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Background: Multiple sclerosis (MS) may negatively affect individuals’ participation in physical activity
(PA). We used accelerometers to determine PA level in individuals with MS with varying degrees of dis-
ability as measured by the Expanded Disability Status Scale (EDSS) during regular daily activities.

Methods: Participants wore an accelerometer from 8 a.m. to 9 p.m. for 7 consecutive days. Activity counts
recorded during this period were analyzed in 1-minute epochs and categorized into one of four PA levels:
light, moderate, hard, and very hard.

Results: The study cobort comprised 13 patients with MS and 12 controls. There were significant negative
correlations for minutes spent in PA and EDSS measures on weekdays (r = -0.61), weekend (r = -0.64),
and full week (r = -0.61) and number of steps taken on weekdays (r = -0.56), weekend (r = -0.80), and
Sull-week average (r = -0.68). Significant positive correlations were found for minutes spent in light PA
and EDSS score (r = 0.69). Significant negative correlations were found for minutes spent in moderate and
hard PA and EDSS score. No significant difference was seen between the MS group and controls on any
parameters (P > .05).

Conclusions: This study showed that accelerometers can be used to objectively quantify PA levels in
individuals with MS with different disability levels. This cobort demonstrated that the amount of PA is
inversely proportional to the degree of physical disability. Collected data revealed not only the amount but
also the intensity of PA performed in real-life circumstances. Int J MS Care. 2015;17:215-220.

ultiple sclerosis (MS) is a chronic immune-
M mediated disease of the central nervous sys-

tem. It has the potential to negatively affect
participation in physical activity (PA) owing to muscle
weakness, imbalance, spasticity, fatigue, thermosensi-
tivity, and fear of worsening of disease manifestations.
Nearly 75% of individuals with MS report some degree
of ambulatory difficulties.!
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Physical activity is defined as any form of muscular
activity or bodily movement produced by skeletal muscle
contraction resulting in increased energy expenditure.*?
More severe MS symptoms, including fatigue and ther-
mosensitivity, have been associated with lower levels of
PA participation.*® In the past, patients with MS were
instructed not to exercise to avoid an increase in body
temperature that might worsen symptoms and to con-
serve energy for activities of daily living. However, it has
since been demonstrated that individuals with MS gain
the same benefits from exercising as the healthy popula-
tion and that PA reduces fatigue, increases quality of life,
and improves muscular strength in patients with MS.””

Individuals with MS accumulate physical disability
as a consequence of acute episodes of inflammation and
demyelination in the central nervous system or a slower
process of neurodegeneration. Treatment strategies are
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conditioned, in part, by the frequency of relapses, the
types of neurologic deficits, the speed and degree of
recovery, the changes in imaging biomarkers, and the
documentation of worsening of physical or cognitive
abilities. Clinicians use a variety of tools to assess these
changes, but there is a need for the development of reli-
able, objective instruments that provide information to
determine the efficacy, or lack thereof, of therapeutic
interventions in trials and in clinical practice. Physical
activity has been measured by self-report questionnaires,
pedometers, and accelerometers. All three methods
provide valid and reliable measures in the MS popula-
tion.'!" Accelerometers in particular provide an objec-
tive assessment of PA, with documentation of frequency,
intensity, and duration of activity.'>"? Previous studies
using accelerometers to measure PA in patients with MS
have concentrated on activity counts and energy expen-
diture'* and on comparing the amount of activity with
that of sedentary controls."”

The purpose of this pilot study was to objectively
assess the PA level measured by accelerometers in indi-
viduals diagnosed as having MS and to determine its
relationship with disability levels as measured by the
Expanded Disability Status Scale (EDSS). The second-
ary objective was to compare activity levels between indi-
viduals with MS and controls. The hypothesis was that
individuals with MS with higher EDSS scores would
show less participation in PA compared with individu-
als with lower EDSS scores and that individuals with
MS would have less PA participation than their healthy
counterparts. Indirectly, we wanted to determine the
feasibility of using this method in the MS population to
consider its use in larger trials.

Methods

Participants

Thirteen patients diagnosed as having relapsing-remit-
ting MS by their treating neurologist and 12 age-matched
controls without a chronic disease condition participated
in this cross-sectional study. The controls were a mixed
convenience sample. Individuals in the MS group were to
be relapse free for at least 3 months before the study. The
age range for each group was 18 to 65 years.

The research protocol and procedures were all
approved by the University of Utah institutional review
board’s ethics committee, and written informed consent
was provided by participants before any assessments.

Measurement of PA
The ActiGraph GTIM (ActiGraph LLC, Pensacola,
FL) accelerometer device was used to objectively collect

16

the participants’ PA levels.'® Data were collected from

8 am. to 9 p.m. for 7 consecutive days, according to

standardized instructions,!”

exceeding the minimum
time deemed as a valid activity recording by Trost et al.'®
Participants were instructed to remove the device while
sleeping, swimming, and bathing. The GT1M model is
biaxial, with an anteroposterior vector and a vertical vec-
tor," and is capable of detecting static (eg, force of grav-
ity detected when stationary) and dynamic acceleration
in units called counts, at a rate of 30 times per second.”
An embedded pedometer function measures the number
of steps taken per day. This accelerometer is small (3.8 x
3.7 x 1.8 cm) and lightweight (40.2 g), is typically worn
on the waist near the center of mass, and records activ-
ity counts per unit time or epoch.?! It has a battery life
of up to 15 days and a memory capacity of 1 Mb.?%#
Study participants wore the device on an elastic band
on the hip to capture measurements of PA at different
intensities, energy expenditure, and steps taken. Energy
expenditure was measured as metabolic equivalents
(METs); 1 MET is defined as the amount of oxygen
consumed while sitting at rest and is equal to 3.5 mL O,
per kg of body weight x min. It expresses the energy cost
of PA as a multiple of the resting metabolic rate. This
can be done by dividing the relative oxygen cost of the
activity (mL O,/kg/min) by 3.5.2* The activity counts
recorded during this period were analyzed in 1-minute
epochs and categorized into one of four PA levels: light-
intensity PA was defined as 1952 counts or less and is
equivalent to an energy expenditure of 2.99 METs or
less, moderate-intensity PA as 1953 to 5724 counts
(3.0-5.99 METs), hard-intensity PA as 5725 to 9498
counts (6.0-8.99 METs), and very-hard-intensity PA as
greater than 9498 counts (9.0 METs).” The data were
retrieved from the device by transferring it to a computer
using a USB connection cable and were downloaded by
specific software designed for the ActiGraph accelerom-
eter for analysis and data processing. At least 10 hours
of accelerometer data were required to consider 1 day
of recording as valid. Accelerometer data are commonly
expressed as a dimension-less unit—counts—that is
translated into a quantitative estimate of caloric expen-
diture or a categorical measure of time spent in light-,
moderate-, or vigorous-intensity activity.*

The EDSS¥ is the most commonly used method to
quantify disability in MS. It evaluates eight different
functional systems: pyramidal, cerebellar, brainstem,
sensory, bowel and bladder, visual, cerebral functions,
and ambulation. The scale ranges in score from 0 (nor-
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mal) to 10 (death due to MS). A score of 0.5 to 5.5
refers to fully ambulatory individuals without any need
of assistive devices, 6.0 to 6.5 represents need for assis-
tive devices for walking, and 7.0 to 9.5 defines different
degrees of restrictions, from wheelchair use to being
totally dependent.”” The EDSS was scored by a single
treating neurologist.

Statistical Analysis

All the statistical procedures were performed using
SPSS for Windows, version 16.0 (SPSS Inc, Chicago,
IL). Descriptive analyses for each group are reported
as mean + SE for the dependent variables. A Pearson
product moment correlation coefficient was calculated
to establish the correlation for minutes spent in PA and
EDSS score, as well as PA according to METs and
EDSS score. An independent # test was conducted to
look at group differences (MS vs. controls) for PA. Sta-
tistical significance was defined as < .05 for all analyses.

Results

The characteristics of the participants are presented in
Table 1. The sample consisted of 13 individuals with a
definite diagnosis of relapsing-remitting MS (mean + SE
age, 47.6 £ 3.0 years) and 12 controls who were similar
in age (mean + SE age, 45.5 + 5.4 years). All the par-
ticipants wore the accelerometer as instructed without
difficulties, and appropriate data were retrieved from the
devices for the predetermined monitoring period. The
MS group had EDSS scores ranging from 0.5 to 6.5,
with a mean of 2.5.

There were significant negative correlations for min-
utes spent in PA and EDSS score for the MS group on
weekdays (7 = -0.61), weekend (= -0.64), and full week
(r=-0.61, P < .05), as well as for number of steps taken

Table 1. Participant characteristics (N = 25)

MS group Controls
Characteristic (n=13) (n=12)
Age, y (mean = SE) 47.6£3.0 455+54
Sex, F/M, % 69/31 42/58
Height, cm (mean + SE) 172.6 £0.0 175.2+0.0
Weight, kg (mean + SE) 77.8+7.1 71.7 £4.7

Activity count, mean £ SE 262,475 + 50,772 289,227 + 33,068

Step count, mean + SE 6492 + 976 7894 + 581

EDSS score, mean + SE 25+0.5 NA

Disease duration, y 7.5£1.0 NA
(mean * SE)

DMT, % 85 NA

Abbreviations: DMT, disease-modifying therapies for multiple scle-
rosis; EDSS, Expanded Disability Status Scale; NA, not applicable.

Physical Activity in Individuals with MS

on weekdays (r = -0.56, P < .05), weekend (r = -0.80, P
<.01), and full-week average (r = -0.68, P < .01).

A significant positive correlation was found for
minutes spent in light PA (according to METs) and
EDSS score (r = 0.69, P < .01) (Figure 1). However, for
minutes spent in moderate PA, significant negative cor-
relations were found between PA and EDSS score (r =
-0.56, P < .05) (Figure 2). No significant relationship
was found between minutes spent in very hard PA and
EDSS score (r = -0.34, P> .05) (data not shown).

Comparing the MS group with controls, there was
no significant difference between the groups for any of
the PA measures (P > .05). However, although it did not
show statistical significance, the control group showed

Expanded Disability Status Scale Score
S

T T T T 1
1360 1380 1400 1420 1440 1460

Time Spent Performing Light Physical Activity (min)

Figure 1. Relationship between Expanded
Disability Status Scale score and time spent
in light physical activity

Expanded Disability Status Scale Score

0 10 20 30 40 50 60
Time Spent Performing Moderate Physical Activity (min)
Figure 2. Relationship between Expanded

Disability Status Scale score and time spent
in moderate physical activity
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overall greater mean activity levels (289,227 vs. 262,475)
and more steps taken (7894 vs. 6492) than the MS

group on weekdays and on the weekend.

Discussion

Health benefits from regular PA in the general popu-
lation are widely recognized, but they are less well char-
acterized in the diseased population. However, research
has proved that some individuals in the latter group,
including those with MS, are able to achieve recom-
mended daily PA levels?®3° and derive the same health
benefits as the general population. Despite the positive
results expected from PA, the MS population seems to
be less physically active than people with or without
other disabling diseases.’’ Some individuals may believe
that participating in PA** worsens their disease because
of the perceived intensification of symptoms induced by
increased body temperature, although these symptoms
are only transient, disappear promptly after cooling
down, and do not represent disease worsening.*> Other
contributors to decreased PA in MS include fatigue,
spasticity, balance difficulties, poor movement coordina-
tion, sensory problems, and depression.’**

Previous research has shown an inverse relationship
between EDSS score and the amount of PA participa-
tion, where an increased level of disability as measured
by the EDSS score corresponds to less time spent
engaged in PA.’*> However, some of these studies were
conducted with self-reported EDSS scores,**3 Patient-
Determined Disease Steps scale scores,” or PA levels.®
This study demonstrated that individuals diagnosed as
having MS are able to spend time participating in PA of
light intensity despite having increased disability as mea-
sured by EDSS scores.

Although some studies have used objective measures

of PA, such as pedometers,*!

41-45

wrist actigraphy,” and
accelerometers, there are few studies evaluating them
in the diseased population. Those studies have focused
on activity counts and energy expenditure,'* evaluat-
ing PA levels for fallers versus nonfallers,® comparing
PA levels with those of healthy sedentary controls,"
and examining the validity of self-reported measures
of PA questionnaires after using an accelerometer and
a pedometer for 7 consecutive days.*! Techniques to
measure levels of PA in the MS population have more
commonly included self-report measures such as the
Goodin Leisure-Time Exercise Questionnaire,* the
7-Day Physical Activity Recall Scale,” the Exercise
Self-Efficacy Scale,® the International Physical Activity
Questionnaire,” and the Physical Activity Enjoyment

Scale.”® Accelerometers provide objective numerical data
on PA and eliminate the bias of self-report, which can be
influenced by memory/recall deficits or desire to please
the health-care provider.

This study documented accelerometer-determined
PA levels in individuals diagnosed as having MS and
in controls across 7 consecutive days and for at least
10 hours per day, the duration used in previous stud-

iCS. 16,51,52

In addition, the relationship between PA and
degree of disability was also examined in the MS group.
Participants were able to use the device as instructed,
PA data were recorded without interruptions during
the length of use, and the information could be down-
loaded and was available for analysis. The main finding
was the linear relationship between light PA and degree
of disability as measured by the EDSS. By capturing
a full range of PA or inactivity measurements through
objective monitoring with accelerometers in the diseased
population, a comprehensive PA profile in the MS pop-
ulation can be properly ascertained.

Some of the findings in this study coincide with
previous research. A negative relationship between accel-
erometer counts and EDSS scores was found in a 2008
study by Klassen et al.> That study had only a 4-day
data collection period, whereas the present study col-
lected data for 7 consecutive days and used a different
type of accelerometer. Collecting a full week’s worth of
data captures real-life PA with more fidelity by including
leisure days. Negative correlation between accelerom-
eter count and EDSS score was also found in a 2008
study by Motl et al,’® but this study used self-report
EDSS scores instead of EDSS rating by a neurologist.
A 1997 study by Ng and Kent-Braun" used accelerom-
eters and the 7-day recall questionnaire to examine PA
in individuals with MS and healthy sedentary control
subjects. They found that the activity level of the MS
group was lower and that there was no significant corre-
lation between activity level measured by accelerometer
and EDSS score. Another study found that the average
total daily activity count from the accelerometer had a
significant negative correlation with the Patient-Deter-
mined Disease Steps scale, a self-report surrogate for the
EDSS.** The same study also showed a positive relation-
ship between accelerometer count and the 6-Minute
Walk test. The present results indicated that individuals
with MS engage in PA despite their disability, with most
of it falling in the light-intensity PA category. Although
the control group had a higher activity intensity level
than the MS group, this difference did not reach statisti-
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cal significance. This finding is important because we
would like to promote PA in diseased populations.

To our knowledge, this study is the first of its kind
to look at activity count by epochs of light, moderate,
heavy, and very heavy and compare it with level of dis-
ability by clinical measure of EDSS score as opposed to
self-reported EDSS score.*® The study is not without
limitations: the sample size is relatively small compared
with other studies,'®!
remitting MS of relatively short disease duration and a

and it includes only relapsing-

low level of disability, thus excluding more debilitated
individuals. It does, however, demonstrate the feasibility
of using objective measurements of PA, such as acceler-
ometers, to more accurately document real-life activity
in individuals with MS, a practice that should be consid-
ered for outcome determination in interventional trials.

Conclusion

The findings of the present study provide evidence
for the feasibility and usefulness of accelerometers in
quantifying PA and categorizing its intensity during nor-
mal daily activities over a prolonged period in ambula-
tory individuals with MS of different disability levels. It
showed a linear relationship between light PA measured
by accelerometer and degree of disability measured by
EDSS score in individuals with MS. Examining the rela-
tionship between PA by accelerometer count and level
of disability in individuals with MS can have practical
application as an outcome for clinical interventions and
could be used in regular clinical practice as an objective
measure of real-life PA. Additional studies are warranted
to provide a more comprehensive understanding of the
responses to long-term exercise in patients with MS and
the potential implications for the disease. 1
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sionals, and the public. Each IJMSC search result in PubMed contains a link to the full-text article. This increased vis-
ibility and accessibility should lead to wider citation of IJMSC articles, helping to advance research and clinical practice
in multiple sclerosis. Copyright to IJMSC material deposited in PMC remains with the Consortium of Multiple Sclerosis
Centers, which is clearly indicated to PMC users.

In addition to being available in PMC and PubMed, IJMSC is indexed in the Cumulative Index to Nursing and Allied

Qlealth Literature (CINAHL) and Rehabilitation & Sports Medicine Source (EBSCO Publishing), as well as Scopus.
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