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Gait speed has comparable prognostic
capability to six-minute walk distance in
older patients with cardiovascular disease

Kentaro Kamiya', Nobuaki Hamazaki?3, Yuya Matsue*>,
Alessandro Mezzanié, Ugo Corré6, Ryota Matsuzawa3,

Kohei Nozaki®, Shinya Tanaka?, Emi Maekawa’, Chiharu Noda’,
Minako Yamaoka-Tojo'?, Atsuhiko Matsunaga',

Takashi Masuda'? and Junya Ako’

Abstract

Background: Although gait speed and six-minute walk distance are used to assess functional capacity in older patients
with cardiovascular disease, their prognostic capabilities have not been directly compared.

Methods: The study population was identified from the Kitasato University Cardiac Rehabilitation Database and
consisted of 1474 patients >60 years old with a mean age of 722 +7.1 years that underwent evaluation of both
usual gait speed and six-minute walk distance in routine geriatric assessment between | June 2008-30 September
2015. Both gait speed and six-minute walk distance were determined on the same day at hospital discharge.

Results: Mean gait speed and six-minute walk distance in the whole population were 1.04 m/s and 381 m, respectively,
and were strongly positively correlated (r=20.80, p <0.001). A total of 180 deaths occurred during a follow-up of
2.3 £ 1.9 years. After adjusting for confounding factors, both gait speed (adjusted hazard ratio per 0. m/s increase:
0.87, 95% confidence interval: 0.81-0.93, p <0.001) and six-minute walk distance (adjusted hazard ratio per |0-metre
increase: 0.96, 95% confidence interval: 0.94-0.97, p < 0.001) were independent predictors of all-cause mortality. There
was no significant difference in prognostic capability between gait speed and six-minute walk distance (c-index: 0.64 (95%
confidence interval: 0.60-0.69) and 0.66 (95% confidence interval: 0.61-0.70), respectively, p =0.357).

Conclusions: Gait speed and six-minute walk distance showed similar prognostic predictive ability for all-cause
mortality in older cardiovascular disease patients, indicating the potential utility of gait speed as a simple risk stratification
tool in older cardiovascular disease patients.
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Six-minute walk distance, gait speed, prognosis, elderly, sarcopenia, frailty, cardiovascular, coronary artery disease, heart
failure, cardiac surgery
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With the aging of the population, sarcopenia and frailty

are becoming major issues in cardiovascular medicine.'
Sarcopenia and frailty have been indicated as reliable
markers of poor prognosis among older patients with
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cardiovascular disease (CVD)."* Importantly, the
number of patients with sarcopenia has been predicted
to increase over the next 30 years.” Therefore, clinically
relevant physical function tests for older patients are
urgently required.

The six-minute walk distance (6MWD) is often used
to assess functional capacity in a wide range of popu-
lations.®’ Several studies demonstrated its ability to
predict outcome in patients with CVD, including
heart failure,”® coronary artery disease,” and those
undergoing cardiac surgery.®'® However, measurement
of 6MWD requires a long walking track, which is not
always feasible in a smaller office practices or home care
settings.

Gait speed, measured as the time required to walk a
short distance at a comfortable pace, is another com-
monly used test to screen for physical function and
sarcopenia/frailty." Gait speed has also been shown to
predict morbidity and mortality in various populations,
including elderly patients with CVD.>'"'* Indeed,
some authors have suggested that gait speed should
be considered as the sixth vital sign and assessed clini-
cally along with breathing, temperature, heart rate,
pain, and color.' Gait speed requires little space,
time, or training, making it a suitable routine measure
in both clinical and research settings. Importantly, sev-
eral studies have indicated that the single measurement
of gait speed outperformed other multicomponent
frailty scales in predicting outcomes.>'”

To date, however, no direct comparisons of the
prognostic capabilities of gait speed and 6MWD have
been reported, although both tests examine the walking
ability of patients. This study was performed to com-
pare the prognostic capabilities of gait speed and
6MWD in older patients with CVD.

Methods
Study population

The study population was identified in the Kitasato
University Cardiac Rehabilitation Database and con-
sisted of 1474 patients >60 years old who underwent
evaluation of both usual gait speed and 6MWD in rou-
tine geriatric assessment between 1 June 2008-30
September 2015. A flow diagram of the study population
is shown in the Supplementary Material, Figure 1. The
study protocol conformed to the ethical guidelines of the
Declaration of Helsinki, and was approved by the Ethics
Committee of Kitasato University Hospital (B16-108).

Data collection

Data on all variables were collected from electronic
medical records. Clinical details of presentation,

as well as demographic, biochemical, and echocardio-
graphic data, were recorded. Height was measured to
the nearest 0.1 cm using a stadiometer and weight was
determined to the nearest 0.1kg using a calibrated
weighing scale at hospital discharge. Body mass index
(BMI) was calculated as body weight (kg) divided by
height (m) squared. Blood pressure and heart rate were
measured at hospital discharge. Estimated glomerular
filtration rate (¢GFR) was defined according to the for-
mula recommended by the Japanese Society of
Nephrology.'®

The endpoint of this study was all-cause mortality,
and the time for the endpoint was calculated as the
number of days from the date of 6MWD and gait
speed measurements to the date of events.

6MWD and gait speed measurement

6MWD and gait speed were evaluated on the same
day at hospital discharge, and electrocardiographic
data were monitored continuously via telemetry. Both
tests were performed only once for all patients.
The 6MWD was measured according to standard
guidelines at hospital discharge.!” Patients were
allowed to use assistive devices for the walking test.
Patients were asked to walk at their own pace from
chair-to-chair, but were instructed to cover as much
distance as possible during the allotted time of six min-
utes. Patients were allowed to stop and rest during the
test but were instructed to resume walking as soon as
they were able. Standardized verbal encouragement was
provided every one minute. Coaching and enthusiastic
urging were prohibited. After six minutes, patients were
instructed to stop walking, and the distance covered
was recorded.

For measurement of usual gait speed, the patients
were asked to walk at their usual speed, and were
timed over the 10 m of the walkway. Participants were
allowed to use walking aids, such as a cane, during the
test. Gait speed has high test-retest reliability in older
adults with intraclass correlation coefficient >0.9.'8

Statistical analysis

Continuous variables are expressed as means (standard
deviation). Categorical variables are expressed as num-
bers and percentages. We divided the cohort into three
groups according to the tertiles of 6MWD and gait
speed. Baseline characteristics were compared by one-
way analysis of variance or Fisher’s exact test where
appropriate.

Linear regression was used to evaluate the relations
between 6MWD and gait speed. Receiver-operating
characteristic (ROC) curves were also used to describe
the ability of gait speed to discriminate established
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6MWD cut-off values of 300 m'*?' and 400 m.*** In
the ROC curve for gait speed, a value below than the
cut-off was considered positive and other values were
considered negative. Predictive value was determined
by determining the sensitivity and specificity for various
cut-offs. The optimal cut-off for gait speed was defined
as the value nearest to the northwest point of the ROC
curve.

We calculated the cumulative incidence of mortality
during follow-up according to tertiles of 6MWD and
gait speed with Kaplan—Meier curves. Intergroup dif-
ferences were estimated by the log-rank test. Univariate
and multivariate Cox regression analyses were per-
formed to evaluate the prognostic capabilities of
6MWD and gait speed. Multivariate analyses were
adjusted for age, male sex, BMI, systolic blood pres-
sure, acute coronary syndrome, heart failure, cardiac
surgery, serum albumin, hemoglobin, low-density lipo-
protein (LDL) cholesterol, eGFR, hypertension, dia-
betes mellitus, current smoking, prior myocardial
infarction, and prior hospitalization due to heart
failure.

We constructed ROC curves to compare the pre-
dictive capabilities of 6MWD and gait speed for mor-
tality. The areas under the curve (AUCs) were
compared according to the method of DelLong
et al.>* To assess the potential effect modification
on the prognostic capabilities of 6MWD and gait
speed, we performed subgroup analyses across
gender and major diagnostic categories, including
acute coronary syndrome, heart failure, and cardiac
surgery.

The dose-response associations between 6MWD,
gait speed, and mortality risk were examined using a
Cox regression model with spline functions with four
knots at quartiles of the independent variable.

A two-tailed p value<0.05 was taken to indicate stat-
istical significance. Analyses were performed using
SPSS 22.0 (IBM Corporation, New York, USA),
STATA version 13.0 (StataCorp, College Station,
Texas, USA), and R version 3.1.2 (R Foundation for
Statistical Computing, Vienna, Austria).

Results
Study population

Table 1 shows the baseline characteristics for all sub-
jects and for groups stratified by 6MWD and gait
speed. The mean age of the study population was
72.2 years and 68% of the patients were male. The rea-
sons for hospitalization were acute heart failure
(38.5%), cardiac surgery (26.5%), acute coronary
syndrome (21.7%), and other clinical entities (13.3%).
There were no patients in whom only one of either

gait speed or 6 MWD could be evaluated. The mean
6MWD and gait speed were 381m and 1.04m/s,
respectively. Low 6MWD and gait speed were asso-
ciated with older age, lower BMI, female sex, higher
percentage of heart failure, diabetes mellitus, prior
hospitalization due to heart failure, and lower
albumin, hemoglobin, eGFR, and LDL cholesterol
levels.

Associations between 6 MWD and gait speed. The correl-
ations between 6MWD and gait speed in the full
sample and stratified by gender are shown in the
Supplementary Material, Figure 2. Gait speed had
strong positive correlation with 6MWD (r=0.81,
0.76, and 0.80, for female, male and all-cohort,
p<0.001 for all). Supplementary Material, Figure 3
shows the ROC curves for gait speed as a predictor
of 6OMWD <300m and <400m. Gait speed showed
high discriminative performance for prediction of
each 6MWD threshold (AUC for 6MWD <300m:
0.93, 95% confidence interval (CI): 0.91-0.94, AUC
for 6MWD<400m: 0.90, 95% CI: 0.88-0.91). Gait
speed of <0.90m/s and <1.05m/s were identified as
optimal cut-off points for prediction of 6MWD
<300m and <400 m, respectively, with sensitivity and
specificity values both above 80%.

Associations between 6MWD, gait speed, and all-cause
mortality. A total of 180 deaths occurred in the study
population over a mean follow-up of 2.3+ 1.9 years.
The Kaplan—Meier survival curves plotting tertiles of
6MWD or gait speed showed that both low 6MWD
and slow gait speed were associated with all-cause
death (Figure 1) (log rank: p <0.001 for both). In uni-
variate and multivariate Cox regression analyses for all-
cause mortality, both 6 MWD and gait speed were sig-
nificant predictors of mortality (Supplementary
Material, Table).

Prognostic capabilities of 6MWD and gait speed

ROC analysis for all-cause mortality was performed to
compare the prognostic predictive capability of
6MWD and gait speed. The AUCs on ROC analysis
were 0.66 (95% CI: 0.61-0.70) for 6 MWD and 0.64
(95% CI: 0.60-0.69) for gait speed (Figure 2(a)).
There was no significant difference between the
AUCs of O6MWD and gait speed (p=0.357).
The AUCs of 6MWD and gait speed were similar
across major diagnostic categories and gender
(Figure 2(b)).

Figure 3 shows the dose-response associations of
6MWD and gait speed with mortality. Mortality risk
increased with decreasing 6MWD and gait speed, with
an inverse J-shaped association.
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Table |. Baseline characteristics.

6MWD tertile Gait speed tertile
Variable All Low Mid High Slow Mod Fast
n 1474 492 497 485 p Value 496 489 489 p Value
Age, years 722+7.1 76.5+7.0 71.5+6.3 685+5.6 <0.001 76.1+72 71.8+6.6 68.7+5.5 <0.001
Male sex, no. (%) 1002 (68) 255 (52) 341 (69) 406 (84) <0.001 272 (55) 329 (67) 401 (82) <0.001
Body mass index, kg/m?  22.343.6 21.8+4.0 224438 22.7+3.0 0.001 21.9+4.1 226+3.6 224+3.0 0.011
Blood pressure, mm Hg
Systolic 125 +£30 124 +£29 126 £29 124 +31 0.351 123 +29 126 £29 125 £ 31 0.212
Diastolic 70+ 18 68+ 18 71+17 71+19 0.083 68+ 18 70+ 18 71+18 0.088
Heart rate, /min 78 +£20 78+20 78+ 18 77 £21 0.796 77+19 79420 77 +£20 0.252
Diagnosis, no. (%) <0.001 <0.001
Acute coronary 320 (22) 53 (1) 91 (18) 176 (36) 6l (12) 103 (21) 156 (32)
syndrome
Heart failure 567 (39) 251 (51) 181 (36) 135 (28) 245 (49) 183 (37) 139 (28)
Cardiac surgery 391 (27) 126 (26) 151 (30) 114 (24) 128 (26) 132 (27) 131 (27)
Others 196 (13) 62 (13) 74 (15) 60 (12) 62 (13) 71 (15) 63 (13)
History of disease, no. (%)
Hypertension 1049 (71) 362 (74) 350 (70) 337 (70) 0.334 362 (73) 342 (70) 345 (71) 0.536
Diabetes mellitus 594 (40) 222 (45) 209 (42) 163 (34) 0.001 216 (44) 203 (42) 175 (36) 0.037
Dyslipidemia 791 (54) 239 (49) 275 (55) 277 (57) 0.018 251 (51) 271 (55) 269 (55) 0.243
Prior heart failure 368 (25) 169 (34) 129 (26) 70 (14) <0.001 175 (35) 113 (23) 80 (l6) <0.001
Prior myocardial 269 (18) 104 (21) 80 (16) 85 (18) 0.107 98 (20) 86 (18) 85 (17) 0.564
infarction
Smoking, no. (%) 240 (16) 45 (9) 74 (15) 121 (25) <0.001 51 (10) 67 (14) 122 (25) <0.001
Left ventricular ejection 527+ 154 521165 532+145 53.0+£15.1 0.049 520+16.1 535+148 5274153 0.031
fraction, %
Albumin, g/dl 3.6+0.5 34+05 35+05 3.7+04 <0.001 34+05 36+05 3.7+£05 <0.001
Hemoglobin, g/dI 11.9£2.0 I3£1.9 11.8£2.0 128+ 1.9 <0.001 11319 11.9£20 126 £ 1.9 <0.001
eGFR, ml/min/1.73 m? 51.1+20.6 445+21.2 525+215 564+17 <0.001 454+21.7 52.0£20.7 56.0+179 <0.00l
LDL-cholesterol, mg/dl 92429 88129 93431 94128 0.001 89430 91128 96 +£29 0.001
6MWD: six-minute walk distance; eGFR: estimated glomerular filtration rate; LDL: low-density lipoprotein.
Values are mean =+ standard deviation (SD) or percentage of total.
(a) 1.00 (®) 1.00
0.751 0.75
g o
g 0.50 (—i 0.50
a B6MWD tertile g Gait speed tertile
= High: > 446m %5} — Fast: > 1.17 m/sec
= Mid: 342 — 445 m = Mod: 0.95 — 1.16 m/sec
0.25 9 —— Low: <341 m 0.25 —— Low: <0.94 m/sec
0.001 Log rank test P < 0.001 0.00 . Log ra'nk test P'< 0.001 ] . . . .
0 1 2 3 4 5 6 7 0 1 2 3 4 5 6 7
Years Years
Number at risk
Low 492 306 172 101 70 40 19 9 Low 496 316 187 111 79 44 17 7
Mid 497 362 258 159 116 78 45 17 Mod 489 354 246 152 108 76 46 17
High485 349 226 152 109 73 40 16 High489 347 223 149 108 71 41 18

Figure 1. Kaplan—Meier curves for all-cause death according to tertiles of six-minute walk distance (6MWD) (a) and gait speed (b).
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(a) (b) = 6MWD
m Gait speed AUC (95% Cl) P-value
1.00 (vs. 6BMWD)
—— 0.69 (0.57 — 0.81)
ACS 0.700
— . 0.67 (0.56 — 0.79)
0.75 . - 0.62 (0.56 — 0.68)
Heart failure 0.283
g B 0.60 (0.54 — 0.66)
2
S — . 0.67 (0.54 - 0.79
Z 050 Cardiac surgery ¢ ) 0.988
5 —— 0.66 (0.55 — 0.78)
(]
0.65 (0.57 = 0.74,
Female - ( ) 0.560
0.25 P-value N 0.67 (0.59 — 0.75)
AUC (95% Cl) (vs. BMWD)
— 6MWD 0.66 (0.61 —0.70)
=== Gait speed 0.64 (0.60 — 0.69) 0.357 - 0.68 (0.63 — 0.73)
Male 0.167
- 0.66 (0.61 —0.71)
0.00 - i
0.00 0.25 0.50 0.75 1.00 0O 02 04 06 038 1
1-Specificity AUC

Figure 2. Comparison of prognostic capabilities of six-minute walk distance (6MWD) versus gait speed in all subjects (a) and various

subgroups (b).

ACS: acute coronary syndrome; AUC: area under the curve; Cl: confidence interval.
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Figure 3. Dose-response associations of six-minute walk distance (6MWD) (a) and gait speed (b) with all-cause mortality.

Discussion

The primary findings of our study were as follows: (a)
gait speed showed a strong positive correlation with
6MWD in older patients with CVD; (b) 6MWD and
gait speed were both independent predictors of mortal-
ity; (c) the prognostic capabilities of gait speed were
comparable to those of 6MWD in both all-CVD
cohort and across various disease subgroups. These

results suggest that gait speed, which is a quickly and
repeatedly measurable metric, can be a useful risk
stratification tool for older CVD patients.

The 6MWD is a widely used tool to assess functional
capacity in a wide range of populations, including CVD
patients. Several studies demonstrated its ability to pre-
dict outcome including heart failure,”®* coronary artery
disease,” and those undergoing cardiac surgery.®'°
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It has also been suggested that the prognostic utility of
6MWD is comparable to that of cardiopulmonary exer-
cise testing.”> On the other hand, gait speed has also
been shown to predict morbidity and mortality in com-
munity-dwelling elderly populations,'? those with acute
coronary syndrome,” heart failure,'> and patients
undergoing transcatheter aortic valve replacement,”®
percutaneous coronary intervention,?’ or cardiac sur-
gery.!! However, no direct comparisons of prognostic
capability between 6MWD and gait speed have been
reported. In this study, gait speed showed prognostic
capability comparable to 6MWD in both all-cohort
and various subgroups, including acute coronary syn-
drome, heart failure, and post-cardiac surgery. To our
knowledge, this is the first study to show similar prog-
nostic capabilities of gait speed and 6MWD in older
patients with CVD.

The mechanism underlying the association between
slow gait speed and mortality may involve sarcopenia/
frailty and exercise capacity. With the aging of the popu-
lation, it is becoming increasingly important to integrate
sarcopenia/frailty as a vital sign in older patients to
guide management and coordinate better care.”® The
current criteria require measurement of gait speed to
identify sarcopenia/frailty,"?’ and gait speed is the
most suitable functional test for pharmacological trials
in frail older adults.*® Both skeletal muscle mass and
muscle strength are significant determinants of gait
speed in patients with CVD, and higher values of both
have been shown to have protective effects against
CVD.*332 In addition, both muscle mass and strength
are strongly correlated with circulating inflammatory
markers in patients with chronic diseases.*** The
results of the present study indicated that gait speed
was lowest in older patients, and slow gait was seen
more often in women with higher prevalence rates of
previous heart failure and impaired nutritional status.
These multiple comorbidities and frailty likely contrib-
ute to morbidity and mortality. Other possible mechan-
isms involve the associations of gait speed or sarcopenia
and exercise capacity. Exercise capacity is one of the
strongest predictors of mortality in healthy individuals
and patients with CVD.**® The results of the present
study indicated that gait speed has a strong positive cor-
relation with 6 MWD (r = 0.80), and gait speed predicted
established critical cut-off points of 6sMWD < 300 m'® 2!
and 400 m*>* with sensitivity and specificity values
above 80%. Previously, we demonstrated that quadri-
ceps strength was a strong predictor of exercise capacity
and mortality in patients with coronary artery dis-
ease.’”*” These data and those of the present study indi-
cate that sarcopenia/frailty is a critical determinant of
exercise capacity and prognosis, and also support the
results of comparable prognostic capability of gait
speed to 6MWD in elderly patients with CVD.

Measurement of gait speed over a short distance
has the advantages of both rapidity and simplicity,
requiring only a stopwatch and having a typical
assessment time of 1-2min. The test is also easy for
patients to understand, and the short distance
involved may allay their fears associated with maximal
or near-maximal tests. Furthermore, the test requires
little space, and is therefore suitable for most clinical
environments. Conversely, the 6MWD test requires
significant space, which may be problematic for smal-
ler office practices or home care settings. Shimada
et al. compared several physical performance tests to
predict the need for help with personal care in 10,351
adults aged >65 years.>® The usual gait speed showed
a stronger correlation with the requirement for per-
sonal care assistance than other performance measures
(odds ratio=15.9; AUC=0.92-0.94). Gait speed can
be measured reliably, and is a sensitive, quick, and a
simple tool.*® Therefore, gait speed measurement can
be used as a risk stratification tool and to evaluate the
effects of clinical care and interventions in clinical
settings.

Our study had several limitations. First, this was a
retrospective study with limited follow-up. Second, we
measured 6MWD and gait speed only once; repeated
measurements would have provided information about
the prognostic power of 6MWD and gait speed changes
over time. Third, some factors associated with mortal-
ity of CVD patients, such as socioeconomic and psy-
chological status, were not examined. Finally, multiple
testing was conducted in this study, which may increase
the false-positive (type I error) rate.

Conclusion

Gait speed provided prognostic capability comparable
to 6MWD in both all-cohort and across various sub-
groups. These observations indicated the potential util-
ity of gait speed as a simple risk stratification tool in
older CVD patients.
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