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Background: Post-polio syndrome is characterised by symptoms of fatigue, pain and new-onset 
neuromuscular weakness, and emerges decades after the initial poliovirus infection. We sought to evaluate 
the only post-polio syndrome specific self-management programme in the United Kingdom.
Methods: This was a retrospective study of patients who had completed a residential self-management 
programme led by a multi-disciplinary clinical team. Following a confirmed diagnosis of post-polio 
syndrome by rehabilitation and neurology specialists, patients were offered to participate in the programme. 
Although group-based, patients also received individually tailored support on physical exercise and fatigue 
management. Physical effects, physical function, psychosocial well-being measures were assessed at baseline 
and 6 months follow-up. Knowledge was tested at baseline and immediately following the programme. 
Statistical comparisons were made using paired t-test and Wilcoxon signed rank test according to the data 
distribution.
Results: Over a period of 17 years, 214 participants (median age 61.3 years old, 63% female) attended 31 
programmes. At 6 months the following post-polio syndrome specific symptoms improved significantly: fatigue, 
as measured by the Multidimensional Assessment of Fatigue scale [37.6 (7.1) vs. 34.2 (9.3), P=0.005]; and pain 
[15.0 (6.1) vs. 13.1 (6.7), P=0.001], atrophy [10.0 (8.0–12.0) vs. 9.0 (7.0–11.0), P=0.002] and bulbar symptoms 
[3.0 (1.0–5.0) vs. 2.0 (0–4.0), P=0.003] as measured by the Index of Post-polio Sequelae scale. Knowledge 
related to post-polio syndrome also significantly increased [14.0 (11.0–16.0) vs. 17.0 (16.0–19.0), P=0.001]. 
Participants were able to walk at a faster speed over 10 meters [0.77 (0.59–1.00) vs. 0.83 (0.67–1.10) m/s,  
P=0.003] and walked longer distances during the 2-minute walk test [76.9 (31.7) vs. 82.0 (38.4) m, P=0.029]. 
Depression and anxiety scores did not change over time [PHQ-9, 2.0 (0.3–10.8) vs. 2.0 (0.3–6.8), P=0.450; 
GAD-7, 2.0 (0–7.0) vs. 1.0 (0–3.0), P=0.460] nor was there change in self-reported quality of life {60 [50–70] 
vs. 60 [55–70], P=0.200}. 
Conclusions: This study suggests that a post-polio syndrome self-management programme led to 
improvement in symptoms, knowledge and walking speed, but not quality of life. Anxiety and depression 
scores remained low. 
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Introduction

Comparisons have been drawn between the polio epidemics 
in Europe and USA that spiked seasonally in the first half of 
the 20th century and the need for a vaccine and the social 
responses during the COVID-19 pandemic (1). Post-polio 
syndrome (PPS) is a progressive neurological condition 
characterised by mild to extreme symptoms of fatigue, 
new muscular weakness and pain that emerges decades 
after the acute poliomyelitis viral infection (2). Symptoms 
of PPS can also include respiratory muscle weakness and 
swallowing insufficiencies. Combined with pre-existing 
neurological and orthopaedic impairments as a consequence 
of the original polio, symptom burden can be high (3). The 
pathogenesis of PPS is still not fully understood and it has 
taken many years of campaigning to be widely recognised 
as a distinct condition within the medical community (4). It 
is estimated that more than 80% of 120,000 polio survivors 
are living with PPS in the UK (5). 

Although there are limited data examining the long-
term outcomes of the COVID-19 outbreak there are 
some similarities between PPS symptoms and other 
viral pandemics. Symptoms such as fatigue, pain and 
neuromuscular weakness suggest we should be generally 
cognizant about the potential chronic effects of viral 
infections (6-8).

Self-management groups for chronic conditions 
have been established in many settings to guide patients 
when treating chronic pain, arthritis, chronic obstructive 
pulmonary disease and other disease. Benefits have been 
shown to include positive effects on quality of life (QoL) 
and function (9,10). Pulmonary rehabilitation includes 
many educational aspects of self-management and has been 
proven to have some of the highest evidence of efficacy for 
interventions of long-term conditions (11).

In order to manage PPS better, a multi-disciplinary self-
management course was established 17 years ago at a South 
London hospital. A pilot study of 27 participants completing 
the self-management course was published in 2008 (12) 
which suggested positive effect on depression levels, chronic 
fatigue, shuttle walk distance and perceived exertion. 
Larsson Lund et al. (13) suggested a multidisciplinary based 
programme could bring positive change through reducing 
the burden of illness for those attending a PPS programme 
in Sweden. However, globally there remains little evidence 
to demonstrate what specific benefits a self-management 
programme delivers for PPS sufferers. 

It was hypothesised that a structured self-management 

programme for PPS could improve outcomes for long-term 
survivors of the condition. An evaluation of this dataset 
with 6-month follow-up data was undertaken to inform 
the benefit of such a programme for PPS patients in the 
aftermath of severe viral illness due to a pandemic. 

We present the following article in accordance with the 
STROBE checklist (available at http://dx.doi.org/10.21037/
jtd-cus-2020-009).

Methods

This study was conducted in accordance with the 
Declaration of Helsinki (as revised in 2013). This study was 
registered and approved as a service evaluation with the 
institutional clinical governance review board (reference 
number: GSTT-9729) and did not require ethical approval. 
Patients who were referred to the PPS service at the Lane 
Fox Unit, Guy’s & St Thomas’ NHS Foundation Trust, 
London, UK were offered and approached to participate 
in the self-management programme. Patients had to have a 
confirmed diagnosis of PPS following specialist review with 
rehabilitation and neurologist specialists. Exclusion criteria 
for the course included not being able to attend a residential 
programme, unable to actively participate in any of the 
exercise sessions or lacking understanding of spoken English. 
Each participant provided verbal consent for the programme 
participation and completing outcome measures.

Self-management programme

This residential course initially comprised of nine, or more 
recently six days of practical and classroom-based content. 
It was facilitated by an experienced occupational therapist 
and physiotherapist and individual sessions were delivered 
by other clinicians such as respiratory and rehabilitation 
specialists, neurologists, dieticians, psychologists and 
psychiatrists with connections to the polio population via 
the same London hospital. The course has evolved and 
content has been amended over time. However, a core 
curriculum has addressed the same key themes throughout 
the assessment period: 
 Fatigue management; 
 Individual tailored exercise programmes; 
 Falls management; 
 Mood and anxiety in the context of a long-term 

condition; 
 Cognitive behaviour therapy to facilitate change; 
 Sleep and respiratory considerations in PPS;

http://dx.doi.org/10.21037/jtd-cus-2020-009
http://dx.doi.org/10.21037/jtd-cus-2020-009
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 Diet recommendations; 
 Individual goal setting.

Study design

This retrospective cohort study examined clinical outcomes 
measured on the first day of the structured PPS self-
management programme, with repeat measurements taken 
6 months later. Incomplete datasets due to not attending 
for the 6-month review or loss-to-follow-up were excluded 
from the analysis.

Outcome parameters

A total of ten different outcome measures, assessing the 
impact of the known symptoms of PPS, were analysed. The 
primary outcomes measured self-reported physical effects 

related to PPS [The Index of Post-polio Sequelae (IPPS) (14) 
and Multidimensional Assessment of Fatigue (MAF) (15)]  
and understanding of the condition (PPS knowledge 
test). The secondary outcomes quantified aspects of well-
being [QoL (16), Canadian Occupational Performance 
Measure (COPM) (17), General Anxiety Disorder  
(GAD-7) (18), Patient Health Questionnaire (PHQ-9) (19)] 
and physical function [speed using the 10-meter walk 
test (20), distance using the 2-minute walk test (21) and 
30-second Chair Stand test (30sCST) (22)]. All outcomes 
were assessed at baseline and repeated at 6-month follow-up 
except the PPS knowledge test which was repeated on the 
last day of the programme. The number of results for each 
outcome measure varied due to exclusion of incomplete data 
sets and the timeframes outcome measures were introduced 
in the evolution of the course. Outcome measurements are 
summarised in Table 1.  

Table 1 Description of the outcome measures used to evaluate PPS symptoms. All are scores except, the 10-meter walk test was measured in  
meters per second, the 2-minute walk test was measured in meters and 30sCST measured in repetitions

Outcome measure Description and scoring Date commenced 

Physical effects related to PPS 

IPPS Likert scale, severity of PPS specific symptoms. Twelve items clustered into 4  
constructs: pain 0–30 points, atrophy 0–15 points, bulbar function 0–10 points, 
temperature control 0–5 points

Sep 2006

MAF Fatigue rated over the last week, 16 items, 0–50 points Aug 2016

Understanding of PPS 

PPS Knowledge test† PPS knowledge 0–22 points Oct 2003

Well-being 

QoL visual analogue scale Quality of life scale with no anchors 0–100 points Jan 2003

COPM Rating performance (COPM-p) and satisfaction (COPM-s) with activities  
self-identified as important, both 0–50 points

May 2005

PHQ-9 Depression: normal 0–4, mild 5–9, moderate 10–14, moderately severe 15–19,  
severe 20–27 points 

Sep 2015

GAD-7 Anxiety: none 0–5, mild 6–10, severe 16–21 points Sep 2015

Physical function

10-meter walk test‡ Walk speed in meters per second (m/s) Jan 2003

2-minute walk test‡ Distance in meters (m) Aug 2010

30sCST‡ (Modified) Number of repetitions over 30 seconds, (allowing arm use and from a comfortable 
height)

Nov 2016

†, outcome measures were retested at 6 months, except the PPS knowledge test which was retested on the final day of the PPS course; 
‡, outcomes measured by clinicians, all others are self-reported. PPS, post-polio syndrome; IPPS, The Index of Post-polio Sequelae; 
MAF, Multidimensional Assessment of Fatigue; QoL, quality of life; COPM, Canadian Occupational Performance Measure; PHQ-9, Patient 
Health Questionnaire; GAD-7, General Anxiety Disorder; 30sCST, 30-second Chair Stand test. 
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Table 2 Demographic data of patients attending the PPS  
self-management courses

Variables Value

Gender (n=214), n (%)

Male 79 (36.9)

Female 135 (63.1)

Age (n=214), mean (SD) [range] (years) 61.3 (8.4) [34–85]

<65 years old, n (%) 134 (62.6)

≥65 years old, n (%) 80 (37.4)

Decade of contracting acute polio (n=195), n (%)

1930–1939 4 (2.1)

1940–1949 51 (26.2)

1950–1959 112 (57.4)

1960–1969 19 (9.7)

1970–1979 5 (2.6)

1980–1989 4 (2.1)

Geographical area where acute polio was contracted (n=197), n 
(%)

UK 163 (82.7)

Africa 11 (5.6)

Asia 8 (4.1)

Middle East 7 (3.6)

Europe 4 (2.0)

South America 3 (1.5)

Canada 1 (0.5)

Area of the body with residual weakness following acute polio 
(n=198), n (%)

Unilateral LL 80 (40.4)

Bilateral LL 51 (25.8)

UL and LL 39 (19.7)

Spine/spine and limbs 21 (10.6)

UL unilateral 4 (2.0)

UL bilateral 2 (1.0)

None 1 (0.5)

PPS, post-polio syndrome; SD, standard deviation; UK, United 
Kingdom; LL, lower limb; UL, upper limb.

Statistical analysis

Statistical analyses were performed using IBM SPSS version 
25 (released 2017, IBM Corp., Armonk, NY, USA). The 
Shapiro-Wilk test of normality and normal Q-Q Plot 
of difference were used to check data distribution. The 
demographic characteristics are reported as percentages 
for categorical data and mean (standard deviation, SD) 
following testing for normality. The total range was 
reported for continuous variables. Parametric data were 
analysed using the Shapiro-Wilk test and a paired-samples 
t-test was used, while the Wilcoxon signed rank test was 
used with non-parametric data. A P value of 0.05 or less was 
considered significant.

Results

Between 13th January 2003 and 1st March 2019, 214 
individual patients attended the PPS self-management 
programme over a total of 31 courses. The group size 
ranged between 3–11 individuals with a mean of 7.0 (1.9)  
participants per group. The majority attending the 
programme contracted polio in the 1950’s but a smaller 
number had acute polio later than 1969. When they 
attended the programme 134 (62.6%) participants were 
younger than 65 years old. Most frequently the UK was the 
geographical area where the polio infection occurred but 
other areas were represented throughout the programmes. 
The most common residual effect following polio were in 
the lower limbs. Participant demographics are presented in 
Table 2. 

Physical effects related to PPS

There were significant changes at 6 months in the 
outcomes measuring PPS symptoms. Within the IPPS, 
3 of 4 constructs improved, pain [15.0 (6.1) vs. 13.1 (6.7), 
P=0.001], atrophy [10.0 (8.0–12.0) vs. 9.0 (7.0–11.0), 
P=0.002] and bulbar symptoms [3.0 (1.0–5.0) vs. 2.0 (0–4.0), 
P=0.003]. There was no significant change using the IPPS 
to rate temperature control [3.0 (2.0–4.0) to 4.0 (2.0–4.0), 
P=0.900]. In addition, the MAF showed a significant 
reduction in fatigue levels [37.6 (7.1) vs. 34.2 (9.3), P=0.005] 
at follow-up (Table 3).
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Table 3 Measures of PPS symptoms, physical function, well-being and PPS knowledge at baseline and 6-month follow-up

Outcome measure Baseline 6-month follow-up P value

Physical effects related to PPS 

IPPS (n=142)

Pain 15.0 (6.1) 13.1 (6.7) 0.001

Atrophy 10.0 (8.0–12.0) 9.0 (7.0–11.0) 0.002

Bulbar 3.0 (1.0–5.0) 2.0 (0–4.0) 0.003

Temperature 3.0 (2.0–4.0) 4.0 (2.0–4.0) 0.900

MAF (n=45) 37.6 (7.1) 34.2 (9.3) 0.005

Well-being

QoL (n=178) 60 [50–70] 60 [55–70] 0.200

COPM (n=153)

Performance 6.6 (4.8–7.6) 6.6 (5.0–7.0) 0.170

Satisfaction 6.0 (4.1–7.2) 6.6 (5.0–7.5) 0.001

PHQ-9 (n=60) 2.0 (0.3–10.8) 2.0 (0.3–6.8) 0.450

GAD-7 (n=60) 2.0 (0–7.0) 1.0 (0–3.0) 0.460

Physical function

10-m walk speed (m/s) (n=159) 0.77 (0.59–1.00) 0.83 (0.67–1.10) 0.003

2-minute walk test (m) (n=81) 76.9 (31.7) 82.0 (38.4) 0.029

30sCST (repetitions) (n=33) 6.7 (3.0) 7.1 (3.1) 0.221

Understanding of PPS

Knowledge test (n=138) 14.0 (11.0–16.0) 17.0 (16.0–19.0) 0.001

IPPS, The Index of Post-polio Sequelae; MAF, Multidimensional Assessment of Fatigue; QoL, quality of life; COPM, Canadian Occupational  
Performance Measure; PHQ-9, Patient Health Questionnaire; GAD-7, General Anxiety Disorder; 30sCST, 30-second Chair Stand test. 

Well-being

There was no change in the perceived QoL [60 (50–70) vs. 60 
(55–70), P=0.200] at follow-up, but significant improvement 
with the COPM in reported satisfaction with performance 
of activities that individual participants had identified as 
meaningful to them [COPM-s 6.0 (4.1–7.2) vs. 6.6 (5.0–7.5), 
P=0.001], although their rating of the performance of the 
same activities had not changed [COPM-p 6.6 (4.8–7.6) vs. 
6.6 (5.0–7.0), P=0.170]. The depression and anxiety scores 
were not different between baseline and follow-up [PHQ-9, 
2.0 (0.3–10.8) vs. 2.0 (0.3–6.8), P=0.450; GAD-7, 2.0 (0–7.0) 
vs. 1.0 (0–3.0), P=0.460] (Table 3).

Physical function 

Participants in the programme were able to walk at a faster 

speed over 10 meters [0.77 (0.59–1.00) vs. 0.83 (0.67–1.10) m/s,  
P=0.003], they could also walk for a longer distance 
[2-minute walk test, 76.9 (31.7) vs. 82.0 (38.4) m, P=0.029] 
(Table 3).

Understanding of PPS

The participants’ recall of knowledge of PPS showed a 
significant improvement [14.0 (11.0–16.0) vs. 17.0 (16.0–
19.0), P=0.001] (Table 3). 

Discussion

A tailored self-management programme for PPS can 
significantly improve chronic symptoms, wellbeing, 
physical function and the understanding of the condition. 
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These results are sustained over a period of 6 months. 
Fatigue, pain, atrophy and bulbar function frequently cause 
problems in PPS, and all responded well to the intervention. 
Although the satisfaction with performance score improved 
as well, this was less markedly beneficial. Most relevant, 
however, physical function improved, an effect typically 
observed following evidence-based rehabilitation classes in 
chronic conditions.

Clinical significance

Both peripheral fatigue based on a deterioration of 
performance such as a sustained muscle contraction or a 
more central fatigue such as sustained attention or whole 
body activity seem to be a feature of PPS and is reported 
as one of the most debilitating symptoms (23). At follow-
up, fatigue was notably reduced, and it has to be noted that, 
generally, PPS-related fatigue does not improve over time 
without intervention (24); equipping individuals to deal 
with fatigue is one of the primary aims of the course. 

Without a proven pharmacological treatment (25,26) the 
course addresses PPS fatigue through pacing techniques, 
knowledge of early signs of fatigue and exercise as well as 
addressing acceptance of individual limitations. 

The sample size was relatively small for the use of the 
MAF, but the change of 3.4 points was clinically relevant, 
as a range of 1.4–5.4 points suggests the clinically relevant 
difference for fatigue reduction (27). However, it remains 
difficult to describe and quantify fatigue despite it being 
a common feature of many neurological conditions (28). 
It should be mentioned that there is a high prevalence of 
fatigue following acute viral infections, as was also reported 
in the acute COVID-19 infection (29) and SARS (7), 
including sleep disturbances similar to that reported within 
chronic fatigue syndrome. 

Symptoms

This study also showed that there were changes in the 
IPPS sub-categories of atrophy, pain and bulbar function. 
It would seem unlikely that atrophy could be changed but 
this domain also includes questions related to weakness 
and fatigue. Therefore, an improvement here reflects the 
positive reduction in the MAF results. It is understood 
that successful pain management can be partly achieved 
by changing pain perception (30) and the course is 
directed towards explanation of the experience of pain as 
a multidimensional perception, not in terms of damage 

but in terms of guiding mastery of the symptom. Changes 
in pain perception could also be attributed to changes in 
exercise habits, encouraging regular sub-maximal exercise 
being another aim of the course. Furthermore, the bulbar 
dysfunction domain incudes questions regarding both 
bulbar issues and also breathing. General information on 
both topics is provided, although individual issues may 
not be addressed through the course. We interpret this 
improvement in the IPPS bulbar score as the participants 
having a better understanding of symptoms and seeking 
specific help or being less concerned having received 
general information. Finally, unlike the three other domains 
the IPPS showed no changes in reported temperature 
control and this remains a symptom which is very difficult 
to address, 74% of responders in a large Norwegian study 
reported issues with the cold (31). 

Well-being

While the symptoms of PPS improved this did not lead 
to an improvement in the reported performance of 
activities participants had self-identified as meaningful 
(COPM-p) but they were significantly more satisfied with 
the performance of those same activities (COPM-s). Over 
6 months, neither the COPM-p nor COPM-s met the 
minimally clinical important difference (MCID) of a change 
of 2 points (17). However, it is worth noting while there was 
no clinical improvement there was also no further decline 
from baseline, which in itself could be viewed as positive in 
a progressive condition even if it has only been shown in the 
short term. 

The QoL scale showed no change over the 6-month 
period, this is despite changes in other domains contributing 
to quality of life, such as fatigue. Although there are various 
possible explanations, the Cochrane review of lay-led self-
management programmes for long term conditions similarly 
found that QoL generally did not improve (32). 

Mood

The original pilot study (12) reported a high incidence 
of anxiety (33%) and a moderate incidence of clinical 
depression (11%) amongst the PPS cohort. However, 
our data showed a very low incidence of either anxiety 
or depression. The median GAD-7 score of 2.0 (0–7.0) 
at baseline dropped to 1.0 (0–3.0) points at follow-up. 
Using the PHQ-9 a score of 5–9 is suggestive of only mild 
depression (19) the median of 2.0 at baseline (0.3–10.8) 
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and follow-up (0.3–6.8) did not change and would suggest 
depression was not prevalent at either time point. This 
result might indicate that there was an element of self-
selection by those seeking help and also screening by the 
course organizers. The participant’s activation, defined 
as the extent that patients have the knowledge, skills, 
and confidence, to use self-management tools (33) was 
not formally assessed before joining or on completion of 
the course, but the organizers did subjectively screen all 
participants. Appearing amenable to change was part of the 
inclusion criteria while clinical suggestions of depression 
would signal a referral for assessment of symptoms prior to 
attendance on the course being offered. 

Physical function

Unsurpr i s ing ly,  g iven  the  musc le  weakness  and 
biomechanical changes commonly seen in survivors of 
polio, walk speed at both baseline (median 0.77 m/s) and 
follow-up (median 0.83 m/s) was much lower than the 
age expected norm; a comfortable walking pace for men 
and women in their 60’s has been found to be 1.36 and 
1.30 m/s, respectively (21). However, the increase in speed 
was significant and also indicated a small but meaningful 
change based on an accepted MCID of 0.05 m/s (20). 
Walk speed is important not only because of its clear 
links to function but also due to its predictive association 
with falls and health status (34,35). Changes to physical 
function, such as walking, are frequently what patients 
first report at the point of seeking medical assistance for 
PPS (31,36). Additionally, we also used the recommended 
measurement of distance over time with a 2-minute walk 
test. This gives an additional indication of functional 
capacity because of the impact of fatigue. However, while 
a small statistically significant increase was seen at follow-
up (P=0.029), the 5.1-meter difference falls well short of 
the MCID for a PPS population of 22.9 meters (36). The 
30sCST test assesses the complex interaction of momentum 
and stabilisation required to change from the seated to a 
standing vertical position (37). A repeated sit-to-stand also 
requires an element of endurance. No difference was found 
between mean repetition and, again unsurprisingly, given 
the physical effects of polio the number of repetitions was 
lower than the reported age related norm of 11–16 over  
30 seconds (22). It could be hypothesised that the combination 
of damaged motor units, reduced endurance and altered 
movement patterns seen in PPS presents too high a load for 
individuals to impact on their 30sCST outcomes. 

Knowledge

To the best of our knowledge, this is the only UK 
programme that focuses solely on the long-term effects 
of the polio virus. However, the structure of the course 
is adopted from other long-term self-management 
programmes where there is emphasis on promoting 
knowledge of the condition (38). We found a significant 
improvement of post-polio knowledge, measured through 
the locally devised knowledge test. This is not a validated 
tool and retention of that knowledge was not retested at the 
6-month follow-up. 

Study limitations

There are a number of limitations impacting on the 
interpretation of our data. Firstly, the data was collected 
routinely over 17 years for clinical purposes rather than for 
the purposes of research. Therefore, data collection was 
not as robust and complete or systematic as in clinical trials. 
A small proportion of historical demographic data (8%) 
regarding specific year or geographic location of contracting 
acute polio or the polio residual effects were no longer 
available or were unknown. We purposefully only included 
data that were complete at baseline and follow-up which 
limited the available data sets but might have also skewed 
some of the overall results. Data was incomplete either 
because patients did not complete the follow-up or because 
data from either the baseline or follow-up was not recorded. 
In order to explore the patterns of missingness, comparisons 
were made in terms of baseline demographics, age and 
gender between those with complete paired data and 
therefore included in the analysis and those with missing 
data and excluded. This can be seen in the Supplementary 
information. The results showed the participants whose 
COPM were included in the study were younger than 
those whose COPM was missing but there were no other 
significant differences in terms of gender or age between 
the two groups. Therefore, it could be suggested while 
there was missing data this was unlikely to have invalidated 
the overall results.    

Another limitation was the lack of control group and 
we cannot account for other confounders or suggest the 
changes seen are correlated to attending the course. The 
course participants were selected based on the course 
criteria and self-selection by being able to attend is a 
potential confounder, although one that similarly applies 
to other standardised rehabilitation programmes. The use 
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of the QoL without anchors used in this programme might 
not have been sensitive enough in the PPS population; 
although QoL is multi-dimensional, some polio relevant 
themes, namely issues with environmental accessibility and 
health professional’s attitudes (39), are beyond the scope 
of a discreet healthcare intervention, therefore potentially 
limiting the impact of the course on this domain. Despite 
these limitations, the authors believe that the dataset 
suggests the positive value for those who attended the PPS 
self-management programme. Qualitative feedback of 
participant’s experiences has not been examined here but 
may further add value and is being analysed separately. 

Conclusions

A self-management programme for PPS can improve 
fatigue, the severity to which pain, atrophy and bulbar 
function issues are experienced and the overall knowledge 
of PPS, as well as physical function over a 6-month period. 
Despite some limitations the study results are important 
to a wider audience given the difficulties in collecting 
systematic data in this cohort and the relatively sparse 
evidence for the current approach to PPS management. 
Experiences from PPS management might prove valuable 
at a time when a new viral pandemic requires us to design 
future rehabilitation and self-management programmes for 
many more survivors of a devastating viral condition.
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Supplementary

Statistical analysis 

Descriptive statistics were completed to examine whether 
there were age and gender differences in the patients whose 
outcome measures were analysed in the study and the 
patients with missing data. 

A Chi-square test was carried out to review the 
proportional gender difference between the patients in the 
analysis of each outcome measure and those who were not 
included due to missing data. For all outcome measures it 
was shown that there was no significant gender proportion 
difference between the two groups (Table S1). 

Independent t-tests were completed to analyse the age 
difference of the two groups. Percentage of missing data 
was also used for the outcome measures when statistical 
analysis was not appropriate due to the small number of 
missing data (less than 30). The results showed that there 
was no age difference between the two groups in terms of 
quality of life (QoL), 10-m walk test, 2-minute walk test 
and knowledge test. The analysis showed that patients with 
missing Canadian Occupational Performance Measure 
(COPM) data were younger and the difference between 
the two groups was significant (P value ≤0.05). The authors 
reviewed the causes of missing data for this outcome 

measure. It was noted that a significant number of raw 
scores were not recorded rather than that the participants 
did not attend the 6-month follow-up. An attempt was made 
to retrieve the original documentation but paper notes were 
no longer available. Percentage of missing data was used for 
The Index of Post-polio Sequelae (IPPS), Multidimensional 
Assessment of Fatigue (MAF), Patient Health Questionnaire  
(PHQ-9), General Anxiety Disorder (GAD-7) and 30sCST 
as the amount of missing data was too low for statistical 
analysis. The 30-second Chair Stand test (30sCST) has a 
high percentage of missing data. However, this outcome 
measure has only been used with a small number of 
programme participants and was considered less relevant to 
the overall conclusions of the study (Table S2).

In conclusion, the descriptive statistics demonstrated 
that the participants with missing data and those whose 
data were included in outcomes measures analysis were not 
different in terms of gender proportion. While age was 
different between those analysed and those who had missing 
COPM data, for all other outcomes this difference between 
groups was not seen. This suggests that the missing data is 
unlikely to invalidate the overall results.

Table S1 Comparison of gender proportion between the participants whose outcomes measures were included in the study and the participants 
whose outcomes were missing

Outcome measure
Participants with included outcome measures Participants with missing data

P
Number Female/male Number Female/male

IPPS 142 90/52 26 18/8 0.660

MAF 45 32/13 5 4/1 >0.999

QoL 178 114/64 35 20/15 0.450

COPM 153 98/55 61 37/24 0.640

PHQ-9 60 39/21 8 5/3 >0.999

GAD-7 60 39/21 8 5/3 >0.999

10-m walk test 159 102/57 55 33/22 0.628

2-minute walk test 81 51/30 41 24/17 0.695

30sCST 33 24/9 17 10/7 0.353

Knowledge test 138 82/56 76 53/23 0.849

IPPS, The Index of Post-polio Sequelae; MAF, Multidimensional Assessment of Fatigue; QoL, quality of life; COPM, Canadian Occupational  
Performance Measure; PHQ-9, Patient Health Questionnaire; GAD-7, General Anxiety Disorder; 30sCST, 30-second Chair Stand test.  



Table S2 Comparison of age difference between the participants whose outcome measures were included in the study and the participants whose 
outcomes were missing

Outcome measure
Participants with included outcome measures Participants with missing data Percentage of 

missing data
P

Number Age, mean (SD) Number Age, mean (SD)

IPPS 142 63.4 (7.8) 26† 58.4 (10.4) 15% –

MAF 45 65.1 (9.6) 5† 49.8 (10.5) 10% –

QoL 178 61.8 (8.3) 35 59.3 (9.0) – 0.115

COPM 153 62.6 (8.2) 61 58.2 (8.4) – 0.010*

PHQ-9 60 64.8 (9.4) 8† 54.9 (11.0) 12% –

GAD-7 60 64.8 (9.4) 8† 54.9 (11.0) 12% –

10m walk speed 159 61.7 (8.0) 55 60.1 (9.6) – 0.234

2-minute walk test 81 64.4 (7.6) 41 61.6 (10.0) – 0.084

30sCST 33 64.1 (10.0) 17† 61.3 (12.8) 34% –

Knowledge test 138 62.0 (8.5) 76 60.2 (8.2) – 0.135
†, outcome measures with less than 30 missing data sets; *, P value ≤0.05. IPPS, The Index of Post-polio Sequelae; MAF, Multidimensional 
Assessment of Fatigue; QoL, quality of life; COPM, Canadian Occupational Performance Measure; PHQ-9, Patient Health Questionnaire; 
GAD-7, General Anxiety Disorder; 30sCST, 30-second Chair Stand test.  


