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Abstract
Objective—This study seeks to better understand the prevalence and severity of secondary health
conditions in individuals with post-polio syndrome (PPS), and the association between these
conditions and aging.
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Design—A scoping literature review was conducted searching electronic databases for studies
published from 1986 – 2011. The scoping review provided information regarding the prevalence
and associations of secondary health conditions in PPS with age or other duration-related
variables.
Results—The findings indicate that: (1) individuals with PPS experience a number of serious
secondary health conditions; (2) the most common conditions or symptoms are fatigue, pain,
respiratory and sleep complaints, and increased risk of falls; (3) reports of the associations
between the frequency or severity of conditions and age-related factors are variable, perhaps
because of methodological inconsistencies between studies; and (4) there is a marked lack of
longitudinal research examining the natural course of health conditions in people aging with PPS.
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Conclusions—Longitudinal research is needed to understand the course of health conditions
and the impact of multiple secondary conditions in people aging with PPS. Efforts are also needed
to develop and test the efficacy of interventions to prevent these health secondary conditions or
reduce their negative impact.
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INTRODUCTION
The trajectory of disability and aging interact in complex ways across the life span.1 Some
people, such as those with multiple sclerosis, first experience disability early in life. These
individuals cope with neurologic change throughout their adult lives; they are aging with

Correspondence: Thomas E. McNalley, MD, MA Department of Rehabilitation Medicine, Box 356490 University of Washington,
Seattle, WA 98195-6490 Phone: (206) 543-2229 mcnalley@uw.edu.
Disclosures: Financial disclosure statements have been obtained, and no conflicts of interest have been reported by the authors or by
any individuals in control of the content of this article.
The authors declare no conflict of interest.

McNalley et al.

Page 2

NIH-PA Author Manuscript

disability. Others may be able-bodied from childhood to older adulthood, only to experience
new health conditions (such as stroke or osteoarthritis) resulting in late life disability. These
individuals are aging into disability. Individuals with post-polio syndrome (PPS) experience
a different time course than either of these examples, with early disability, a period of
recovery or stability and then a later onset of new weakness. The experience of disability
and its impact on quality of life may differ depending on the time course of development.
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The average age of those with disability is increasing 2,3 and the rehabilitation community
has the challenge of maintaining quality of life in the face of that disability. One approach to
meeting this challenge is to prevent, delay or mitigate the effect of secondary health
conditions.4 People with PPS experience a number of secondary conditions that influence
both their health status and quality of life.5,6 Although there are many definitions for the
‘secondary conditions,7 the Institute of Medicine (IOM) defines it as “a condition that is
causally related to a disabling condition (i.e., occurs as the result of a primary disabling
condition) and that can either be a pathology, an impairment, a functional limitation, or an
additional disability (p.214).8 This definition distinguishes a secondary condition from
associated symptoms that typically accompany the condition of interest and are integral to
the diagnostic process. For example, new weakness in someone with a history of polio
suggests the onset of PPS, and thus is not considered a secondary condition because it is a
key feature of PPS that supports diagnosis of the condition. The IOM definition also
distinguishes secondary conditions from comorbidities or medical conditions independent of
the condition of interest; for example, hypertension may occur independently of PPS.
Comorbidities may reflect the total burden of the disease. Researchers stress the distinction
between secondary conditions and comorbidity; because secondary conditions, by definition,
occur after the diagnosis, they may be preventable and/or treatable.
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Clinicians need to remain vigilant to identify early signs of secondary conditions in
individuals with physical disabilities, and to intervene early when possible in efforts to
minimize severity and the negative impact of these conditions. Targeting surveillance to
catch conditions more likely to occur or most detrimental to patient health and well-being
requires knowledge regarding the overall frequency of secondary health conditions in PPS,
as well as their course and association with age and PPS duration. Scoping reviews are wellsuited for the study of secondary conditions in PPS, because they are designed to map the
state of evidence on a particular topic perhaps leading to new research or a systematic
review.9 This scoping review is one of a series of scoping literature reviews designed to
investigate secondary conditions and their associations with aging with a disability 10,11 and
seeks to address the following questions: (1) When, following the diagnosis of PPS, are
secondary health conditions are most likely to emerge and are they likely to worsen, resolve,
or remain stable over time?; (2) What secondary health conditions are most common and
thus important to select as primary targets of treatment for enhancing community
participation and quality of life?; and (3) What knowledge exists regarding the overall
prevalence, course, and impact of these conditions?
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Search Criteria
For this review, we searched for peer-reviewed studies in PubMed, CINAHL, and
PsycINFO. We restricted the search to articles published in English between 1986 and 2011
about human adults with PPS. During the initial comprehensive review process, we included
all study types and study designs. We used a specific set of MESH terms (N=169) for an
extensive list of potential secondary conditions generated by the authors (available from the
corresponding author). We then searched for articles that provided information regarding
each secondary condition independently. This preliminary search identified 329 articles
related to secondary conditions in adults with post-polio syndrome.
Criteria and Methods for Inclusion
In order to find the most relevant articles about secondary conditions, we applied a set of
specific inclusion criteria. These criteria helped to limit the number of articles to those that
specifically addressed a particular secondary condition or set of conditions of interest and
included:
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1.

The primary or secondary purpose of the article addressed prevalence, incidence,
frequency, duration or course.

2.

The focus of the article was on secondary conditions, rather than the prevention of
PPS or risk factors associated with polio.

3.

The sample size was greater than 5, and the results for adults with PPS were
reported separately from other disabling conditions.

Two reviewers applied these criteria and excluded reviews, dissertations, abstracts,
conference proceedings, commentaries, and duplicates. When a study did not meet these
criteria, it was excluded from further review. If the reviewers could not make a clear
determination about inclusion, then the full article was reviewed. Based upon these criteria,
22 were included and these full-text articles were reviewed.
Data Extraction and Outcome Measures
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Two reviewers extracted data from the full-text articles, including information about the
research design, sample demographics, outcome measures, control variables, and main
outcomes related to frequency, severity or course of a secondary condition or set of
secondary conditions. We compiled this in a Microsoft ACCESS database specifically
designed for this project. An independent reviewer then confirmed the accuracy of this
extracted data.

RESULTS AND DISCUSSION
Prevalence and Frequency
Table 1 summarizes the key findings from the 22 articles regarding prevalence of specific
secondary health conditions in adults with PPS including the number of articles reviewed as
well as information about each articles’ publication year, sample size range, and key
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findings regarding secondary condition prevalence and associations with age-related
variables. The most common conditions -- those reported with a 40% or more prevalence in
at least one study -- are fatigue, pain, depression, respiratory and sleep disorders, falls, bone
disorders, and bladder dysfunction.
Age and Duration-Related Effects
A number of studies examined the concurrent associations between chronological age,
duration of disease and prevalence/impact of secondary conditions. Although not the same
construct, age and disease duration are related, depending on a person’s age at diagnosis.
Disease severity and course are also of interest because they may change with increasing age
or duration. The relationships between secondary conditions and age or duration of disease
reported in the studies are inconsistent. For example one study12 found no significant
correlation between fatigue and age, but another study13 found that fatigue was less common
in individuals diagnosed between 43 and 57 years of age, relative to individuals diagnosed at
an earlier age. More consistent findings were found for other conditions. For example, rates
of both sleep disorders and diabetes increase with duration of PPS.
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PPS duration and chronological age are likely strongly associated. Because of this
association, when one of these variables is not controlled for in an analysis – which is the
case in almost all of the studies reviewed – it is not possible to conclude if a significant
effect is due to chronological age or PPS duration. On the other hand, if age or duration is
significantly associated with the prevalence of a condition, they can be considered risk
factors for that condition. As a corollary, the lack of a significant association can be used as
evidence that a causal relationship between age or duration and condition prevalence is
unlikely.
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Fatigue is the most common secondary condition reported, with prevalence reports ranging
from 48– 93% (See Table 1). Studies report that fatigue is associated with depression and
other health problems, but no clear association with gender or age has emerged. Pain is also
reported as a common secondary condition with prevalence ranging from 34 – 91%.
Multiple pain sites were commonly reported.14 Although comparisons with normative (i.e.,
individuals without a history of polio) samples were not available, one study reported that a
PPS group reported both more fatigue and pain than a polio group not diagnosed with
PPS.15 Depression was the only secondary condition where a comparison with nondisabled
normative sample was made. In two studies, individuals with PPS were found to have more
depression than either healthy controls or polio survivors without PPS.12,15 The pattern of
results for the remainder of the secondary conditions evaluated is similar to those for the
most commonly reported conditions, fatigue and pain. That is, there was a wide range of
prevalence rates reported, and inconsistent findings with respect to the associations of each
condition and age or duration-related variables. The exceptions to this finding are due to a
condition being examined in only a single study.

CONCLUSIONS AND IMPLICATIONS
The key findings from this scoping review include the following: (1) people with PPS
experience a large number of serious secondary health conditions, including fatigue, pain,
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depression, muscle weakness, pulmonary and sleep disorders, and falls; (2) although
comparisons with normative samples are rare, one study suggests that depression has a
greater impact on the lives of people with PPS than on the general population; and (3) a
number of methodological issues limit our ability to interpret the findings related to the
associations between secondary conditions and aging.
Lack of knowledge about the timing of development and prevalence of secondary health
conditions creates important gaps in our ability to serve the rehabilitation needs of people
with PPS. These knowledge gaps are appropriate targets for future research. In particular,
more research is needed to help understand if and when secondary conditions are most likely
to emerge as individuals with PPS age. However, because of the confounding effects of
duration of disability and aging,16 it is important to examine both disability duration (time
since onset of PPS symptoms) and chronological age when examining the effects of aging
on functioning and secondary conditions. Determining the importance of each of these
factors will help clinicians better predict when a secondary condition is most likely to
emerge. Comparisons of the frequency and severity of secondary conditions with normative
samples across age cohorts is also needed to disentangle the process of typical aging from
that of aging with PPS.
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In particular, there is a need for longitudinal research. The majority of studies identified in
this scoping review employed cross-sectional research designs that compared functioning or
the frequency of conditions across different age cohorts. A major limitation of such a design
is that any differences found may be due to age cohort effects (e.g., differences in the health
habits, such as diet, exercise, and smoking) rather than the effects of age per se.8
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A primary reason to build our understanding of the prevalence and time course of secondary
conditions in PPS is that such research provides an important empirical basis for further
investigation of the management of secondary health conditions in people with PPS. For
example, a primary health promotion activity is exercise. However, this activity may be a
risk rather than preventive factor in people with PPS.4 Research is needed to help identify
and test additional health promotion interventions such as weight management and nutrition,
or tobacco and alcohol abuse prevention. These interventions may prevent the onset of
certain health conditions, lower their severity, and minimize their impact. Although a
number of pharmacologic interventions for various symptoms have been proposed, none has
definitively shown efficacy versus controls.16,17 The most effective interventions for postpolio remain non-fatiguing exercise, energy conservation techniques, and use of appropriate
bracing and assistive devices.18
The current scoping review has a number of limitations that should be considered when
interpreting these results. First, because a highly specific set of MESH terms were used in
the searches, there may be studies that provide information about the frequency or course of
secondary health conditions in people with PPS that were not identified. Similarly, like all
literature reviews of this nature, we were limited by the search engines with regards to what
evidence we identified, and our analysis is limited by the articles identified. A systematic, as
opposed to scoping review, would be helpful to more fully examine the frequency and
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course of secondary conditions, as well as assess and grade the evidence found in this
review for each particular secondary condition independently.
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Despite these limitations, the review has identified a number of secondary health conditions
that are common in individuals with PPS and that likely have significant negative impact on
their overall quality of life. The review also highlights gaps in the research literature; in
particular, gaps in our understanding of the developmental course of secondary health
conditions over time. Additional research comparing the frequency and severity of
secondary health conditions in individuals with PPS to age-matched normative samples and
that tracks the development and course of these conditions over time in longitudinal studies
is urgently needed. Such research will help clinicians know when they might expect to see
these conditions emerge, and perhaps better prepare patients so as to prevent the conditions
and minimize their negative impact when possible.

ACKNOWLEDGMENTS

NIH-PA Author Manuscript

This study was supported by a research grant from the Department of Education (National Institute on Disability
and Rehabilitation Research [NIDRR] grant no. H133B080024). The article contents do not necessarily represent
the policy of the Department of Education, and readers should not assume endorsement by the Federal Government.
The authors express their appreciation to Anna Harrington and Macklin Nguyen who helped with the data
extraction process.

REFERENCES

NIH-PA Author Manuscript

1. Yorkston KM, Molton IR, McMullen KA, Jensen MP. Pathways of change experienced by people
aging with disability: A focus group study. Disability & Rehabilitation. 2010; 32(20):1697–1704.
[PubMed: 20225933]
2. Verbrugge LM, Yang L. Aging with disability and disability with aging. Journal of Disability Policy
Studies. Mar 22; 2002 12(4):253–267.
3. Molton IR, Jensen MP. Aging and disability: Biopsychosocial perspectives. Physical Medicine &
Rehabilitation Clinics of North America. 2010; 21:253–265. [PubMed: 20494275]
4. Field, MJ.; Jette, AM.; Committee on Disability in America. The future of disability in America.
Institute of Medicine; Washington, D.C.: 2007.
5. Burger H, Marcincek C. The influence of post-polio syndrome on independence and life
satisfaction. Disability and Rehabilitation. 2000; 22(7):318–322. [PubMed: 10877485]
6. White GW, Gonda C, Peterson JJ, Drum CE. Secondary analysis of a scoping review of health
promotion interventions for persons with disabilities: Do health promotion interventions for people
with mobility impairments address secondary condition reduction and increased community
participation? Disability and Health Journal. 2011; 4(2):129–139. [PubMed: 21419376]
7. Rimmer JH, Chen M, Hsieh K. A conceptual model for indentifying, preventing and managing
secondary conditions in people with disability. Physical Therapy. 2011; 91:1728–1739. [PubMed:
22003160]
8. Institute of Medicine. Disability in America: Toward a national agenda for prevention. National
Academy Press; Washington, D.C.: 1991.
9. Arksey H, O’Malley L. Scoping Studies: Towards a Methodological Framework. International
Journal of Social Research Methodology. 2005; 8(1):19–32.
10. Jensen M, Truitt A, Schomer K, Yorkston K, Baylor C, Molton IR. Frequency and age effects of
secondary health conditions in individuals with spinal cord injury: A scoping review. Spinal Cord.
submitted.
11. Yorkston K, Jensen MP, Truitt AR, Schomer KG, Baylor C, Molton IR. A scoping review of
secondary health conditions in multiple sclerosis: Prevalence and effects of aging. International
Journal of MS Care. submitted.

Am J Phys Med Rehabil. Author manuscript; available in PMC 2016 February 01.

McNalley et al.

Page 7

NIH-PA Author Manuscript
NIH-PA Author Manuscript
NIH-PA Author Manuscript

12. Berlly MH, Strauser WW, Hall KM. Fatigue in postpolio syndrome. Arch Phys Med Rehabil. Feb;
1991 72(2):115–118. [PubMed: 1991011]
13. Conde MT, Oliveira AS, Quadros AA, et al. Post-polio syndrome: epidemiologic and prognostic
aspects in Brazil. Acta Neurol Scand. Sep; 2009 120(3):191–197. [PubMed: 19133864]
14. Stoelb BL, Carter GT, Abresch RT, Purekal S, McDonald CM, Jensen MP. Pain in persons with
postpolio syndrome: frequency, intensity, and impact. Arch Phys Med Rehabil. Oct; 2008 89(10):
1933–1940. [PubMed: 18929021]
15. Hazendonk KM, Crowe SF. A neuropsychological study of the postpolio syndrome: support for
depression without neuropsychological impairment. Neuropsychiatry Neuropsychol Behav Neurol.
Apr; 2000 13(2):112–118. [PubMed: 10780629]
16. Gonzalez H, Olsson T, Borg K. Management of postpolio syndrome. The Lancet Neurology. 2010;
9(6):634–642. [PubMed: 20494327]
17. Jubelt B. Post-Polio Syndrome. Current Treat Options Neurol. 2004; 6(2):87–93.
18. Agre JC, Rodriquez AA. Intermittent isometric activity: its effect on muscle fatigue in postpolio
subjects. Arch Phys Med Rehabil. Nov; 1991 72(12):971–975. [PubMed: 1953320]
19. Bickerstaffe A, Beelen A, Nollet F. Circumstances and consequences of falls in polio survivors. J
Rehabil Med. Nov; 2010 42(10):908–915. [PubMed: 21031286]
20. Chetwynd J, Botting C, Hogan D. Postpolio syndrome in New Zealand: a survey of 700 polio
survivors. N Z Med J. Sep 22; 1993 106(964):406–408. [PubMed: 8377956]
21. Farbu E, Rekand T, Gilhus NE. Post-polio syndrome and total health status in a prospective
hospital study. Eur J Neurol. Jul; 2003 10(4):407–413. [PubMed: 12823493]
22. Johnson R, Litvan I, Grafman J. Progressive supranuclear palsy: Altered sensory processing lead to
degreaded cognition. Neurology. 1991; 41:1257–1262. [PubMed: 1866015]
23. Schanke AK, Stanghelle JK. Fatigue in polio survivors. Spinal Cord. May; 2001 39(5):243–251.
[PubMed: 11438839]
24. Tersteeg IM, Koopman FS, Stolwijk-Swuste JM, Beelen A, Nollet F. A 5-year longitudinal study
of fatigue in patients with late-onset sequelae of poliomyelitis. Arch Phys Med Rehabil. Jun; 2011
92(6):899–904. [PubMed: 21621666]
25. van Kralingen KW, Ivanyi B, van Keimpema AR, Venmans BJ, de Visser M, Postmus PE. Sleep
complaints in postpolio syndrome. Arch Phys Med Rehabil. Jun; 1996 77(6):609–611. [PubMed:
8831481]
26. Wekre LL, Stanghelle JK, Lobben B, Oyhaugen S. The Norwegian Polio Study 1994: a nationwide
survey of problems in long-standing poliomyelitis. Spinal Cord. Apr; 1998 36(4):280–284.
[PubMed: 9589529]
27. Werhagen L, Borg K. Analysis of long-standing nociceptive and neuropathic pain in patients with
post-polio syndrome. J Neurol. Jun; 2010 257(6):1027–1031. [PubMed: 20352256]
28. Baugh RF. Otolaryngology manifestation of postpolio syndrome. J Natl Med Assoc. Sep; 1993
85(9):689–691. [PubMed: 8120930]
29. Kemp BJ, Adams BM, Campbell ML. Depression and life satisfaction in aging polio survivors
versus age-matched controls: relation to postpolio syndrome, family functioning, and attitude
toward disability. Arch Phys Med Rehabil. Feb; 1997 78(2):187–192. [PubMed: 9041901]
30. Pierini D, Stuifbergen AK. Psychological resilience and depressive symptoms in older adults
diagnosed with post-polio syndrome. Rehabilitation Nursing. 2010; 34(4):167–175. 20100804
DCOM- 20100916. [PubMed: 20681392]
31. Mohammad AF, Khan KA, Galvin L, Hardiman O, O’Connell PG. High incidence of osteoporosis
and fractures in an aging post-polio population. Eur Neurol. 2009; 62(6):369–374. [PubMed:
19797901]
32. El-Sharkawi A, Ramig LO, Logemann JA, et al. Swallowing and voice effects of Lee Silverman
Voice Treatment: A pilot study. Journal of Neurology, Neurosurgery, and Psychiatry. 2002; 72(1):
31–36.
33. Atkins D, Eccles M, Flottorp S, et al. Systems for grading the quality of evidence and the strength
of recommendations I: Critical appraisal of existing approaches The GRADE Working Group.
BMC Health Services Research. 2004; 4:38–45. [PubMed: 15615589]

Am J Phys Med Rehabil. Author manuscript; available in PMC 2016 February 01.

McNalley et al.

Page 8

NIH-PA Author Manuscript

34. Haziza M, Kremer R, Benedetti A, Trojan DA. Osteoporosis in a postpolio clinic population.
Archives of Physical Medicine & Rehabilitation. 2007; 88(8):1030–1035. 20070806 DCOM20070828. [PubMed: 17678666]
35. Werner RA, Waring W, Maynard F. Osteoarthritis of the hand and wrist in the post poliomyelitis
population. Arch Phys Med Rehabil. Nov; 1992 73(11):1069–1072. [PubMed: 1444774]
36. Tersteeg I. Fatigue in patients with post-polio syndrome is determined by physical as well as
pyschological factors. Journal of Rehabilitation Medicine (Stiftelsen Rehabiliteringsinformation).
2011:42–42.

NIH-PA Author Manuscript
NIH-PA Author Manuscript
Am J Phys Med Rehabil. Author manuscript; available in PMC 2016 February 01.

NIH-PA Author Manuscript

NIH-PA Author Manuscript
11

6

5

5

4

Respiration

Depression

Sleep disorders

Falls

11

Articles (#)

Pain

Fatigue

Secondary Condition
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2002-2011

1993-2011

1991-2010

1993-2010

1993-2010

1991-2011

Publication
Years

28-305

38-1435

22-630

21-1453

23-700

38-1435

Sample
Size
(Range)

Duration of Disease: Worsens over
time 20
Other Associations:
Those with sleep disorders also report
fatigue 21

Sleep disorders 13-48% 21,24-

At least one fall in last year:
50-74% 19,31,32

Sleep disorder is chief
complaint 21

Age: Not associated with age 32.
Other Associations:
As high as 80% of falls resulted in
injuries 19,31,32
Walking was most common activity
prior to fall 33

Other Associations:
Employment status; marital status 12

Depression 13-45% 15,25,29,30
PPS more depressed than
polio survivors without
PPS or nondisabled
controls12,15
26

Other Associations:
Gender (complaints more common in
women) 21

Duration of Disease: More pain in
those affected at an earlier age 27
Other Associations:
Gender (more pain in women) 21,22
No gender differences for pain
intensity 27
More pain in previously affected
muscles 26

Pain 72-91% 14.
Most reported multiple pain
sites 14.
Joint pain 34-84%
Back pain 49-63% 13,15,19-24,27
PPS group had more pain than
polio group not diagnosed
with PPS 15
Respiratory complaints 1141% 19,21,23,25,26,28

Age: No correlation with age 12
Duration of Disease: Fatigue less
common in those diagnosed
between 43 & 57 years of age 13
Other Associations:
Associated with depression, health
problems, sleep23
Some report gender difference 22
other do not23
Mild exercise lessened fatigue in
15% of PPS (compared with 70%
control)12
Lack of energy more common in
depressed patients12

Associations

Daily general fatigue; 4893% 12,13,15,19-26
Fatigue was a major
complaint 14% 21
Fatigue report in 93% of
women and 72 % of
men 22
More fatigue in PPS pts then
polio pts without
diagnosis 15

Prevalence

Prevalence of secondary conditions in post-polio syndrome.
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3

2

1

1

Diabetes

Bladder Function

Skin problems

3

Cardiovascular Function

Bone or Joint

2001

1996

2001-2011

1996-2011

1992-2009

276

350

168-276

38-276

50-453

23

Chronic skin problem 15%

Change in bladder function(women 52%; men 37%) 22
Frequency (women 37%;
men 26. %) 22
Nocturia - (women 35%;
men 23%) 22
Hesitancy – (women 56%;
men 75%) 22
Change in sexual function –
(women 30%; men 32%) 22

Diabetes 3-36% 23,24

Hypertension 10-29% 23,25,36
Cardiac failure 7% 23
Cardiac infarction 6% 23

35

Osteoarthritis hand or wristsevere 13%; mild 68%

31,34

Osteoporosis - Hip 9-73%
Lumbar spine 6-58%

Other Associations:
Gender (men report higher
prevalence) 23

Duration of Disease: Rates increase
over time 24
Gender (more common in men)23

Age: Varies with age and gender
(menopausal status in women) 31
Increasing age, lower extremity
weakness, high assistive device
use, increasing locomotor
dlsabilty level (current), and
ipsilateral hand weakness 35

Associations

Prevalence

Sample
Size
(Range)
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