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Measures of Physical Functioning Predict Self-Reported
Performance in Self-Care, Mobility, and Domestic Life in
Ambulatory Persons With Multiple Sclerosis
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ABSTRACT. Paltamaa J, Sarasoja T, Leskinen E, Wikstrom J,
Milkia E. Measures of physical functioning predict self-re-
ported performance in self-care, mobility, and domestic life in
ambulatory persons with multiple sclerosis. Arch Phys Med
Rehabil 2007;88:1649-57.

Objective: To determine the associations between clinically
measured physical functioning variables and self-reported per-
formance in mobility, self-care, and domestic life in ambula-
tory persons with multiple sclerosis (MS), using the Interna-
tional Classification of Functioning, Disability and Health
(ICF) as a framework.

Design: Survey study.

Setting: Community setting in Finland.

Participants: A population-based sample of 120 ambulatory
persons with MS (30 men, 90 women) with mean age 45.0+10.8
years (range, 20—71y), mean disease duration from symptom
onset 12.3+8.8 years (range, 1-39y), and mean Expanded Dis-
ability Status Scale 2.8+2.0 (range, 0—6.5).

Interventions: Not applicable.

Main Outcome Measures: The primary dependent vari-
ables were self-reported performance in self-care, mobility, and
domestic life from the Functional Status Questionnaire. The
physical functioning variables were drawn from the ICF activ-
ities (n=9) and body functions (n=14) categories. Age- and
sex-adjusted odds ratios from multinomial logistic regression
were estimated for the physical functioning variables associ-
ated with activities of daily living (ADL) performance.

Results: Overall, of this cohort 31% reported difficulties or
dependence in self-care, 52% in mobility, and 68% in domestic
life. The most significant predictors of perceived difficulties or
dependence in ADL performance were: (1) lower scores in the
Box and Block Test; (2) lower Berg Balance Scale scores; (3)
greater velocity moment when standing with eyes open; (4)
slower ten-meter walk test times and shorter stride length at
normal speed; and (5) shorter distance in the six-minute walk
test.

Conclusions: Perceived difficulties and dependence were
most prominent in domestic life. In particular, measures of
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activities predicted difficulties in ADL performance. Moni-
toring of physical functioning should be extended to those
independent MS persons reporting difficulties in ADL per-
formance.

Key Words: Activities of daily living; Cross-sectional stud-
ies; Multiple sclerosis; Odds ratio; Outcome assessment (health
care); Physical therapy (specialty); Rehabilitation.
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ULTIPLE SCLEROSIS (MS), despite its relatively lim-

ited prevalence, is a chronic, progressive, and potentially
disabling disorder. The problems experienced vary depending
on the type, duration, and extent of the disease and are often
complex, interdependent, and difficult to manage.' Even in the
initial stage of MS, when neurologic deficits are relatively
minor and mental health is relatively unaffected, subjects ex-
perience limitations in daily functioning.?

As the disease progresses, the ability to perform activities of
daily living (ADLs) is reduced, thus leading to dependence.>”
About one fourth of MS subjects in population-based studies
required assistance in personal care such as bathing, dressing,
and feeding.®® In a recent population-based study in Finland,
53% of subjects were independent in domestic life, but a
considerable number of them (35%-62%) reported difficulties
in performing various domestic tasks.® About three fourths of
MS subjects have some degree of ambulatory impairment®'°
and 38% to 45% of MS subjects use assistive devices to
facilitate their mobility.'®"!

The clinical presentation of MS is highly variable and is
characterized by various physical, emotional, and cognitive
changes.” Previous studies indicate that MS causes a range of
symptoms including, but not limited to, muscle weakness,
autonomic dysfunction, abnormal gait mechanism, and poor
balance."® These symptoms typically contribute to reduced
ADL performance in persons with MS*7!'*'* and have a
considerable impact on the social roles of MS subjects and on
the well-being of their families.'> It remains unclear how the
documented symptoms relate to ADL performance, because
symptoms and performance have often been examined sepa-
rately. Therefore, greater knowledge of the factors that reliably
predict ADL performance in MS persons could improve phys-
iotherapy (PT) strategies, thereby enhancing such persons’ daily
functioning and helping them to maintain their ability to live
independently in society.

Assessments of both personal and instrumental ADL are
advocated in MS.? In addition, declines in functional mobility
are associated with loss of social connections, reduced partic-
ipation, and altered abilities to perform self-care, productivity,
and leisure activities.> ADLs have been categorized in many
Ways.16 For this study, we used the domains “self-care,” “mo-
bility,” and “domestic life” of the World Health Organization’s
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International Classification of Functioning, Disability and
Health (ICF)" to identify ADL content. The ICF classification
also guided the selection of the performance-based tests (de-
scribed later) that became the operational definitions of phys-
ical functioning in this study.

Disability can be assessed as a level of dependence on
personal help or as perceived difficulty in ADLs.'® As Jette'®
pointed out, the rating of perceived difficulty can be considered
the primary assessment of disability, whereas the rating of
actual dependence on assistance is an assessment of the con-
sequence of disability. In this study, we describe self-reported
restrictions on performance in the domains of self-care, mobil-
ity, and domestic life in ambulatory subjects with MS, as
perceptions of restrictions in everyday life indicate a need for
interventions to prevent overload and increased dependence in
ADL performance.

The purpose of this study was to identify which of the
physical functioning factors in the ICF components, activities
and body functions, predict self-reported performance in mo-
bility, self-care, and domestic life in ambulatory persons with
MS. Because age, sex, and the disease itself are assumed to
impact on performance, the relationships between ADL per-
formance and personal factors, and between ADL performance
and disease-related variables were also examined. Our main
interest was to identify the most important determinants of
ADL performance, in order to find clinical measures relevant to
persons with MS.

METHODS

Participant Selection

The participants for this study were obtained from a popu-
lation-based database in the Central Finland Health Care Dis-
trict containing 277 clinically definite MS subjects in 2000."
The potential participants for this study were subjects from the
previous questionnaire study,® whose MS diagnosis had been
confirmed prior to August 2000 by a neurologist (N=199).
Subjects were included if they were able to walk at least 20m
with or without walking aids and had no concurrent diseases
that could interfere with the measures. Forty-six subjects were
ineligible because they were not functionally ambulatory (ie,
were essentially confined to a wheelchair and thus unable to
perform the measures) and 10 because of a concurrent disease
such as a major musculoskeletal disorder.

A plain language statement inviting participation and outlin-
ing the aims and test requirements of the study was mailed to
all the 143 subjects who fulfilled the inclusion criteria. Subjects
who were willing to participate returned a form to the hospital
in a prepaid envelope. On this form they gave their contact
information and the best days and times to reach them. A total
of 120 subjects volunteered to participate in the study, but 23
subjects refused or did not return the form. A written informed
consent was obtained from each of the participants. The study
was approved by the local ethics committee.

Procedures

In this study, we used cross-sectional data obtained from
the first testing session in 2000. At the time of testing,
participants had to be stable in their MS with no ongoing
relapse. Physical functioning was assessed by measures of
the ICF activities and body functions categories, and by
ADL self-reports. Figure 1 provides a description of the ICF
framework of the study.

All the measures as well as interviews were conducted in
the PT department at the hospital of Central Finland by 2
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physiotherapists, one of whom was the researcher, and both
of whom had participated in the earlier interrater reliability
study.?’

Health condition variables of MS were confirmed by a
neurologist. Disease severity was assessed using the Expanded
Disability Status Scale (EDSS).?' The clinical course of the
disease was defined as relapsing remitting MS and primary
progressive MS. Information on disease duration from symp-
tom onset and from diagnosis was obtained. The interval from
previous relapse was recorded according to participants’ self-
reports.

Personal factors (sex, age, body mass index [BMI], other
diseases), obtained by the questionnaire and face-to-face inter-
view, were used as descriptive variables and as independent
variables when necessary. In addition, we used 2 question-
naires to assess the impact of MS-related fatigue (Modified
Fatigue Impact Scale [MFIS]?%; scale range, 0—84) and depres-
sive symptoms (Center of Epidemiologic Studies Depression
Scale [CES-D]**; scale range, 0—60). As the present study
focus was on physical functioning, fatigue, and depressive
symptoms were used as covariates.

Measures

ADL performance on the level of activities and participa-
tion. The primary dependent variables in this study were
self-reported ADL performance using the physical function
subscale of the Functional Status Questionnaire (FSQ).>* The
aim of the FSQ is to describe what persons do in their current
environment, that is, to describe restrictions in ADL perfor-
mance within the component activities and participation. The
FSQ items were reclassified to enable the results to be linked to
the ICF categories. A 4-item scale for self-care (washing one-
self, d510; toileting, d530; dressing, d540; eating, d550), a
5-item scale for mobility (moving around within the home,
d4600; climbing, d4551; walking short distances, d4500; driv-
ing, d475; using transportation, d470), and a 5-item scale for
domestic life (preparing meals, d630; washing and drying
clothes and garments, d6400; cleaning living area, d640; ac-
quisition of goods and services, d620; taking care of plants,
indoors and outdoors, d6505) was constructed.

In the FSQ, subjective difficulty during the past month
was assessed on the scale: usually did with no difficulty,
usually did with some subjective difficulty, usually did with
much difficulty (ie, require some aid or assistance), usually
did not because of MS, and usually did not do for other
reasons. The calculation of each FSQ score was transformed
according to published algorithms.?* The FSQ score ranges
between O (representing fully dependent) and 100 (fully
independent ADL performances). The reliability of the orig-
inal FSQ has been found to be high across a wide range of
settings and populations.>*°

Activities (capacity). The aim of the measures in activities
was to indicate the highest probable level of physical function-
ing that a subject may attain in a given domain at a given
moment (capacity). Participants underwent the following previ-
ously reported”® objective, performance-based measures: Box and
Block Test (BBT), Berg Balance Scale (BBS), Kela Coordina-
tion test, postural stability tests (ie, standing with feet 20cm
apart with eyes open and with eyes closed) performed on a
Good Balance force platform,* ten-meter walk test (1I0MWT)
times at normal and maximal speed measured by Newtest
photocells,b and distance covered in the six-minute walk test
(6MWT). The different variables used in the study are shown
in figure 1.

Body functions. The following previously reported®® mea-
sures of the physiologic body functions of the body were
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Health condition
Multiple Sclerosis

Disease severity (EDSS 0-6.5), Disease duration since symptom onset
(years); Length of diagnosis (years); Clinical course of the disease (primary
remitting/primary progressive); Time from previous relapse (months)

|

Body Functions

Exercise tolerance functions (b455)

— BMWT: max HR at end (beats/min), change of
HR (beats/min), PCI (beats/m) and RPE (6-20)

Gait pattern functions (b770)

— 10MWT at normal speed: stride length (cm),
cadence (steps/min) and walk ratio (m/steps
per min)

Muscle power functions (b730)

— Right hand grip strength (kg)

— MVC of the knee extensors (kg)

Muscle endurance functions (b740)

— Repetitive squatting (times)

— Right hand repetitive dumbbell presses (times x
ka)

Muscle tone functions (b735)

— MAS score (0-20) for upper and lower limbs
Sensation of muscle stiffness (b780)

— Hamstring flexibility: SLR (degrees)

iviti nd

- Self-care (d510-d560)
- FSQ (score 0-100)

icipation (Performanc

« Mobility (d450-d475)
- FSQ (score 0-100)

« Domestic life (d610-d640)
- FSQ (score 0-100)

Activities (Capacity)

= Fine hand use (a440)
— BBT of dominant hand (number/min)
= Changing and maintaining body position
(a410-a429)
— BBS (score 0-56)
— Kela Coordination test : time (s) and errors
(number)
— Postural stability: velocity moment (mm?/s)
with eyes open and eyes closed
= Walking (a450)
— 10MWT: time (s) at normal and maximal
speed
— 6MWT distance (m)

Participation
* Work and employment (p850)

(part- or full-time employment/not
working or retired)

t

A

'

Environmental Factors

(yes/no)

Drugs (yes/no); Products for personal outdoor mobility

v

conducted: heart rate measured by Polar Heartwatch,® Phys-
iological Cost Index (PCI) and rating of perceived exertion
(RPE) during the 6MWT, spatiotemporal parameters of the
10MWT, grip strength measured by a Jamar dynamometer,”
maximal isometric force of the knee extensors measured by a
Newtest Force Isometric Strength Testing System” and David
200 dynamometer,” muscle endurance tests according to the
Invalid Foundation of Finland, Modified Ashworth Scale
(MAS), and the passive straight-leg raise (SLR) test. The
different variables used in the study are shown in figure 1.

Statistical Methods

For self-care, mobility, and domestic life we classified the
participants into 3 groups: “independent,” (FSQ score 100),
“independent with perceived difficulties,” (FSQ score 66.6—
99.9), and “dependent” (FSQ score 0—66.5). Because of the
reclassification of the FSQ, the original warning zones** could
not be used. The cutoff scores were determined to indicate
important functional change. An FSQ score of 100 repre-
sents fully independent performance without any subjective
difficulty in any FSQ item. A cutoff score of 66.5 was
chosen to differentiate participants who perceived difficul-
ties in 1 or more FSQ items, but were independent, from
those who were dependent (ie, needed assistance and/or
assistive devices).

Personal Factors

Sex (men/women); Age (years); BMI (kg/m?); Other
diseases (yes/no)

1651

Fig 1. Data used in this study displayed using the ICF as a framework. Abbreviations: BBS, Berg Balance Scale; BBT, Box and Block Test; BMI,
body mass index; EDSS, Expanded Disability Status Scale; FSQ, Functional Status Questionnaire; HR, heart rate; MAS, Modified Ashworth
Scale; MVC, maximal voluntary contraction; PCI, Physiological Cost Index; RPE, rating of perceived exertion; 6MWT, six-minute walk-test;
SLR, straight-leg raise test; 1T0MWT, ten-minute walk test.

Frequencies and descriptive statistics (means, standard de-
viations [SDs], ranges) were used to obtain the baseline demo-
graphic data on the participants. Descriptive statistics (not
included here) on all outcome variables were calculated to
organize and describe the data. The normal distribution of the
outcome variables was evaluated using the Kolmogorov-Smirnov
test. Analyses included construction of side-by-side boxplots to
explore the distribution of the physical functioning measures in
relation to the groups of ADL performance. Extreme values for
a variable within a group were excluded from the analyses. Of

23 variables, 8 had no extreme values, 12 had 1 to 4 extreme
values, and 3 had more than 4 extreme values for each analysis.

These 3 variables and number of excluded cases were: MAS
lower-limb scores (n=9 for self-care), velocity moment with
eyes open (n=9 for self-care), and velocity moment with eyes
closed (n=9 for self-care; n=9 for domestic life). All data were
analyzed using SPSS.

We used a multinomial logistic regression for modeling. To
investigate which factors explained ADL performance, 3 anal-
yses were performed initially by using the FSQ subscales of
self-care, mobility, and domestic life, respectively, as depen-
dent measures. The 9 variables in activities and 14 variables in
body functions shown in figure 1 were independent variables.
All of the calculations were conducted using primary sampling

units except the PCI (beats/min X 100) and walk ratio (m/steps
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Fig 2. Performance in ADL obtained from FSQ: (A) self-care, (B) mobility, and (C) domestic life. Boxplots are 25%-75% quartiles; whiskers are
10%-90% percentiles; solid lines are median value. All scales showed statistically significant differences between fully independent,
independent with perceived difficulties, and dependent group (Kruskal-Wallis test, P<.001).

per min X 1000). In addition, a multinomial logistic regression
was performed using the ICF personal factors (sex, age, BMI,
other diseases than MS), ICF health condition variables (dis-
ease severity measured by EDSS, disease duration since symp-
tom onset, length of diagnosis, clinical course of the disease,
time from previous relapse), the impact of MS-related fatigue
(MFIS), and depressive symptoms (CES-D) as independent
background variables.

The variables associated with ADL performance were iden-
tified using odds ratios (ORs) with a 95% confidence interval
(CD for being “fully independent” versus “independent with
perceived difficulties,” and for being “dependent” versus “in-
dependent with perceived difficulties,” adjusted for age and
sex. The associations between dependent and independent
with perceived difficulties in self-care performance were
excluded from results because of the small number of par-
ticipants in the dependent group (n=6). The level of signif-
icance was set as .05.

RESULTS

Participant Characteristics

The participants (N=120) ranged in age from 20 to 71 years,
but only 1 participant was over 65 years old. The mean age *
SD was 45*+10.8 years. The majority were women (75%
[n=90]). Fifty-two participants were retired, 55 were working
full- or part-time (including students), and the rest of 13 were
either unemployed or otherwise not working. Forty participants
reported having an additional disease.

With respect to the clinical course of the disease, 88% had
relapsing remitting MS, 11% had primary progressive MS, and
1% had unknown clinical course. The average disease duration
from symptom onset was 12.3*=8.8 years (range, 1-39y) and
from diagnosis 7.1%+6.2 years (range, 0—26y). Approximately
half of the participants (n=62) had had MS symptoms over 10
years. The mean EDSS was 2.8*2 (range, 0—6.5). Overall 40
participants had no disability (EDSS, 0-1.5), 47 had mild
disability (EDSS, 2-3.5), and 33 had moderate disability, that
is, had limited walking ability (EDSS, 4—6.5). Permanent use
of a walking aid outdoors was reported by 27 participants.
Self-reported time from previous relapse was over 1 month in
all cases and in most cases over 6 months (79%). Sixty-two
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participants did not use any medication for MS, and 38 used
immunomodulative drugs.

Restrictions in self-reported performance were substantially
more prevalent in the mobility and domestic life domains than
in the self-care domain. On average, participant’s FSQ scores
for self-care, mobility, and domestic life were 93.8*+11.9
(range, 50-100), 81.8+26.4 (range, 7-100), and 76.9+28.3
(range, 0-100), respectively. The FSQ scores for the fully
independent, independent with perceived difficulties, and de-
pendent groups in self-care, mobility, and domestic life are
presented graphically in figure 2.

Personal Factors and ADL Performance

We used a multinomial logistic regression to analyze the
relationships between ADL performance and personal factors
(age, sex, BMI, other diseases). Among these variables, the
only significant associations were between age and mobility
(OR=1.06; 95% CI, 1.00-1.18 for dependent vs perceived
difficulties) and between age and domestic life (OR=.95; 95%
CI, .91-.99 for independent vs perceived difficulties).

Health Condition and ADL Performance

We used multinomial logistic regression to analyze the re-
lationships between ADL performance and health condition.
Mild disease severity (EDSS<4.0) was significantly associated
with independent performance in self-care (OR=11.39; 95%
CI, 4.21-30.76 for independent vs perceived difficulties), and
with dependency in mobility and in domestic life (OR=.03; 95%
CI, .01-.14; OR=.16; 95% CI, .00-.07, respectively, for depen-
dent vs perceived difficulties). In addition, relapsing remitting
MS was associated with dependency in mobility (OR=6.42;
95% CI, 1.25-32.86 for dependent vs perceived difficulties).
Disease duration from symptom onset, disease duration from
diagnosis, and relapse during the preceding 6 months were not
significantly related to performance in any of the 3 ADL
domains.

Measures of Physical Functioning and ADL Performance

Tables 1 and 2 present age- and sex-adjusted ORs and their
CIs for the association between the activities (capacity) vari-
ables and ADL performance. The BBS was the strongest pre-
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Table 1: ORs and 95% Cls From Multinomial Logistic Regression Analyses: Associations of “Independent” Versus “Perceived Difficulties”
With Changes in Activities (capacity)

Self-Care

Independent (n=83) vs
Perceived Difficulties (n=31)

Mobility

Independent (n=57) vs
Perceived Difficulties (n=37)

Domestic Life

Independent (n=38) vs
Perceived Difficulties (n=51)

Activities (capacity) OR (95% ClI) OR (95% ClI) OR (95% Cl)
BBT of dominant hand (n/min) 1.07 (1.03-1.12) 1.05 (1.01-1.10) 1.07 (1.02-1.12)
BBS score (0—56) 1.24 (1.11-1.38) 2.15 (1.45-3.14) 1.68 (1.13—2.49)
Kela Coordination test: time (s) 0.99 (0.97-1.01) 0.98 (0.96—0.99) 0.98 (0.96—-1.01)
Kela Coordination test: faults (n) 0.99 (0.91-1.07) 0.90 (0.83—0.98) 0.95 (0.87—-1.03)
Postural stability eyes open (mm?/s) 0.95 (0.91-0.99) 0.86 (0.80—0.93) 0.85 (0.76—0.94)
Postural stability eyes closed (mm?/s) 0.97 (0.95-0.99) 0.97 (0.95-0.99) 0.98 (0.95—-1.01)
10MWT time at normal speed (s) 0.72 (0.60—0.87) 0.50 (0.34—0.74) 0.53 (0.34—0.81)
10MWT time at maximal speed (s) 0.52 (0.37—-0.73) 0.38(0.21-0.67) 0.63 (0.39—1.02)
6MWT distance (m) 1.01(1.00—-1.01) 1.01 (1.00—-1.01) 1.01 (1.00-1.01)

NOTE. Values in bold are statistically significant (P<.05). Values are adjusted for age and sex.

dictor for perceived difficulties in self-care, mobility, and do-
mestic life. In addition, the BBT of the dominant hand, postural
stability with eyes open, I0OMWT time at normal speed and
6MWT distance had independent effects in all 3 ADL domains.

Participants who were independent had a higher BBS score
(OR=2.15), decreased velocity moment in standing with eyes
open (OR=.86), faster IOMWT times at normal speed (OR=.50)
and at maximal speed (OR=.38), and longer distance in the
6MWT (OR=1.01) compared with those who perceived diffi-
culties in mobility. In fact, as can be seen in table 1, all the
activities variables were significantly associated with mobility.
Because the calculations were made using primary sampling
units, these effects are quite large. For example, an OR of 1.01
for the GMWT distance means that participants who walked 1m
longer were 1% more likely to be independent than those
perceiving difficulties in the mobility domain. The likelihood
of being independent rather than perceiving difficulties in mo-

Table 2: ORs and 95% Cls From Multinomial Logistic Regression
Analyses: Associations of Dependent Versus Perceived Difficulties
With Changes in Activities (capacity)

Mobility*
Dependent (n=26)
vs Perceived
Difficulties (n=37)

Domestic Life*
Dependent (n=31)
vs Perceived
Difficulties (n=51)

Activities (capacity) OR (95% Cl) OR (95% CI)
BBT of dominant

hand (n/min) 0.93 (0.89—-0.98) 0.93(0.89—-0.98)
BBS score (0—56) 0.67 (0.54—0.83) 0.66 (0.55—0.80)
Kela Coordination

test (time) 0.97 (0.92—-1.02) 1.02 (1.00—1.05)
Kela Coordination

test (faults) 0.90 (0.74—1.09) 1.03 (0.92—-1.16)
Postural stability eyes

open (mm?/s) 1.04 (1.01-1.07) 1.09 (1.03—-1.14)
Postural stability eyes

closed (mm?/s) 1.01(1.00—-1.02) 1.03 (1.01-1.05)
10MWT time at

normal speed (s) 1.87 (1.29-2.69) 1.52 (1.22—-1.89)
10MWT time at

maximal speed (s) 2.43 (1.41-4.21) 1.79 (1.31-2.45)
6MWT distance (m) 0.99 (0.98—-0.99) 0.99 (0.99-0.99)

NOTE. Values in bold are statistically significant (P<.05). Values are

adjusted for age and sex.

*Self-care were omitted because of the small number of the partic-

ipants in the dependent group (n=6).

bility increased over 2-fold if the participant had 1-point better
score in the BBS (OR=2.15). Participants having 1-point better
BBT result within the age- and sex-adjusted reference values
given by Mathiowetz et al*” had over 2-fold likelihood of being
fully independent rather than perceiving difficulties in domestic
life (OR=2.87; 95% CI, 1.12—7.38). I0MWT time at normal
speed was inversely associated with independence in mobility
(OR=.50), which means that a 1-second faster walking time at
normal speed represents a 50% likelihood of being fully inde-
pendent rather perceiving difficulties in mobility.

The variables strongly associated with dependence in mo-
bility and domestic life (see table 2) included the BBS
(OR=.67 for mobility; .66 for domestic life), IOMWT time at
normal speed (OR=1.87 for mobility; 1.52 for domestic life),
and 10MWT time at maximal speed (OR=2.43 for mobility;
1.79 for domestic life). For example, an OR of .66 for the BBS
means that a 1-point lower BBS increased the likelihood of
being dependent approximately one third.

Tables 3 and 4 present age- and sex-adjusted ORs and their
CIs for the association between the body functions variables
and ADL performance. Among the body functions variables,
repetitive squatting was the only one that had independent
effects on all the self-reported performances when the inde-
pendent participants were compared with those who perceived
difficulties. When the dependent participants were compared
with those who perceived difficulties, the most significant
predictors of mobility and domestic life were change in heart
rate during the 6MWT, stride length and cadence of the
1I0MWT, maximal isometric force of knee extensors, right
hand repetitive dumbbell presses, and spasticity score (MAS)
for the lower limbs.

Effect of Depressive Symptoms and Fatigue on
ADL Performance

Overall 40% (n=49) of the participants had a clinically
significant level of depressive symptoms when a CES-D cutoff
score”® of 16 was used. The average CES-D score was
149+11.6 (range, 0—47). When assessed as a continuous
measure, the only significant association with the CES-D and
ADL performance was in domestic life when the independent
participants were compared with those who perceived difficul-
ties (OR=2.69; 95% ClI, 1.09-6.77).

Almost 50% of the participants (n=57) had an MFIS score
of over 38, which has been proposed as a cutoff value for
significant fatigue.”® The average level of MS-related fatigue
measured by the MFIS was 35.0=16.5 (range, 0—84). In do-
mestic life, those who were independent had significantly less
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Table 3: ORs and 95% Cls From Multinomial Logistic Regression Analyses: Associations of Independent Versus Perceived
Difficulties With Changes in Body Functions

Body Functions

Self-Care

Independent (n=83) vs
Perceived Difficulties (n=31)

OR (95% ClI)

Mobility

Independent (n=57) vs
Perceived Difficulties (n=37)

OR (95% ClI)

Domestic Life

Independent (n=38) vs
Perceived Difficulties (n=51)

OR (95% CI)

6MWT HRmax at end (beats/min)

6MWT HR chance (beats/min)

6MWT PCI (beats/m X 100)

6MWT RPE (6—20)

10MWT stride length (cm)

10MWT cadence (steps/min)

10MWT walk ratio (m/steps per min X 1000)
Right hand grip strength (kg)

MVC of the knee extensors (kg)

Repetitive squatting (times)

Right hand repetitive dumbbell presses (kg by times)
MAS score for upper limbs (0—20)

MAS score for lower limbs (0—20)
Hamstring flexibility (SLR deg)

1.02 (1.00—1.05)
1.05 (1.02—1.08)
1.01 (0.98—-1.03)
0.78 (0.62—0.98)
1.04 (1.02—-1.06)
1.06 (1.03—1.09)
0.86 (0.60—1.23)
1.02 (0.96—1.09)
1.03 (1.01—-1.05)
1.12 (1.05—-1.20)
1.03 (1.01-1.04)
0.38(0.21-0.69)
0.44 (0.29-0.67)
1.02 (0.99-1.05)

1.01 (0.99—-1.04)
1.02 (0.99-1.05)
1.00 (0.98—-1.02)
0.78 (0.60—1.02)
1.05 (1.02—1.08)
1.05(1.01—-1.09)
1.36 (0.87-2.12)
1.02 (0.95—-1.09)
1.01(0.99—1.04)
1.10 (1.04-1.17)
1.00 (1.00—1.01)
0.18 (0.05-0.67)
0.17 (0.05—-0.52)
1.02 (0.99—-1.05)

1.02 (0.99—-1.05)
1.02 (0.99—-1.04)
1.00 (0.98—1.03)
0.64 (0.46—0.88)
1.04 (1.01—-1.08)
1.02 (0.98—1.06)
1.27 (0.83—1.94)
0.99 (0.93-1.06)
1.00 (0.98—-1.02)
1.07 (1.03-1.12)
1.00 (1.00—1.01)
0.41(0.11-1.55)
0.35(0.12—1.00)
1.02 (0.99-1.04)

NOTE. Values in bold are statistically significant (P<.05). Values are adjusted for age and sex.
Abbreviations: HRmax, maximal heart rate; MVC, maximal voluntary contraction.

MS-related fatigue compared with the participants who per-
ceived difficulties or were dependent (MFIS, 20.9%12,
39+14.3, and 45.7%12.8, respectively). Fatigue was an inde-
pendent predictor in self-care (OR=.94; 95% CI, .91-.97), mo-
bility (OR=.95; 95% CI, .93—-.98), and domestic life (OR=.90;
95% CI, .87-.94) when the independent participants were
compared with those who perceived difficulties, but it was
an independent predictor only in domestic life (OR=1.04;
95% CI, 1.00-1.08) when the dependent participants were
compared with those who perceived difficulties.

Because of the substantial level of fatigue, we conducted
additional multinomial logistic regression analyses between
ADL performance and physical functioning adjusted for age,
sex, and fatigue (MFIS). We found only minor changes in
the significant associations. In activities (see table 1), the
BBT of the dominant hand no longer showed a significant
association with mobility (OR=1.04; 95% CI, 1.00-1.09 for

the independent participants vs those who perceived diffi-
culties; P=.064). In body functions, when comparing the
independent participants with those who perceived difficul-
ties (see table 3), the ORs between the 6MWT RPE and
performance in self-care (OR=.85; 95% CI, 0.66-1.10;
P=.208) and between the 6MWT RPE and performance in
domestic life (OR=.69; 95% CI, 0.47-1.02; P=.062) be-
came nonsignificant, whereas the ORs between the walk
ratio of the IOMWT and performance in self-care became
significant (OR=.65; 95% CI, .43-.98; P=.038). When the
dependent participants were compared with those who per-
ceived difficulties (see table 4), the OR between the change
in heart rate during the 6MWT and performance in mobility
became nonsignificant (OR=.96; 95% CI, 0.93-1.00;
P=.056), whereas the OR between the 6MWT PCI and
performance in domestic life became significant (OR=1.03;
95% CI, 1.00-1.05; P=.021).

Table 4: ORs and 95% Cls From Multinomial Logistic Regression Analyses: Associations of Dependent Versus Perceived Difficulties With
Changes in Body Functions

Body Functions

Mobility*
Dependent (n=26) vs
Perceived Difficulties (n=37)
OR (95% ClI)

Domestic Life*
Dependent (n=31) vs
Perceived Difficulties (n=51)
OR (95% Cl)

6MWT HRmax at end (beats/min)

6MWT HR chance (beats/min)

6MWT PCI (beats/m X 100)

6MWT RPE (6—20)

10MWT stride length (cm)

10MWT cadence (steps/min)

10MWT walk ratio (m/steps per min X 1000)
Right hand grip strength (kg)

MVC of the knee extensors (kg)

Repetitive squatting (times)

Right hand repetitive dumbbell presses (kg by times)
MAS score for upper limbs (0—20)

MAS score for lower limbs (0—20)
Hamstring flexibility (SLR deg)

0.97 (0.94-1.00)
0.96 (0.92—-1.00)
1.04 (1.01-1.07)
1.33(0.99-1.78)
0.94 (0.91-0.97)
0.93 (0.89—-0.96)
1.52 (0.94—-2.46)
1.00 (0.92—-1.08)
0.94 (0.91-0.97)
0.93(0.84-1.03)
0.93 (0.90-0.97)
1.51(0.98—-2.31)
1.47 (1.13-1.91)
0.99 (0.96—-1.02)

0.98 (0.95—-1.01)
0.95 (0.91-0.98)
1.02 (1.00—1.04)
1.32(1.03-1.70)
0.94 (0.91-0.97)
0.88 (0.83—0.94)
1.19 (0.80—-1.76)
0.96 (0.89—-1.02)
0.94 (0.91-0.97)
0.90 (0.83—-0.99)
0.94 (0.91-0.97)
2.82 (1.51-5.28)
2.32 (1.54-3.50)
0.98 (0.95—-1.01)

NOTE. Values in bold are statistically significant (P<.05). Values are adjusted for age and sex.
*Self-care were omitted because of the small number of the participants in the dependent group (n=6).
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DISCUSSION

In this study, we were able to examine a representative,
population-based sample of ambulatory persons with MS
(EDSS=6.5) and to determine the strength of the independent
associations found between clinically measured physical func-
tioning variables and self-reported performance in mobility,
self-care, and domestic life. An important strength of this study
is the simultaneous assessment of several physical functioning
measures. Our categories, activities and body functions, con-
tain almost the same ICF items as those considered relevant in
or influenced by PT in a neurologic community health care
situation in the study by Finger et al.?® It is only in more
severely disabled MS subjects that there is an obvious need to
assess respiratory functions.

Some studies of MS have focused on the relation between
measures of functional ability and measures of global cognitive
status.>**> However, to our knowledge, the specific of associ-
ation between physical functioning and ADL performance studied
here has not been reported earlier in subjects with MS. We used
OR to determine the strongest predictors of difficulties in ADL
performance. We have reported the results of the univariate
model only, because there was considerable multicolinearity
between the factors. The ORs were presented using primary
sampling units, thus allowing clinically meaningful implica-
tions. Our results show some clear associations, which persist
after controlling for the effect of age and sex.

Overall, the participants’ ADL performance was on a high
level. In the present study group, 69% were fully independent
reporting no difficulties in self care, 48% were independent in
mobility, and 32% independent in domestic life. In contrast,
only 5% were dependent in self-care, 22% dependent in mo-
bility, and 26% dependent in domestic life. The proportion of
dependent participants is relatively small considering that ap-
proximately half of the participants had had MS symptoms for
over 10 years and that the average disease duration from
symptom onset was 12 years. Earlier studies have indicated
that MS tends to progress over time, but that the course of the
disease is unpredictable and individual.*® This was confirmed
by our study; thus dependence or perceived difficulties in ADL
performance was not associated with either disease duration
since symptom onset or time since diagnosis.

In a previous study by Provinciali et al,** age and disability
in MS were not related, but other studies**> have found a
higher prevalence of physical limitations among older than
younger MS subjects. In our study, older age was associated
with dependence in mobility (OR=1.06) and, inversely, with
independence in domestic life (OR=.95), compared to those
with perceived difficulties. That means that a change in age of
a year corresponds to a 5% to 6% probability for being depen-
dent in mobility or perceiving difficulties in domestic life. Age
was the only personal ICF factor that predicted ADL perfor-
mance in our study. Despite the fact that there were no signif-
icant associations between sex and ADL performance, we
conducted analyses adjusted by sex and age because of the
considerable sex bias in our study group and because a signif-
icant age by sex interaction effect has previously been found
for ADL.33’36'37

Our study found associations between the FSQ, which is a
self-report instrument describing what MS subjects do in their
current environment, and objective performance-based mea-
sures in ICF activities and body functions categories. A previ-
ous study by Goverover et al,'* however, found no significant
relationship between objective and subjective assessments of
everyday life activities. We agree with them that objective
performance-based measures and subjective self-reports both
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provide information of value in the assessment of physical
functioning in MS subjects, and that 1 method should not be
used as a substitute for the other. In the context of the ICF,
performance-based measures contain items that only concern
the motor aspects of actual performance (ie, they measure ICF
capacity), but self-report instruments provide useful subjective
information on issues such as fatigue, motivation, and environ-
mental factors (ie, they measure ICF performance).

The importance in rehabilitation of identifying restrictions
individually in different ADL domains has been highlighted in
previous studies showing that MS subjects can be independent
in self-care, while still being limited in instrumental ADL.>*
The previous personal and instrumental ADL both included
mobility items.'® In our study, the FSQ was reclassified to link
the results to the ICF categories, and thus we were able to
assess mobility performance separately from the self-care and
domestic life items. Consistent with earlier results,>> we found
that only a few subjects (n=6) were dependent in self-care,
whereas about one fourth of the participants were dependent in
mobility and one fourth in domestic life. The main rationale
underlying the reclassification was to put together items that
have the same general functional goal. However, the reclassi-
fication of the FSQ item questions according to the ICF needs
further study.

For a physical functioning measure to be consistent with and
sensitive to the goal of maintaining ADL performance, it
should capture meaningful domains of functioning. Our study
drew the physical functioning variables from 2 components of
the ICF, activity (capacity) and body functions. When evalu-
ating the role of physical functioning in relation to ADL
performance, several factors were found to be important.
Among the variables of activities, the BBT of the dominant
hand, BBS, velocity moment when standing with eyes open,
IOMWT time at normal speed, and 6MWT distance were
significant predictors of ADL performance (see tables 1, 2).
However, in body functions the associations were less obvious
and 10MWT stride length at normal speed was the only vari-
able that had independent effects on all 3 ADL performance
groups studied (see tables 3, 4). Motor weakness is a major
symptom of MS,” and grip strength has been found to associate
with reduced quality of life in older men and women.*® In our
study, grip strength did not appear to be relevant in ADL
performance. Future work is needed to study the associations
between the components of activities and body functions.

In the present study, we investigated the underlying factors
in participants who reported being independent and being de-
pendent separately from those participants who reported being
independent with perceived difficulties. We believe that there
was an advantage in using the group with perceived difficulties
as the comparison group in this study, because minor differ-
ences in physical functioning between the groups were more
readily found. These minor declines in physical functioning
precede and often predict the onset of clinically detectable
dependence in ADL performance. It is important to identify
this early decline in order to plan delay in progression. Our
results show the value of the use of physical functioning
measures in detecting such changes.

The results showed that the influence of underlying factors,
that is, the results of the objective measures of activities and
body functions, was dissimilar in these 3 groups of participants.
Significant associations with ADL performance were found
even when independent participants were compared with those
who were independent but reported having perceived difficul-
ties. The relationship was strong, especially between mobility
and the covariates of activities, in which all 9 variables (see
table 1) significantly predicted performance in mobility. Given
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that mobility is the paramount aim of PT, it is important to
know that these measures of balance and walking can predict
perceived limitations in mobility. The significant OR for the
PCI in mobility revealed that energy consumption was associ-
ated with reduced walking capacity in the dependent group,
that is, in those who need assistance and/or assistive devices.
This might have implications for community walking and
should be considered in the assessment and rehabilitation of
ambulatory MS subjects who use assistive devices. Mobility
limitations are thought to be the main factor contributing to
physical disability.* Altered mobility can also have a range of
psychosocial implications, including decreased opportunity to
perform self-care and tasks in domestic life.”'3

Intervention studies have shown that self-management pro-
grams and energy-conservation courses can produce significant
reductions in MS-related fatigue.*® Our findings contribute to
the importance of fatigue targeting in such interventions, be-
cause the 50% of participants reporting significant fatigue
corresponds to the numbers found in previous studies of fatigue
prevalence. On the other hand, fatigue showed only minor
significant associations with physical functioning, these mainly
appearing in exercise tolerance functions (heart rate, PCI,
RPE). Physical functioning measures and the MFIS seem to
assess different aspects of functioning. A clear definition of
fatigue is lacking, as is a generally approved fatigue measure-
ment scale.’>*® We suggest that the FSQ score “usually did
with some subjective difficulty” contains an aspect of fatigue.
In the clinical setting it might be sufficient to assess perceived
difficulties in ADL performance to identify subjects who have
significant fatigue.

Mental health is a potentially important risk factor for reha-
bilitation outcome and an independent association between
depressive symptoms and limitations in activities in subjects
with MS has been described.*! This was not, however, clearly
shown in our study. We found that depressive symptoms were
a determinant of performance in domestic life in independent
participants with perceived difficulties. It might be that the
effort required to participate in domestic life increases, causing
depressive symptoms. Depression can also hinder a person’s
ability to develop coping strategies. Surprisingly, we observed
no effect of depressive symptoms on domestic life in dependent
participants compared with those who were independent with
perceived difficulties. In addition, our study did not confirm
that good mental heath is of importance in self-care or mobility
in subjects reporting perceived difficulties or dependence. The
effect of the associations between fatigue and depressive symp-
toms on ADL performance needs further investigation.

Study Limitations

This study has some possible limitations. Restrictions in
ADL performance are not necessarily a consequence of activity
limitations or impairments in body functions only, but may also
be an effect of properties of the physical environment.'”*’
However, in the present study, we did not evaluate the impact
of the environmental factors included in the ICF. In clinical
practice, it is important to ensure that rehabilitation efforts
include measures to improve the physical environment of MS
subjects. The reliability and the validity of the FSQ have been
shown to be good in previous articles.>*2® However, reliability
studies are lacking in the case of the Finnish version. This
study focused on ambulatory persons with MS. Thus the pro-
portion of dependent participants could be expected to be small
compared with the general MS population. In addition, because
of the small number of dependent participants in self-care we
were not able to analyze the associations between “dependent”
and “independent with perceived difficulties” in self-care per-
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formance. It should be emphasized that the previous study was
an exploratory analysis conducted to obtain further insight into
the discrepancy between ADL performance and the factors
underlying it.

CONCLUSIONS

Our study identifies the most relevant factors underlying
ADL performance with respect to activity limitations and im-
pairments in body functions in subjects with MS, and shows
the complexity of the interactions between different categories
within the ICF. The findings have significant implications for
the measurement of PT outcomes, suggesting that the most
significant predictors of difficulties in ADL performance in-
clude: (1) lower scores for the BBT of the dominant hand; (2)
lower BBS; (3) greater velocity moment when standing with
eyes open; (4) slower IOMWT times and shorter stride length
at normal speed; and (5) shorter 6MWT distance.

The finding that performance-based measures in activities in
particular predicted poor outcomes in ADL performance is
important for clinicians. From a clinical perspective, using the
self-report FSQ may facilitate the detection of impaired func-
tioning that would otherwise go unrecognized and may help
physical therapists to value patients’ priorities, particularly in
terms of rehabilitation goals. Traditionally, interventions have
targeted MS subjects with definite and more severe limitations
in physical functioning. However, such interventions need to
be extended to those whose are independent but perceive
difficulties in ADL performance, thereby enabling them to
enhance their ADL performance and independent living in
society.
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