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The course of gait speed during
a 400m walk test of mobility
limitations in community-
dwelling older adults

Introduction

Long-distance walk tests, when per-
formed as fast as possible, are widely
used to assess cardiorespiratory fit-
ness. In contrast, the 400-m walk test
(400MWT) with the instruction to walk
with usual pace is often incorporated
into epidemiological studies to measure
mobility limitations [1-3]. Compared
to other functional outcome measures
such as the short physical performance
battery (SPPB), it is less prone to ceiling
effects in high-functioning older adults
[4] and mean usual gait speed can be
calculated from completion time.
Habitual/usual gait speed is increas-
ingly recognized as a vital sign [5]. Gait
speed slower than 1.0m/s has been pre-
dictive of negative outcomes, like frailty,
mortality, mobility limitations, falls and
decreased quality of life [6-8]. There-
fore, shortdistance walk tests over 4m,
8m or 10m, when performed at usual
pace, are commonly used to describe
a person’s general physical ability [9, 10].
Assessment protocols covering several
research questions can be overdemand-
ing and should be merged whenever
possible.  Intuitively, the assessment
of a shortdistance walk to assess gait
speed and a long-distance walk could
be combined if both tests are performed
with the same pace instructions. Mea-
surements of usual walking have been
shown to be affected by various factors

(e.g. distance, acceleration/deceleration
phase, instructions, measurement in-
struments), which should therefore be
standardized [5]. For instance, Najafi
et al. (2009) found a significant in-
crease in stride time velocity during
long walking distances (e.g. >20m)
compared to short walking distances
(e.g.- <10m) in older persons [11]. The
course of gait speed during even longer
distances has not been investigated so
far. It is therefore questionable whether
400MWT generally show plateau phases
(e.g. start, middle, end) that would allow
integration of a shortdistance walk test.

In addition, a person’s walking perfor-
mance is modified by individual charac-
teristics [12], such as physical, psycho-
logical and/or general health aspects. Ac-
cordingly, the performance of function-
ally limited persons during a 400MW'T
should be more affected by factors like fa-
tigue, stability/regularity of walking [12,
13], executive function, fear of falling
[14, 15], comorbidity and falls history.
In contrast, healthy older adults should
be more influenced by motivational fac-
tors resulting in overperforming or ini-
tial/final sprint.

The aim of this study was to de-
scribe the course of gait speed during
a 400MWT of usual walking pace in
community-dwelling older adults and
to determine whether a possible plateau
phase of gait speed would allow inte-
gration of a shortdistance walk test. In
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Table 1

ing older adults
Descriptive parameters/covariates®

Sex, female/male?

Age (years)

Body height (cm)

Body weight (kg)

Body mass index (kg/m?)

Short physical performance battery (0-12)
Functional comorbidity index (0-18)?
Fallers, yes/no?

Falls efficacy scale - international (716-64)?
Geriatric depression scale (0-15)

Montreal cognitive assessment (0-30)
Trail making test delta (s)?

400 m walking aid, yes/no

400-m completion, yes/no

400-m rest, yes/no

8-m gait speed (m/s)

400-m gait speed (m/s)

8-m stride length variability (%)*

8-m step width variability (%)?

Descriptive parameters, which partly served as covariates (%), of all (n = 148) participat-

Mean = SD (range) or n (%)
90 (60.8)/58 (39.2)
80.4+4.4(71-93)
164.0+10.4 (142-198)
75.0+16.3 (43.9-121.9)
27.8+4.9(17.6-43.3)
11.0+1.6 (4-12)
3.6+2.2(0-9)
55(37.2)/93 (62.8)
21.1+5.7 (16-44)
1.69+ 2.0 (0-10)
25.4+2.9(13-30)
86.2+51.7 (12-266)
19(12.8)/129 (87.2)

144 (97.3)/4 (2.7)
9(6.1)/139(93.9)

1.21+ 0.3 (0.33-1.80)
1.14+0.3 (0.26-1.74)
2.97+1.5(0.8-8.6)
27.05+14.2 (7.1-78.2)

| Better score values are italicized, SD standard deviation, n number of cases

Table 2 Mean gait speed during the 400m walk test for all subgroups

Covariates N
(Dichotomized variables)

Gait speed [m/s],
Mean (95% confidence interval)

Gender, female/male 90/58 1.11(1.11-1.12)/1.19(1.18-1.20)
Step width variability, <27%/>27%“ 96/52  1.12(1.11-1.13)/1.18 (1.18-1.19)
Stride length variability, < 2.86%/>2.86%"  83/65 1.22(1.21-1.22)/1.05 (1.04-1.06)
Falls, yes/no 55/93 1.10(1.09-1.11)/1.17 (1.16-1.18)
Functional comorbidity index, <3/>3 75/73  1.24(1.23-1.24)/1.04 (1.03-1.06)
Falls efficacy scale - international, 109/39 1.21(1.20-1.22)/0.94 (0.93-0.95)

<22/>22¢
Trail making test delta, <72s/>72 s¢

*Ciprandi et al. (2017) [24]

*Doi et al. (2020) [26]
‘Delbaere et al. (2010) [25]
“Hobert et al. (2011) [27]

73/74

1.18(1.17-1.18)/1.11 (1.10-1.12)

addition, we investigated the impact
of physical, psychological, and general
health-related covariates on the course
of gait speed during a 400MWT.

Material and methods

Subjects and design

In total 148 community-dwelling older
adults from the greater area of a south-
east German city were assessed between
May and December 2019. The partici-
pants were recruited via an existing data

pool and distribution of flyers. Inclusion
criteria were an age of at least 70 years,
living independently, the ability to walk
400m and the ability to follow instruc-
tions. Participants were excluded if they
were dependent on the use of wheeled
walkers and/or reported serious ortho-
pedic and/or neurologic diseases causing
gaitimpairments. Assessmentslasted ap-
proximately 120-240 min and consisted
of a structured personal interview and
a gait analysis, including a 400MWT,
in a well-lit hallway. The study proto-
col was approved by the ethics commit-

tee of the Friedrich Alexander University
(43_19B) and all participants gave writ-
ten informed consent.

Primary outcome

The 400MWT was performed according
to an evaluated protocol to assess mo-
bility limitations [2]. This test consisted
of 10 laps over a 20m course marked by
two traffic cones, placed 18.5 m apart,
as an average turning distance of 1.5m
was assumed (shown in B Fig. 1). Partic-
ipants started from a standing position
at the left cone and walked up and down
the corridor in a continuous loop, pass-
ing the course twice in each lap. The
objective was to complete the 400m at
a usual, preferably steady, pace but with-
out overexertion. The instruction was
as follows: “This is not a fitness test.
Please walk at a speed as if you were
taking a stroll in the park, knowing that
you have a longer distance to cover” To
increase ecological validity, participants
were asked to wear their own habitual out-
door shoes and use their assistive devices.
Only wheeled walkers, which probably
would have caused problems during the
turning phases of the 400m walk test,
were not permitted. Participants paused
to rest whenever necessary and the num-
ber of rests, taken while standing without
touching the walls, was recorded. The
test was aborted at any time if requested
or at signs of overexertion. Total time
of the 400MW'T and each individual lap
were assessed by stopwatch and mean
gait speed was calculated. In the case of
noncompletion, gait speed was obtained
from the distance and time walked until
drop-out.

Descriptive parameters/covariates

Demographic and anthropometric data,
such as age, sex, body weight and height
were recorded. With respect to psycho-
logical parameters, depressive symptoms
were assessed using the 15-item geriatric
depression scale (GDS) [16]. The scores
ranged from 0 to 15, with greater val-
ues indicating greater depressive symp-
toms. The Montreal cognitive assessment
(MoCA) measured global cognitive func-
tion with a maximum/best score of 30
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[17]. Previousstudies have demonstrated
arelationship between psychological out-
comes, such as executive function, and
gait abilities of older adults [15]. There-
fore, executive function was measured
by the trail making test (TMT) [18] con-
sisting of a part A (visuomotor tracking)
and a part B (visuoconceptual function).
The difference between the two comple-
tion times (TMT delta) was taken as out-
come. The falls efficacy scale-interna-
tional (FES-I), a 16-item questionnaire
with a maximum/worst score of 64 [19]
was performed. Fear of falling is preva-
lent among older adults, affects gait per-
formance and is a proven predictor of
fall risk [14].

Regarding general health, comorbid-
ity was evaluated using the functional
comorbidity index (FCI), a list of 18 co-
morbid diseases that are associated with
physical function [20]. Additionally, his-
tory of falling was obtained, with “fallers”
defined as individuals who reported at
least one fall during the last year.

In terms of physical parameters,
global physical function of the partic-
ipants was described using the SPPB,
which included a repeated sit-to-stand
transfer, a static balance test and a 4m
usual paced walk test [21]. Each test
component of the SPBB had a possible
score of 0-4. Total scores ranged from 0
to 12, with higher values indicating bet-
ter physical function. Furthermore, gait
speed, stride length variability and step
width variability, indicating capacity and
quality/regularity of walking [12], of all
participants were assessed on an 8m long
instrumented walkway with embedded
pressure sensors (GAITRite, Franklin,
NJ, USA) with additional 2.5m for ac-
celeration and deceleration before and
behind the mat [22, 23]. Gait variability
quantifies fluctuations in temporal and
spatial walking patternsand isan indirect
measure of gait stability and regularity
[24, 13, 12]. Following a standardized
protocol, participants were instructed to
walk with their usual pace and their own
outdoor shoes.

Assessment instruments showing
floor or ceiling effects were not consid-
ered as covariates for subgroup analyses
(shown in BTables 1 and 2). Further-
more, age was also excluded due to its
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Abstract

Background. The 400-m walk test (400MWT)
of usual gait speed is an assessment of
mobility limitations in geriatric medicine and
sarcopenic research.

Objective. The aim of this study was to
describe the course of gait speed during

a 400MWT in community-dwelling older
adults in terms of physical, psychological and
general health-related outcomes. Possible
plateau phases during the 400MWT could
enable integrated measurements of short
distance walk tests.

Methods. In this study 148 community-dwell-
ing older adults (mean age 80.4 + 4.4 years,
61% women) performed a 400MWT at
comfortable gait speed. Additionally, an 8m
walk test was carried out and history of falling,
sex, comorbidities, fear of falling, executive
function and gait variability were determined
as covariates.
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The course of gait speed during a 400m walk test of mobility
limitations in community-dwelling older adults

Results. Gait speed was higher in the
beginning and the end of the 400MWT
compared to the middle part with respect
to all analyzed covariates. Mean gait speed
of the 8m walk test was significantly faster
than mean gait speed of the 400MWT (t
(df=147)=0.07,p=0.001).

Conclusion. The course of gait speed during
a 400MWT performed by community-
dwelling older adults was not affected by
sex, gait variability, comorbidity, history of
falling, fear of falling or executive function.
Gait speed measurements of the 400MWT do
not fully represent assessment of supervised
short distance gait speed in community-
dwelling adults.

Keywords
Cross-sectional studies - Geriatric assessment -
Humans - Walking - Aging

lebenden alteren Erwachsenen

Zusammenfassung

Hintergrund. Der 400 m-Gehtest (400MWT)
in habitueller Ganggeschwindigkeit erfasst
Mobilitatseinschrankungen in der Geriatrie
und Sarkopenieforschung.

Ziel. Ziel der Studie war es, den Verlauf

der Ganggeschwindigkeit wahrend eines
400MWT bei selbststandig lebenden

dlteren Erwachsenen in Abhdngigkeit

von physischen, psychologischen und
allgemein gesundheitsbezogenen Faktoren
zu beschreiben. Mdgliche Plateauphasen
waéhrend des 400MWT kdnnten integrierte
Messungen kurzer Gehtests erméglichen.
Methode. Insgesamt 148 selbststandig le-
bende dltere Erwachsene (Durchschnittsalter
80,4+ 4,4 Jahre, 61 % Frauen) absolvierten
einen 400MWT in habitueller Ganggeschwin-
digkeit. Zusatzlich wurde ein 8 m-Gehtest
durchgefiihrt, daneben wurden die Parameter
Sturzereignisse, Geschlecht Komorbiditat,
Angst vor Stiirzen, exekutive Funktionen und
Gangvariabilitat als Kovariaten bestimmt.

Der Verlauf der Ganggeschwindigkeit in einem 400 m-Gehtest zur
Untersuchung von Mobilitatseinschrankungen bei selbststindig

Ergebnisse. Die Ganggeschwindigkeit im
400MWT war hinsichtlich aller analysierten
Kovariaten anfangs und am Ende hoher

als im mittleren Teil. Die durchschnittliche
Ganggeschwindigkeit im 8 m-Gehtest

war signifikant hoher als im 400MWT (t
(df=147)=0,07,p=0,001).
Schlussfolgerung. Der Verlauf der Gangge-
schwindigkeit wahrend eines 400MWT bei
selbststdndig lebenden dlteren Erwachsenen
wurde nicht von den Kovariaten Geschlecht,
Gangvariabilitdt, Komorbiditat, Sturzereig-
nisse, Sturzangst oder exekutive Funktionen
beeinflusst. Ganggeschwindigkeitsmes-
sungen des 400MWT sind nur bedingt auf
supervidierte, kiirzere Assessments der
Ganggeschwindigkeit bei selbststandig
lebenden Erwachsenen generalisierbar.

Schliisselworter
Querschnittsstudien - Geriatrisches
Assessment - Menschen - Gehen - Altern
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Fig. 2 A Gait speed duringthe 400m walk testand 8m walk test for (a) the total group, and the covariates (b) women and men,
cstepwidthvariability?< 27%and > 27%and d stride length variability®< 2.86% and > 2.86%. **Assessed with GAITRite system

narrow range and high association with
the other covariates.

Statistics

Variables were described by mean, stan-
dard deviation and 95% confidence in-
terval, minimum and maximum. For
subgroup analysis the results of covari-
ates were dichotomized to high versus
low performers regarding reference val-
ues [24-27], median split (comorbidity)
or obvious categories (sex, falls). A paired
t-test was performed to analyze the dif-
ference between the gait speed of the
400MWT and gait speed of the 8m walk
test. All analyses were performed using

SPSS® version 24.0 (SPSS, Inc., Chicago,
IL, USA).

Results

In this study 148 participants with a mean
age of 80 years (61% women) were re-
cruited of whom 144 (97%) completed
the 400MWT and 19 (13%) walked with
a walking aid. The SPPB (81 participants
with maximum score), the GDS (90 par-
ticipants with minimum score) and the
MoCA (79 participants with a score of
>25) showed ceiling effects and were
therefore not considered for subgroup
analysis (meaning dichotomization as
high and low performers). Descriptive

parameters of all participants are pre-
sented in detail in @ Table 1. The mean
gait speed of all dichotomized variables
over all 10 laps of the 400MWT is de-
scribed in @ Table 2. Differences in gait
speed between low and high performers
were shown, as confidence intervals did
not overlap for any covariate analyzed.
A general pattern of gait speed during
the 400MWT was observed that was
similar between men and women and
for all other subgroups (shown in @ Fig. 2
and 3). Gait speed peaked in the first
lap, then dropped to a relatively stable
plateau phase in the middle part of the
400m and increased again through the
end of the test. Furthermore, mean gait
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Fig. 3 A Gait speed during the 400m walk test and 8m walk test for the covariates a fallers and non-fallers, b comorbidity <3
and >3, cfear of falling < 22 and > 22 and d trail making test difference <72sand >72s

speed of the 8m walk test was signifi-
cantly faster than mean gait speed of the
400MWT (t (df=147)=0.07, p=0.001).

Discussion

Our results present a general pattern of
gait speed during a 400MWT in a rel-
atively fit population of community-
dwelling older adults who are unaffected
by physical, psychological, and general
health-related outcomes. In detail, this
course of gait speed was shown to be
independent of the influence of the co-
variates sex, gait variability, fear of falling,
executive function, comorbidity or falls
history. A relatively stable plateau phase
of gait speed was observed in the mid-
section of the 400MWT. With respect
to steady state gait speed measurements,
our results imply that a shortdistance
walk test of usual gait speed could be
included into this middle part of the
400m; however, since a paired t-test
showed a significant difference between
the walking speeds of the 400MW'T and
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an 8m walk test, this recommendation
can only be issued with reservations.

It is noteworthy that the gait speed in
each lap of the 400MWT was slower than
in the shortdistance walk test. This could
be explained by fatigue and/or several
decelerations during the turning phases
around the cones. Furthermore, walk-
ing over a longer distance may reduce
the awareness of being observed. It has
been shown that supervised gait speed
measurements in a laboratory were faster
than unsupervised gait speed assessed
during daily life in community-dwelling
adults [28]. This suggestion is corrob-
orated by the fact that gait speed de-
creased after the start over 2-3 laps in
our study. Future studies should there-
fore compare gait speed of the middle
part of a 400MWT with daily life unsu-
pervised gait speed.

Our results contrast with the above-
mentioned publication of Najafi et al.
[11], which examined only a small sam-
ple (n=24) of older adults. It could be
argued that their long walks (20 m) were

much shorter than the400MW T and thus
were not longdistance walks. Further-
more, our results are corroborated by
Pasma et al. who found that gait speed
of a 10m walk was faster than velocities
measured during a 6-min walk, although
the persons were instructed to walk as fast
as possible during this longdistance walk
[29]. Nevertheless, our results cannot be
applied to longdistance walk tests, such
as the 2-min, 6-min [30], 12-min [31] or
the 400MWT [32], if instructed to walk
as far or as fast as possible over the given
time or distance in order to assess car-
diorespiratory fitness. Here, a different
course of gait speed could be possible. As
a limitation of our study a participation
of mainly physical healthy older adults
has occurred due to the broad inclusion
criteria affecting the generalizability of
the study.

Conclusion

In conclusion, the general pattern of de-
crease, plateau and increase of gait speed



during a 400MWT is similar for high
and low performers. Furthermore, the
course of gait speed during a long-dis-
tance walk tests performed by commu-
nity-dwelling older adults in usual pace
is not modified by sex, gait variability,
comorbidity, history of falling, fear of
falling or executive function. Since the
awareness of being observed is probably
higher at the beginning and the end of
long-distance measurements, the middle
part of the 400MWT might correspond
to unsupervised gait speed during daily
life in community-dwelling older adults.
Future studies should investigate this.

Relevance to clinical practice

== The course of gait speed during
a 400MWT performed by commu-
nity-dwelling older adults is not
modified by sex, regularity of walk-
ing, comorbidity, history of falling,
fear of falling or executive function.

== Mean gait speed of an 8m short-
distance walk test was significantly
faster than mean gait speed of the
400MWT.
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Was meinen Sie?

a) Es besteht Vorhofflattern mit unregelméRiger Uberleitung.

b) Es besteht ein AV-Block I° und ein unbestimmter Schenkelblock.
¢) Es besteht ein AV-Block II° Typ Wenckebach (= Mobitz 1).

Die Losung dieses Falls sowie weitere spannende 107 EKG-Félle in unter-
schiedlichen Schwierigkeitsstufen mit Losungshinweisen und ausfiihrlichen
Kommentaren finden Sie im Intensivkurs-EKG von Herrn PD Dr. Carsten W. Israel,
Bielefeld. Verbessern Sie lhre Routine in der Interpretation von EKG-Aufzeichnun-
gen!

Einfach diesen QR-Code scannen:
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