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Abstract

Introduction: Periodic relapses are one of the main characteristics of mul-
tiple sclerosis (MS), from which recovery is often incomplete despite high-
dose methylprednisolone (HDMP) treatment. The aim of our study was to
evaluate the potential benefits of short-term HDMP combined with multi-
disciplinary rehabilitation (MDR) in persons with MS in relapse in order to
assess whether combination of steroid therapy with MDR is more beneficial
than steroid therapy alone.

Material and methods: This investigation was conducted as a randomized
controlled trial. The MS patients were eligible if they had an established di-
agnosis and relapse requiring application of HDMP. Forty-nine patients were
included in the study and randomized to control and treatment groups, and
37 completed the study. High-dose methylprednisolone was administered to
all patients. The treatment group additionally underwent an MDR program
over a 3-week period. All outcome measures were completed at baseline and
1 and 3 months later.

Results: The Expanded Disability Status Scale (EDSS) and Functional Inde-
pendence Measure (FIM) motor scores improved statistically significantly
1 month after HDMP, in both treatment and control groups. During the study
period, in the treatment group, a sustained large effect size (ES) was found
for both physical and mental composite scores of Multiple Sclerosis Quality
of Life-54 (MSQoL-54), while in the controls, a sustained moderate ES was
demonstrated only for physical composite score.

Conclusions: Our findings suggest that MDR improves MS relapse outcome.

Key words: multiple sclerosis, relapsing-remitting, relapse, multidisciplinary
rehabilitation, randomized controlled trial, methylprednisolone.

Introduction

Multiple sclerosis (MS) is an inflammatory and neurodegenerative dis-
ease of the central nervous system with a heterogeneous and variable clin-
ical course [1]. It has to be emphasized that, apart from disease-modifying
therapies, management of relapses, symptomatic drugs and neurorehabil-
itation have a significant role in the treatment of relapsing MS [2].
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Short-term high-dose methylprednisolone (HDMP)
therapy is well known to improve symptoms in
acute exacerbation of MS and shorten the peri-
od of recovery after exacerbation [3-5]. The ini-
tial effects occur rapidly, usually within the first
week of starting treatment. However, as already
mentioned, up to 40% of relapses may leave some
residual problems [6], and there is evidence that
improvement of impairments and disability after
treatment with HDMP for a relapse of MS occurs
early, while improvement of subjective health sta-
tus is delayed [7]. It has not been fully elucidated
yet how HDMP exerts its rapid beneficial effect in
patients with MS. Steroids have dual inhibitory
and stimulatory effects on various factors of the
immune response, through influencing secretion
of cytokines and chemokines, reduction of cere-
brospinal fluid levels of matrix metalloproteinases
(MMP), and increasing levels of tissue inhibitors
of MMR as well as reduction of expression of ad-
hesion molecules, interfering with the blood-brain
barrier disruption [8].

Physical therapy has been proposed to coun-
teract many of the consequences of MS [9, 10].
Indeed, evidence indicates that exercise has the
potential to improve and/or maintain function-
al ability, strength, fatigue, health-related qual-
ity of life (HRQoL), depression, and cognition, in
subjects with MS [11, 12] and other neurological
disorders [13]. However, studies dealing with the
impact of rehabilitation on the health status of
patients with relapsing-remitting MS in relapse
are extremely rare [12, 14]. Therefore, we decid-
ed to perform a randomized controlled trial in or-
der to assess, based on objective measures and
MSQoL-54, whether combination of multidisci-
plinary rehabilitation (MDR) with steroid therapy
is more beneficial than steroid therapy alone.

The aim of our study was to evaluate the po-
tential benefits of MDR combined with adminis-
tration of intravenous HDMP in persons with MS
in relapse.

Material and methods
Subjects

This investigation was conducted as a random-
ized controlled trial at the Clinical Center of Serbia
(CCS) in Belgrade. Eligible patients were selected
by neurologists (JD, IDB, JD) at the Clinic of Neu-
rology, CCS, according to the following criteria:
a) confirmed relapse requiring application of
HDMP in patients with an established diagnosis of
relapsing remitting (RR) MS, according to the Re-
vised McDonald criteria [15]; b) admission to the
Clinic of Neurology as either a day case or an inpa-
tient; c) age 18 years and above. Patients were ex-
cluded if they suffered from dementia, alcoholism,

had any serious medical comorbidities or were
pregnant. During the study, the participants were
excluded if they had an attack.

During a 24-month period (uly 1, 2011-July 1,
2013), 49 MS patients were included in the study
and randomized to control (20 patients) and treat-
ment (17 patients) groups by simple randomiza-
tion using a computer-generated list. Eligible pa-
tients completed all pre-intervention assessment
before randomization. Patients were randomly al-
located to the treatment or control group accord-
ing to the randomization list and informed of their
study group. Seven patients (3 from the treatment
group and 4 from the control group) dropped out
of the study because they had an attack, and 5 pa-
tients (2 from the treatment group and 3 from the
control group) because of the unexpected lack
of time. A total of 37 MS patients completed the
study.

This study was conducted with approval by the
Ethics Committee of the Faculty of Medicine, Uni-
versity of Belgrade, and written informed consent
was obtained from all patients.

Intervention

Treatment patients received 1 g daily of intra-
venous methylprednisolone (MP) for 5 days and
MDR during steroid therapy and the acute period
afterwards for 3 weeks. The treating therapy team
individually tailored the rehabilitation program to
meet patient needs. This multidisciplinary team
comprised neurologists (JD, IDB, JD) and a rehabil-
itation physician (UN) with expertise in MS man-
agement, a physiotherapist, an occupational ther-
apist and a psychologist. Other specialists’ input
included social services and continence advice,
when needed. The patients received individual-
ized physiotherapy in order to improve function
through motor learning, by emphasizing the in-
dividual’s motor control, especially in relation to
balance and movement. The multidisciplinary pro-
gram also included interventions, such as educa-
tion of patients and caregivers and bladder man-
agement techniques for those with continence
issues. Advice was given for continuing self-man-
agement after discharge. Patients were advised to
continue exercising in community settings.

Physical rehabilitation was performed at the
Clinic of Neurology and afterwards at the Clinic of
Physical Medicine and Rehabilitation, CCS, via the
outpatient rehabilitation program. Rehabilitation
consisted of 3 weeks of exercise and occupation-
al therapy and was performed by MS specialized
physiotherapists. Exercises were performed for 1 h,
5timesaweek, and occupational therapy for 30 min,
3 times a week. Motor rehabilitation was ar-
ranged as individual physiotherapy. Exercises var-
ied between aerobic training (walk or treadmill),
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muscle stretching, strength training, balance and
gait training. Aerobic training was included in
each patient’s rehabilitation program in order to
enhance endurance. Progression of intensity was
firstly achieved through prolonging the walking
time and later through increasing the velocity, in
order to achieve 20 min for a given velocity. Rate
of perceived exertion and targeted heart rate were
used as indicators for the intensity of training.

Control patients were treated according to the
standard ward protocol for intravenous HDMP
therapy including 5 days’ intravenous MP. Patients
were referred for potential subsequent outpatient
physical therapy in community settings.

Measurements

All outcome measures were completed at
baseline (the first day of intravenous HDMP), and
1 month and 3 months after the first day of steroid
therapy. All questionnaires except the Functional
Independence Measure (FIM) [16] were completed
by the patients in the presence of a physician, who
provided assistance when necessary. Because of
the type of the study, neither the patients nor the
assessing therapists were blinded.

Outcome measures used were the Expanded
Disability Status Scale (EDSS) [17], the Beck De-
pression Inventory (BDI) [18], FIM [16], and the
Serbian version of Multiple Sclerosis Quality of
Life-54 (MSQolL-54) [19]. The neurological disabil-
ity was assessed using EDSS. Scoring was based
on neurologic testing and examination of the fol-
lowing eight functional systems: pyramidal (abili-
ty to walk), cerebellar (coordination), brain stem,
sensory, bowel and bladder functions, visual, men-
tal, and other (including any other neurological
findings due to MS).

The Beck Depression Inventory (BDI) was given
to each patient to explore feelings and attitudes
relating to general depressive status.

The FIM assesses function and need for assis-
tance in 18 items in motor and cognitive domains.
Each item is rated on a scale of 1 to 7 (1 = to-
tal assistance, 5 = supervision, 7 = independent),
based on the assistance needed for different ac-
tivities, physical and mental. The maximal score
is 126 and minimal 18, with higher scores indicat-
ing higher levels of independence. The FIM scores
were based on actual performance on a task on
a daily basis.

MSQoL-54 includes one of the most widely
used quality of life measures, the SF-36, as a ge-
neric base, and an additional 18 items specific to
MS. The SF-36 items are scored somewhat differ-
ently in the context of the MSQoL-54, in that the
54 items of the questionnaire are distributed in
12 multi-item scales and 2 single items. Addi-
tionally, two summary scores, the Physical health

and Mental health composites, are derived from
a weighted combination of scale scores. These
scores were created using the Likert method [20],
by averaging items within the scales, then row
scores were linearly transformed into 0-100 scales,
with higher values indicating a better quality of life.

Statistical analysis

The importance of changes in quality of life
scores and clinical characteristics of MS patients
between baseline and each follow-up time-point
were quantified using the Wilcoxon signed ranks
test. The magnitude of any differences for the
quality of life changes was calculated as an ef-
fect size (ES) (mean follow-up — mean baseline)/
pooled SD) with 95% confidence intervals. Accord-
ing to Cohen’s thresholds, the ESs are categorized
as follows: trivial (0-0.19), small (0.20-0.49), me-
dium (0.50-0.79), and large (0.80 and above) ef-
fects [21].

The SPSS 17.0 statistical software package
(SPSS Inc, Chicago, IL, U.S.A.) was used in the sta-
tistical analysis.

Results

Table | shows demographic and clinical data in
the treatment and control groups. There was no
difference between groups in any demographic
or clinical data except for the educational status,
which showed a higher percentage of people with
a university degree in the treatment group, which,
however, also did not reach statistical significance.
Groups did not differ in any of the outcome mea-
sures at the beginning of the study.

There was a statistically significant improve-
mentin EDSS scores betweenbaselineandmonth 1,
sustained between month 1 and month 3, both
in the treatment (p = 0.002, and p = 0.003, re-
spectively) and control group (p = 0.001, and p =
0.026, respectively) (data not shown). There was
also a statistically significant improvement in FIM
motor scores between baseline and month 1, sus-
tained between month 1 and month 3 both in
the treatment and control group (p < 0.001) (data
not shown). In contrast, no change in FIM cogni-
tive scores was detected between baseline and
subsequent time points, either in the treatment
group or in the controls. A statistically significant
improvement in BDI scores between baseline and
both follow-up time points was found in the treat-
ment group (p = 0.001, p = 0.020, respectively),
but no change between baseline and any of the
subsequent time points was found in the control
group (data not shown).

However, no significant changes were detected
in the EDSS, BDI, and FIM scores between base-
line and 1-month and 3-month follow-up scores,
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Table 1. Baseline demographic and clinical characteristics for the treatment and control groups

Variable Randomized to treatment Randomized to control ~ Value of p
group (n = 17) group (n = 20)
Gender: 0.495
Male 6 (35.3) 5 (25.0)
Female 11 (64.7) 15 (75.0)
Current age [years] 41.3 +9.9 (22-61) 39.4 +10.7 (18-62) 0.583
Education [years]: 0.085
Primary (1-8) - 1 (5.0)
Secondary (9-12) 6 (35.3) 14 (60.0)
University (13+) 11 (64.7) 5(35.0)
Marital status: 0.564
Single (never married) 4 (23.5) 8 (40.0)
Married/cohabiting 11 (64.7) 10 (50.0)
Widowed 0 0
Separated/divorced 2 (11.8) 2 (10.0)
Current employment status: 0.902
Employed outside the home/student 10 (58.8) 11 (55.0)
Retired 4 (23.5) 6 (30.0)
Unemployed 3(17.6) 3 (15.0)
Age at onset of MS [years] 32.549.4 (17-51) 32.8 £10.7 (16-59) 0.924
Disease duration [months] 104.5 +90.3 (0-314) 80.6 +71.4 (6-276) 0.375
EDSS score 4.5 +1.4 (3.0-7.5) 4.0 0.9 (2.5-6.5) 0.195
BDI score 12.2 +8.9 (0.0-36.0) 14.0 +8.3 (2.0-32.0) 0.537
FIM motor score 73.1 £16.1 (23.0-88.0) 77.5 8.2 (57.0-89.0) 0.288
FIM cognitive score 34.6 +0.8 (23.0-35.0) 33.7 £2.9 (23.0-35.0) 0.228

Results were presented as mean + SD (range) or mean (%). EDSS — Expanded Disability Status Scale, BDI — Beck Depression Inventory,

FIM — Functional Independence Measure.

comparing treatment and control groups (Tables II
and Ill). The change scores were calculated by
subtracting mean baseline from the mean fol-
low-up score; therefore improvement is indicated
by negative scores on the EDSS and BDI, and pos-
itive scores on the FIM.

Regarding changes in HRQoL scores, 1 month
after MDR, a significant improvement was demon-
strated for the Physical role limitations score
(p = 0.015) of MSQoL-54, in the treatment group
compared with controls (Table IV).

Furthermore, 3 months after MDR, improve-
ments were observed in the treatment group in
comparison with the control group, in the follow-
ing domains of MSQoL-54: Physical role limita-
tions score (p = 0.016), Emotional role limitations
(p =0.010) and Mental health composite (p = 0.017)
scores (Table V).

The changes in HRQoL in patients with MS
during the 3-month follow-up are presented in Ta-
ble VI. A statistically significantimprovementin the
quality of life in the treatment group at each sub-
sequent time point was detected for the following
scales of MSQoL-54: Physical health, Physical role
limitations, Emotional role limitations, Emotion-
al well-being, Energy, Health perception, Social
function, as well as for both Physical health com-
posite and Mental health composite. Additionally,
Pain was improved only at 1-month follow-up and
Overall quality of life only at 3-month follow-up.
In the control group, significant improvement in
quality of life domains was demonstrated at both
time points only for Physical health, Health per-
ception and for Physical health composite.

In the treatment group, the analysis of magni-
tude for changes in HRQolL during the entire fol-
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Table Il. Clinical change scores from baseline to first month

Scales Treatment (N = 17), Control (N = 20), Mean 95% Cl for Value of p
mean  SD mean + SD difference mean difference
EDSS -09 1.3 -0.5 +0.6 -0.4 -0.9 t0 0.4 0.424
BDI -3.8+34 -2.0+11.0 -1.8 -7.5t03.8 0.518
FIM motor +15.6 £16.0 +9.1 6.4 +6.5 -1.4to 14.4 0.102
FIM cognitive 0.0 £0.0 +0.7 2.4 -0.7 -19t0 0.6 0.284
EDSS - Expanded Disability Status Scale, BDI — Beck Depression Inventory, FIM — Functional Independence Measure.
Table IlI. Clinical change scores from baseline to third month
Scales Treatment (N = 17), Control (N = 20), Mean difference  95% Cl for mean Value of p
mean + SD mean + SD difference
EDSS -1.4+1.4 -0.9 +0.8 -0.5 -1.3t0 0.3 0.184
BDI -3.5+6.2 -2.7+7.0 -0.8 -5.2t0 3.7 0.725
FIM motor +15.4 £16.3 +10.3 6.9 +5.1 -3.1t0 13.2 0.217
FIM cognitive 0.0 £0.0 +0.8 £7.8 +0.8 -3.0t0 4.7 0.657
EDSS — Expanded Disability Status Scale, BDI — Beck Depression Inventory, FIM — Functional Independence Measure.
Table IV. Quality of life change scores from baseline to first month
MSQol-54 Treatment (N = 17), Control (N = 20), Mean 95% Cl for mean Value of p
mean * SD mean * SD difference difference
Physical health +14.1 £25.3 +13.5+16.3 0.6 -13.4to 14.6 0.929
Physical role +29.4 +40.7 -2.6 +35.4 32.0 6.6 to 57.4 0.015
limitations
Emotional role +23.5 +45.3 +3.1 +42.6 20.4 -8.9 to0 49.8 0.167
limitations
Pain +14.8 +13.1 +10.4 £25.4 4.4 -9.5t0 18.2 0.525
Emotional well-being +15.8 £18.9 +10.6 +22.1 5.2 -8.7 t0 19.0 0.455
Energy +8.5 £14.4 +11.0 £20.5 -2.5 -14.6 t0 9.5 0.673
Health perception +5.0 £9.5 +11.0 £15.8 -6.0 -149t0 2.9 0.180
Social function +11.8 £16.4 +7.9 £19.2 3.8 -8.2t015.9 0.521
Cognitive functioning +4.1 £18.9 +8.5 +30.9 -4.4 -17.1t09.0 0.512
Health distress +1.5 £15.6 +4.7 £24.3 -3.2 -17.2t0 10.6 0.635
Sexual function -3.5+23.2 +4.1 £28.4 -7.6 -25.1t09.9 0.385
Change in health -13.2 £30.8 —-15.0 +40.1 1.8 —22.41025.9 0.883
Sexual function 0.0 £50.0 -7.5 +45.2 7.5 -24.3to 39.3 0.685
satisfaction
Overall quality of life +7.8 £16.5 +4.0 £12.3 3.8 -5.8t0 13.5 0.425
Physical health +10.7 £10.2 +8.1+11.1 2.6 -4.6t09.8 0.467
composite
Mental health +12.4 +14.1 +6.5 £18.7 5.9 -5.2t0 17.2 0.287
composite

low-up period showed a sustained large ES (0.80
and above) for both Physical and Mental health
composite scores as well as for Emotional well-be-
ing. A medium ES (0.50-0.79) noted at 1-month
follow-up which increased to a large ES at 3-month

follow-up in the treatment group was demonstrat-
ed for the following domains: Physical role limita-
tions, Emotional role limitations, Health perception
and Social function. The overall quality of life do-
main score reached a large ES after 3 months.
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Table V. Quality of life change scores from baseline to third month

MSQol-54 Treatment (N = 17), Control (N = 20), Mean 95% Cl for Value of p
mean * SD mean  SD difference mean difference

Physical health +15.0 +19.7 +9.5 £16.8 5.5 —6.7 to 17.7 0.366

Physical role +33.8 £38.59 -0.1 +42.1 33.9 6.8t061.1 0.016

limitations

Emotional role +31.4 +36.3 -5.2 +43.6 36.6 9.5 to 63.7 0.010

limitations

Pain +13.1 £26.7 +5.7 £31.6 7.4 -12.3t0 27.1 0.452

Emotional well- +15.1 +15.3 +7.4 £22.4 7.7 -5.4to 20.7 0.242

being

Energy +12.7 £18.4 +7.4 £21.8 53 -8.1t0 18.7 0.434

Health perception +13.8 £14.2 +10.7 £18.8 3.1 -8.2to 14.3 0.584

Social function +17.2 £13.9 +9.6 £19.5 7.6 -3.9to0 19.1 0.191

Cognitive +2.1 £13.6 +6.0 £21.8 -39 -16.3t0 8.4 0.523

functioning

Health distress +10.9 £22.9 +11.2 £184 -0.3 -14.1to 13.4 0.957

Sexual function +9.3 +27.8 +10.0 £32.4 -0.7 -21.0t0 19.7 0.946

Change in health -26.5+32.4 -26.2 +41.7 -0.3 -25.5t025.1 0.986

Sexual function +10.3 +47.6 +2.5 £39.6 7.8 -21.31t036.9 0.590

satisfaction

Overall quality +11.6 £14.4 +2.7 £13.5 8.9 -0.4to 18.2 0.061

of life

Physical health +15.9 £10.2 +8.1 £14.2 7.8 -0.6 to 16.2 0.069

composite

Mental health +16.2 £12.6 +3.8 £16.5 12.4 2.3t022.3 0.017

composite

In the control group, a sustained moderate ES
was demonstrated only for Physical health com-
posite and Health perception domain scores.

Discussion

In our study, we analyzed the benefits of ad-
ministration of intravenous HDMP combined with
MDR in 37 persons with RRMS in relapse, in or-
der to assess whether combination of steroid
therapy with MDR is more beneficial than steroid
therapy alone, based on objective and patient-re-
ported outcome data, including application of the
MSQoL-54. Until now, to our best knowledge, only
one randomized controlled trial has evaluated the
benefits of planned MDR in combination with in-
travenous HDMP in the treatment of relapses, in
persons with RRMS [22].

The EDSS and FIM motor scores, as disabili-
ty measures, improved statistically significantly
early after steroid therapy both in our treatment
and control group, which is in line with previously
published findings [7, 23]. A significant improve-
ment in BDI scores, relating to general depressive
status, also occurred early after steroid treatment
and was sustained for 3 months in MS patients

treated with steroids and MDR, but no beneficial
change was detected in our controls treated with
HDMP only. It should also be mentioned that in
our study no significant changes were detected in
the EDSS, FIM and BDI scores, between baseline
and 1-month and 3-month follow-up scores, com-
paring treatment and control groups. In contrast,
in the above-mentioned randomized study, which
included 20 subjects in each group (MS patients
treated with HDMP and MDR and those treated
with HDMP and standard care), findings demon-
strated significant differences in both the Guys
Neurological Disability Scale [24] and the Barthel
Index [25] at 3 months in favor of HDMP com-
bined with MDR [22]. However, additionally, the
authors assessed QoL using a generic question-
naire, the Short Form 36 Health Survey (SF-36)
[26], and analysis of change of scores in various
domains from baseline to month 3 did not show
any significance, except for the Social Function
domain, which indicated a trend towards signifi-
cance.

Regarding patient-reported outcome, in our
study in which we used the disease-specific ques-
tionnaire MSQoL-54, in contrast, a statistically sig-
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Table VI. Mean quality of life scores at baseline and at follow-ups and effect sizes in comparison with those at
baseline in treatment and control group

MSQol-54 At baseline After 1-month follow-up After 3-month follow-up
Physical health:
Treatment Score 52.9 (24.3) 67.1 (23.3)* 67.9 (22.8)**
ES 0.56 (0.04, 1.07) 0.76 (0.24, 1.27)
Control Score 50.5 (25.7) 64.0 (24.9)** 60.0 (27.1)*
ES 0.83 (0.35, 1.30) 0.56 (0.09, 1.03)
Physical role limitations:
Treatment Score 25.5 (36.9) 52.9 (44.9)** 57.3 (43.9)**
ES 0.72 (0.20, 1.23) 0.88 (0.36, 1.39)
Control Score 37.6 (38.5) 35.0 (43.2) 37.5 (46.2)
ES -0.07 (-0.54, 0.39) -0.11 (-19.83, 19.61)
Emotional role limitations:
Treatment Score 41.1 (44.9) 64.7 (41.6)** 72.5 (41.2)**
ES 0.52 (0.01, 1.05) 0.86 (0.35, 1.38)
Control Score 51.9 (44.9) 55.0 (44.9) 46.7 (45.1)
ES 0.07 (-0.39, 0.54) -0.11 (-0.59, 0.34)
Pain:
Treatment Score 49.6 (30.9) 64.4 (31.9)** 62.7 (31.9)
ES 1.13 (0.61, 1.64) 0.49 (-0.02, 1.00)
Control Score 46.3 (29.5) 56.7 (30.5) 52.1(29.7)
ES 0.41 (-0.06, 0.88) 0.18 (-0.29, 0.65)
Emotional well-being:
Treatment Score 50.8 (26.6) 66.5 (20.3)** 65.9 (18.7)**
ES 0.83(0.31, 1.34) 0.98 (0.46, 1.50)
Control Score 53.6 (18.9) 64.2 (17.8)* 61.0 (22.5)
ES 0.48 (0.01, 0.94) 0.32 (-0.13, 0.80)
Energy:
Treatment Score 47.3 (23.8) 55.8 (23.4)* 60.0 (25.0)**
ES 0.58 (0.07, 1.10) 0.69 (0.17, 1.20)
Control Score 41.0 (18.4) 52.0 (16.5)* 48.4 (23.8)
ES 0.53 (0.07, 1.00) 0.33 (-0.13, 0.80)
Health perception:
Treatment Score 42.9 (29.3) 47.9 (22.4)* 56.8 (22.8)**
ES 0.53 (0.01, 1.03) 0.97 (0.46, 1.49)
Control Score 35.7 (13.2) 46.7 (18.9)** 46.5 (21.5)*
ES 0.70 (0.22, 1.16) 0.57 (0.10, 1.04)
Social function:
Treatment Score 53.9 (25.4) 65.7 (20.6)** 71.08 (22.9)**
ES 0.72 (0.20, 1.23) 1.23 (0.71, 1.74)
Control Score 58.3 (21.4) 66.2 (23.8) 67.9 (25.1)*
ES 0.41 (-0.05, 0.88) 0.49 (0.02, 0.96)
Cognitive functioning:
Treatment Score 68.5 (25.2) 72.6 (20.5) 72.9 (24.2)
ES 0.21 (-0.30, 0.73) 0.10 (-0.26, 0.47)
Control Score 68.5 (28.6) 77.0 (21.7) 74.5 (26.1)
ES 0.40 (-0.06, 0.87) 0.28 (-0.19, 0.74)
386 Arch Med Sci 2, April / 2016
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Table VI. Cont.
MSQol-54 At baseline After 1-month follow-up After 3-month follow-up
Health distress:
Treatment Score 62.3 (24.3) 63.8 (24.4) 73.2 (24.5)
ES 0.09 (-0.41, 0.61) 0.48 (~0.04, 0.99)
Control Score 54.0 (20.6) 58.7 (23.8) 65.2 (23.3)
ES 0.19 (-0.27, 0.66) 0.61 (0.14, 1.08)
Sexual function:
Treatment Score 51.9 (33.7) 48.5 (32.8) 61.3 (32.5)
ES -0.14 (-0.66, 0.37) 0.33 (-0.18, 0.85)
Control Score 59.2 (36.2) 63.3 (41.9) 69.1 (37.5)
ES 0.14 (-0.32, 0.61) 0.30 (-0.16, 0.78)
Change in health:
Treatment Score 51.5 (16.5) 38.2 (29.5) 25.0 (34.2)**
ES -0.43 (-0.94, 0.08) -0.81 (-1.33,-0.30)
Control Score 52.5(22.8) 37.5 (29.8) 26.3 (32.9)**
ES -0.37 (-0.84, 0.09) -0.62 (-1.09, -0.16)
Sexual function satisfaction:
Treatment Score 50.0 (29.3) 50.0 (20.5) 60.3 (33.1)
ES 0.00 (-0.51, 0.51) 0.21 (-0.29, 0.73)
Control Score 50.0 (29.2) 42.5 (33.5) 52.5 (27.9)
ES -0.16 (-0.63, 0.30) 0.06 (-0.41, 0.53)
Overall quality of life:
Treatment Score 51.8 (17.3) 59.6 (17.8) 63.3 (17.4)**
ES 0.47 (-0.04, 0.99) 0.80 (0.29, 1.31)
Control Score 50.0 (13.9) 54.0 (18.1) 52.7 (20.4)
ES 0.32 (-0.14, 0.79) 0.20 (-0.27, 0.66)
Physical health composite:
Treatment Score 47.7 (19.8) 58.4 (21.1)** 63.7 (22.4)**
ES 1.05 (0.53, 1.56) 1.55 (1.03, 2.07)
Control Score 46.9 (17.2) 54.9 (17.6)** 55.0 (20.8)*
ES 0.72 (0.26, 1.20) 0.57 (0.10, 1.04)
Mental health composite:
Treatment Score 52.9 (23.8) 65.4 (20.6)** 69.1 (21.7)**
ES 0.88 (0.37, 1.39) 1.29 (0.77, 1.80)
Control Score 54.8 (19.7) 61.3 (19.5) 58.7 (20.3)
ES 0.35 (-0.12, 0.81) 0.23 (-0.24, 0.70)

ES - effect size (*p < 0.05, **p < 0.01). Scores are presented with mean value and standard deviation in parenthesis, and ES with 95%
confidence intervals. Negative values for ES represent decline in quality of life.

nificant improvement in HRQoL in the treatment
group both 1 and 3 months after baseline was
detected for the following scales of MSQol-54:
Physical health, Physical role limitations, Emotion-
al role limitations, Emotional well-being, Energy,
Health perception, Social function, as well as for
both Physical health composite and Mental health
composite, as presented in Table VI. In the control
group, significant improvement in quality of life
domains was demonstrated at both time points

only for Physical health, Health perception and for
Physical health composite.

Furthermore, in order to assess the magnitude
of differences for the quality of life, the ES was
calculated, and in the treatment group the analy-
sis of magnitude for changes in HRQoL during the
entire follow-up period showed a sustained large
ES (0.80 and above) for both Physical and Mental
health composite scores as well as for Emotional
well-being. The medium ES (0.50-0.79) registered
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at month 1 which increased to a large ES at month
3 in the treatment group was demonstrated for
the following domains: Physical role limitations,
Emotional role limitations, Health perception and
Social function. The overall quality of life domain
score reached a large ES after 3 months. In the
control group, only a moderate sustained ES was
demonstrated for Physical health composite and
Health perception domain scores.

As already mentioned, the study of HDMP
treatment in relapses by Bethoux et al. revealed
that neurological improvements occurred ear-
ly after steroids [7]. However, this investigation
demonstrated that quality of life changes were
delayed; namely, significant improvement accord-
ing to the Mental Health Inventory and MS-relat-
ed Symptom Checklist occurred between 4 and
12 weeks after initiation of HDMP [7]. On the
other hand, improvements in SF-36 physical and
mental composite scores did not reach statistical
significance. Therefore, the authors concluded
that rehabilitative interventions are potentially
warranted options for reducing overall MS burden.

Our results imply that rehabilitation affects var-
ious aspects of the persons’ lives related to both
physical and emotional domains. They strong-
ly support the notion that comprehensive MDR
during steroid treatment of MS relapse is bene-
ficial in terms of improving disability and various
aspects of HRQoL. Furthermore, it is important that
MDR should include effective communication, co-
ordination of management and patient education.
All these data have to be emphasized in order to
increase the significance of rehabilitation as an im-
portant treatment option for MS patients, including
those in relapse, both by physicians and patients.

Certain methodological limitations of this study
as well as the existence of psychological factors
and education degree of our patients which could
have influenced MSQolL-54 domains need to be
mentioned. The study was performed in a single
center, and therefore included a relatively small
number of subjects, with non-blinded assessors.
The follow-up period could have been longer, es-
pecially in order to allow more appropriate evalu-
ation of long-term effects of intervention. In this
study we did not analyze the effect of depression
as a potential confounding factor in assessment
of quality of life, although it is generally accepted
that depression appears to be the major factor in-
fluencing HRQoL [27, 28]. Additionally, until now,
the prognostic value of education level on the
HRQoL has been demonstrated in several studies
[27, 29]. A higher level of education was a sig-
nificant prognostic factor for a better quality of
life. These findings could be explained as follows:
a higher level of education may lead to a stron-
ger awareness regarding the disease, and reflect

a better ability to cope with the challenges of
a chronic disorder such as MS. Moreover, a higher
level of education could be indirectly associated
with a better HRQoL due to a higher standard of
living. However, in our study, there was no signif-
icant difference in educational level between our
treatment and control group, and, therefore, we
did not analyze the influence of educational de-
gree of our subjects on outcome.

In conclusion, our results provide further sup-
port for the notion that combination of MDR
with intravenous HDMP could be beneficial in
the treatment of acute relapses of MS, since MDR
seems to be effective in improving quality of life
after relapse.
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