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Fatigue may limit the ability of people with multiple sclerosis (MS) to participate in walking exercises,

which could ultimately reduce their benefit from physical therapy. An exercise program that minimizes

the fatigue experienced by people with MS during exercise may lead to an increase in the amount of
exercise being performed. The purpose of this study was to determine whether subjective feelings of
Jfatigue differ in people with MS depending on whether they exercised intermittently or continuously.

Using a within-subjects, counterbalanced crossover design, a sample of 30 individuals with MS per-

Jormed 6 minutes of continuous and 6 minutes of intermittent walking 1 week apart. Fatigue was

measured on the Visual Analogue Scale of Fatigue (VASF) and recorded before and after the walking
conditions. A 2 x 2 repeated-measures analysis of variance was used to assess the potential effects of
intermittent versus continuous walking on self-reported fatigue. A significant interaction revealed that
pre-post mean self-ratings of fatigue on the VASF increased less in the intermittent condition (from

37.93 mm to 44.83 mm; difference = 6.90 mm) compared with the continuous condition (from 34.33

mm to 54.43 mm: difference = 20.10 mm) (P < .001), suggesting that patients experienced less fatigue

in the intermittent condition despite walking an equivalent total duration. The interaction effect was

not influenced by age, gender, disease severity or duration, use of antispasticity medication, use of
assistive devices, or mood. The results suggest that people with MS may be more tolerant of, and able to

perform, greater amounts of exercise if they exercise intermittently. Int ] MS Care. 2012;14:124-131.

atigue has been described as one of the most dis-
Fabling symptoms of multiple sclerosis (MS)' and

has been reported to occur in 78% of patients.?
Not surprisingly, individuals with MS are limited in
function owing, in part, to fatigue.’> Evidence is mount-
ing that MS patients may benefit from exercise across
a broad range of health outcomes, including fatigue.*®
At the same time, fatigue likely adversely affects an MS
patient’s ability to participate in exercise,” and little is
known about how to maximize the benefits of exercise

while managing fatigue in patients with MS.
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Krupp et al." defined MS fatigue as having the fol-
lowing characteristics: a) comes on easily, b) prevents
sustained physical functioning, c) is worsened by heat,
d) prevents fulfillment of responsibilities, e) inter-
feres with physical functioning, and f) causes frequent
problems. The Multiple Sclerosis Council for Clinical
Practice Guidelines defined fatigue as “a subjective lack
of physical and/or mental energy that is perceived by
the individual or caregiver to interfere with usual and
desired activities.”"! Paty and Ebers'* separated fatigue
from MS into two subcategories: lassitude and motor
fatigue. Lassitude has been described as a generalized
feeling of exhaustion; motor fatigability refers to fatigue
that occurs with repeated muscle contractions or motor
activity.

Multiple factors have been associated with MS
fatigue, including many symptoms commonly associated
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with MS such as pain," sleep disorders,'* depression,'

ataxia, spasticity, infections,'® and the use of multiple
medications, which may have fatigue as a side effect.
Theories about the pathophysiology of fatigue are varied
but largely revolve around three perspectives: The first is
the neuromodulation theory, which holds that fatigue
may be related to proinflammatory cytokines activated
from leukocytes participating in the autoimmune pro-
cess.”” A second theory holds that fatigue in MS is due
to demyelination and axonal loss in central pathways
necessary for sustained motor activity. Consistent with
this is the observation that fatigue is more common in
patients with progressive MS, in which these pathologies
are more predominant, than in patients with relapsing-
remitting disease.'®! Third, some fatigue in MS may
also be due to secondary causes. Svensson et al.” suggest-
ed that the motor fatigue seen in MS may be due in part
to muscle disuse, rather than the central causes described
above. If this is the case, some of the fatigue seen in MS
may be alleviated through exercise.

Although the pathophysiology of MS fatigue has
yet to be fully elucidated, it is likely that fatigue limits
patients’ ability to engage in exercise and rehabilitation
programs. An exercise protocol that minimizes fatigue
may allow for more exercise. Intermittent exercise could
result in less fatigue and a longer exercise period, thus
enhancing the benefits of exercise and potentially of
physical rehabilitation programs. Although some stud-
ies have examined intermittent exercise, it has not been
examined in the context of MS. Clapp and associates
reported good results with low-intensity, intermittent
exercise in individuals with chronic fatigue syndrome.
Murphy and Hardman?®* reported similar improvements
in fitness with long and short bouts of brisk walking in
sedentary women. Schachter and associates®® examined
the effects of one long exercise bout compared with
two short bouts (the total amount of exercise in the two
groups was the same) in sedentary women with fibromy-
algia. However, no advantage for either group was found
in terms of physical or psychological well-being, self-
adherence, improvements in fibromyalgia symptoms, or
physical function. Thus, evidence of the potential ben-
efit of intermittent versus continuous exercise remains
mixed, particularly as it pertains to the MS population.
Moreover, due to the multifactorial and subjective
nature of fatigue in MS, its measurement is challeng-
ing. Measurement of fatigue is usually accomplished by
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either self-report, where the individual rates or describes
his or her fatigue, or a physical performance test in
which a level of physical activity must be sustained for a
period of time.

Although the issue is not yet resolved, literature and
theory support the possibility that intermittent exercise,
by potentially reducing MS fatigue, might be advanta-
geous for MS patients. To this end, we assessed the
effects of 6 minutes of intermittent walking versus 6
minutes of continuous walking on self-reported fatigue
in patients with MS. We chose the 6-Minute Walk
(6MW) test as a sample of exercise that can provoke
fatigue in patients across a relatively broad range of dis-
ability.?* We hypothesized that the intermittent condi-
tion would be associated with less subjective fatigue than
the continuous condition, despite the equivalence of the
total duration of walking across conditions. Such a find-
ing could guide improvements in exercise programs for
patients with MS.

Methods
Research Design

We used a repeated-measures, crossover design, with
each patient serving as his or her own control. To con-
trol for order effects, the design was counterbalanced
such that half the patients did an intermittent 6-minute
walking condition first, followed by a 6-minute con-
tinuous condition 1 week later, and the other half of
the patients participated in the conditions in the reverse
order. Fatigue was assessed for each patient before (pre)
and after (post) each walking condition.

Participants

A convenience sample of 30 participants was recruit-
ed from an MS management practice in New York City
where the first author worked as a physical therapist.
After receipt of internal review board approval from St.
Luke’s Roosevelt Hospital, testing began with the first
subjects who met the inclusion criteria and continued
in an ongoing manner until recruitment was complete.
Inclusion criteria included a) a clinical diagnosis of MS,
b) ability to ambulate continuously for 6 minutes, with
or without assistive devices, and c¢) ability to read and
comprehend the informed consent form. Exclusion
criteria included a) evidence of exacerbation as defined
by the neurologist (patients were eligible to participate
after 4 weeks of clinical stability), b) interferon injections
within 48 hours of testing, ¢) recent treatment (within 4
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weeks) with methylprednisolone, d) inability to ambu-
late for 6 minutes continuously, e) history of recent
lower-extremity injury, cardiac problems, or respiratory
complications interfering with the ability to perform a
6-minute continuous walk, f) use of antifatigue medica-
tions, and g) cognitive impairment that limited the abil-
ity to follow simple commands.

Walking Conditions

The walking conditions were as follows: 1) Con-
tinuous walking: Each subject walked for 6 minutes at
his or her best comfortable pace. If the subject normally
walked with an assistive device (cane, walker, brace),
he or she used the device. The subject was guarded by
a physical therapist for the entire walk. 2) Intermittent
walking: The same subject walked for 6 minutes in three
2-minute intervals. At the end of each interval, the sub-
ject rested for 2 minutes in a seated position.

Although we did not use it as a dependent variable or
endpoint, the 6MW is widely used in research with MS
patients, with well-established reliability and validity.**
We selected the 6MW as a sample of walking exercise
because it is easily reproducible, is long enough to detect
fatigue effects,” and reasonably represents an endurance
activity, while still allowing for inclusion of a relatively
broad range of MS disability. Because of the inclusion of
rests after each 2-minute interval, the intermittent walk-

ing condition in the current study does not represent the
6MW in its standard form.

Self-Rated Fatigue

We used the Visual Analogue Scale of Fatigue
(VASF) as our primary outcome measure.’® Subjects
rated fatigue by marking a 100-mm visual analogue
scale. A mark on the extreme right of the scale indicated
the worst fatigue, and that on the extreme left indicated
the least fatigue. Each subject rated fatigue on the VASF
1 minute before and immediately after completion of
the continuous or intermittent condition. The differ-
ence in millimeters between the pre- and post-walking
scores was assessed. The VASF was reported by Krupp et
al.”” to be more sensitive in detecting beneficial effects of
fatigue treatment compared with two other well-known
rating scales for fatigue in individuals with MS, the
Fatigue Severity Scale (FSS)?® and the Fatigue Impact
Scale (FIS).?? The VASF has been found to be well
correlated with physical aspects of fatigue, but weakly
correlated with psychosocial and cognitive aspects of

fatigue.® Reliability of the VASF has been established
for other conditions but has not been examined in MS.%!
Although the FIS and FSS scales are reported to have
greater test-retest reliability than the VASF, they were
designed for measuring the effects of fatigue over time,
not at a particular point in time, as in the present study.
We used the VASF as the primary measure because it is
reflective of immediate changes in fatigue. We hypothe-
sized that fatigue measured with the VASF would be less
after intermittent compared with continuous walking.
The FSS was used in this study to assess the background
level of fatigue for each subject: A score of 4.0 or greater
is considered to represent significant fatigue.*

Because of the well-known mood-enhancing effects
of exercise in individuals with MS and evidence that
depression may be a factor in MS-related fatigue, the
Visual Analogue Mood Scale (VAMS) was adminis-
tered immediately after administration of the VASF,
prior to and after walking bouts. The VAMS was first
used by Folstein and Luria** and revised by Monk®
and consists of nine questions. It has been found to
be a valid and reliable measure of mood in MS.*® The
subject is instructed to draw a vertical line through a
100-mm horizontal VAS in accordance with how he or
she is feeling at the time. Caruso and associates® used
the VAMS (and other measures) to examine the rela-
tionship between sleep disorders and MS fatigue. We
hypothesized that there would be no significant change
in mood over the testing period and that mood would
not influence differential effects of condition on changes
in fatigue.

Procedure

Participant characteristics, including age, gender,
height, weight, type of MS (relapsing-remitting, primary
progressive, secondary progressive), and years since diag-
nosis were recorded. Clinical information included the
level of impairment (Expanded Disability Status Scale
[EDSS]?® score, as measured by the subject’s neurolo-
gist), overall level of fatigue (measured by the FSS), use
of assistive devices (cane, walker, ankle-foot orthoses),
and use of antispasticity medication.

Condition order was counterbalanced such that
half the patients were randomly assigned to receive the
conditions in one order, and the order was reversed
for the other patients. The testing environment was
thermostat controlled and maintained at a temperature
of approximately 76°F. Patients remained in the test-
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ing environment for approximately 15 minutes before
testing began to reduce the effects of outside weather
variations. Testing began with patients completing a
5-minute seated rest, and the VASF and VAMS were
administered 1 minute before the first walk. The walk-
ing area was a 200-foot, rectangular walkway with a
linoleum surface requiring four 90° turns (one turn
every 50 feet). Subjects were instructed not to talk dur-
ing the walk, and others who might be in the hallway
were previously instructed not to talk with the subjects
during the walk or rest periods. The VASF and VAMS
were administered within 1 minute of sitting down. One
week later, subjects performed the other walking condi-
tion. After a 5-minute seated rest, the VASF and VAMS
were again administered immediately before the walk
and within 1 minute of sitting down after the walk. Sub-
jects performed the different conditions during the same
time of day, either before or after 12 p.m. They were
asked to walk at their best comfortable pace and to wear
the same footwear for both walks that they would nor-
mally wear if they were going to walk the same length
of time. If they normally used an assistive device, they
were instructed to use that device for both walks. The
subject was guarded by a physical therapist for the entire
walk in case of loss of balance. The therapist did not
give any physical or verbal assistance unless loss of bal-
ance occurred. If loss of balance occurred or the subject
needed to stop for any reason, the trial was halted and
repeated at a later date. If the trial was halted a second
time, the subject was removed from the study.

Statistical Analysis

All analyses were performed with SPSS, version 12.0
(SPSS, Chicago, IL). Descriptive statistics were calcu-
lated for all variables and participant characteristics.
Means and standard errors were calculated for VASF
scores before (pre) and after (post) each walking condi-
tion (continuous vs. intermittent). Since each participant
provided his or her own control in this crossover design,
there were no baseline group characteristics to compare.
No impact was found of condition order on pretest-
posttest fatigue score differences. In order to assess the
effects of intermittent versus continuous walking con-
ditions on pretest-posttest differences in self-reported
fatigue, we conducted a two-way, repeated-measures
analysis of variance (ANOVA). Prior to performing the
ANOVA, the assumptions of normality and spheric-
ity of the fatigue scores were tested and met (2 < .05).

Intermittent vs. Continuous Walking and Fatigue in MS

Bonferroni corrections were applied to all pairwise com-
parisons to control for family-wise error. All tests were
two-tailed, with the significance level set at o0 < .05. The
potential impacts of participant characteristics on the
repeated-measures ANOVA were assessed by running
the main ANOVA multiple times, once for each charac-
teristic entered as a covariate. Potential bivariate associa-
tions between the VASF and participant characteristics
were assessed with Pearson correlations for continuous
interval variables and Spearman correlations for dichoto-

mous or noninterval variables.

Results

Demographic and background sample characteris-
tics are summarized in Table 1 and are consistent with
those of the urban MS management practice from which
subjects were recruited. All participants completed the
study. As expected, the two-way repeated-measures
ANOVA of the effects of Time (pretest vs. posttest)
and Condition (continuous vs. intermittent walking)
on VASF self-ratings of fatigue revealed two significant
effects. First, the main effect of Time was significant (F

Table 1. Demographic and background
characteristics of study participants (N = 30)

Variable Value
Age, mean (SD), y 51.9 (11.6)
Years since diagnosis, mean (SD) 15.0 (10.8)
EDSS score, mean (SD) 3.6(1.4)
FSS score, mean (SD) 4.28 (1.25)
Female, No. (%) 20 (66.7)
Type of MS, No. (%)
Relapsing-remitting 16 (53.3)
Primary progressive 10 (33.3)
Secondary progressive 4(13.3)
Assistive device, No. (%)
None 16 (53.3)
Straight cane 9 (30.0)
Straight cane/ankle-foot orthosis 2(6.7)
Wide-based quad cane 1(3.3)
Rolling walker 2(6.7)
Antispasticity medications, No. (%)
None 22 (73.3)
Baclofen 506.7)
Clonazepam 2(6.7)
Baclofen/clonazepam 1(3.3)

Abbreviations: EDSS, Expanded Disability Status Scale; FSS, Fatigue
Severity Scale; MS, multiple sclerosis.
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Figure 1. Change in mean self-rated fatigue from before walking
(pre) to after walking (post) by experimental condition (continuous vs.

The overall interaction was significant (P < .001) owing to a greater increase in VASF
scores in the continuous condition relative to the intermittent condition. The prewalking
scores were statistically equivalent across conditions, whereas there was a significant dif-
ference between the postwalking scores of the two conditions (P < .05). VASF, Visual Ana-
logue Scale of Fatigue. Note: Possible VASF scores range from 0 mm to 100 mm, but the
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The present results showed

10 that patients with MS found
intermittent walking less fatigu-

0 ing than continuous walking,

T

even though the total amount
of time walked was the same.
This suggests that greater
amounts of activity could be
performed with intermittent
versus continuous exercise.
Given that MS-related fatigue
often limits participation in

exercise programs, a strategy

that reduces fatigue (intermit-

= 36.65, P < .001), indicating that patients were more
fatigued after walking than before walking, regardless of
condition. This finding supports the use of 6 minutes
of walking as a sample of exercise that can elicit fatigue.
Most importantly, the interaction effect was significant
(F = 16.54, P < .001), reflecting a greater increase in
fatigue in the continuous-walking condition relative to
that in the intermittent condition (Figure 1). Further
supporting the main hypothesis, pairwise comparisons
revealed a significant difference between conditions for
postwalking VASF scores (P < .05) and not for prewalk-
ing VASF scores (P = .28). The latter finding reflects
that patient fatigue was equivalent across days at the
beginning of each session prior to walking. Pre-post
mean VASF ratings increased from 34.33 mm to 54.43
mm (difference = 20.10 mm; 59%) in the continuous-
walking condition, whereas they increased from 37.93
mm to 44.83 mm (difference = 6.90 mm; 18%) in the

tent exercise) while maintain-
ing a substantial duration of activity might allow for
greater exercise benefits. Baseline patient characteristics,
such as gender, age, baseline disability, and disease
duration, did not diminish the fatigue-reducing effect
of intermittent exercise relative to continuous exercise.
To our knowledge, this is the first study to examine
the potential benefits of intermittent versus continuous
exercise for patients with MS, and the results may be of
value to health-care providers, therapists, and patients
living with MS. Additionally, the utility of the VASF
demonstrated in the present study suggests that it may
be of benefit to rehabilitation therapists for assisting
in rapid, real-time assessments of fatigue that could be
used to better individualize therapy programs. Disease
severity did not alter the subjective effect of intermittent
versus continuous walking on fatigue, despite the range
of EDSS scores in the present study (1.5-6.0) reflecting
a substantial portion of the MS continuum. Although
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subjects with an EDSS score greater than 6.0 would not
have been able to complete the study, it seems reason-
able that ambulatory subjects at the higher end of MS
disability (EDSS score 6.5-7.0) might find intermittent
walking less fatiguing than continuous walking. Despite
inclusion of a substantial range of EDSS scores in the
present study, the mean EDSS of 3.6 may suggest that
our sample was most representative of a mildly disabled
population, thus potentially limiting the generalizabil-
ity of the findings. Future research should examine the
effects of intermittent versus continuous exercise in a
more disabled population.

The decision to exclude subjects taking antifatigue
medication is potentially problematic because it may
have resulted in the omission of subjects who were most
easily fatigued. However, ethical issues arise in asking
subjects to forgo medications they normally require. In
addition, evidence of the efficacy of antifatigue medi-
cations in patients with MS is mixed, suggesting that
exclusion of subjects on antifatigue medication may not
have biased the sample much.**# The subjects in this
study all noted fatigue as a significant symptom despite a
wide range of disability, yet it is not known whether sub-
jects on antifatigue medication would have reacted in a
similar manner. Future studies could examine the effect
of intermittent exercise on individuals with MS who are
taking antifatigue medication. Also regarding medica-
tions, although we found no differential effect based on
whether a patient was taking antispasticity medications,
we did not capture the onset or duration of use of this
medication with regard to the timing of the study. It
would seem prudent in future research to record such
information to increase confidence that antispasticity
medications did not represent a confounding factor.

We did not measure distance walked, as the pur-
pose of the present study was to measure the effects
of intermittent walking on subjective perceptions of
fatigue. Therefore, although it seems unlikely, we can-
not rule out the possibility that shorter distances walked,
rather than rest periods, led to the observed reductions
in fatigue associated with the intermittent condition.
Moreover, if the reductions in fatigue could be shown to
translate into farther distances walked, it would further
strengthen the case for the potential beneficial effects
of intermittent walking in MS. Preliminary findings in
our laboratory suggest that this may, in fact, be the case.
Measuring distance could also address the potential bias

Intermittent vs. Continuous Walking and Fatigue in MS

introduced by allowing patients to determine their own
pace in a design where blinding is not feasible. Thus,
future studies should assess distance walked and poten-
tial associations of distance with condition (intermittent
vs. continuous) and fatigue.

Moreover, future examinations should compare out-
comes on a variety of exercise tasks in individuals with
MS using intermittent versus continuous protocols.
Such tasks could be selected to allow participation by
MS patients that were outside the range set by the 6MW
in the present study. In the present study, we instructed
patients to walk at their best comfortable pace, hoping
that this would elicit a balance between intensity and
safety. However, our procedure likely did not represent
aggressive or vigorous exercise, and an important direc-
tion for future research will be to replicate these find-
ings using more vigorous types of exercise. We used the
VAMS to control for the effects of mood on perceptions
of fatigue and found that changes in mood did not
have a significant effect. However, this could have been
reflective of a single bout of exercise. If a lengthier inter-
vention were used, the effects of mood might be more

prominent.

Clinical Implications

Rehabilitation programs have been used to aid in
recovery in major neurologic conditions. Multiple scle-
rosis stands apart in that a predominant feature of the
condition itself, fatigue, limits the ability to undergo
rehabilitation programs of sufficient intensity to real-
ize maximal benefits. For this reason, individuals with
MS may be unable to obtain rehabilitation gains simi-
lar to those of patients with other neurologic diseases.
Although we did not examine the effects of a rehabili-
tation program per se, the present findings suggest

* People with MS are limited in their ability to
participate in walking-related exercise activities,
likely in part due to the presence of neurogenic
fatigue.

® The results of this study show that intermittent
walking is less fatiguing than continuous walking
in people with MS.

* Thus people with MS may be able to increase
their walking exercise participation by walking
intermittently rather than continuously.
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that incorporating rests into an exercise program may
reduce fatigue and ultimately allow patients to exercise
for greater amounts of time and potentially at higher
intensities. Such gains could reasonably be expected to
translate to greater potential participation in rehabilita-
tion programs.

Rehabilitation programs comprise much more than
6-minute bouts of walking exercise. Thus, if the inter-
mittent strategy of including rests increases an MS
patient’s capacity for exercise, then multiple types of
exercise at various durations and intensities should be
explored. For example, diminished strength is a com-
mon finding in MS; however, building strength via
continuous repetitions of resistance exercise is difficult,
in part owing to fatigue. If an individual with MS per-
formed intermittent repetitions (eg, resting at the onset
of fatigue and resuming when recovered, as opposed to
continuing until fatigue prevents further work), a greater
number of repetitions could be achieved, potentially
resulting in the realization of greater strength gains.

A typical aim of an exercise program for MS patients
is for gains to generalize to multiple areas of the patient’s
life. Although this has been found to be the case in other
populations, it remains unclear whether performing
more work intermittently will result in better functional
outcomes compared with performing work continu-
ously in MS patients: the complexities of MS may yield
different results. Nevertheless, the exciting possibility
remains that an intermittent exercise strategy may lead
to improvements in quality of life for MS patients that
would not otherwise be possible. Thus, future stud-
ies should examine whether intermittent exercise leads
to gains that translate to other areas of functioning by
incorporating it into full programs of longer duration
and including prospective measures of quality of life.

Patients in the present study indicated that they
experienced less fatigue in the intermittent walking
condition, suggesting that patients with MS may bet-
ter tolerate intermittent exercise, potentially leading to
more beneficial participation in exercise programs. It will
be the work of future research first to explore whether
reduced fatigue associated with intermittent walking is
associated with greater distance, to examine the intermit-
tent strategy with a variety of exercises of varying dura-
tions and intensities, and ultimately to investigate its
potential utility for MS patients engaging in exercise and
rehabilitation programs. [
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