
ARTICLES

Six-Minute Walk Test for Persons with Mild or Moderate
Disability from Multiple Sclerosis: Performance and
Explanatory Factors
Jane L. Wetzel, Donna K. Fry, Lucinda A. Pfalzer

ABSTRACT

Purpose: The primary purpose of this study was to determine the extent to which health factors, functional measures, and pulmonary impairment explain

performance on 6-Minute Walk Test (6MWT) distance in ambulatory persons with multiple sclerosis (MS). Another purpose was to determine the effect of

disability and age on 6MWT performance and explanatory factors.

Methods: A cross-sectional study design was used to evaluate factors that explain performance on the 6MWT in 64 community-dwelling persons with MS-

related disability (Expanded Disability Status Scale [EDSS] 3.8e 1.6). Of the 64 participants, 43 (67.2%) exhibited mild disability (EDSS <4.0) and 21

(32.8%) had moderate disability (EDSS 4.0–6.5). A regression analysis compared 6MWT performance to measures of health factors (EDSS, number of

medications, number of comorbidities, resting HR, systolic and diastolic blood pressure [BP]); physical performance (functional stair test [FST], sit-to-stand

test [SST], static standing balance [BAL], Fatigue Severity Scale [FSS], Activities-specific Balance Confidence [ABC] Scale); and pulmonary function (forced

expiratory volume in 1 second [FEV1], forced vital capacity [FVC], maximal voluntary ventilation [MVV], maximal inspiratory pressure [MIP], maximal

expiratory pressure [MEP]).

Results: EDSS, ABC, FST, SST, BAL, MVV, MIP, and MEP were significantly associated with 6MWT distance after adjusting for age. Multiple step-wise

linear regression analysis revealed that ABC, FST, and BAL were significant and independent explanatory factors of 6MWT distance. ABC and FST explained

75% of the variance in 6MWT performance (R 2 ¼ 0.75). Curvilinear regression analysis revealed that the FST is the most significant explanatory factor for

6MWT distance, explaining 79% of the variance (R 2 ¼ 0.79).

Conclusions: 6MWT performance in persons with MS was explained by balance confidence (ABC) and stair-climbing ability (FST). The ABC and FST may

be practical clinical measures for explaining walking ability and determining risk for disablement in persons with MS.
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RÉSUMÉ

Objectif : L’objectif principal de cette étude était de déterminer jusqu’à quel point les facteurs de santé, les mesures fonctionnelles et les incapacités

pulmonaires influent sur les résultats en terme de distance au test de marche de 6 minutes (6MWT) chez les personnes qui souffrent de sclérose en

plaques (SP) et qui sont encore ambulatoires. Un autre objectif consistait à évaluer l’effet de l’incapacité et de l’âge sur les résultats au 6MWT et sur les

facteurs explicatifs.

Méthode : Une étude transversale a été utilisée pour évaluer les facteurs expliquant les résultats au 6MWT chez 64 personnes avec SP qui vivent dans des

habitations communautaires, avec incapacités liées à leur maladie (échelle d’incapacité EDSS 3,8e 1,6). Au total, 43 sujets (67,2 %) démontraient une

incapacité légère (EDSS < 4,0) et 21 (32,8 %) avaient une incapacité modérée (EDSS 4,0–6,5). Une analyse de régression a permis de comparer le 6MWT

aux mesures des facteurs de santé (EDSS, nombre de médicaments, nombre de comorbidités, FC au repos, tension artérielle systolique et diastolique [TA];

performance physique [test d’escalier ou FST], test assis-debout [SST], test d’équilibre statique [BAL], échelle de la fatigue [FSS], échelle ABC (échelle

d’équilibre en activité spécifique] et fonction pulmonaire (volume expiratoire forcé en 1 seconde ou FEV1], capacité vitale forcée [FVC], ventilation volontaire

maximale [MVV], pression inspiratoire maximale [MIP], pression expiratoire maximale [MEP]).
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Résultats : Les tests EDSS, ABC, FST, SST, BAL, MVV, MIP et MEP étaient associés de manière significative à la distance parcourue lors du 6MWT, après

ajustement de l’âge. Une analyse de régression linéaire multiple progressive a révélé que l’ABC, le FST et le BAL constituaient des facteurs explicatifs

indépendants significatifs de la distance parcourue au 6MWT. L’ABC et le FST expliquaient 75 % de la variation de la performance au 6MWT

(R 2 ¼ 0,75). Une analyse de régression curviligne a permis de constater que le FST est le facteur explicatif le plus important pour la distance du 6MWT,

expliquant 79 % de la variation (R 2 ¼ 0,79).

Conclusions : La performance au 6MWT chez les personnes souffrant de SP s’explique par la confiance à l’équilibre (ABC) et la capacité à monter

un escalier (FST). L’ABC et le FST pourraient être des mesures pratiques cliniques pour expliquer la capacité à marcher, et déterminer les risques

d’éventuelles incapacités dans les cas de SP.

Mots clés : équilibre postural, fatigue, force musculaire, marche, sclérose en plaques, test de marche de 6 minutes (6MWT)

INTRODUCTION

Multiple sclerosis (MS) is a primary disorder of the
central nervous system affecting neural centres and
motor pathways and resulting in muscle weakness,
fatigue, balance and gait dysfunction, and pulmonary
impairment.1–4 Functional deficits and impairments,
such as muscle weakness, fatigue, and impaired ventila-
tion, have long been recognized as major causes of mor-
bidity and mortality in individuals with advanced MS.5,6

Walking and stair climbing are critically important to
maintaining community-level functioning and indepen-
dence.7 Tests of lower-extremity function are known to
be strong predictors for risk of disability and hospitaliza-
tion in older community-dwelling persons;8–11 however,
there are limited data on physical performance function
in community-dwelling individuals with MS. Determin-
ing factors that contribute to limited walking ability in
people with MS will assist therapists in planning treat-
ment for these individuals.

Originally developed to assess disability in patients
with chronic obstructive lung disease, the 6-minute walk
test (6MWT) has since been extensively studied and
used with older persons and persons with heart failure,
pulmonary hypertension, cardiovascular conditions, stroke,
obesity, human immunodeficiency virus, acquired brain
injury, adult cerebral palsy, and MS.12–27 Reference
values for the 6MWT are reported for people aged 20
to 5015 and 55 to 75 years.16 Performance on the 6MWT
is influenced by many factors, including age,16,19,20,22

gender,20 race,20 height,20 weight,17,20 health condition
(medications,14 body mass index [BMI],17 resting heart
rate [HR]), physical parameters14 (strength, balance,
speed, sensation, pain, forced expiratory volume in 1
second [FEV1]16,20), and psychological conditions (de-
pression, cognition, affect).13,14,20 Camarri et al. found
that in healthy adults, height and FEV1 predicted 33.9%
of the variance in distance walked on the 6MWT.16

Enright and Sherrill predicted 40% of the variance in
6MWT performance among healthy adults using height,
weight, and age.19

Performance on the 6MWT is significantly reduced in
persons with MS, which may suggest an increased risk of
mortality and limited mobility.24,28,29 A reduced distance

on the 6MWT has predicted increased risk of morbidity
and mortality in several patient populations.13,24–27

Therefore, identifying factors that influence 6MWT per-
formance in persons with MS is important. Research
examining factors related to 6MWT in persons with MS
is very limited. Recently, Savci et al. (2005) reported
6MWT in persons with MS (<6.5 on the Expanded Dis-
ability Status Scale [EDSS]) and found that performance
was associated with activities of daily living, baseline
HR, and subjective symptomatic fatigue in ambulatory
patients but that there was no association with level of
neurological impairment, respiratory muscle weakness,
or lung function.24

The number of comorbidities increases with age, and
this influences both walking ability and functional de-
pendence.7,30 The clinical course of MS and the rate of
disability progression are known to be related to age.31

Existing studies on 6MWT performance in persons with
MS have not addressed the impact of ageing with MS
and the potential for early decline in community func-
tion and independent living. It may be that individuals
with worsening disease present with lower 6MWT scores
at an earlier age, which would affect their ability to retain
community-level function.

The purpose of this study was to determine the extent
to which health factors, functional measures, and pul-
monary impairment explain performance on the 6MWT
in persons with MS. Explanatory factors considered for
entry into the regression model in this study included
subject characteristics (age, gender, race, height, weight,
BMI); health factors (EDSS, number of medications, num-
ber of comorbidities, resting HR, systolic and diastolic
blood pressure [BP]); physical performance (functional
stair test [FST], sit-to-stand test [SST], static standing
balance [BAL], Fatigue Severity Scale [FSS], Activities-
specific Balance Confidence [ABC] Scale); and pulmo-
nary function (observed and predicted FEV1, forced vital
capacity [FVC], maximal mandatory ventilation [MVV],
maximal expiratory pressure [MEP], maximal inspiratory
pressure [MIP]). Secondary purposes of this study were
(1) to compare 6MWT performance in people with MS
who have mild and moderate disability and (2) to ex-
amine the effects of age on explanatory factors for 6MWT
performance.
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METHODS

Participants

A total of 64 ambulatory individuals (23 male, 41
female) with clinically diagnosed MS from two locations
participated in this study. Individuals with clinically
diagnosed MS who were at least 18 years of age and
ambulatory (with or without assistive devices) were re-
cruited for the study. Potential participants were ex-
cluded if they had an acute respiratory infection diag-
nosed by a physician, oral temperature >100�F (37.8�C),
or an unstable cardiopulmonary or musculoskeletal con-
dition unrelated to MS that could affect performance or
safety.32 Individuals were also excluded if they scored
>6.5 on the EDSS, a score that indicates that a person is

no longer able to ambulate beyond 5 m without physical
assistance.33 Current smokers were also excluded from
participation. Participants were recruited through a tele-
vision interview on a local news station as well as
through personal solicitation at meetings and events of
local MS support groups. Although 70 participants were
recruited, 6 did not meet inclusion criteria after a review
of their baseline vitals and health history. This study was
conducted at two sites and was approved by the Institu-
tional Review Boards of the University of Michigan—
Flint (Site 1) and Duquesne University (Site 2). Informed
consent was obtained from all participants.

The 6-Minute Walk Test

The 6MWT test was conducted according to American
Thoracic Society standards, using procedures established
by Fry and Pfalzer.13,34 The 6MWT test has high reliabil-
ity (ICC: 0.95–0.99) in persons with MS34 and is respon-
sive to changes in deteriorating status in persons with
MS.29 A single repetition of the 6MWT was deemed ap-
propriate, both in order to avoid participant fatigue
and because a single repetition of the 6MWT was previ-
ously determined to be reliable in the MS population.34

Subjects were instructed to walk as quickly and safely as
possible for 6 minutes. At Site 1, the course was a 91.5 m
hallway with two turns; at Site 2, the course was located
in a room 120 m long, where participants walked in a
path that required two turns. There was no specific
warm-up activity for participants. Each participant re-
ceived two or three encouraging comments during the
test. Participants were allowed to use an assistive device
and to rest when necessary; a researcher walked to one
side and behind the participant, close enough for safety
purposes. The distance was recorded in feet and con-
verted to metres. Distance walked on the 6MWT was
compared against data from healthy community-dwelling
adults (using age, gender, height, and weight factors in
the calculation) to determine a difference score,19 which
represents a functional walking deficit in the study
participants with MS relative to healthy community-
dwelling adults.

Health Factors

Factors related to health condition were obtained
from a health intake questionnaire (HIQ) and included
(1) physician classification of the participant’s MS (i.e.,
relapsing–remitting, secondary progressive, primary pro-
gressive, or progressive relapsing), along with onset date
and duration of MS; (2) prescription and over-the-
counter medications; (3) prior surgeries; (4) any known
medical conditions; and (5) any symptoms from a list
provided, adapted from the conceptual model ‘‘Life
Threat,’’ which elicits data on conditions noted for
affecting morbidity and mortality. Each condition is
assigned a score of 0, 1, or 2 based on presence and
severity of the condition, and scores for individual con-
ditions are summed for a total score.35 The Life Threat
model is effective in discriminating changes in severity
of comorbidity associated with ageing.36

Resting measures of HR, BP, respiratory rate, oxygen
saturation, oral body temperature, height (inches), and
weight (lb) were recorded. BMI was calculated by con-
verting inches to metres and pounds to kilograms, then
dividing weight by height (kg/m2). Level of disability
was determined using the EDSS, based on a neurologi-
cal exam (for pyramidal, cerebellar, brainstem, sensory,
bowel and bladder, visual, and cerebral functions) and
ambulatory status for each subject.33 Investigators were
trained by a health professional experienced in perform-
ing the EDSS in persons with MS. Mild disability was
defined as an EDSS score <4.0 and moderate disability
as an EDSS score of 4.0–6.5.

Subjects self-reported their fatigue and balance con-
fidence using the FSS and ABC Scale respectively. The
FSS is a nine-item questionnaire designed to measure
severity of fatigue in activities of daily living;37 higher
scores indicate greater levels of fatigue. The FSS has high
internal consistency, test–retest reliability (r ¼ 0.84), and
sensitivity in the MS population.37 The FSS was adminis-
tered during the intake session. The ABC Scale is a 16-
item questionnaire rating level of confidence in perform-
ing situation-specific activities such as ‘‘picking up a
slipper from the floor’’; each item is scored from 0% (no
confidence) and 100% (full confidence in the ability to
perform the activity without losing balance or becoming
unsteady). The ABC Scale is strongly associated with
measures of balance (timed up-and-go and Berg Balance
Scale) in community-dwelling elderly and has good test–
retest reliability (r ¼ 0.92).38,39 The ABC Scale was admin-
istered during the intake session at Site 2 and included
as a post-study measure at Site 1.

Physical Performance Measures

Functional abilities of participants were examined
using tests of static standing balance (BAL), a timed
functional stair test (FST), a timed multiple sit-to-stand
test (SST), and the 6MWT. All physical performance
measures met the criteria for outcome measures estab-
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lished by the American National Multiple Sclerosis Society
and have good test–retest reliability (ICC: 0.81–0.98) in
persons with mild to moderate disability from MS.34,40

The BAL, FST, and SST were all administered using
procedures established by Fry and Pfalzer.34 The best of
three trials was used for data analysis for each measure.
Safety precautions during the physical tests included gait
belts worn by all subjects for all tests, guarding (as
needed), and manual assistance if a fall was imminent.
BAL was tested using single-limb stance (or tandem
stance for those unable to maintain single-limb stance
for at least 3 seconds) for up to 30 seconds. BAL time
results were scored as modified from Guralnik et al., as
follows11:

e 0.5 ¼ 0–9 s tandem
e 1.0 ¼ 10–19 s tandem
e 1.5 ¼ 20–29 s tandem
e 2.0 ¼ 30 s tandem
e 2.5 ¼ 3–9 s single limb
e 3.0 ¼ 10–19 s single limb
e 3.5 ¼ 20–29 s single limb
e 4.0 ¼ 30 s single limb

In the FST, patients were asked to ascend four steps,
turn, and descend four steps, using a handrail as neces-
sary. Hernandez et al. found that strength in ankle dorsi-
flexors, ankle plantarflexors, and knee extensors was
significantly lower in community-dwelling ambulatory
persons who reported difficulty with stooping, kneeling,
and crouching tasks.41 The FST uses the same muscles
measured in the study by Hernandez et al., which sug-
gests that it is a viable test of functional lower-extremity
strength and power.41 The FST, as a timed test, is a pri-
mary measure of lower-extremity power (i.e., a measure
of work per unit time). Power was calculated using the
following equation: (number of steps * step height [m] *
body weight)� (FST time [sec]) ¼ kg-m/min).32 Direct
measures of muscle power can be provided by isokinetic
devices, which measure movement with variable resis-
tance and constant velocity. In a study involving people
post stroke, muscle power was linked to gait speed.42

Kim and Eng demonstrated moderate correlations be-
tween lower-extremity isokinetic muscle power and
both gait and stair-climbing velocity in individuals post
stroke.42

In the SST, subjects were instructed to rise from
a chair to a full standing position and return to sitting
six times; time to complete the task was measured.
The SST exhibits moderately high correlations with one-
repetition maximum isotonic leg-press strength in older
adults and is thus used as a functional test of strength.43

In patients who may not be able to complete a 6MWT
(e.g., patients in acute care or home health care settings
or those with limitations due to MS fatigue), the FST and
SST are clinically useful substitute tests of functional
mobility.

Pulmonary Function Measures

Each participant was tested for FVC, FEV1, MEP, MIP,
and MVV. At Site 1, pulmonary function tests were
performed in the following order for each test session:
flow volume loop (FVC, FEV1), maximal inspiration and
expiration testing (MIP, MEP), and MVV testing. The
testing order was randomized at Site 2. The equipment
used for determining pulmonary function differed be-
tween the two sites. At each site, stringent methods
were employed to ensure reliability and validity of
pulmonary function tests. Both sites calibrated their
equipment according to the American Thoracic Society
and European Respiratory Society Statement on Respira-
tory Muscle Testing and the manufacturers’ recommen-
dations.44 At Site 1, all pulmonary function testing was
performed on the Vmax metabolic cart (Sensor Medics
Corp, Yorba Linda, CA); Vmax pulmonary test software
applied routine measures of consistency and accuracy
imbedded in the test protocol. At Site 2, testing was
performed using hand-held digital devices typically used
in clinical settings: a micro spirometer (#051-06) for test-
ing FVC and FEV1 and a respiratory pressure meter
(#RPM01) with small controlled leak at the mouthpiece
for testing MEP and MIP (Micro Direct, Lewiston, ME),
and a portable spirometer (Renaissance PB 100) for test-
ing MVV (Puritan Bennett, Boulder, CO). All devices were
FDA approved and reported ATS certification for validity
limits.45 The respiratory pressure meters use piezoelec-
tric transducers (e3% accuracy, 1 cm resolution), which
are now considered an acceptable method of measuring
respiratory muscle strength.44

At both sites the test position was standardized: the
participant assumed a sitting position in a chair with
a backrest, with arms resting unsupported in the lap.
Spoken instructions were provided following an instruc-
tor demonstration. Nose clips were used for all test
manoeuvres. For MIP testing, the participant exhaled to
residual volume, placed the mouthpiece in his or her
mouth, and inspired maximally. For MEP testing, the
participant inhaled maximally to total lung capacity,
placed the mouthpiece in his or her mouth, and then
blew the air out as hard and as fast as possible. The MIP
and MEP manoeuvres were sustained for a minimum of
1.5 seconds. Each test was performed a minimum of two
times and until values were within 10% of each other.
The best trial was accepted and used for data analysis.
Predicted values were calculated using normative values
and prediction equations published in the literature
(Knudson et al. for FEV1/FVC,46 Cherniak and Rabner
for MVV,47 and Black and Hyatt for MIP/MEP48).

Procedures

To ensure consistency in test methods and adminis-
tration between the two sites, a training film and written
procedures were developed, and all assessors were
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trained using these tools. Subjects first completed the
initial screening, HIQ, FSS, and ABC questionnaires.
Pulmonary function tests were then administered. Upon
completion of the pulmonary function tests, physical
performance tests were administered in the following
order for each participant: BAL, FST, SST, and 6MWT.
Participants were given rest periods of 1–5 minutes be-
tween tests and between trials as needed.

Statistical Analysis

The Statistical Package for the Social Sciences (SPSS),
version 14.0 (SPSS Inc., Chicago, IL), was used for data
analysis. Descriptive statistics (mean, SD, minimum,
maximum) were calculated for the entire group and for
participants with mild (EDSS < 4.0) and moderate (EDSS
4.0–6.5) disability levels. Descriptive statistics were cal-
culated for participant characteristics, health factors,
physical performance, and pulmonary function (includ-
ing corresponding percent predicted values). Frequency
counts and percentages were calculated for gender and
type of MS.

A one-way analysis of variance (ANOVA) was used to
test for significant differences between the two levels of
disability (mild and moderate) for various independent
variables, including health factors, physical performance,
and pulmonary function. The significance was set at
a level p a 0.05.49 All variables were consistent with
a normal distribution (Kolomogorov–Smirnov test) and
homogeneity of variance (Levene’s test). Because of
the small sample size, we were concerned about the
potential for a type II error resulting in failure to detect
an important clinical difference, rather than a type I
error resulting in failure to reject the null hypothesis.
Therefore, a Bonferroni correction was not performed,
to ensure that each variable was assessed for its own
clinical importance.50 BAL was considered as interval
data in the regression analysis. Before the regression
was conducted, assumptions for using linear regression
were tested and met (normal distribution, outliers, and
linearity).51 Pearson product–moment correlations and
partial correlations controlling for age were computed
between the 6MWT and health factors, physical per-
formance, and pulmonary function, with tests of sig-
nificance to determine that r was not equal to zero.
According to Portney and Watkins, correlation coeffi-
cients <0.25 demonstrate little to no association for
these factors with the 6MWT; correlation coefficients
between 0.25 and 0.49 indicate low association, 0.50–
0.75 indicate moderate association, and coefficients
>0.75 indicate a high association.51 For a factor show-

ing a high correlation of 0.75, R 2 ¼ 0.56, meaning that
this factor would explain 56% of the variance in 6MWT
performance.51

Regression analyses used to generate the model for

6MWT (dependent variable) were conducted with the
threshold for significance set at p < 0.01 for inclusion
and exclusion of independent variables that were sig-
nificantly correlated with 6MWT and were considered
clinically important contributors to ambulation, such
as balance (BAL), balance confidence (ABC), and lower-
extremity power (FST) and strength (SST). Since lower-
extremity strength (SST) and power (FST) are related
factors, a three-factor regression model including both
of these factors is not valid. Balance confidence (ABC)
and static balance (BAL), while similar, are not as
strongly associated. The regression models to explain
the variance in 6MWT were created using standardized
b weights indicating the relative importance of each
factor. A two-factor model and two simple (single-factor)
regression models were explored to determine whether
these models would explain as high a percentage of
the variance in the 6MWT distance as the three-factor
model. The two-factor regression and the two different
simple regressions were modelled for 6MWT using the
ABC and FST as their partial correlation; b weights were
high, indicating a large, independent contribution to the
6MWT. The ABC was best modelled with a linear regres-
sion (see Figure 1). The FST appears curvilinear; it was
modelled with both a linear regression and a non-linear
regression, and the two models were compared (see
Figures 2 and 3). The FST was best modelled as a non-
linear polynomial regression with a quadratic of b 2 > 0
(see Figure 3). As FST time increases on the x-axis, per-
formance is poorer and tends to plateau, with consis-
tently shorter distance walked on the 6MWT.

Figure 1 Simple linear regression with 95% confidence interval bands
for 6-minute walk distance (m) from Activities-specific Balance Confidence
(ABC) Scale total score. The dashed intersecting lines indicate the distance
older adult community ambulators can walk in 6 minutes and the
intersection with ABC score on the x-axis.
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RESULTS

Between-Group Differences in Health Factors,

Physical Performance, and Pulmonary Function

Participant characteristics and health factors are re-
ported in Tables 1 and 2; data on physical performance
measures and pulmonary function tests are reported in
Table 3. Compared to participants with mild disability,
participants with moderate disability were significantly
older (p < 0.001); expressed less balance confidence
(ABC) (p < 0.001); exhibited lower performance levels
on all physical performance measures (6MWT, FST,
SST, BAL) (p < 0.001); and had lower observed MVV
(p ¼ 0.002), lower predicted MIP (p ¼ 0.027), lower

predicted MEP (p ¼ 0.047), and lower predicted MVV
(p ¼ 0.003).

6MWT Correlations with Health Factors, Physical Performance,

and Pulmonary Function

The associations between 6MWT and health factors,
physical performance, and pulmonary function mea-
sures are shown in Table 4. Pearson product–moment
correlations showed that FST, ABC, and BAL were all
highly correlated with 6MWT distance in ambulatory
persons with MS. After controlling for age, significant
associations remained between the 6MWT and ABC
scores (R 2 ¼ 0.594), EDSS scores (R 2 ¼ 0.346), physical
performance (FST (R 2 ¼ 0.572), SST (R 2 ¼ 0.326), BAL
(R 2 ¼ 0.156)), observed and percent predicted MIP
(R 2 ¼ 0.079, R 2 ¼ 0.099), MEP (R 2 ¼ 0.163, R 2 ¼ 0.091),
and MVV (R 2 ¼ 0.092, R 2 ¼ 0.103). The 6MWT was
highly correlated with the ABC and FST, moderately
correlated with the SST and EDSS, and showed a low
correlation with BAL and with predicted and observed
MIP, MEP, and MVV.

Step-wise Multiple Regression and Simple Regression Models

The 6MWT step-wise multiple regression model in-
cluded ABC scores, FST, and BAL as significant indepen-
dent explanatory factors in a three-factor model (ABC,
FST, BAL), a two-factor model (ABC, FST), and single-
factor models (ABC, Figure 1; FST, Figure 2), as shown
in Table 5. The R 2 values (Table 5) indicated that the
ABC score explained 66% of the variance (see Figure 1);
the regression equation was 6MWT distance ¼ �37.4þ
(5.9� ABC).

Figure 2 Curvilinear (quadratic) regression with 95% confidence interval
bands for 6-minute walk distance (m) from functional stair test (FST) time
(seconds). The dashed intersecting lines indicate the distance older adult
community ambulators can walk in 6 minutes and the intersection with
FST time on the x-axis.

Figure 3 Curvilinear (quadratic) regression with 95% individual predic-
tion bands for 6-minute walk distance (m) from functional stair test (FST)
time (seconds). The dashed intersecting lines indicate the distance older
adult community ambulators can walk in 6 minutes and the intersection
with FST time on the x-axis.

Figure 4 Simple linear regression with 95% individual prediction bands
for 6-minute walk distance (m) from Activities-specific Balance Confidence
(ABC) total score. The dashed intersecting lines indicate the distance older
adult community ambulators can walk in 6 minutes and the intersection
with ABC score on the x-axis.
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Table 1 Participant Characteristics: Gender and Type of Multiple Sclerosis

Characteristic MS Total Group
(n ¼ 64)

Mild Disability
EDSS < 4.0
(n ¼ 43)

Moderate Disability
EDSS 4.0 to 6.5
(n ¼ 21)

p*

n % n % n %

Gender 0.220

Female 53 83 37 86 16 76

Male 11 17 6 14 5 24

Type of MS 0.012

Relapsing–remitting 38 64 31 82 7 33

Secondary progressive 11 19 3 8 8 38

Primary progressive 6 10 2 5 4 19

Progressive relapsing 4 7 2 5 2 10

* Chi-square test significant at p < 0.05
MS ¼ multiple sclerosis; EDSS ¼ Expanded Disability Status Scale

Table 2 Participant Characteristics: Health Factors

MS Total Group
EDSS a6.5
(n ¼ 64)

Mild Disability
EDSS <4.0
(n ¼ 43)

Moderate Disability
EDSS 4.0–6.5
(n ¼ 21)

Characteristic Mean SD Range Mean SD 95% CI Mean SD 95% CI p

Age (years) 49.3 9.8 23–77 46.6 9.2 43.5–49.3 54.9 8.8 50.7–58.7 <0.001

Male (n ¼ 23) 51.0 10.7 28–77 46.0 9.1 53.8 8.1

Female (n ¼ 41) 48.2 9.4 23–69 47.5 10.0 55.5 10.3

EDSS score 3.8 1.6 1.5–6.5 2.8 0.5 2.6–2.9 6.1 0.74 5.5–6.3 <0.001

Number of comorbidities 2.9 3.0 0–7 2.7 2.2 1.7–3.0 3.3 4.1 1.2–3.3 0.441

Number of medications 5.2 3.3 1–15 4.8 2.8 4.0–5.8 6.0 4.2 3.9–7.8

Fatigue (FSS) 5.1 1.3 1.3–7.0 5.2 1.2 4.8–5.6 5.1 1.5 4.4–5.7 0.999

Weight (kg) 80.1 19.5 47.2–134.3 81.2 21.0 74.6–88.1 77.7 16.2 69.7–84.4 0.518

Male 83.8 20.1 56.7–123.6 85.5 22.4 81.5 17.6

Female 77.7 19.6 47.2–134.3 79.5 21.2 73.1 14.3

Height (m) 1.67 0.10 1.42–1.89 1.67 0.10 1.64–1.70 1.68 0.10 1.63–1.72 0.524

Male 1.71 0.10 1.52–1.88 1.75 0.09 1.69 0.10

Female 1.65 0.10 1.42–1.89 1.64 0.07 1.66 0.10

BMI (kg/m2) 28.3 6.2 18.2–45.0 29.0 6.7 26.8–31.2 27.3 4.5 25.4–29.5 0.294

HR (bpm) 78.2 10.4 55–108 79.0 11.4 75.3–82.6 76.6 8.0 73.3–80.1 0.556

Systolic BP (mm Hg) 125.8 17.7 100–178 126.1 18.7 120.9–132.8 125.7 16.5 115.6–130.3 0.941

Diastolic BP (mm Hg) 81.8 8.8 62–100 81.9 9.6 79.4–85.3 80.7 6.1 76.7–83.5 0.599

ABC Score** 64.4 22.5 14.4–99.4 74.6 18.2 69.2–81.5 45.1 16.5 38.4–54.1 <0.001

Male 63.6 21.8 14.4–98.1 79.2 19.3 67.5–90.9 49.2 18.8 35.7–62.7

Female 66.1 24.1 15.0–99.4 73.3 17.3 65.7–80.7 43.6 16.1 32.8–54.4

* One-way ANOVA significant at p < 0.05
** n ¼ 64 (except n ¼ 58 for ABC scores)
MS ¼ multiple sclerosis; CI ¼ confidence interval; EDSS ¼ Expanded Disability Status Scale; FSS ¼ Fatigue Severity Scale
BMI ¼ body mass index; HR ¼ heart rate; bpm ¼ beats per minute; BP ¼ blood pressure; ABC ¼ Activities-specific Balance Confidence Scale
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The FST linear regression model explained 65% of the
variance; the regression equation was 6MWT distance ¼
501.2þ (�15.00� FST). When the linear model was ad-
justed to a curvilinear model, 79% of the variance in
6MWT performance was explained (see Figure 2). When
ABC and FST variables were both included in a two-
factor linear model, 75% of the variance was explained;
the regression equation was 6MWT distance ¼ 218.5þ
((3.35� ABC score)� (9.09� FST time)). The three-factor
linear model including ABC, FST, and BAL explained 77%
of variance in 6MWT performance; the regression equa-
tion was 6MWT distance ¼ 207.9þ ((2.74� ABC score)�

(9.07� FST time)þ (3.08� single-limb BAL time)). The
model that best explained 6MWT performance was the
single-factor curvilinear model using the FST time (see
Figure 3). Table 5 shows standardized coefficients (b

weights).
Thresholds levels for 6MWT were set at 350 m and

marked on each plot (see Figures 3 and 4) for each
of the main explanatory variables. The threshold level
of 350 m was chosen based on Enright et al.’s report
of a mean 6MWT distance of 344 m (SD ¼ 88 m) in
2,281 community-dwelling adults over age 68.20 Previous
studies found that 350 m was the minimum distance

Table 3 Physical Performance Measures and Pulmonary Function Tests for Ambulatory Participants with Multiple Sclerosis

MS Total Group
EDSS a6.5
(n ¼ 64)

Mild Disability
EDSS <4.0
(n ¼ 43)

Moderate Disability
EDSS 4.0–6.5
(n ¼ 21)

Variable Mean SD Mean SD 95% CI Mean SD 95% CI p*

Physical Performance

6MWT (m) 337.2 160.7 402.4 136.7 361.5–449.1 193.7 108.5 153.3–255.8 <0.001

Male 362.8 169.2 459.5 133.8 237.0 122.4

Female 322.2 156.4 380.1 156.0 175.0 99.2

6MWT Pred (m)** 531.3 54.5 543.0 51.4 526.7–559.2 508.4 54.1 483.7–533.0

% of predicted distance walked*** 62.8 27.8 74.3 23.2 67.0–81.6 40.2 21.8 30.3–50.1

Male 66.6 27.1 81.6 19.4 47.2 23.8

Female 60.5 28.3 71.0 24.4 33.8 18.5

FST (s) 10.7 8.4 7.5 4.4 5.9–8.8 17.9 10.2 12.4–22.0 <0.001

FST power (kg-m/min) 438.7 302.7 532.7 302.0 437.4–628.0 246.0 198.1 153.3–338.7 <0.001

Male 544.3 376.5 715.5 376.0 321.7 246.1

Female 374.8 230.7 447.9 220.7 170.3 97.5

SST (s) 22.5 15.7 18.0 5.9 16.1–20.0 32.5 23.4 20.3–41.3 <0.001

BAL (s) 15.7 10.5 18.9 9.9 9.3 8.4

BAL (category) 2.8 .2 2.4–3.1 2.0 .3 1.4–2.6 <0.001

Pulmonary Function Measures

FEV1 (l) 2.73 0.69 2.83 0.63 2.66–3.06 2.56 0.78 2.15–3.86 0.142

FEV1 Pred (%) 97.27 18.69 99.60 15.10 95.5–104.5 93.43 24.77 79.1–101.5 0.226

FVC (l) 3.69 0.91 3.68 0.88 3.45–4.00 3.53 0.97 2.96–3.87 0.534

FVC Pred (%) 99.80 16.48 100.47 15.54 96.0–105.8 98.35 18.82 86.5–104.5 0.740

FEV1/FVC 0.77 0.01 0.78 0.08 0.75–0.80 0.74 0.13 0.69–0.81 0.122

MIP (cm H2O) 62.1 27.3 65.2 27.0 57.9–75.1 55.9 27.6 40.5–64.3 0.207

MIP Pred (%) 64.4 30.0 70.2 29.8 60.3–78.4 52.6 27.5 45.0–69.6 0.027

MEP (cm H2O) 79.1 37.2 84.5 37.9 73.6–98.1 67.9 33.7 50.7–71.4 0.095

MEP Pred (%) 49.3 20.8 52.9 19.3 45.2–59.8 41.9 21.9 28.1–50.3 0.047

MVV (l/min) 102.1 28.3 109.6 27.7 101.8–119.3 86.7 23.4 76.6–98.5 0.002

MVV Pred (%) 93.6 20.9 98.9 19.7 93.9–106.3 82.6 19.1 76–6-95.2 0.003

* One-way ANOVA significant at p < 0.05
** Predicted 6MWT distance ¼ 493þ (2.2� height [cm])� (0.93� weight [kg]) – (5.3� age). For men add 17 m. Subtract 100 m for lower limit of normal range.20

*** Percentage of predicted distance walked ¼ (actual 6MWT� predicted 6MWT)� 100%.
MS ¼ multiple sclerosis; EDSS ¼ Expanded Disability Status Scale; 6MWT ¼ 6-Minute Walk Test distance; FST ¼ Functional Stair Test; SST ¼ Sit-to-Stand Test;
BAL ¼ single or tandem static standing balance; FEV1 ¼ forced expiratory volume in 1 second; FVC ¼ forced vital capacity; FEV1/FVC ¼ forced expiratory volume in
1 second / forced vital capacity; MIP ¼ maximal inspiratory pressure; MEP ¼ maximal expiratory pressure; MVV ¼ maximal voluntary ventilation
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required for community functioning, and distances less
than 350 m were associated with a substantial increase
in risk of mortality.25,26,52–54 Figure 4 depicts the regres-
sion of ABC scores against 6MWT distance, where an
ABC score of 65 corresponds to a distance of 350 m on
the 6MWT, indicating that participants scoring at or
below 65 on the ABC Scale are at risk for low 6MWT
scores. Figure 3 depicts the regression of FST against
6MWT distance, where an FST of 8 s corresponds to a
distance of 350 m on the 6MWT, indicating that partici-
pants who required 8 seconds or more to complete the
FST were likely to have low 6MWT scores.

Influence of Age on 6MWT and ABC Scores

Table 6 displays results of the 6MWT, ABC, and FST
according to age categories (5-year periods) for the entire
group of participants. These results indicate that individ-
uals with MS who are younger (<50 years of age) are
likely to be above the thresholds for 6MWT, balance
confidence, and stair-climbing performance.

DISCUSSION

These results indicate that measures of balance con-
fidence (ABC), static standing balance (BAL), and lower-
extremity power (FST) are highly associated with and
explain a large portion of the variance in performance
on the 6MWT in persons with MS. Of these, balance con-
fidence and lower-extremity power explained the most
variance in 6MWT performance. This result is consis-
tent with studies of non-disabled, community-dwelling
older adults, which found that those with reduced bal-
ance confidence demonstrated decreased lower-extrem-
ity strength and walking speed.55,56 Likewise, several
other studies of older community-dwelling individuals
reported an association between 6MWT and measures
of physical performance, activities of daily living, or self-
reported activity.14,19,57

Savci et al. reported that functional independence in
carrying out activities of daily living (Barthel Index) ex-
plained 61% of the variance in 6MWT performance in
a similar group (EDSS < 6.5) of individuals with MS.24

While they did not include other measures of physical
performance or balance in their regression modelling,
adding baseline HR and FSS to their model explained
81% of the variance in 6MWT distance (6% explained by
the FSS).24 Neither the fatigue data from our study (FSS)
nor those from Chetta et al., who used the Modified
Fatigue Impact Scale, were highly correlated with
6MWT.28 Compared to participants in our study, partici-
pants in the Savci et al. study had higher resting HR
(94.07e 15.40 bpm vs. 78.2e 10.4 bpm), despite being
younger (34.97e 8.19 years vs. 49.3e 9.8 years).24 Simi-
larly, Chetta et al. reported higher resting HR in those
with mild MS (EDSS <4.0) relative to our mild group
(86e 10 bpm vs. 79.0e 11.4 bpm).28 Lower HRs for
participants in our study may be related to the fact that
smokers were excluded from our study but not from
previous studies. It is also possible that the lower resting
HR of our study participants reflected higher overall
fitness levels relative to those in Savci et al.’s and Chetta
et al.’s studies, resulting in a weaker association between
fatigue and 6MWT performance in our study.24,28

Gait velocity has also been correlated with strength of
the hamstring and quadriceps muscles in persons with
MS.58 In persons with stroke, the FST has been demon-
strated to be both a test of function and a test of lower-
extremity muscle strength and power.42 The decreased

Table 4 Health Factors, Physical Performance, and Pulmonary Function
Correlated with 6-Minute Walk Test

Measures Correlated with 6MWT Partial * R2

Health Factors

EDSS �0.588*** 0.346

Number of comorbidities 0.026 0.001

Number of medications �0.056 �0.001

Fatigue (FSS) 0.003 0.001

BMI (kg/m2) �0.065 0.004

HR �0.126 0.016

Systolic BP �0.180 0.032

Diastolic BP �0.200 0.040

ABC score) 0.771*** 0.594

Physical performance measures

FST �0.756*** 0.572

SST �0.571*** 0.326

BAL 0.395*** 0.156

Pulmonary function measures

MIP observed 0.281** 0.079

MIP predicted 0.314** 0.099

MEP observed 0.404*** 0.163

MEP predicted 0.302** 0.091

MVV observed 0.304** 0.092

MVV predicted 0.321*** 0.103

FEV1 observed 0.111 0.012

FEV1 predicted 0.113 0.013

FVC observed 0.043 0.002

FVC predicted 0.073 0.005

FEV1/FVC 0.086 0.007

* Partial correlation controlling for age
** p < 0.05
*** p < 0.01
6MWT ¼ 6-Minute Walk Test; EDSS ¼ Expanded Disability Status Scale; BMI ¼
body mass index; FSS ¼ Fatigue Severity Scale; ABC ¼ Activities-specific Balance
Scale; FST ¼ Functional Stair Test; SST ¼ Sit-to-Stand Test; BAL ¼ single-limb or
tandem balance; HR ¼ heart rate; BP ¼ blood pressure; MIP ¼ maximal inspiratory
pressure; MEP ¼ maximal expiratory pressure; MVV ¼ maximal voluntary
ventilation; FEV1 ¼ forced expiratory volume in 1 second; FVC ¼ forced vital
capacity; FEV1/FVC ¼ forced expiratory volume in 1 second / forced vital capacity
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6MWT performance associated with decreased lower-
extremity power, as demonstrated on the FST, is consis-
tent with the findings of Hernandez et al., who found
that lower-extremity muscle strength was significantly
reduced in community ambulatory persons who re-
ported difficulty with stooping, kneeling, and crouching
tasks.41 As a single factor in a curvilinear regression
model, the FST explained 79% of the variance of the
6MWT in our study, which suggests that lower-extremity
strength and power contribute significantly to ambula-
tory endurance at functional distances associated with
the 6MWT test in persons with MS (see Table 5).

Respiratory muscle performance measures (predicted
MIP, MEP, and MVV) were significantly and positively
associated with 6MWT performance in our study, in-
dicating that better respiratory muscle function was
associated with greater walking distance. MIP, MEP, and
MVV each individually explained about 10% of the
variance in 6MWT distance (see Table 4). While this
may not appear to be highly important, when we con-
sider the variance explained by BMI, number of medi-
cations, number of comorbidities, and fatigue—each
of which individually explained less than 1% of the
variance—the association of MIP, MEP, and MVV with
the 6MWT seem likely to be clinically relevant.

Ventilatory muscle weakness, incoordination, and
postural abnormalities are thought to reduce MEP, MIP,
and MVV in persons with MS.59,60 This is true even in
those individuals who are ambulatory.61,62 Average MIP
and MEP values in our study were lower than those
reported by Chetta et al. and by Savci et al., who found
no association between measures of MIP or MEP and
6MWT performance.24,28 Participants in our study were,
on average, 15 years older than those examined by
Chetta et al. (32e 7 vs. 46.6e 9.2 years, mild ) and Savci
et al. (34.97e 8.19 vs. 49.3e 9.8 years, moderate). It is
possible that respiratory muscle performance may be
more important as the individual with MS ages, espe-
cially since MS disability is known to be related to age.31

Respiratory complications have been identified as a
major cause of morbidity and mortality in individuals
with advanced MS.5

We found that 6MWT performance differed signifi-
cantly between participants with mild disability (EDSS
<4.0, 6MWT mean ¼ 402.4 m) and those with moderate
disability (EDSS 4.0–6.5, 6MWT mean ¼ 193.7 m). The
difference in 6MWT distance was explained by the
differences in measures of balance confidence (ABC)
and lower-extremity power (FST Power, FST Time). The
participants with moderate disability walked more slowly

Table 5 Predictor Variables of Six-Minute Walk Distance and their Unstandardized Coefficients and Standardized Coefficients (b ) and Significance

Predictor Variables Unstandardized Coefficients* Standardized Coefficients (b) R2 95% CI p

Three-factor linear regression model (n ¼ 58)

Constant 207.9

ABC Score 2.7 0.434 0.768 1.6–45.0 <0.001**

FST time (s) �9.1 �0.433 �12.1– �4.5 <0.001**

BAL time (s) 3.1 0.147 0.040–4.4 0.046***

Two-factor linear regression model (n ¼ 58)

Constant 218.5

ABC Score 3.4 0.485 0.750 1.97–4.89 <0.001**

FST time (s) �9.1 �0.441 �12.40– �4.5

Single-factor regression models

Constant �37.4

ABC Score (n ¼ 58) (linear) 5.9 0.815 0.664 4.7–6.7 <0.001**

Constant 501.2

FST time (s) (n ¼ 64) (linear) �15.0 �0.804 0.661 460.6–539.6 <0.001**

Constant 602.4

FST time (s) (n ¼ 64) (curvilinear/quadratic) b 1 ¼�33.1 b 2 ¼ 0.507 0.792 <0.001**

* 95% confidence interval bands shown in Figures 1 and 2.
** p < 0.01
*** p < 0.05
CI ¼ confidence interval; ABC ¼ Activities-specific Balance Confidence Scale; FST ¼ Functional Stair Test; BAL ¼ standing static balance
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Table 6 6-Minute Walk Distance, Balance Confidence Score, and Functional Stair Test Time by Age Category

6-Minute Walk Distance (m)
Pearson product–moment correlation for 6MWT with age (r ¼�0.464**)

MS Subjects Reported Data for Healthy Adults

Age Category n % Mean SD Meane SD

<40 10 15.6 472.3 143.1 614e 69*,24

577e 56*,28

593e 57***,15

638e 44****,15

40 to <45 8 12.5 385.5 124.8 670e 85***,22

671e 56****,22

45 to <50 10 15.6 368.3 180.1

50 to <55 18 28.1 276.2 138.2

55 to <60 12 18.8 308.0 140.4 494***,19

576****,19

b60 6 9.4 206.1 122.1 530e 77***,14

458e 136****,14

659e 62*,16

631e 57***,16

690e 53****,16

344e 8820

631e 93*,21

589***,21

673****,21

ABC Scores
Pearson product–moment correlation for ABC with age (r ¼�0.416**)

MS Subjects

Age Category n % Mean SD

<40 9 15.5 78.7 21.7

40 to <45 8 13.8 75.4 16.6

45 to <50 8 13.8 69.1 24.0

50 to <55 16 27.6 55.1 19.5

55 to <60 11 19.0 64.9 25.9

b60 6 10.3 46.0 7.0

FST Time (s)
Pearson product–moment correlations for FST with age (r ¼ 0.425**)

MS Subjects

Age Category n % Mean SD

<40 10 15.6 5.7 5.0

40 to <45 8 12.5 7.9 4.4

45 to <50 10 15.6 10.3 7.7

50 to <55 18 28.1 12.9 8.4

55 to <60 11 18.8 9.4 5.4

b60 6 9.4 20.2 13.7

* ¼ mean 6MWT includes both sexes
** ¼ significant at p ¼ 0.01
*** ¼ mean 6MWT for female participants
**** ¼ mean 6MWT for male participants
6MWT ¼ 6-Minute Walk Test; MS ¼ multiple sclerosis; ABC ¼ Activities-specific Balance Confidence Scale; FST ¼ Functional Stair Test
Data sources: Savci et al.24 (n ¼ 30; 17I /13J ) in MS study (mean age: 35e 9 yrs); Chetta et al.28 (n ¼ 10; 7I /3J ) in MS study (mean age: 33e 8 yrs); Chetta15 (mean
age I ¼ 33e 9 yrs; mean age J ¼ 36e 8 yrs); Gibbons22; Enright and Sherrill19; Enright et al.20 (n ¼ 173; mean age I ¼ 62 yrs; mean age J ¼ 59.5); Camarri et al.16

(n ¼ 37; I; mean age ¼ 64.5e 5.2 yrs); Troosters et al.21 (n ¼ 54; mean age ¼ 65e 10 yrs); Lord et al.14 (n ¼ 24 I ; n ¼ 5 J ; age: min ¼ 62, max ¼ 69 yrs)
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than those with mild disability (6MWT ¼ 193.7 m vs.
402.4 m; see Table 3) and consistently demonstrated
decreased respiratory muscle function, as indicated by
predicted MIP (52.6% vs. 70.2%), MEP (41.9% vs. 52.9%),
and MVV (82.6% vs. 98.9%). Resisted breathing training
has been shown to reverse or prevent further decline in
ventilatory muscle function in persons with MS.62–65

Age also affected 6MWT distance (see Table 6). Of the
64 participants in this study, 28 were under age 50. Of
these 28 participants, only 3 (10.7%) were moderately
disabled; by contrast, of the 36 participants aged 50 or
older, 18 (50.0%) were moderately disabled. Participants
in this study exhibited reduced walking distances on the
6MWT relative to non-disabled individuals 20–50 years
of age (593e 57 m for women, 638e 44 m for men15)
and 60–69 years of age (530e 77 m for women,
458e 136 m for men14). Data on 6MWT distance for
healthy individuals are included in Table 6.14,15,19–22,24,28

After age 70, the average 6MWT distance falls below
500 m but remains above the 350 m threshold required
for community ambulation.14,20 The 6MWT distance in
the moderately disabled group of individuals with MS
were smaller than distances reported as necessary for
even single-task community outings.66,67 Thus, individuals
with MS who are over 50 years of age and moderately
disabled are at risk of losing independent functional
community ambulation.

Similar declines in function were observed with age in
the ABC and FST (see Table 6). In this study, ABC scores
generally declined with age and were very low for par-
ticipants with moderate disability; the ABC is known to
be related to balance ability during functionally based
tasks in community-dwelling elderly people.38 On the
FST, participants with moderate disability took twice
as long as those with mild disability to complete the
stair-climbing task. Stair-climbing ability has also been
identified as an important factor for maintaining com-
munity functioning.8 Declines in balance confidence
and stair-climbing ability observed both with increasing
age and with increasing EDSS levels are thus additional
indicators of risk of decreased community mobility in
persons with MS.

In ambulatory persons with MS who have mild or
moderate disability, the ABC and FST, when modelled
together, explained 75% of the variance in 6MWT. When
modelled in single-factor regressions, the ABC explained
66% and the FST explained 79% of the variance in 6MWT
distance, which indicates that both ABC performance
and FST performance are good explanatory factors of
6MWT performance. The two-factor regression model
(ABC and FST) and both single-factor regression models
explained 6MWT distance through most of the range of
6MWT scores, with some variance in the highly able
walkers (see Figures 1 and 2). Individuals with MS who
scored <65 on the ABC or required more than 8 seconds
to complete the FST did not achieve the 350 m distance

threshold on the 6MWT. Participants who were older
exhibited higher levels of disability, reduced 6MWT dis-
tances, reduced balance confidence, and increased FST
time.

Both the ABC and FST are readily available clinical
measures that require limited time to administer. Use of
the ABC and FST as indicators of 6MWT performance
may be very helpful in clinic situations where there is
inadequate space to conduct the 6MWT or in cases
where the 6MWT would produce excessive fatigue in
a patient with MS. If a single-factor regression model
is used to explain the 6MWT distance, the FST is pre-
ferred because of its larger standardized coefficient (b) of
�8.804. The FST simply requires the participant to com-
plete three trials of ascending and descending four steps
as quickly as possible and can typically be administered
in no more than 3 minutes. For many participants this
is less fatiguing than completing a 6MWT. If, for some
reason, the patient is unable to climb stairs safely, then
the ABC single-factor regression model is recommended.
The ABC is a questionnaire that can be self-administered.

This is the first report describing an association be-
tween 6MWT and scores on the ABC scale in persons
with MS. Hatch et al. reported that average ABC scores
for older community-dwelling individuals at risk for falls
ranged from 62 to 69.38 To determine ABC scores that
would indicate risk for decreased community ambula-
tion in persons with MS, we compared participants’
performance to a minimum standard of 350 m for
community ambulation.52,66,67 Using the 350 m standard
for community ambulation in an older population,20

individuals with MS in this study whose ABC score fell
below 65 would be expected to have decreased com-
munity ambulation (see Figure 1). This value is in agree-
ment with those reported by Hatch et al.38 All moder-
ately disabled participants in this study fell well below
this threshold. ABC scores and 6MWT have been shown
to relate to indices of satisfaction with community rein-
tegration after stroke and may also be important mea-
sures for those with MS.68

A similar comparison of stair-climbing speed (FST)
with a 350 m standard for the 6MWT showed that par-
ticipants with an FST time >8 seconds demonstrated
decreased community ambulation (see Figure 2). Almost
all participants in the moderately disabled group required
more than 8 seconds to complete the stair-climbing
assessment and are thus likely to have limited mobility.
However, those in the mildly disabled group did not
appear to have limited mobility.

In healthy older adults, agility and resistance training
have been shown to improve balance confidence.69

Since balance confidence and lower-extremity power
are strongly linked with ability to walk farther on the
6MWT in persons with MS, studies of interventions to
improve these factors in persons with MS are indicated.
These studies should be designed with outcome mea-
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sures that assess functional gait skills as well as par-
ticipation in the community. The relationship between
balance confidence and the need for assistance with
daily living tasks is also an area of interest for future
study.

LIMITATIONS

This study has several limitations. Use of two different
study sites created a potential threat to the study’s inter-
nal validity as a result of the use of two different mea-
surement devices for pulmonary function tests and of
different walking paths for the 6MWT. Another major
limitation is that the ABC scale was not administered at
a consistent time at the two sites (i.e., it was adminis-
tered during the intake session at one site and included
as a post-study measure at the other site). Some parti-
cipants in our study expressed cautionary statements
about overexertion and knowledge about pacing acti-
vities to avoid fatigue. We did not formally examine
their knowledge of fatigue management, and individuals
educated on principles of overuse may have paced
themselves differently on the 6MWT test and been more
sensitive to factors that contribute to fatigue. Also, since
participants who currently smoke were excluded from
this study, the functional test data reported here may
reflect higher values than would be found in a MS
population that includes smokers. Because of the lower
incidence of MS in men and the relatively small sample
size, with very few men (23 vs. 41 women), analysis by
gender was not possible.

CONCLUSION

The ABC and FST are inexpensive, readily accessible
tests that may be completed in just a few minutes in the
clinic, and they are highly explanatory of 6MWT distance
in persons with MS. Incorporating the ABC, FST, and
6MWT into routine primary medical or physical therapy
examinations will provide valuable insight into the risk
of loss of community ambulation ability in mildly and
moderately disabled persons with MS.

KEY MESSAGES

What Is Already Known on This Topic

Several studies have reported an association between
6MWT distance and measures of physical performance,
activities of daily living, or self-reported activity in older
community-dwelling individuals.14,19,47 Low scores on
the 6MWT explain early disability and loss of community
functioning. 6MWT distance is significantly reduced in
persons with MS, which suggests that they are at risk for
mortality and impaired mobility.24,28,29

What This Study Adds

This study reports on clinical characteristics and
physical performance measures related to 6MWT as
alternative methods to explain risk of disablement. Per-
formance on the 6MWT, FST, and ABC scale is influ-
enced by age and disability in persons with MS. This
study demonstrates that efficient clinical measures of
stair climbing (FST) and balance confidence (ABC Scale)
explain 75% of the variance in 6MWT performance. The
FST and ABC scale may be practical clinical measures for
identifying the potential for early loss of community
function and independent living in persons with MS.
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