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Abstract

Purpose Exercise training and social support have been

reported to counteract the disabling symptoms of multiple

sclerosis (MS). The purpose of this study was to pilot test a

combined aerobic and resistance exercise program, per-

formed in pairs, on functional abilities, fatigue, and health-

related quality-of-life (HRQOL) in people with MS.

Methods Eight patients with MS aged between 35 and

59 years were involved in a pre–post-pilot study. The

intervention consisted of 20 combined aerobic and strength

training sessions carried out by two participants simulta-

neously over a 7-week period. The Functional Indepen-

dence Measure was used to assess activity limitation, and

the Short Form-36 to evaluate the HRQOL. Fatigue per-

ceptions were assessed by the Fatigue Severity Scale (FSS)

and Fatigue Descriptive Scale (FDS). Overall, peak oxygen

consumption test, 6-Minute Waking Test, T25-Foot Walk,

and 9-Hole Peg Test were administered to evaluate func-

tional abilities.

Results Role-physical and Vitality HRQOL subscales

significantly increased by 120 % (p = 0.026) and by

33.85 % (p = 0.012), respectively, over the training.

Fatigue perception significantly decreased in both the

scales: FDS changed by -12.20 % (p = 0.049) and FSS

by -12.85 % (p = 0.034). No changes were reported for

functional measures over the training period.

Conclusions The full adherence of participants and the

absence of detrimental effects sustain the feasibility of the

training program. Findings suggest possible beneficial

effects of a combined exercise program with social support

on HRQOL and fatigue.
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Fatigue � Quality-of-life � Peer support

Abbreviations

MS Multiple sclerosis

HRQOL Health-related quality-of-life

EDSS Expanded Disability Status Scale

FIM Functional Independence Measure

FSS Fatigue Severity Scale

FDS Fatigue Descriptive Scale

Introduction

Multiple sclerosis is the most common chronic neurologi-

cal disease affecting young adults who are at the peak of

their career and family development, worldwide [1]. It is a

progressive disease characterized by many symptoms,

including muscle weakness, fatigue, loss of balance,

impaired speech, double vision, declining cognitive func-

tion, and paralysis [2]. The symptoms widely vary across

individuals with MS; however, similar progress in reduced

ability to perform activities of daily living and compro-

mised quality-of-life have been reported [3, 4].

Although a definitive treatment for MS is yet to be

found, new therapeutic options provide symptom man-

agement and mitigate the detrimental effects of the disease.

Moreover, exercise training and physical activity have been

reported to counteract the disabling symptoms of MS

[5–7]. Four main types of exercise have been studied

(aerobic exercise, resistance exercise, yoga, and stretch-

ing), with interventions durations ranging from 3 weeks to
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6 months, frequency from 1 to 5 times/week, and with

sessions lasting from 30 to 60 min, at different levels of

intensity [8]. Latmier-Cheung et al. [9], starting from a

pool of 4362 studies, reviewed findings of 54 studies and

showed evidence for the effectiveness of exercise training

on the improvement of both aerobic capacity and muscular

strength. In addition, improvements in mobility, fatigue,

and health-related quality-of-life (HRQOL) have been

reported [9, 10].

Despite the fact that several studies have explored

exercise effects, it is not possible to recommend a specific

exercise dose and type regarding what is safe and effective

for people with MS [8]. Currently, exercise training in MS

can be referred to several general recommendations

[11–13]; however, no univocal consensus or robust

methodologies have been found. The most recent guideli-

nes for exercise prescriptions in MS are provided by the

Canadian Society for Exercise Physiology and recommend

30 min of moderate intensity aerobic activity, two times

per week, and strength training exercises for major muscle

groups, two times per week [12].

In addition to the lack of evidence-based and MS-

specific physical activity guidelines, the promotion of

regular physical activity participation among people with

MS is needed. Most people with MS are physically inactive

[14], with an average activity level more than 0.5 standard

deviations below that of the general population [15].

Increases of fatigue, fear of symptom exacerbation, nega-

tive feelings, and social barriers hamper participation in

physical activity, and are the most reported perceived

barriers among MS patients [16].

Strategies to increase physical activity among people

with MS and persuade them that exercise can be benefi-

cial in coping with the disease are still needed. Social

support was found to be a potential facilitator for the

intention to exercise and the execution of exercise among

people with MS [17]. In particular, peer support is one of

the most commonly identified perceived facilitators of

physical activity among MS patients [16]. Exercising in

pairs or in small groups, sharing similar problems and

feelings, was found to be a good strategy to let people

feel more comfortable and sustain exercise participation

[18, 19].

Assuming this ground, the purpose of this study was

to pilot test a combined aerobic and resistance exercise

program, performed in pairs, on functional abilities,

endurance, fatigue, and HRQOL in a group of people

with MS. We hypothesized that both functional and

psychological measures would report improvements

further supported by the presence of a ‘‘partner in

exercise’’ that can sustain the short-term participation of

people with MS.

Methods

Participants

Eight people with MS (4 men and 4 women), aged between

35 and 59 years, participated voluntarily in this study.

They were screened from a list of outpatients who were

being followed at a neurorehabilitation centre. The inclu-

sion criteria consisted of clinically or laboratory definite

diagnosed MS [20] and a score between 2.0 and 5.0 on the

Expanded Disability Status Scale (EDSS) [21]. Subjects

using MS disease-modifying drugs (immunomodulators or

amantadine) were included, across the study period, none

of them made use of antispasmodic drugs and medication

regimen did not change. Individuals were excluded if they

had suffered from acute exacerbation throughout the

2 months before entering the study or if they received acute

corticosteroid treatment. Participants’ characteristics are

presented in Table 1. Written informed consents were

obtained from all the participants prior the enrollment in

the study.

Procedures

The present pilot study was designed as a pre–post-trial

of a combined aerobic and strength exercise program

with social support and the supervision of the exercise

therapist and researcher. Participants were paired on the

basis of their time availability, and the resulting four

couples trained jointly three times per week for 7 con-

secutive weeks. Measurements of activity limitations,

HRQOL, fatigue, functional abilities (ambulatory func-

tion and upper extremity function), and those of peak

oxygen consumption took place 3 days before the

beginning and 3 days after the conclusion of the training

program. The functional measures’ assessors were all

members of the neurorehabilitation centre staff not

involved in the study.

Table 1 Characteristic of participants

Variables Mean SD

Age (years) 46.5 8.4

Height (cm) 170 7.1

Weight (kg) 73.4 9.9

BMI (kg/m2) 25.2 2.2

Years post-diagnosis 8.2 5.2

Expanded Disability Status Scale 3.3 0.8
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Combined exercise program

The intervention consisted of 20 sessions of a combined

aerobic and strength exercise training, which was performed

by two participants simultaneously, to create a more com-

municative and socially comfortable context. The training

was planned on the basis of the last recommendations for

exercise prescription in MS [12] and all participants were

advised to maintain both their usual activity levels and ther-

apeutic program during the intervention period. Each training

session took place in a standard rehabilitation room, with mat

tables used for strength and flexibility exercises and a

cyclergometer used for aerobic. After a warm up set at the

beginning of each session, one participant performed aerobic

exercise, while the other carried out resistance training,

interchanging their position on the completion of the work. In

the last part of the session, subjects performed flexibility

exercises in pairs.

Each session consisted of a 20-min aerobic exercise, six

resistance exercises for upper extremities and trunk, and flex-

ibility training with seven stretching positions. Aerobic training

was performed using MOTOmed� (Movement Therapy Sys-

tem, Reck, Germany), it began and finished with a 3-min

passive cycling movement (with motor power), with two sets of

10-min active cycling movement at an individualized intensity

of 65–75 % heart rate max in the middle. Baseline results from

the peak oxygen consumption testing were used to estimate

appropriate intensity for aerobic exercise. Furthermore, during

exercise participants were asked to maintain a rating of per-

ceived exertion of 11–14 at Borg scale, avoiding exhaustion.

Between the two 10-min sets, there was a subjective rest pause

to recover, which was progressively reduced by participants.

Heart rate was continuously monitored by Polar� system.

Participants exercised in strength training with elastic

resistance bands and 1-kg dumb-bells. They performed

two sets of ten repetitions of six different exercises: lying

pelvic retroversion, bench press, lying prone pull-ups,

seated row, crunches, and lying butt bridge with legs on

Bobath ball. Exercises involved only upper extremities

and trunk core muscles, because lower limbs were trained

by aerobic exercise. A particular focus on respiration,

coordination, and control of movements was placed to

maximize the results of the strength training.

The final part of the session consisted in seven standard

stretching exercises performed by the two participants at

the same time, lying on couches.

Measures

Activity limitations

The degree of independence in performing various self-

care actions and mobility tasks (bowels, bladder, toilet use,

feeding, transfer, dressing, stairs, bathing, mobility, and

grooming) was evaluated with the Functional Indepen-

dence Measure (FIM) [22]. The FIM consists of 18 items,

based on a seven-point scoring system referring to the type

and the amount of assistance required for the described

tasks. The total score ranges from 18 to 126, with higher

scores indicating higher levels of independence.

Health-related quality-of-life

The HRQOL was evaluated using the SF-36 (Short Form-

36 Health Survey) [23], that is one of the most widely used

self-reported health status measures, recommended for use

in multiple sclerosis [24]. SF-36 investigates eight

dimensions: physical functioning, role-physical, bodily

pain, general health, vitality, social functioning, role-

emotional, and mental health. Score ranges from 0 to 100,

higher scores correspond to a better HRQOL.

Fatigue

The sensation of fatigue was evaluated using two scales.

The Fatigue Severity Scale (FSS) measures the excess of

fatigue on daily functions; it was designed for individuals

with MS and with chronic fatigue syndrome [25]. Subjects

have to rate on a seven-point scale nine statements related

to fatigue; the lower the score, the better the situation. The

Fatigue Descriptive Scale (FDS) evaluates fatigue as a

symptom and reveals the clinical phenomenon of fatigue as

asthenia, fatigability, and worsening of symptoms without

definite feeling of fatigue [26]. The scale ranges between 0

and 17, the higher score corresponds to the worst situation

of fatigue perception.

Functional measures

The 6-Minute Walking Test (6-MWT) [27] and the Timed

25-Foot Walk (T25-FW) were used to assess ambulatory

function, and these tests can be used safely and easily to

provide information on MS patients’ walking endurance

and speed. The 9-Hole Peg Test (9-HPT) is a quantitative

measure of upper extremity function by means of an arm

and hand dexterity task. The tests were administered using

a standardized protocol [28], T25-FW with trials 1 and 2,

9-HPT with trials 1, and 2 for dominant hand and trials 1

and 2 for non-dominant. Peak oxygen consumption (VO2-

max) was measured with an incremental test on a cycler-

gometer [29], respiratory gas measurement was conducted

breath-by-breath by means of a portable telemetric gas

analyser (Cosmed K4 b2). After 4 min and 40 s of warm up

set at 25 W, participants cycled with an increased workload

of 5 W every 20 s. The test was concluded on exhaustion

or when any of the following criteria was met: symptom
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exacerbation, symptoms indicating risk for the safety or

health of the participants, and plateau in oxygen uptake

with increasing workload.

Statistical analysis

Pre- to post-intervention values were analysed using a

series of paired t test. Cohen’s dz were calculated as

measure of effect sizes for dependent samples according to

Rosenthal [30]. A significance level of p\ 0.05 was

accepted.

Results

All participants completed the 20-session training program

with 100 % compliance. No MS exacerbations were

reported during the training period. Four participants

reported mild soreness in leg muscles, with symptom

remission within 48 h. Participants performed the aerobic

exercise at an average intensity of 69.7 % VO2max

throughout the program.

No changes were observed in activity limitation mea-

sure, the FIM scored from 119.4 ± 5.2 to 120.4 ± 3.9 over

the training period. Significant increases were observed in

Role-physical (?120 %) and Vitality (?33.8 %) HRQOL

indexes. Participants reported a significant decrease in

fatigue at the end of the training period registered by means

of both the FSS and the FDS (-12.9 %, p = 0.034 and

-12.2 %, p = 0.049, respectively).

Some negligible adjustments were registered in the

collected functional and fitness measures; no significant

differences were reported in the post versus pre comparison

for these variables. Descriptive statistics for all the vari-

ables are reported in Table 2.

Cohen’s dz revealed large effects for variables reporting

significant changes in post versus pre measures (i.e., large

effect was found for fatigue perception scales and the

vitality and role-physical subscales of the HRQOL).

Although without significance in the t test analysis, a

medium-to-large effect size of the intervention was repor-

ted for Social functioning index of the HRQOL and the

6MWT (dz = 0.73).

Discussion

Despite the well-established benefits of exercise, people with

MS are relatively inactive and face unique barriers to exer-

cise engagement which need to be overcome. The aim of this

study was to pilot test a combined aerobic and strength

exercise program, including social support in the form of a

‘‘partner in exercise’’. Possible beneficial effects on func-

tional capacity, fatigue sensation, and HRQOL were inves-

tigated. We expected improvements in all the dependent

measures, as a direct effect of training and as indirect con-

sequences of the social support created by simultaneous

practice of two participants. A previous study observed that

bringing together persons with MS in a behavioural inter-

vention program enabled patients to benefit significantly

Table 2 Psychological and

functional measures before and

after the 20-session combined

exercise training

Pre Post Cohen’s dz

Mean SD Mean SD

SF-36

Physical functioning 26.88 11.63 38.75 26.15 0.58

Role-physical 31.25 37.20 68.75* 37.20 0.93

Bodily pain 55.5 25.35 78.5 24.74 0.75

General health 36.75 32.28 42.00 29.18 0.47

Vitality 40.63 9.43 54.38* 9.8 1.11

Social functioning 53.13 23.86 71.88 27.35 0.73

Role-emotional 75.00 38.84 91.66 23.58 0.31

Mental health 68.50 14.09 72.5 14.09 0.31

Fatigue Severity Scale 5.90 0.67 5.18* 0.78 0.87

Fatigue Descriptive Scale 10.25 2.12 9.00* 2.14 0.79

6-Minute Walking test (m) 205 114 237 145 0.73

Timed 25-Foot Walking (s) 14 11 13 10 0.24

9-Hole Peg test (s)

Dominant hand 28 5 28 7 0.03

Non-dominant hand 31 7 30 4 0.41

VO2max (ml/min/kg) 22.6 4.9 24.3 5.5 0.32

* p\ 0.05 at paired t test; Cohen’s dz calculated according to Rosenthal [30]
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from the shared experience and socialization [31]. Signifi-

cant changes after the combined exercise training were

registered for role-physical and vitality subscales of the

HRQOL and for the fatigue perception scales. These results

confirm and boost previous findings reported for a group-

based callisthenic exercise program [32].

Improvement in the vitality index here reported is in

agreement with the previous data, where it increased by

46 % over a 4-week aerobic training [33] and seemed to

sustain the positive effect of social support.

Fatigue is one of the most frequently experienced

symptoms by MS patients. The findings from this study

align with the results of the recent review from Heine et al.

[10] reporting that mixed training may benefit fatigue by

-7.1 points (95 % CI -11.9 to -2.2) on the FSS. The

improved scores of both FSS and FDS in our study support

the fact that a combined training can represent an effective

approach to reduce fatigue symptoms in people with mild

to moderate MS.

Participants’ peak oxygen consumption values levelled

to about 23 mL/min/kg both at pre-training and post-

training. This can be compared with values reported in

other studies [34], confirming that participants with MS are

quite unfit. The absence of changes in aerobic capacity is in

accord with the previous findings of short-term interven-

tions [33], but in contrast with those showed over longer

intervention period (VO2max increased by 10 % over

15 weeks of aerobic training) [34]. Such differences might

be due to the large variability in participants’ degree of

disability and in the exercise type and dose that is not

univocally recommended yet.

Walking deficits can significantly compromise family

participation and social and leisure time activities among

people with MS. In this study, ambulatory function did not

increase over the 20-session training. The T25-FW negli-

gibly changed by 2.10 % confirming results reported in

other programs both in the short and in the long term.

White et al. [35] found a variation of 2 % after 8 weeks,

and Romberg et al. [36] showed a 12 % improvement in

T25-FW after 6-month training; however, all are under the

known cut-off point for true change in T25-FW (20 %).

Medium-to-large effect size has been reported for the

6MWT; however, the high standard deviation in the mea-

sure suggests that the positive result considering the aver-

age group level may have been influenced considerably by

extreme values of few participants.

Intervention showed no effects on upper extremity

function, in fact, the measures reported by 9-HPT are

negligible. This suggests that a key factor in effective MS

intervention is task-specific training: in our study, the

person-tailored protocol was organized as a combined

aerobic and strength exercise with no workstation task-

oriented towards upper extremity dexterity. Measure of

independence also did not change, FIM total score

remained substantially the same at post-test, probably

because it already presented a ceiling effect at baseline.

This result is in line with a previous study with a longer

training protocol [37].

Even if promising findings on HRQOL and fatigue

perception were registered, when interpreting results of

this study limitations should be kept in mind. The limited

sample size, the lack of a control group, and lack of a

direct measurement of social support let considerations

regarding the pilot testing of a combined aerobic and

strength training to mainly investigate its feasibility, with

attention to peer support developed by exercising in two

participants.

Conclusions

This pilot study shows that a short-term training of

combined aerobic and strength exercise, may be benefi-

cial for some aspects of psycho-social functioning of

persons with MS. Participants’ 100 % adherence and

absence of worsening symptoms during treatment indi-

cate this, underlining that continuous supervision and

support may be crucial in modulating compliance and

efficacy within a therapeutic program aimed at the

treatment of MS.

The results of this pilot study add to the accumulating

body of evidence that moderate intensity combined exer-

cise training can have benefits for people with MS, par-

ticularly in reducing fatigue perception, and improve some

aspects of HRQOL. Moreover, the findings suggest that

partners in exercise could be a feasible and useful strategy

to sustain exercise training participation. Further research

is required to reinforce results of this pilot study. Evalu-

ating the effects of the program with larger sample size and

control condition, with follow-up measures, and among

people with more severe disability due to MS, warrants

attention in the future research. Moreover, the facility in

which MS patients perform the training could affect sub-

jective perceptions; thus, comparison between exercising in

a clinical setting or in a gym may be interesting for further

investigations that consider psycho-social aspects of exer-

cise in MS.
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