
Introduction

Lasting symptoms of inflammatory peripheral neu-
ropathy (PN), common after Guillain-Barré
syndrome (GBS) and in Chronic inflammatory
demyelinating Polyradiculneuropathy (CIDP), [6, 7,

9, 33] may contribute to persistent disablement, [19]
reduced health status and difficulty returning to
work and hobbies [7]. Such chronic disablement
often results in a sedentary lifestyle, leading to in-
creased health risks including obesity, cardiovascular
disease and poor mental health [21, 32]. Exercise can
reduce or prevent secondary health complications
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j Abstract There is insufficient
evidence to support the use of
exercise in the management of
chronic disablement in people
with inflammatory peripheral
neuropathy. Therefore, our study
aimed to determine the feasibility
and effectiveness of a physiother-
apist prescribed community based
exercise programme for reducing
chronic disablement in patients
with stable motor neuropathy.

We assessed the effects of a 12
week unsupervised, community
based strengthening, aerobic and
functional exercise programme on
activity limitation and other mea-
sures of functioning in 16 people
with stable motor neuropathy and
10 healthy control subjects.

Fourteen of 16 patients and 8
out of 10 healthy control subjects
completed the study and exercised
safely in the community with no
adverse events. Significant
improvements were seen in all
measures of activity limitation and
in wider measures of health

including anxiety, depression and
fatigue in the patient group.
Improvements were sustained at
six months after completion of the
exercise programme, except for
depression. Ten patients contin-
ued to exercise regularly at six
months.

These findings demonstrate
that individually prescribed com-
munity based exercise is feasible
and acceptable for people with
stable motor neuropathy and par-
ticipation in exercise may be suc-
cessful in reducing chronic
disablement. Future randomised
controlled trials are needed to
examine the efficacy of this com-
plex community based interven-
tion.
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exacerbated by inactivity and also improve well-
being [2, 11, 34, 37]. Exercise has also been shown to
be beneficial in reducing disablement in patients
with other neurological conditions [10, 28, 39].
However, a recent systematic review concluded that
there was insufficient evidence with which to evalu-
ate the effect of exercise on functional ability in
people with peripheral neuropathy [38]. Clinical
studies of targeted exercise in this patient group
have shown some improvements in residual
impairments such as strength, endurance and car-
diovascular fitness [12, 31]. However, few have
examined the effect of exercise on overall function-
ing, such as changes in activities and participation,
despite these outcomes being of great importance to
patients [12, 30, 31]. Furthermore, no published
studies have examined exercise behaviour after the
intervention period, although continued exercise is
necessary to maintain general health improvements
[8]. Individually tailored combinations of strength-
ening, aerobic and functional exercise carried out at
home or in the local community might promote
exercise adherence and optimise the functional im-
pact for people with inflammatory PN. Therefore, we
aimed to investigate the feasibility, acceptability and
efficacy of a prescribed 12 week community based
combined exercise programme for people after GBS
or with CIDP.

Methods

Sixteen adult volunteers were recruited prospectively from pa-
tients attending the Peripheral Nerve Clinic at Guy’s Hospital,
London and from the Guillain-Barré Syndrome Support Group -
UK, a patient support organisation. Patients were included if they
were at least one year after nadir of their GBS or had stable CIDP
and fulfilled standard diagnostic criteria [3, 14, 27]. To be in-
cluded patients must have had no change in self reported dis-
ability or medication in the previous 6 months. Volunteers were
excluded if they had any medical condition that prevented exer-
cise or where they were unsafe to exercise, if they were pregnant
or if they were receiving regular immunoglobulin or plasma ex-
change treatment. Patients underwent a neurological and medical
examination to ensure their fitness for exercise and all partici-
pants were assessed by a physiotherapist to determine their level
of impairment and function. If necessary, participants were re-
ferred for professional orthotic prescription and the exercise
programme was delayed until appropriate orthotic support was
provided.

Ten healthy, sedentary subjects from staff and students of
King’s College London were also recruited, underwent medical
screening and followed the same assessment and exercise pro-
gramme as the PN group in order to ascertain the effectiveness of
the exercise programme, All outcomes, except disability and dis-
ease specific measures, were also assessed pre and post exercise in
this group.

Local ethical approval was granted and the study was in
accordance with the 1964 Declaration of Helsinki. All partici-
pants gave their informed consent prior to inclusion in the
study.

j Assessments

Primary outcome measure

Disability or activity limitation, was measured using the disease
specific Overall Disability Sum Score (ODSS) [23]. The Short Form
36 questionnaire (SF-36) was also used to measure aspects of dis-
ablement including physical and mental function and health related
quality of life [36]. Both the ODSS and SF-36 have been shown to
demonstrate moderate to good validity and responsiveness in
people with immune mediated peripheral neuropathies [23, 24].

Secondary outcome measures

These included the Hospital anxiety and depression scale (HADS)
[41] and the fatigue severity scale (FSS) [18] both of which have
been used in PN [12]. Isometric muscle strength of shoulder
abductors, elbow and wrist extensors, hip flexors and ankle
dorsiflexors was measured using a hand-held dynamometer [5] and
knee extensors using fixed dynamometry. In addition, participants
performed a graded symptom limited exercise test on a stationary
bicycle to determine peak heart rate and workload [26]. Following a
warm up during which participants cycled for 3 minutes at 60
RPM against no resistance, the workload was increased by 30 Watts
every minute until participants were unable to maintain the speed
of cycling. All measurements were repeated twice, one month apart,
before the start of exercise. The first set familiarised participants
with the procedures. One rater took all the measurements. Sub-
sequent measurements were taken half way through (after 18
exercise sessions) and at the end of the exercise programme (after
36 sessions). Subjects with PN were also retested at 6 months after
the end of the programme. In addition, a pragmatic sub-group of
four healthy and five PN subjects wore activity monitors for five
days before and after the exercise programme to assess overall
activity levels (MTI ActiGraph, Florida). The monitors were worn at
waist height and recorded movement, using accelerometers which
sampled every minute. The results were expressed as mean activity
counts per minute, and were assessed over five days to give a
representation of overall activity levels. An informal semi-struc-
tured interview was carried out at the end of exercise and six month
follow-up which asked participants about the acceptability of the
exercise programme, their general health and well being and
whether they continued to exercise.

j Exercise Programme

Each exercise session was designed to take approximately one hour.
Participants exercised in their local community (either at home or a
local leisure facility), three times a week for 12 weeks or until they
had competed 36 sessions. All components of the exercise session
were prescribed by a physiotherapist who ensured participants
could perform each exercise safely and effectively.

Each exercise session consisted of aerobic, strengthening and
functional exercises. Subjects began with a 10 minute warm up at
below 60% of their peak heart rate (HR max) which was determined
from the graded exercise test. This was followed by 20 minutes of
the participants chosen aerobic exercise at 65–85% of their HR
max. Seven subjects in the PN group exercised by cycling, 6 by
walking and one by rowing. Four healthy participants exercised by
either walking or running, 3 cycled and one rowed. During aerobic
exercise, subjects monitored their own heart rate by using a Polar
heart monitor (Polar�, Finland) which was pre-programmed to
give audible and/or visual feedback if the heart rate fell below or
rose above the prescribed range. Individual strengthening exercises
were determined by each participant’s clinical presentation.
Strengthening exercises comprised 10 second maximal isometric
contractions against resistance. Exercise intensity commenced at
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the patients tolerance but progressed to a maximum of 3 sets of 10
repetitions over the 12 week exercise programme. Functional
exercises, included balance and task specific exercises, such as
moving from sit to stand, bilateral squats and were selected to
target areas of individuals’ functional difficulty or regional weak-
ness. Each exercise session was completed with stretches for major
lower limb muscle groups, after a five minute warm down

Adherence and compliance were monitored by self-completed
diaries of the actual exercise undertaken. In addition, all partici-
pants were contacted by telephone or email shortly after exercise
prescription to check that they were confident to exercise inde-
pendently and on a weekly basis thereafter if required or re-
quested to assist in progression of exercise and to monitor
adverse events.

j Analysis

All results are presented as mean ± standard deviation (SD) or
median (range) unless otherwise stated.

Independent t and Mann Whitney tests were used to determine
significant differences between healthy and PN groups at baseline.
Since there were no significant differences between baseline mea-
sures, the second baseline measures were used for all analyses.

Results after intervention were analysed using repeated mea-
sures ANOVA or Friedman’s tests to determine differences from
baseline to completion of the programme and from baseline to six
month follow up. Post-hoc analyses using paired t- or Wilcoxon
tests were carried out where a significant difference was identified.
No adjustments were made for multiple comparisons [29].

Confidence limits (95%) of the mean or median change were
calculated for measures showing significant differences between
baseline and end of the programme. All data were analysed using
SPSS� software (SPSS Inc. version 11.5.1.).

Results

j Group characteristics

Two patients were provided with ankle foot orthoses
before starting the exercise programme. This was in

order to ensure that patients were safe to exercise by
providing support for joints at risk of soft tissue
damage during sustained activity.

One patient was excluded as medication was
changed shortly after starting exercise and a second
patient had to leave the study at half way due to
personal circumstances unrelated to their health or
exercise. Data were analysed for the remaining 14
participants after exercise completion and baseline
characteristics for the healthy and PN groups are
shown in (Table 1). Full six month follow-up data
were available for 13 participants because one par-
ticipant was unable to attend for testing but com-
pleted all subjective data over the telephone.

In the healthy group, two participants left the study
after half way, one after an accidental injury unrelated
to exercising and the other for unrelated personal
reasons.

There were no significant differences between
healthy and PN groups in height, weight or age.
However, body mass index (BMI) was significantly
higher in the PN group. Twelve PN participants re-
ported either lower or upper limb involvement, or
both, on the ODSS and only two reported no prob-
lems in either upper or lower limbs (Table 1). Ten
participants reported altered sensation.

The baseline fatigue severity and SF-36 scores are
given in Table 2 and show that the healthy partici-
pants (median score:3.3, range 2.7–3.7), were signifi-
cantly less fatigued than neuropathy participants,
(4.6, 1.5–6.1, p < 0.01). Healthy participants also had
significantly less physical limitations on the physical
component summary (PCS) and physical function
subscale (PF) of the SF-36 questionnaire than PN
subjects at baseline.

Table 1 Study participants

PN group (n = 14, 4 females) Healthy group(n = 8, 3 females)

Age in Years (range) 52.4 ± 13.6(range 27.9 to 74.1) 47.5 ± 7.7(range 32.1 to 54.2)
Body mass index (Kgm)2) 28 ± 4.5 24.3 ± 1.9*
Diagnosis GBS: 10 CIDP:4 -
Time since diagnosis (range) GBS 5 (2–18 years)CIDP 2.45 (8 months–5 years) -
ODSS upper limb score 0 – Normal 4 -

1 – Minor symptoms not affecting function 4
2 – Moderate symptoms affecting but not preventing function 3
3 – Severe symptoms preventing some function 3

ODSS lower limb score 0 – Walking is not affected 6 -
1 – Walking is affected 2
2 – Walking is affected and looks abnormal 1
3 – Usually uses unilateral aid to walk 10 metres 4
4 – Usually uses bilateral aids to walk 10 metres 1

Nine GBS subjects had acute inflammatory demyelinating polyradiculoneuropathy and one had acute motor and sensory axonal neuropathy. * denotes a significant
difference between groups at p < 0.05
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j Effectiveness of exercise programme

Healthy group

The response of healthy subjects to strengthening and
aerobic exercise suggested that the exercise intensity
was sufficient to produce improvements. There was a
significant moderate improvement of 15–20% in
maximal isometric knee extensor force after exercise
(see Fig 1). Although there was no change in healthy
participants’ peak workload as assessed during the
graded exercise test, there was a small improvement
in total workload (627 ± 302 to 662 ± 263 Watts).
However, this was not statistically significant.

PN group

The majority of participants with PN showed mod-
erate increases in isometric muscle strength of trained
muscles at the end of the intervention. A significant
improvement in muscle strength was seen in the knee
extensors, the only muscle group to be exercised by
all subjects. This is shown in Fig 1.

As with healthy subjects, peak workload produc-
tion during symptom limited exercise testing was not
significantly different after training in people with PN.
However, total workload after exercise (562 ± 419
Watts) was significantly greater than before
(467 ± 306, p < 0.05). This improvement was due to
participants being able to exercise for longer at their
peak load. Greater improvements in total and peak
workload may have been masked by the large in-
creases in workload after each minute during the
exercise test. Despite this limitation, the exercise

programme appeared to be effective in increasing
strength and fitness in both the healthy and PN group.

j Adherence to exercise programme

According to records from the self-completed diaries,
adherence to the exercise programme was good.
Participants with PN reported completing a mean of
37 ± 3 sessions over a mean period of 3 months
and 20 days ± 1 month 13 days. Healthy subjects
completed a mean of 36 ± 1 sessions over a mean
time of three months 15 days ± 16 days.

All patients and healthy subjects exercised without
injury; although half of participants in both the
healthy (4 out of 8) and the PN group (7 out of 14)
reported experiencing minor muscle ache and mild
joint stiffness which eased after 48 hours, at the start
of the programme, and did not prevent exercise. Four
PN patients and 8 healthy participants exercised at
their local gym. The remaining participants exercised
at home. All exercise equipment and membership fees
were provided or paid for by funders of the study.

Patients with PN reported positive changes in en-
ergy level, motivation and mood at an informal exit
interview after the intervention. All participants felt
the programme was realistic, beneficial and practical
to complete.

j Effect of exercise on primary outcome of change in
disability or activity limitation

As shown in Table 2, scores on the SF-36 question-
naire in healthy subjects remained unchanged and

Table 2 Changes in primary and secondary outcome measures at end of exercise and at 6 month follow-up

Baseline
score median (range)

Change after
exercise median (95% CI) p

Change at 6 months
median (95% CI) p

Patients with
PN

ODSS 3 (0 to7) )1 (0 to)1.5) 0.023 )1 ()0.5 to )1.5) 0.008
ODSS UL 1 (0 to 3) )1 (0 to )1.5) - 0 (0.5 to )0.5) -
ODSS LL 1 (0 to 4) )0.5 (0 to )2) - 0.5 (0.5 to )1) -
SF)36 PF *70 (15–90) 10 (5 to 17.5) 0.003 10 (2.5 to17.5) 0.02
PCS *44.3 ± 6.9 5.8 (2.2 to 9.4) 0.004 4.3 (1.5 to 7.3) 0.01
FSS *4.6 (1.5 to 6.11) )0.6 ()0.17 to )1.23) 0.009 )0.6 ()0.19 to )1.45) 0.006
HADSAnxiety 6 (2 to16) )2 ()0.5 to )3.5) 0.02 )2 (0 to)4.5) 0.04
HADSDepression 1.5 (0 to16) )1 ()0.5 to )3) 0.04 )0.5 (0 to )0.5) 0.08

Healthy control
subjects

ODSS - - - - ns

SF)36 PF 95 (80 to 100) 1.88 (0 to 7.5) ns - ns
PCS 56.9 ± 3.2 2.3 ()3.8 to 8.3) ns 0.9()5.4 to 7.2) ns
FSS 3.4 )0.6 (0.22 to 1.23) 0.05 - ns
HADSAnxety 4 (0 to 9) 0 ()1.5 to 1) ns - ns
HADSDepression 1 (1 to 7) )0.5 ()3.5 to 4) ns - ns

ODSS – overall disability sum score (UL – upper limb scores, LL – lower limb), PCS – physical component score, FSS – fatigue severity scale, HADS – hospital anxiety
and depression scale. * indicates where there was a significant difference between groups at baseline (p < 0.01)
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within normal limits after completion of exercise. For
patients with PN, ODSS scores improved significantly
after exercise and there was a significant improve-
ment in functioning as measured by the physical
function score of the SF-36 after completion of exer-
cise.

j Effect of exercise on secondary outcomes

Anxiety, depression and fatigue were significantly
reduced after exercise in patients with PN and fatigue
was significantly reduced in healthy participants also
(see Table 2).

The mean activity levels of 5 patients, measured as
mean counts per minute over 5 days increased sig-
nificantly from 190 ± 21, to 353 ± 155 countsmin)1

(p = 0.04). The healthy exercise group showed no
significant change in average activity levels:
268 ± 107 to 286 ± 82 countsmin)1.

j Outcome at follow up: six months after completion
of the exercise programme

All 14 PN participants were contacted six months later
and 13 patients were available for testing. Improve-
ments in activity limitation, mood and fatigue re-
mained significant compared with baseline, with the
exception of the depression subscale of the
HADS questionnaire. Isometric muscle strength and
workload were no longer significantly different from

baseline at 6 months. Subjectively, 11 of 14 contacted
participants reported ‘‘feeling better’’ than prior to
starting the exercise programme and three felt they
were the same. None felt worse than before exercise
and 6 reported feeling even better than when they had
completed the programme, whilst 4 felt the same. Ten
participants were still participating in regular exercise
at six months. Of the 4 that did not continue exer-
cising, three felt worse than immediately after com-
pletion of the exercise programme. Reasons for not
continuing exercise were related to time pressures on
individual lifestyles.

Discussion

This study aimed to investigate the effect of physio-
therapist prescribed community based exercise on
disablement in people with inflammatory peripheral
neuropathy. The target client group for this type of
intervention was patients complaining of either per-
sistent impairment due to PN or chronic limitation of
activity for whom curative medical treatment was not
available or inadequate. For such patients, self-man-
agement by regular exercising would be attractive if it
could be shown beneficial. The study design was
influenced by factors which made recruitment into a
randomised research study difficult. Both GBS and
CIDP are uncommon, [15, 20] and finding patients
with stable disease and no disqualifying medical
conditions was difficult. In addition, the nature of
exercise interventions is such that randomisation to
intervention versus control groups is not acceptable
to many possible participants and may interfere with
aspects of the complex intervention prescribed [13].
Therefore we acknowledge that the prospective
intervention design chosen introduces bias and thus
the interpretation of the results should be viewed with
appropriate caution.

Sample size prior to intervention was based on
previous studies [31] and 14 people with PN were
recruited and completed the study. Post-hoc calcula-
tions using the physical component score (PCS) of the
SF-36 reveal that the study had 0.87 power at 12
weeks. The majority of initially recruited healthy
subjects and patients with PN successfully completed
the exercise programme and were able to exercise
safely unsupervised in the community setting. Two
patients and two healthy control subjects withdrew
from the study after beginning to exercise for reasons
unconnected to exercise. Overall, adherence to the
programme judged from participant completed
diaries and telephone contact was good and similar
to previous community based studies in neuromus-
cular disease [1, 16, 40]. Informal exit interviews
revealed that participants found the programme

Baseline after 36 sessions  At 6 months 
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Right leg (Healthy) 
Left leg (Healthy)

Right leg (PN) 
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*

Fig. 1 Chart to show changes in maximal isometric knee extension strength in
healthy and PN participants after exercise. Error bars denote one standard error
of the mean, * significant at p < 0.05
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uncomplicated and enjoyed exercising. Several felt
that the programme had restored their confidence in
their ability to exercise safely and effectively, and 10
continued to exercise at 6 months. Inevitably, life
events and lifestyle commitments were reasons stated
as being responsible for three patients and 4 healthy
control subjects not completing the 36 sessions within
the planned 12 weeks. Thus whilst lifestyle factors are
an inevitable challenge to continuing regular exercise,
a community based unsupervised exercise pro-
gramme as described here may offer patients the
flexibility to manage their time [4, 17] and therefore
adhere more effectively to the programme.

The results of the study suggest show that partic-
ipation in regular exercise reduces activity limitation
in patients with PN. The median change of one point
on the ODSS represents a significant improvement in
activity that was determined as meaningful to patients
when reported by others using a near identical scale
[13]. This improvement was maintained at 6 month
follow up. Similar significant improvements in both
physical function and the PCS of the SF-36 were also
observed which meant that after exercise, PCS scores
for patients with PN were no longer significantly
different from the healthy subjects and scores were
within normal, population derived values [35]. This is
consistent with changes reported in previous studies
[12, 31].

Fatigue and anxiety are two factors thought to
contribute to reduced activity and persistent dis-
ablement in PN [19, 22]. In this study, following
exercise and at 6 month follow up, patients with PN
showed a significant reduction in fatigue, of similar
magnitude to those reported by other authors [12].
Anxiety levels improved and remained significantly
lower than baseline when retested at 6 months.
Healthy subjects also reported significantly less fati-
gue after completion of the exercise programme and
this suggests that people who exercise regularly feel
less tired. More importantly in the subgroup of pa-
tients with PN that wore activity monitors to evaluate
their overall activity levels, the reduction in fatigue
was accompanied by a significant increase in overall
activity levels. This was not seen in the healthy group
and could indicate that fatigue may have been pre-
venting patients from being more active.

The extent to which underlying impairments in
muscle strength and endurance are responsible for

disability or activity limitation has been suggested to
be quite significant for patients with PN [25]. How-
ever, our study shows that only small improvements
in isometric muscle strength and total workload on
exercise testing were achieved after exercising (in
both patients and healthy subjects) and these were not
maintained at 6 months. Therefore it is likely that
exercise intervention has an effect on activity and
participation that is somewhat independent of levels
of impairment.

j Conclusion

Community based, individually tailored exercise was
feasible and well tolerated in participants with
peripheral neuropathy. A 12 week exercise inter-
vention produced benefits in activities, with improved
physical functioning and decreased limitations still
evident 6 months after completion of the exercise
programme. Activity levels were also raised after the
programme, and many participants reported contin-
uing to exercise, indicating long term changes in
health behaviour. The current study design aimed to
mimic the complex nature of exercise intervention for
this client group to demonstrate the effect of partici-
pation in regular exercise on activity limitation. The
mechanisms by which the intervention produced
improvements in activities and quality of life are not
known. However, several factors including reduction
in impairment, effects on mental well being, contact
with a medical professional and belief in the effec-
tiveness of exercise may account for the benefits re-
ported by the participants. These factors are likely to
be replicated in a clinical setting where exercise is
prescribed by a physiotherapist and do not detract
from or lessen the overall benefit experienced by
individual patients. However, a randomised con-
trolled trial would be recommended to eliminate ob-
server bias and examine whether exercise is beneficial
for people with PN.
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