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Abstract
Background: Timed 25-foot walk (T25FW) test serves as gold standard in care of persons with multiple
sclerosis (PwMS) and as walking measure of regulatory trials.
Objective: To validate and determine the clinical utility of Expanded Timed Get-Up and Go (ETGUG) as a
disability measure in MS.
Methods: ETGUG intra-rater and inter-rater reproducibility was determined in 65 PwMS that were exam-
ined twice in two centres over 1-week. Values below the 5th and above the 95th percentile were considered
minimally detectable change. A longitudinal cohort (32.4 months) of 145 PwMS from New York State MS
Consortium (NYSMSC) was used for clinical validation as a predictor of disability worsening measured by
Expanded Disability Status Scale (EDSS).
Results: ETGUG and T25FW had noteworthy intra-rater and inter-rater reproducibility (Cronbach coef-
ficient>0.949). One-week ETGUG difference ranged from 15.07% to −14.84% (5th and 95th percentile).
Over the NYSMSC follow-up, PwMS had significant slowing in walking as measured by ETGUG (20.8 to
25.9s, p= 0.009) but not by T25FW. 15% ETGUG worsening had similar ability to predict EDSS worsen-
ing when compared to 20% T25FW worsening (AUC 0.596 vs. 0.552).
Conclusion: Over 32-month follow-up, PwMS experience slowing in ETGUG walking time but not in
T25FW. Although the scoring may be more challenging, ETGUG could be more sensitive to change
and provide more comprehensive measure of lower extremity performance and ambulation in PwMS.
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Background
Multiple sclerosis (MS) is a life-long neuroinflamma-
tory and neurodegenerative disease of the central
nervous system (CNS) that results in significant phys-
ical and cognitive disability.1 Early in their disease
course, most persons with MS (PwMS) are diagnosed
with relapsing-remitting (RR) disease, where they
experience acute neurological worsening with com-
plete or partial recovery.1 Over a period of 20–25
years, most PwMS will transition into a progressive
MS (PMS) phase that is characterized by a continuous
and slow accumulation of permanent disability.2

Within the disability spectrum, walking impairment

is reported as most prevalent disease symptom.3

More importantly PwMS value ambulation and gait
as one of the most important bodily dimensions.4,5

Two most commonly utilized outcome measures that
focus on MS disability, and walking in particular, are
Expanded Disability Status Scale (EDSS) and Timed
25-foot walk (T25FWT) test.6,7 Additional measures
such as 6-min walk test (6MWT) and patient-reported
walking measures (e.g. Multiple Sclerosis Walking
Scale-12; MSWS-12) are also used.3 Whereas lower
EDSS scores are calculated as a composite measure
of multiple neurological domains, EDSS scores of
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4.0 or greater are primarily based on the gait dysfunc-
tion and directly linked to the patient’s ambulation.6

Similarly, T25FW test directly quantifies the time
needed for walking 25 feet in a straight line as
quickly as possible but safely.7 T25FW is easy to
administer and widely used in routine clinical prac-
tice.7 Both measures have served as either primary
or secondary trial outcomes of almost all phase-3 clin-
ical trials.8,9

A limitation of both measures is their relative unidi-
mensionality when it comes to capturing the extent
of the walking disabilities and their impact on real-
world functioning. Aspects such as turning while
walking, getting up from a seated position, or sitting
down, are all important activities that can significantly
impact the quality of life and would not be captured
by T25FW.10 T25FW test covers only a small
walking distance and previous studies suggest that
the PwMS do not reach their maximum walking
speed.11 In contrast, a walking test called the
Expanded Timed Get-Up and Go (ETGUG), an adap-
tation of the Timed Up and Go (TUG), has been
developed and utilized for the purpose of screening
the geriatric population for their walking disability
and their risk for falls.12 TUG test has been previously
validated as a measure of functional mobility in MS
and demonstrates construct validity with T25FW.10,13

It comprises of several steps including standing-up,
walking 3 metres, turning-around and walking back
to sit down. While TUG provides a single time
outcome for the sequence of events, ETGUG measures
separate times for each segment of the test.12 ETGUG
test has not been validated in the MS population thus
far, but extensive data in aging healthy population is
published.

Based on this background, there is a significant scien-
tific rationale to validate and determine the clinical
utility of ETGUG as an appropriate disability
measure in the MS population. We hypothesize that
ETGUG will have good intra-rater, inter-rater, and
short-term test-retest reproducibility. Moreover, we
hypothesize that ETGUG will have comparable clin-
ical utility when compared to T25FW. Lastly, we
aim at determining ETGUG change cut-off values
for determining walking worsening in PwMS.

Methods and materials

Prospective reproducibility cohort
The ETGUG reproducibility was designed as a two-
centre study (both sites located in Buffalo, NY)
which enrolled PwMS with the following inclusion

criteria: 1) 18–65 years old, 2) MS diagnosis based
on the 2010 McDonald criteria, 3) being ambulatory
or having EDSS between 2.0–6.5 (EDSS score of
6.5 reflects ability to walk 20 metres with bilateral
support such as crutches or walker). The exclusion
criteria were experiencing an MS relapse within the
last 3 months and cognitive disorders that would
prevent the patient to provide informed consent.

New York State Multiple Sclerosis Consortium
(NYSMSC) cohort
The second longitudinal study cohort consisted of
PwMS enrolled in the New York State Multiple
Sclerosis Consortium (NYSMSC) following the same
inclusion/exclusion criteria. In particular, the NYSMSC
database excludes visits that occurred due to acute clin-
ical relapse and/or new MRI activity. Only the patients
from the NYSMSC were considered for the longitudinal
EDSS worsening analysis shown hereafter.

The PwMS from site 1 of the reproducibility cohort
and the NYSMSC cohort were clinically evaluated
by a board-certified neurologist and their disability
scores were determined using EDSS and functional
scores (FS).6 The EDSS scores from the second site
were retrieved from their electronic medical records.
Disability progression was determined based on cri-
teria commonly used in all recent phase 3 MS trials
and explained in Supplemental Material.14 All
remaining patients were categorized as stable. Based
on the disease history and clinical presentation, the
treating neurologist classified them as RRMS or
PMS. Demographic and clinical information such as
age of diagnosis, disease duration, relapses, and use
of disease-modifying treatment (DMT) were col-
lected. The study was approved by the Institutional
Review Board (IRB) and all study participants
signed a written consent form.

Walking measures
The walking ability of the PwMS was determined
using ETGUG and T25FW test. Detailed description
of both tests is found in Supplemental Material.

The PwMS enrolled in the prospective part of the
study underwent evaluation by two separate raters
(two raters in each centre, with a total of 4 tests per-
formed during a visit) for ETGUG and T25FW.
Each rater performed the tests twice on the same
PwMS. The evaluation was additionally repeated
after 1-week follow-up.

PwMS from the NYSMSC underwent one-time
(1 rater, 1 test per visit) ETGUG and T25FW testing
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both at baseline and approximately 2 years afterward
(follow-up times were based on the routine clinical
visits with the treating neurologist). All study visits
and follow-up times recorded in the NYSMSC are
based on the routine care of the PwMS with no add-
itional study visits being implemented. Clinical
visits due to acute neurological/MRI changes such
as clinical relapse, administration of corticosteroid
therapy or presence of new gadolinium/T2 lesions
are excluded from the Consortium. Absolute and
percent-based changes in ETGUG and T25FW were
analyzed with regard to their disability progression
through the aforementioned EDSS criteria.

Statistical analyses
All statistical analyses were performed using SPSS
version 26.0 (IBM, Armonk, NY, USA). Data distri-
bution and data normality were assessed using the
Kolmogorov-Smirnov test and visual inspection of
Q-Q plots and tests selected based on the normality
of the data distribution. Outliers were determined as
data points falling outside 3.29 standard deviations
(SD), representing data outside of the 99.9th percent-
ile.15 Missing values of some ETGUG segments were
added using imputation which was proportionately
based on the longitudinal change in other segments.

In detail, the change of a missing ETGUG segment
from baseline to follow-up was calculated based on
the % change seen in the remaining five ETGUG seg-
ments. Less than 5% of the data was imputed. Due to
the non-parametric (skewed) data distribution of the
walking measures, all measures are shown as
medians and interquartile ranges (IQR). Data was
compared using Mann Whitney U-test (non-
parametric numerical data), Student’s t-test for (para-
metric numerical) and χ2 for categorical data.
Analysis of covariance (ANCOVA) with ranked
transformed variables was also utilized for adjusted
comparison of non-parametric data. Each test utilized
for each comparison is shown in the respective
legends of the Tables. Associations between paramet-
ric variables were assessed using Pearson’s correla-
tions. The reproducibility (intra-rater and inter-rater
variability) was assessed using a two-way mixed
model for interclass correlation coefficient (ICC)
and Cronbach α coefficient. ICC ranges from 0 to 1,
where coefficients close to 1 indicate high similarity
between the trials. Cronbach α coefficient determines
how close all the variables are grouped, and values
close to 1 indicate unidimensionality (internal consist-
ency). Bland-Altman plots were used to determine the
pooled test-retest reproducibility and limits of

Table 1. Demographic characteristics of the study population from the ETGUG reproducibility study.

Demographic and clinical
characteristics

Total MS
population
(n= 65) Site 1 (n= 35) Site 2 (n= 30) p-value

Age in years, mean (SD) 54.5 (13.6) 52.7 (13.9) 56.6 (13.1) 0.26a

Female, n (%) 49 (75.4) 25 (71.4) 24 (80.0) 0.424c

Caucasian, n (%) 57 (87.7) 28 (80.0) 29 (96.7) 0.11c

Age of MS diagnosis in years,
mean (SD)

32.9 (10.6) 31.6 (11.1) 34.6 (10.0) 0.278a

Disease duration in years, mean
(SD)

21.6 (11.0) 20.7 (9.9) 22.8 (12.4) 0.46a

RRMS, n (%) 48 (73.8) 24 (68.6) 24 (80.0) 0.257c

PMS, n (%) 16 (24.6) 11 (31.4) 5 (16.7)
EDSS, median (IQR)* 4.0 (3.0–6.0) 3.5 (2.5–6.0) 5.25 (3.5–6.0) 0.088b

Pyramidal FS 2.0 (1.5–3.0) 2.0 (1.0–3.0) 3.0 (2.0–3.0) 0.012b

Legend: MS – multiple sclerosis, RRMS – relapsing-remitting multiple sclerosis, PMS – progressive multiple sclerosis,
EDSS – Expanded Disability Status Scale, FS – functional scores, SD – standard deviation, n – number, IQR –
interquartile range. Based on the distribution of the data, the comparison was performed using: a - parametric Student’s
t-test, b - non-parametric Mann-Whitney U test, c – χ2 test.
*EDSS scores were only available for participants at Site 1. Retrospective analysis of EDSS scores for participants at Site
2 was performed and scores for only 18 patients were collected. Six (6) patients were of African-American descent and no
information was available for the remaining two (2). The disease type was unknown for one (1) participant. Statistically
significant p-values lower than 0.05 are shown in bold.
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agreement (data within the 5–95th percentile).
Short-term variability of ETGUG and T25FW were
also determined over a week’s period where the 5th
and 95th percentile were considered the limits of min-
imally detectable change (MCD).16,17 Any data points
below the 5th and above the 95th percentile should be
considered as true changes in the walking tests.18

Тhese analyses were set to replicate the original
T25FW work in establishing its cut-off which is cur-
rently used in the clinical studies and MS trials.

Logistic regression determined the ability of ETGUG
and T25FW cut-offs in predicting disability progres-
sion or improvement. The 20% worsening of
T25FW cut-off was previously validated and widely
used in the clinical routine and clinical trials.18 The
20% ETGUG cut-off was derived from the reproduci-
bility analysis shown hereafter. Receiver operating
characteristics (ROC) tests were used to compare
and determine the sensitivity and specificity of the
tests. Additional comparisons of T25FW, ETGUG,
and its components were done between the disability
groups and between patients based on a baseline
EDSS </≥ 3.0 [a cut-off between PwMS with mild
disability (<3.0) and PwMS with moderate or
greater disability levels (≥3.0)]. Moreover, the
median EDSS of the NYSMSC population was 3.0
and such cut-off proportionately separated the disabil-
ity groups. Two-tailed p-values below 0.05 were con-
sidered statistically significant. Correction for false
discovery rate (FDR) using Benjamini-Hochberg pro-
cedure was additionally performed.

Results

Reproducibility cohort
The characteristics of the reproducibility cohort are
shown in Table 1. There were no significant demo-
graphic differences between the centres in age and
sex. The groups were comparable in their age
of MS diagnosis, disease duration, disease subtype
and EDSS (the EDSS scores from the second site
were available for 18 patients which were retrospect-
ively collected from their clinical chart). The only sig-
nificant difference between the centres was in the
pyramidal FS (median 2.0 vs. 3.0, p= 0.012).

Intra-rater and inter-rater reproducibility
The pooled ETGUG and T25FW times and their
reproducibility are shown in Table 2. ETGUG
ranged from 19.5s (visit 1, rater 1, trial 1) to 18.1s
(visit 2, rater 1, trial 2). Both intra-rater and inter-rater
reproducibility were almost perfect. T25FW ranged
from 6.28s (visit 1, rater 2, trial 1) to 6.8s (visit 2,T
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rater 1, trial 1). Comparably to ETGUG, T25FW was
highly reproducible with almost perfect intra-rater and
inter-rater coefficients >0.949. The pooled average
inter-rater ETGUG difference was 0.03s and SD of
0.46s (Bland-Altman plot in Figure 1). The 5th and
95th percentiles for inter-rater ETGUG differences
were 0.92 and −0.86s, respectively (limits of agree-
ment for ETGUG).

The median times, intra-rater and inter-rater reproduci-
bility for all ETGUG components are shown in
Supplemental Table 1. All segments had almost
perfect intra-rater reproducibility. The inter-rater repro-
ducibility followed suit, with exceptions in Get-Up and
Gait Initiation with moderate reproducibility.

Short term reproducibility and minimal detectable
change (MCD)
The short-term variability is shown in Table 3. ETGUG
did not significantly change between visits (p= 0.512).

The Bland-Altman plot in Figure 2 depicts the agree-
ment in ETGUG between visits with an average
ETGUG difference of −0.179s and SD of 1.73s. The
5–95th percentile were 3.22s and −3.57s, respectively
and depict the limits below the smallest detectable
change. When transformed in percentages, the 5–95th
percentile ranged from 15.07% to −14.84%. Any
change greater than the smallest detectable change
should be considered as true clinical change. On the
contrary, T25FW had an almost statistically signifi-
cant change from 6.3s to 6.6s (repeated-measure p
= 0.067). The short-term changes in ETGUG and
T25FW measured independently in both sites are
depicted in Supplemental Table 2. There was a stat-
istically significant difference in the T25FW mea-
sured at the first site (change of 5.3%,
repeated-measure p-value= 0.021).

Based on these findings. the 15% mark was deter-
mined as ETGUG cut-off for any clinically significant

Figure 1. Bland-Altman plot demonstrating pooled inter-rater agreement for all recorded trials. Legend: ETGUG –
Expanded Timed Get-Up and Go. The inter-rater ETGUG difference was on average 0.03 s and had a standard deviation of
0.46 s. The green y-axis represents the average difference, and the red y-axes represent the 5th and 95th percentile (0.92 and
−0.86 s, respectively), also known as limits of agreement. One ETGUG measurement pair with a difference of 9.4 s was
removed from the analysis.

Jakimovski et al.

www.sagepub.com/msjetc 5



T
ab

le
3.

V
ar
ia
bi
lit
y
of

E
T
G
U
G

an
d
T
25

F
W

ov
er

re
pe
at
ed

te
st
in
g
(o
ne

w
ee
k)

w
ith

in
th
e
re
pr
od

uc
ib
ili
ty

da
ta
ba
se
.

L
on

gi
tu
di
na
l
E
T
G
U
G

ch
an
ge

(n
=
60

)
M
ed
ia
n
T
ot
al

T
im

e
(s
ec
)

p-
va
lu
ea

M
ea
n
(M

ed
ia
n)

R
aw

C
ha
ng

e
(s
ec
)

M
ea
n
(M

ed
ia
n)

%
C
ha
ng

e
M
in
-M

ax
R
an
ge

of
C
ha
ng

e
(%

)
5–

95
th

pe
rc
en
til
e
of

ch
an
ge

(%
)

A
ve
ra
ge

of
al
l4

tr
ia
ls

at
V
is
it
1

18
.7
6
(1
4.
9–

23
.8
)

0.
51

2
−
0.
39

(−
0.
12

)
−
0.
84

(−
0.
58

)
−
33

.1
−
15

.6
−
18

.9
−
14

.9

A
ve
ra
ge

of
al
l4

tr
ia
ls

at
V
is
it
2

18
.4
5
(1
5.
2–

24
.0
)

L
on

gi
tu
d
in
al

T
25

F
W

ch
an

ge
(n

=
59

)

M
ed
ia
n
T
ot
al

T
im

e
(s
ec
)

p
-v
al
u
ea

M
ea
n
(M

ed
ia
n
)

R
aw

C
h
an

ge
(s
ec
)

M
ea
n
(M

ed
ia
n
)

%
C
h
an

ge
M
in
-M

ax
R
an

ge
of

C
h
an

ge
(%

)
5–

95
th

p
er
ce
n
ti
le

of
ch
an

ge
(%

)

A
ve
ra
ge

of
al
l4

tr
ia
ls

at
V
is
it
1

6.
3
(5
.1
–8
.4
)

0.
06

7
0.
12

(0
.1
)

1.
94

(1
.9
2)

−
23

.7
−
29

.8
−
14

.3
−
16

.9

A
ve
ra
ge

of
al
l4

tr
ia
ls

at
V
is
it
2

6.
6
(5
.2
–8
.4
)

L
eg
en
d
:
E
T
G
U
G

–
E
xp
an
de
d
T
im

ed
G
et
-U

p
an
d
G
o,

T
25
F
W

–
T
im

ed
25
-f
oo
t
w
al
k
te
st
A
ll
w
al
ki
ng

te
st
s
ar
e
sh
ow

n
in

se
co
nd
s.

a T
ri
al
s
co
m
pa
re
d
us
in
g
W
ilc
ox
on

S
ig
ne
d
R
an
ks

T
es
t.

Multiple Sclerosis Journal—Experimental, Translational and Clinical

6 www.sagepub.com/msjetc



change in PwMS. This cut-off is the equivalent of the
20% cut-off previously recorded and validated for
T25FW.7

NYSMC cohort
The characteristics of the NYSMSC cohort are shown
in Table 4. Over the follow-up period, 26 PwMS
experienced EDSS worsening, 4 had EDSS improve-
ment, and 115 remained stable. A total of 67.6%
remained on the same DMT, 8.3% started DMT,
16.6% stopped their DMT, and 7.6% switched to a
different DMT group.

Longitudinal change in walking measures and falls
Over the follow-up time, the PwMS had significant
slowing in walking speed measured as total
ETGUG (from 20.8s to 22.5s, p= 0.009). PwMS

showed improvements in Get-up and Sit-down (p=
0.003 and p < 0.001) but worsening in Walk 1 (p <
0.001), Turn around (p < 0.001) and Walk 2 (p <
0.001). All findings remained significant after FDR
correction. There were no significant changes in
T25FW. Аt baseline 62 (42.8%) of the PwMS
reported having at least one fall in the previous
year. Within these patients, 33.9% had 4+ falls,
17.8% had 3 or 2 falls respectively, and 30.6%
reported one fall. At follow-up, 56 (38.6%) of
PwMS reported having at least one fall in the previous
year. Similar distribution of number of falls was seen
at the follow-up.

The differences in baseline walking times between
PwMS reporting any falls and PwMS without falls
are shown in Table 5. The patients that reported

Figure 2. Bland-Altman plot demonstrating longitudinal agreement for ETGUG (walking speed change within a week).
Legend: ETGUG – Expanded Timed Get-Up and Go. The longitudinal ETGUG difference was on average −0.1789s and
had a standard deviation of 1.73213s. The green y-axis represents the average difference, and the red y-axes represent the 5th
and 95th percentile (3.2161s and −3.5739s, respectively), also known as limits below the smallest detectable change (SDC).
When transformed into percent changes, the 5th and 95th percentile ranges from 15.07% to −14.84%. Any change greater
than the minimally detectable change should be considered as true clinical change. When compared to Table 4, one extreme
outlier with ETGUG measurement pair difference of 12.94s was removed from the analysis.
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falls had significantly greater EDSS scores when
compared to patients that did not report falls
(median 3.5 vs. 3.0, p < 0.001). Moreover, those
who reported falls had significantly longer gait

initiation (p= 0.001), Walk 1 (p < 0.001), Walk 2
(p= 0.001), total ETGUG (p < 0.001) and T25FW
(p < 0.001). The significances remained the same
after age adjustment.

Table 4. Demographic characteristics of the study population in the NYSMSC database.

Demographic and
clinical
characteristics at
baseline

Total MS
population
(n= 145)

Walking
measures Baseline Follow-up p-value

Age, mean (SD) 56.7 (11.0) ETGUG 20.8 (18.2–25.0) 22.5 (18.3–26.3) 0.009
Female, n (%) 114 (78.6) Get-up 1.4 (1.1–1.9) 1.2 (0.9–1.2) 0.003
Caucasian, n
(%)

131 (90.3) Gait
initiation

1.2 (0.9–1.6) 1.2 (0.9–1.9) 0.542

Age of MS
diagnosis,
mean (SD)

39.1 (9.9) Walk 1 4.5 (3.7–5.5) 5.1 (4.1–6.2) <0.001

Disease
duration,
mean (SD)

10.5 (10.3) Turn
around

5.8 (4.9–6.7) 6.3 (5.1–7.8) <0.001

RRMS, n (%) 124 (85.5) Walk 2 4.2 (3.6–5.5) 4.9 (4.1–6.1) <0.001
PMS, n (%) 15 (10.3) Sit down 3.9 (3.2–4.6) 2.9 (2.4–4.3) <0.001
Relapses in past
year, mean
(SD)

1.96 (10.6) T25FW 5.6 (4.6–7.1) 5.5 (4.6–7.3) 0.544

Time of
follow-up,
mean (SD)

32.4 (11.2)

EDSS, median
(IQR)a

3.0 (1.5–3.0)

Pyramidal FS 1.0 (1.0–2.0)
Baseline DMT,
n (%)
Interferon-β 55 (37.9)
Glatiramer
acetate

26 (17.9)

Natalizumab 8 (5.5)
Off-label
DMT

6 (4.1)

No DMT 50 (34.5)

Legend: NYSMSC – New York State Multiple Sclerosis Consortium, MS – multiple sclerosis, RRMS –
relapsing-remitting multiple sclerosis, PMS – progressive multiple sclerosis, EDSS – Expanded Disability Status Scale,
DMT – disease modifying treatment, FS – functional scores, ETGUG – Expanded Timed Up and Go, T25FW – Timed
25-foot walk test, SD – standard deviation, n – number, IQR – interquartile range. All walking measures are shown as
median (IQR) and represented in seconds. The follow-up time is shown in months. All comparisons were performed with
non-parametric Mann Whitney U test. Statistically significant p-values lower than 0.05 are shown in bold.
Five (5) patients were of African-American descent, six (6) were labelled as “other” and no information was available for
the remaining three (3). At baseline, three (3) patients were labelled as clinically isolated syndrome (CIS), and two (2)
were labelled as neuromyelitis optica spectrum disorder (NMOSD).
For comparison, data from the literature clocks young healthy controls (average 25.5 years old) at 15.36 (SD of 1.638)
seconds and elderly healthy controls (average 72.7 years old) at 19.095 (SD of 2.112).12
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ETGUG predictor of disability worsening as
measured by EDSS
The comparative changes in between stable andworsen-
ingPwMSare shown inTable6.PwMSwithEDSSwor-
sening had a numerically greater percentage of
concurrent 15% ETGUG worsening (10 out of 26). On
the contrary, there was a greater discrepancy between
EDSS worsening and T25FW worsening (5 out of 26).
In the ROC analysis, 15% ETGUG worsening was a
similar predictor (numericallybetter) ofEDSSworsening
when compared to 20% worsening in T25FW (AUC
0.596 vs. 0.552). (The ROC curve is shown in
Figure 3) Based on the ROC coordinates, examples for
ETGUG cut-off values include: −6.2% change with
80% sensitivity and 34.4% specificity, −12.5% change
with 92.3% sensitivity and 22.2% specificity and
−16.3% changewith 96.2% sensitivity and 17.9% speci-
ficity. Follow-up EDSS scores were associated with all
walking measures and ETGUG subscores (walk1>gait
initiation>walk2>sit-down>sit-up>turn-around). The
absolute change in EDSS was significantly associated
only with changes in walk-1 of ETGUG (r=0.172, p=
0.038). Neither changes in total ETGUG, nor T25FW
were associated with absolute change in EDSS. On the
other hand, a greater % of PwMS had improvement in
ETGUG when compared to T25FW (14.5% vs. 6.2%).

Comparison in lower extremity performance between
PwMS with stable or worsening EDSS are shown in

Table 7. PwMS with EDSS worsening had significantly
longer baseline T25FW (age-adjusted p= 0.043) when
compared to stable PwMS. At the follow-up visit,
PwMS with EDSS worsening had significantly longer
T25FW (age-adjusted p=0.01), gait initiation
(age-adjusted p=0.003), walk-1 (age-adjusted p=
0.005), walk-2 (age-adjusted p= 0.007) and total
ETGUG (age-adjusted p=0.012) when compared to
stable PwMS. No concurrent absolute changes were dif-
ferent between worsening versus stable PwMS.

The progression in walking measures over the
follow-up based on EDSS cut-off of ≥3.0 are shown
in Supplement Table 3. Lastly, walking differences
between PwMS and their DMT status are shown in
Supplement Table 4. The only significant difference
between the four groups was the % change in
walk-1 of ETGUG. PwMS that started or stopped
DMT had a significantly greater % increase in
walk-1 when compared to patients that remained on
the same or changed the DMT. This finding did not
survive FDR correction.

Discussion
Utilizing two separate study cohorts of PwMS we
were able to demonstrate almost perfect reproducibil-
ity of the ETGUG measure. The clinical meaningful-
ness of ETGUG in capturing walking/physical
disability was similar to the current gold standard

Table 5. Lower extremity performance measures between PwMS that experience vs. not experience falls.

Walking measures
Experienced falls
(n= 56) No falls (n= 89) p-value

Age-adjusted
p-value

Аge, mean (SD) 57.8 (10.5) 55.9 (11.4) 0.312 -
EDSS 3.5 (3.0–6.0) 3.0 (2.0–4.0) <0.001 <0.001
GetUp 1.3 (1.0–1.8) 1.1 (0.9–1.6) 0.052 0.081
Gait initiation 1.5 (1.0–2.3) 1.1 (0.8–1.5) 0.001 0.001
Walk 1 5.7 (4.7–7.7) 4.7 (4.0–5.4) <0.001 <0.001
Turn around 6.9 (5.2–8.9) 6.2 (3.9–5.7) 0.031 0.044*
Walk 2 5.5 (4.6–8.1) 4.6 (3.9–5.7) 0.001 0.001
Sit down 3.5 (2.6–4.9) 2.8 (2.4–3.8) 0.091 0.136
Total ETGUG 23.9 (21.6–35.9) 21.1 (17.7–24.3) <0.001 <0.001
T25FW 6.6 (5.2–8.7) 5.2 (4.2–6.2) <0.001 <0.001
% total ETGUG
change

4.9 (−8.6–15.4) 4.7 (−7.6–14.9) 0.748 0.809

% total T25FW change 5.9 (−10.5–19.1) −2.2 (−12.0–8.8) 0.077 0.106

Legend: MS – multiple sclerosis, ETGUG – Expanded Timed Get-Up and Go, T25FWT – Timed 25-foot walk test,
EDSS – Expanded Disability Status Scale. Median and interquartile range (IQR) are shown for all walking measures. All
walking tests are from the follow-up visit and are shown in seconds.
All comparisons were performed using non-parametric Mann-Whitney U test For age-adjusted ANCOVA, the walking
measures were rank transformed. Statistically significant p-values lower than 0.05 are shown in bold.
* - Not significant after false discovery rate (FDR) correction using Benjamini-Hochberg procedure.
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(the T25FW test). Over the 32-month follow-up
period, the PwMS patients demonstrated significant
worsening only in the ETGUG, while the T25FW
test remained unchanged.

In previous MRI-based work, our group also demon-
strated that the ETGUG measure and its components
may be a better depicter of global gray matter path-
ology.19 After adjustment for disease duration and
age, the ETGUG was significantly associated with
cortical gray matter volume.19 Moreover, the
measure of turn-around was correlated with all inves-
tigated MRI measures, including both lesional and
neurodegenerative pathology.19 This ETGUG segment
particularly correlated with more MRI-based structures
when compared to the T25FW measure.19 In addition
to general MRI-based biomarkers, the ETGUG seg-
ments could potentially provide better phenotypical
depiction of pathologies located in the cerebellum in
general and in separate cerebellar regions. Given that
the cerebellum is recently linked as a driver of disability

in early and progressive MS, an easy walking test sensi-
tive to cerebellar pathology could be of significant pre-
dictive benefit.20,21 Indicators of gait coordination in
PwMS have been previously associated only with cere-
bellar volume and no correlations with other brain struc-
tures were found.22 Moreover, a recent study showed
that physical disability can be explained by gray
matter atrophy of the cerebellum lobules I-IV and the
vermis.23 Lesions or atrophy in the flocculonodular
lobe could be associated with gait imitation times,
midline (vermis) lesions could significantly affect turn-
around times and hemisphere pathology with walk and
turn-around times. Cerebellar pathology is present
from early MS stages and particularly prevalent in
primary-progressive MS.24

The total ETGUG times and the components can also
be a more responsive biomarker in treatments that
include physical therapy or movement therapy.
Many of the physical therapy techniques teach safe
turning while walking and demonstrate how to

Table 6. Logistic regression and receiver operating characteristics (ROC) analysis of ETGUG and T25FW in
terms of EDSS progression in patients from the NYSMSC database.

EDSS worsening
(n= 26)

Stable EDSS
(n= 119) Total

ETGUG
15%
change

Yes
(%)

10 (38.5) 25 (21.0) 35 (24.1)

No
(%)

16 (61.5) 94 (79.0) 110 (75.9)

Total 26 119 145

EDSS worsening
(n= 26)

Stable EDSS
(n= 118)

Total

T25FW
20%
change

Yes
(%)

5 (19.2) 18 (15.3) 23 (16.0)

No
(%)

21 (80.8) 100 (84.7) 121 (84.0)

Total 26 118 144

Area Under the Curve

Test
Result Variable(s)

Area Std. Errora Asymptotic
Sigb

95% CI
Lower
Bound

Upper
Bound

Total ETGUG %
change

0.596 0.061 0.124 0.476 0.717

T25FW % change 0.552 0.067 0.405 0.421 0.684

Legend: ROC – receiver operating characteristics, ETGUG – Expanded Timed Get-Up and Go, T25FW – Timed 25-foot
walk, EDSS – Expanded Disability Status Scale, CI – confidence intervals, NYSMSC – New York State Multiple
Sclerosis Consortium. aUnder the nonparametric assumption, bNull hypothesis: true area= 0.5.
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safely maintain balance standing up from a seated
position. None of the improvements derived from
this type of physical therapy could be captured by
the T25FW or the TUG tests. Albeit TUG does
incorporate these standing-up, turning around and
sitting-down components, it only measures the total
completion time. On the other hand, ETGUG can dir-
ectly identify the specific component that the patient
is having the most trouble with, which would allow
the physiotherapists to effectively plan a program
that will target the specified limitation and address
one ETGUG segment at a time. The single time meas-
urement of T25FW and TUG potentially averages out
the important change. Taken together, here we
propose that the 15% improvement in ETGUG
could potentially be utilized in exercise-based MS
trials and as targets for physiotherapists in their
programs. Before ETGUG is included in physiother-
apy studies of PwMS, its utility remains hypothetical.
However, the use of ETGUG in determining patients
at risk for future falls is of an additional benefit over

the T25FW test.25 In a previous analysis, the total
ETGUG test and each ETGUG segments were
shown as a sensitive predictors of future falls, with
odds ratios ranging from 7.3 (95% CI from 2.2 to
24.5) to 19.8 (95% CI from 5.0 to 78.0).25

One limitation to this report includes the length of the
follow-up and lack of healthy control comparison.
Given that changes in lower extremity performance
and changes in disability could take a relatively
long time to occur, the follow-up period of <3 years
may have not been sufficient enough. In our longitu-
dinal cohort, only 26 PwMS experienced disability
worsening and even fewer (4 patients) experienced
disability improvement as measured by EDSS. In a
similar fashion, only 35 PwMS had ETGUG worsen-
ing greater than the cut-off of 15%, and only 23
PwMS had T25FW worsening greater than the
cut-off of 20%. While the majority of these patients
were stable in their EDSS, a potential clinically mean-
ingful improvement should not be disregarded. Future

Figure 3. Receiver operating characteristics (ROC) for predicting disability progression. Legend: The positive actual state
is EDSS worsening. Using the previously determined cut-off value of −15% change in the total ETGUG, the sensitivity and
specificity for EDSS worsening was 92.3 and 83.9, respectively.
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long-term studies should confirm the utility of
ETGUG as a potential proxy measure for lower
extremity performance and as a potential predictor
of future disability changes.

Several studies have previously examined the
ETGUG utility in healthy controls and compared it
patients with various pathologies. First of all, the
initial study by Wall et al. also demonstrated that
there is no significant difference if ETGUG was

performed by two different raters.12 The study also
demonstrated that each ETGUG component was
able to differentiate young and elderly healthy con-
trols with elderly subjects at risk of falling.12 To
facilitate cross-study comparison, the healthy control
data from Wall et al. is shown in the legend of
Table 4. The test-retest reproducibility in our sample
were performed in PwMS, potentially increasing the
variability through MS-based fatigue. On the other
hand, the test-retest ETGUG reliability was tested in

Table 7. ETGUG and T25FW changes in PwMS based on EDSS changes.

At baseline EDSS worsening (n= 26) Stable EDSS (n= 119) p-value Age-adjusted p-value

Age, mean
(SD)

58.2 (11.5) 56.3 (10.9) 0.428 -

T25FW 6.1 (5.5–7.4) 5.4 (4.5–7.0) 0.033 0.043
Get-Up 1.4 (0.9–2.1) 1.4 (1.0–1.9) 0.803 0.864
Gait initiation 1.4 (0.9–2.1) 1.2 (0.9–1.7) 0.267 0.395
Walk 1 4.8 (3.7–6.5) 4.4 (3.7–5.3) 0.116 0.156
Turn around 6.5 (4.9–8.5) 5.8 (4.8–6.4) 0.046 0.063
Walk 2 4.9 (3.7–5.9) 4.2 (3.6–5.1) 0.235 0.338
Sit down 4.2 (3.3–5.2) 3.9 (3.2–4.5) 0.182 0.243
Total ETGUG 23.1 (18.5–31.0) 20.7 (18.1–24.9) 0.14 0.198
At follow-up EDSS worsening

(n= 26)
Stable EDSS
(n= 119)

p-value Age-adjusted
p-value

T25FW 6.9 (5.4–8.8) 5.4 (4.5–6.8) 0.007 0.01
Get-Up 1.3 (0.8–1.6) 1.2 (0.9–1.6) 0.741 0.885
Gait initiation 1.8 (1.2–2.7) 1.2 (0.9–1.6) 0.002 0.003
Walk 1 5.9 (4.9–7.8) 4.9 (4.0–5.8) 0.004 0.005
Turn around 6.7 (6.1–10.3) 6.4 (4.9–7.6) 0.067 0.085
Walk 2 5.8 (4.7–8.0) 4.9 (4.0–5.9) 0.006 0.007
Sit down 3.2 (2.5–5.0) 2.8 (2.4–4.2) 0.243 0.314
Total ETGUG 24.4 (21.2–35.5) 21.9 (18.0–25.6) 0.009 0.012
% Change EDSS worsening

(n= 26)
Stable EDSS
(n= 119)

p-value Age-adjusted
p-value

T25FW 6.3 (−11.6–15.7) −0.6 (−10.5–10.9) 0.404 0.486
Get-Up −22.4 (−45.4–20.9) −14.5 (−40.0–22.0) 0.503 0.436
Gait initiation 18.1 (−13.8–77.6) 0.0 (−28.6–34.7) 0.032 0.029*
Walk 1 17.7 (0.7–42.0) 10.7 (−4.2–25.9) 0.156 0.186
Turn around 13.7 (−1.9–29.9) 11.3 (−3.8–27.1) 0.658 0.646
Walk 2 17.9 (5.8–38.5) 10.5 (−3.8–31.3) 0.089 0.09
Sit down −18.3 (−34.3–13.9) −23.1 (−37.6–5.1) 0.49 0.536
Total ETGUG 6.1 (−2.9–21.9) 4.7 (−8.9–14.3) 0.126 0.141

Legend: ETGUG – Expanded Timed Get-Up and Go, T25FW – Timed 25-foot walk, EDSS – Expanded Disability
Status Scale.
Patients were classified as worsening when they had an EDSS worsening ≥1.0 in patients with baseline EDSS between
1.0–5.5, or 0.5 in patients with baseline EDSS of ≥5.5. The remaining patients were classified as stable.
* - Not significant after false discovery rate (FDR) correction using Benjamini-Hochberg procedure.
All measures are shown as median (interquartile range). All walking tests are shown in seconds. Non-parametric
Mann-Whitney U-test was used. For age-adjusted ANCOVA, the walking measures were rank transformed. Statistically
significant p-values lower than 0.05 are shown in bold.
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a sample of 54 healthy young individuals over two
18-days apart sessions.26 ETGUG demonstrated
good intra-rater ICC of 0.919 and non-significant dif-
ference over 18-days of follow-up (mean difference of
0.3s).26 Lastly, the ETGUG demonstrated excellent
inter-rater consistency, test-retest reliability and
small detectable change (0.05–0.21s) in a patients
with bilateral vestibular loss. When compared to
healthy controls, all but gait initiation had good and
significant dissimilatory capability.27

The lack of healthy controls in our longitudinal ana-
lysis limit the interpretation of the improvement in
the sit-down segment. When compared to the
remaining worsening ETGUG segments, sit-down
demonstrated an unexpected ∼25% improvement
(from 3.9s to 2.9s). Another interesting data diver-
gence occurs between worsening in walk segments
when compared to T25FW. While these walks are
similar in length at face value, the string of tasks in
ETGUG may further exacerbate the walking disabil-
ities. Another limitation of the manuscript is the fact
that only a small number of patients underwent
changes in their DMT regiment, thus reflecting low
overall disease activity and not including patients
from all aspects of disability. While there were no
differences in their walking measures in cross-
sectional analysis (at baseline and follow-up),
patients that changed therapy had a greater increase
in walk-1 time from the ETGUG. These findings
could potentially be attributed to disease worsening
that prompted the start of DMT (in case of early
RR), or disease worsening in the later stages of the
disease (aging and progressive PwMS), where the
clinicians have decided to discontinue medication
due to lack of efficacy. Our DMT comparison find-
ings should be further replicated in additional
sample analyses, given that there were only a
limited number of patients in the respective DMT
categories. Additional long-term studies should
determine whether the slowing in walking in our
cohort was a reason for DMT change, or a result of
it. More disabled PwMS (use of cane or a walker
aids) could provide data regarding the generalizabil-
ity of the ETGUG test in all disability categories.
That said, ETGUG time and its segments have
potential to further differentiate significantly dis-
abled PwMS which have problems such as getting
up and sitting down, an aspect that is not captured
by T25FW. Contrarily, the reproducibility of
ETGUG may be lower in more disabled MS popula-
tion. Lastly, a limitation of the ETGUG test is the
greater demand on the clinic/study operators that
need to collect and calculate the patient scores. The

additional value of ETGUG over T25FW should be
considered with this cost-benefit limitation in mind.

In conclusion, ETGUG provides a more detailed and
comprehensivemeasure of lower extremity performance
when compared to theT25FW.When compared to some
reproducibility differences in T25FW, ETGUG had
almost perfect intra-rater and inter-rater repeatability.
ETGUG cut-off of 15% has similar ability when com-
pared toT25FW in terms of associationswith concurrent
disability changes as measured by EDSS scores. Further
studies could focusoneach segmentof theETGUG,with
emphasis on relationships such as “turn around” and
“get-up” times with cerebellar pathology. Lastly, the
greater range of ETGUG changes (on both ends of the
spectrum) could allow better sensitivity in clinical mon-
itoring and response to DMT treatment.
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