF and Kitasato cohorts in the prevalence of
patients with slow gait speed, whichmay be explained by a dif-
ference in age between the cohorts, as we found a significant
interaction between age and SGS ratio in both the FRAGILE
and Kitasato cohorts (with similar coefficients).

In conclusion, gait speed is significantly declined in
patients with heart failure relative to that in the general
population, independent from the age-related decline.
The age-adjusted and sex-adjusted, event-driven, and dis-
ease-specific cut-off proposed in the present study was inde-
pendently associated with mortality. The present study
findings may contribute to both clinical practice and future
research on physical function in elderly patients with heart
failure.
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