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Pain and Fatigue in Persons With Postpolio Syndrome:
Independent Effects on Functioning
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ABSTRACT. Jensen MP, Alschuler KN, Smith AE, Verrall
AM, Goetz MC, Molton IR. Pain and fatigue in persons with
postpolio syndrome: independent effects on functioning. Arch
Phys Med Rehabil 2011;92:1796-801.

Objectives: To better understand the importance of pain and
atigue in relation to functioning, and to investigate the role
hat age plays in these relationships in individuals with post-
olio syndrome (PPS).

Design: Cross-sectional survey.
Setting: Community-based survey.
Participants: Convenience sample of 446 individuals with PPS.
Interventions: Not applicable.
Main Outcome Measures: Physical functioning (Patient Re-

orted Outcomes Measurement Information System Physical
unctioning item bank items), psychological functioning (Pa-

ient Health Questionnaire-9), pain intensity (0–10 numerical
ating scale [NRS]), and fatigue (0–10 NRS).

Results: Pain and fatigue make independent contributions to
he prediction of physical and psychological functioning. De-
ression was more severe in the middle-aged (�64y) group
han in the young-old (65–74y) or middle-old to oldest (�75y)
roups, although the associations between pain and fatigue and
oth physical and psychological functioning are similar across
ll age cohorts.

Conclusions: Complaints of pain or fatigue in patients with
PS who are older or elderly should not be attributed “merely”

o the process of aging. The findings also support the need for
linical trials to develop and evaluate interventions that may
elp patients with PPS function better by treating pain and
atigue, as well as the negative effects that these symptoms can
ave on functioning.
Key Words: Depression; Fatigue; Pain; Postpoliomyelitis

yndrome; Rehabilitation.
© 2011 by the American Congress of Rehabilitation
edicine

PAIN AND FATIGUE ARE common in individuals with
postpolio syndrome (PPS).1-4 One early survey study5

found that the most common new health problems reported by
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a large sample (N�539) of individuals with PPS were fatigue,
weakness, muscle pain, and joint pain. Similarly, a retrospec-
tive chart review6 of 79 consecutive patients with a history of
poliomyelitis identified weakness (87%), muscle pain (86%),
fatigue (86%), decreased activity level (78%), joint pain (77%),
and back pain (70%) as the most common symptoms acknowl-
edged by this group of patients. Another survey study7 with 86
ndividuals with PPS found that fatigue usually occurred daily
nd increased as the day progressed.

Measures of pain and fatigue have also been shown to be
ssociated with various measures of dysfunction in PPS pop-
lations. For example, Hildegunn et al1 found that self-reported

muscle strength, disability, and pain intensity were all associ-
ated significantly with measures of fatigue and activity level in
a sample of 32 patients with PPS. Östlund et al8 found pain
ntensity to be significantly associated with lower levels of
hysical and psychological functioning in a sample of 143
ndividuals with PPS. In another survey study,9 measures of

fatigue demonstrated significant associations with both physi-
cal and psychological dysfunction.

Although not often examined empirically, the nature of PPS
suggests that chronologic age should be associated with more
physical dysfunction, as most PPS symptoms tend to start
developing in middle age and then often continue to worsen.10

However, only 1 study8 has examined the association between
ge and physical functioning in persons with PPS, and reported
nly a weak and nonsignificant association between these vari-
bles (r�.08). On the other hand, there is some evidence that
oth pain and fatigue tend to be less severe in older individuals
eg, �71y) compared with (relatively) younger individuals
ith PPS.8,11

It is also possible that chronologic age may moderate the
associations between symptoms such as pain and fatigue and
measures of patient functioning. For example, as individuals
age, they may have fewer physiologic reserves, potentially
making the negative effects of pain and fatigue on functioning
domains (eg, physical functioning, psychological functioning,
and overall quality of life) stronger with increased age.12 On
he other hand, there are a number of plausible reasons why the
mpact of pain and fatigue may become weaker with age. For
xample, increasing age might be associated with greater ex-
erience in managing troublesome symptoms and, therefore,
ith the development of more effective coping strategies.13

Similarly, the social context of older adults differs from that of
other age groups and may include lower expectations for per-
formance, a perception that pain and fatigue are more normal

List of Abbreviations

NRS numerical rating scale
PHQ-9 Patient Health Questionnaire-9
PPS postpolio syndrome
PROMIS Patient Reported Outcomes Measurement
Information System
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or expected, and positive social comparisons with other dis-
abled older adults. Finally, it is also possible that as people with
PPS age, pain and fatigue simply become less important than
other factors in predicting patient functioning.

Findings from other populations of individuals with chronic
pain are generally consistent with models predicting a general
decrease in the effects of pain on psychological functioning14,15

and pain interference with activities of daily living13 as people
ge. However, moderation effects of age are not always found
n other populations,16 and in at least 1 study,12 increased age

was found to be associated with stronger associations between
pain and psychological functioning. Thus, the presence and
direction of age moderation effects may be population depen-
dent. To our knowledge, however, these possible age modera-
tion effects have not yet been examined in individuals with
PPS.

The purposes of the current study were (1) to better under-
stand the importance of pain and fatigue in relation to func-
tioning and (2) to investigate the role that age plays in these
relationships in persons with PPS by examining and testing for
independent effects of pain and fatigue on measures of physical
and psychological functioning, and by testing the potential
moderating effects of chronologic age on these relationships.
Based on findings from previous research, we hypothesized
that pain and fatigue would demonstrate significant correlations
with both physical and psychological functioning in our sam-
ple. However, we did not have a specific a priori hypothesis
regarding the potential moderating effects of age on the asso-
ciations between symptoms and patient functioning, because of
the lack of previous research examining such effects in indi-
viduals with PPS.

METHODS

Measures

Criterion variables: physical and psychological function-
ing. Physical activity was measured using 12 items from the
124-item Patient Reported Outcomes Measurement Informa-
tion System (PROMIS) Physical Functioning item bank.17-19

The PROMIS Physical Functioning item bank assesses an
individual’s ability to perform a range of physical activities.
Average performance in ability to engage in various tasks over
the past week is measured on 5-point scales that range from
“without any difficulty” to “unable to do.” The items used in
the study survey were selected from the PROMIS item bank
pool by the study investigators to represent a broad range of
activities both inside and outside the home. Chosen items asked
respondents to indicate the difficulty with which they are able
to (1) put on and take off a coat or jacket; (2) walk more than
a mile; (3) carry a bag of groceries for a short distance; (4)
prepare simple meals for themselves or for others; (5) do
housework such as vacuuming or sweeping floors; (6) move
around on a slippery surface outdoors; (7) do vigorous activi-
ties such as playing sports; (8) stand up from a low, soft couch;
(9) wash and dry their body; (10) make a bed, including
spreading and tucking in bed sheets; (11) get up off the floor
from lying on their back without help; and (12) go for a walk
for at least 15 minutes. As with all PROMIS measures, scores
are transformed into t scores, and higher scores represent
igher levels of the domain assessed—in this case better phys-
cal functioning. Preliminary evaluation supports the PROMIS
hysical Functioning item bank’s psychometric properties.20

The Patient Health Questionnaire-9 (PHQ-9) was used to
assess psychological functioning. This 9-item measure asks

respondents to rate the frequency that they experienced 9 f
symptoms of depression in the past 2 weeks by using a 4-point
scale, where 0 is “not at all,” and 3 is “nearly every day.” The
PHQ-9 total score can range from 0 to 27, and a higher score
represents higher levels of depressive symptoms. The PHQ-9
has been widely used to assess depression severity and has a
great deal of support for its validity in populations with phys-
ical disabilities, such as spinal cord injury, traumatic brain
injury, and multiple sclerosis.21,22

Predictor variables: pain intensity and fatigue. Pain in-
tensity and fatigue were measured with the use of numerical
rating scales (NRSs) by asking participants to rate the severity
of these symptoms over the past week on scales from 0 to 10
(0, “none”; 10, “very severe”). NRSs are frequently used to
assess symptom severity, including the severity of both pain
and fatigue, and research supports their validity for this
purpose.23-25

Procedures
To be eligible to participate, potential subjects had to have a

self-reported diagnosis of PPS or a self-reported history of
polio and polio sequelae, be able to read and write English, and
be at least 18 years of age. Potential participants were recruited
from (1) a pool of adults with PPS who had previously partic-
ipated in studies with the University of Washington,26,27 as
well as (2) individuals responding to advertisements through
the Post-Polio Health International organization, other PPS
support groups, publications, and clinics. Of the 533 people
who responded to these invitation letters and advertisements,
479 were found to be eligible to participate in the current study
and were sent a survey. Of the surveys mailed, 446 surveys
were completed and returned (39 from past University of
Washington studies; 407 from advertisements), representing a
93% response rate. After completion of the survey, a check for
$25 was sent to each participant. Informed consent was ob-
tained from all participants, and this study was approved by the
Institutional Review Board at the University of Washington.

Data Analysis
Before analysis, we examined the distributions of the vari-

ables to ensure that they met the assumptions for the planned
regression analyses. No evidence for significant skew, kurtosis,
outliers, or heteroscedasticity for any predictor or criterion
variable was found. Next, we computed means and SDs of the
study variables for descriptive purposes. We then computed
Pearson correlation coefficients between the predictor and cri-
terion variables to determine their zero-order associations. Fi-
nally, we performed 2 regression analyses to determine
whether pain and fatigue made independent contributions (ie,
when controlling for the other) to the prediction of physical and
psychological functioning. The PROMIS Physical Functioning
scale and PHQ-9 scale were the criterion variables in these
analyses. All predictor variables were centered before being
inputted into the model, to reduce any potential problems
associated with multicolinearity. Chronologic age was entered
in step 1, age2 was entered in step 2 to test for a possible
uadratic association between age and the criterion variables
eg, if there was greater or less dysfunction in the young-old
articipants relative to the middle-aged or middle-old/oldest
articipant cohorts), the NRS ratings (0–10) of average pain
ntensity and fatigue were entered in step 3, and Age � Pain
ntensity and Age � Fatigue Intensity interaction terms were
ntered in the fourth step (to test for linear age moderation
ffects). Finally, the Age2 � Pain Intensity and Age2 � Fatigue
ntensity interaction terms were entered in the fifth step to test

or possible quadratic age effects (eg, to determine whether

Arch Phys Med Rehabil Vol 92, November 2011



P
P
a
y
w
i
n
t
a
P
P
m
i
i
r
t
t

a
(
a
3
d
a
d
(

8

1798 PAIN, FATIGUE, AND POSTPOLIO SYNDROME, Jensen

A

there was a larger or smaller association between age and the
criterion measures for the young-old cohort relative to the
middle-aged and middle-old/oldest cohorts). The � weights
and significance levels of each predictor were examined to
evaluate their effects.

RESULTS

Participants
The average age � SD of the 446 study participants was

67.22�8.28 years (range, 41–94y), and the average age at the
onset of acute polio was 8.45�7.92 years (range, 0–57y). The
sample included 336 women (75.3%) and 110 men (24.7%).
Most participants reported their race/ethnicity as white
(n�426, 95.5%), with the remainder Native American/Amer-
ican Indian/Alaska Native (n�8, 1.8%), Hispanic/Chicano
(N�7, 1.6%), black or African American (n�6, 1.3%), and
Asian (n�4, 0.9%). About one-third of the participants
(n�151, 33.9%) reported that they had completed graduate or
professional school, with the remainder college graduates
(n�127, 28.5%), completing some college (n�106, 23.8%),
completing high school or a general equivalency diploma
(n�40, 9.0%), completing vocational or technical school
(n�17, 3.8%), or completing grade 10 or 11 (n�5, 1.1%).
There were 184 participants in the middle-aged cohort (range,
41–64y, but only 1 participant was younger than 47y, and only
14 were younger than 55y). One hundred sixty-eight partici-
pants were in the young-old cohort (65–74y), and 85 partici-
pants were in the middle-old to oldest-old (�75y) cohort.

Means, SDs, and Associations Among the Study
Variables

Descriptive analyses for the predictor and outcome variables
are reported in table 1. Zero-order correlations between the
variables are reported in table 2 and revealed that all the
variables were statistically significantly associated with one
another, with the exception of age and fatigue.

Table 1: Descriptive Statistics for Physical F

Variable Mean � S

PROMIS Physical Functioning (T score) 34.62�7.2
PHQ-9 Depression 5.85�4.4
Average pain over past week 4.30�2.6
Average fatigue over past week 6.10�2.4
Age (y) 67.22�8.2

Table 2: Zero-Order Correlation Matrix of Physical Functioning,
Depression, Fatigue, Pain, and Age

Variable 1. 2. 3. 4.

1. PROMIS Physical
Functioning

2. PHQ-9 Depression �.15*
3. Average pain intensity over

past week
�.21† .36†

4. Average fatigue intensity
over past week

�.25† .40† .45†

5. Age �.20† �.19† �.04 �.19†
*P�.01; †P�.001.

rch Phys Med Rehabil Vol 92, November 2011
Regression Analyses
The overall model for the regression analysis predicting

physical functioning was significant (F8,431�8.37, P�.0001)
(table 3). In step 1, age was a significant predictor (���.21,

�.0001) and accounted for 4.3% of the variance in the
ROMIS Physical Functioning score. The direction of the
ssociation indicated that participants who were relatively
ounger (recall that the “younger” participants in this sample
ere middle-aged) reported higher levels of physical function-

ng than those who were relatively older. In step 2, age2 was
ot a significant predictor and did not significantly contribute to
he variance in physical functioning. In step 3, pain and fatigue
ccounted for an additional 8.5% of the variance in the
ROMIS Physical Functioning score (F��21.32, P�.0001).
ain (���.16, P�.05) and fatigue (���.16, P�.0001) each
ade significant independent contributions to PROMIS Phys-

cal Functioning, with the direction of the associations indicat-
ng that those reporting higher levels of pain and fatigue also
eport lower levels of physical functioning. The interaction
erms entered in steps 4 and 5 did not contribute significantly
o the model.

The results of the regression analysis predicting depression
re presented in table 4. The overall model was significant
F8,424�15.53, P�.0001). In the first step, chronologic age was
significant predictor (���.19, P�.0001) and accounted for

.4% of the variance in the PHQ-9 Depression score. The
irection of the association was consistent with the zero-order
ssociations and indicated that older participants reported less
epression. In step 2, age2 was also a significant predictor
��.11, P�.05) and accounted for 1.1% of the variance in the

PHQ-9 Depression score. This quadratic association was fur-
ther explored by examining the depression scores for each of 3
age cohort groups: (1) middle-aged (PHQ-9 score, 6.94); (2)
young-old (PHQ-9 score, 4.79); and (3) middle-old and oldest-
old (PHQ-9 score, 5.65). These findings indicate that the mid-
dle-aged participants reported the highest levels of depression,
the young-old participants reported the lowest levels of depres-
sion, and the middle-old and oldest-old participants reported
levels of depression in between the middle-aged and young-old
participants.

In step 3, pain and fatigue accounted for an additional
17.4% of the variance in the PHQ-9 Depression score (F��
47.58, P�.0001). Pain (��.19, P�.0001) and fatigue
(��.30, P�.0001) each made independent significant con-
tributions to the criterion. The direction of the associations
suggests that more pain and more fatigue are associated with
greater depressive symptomatology. The interaction terms
entered in steps 4 and 5 did not contribute significantly to
the model.

DISCUSSION
The findings from this study confirm the significant associ-

ations between the severity of pain and fatigue and lower levels

ioning, Depression, Fatigue, Pain, and Age

Range Skew Kurtosis

13.96–54.29 0.13 �.04
0–22 1.06 .99
0–10 0.07 �.93
0–10 �0.61 �.23

41–94 0.39 �.10
unct
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5
4
9
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of physical functioning and higher levels of depression in



i
p
s
w
s

c
a
b
o
s
l
i
c
t
o
w
m

N

N

1799PAIN, FATIGUE, AND POSTPOLIO SYNDROME, Jensen
individuals with PPS. Moreover, the findings indicate that both
pain and fatigue make independent contributions to the predic-
tion of patient functioning, even when controlling for the other.
The symptoms also appeared to show a stronger association
with depression than they did with physical functioning. Fi-
nally, although we found that age did not moderate the asso-
ciation between pain and functioning, there was a significant
quadratic relationship between age and depression. The find-
ings have important implications for understanding the role that
pain and fatigue have on functioning in persons with PPS.

Although pain and fatigue have been identified as common
problems in individuals with PPS,1-4 less research has exam-
ned the role that these symptoms might play in the physical or
sychological functioning of patients. The current findings
howing that both pain and fatigue are significantly associated
ith patient dysfunction are not only consistent with the few

tudies that have examined this issue,1,8,9 but indicate that each
symptom contributes unique variance to the prediction of both
depression and physical functioning. These findings support
the need for research to understand the potential benefits of
interventions that decrease pain and fatigue in persons aging
with PPS.

A recent Cochrane review28 summarized research findings
regarding the efficacy of treatments for PPS, relative to pla-
cebo, usual care, or no treatment. The review identified only 9
studies that examined pharmacologic interventions and 3 that
tested the efficacy of nonpharmacologic rehabilitation. How-

Table 3: Regression Model Predicti

Variable �

Block 1
Age (centered) �.21

Block 2
Age2 (centered) �.07

Block 3
Pain (centered) �.16
Fatigue (centered) �.19

Block 4
Age (centered) � Pain (centered) �.03
Age (centered) � Fatigue (centered) .03

Block 5
Age2 (centered) � Pain (centered) .04
Age2 (centered) � Fatigue (centered) .00

OTE. Overall model: F8,431� 8.37, P�.001.

Table 4: Regression Model Pr

Variable �

Block 1
Age (centered) �.19

Block 2
Age2 (centered) .11

Block 3
Pain (centered) .19
Fatigue (centered) .30

Block 4
Age (centered) � Pain (centered) �.08
Age (centered) � Fatigue (centered) �.03

Block 5
Age2 (centered) � Pain (centered) �.01
Age2 (centered) � Fatigue (centered) .00
ote: Overall model: F8,424�15.53, P�.001.
ever, the authors concluded that none of the identified studies
were completely free from the risk of bias, and that therefore it
is not yet possible to draw definitive conclusions regarding the
effectiveness of interventions for PPS. However, the reviewers
did identify several promising interventions in need of further
study, including intravenous immunoglobulin, lamotrigine,
muscle-strengthening exercises, and the use of static magnetic
fields.

Although it is reasonable to identify and test the efficacy of
medications and other biomedical treatments (eg, physical ac-
tivity) for PPS-related pain and fatigue, contemporary models
of pain and fatigue argue that both biologic and psychosocial
factors play a role in the development and maintenance of
symptoms, as well as in the impact of symptoms on function-
ing.29-33 This is particularly important to keep in mind when
onsidering treatment options for these conditions in older
dults, as decreased drug clearance can make for more trou-
ling (and potentially dangerous) side-effect profiles in persons
lder than 60 years. The natural conclusion from biopsycho-
ocial models of pain and fatigue is that clinicians need not
imit themselves to only biomedical interventions when offer-
ng treatments for these symptoms. Researchers should also
onsider testing nonpharmacologic interventions in clinical
rials. A number of nonpharmacologic interventions have dem-
nstrated promising results for improving pain or fatigue in a
ide variety of patient populations, and include such treat-
ents as cognitive-behavioral therapy,34 yoga,35 and self-hyp-

OMIS Physical Functioning Score

P R2� F(R2�) P

.043 19.81 �.001
�.0001

.005 2.11 .15
.15

.085 21.32 �.001
.02

�.0001
.001 0.16 .85

.65

.60
.001 0.24 .79

.59

.97

ing PHQ-9 Depression Score

P R2� F(R2�) P

.034 15.29 �.001
1 �.0001

.011 4.79 .03
9 .03

.174 47.58 �.001
6 �.0001
3 �.0001

.008 2.18 .12
1 .16
4 .59

.000 .03 .97
5 .88
3 .98
ng PR

t

�4.45

�1.45

�3.15
�3.69

�.46
.53

.54
�.04
edict

t

�3.9

2.1

3.9
6.2

�1.4
�.5

�.1
�.0
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nosis training.36,37 Research is needed to determine the extent
to which individuals with PPS might also benefit from these
treatments. The findings from the current study suggest the
possibility that such treatments should target both fatigue and
pain, when both are present, to have the best outcomes.

Inconsistent with some research findings using other pain
populations,12-15 but consistent with others,16 we found that age
did not moderate the association between pain intensity and
either physical functioning or depression in our sample. This
lack of significant moderation effect may be due, at least in
part, to our study not including the full age spectrum typical of
research on pain in other conditions. Because of the nature of
PPS, we had very few young adults in our sample; in fact, only
1 of the study participants was younger than 47 years. In any
case, the findings indicate that the importance of pain and
fatigue to functioning is similar in all age divisions of middle-
aged and older persons with PPS—there is no one particular
older age cohort that requires a greater focus on symptom
management than any other, at least as far as the potential
benefits of improving these symptoms might have on patient
functioning.

Consistent with a great deal of research supporting age
effects on psychological functioning across both disabled38 and
nondisabled populations,39-40 overall, older participants re-
orted lower levels of depression than did younger patients.
lthough rarely examined in other studies, we also found a

urvilinear (quadratic) age effect on depressive symptoms.
pecifically, we found that the middle-aged (�65y) partici-
ants reported the highest levels of depression, that young-old
�65 but �75y) participants reported the lowest levels of
epression, and that middle-old and oldest-old (�75y) partic-
pants reported higher levels of depression than young-old
articipants did, but less than the middle-aged participants.
his pattern of findings is consistent with a larger literature
uggesting that depression is often at its worst during middle
ge,41 at a time when performance expectations are at their
ighest and physical functioning is beginning to deteriorate.
epression then often decreases in the years after retirement,
hen older adults have greater control over environmental
emands and have fewer daily hassles,42 although this requires

adequate finances and health.43 The subsequent increase in
epression from the older adult to the elderly years is thought
o be associated with the development of multiple health prob-
ems,38,44 and is consistent with research showing such in-
reases in individuals with various chronic diseases.45 If our

finding of greater depression scores in the middle-old and
oldest-old groups, relative to the young-old, is replicated in
future studies, it would suggest the need to develop and eval-
uate interventions that would help elderly individuals with PPS
better cope with the factors that may be contributing to depres-
sion as they age.

Study Limitations
The current study has a number of limitations that should be

kept in mind when interpreting the results. First, although the
sample was large, it consisted of individuals willing to com-
plete a survey; individuals with PPS who were not interested in
or willing to complete the survey might differ in some un-
known way from the current sample. Thus, the extent to which
the findings generalize to all individuals with PPS is not
known. Replication of the current findings in other samples is
therefore needed to help establish their reliability. Second,
although the relationships found between symptom severity
and both physical and psychological functioning were statisti-
cally significant, they were in the moderate range; clearly,

factors in addition to pain and fatigue contribute to both phys-

rch Phys Med Rehabil Vol 92, November 2011
ical and psychological functioning in persons with PPS. Future
research should examine variables in addition to symptoms
such as pain and fatigue as correlates of patient functioning to
help identify the factors that are most important, and to help
build a more comprehensive predictive model. Third, although
the participants were recruited from sources that are likely to
consist mostly, if not entirely, of individuals with PPS (eg,
advertisements through the Post-Polio Health International or-
ganization, other PPS support groups, publications, and PPS
clinics), we did not directly confirm the PPS diagnosis of the
study participants. Thus, it is possible that some unknown
number of participants may not actually have PPS. Research is
therefore needed to replicate the current findings in other
samples of individuals with PPS—ideally samples whose di-
agnosis of PPS can be medically confirmed. Finally, the current
study used a correlational cross-sectional design; the significant
associations found cannot be used to conclude that pain and
fatigue cause physical or psychological dysfunction. However,
the findings do indicate that research testing the potential
beneficial effects of pain and fatigue treatment on patient
functioning is warranted. As discussed above, such research
can and probably should include studies examining both med-
ications and nonpharmacologic interventions.

CONCLUSIONS
Despite the study’s limitations, the findings provide impor-

tant new information regarding the importance of pain and
fatigue as correlates of patient functioning in individuals with
PPS. The results demonstrate that pain and fatigue both make
independent contributions to the prediction of functioning,
supporting the need for clinical trials to develop and evaluate
interventions that may help patients with PPS function better
by decreasing the severity and negative impact of pain and
fatigue. Although depression may be more common or severe
in middle-aged adults with PPS than in older adults and the
elderly, the relationship between pain and fatigue and both
physical and psychological functioning appears to be similar
across all age cohorts. This finding suggests that complaints of
pain, fatigue, or both, in patients with PPS who are older or
elderly should not be attributed “merely” to the process of
aging.

References
1. Hildegunn L, Jones K, Grenstad T, Dreyer V, Farbu E, Rekand T.

Perceived disability, fatigue, pain and measured isometric muscle
strength in patients with post-polio symptoms. Physiother Res Int
2007;12:39-49.

2. Nollet F, Beelen A, Prins MH, et al. Disability and functional
assessment in former polio patients with and without postpolio
syndrome. Arch Phys Med Rehabil 1999;80:136-43.

3. Jubelt B, Drucker J. Post-polio syndrome: an update. Semin
Neurol 1993;13:283-90.

4. Stoelb BL, Carter GT, Abresch RT, Purekal S, McDonald CM.
Pain in persons with postpolio syndrome: frequency, intensity, and
impact. Arch Phys Med Rehabil 2008;89:1933-40.

5. Halstead LS, Rossi CD. New problems in old polio patients:
results of a survey of 539 polio survivors. Orthopedics 1985;8:
845-50.

6. Agre JC, Rodriquez AA, Sperling KB. Symptoms and clinical
impressions of patients seen in a postpolio clinic. Arch Phys Med
Rehabil 1989;70:367-70.

7. Berlly MH, Strauser WW, Hall KM. Fatigue in postpolio syn-
drome. Arch Phys Med Rehabil 1991;72:115-8.

8. Östlund G, Wahlin A, Sunnerhagen KS, Borg K. Vitality among
Swedish patients with post-polio: a physiological phenomenon. J

Rehabil Med 2008;40:709-14.



1801PAIN, FATIGUE, AND POSTPOLIO SYNDROME, Jensen
9. On AY, Oncu J, Atamaz F, Durmaz B. Impact of post-polio-
related fatigue on quality of life. J Rehabil Med 2006;38:329-32.

10. Laffont I, Julia M, Tiffreau V, Yelnik A, Herisson C, Pelissier J.
Aging and sequelae of poliomyelitis. Ann Phys Rehabil Med
2010;53:24-33.

11. Werhagen L, Borg K. Analysis of long-standing nociceptive and
neuropathic pain in patients with post-polio syndrome. J Neurol
2010;257:1027-31.

12. Turk DC, Okifuji A, Scharff L. Chronic pain and depression: role
of perceived impact and perceived control in different age cohorts.
Pain 1995;61:93-101.

13. Molton IR, Jensen M, Ehde DM, Smith DG. Phantom limb pain
and pain interference in lower extremity amputees: the moderating
effects of age. Rehabil Psychol 2007;52:272-9.

14. Riley JL III, Wade JB, Robinson ME, Price DD. The stages of
pain processing across the adult lifespan. J Pain 2000;2:162-70.

15. Williamson GM, Schulz R. Activity restriction mediates the as-
sociation between pain and depressed affect: a study of younger
and older adult cancer patients. Psychol Aging 1995;10:369-78.

16. Geerlings SW, Twisk JW, Beekman AT, Deeg DJ, van Tilburg W.
Longitudinal relationship between pain and depression in older
adults: sex, age and physical disability. Soc Psychiatry Psychiatr
Epidemiol 2002;37:23-30.

17. Fries JF, Bruce B, Cella D. The promise of PROMIS: using item
response theory to improve assessment of patient-reported out-
comes. Clin Exp Rheumatol 2005;23(5 Suppl 39):S53-7.

18. Cella D, Yount S, Rothrock N, et al. The Patient-Reported Out-
comes Measurement Information System (PROMIS): progress of
an NIH Roadmap cooperative group during its first two years.
Med Care 2007;45(5 Suppl 1):S3-11.

19. Cella D, Riley W, Stone A, et al. The Patient-Reported Outcomes
Measurement Information System (PROMIS) developed and
tested its first wave of adult self-reported health outcome item
banks: 2005-2008. J Clin Epidemiol 2010;63:1179-94.

20. Rose M, Bjorner JB, Becker J, Fries JF, Ware JE. Evaluation of a
preliminary physical function item bank supported the expected
advantages of the Patient-Reported Outcomes Measurement In-
formation System (PROMIS). J Clin Epidemiol 2008;61:17-33.

21. Fann JR, Bombardier CH, Dikmen S, et al. Validity of the Patient
Health Questionnaire-9 in assessing depression following trau-
matic brain injury. J Head Trauma Rehabil 2005;20:501-11.

22. Bombardier CH, Richards JS, Krause JS, Tulsky D, Tate DG.
Symptoms of major depression in people with spinal cord injury:
implications for screening. Arch Phys Med Rehabil 2004;85:
1749-56.

23. Nicklin J, Cramp F, Kirwan J, Greenwood R, Urban M, Hewlett
S. Measuring fatigue in rheumatoid arthritis: a cross-sectional
study to evaluate the Bristol Rheumatoid Arthritis Fatigue Multi-
Dimensional questionnaire, visual analog scales, and numerical
rating scales. Arthritis Care Res (Hoboken) 2010;62:1559-68.

24. Salaffi F, Sarzi-Puttini P, Girolimetti R, Gasparini S, Atzeni F,
Grassi W. Development and validation of the self-administered
Fibromyalgia Assessment Status: a disease-specific composite
measure for evaluating treatment effect. Arthritis Res Ther 2009;
11:R125.

25. Jensen MP. Measurement of pain. In: Fishman SM, Ballantyne JC,
Rathmell JP, editors. Bonica’s management of pain. 4th ed. Me-
dia: Williams & Wilkins; 2010. p 251-70.

26. Hirsh AT, Kupper AE, Carter GT, Jensen MP. Psychosocial
factors and adjustment to pain in individuals with postpolio syn-

drome. Am J Phys Med Rehabil 2010;89:213-24.
27. 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 2008;89:1933-40.

28. Koopman FS, Uegaki K, Gilhus NE, Beelen A, de Visser M,
Nollet F. Treatment for postpolio syndrome [review]. Cochrane
Database Syst Rev 2011;(2):CD007818.

29. Maes M, Twisk FN. Chronic fatigue syndrome: Harvey and Wes-
sely’s (bio)psychosocial model versus a bio(psychosocial) model
based on inflammatory and oxidative and nitrosative stress path-
ways. BMC Med 2010;8:35.

30. Harvey SB, Wessely S. Chronic fatigue syndrome: identifying
zebras amongst the horses. BMC Med 2009;7:58.

31. Vercoulen JH, Swanink CM, Galama JM, et al. The persistence of
fatigue in chronic fatigue syndrome and multiple sclerosis: devel-
opment of a model. J Psychosom Res 1998;45:507-17.

32. Miro J, Raichle KA, Carter GT, et al. Impact of biopsychosocial
factors on chronic pain in persons with myotonic and facioscapu-
lohumeral muscular dystrophy. Am J Hosp Palliat Care 2009;26:
308-19.

33. Gatchel RJ, Peng YB, Peters ML, Fuchs PN, Turk DC. The
biopsychosocial approach to chronic pain: scientific advances and
future directions. Psychol Bull 2007;133:581-624.

34. Price JR, Mitchell E, Tidy E, Hunot V. Cognitive behaviour
therapy for chronic fatigue syndrome in adults. Cochrane Data-
base Syst Rev 2008;(3):CD001027.

35. Wren AA, Wright MA, Carson JW, Keefe FJ. Yoga for persistent
pain: new findings and directions for an ancient practice. Pain
2011;152:477-80.

36. Jensen MP, Ehde DM, Gertz KJ, et al. Effects of self-hypnosis
training and cognitive restructuring on daily pain intensity and
catastrophizing in individuals with multiple sclerosis and chronic
pain. Int J Clin Exp Hypn 2011;59:45-63.

37. Jensen MP, Barber J, Romano JM, et al. Effects of self-hypnosis
training and EMG biofeedback relaxation training on chronic pain
in persons with spinal-cord injury. Int J Clin Exp Hypn 2009;57:
239-68.

38. Bombardier CH, Ehde DM, Stoelb B, Molton IR. The relationship
of age-related factors to psychological functioning among people
with disabilities. Phys Med Rehabil Clin N Am 2010;21:281-97.

39. Diener E, Suh ME. Subjective well-being and age: an international
analysis. In: Schaie KW, Lawton MP, editors. Annual review of
gerontology and geriatrics. New York: Springer; 1997.

40. Kasl-Godley JE, Gatz M, Fiske A. Depression and depressive
symptoms in old age. In: Nordhus IH, Vandenbos GR, Berg S,
Fromholt P, editors. Clinical geropsychology. Washington, DC:
American Psychological Association; 1998.

41. Blanchflower DG, Oswald AJ. Is well-being U-shaped over the
life cycle? Soc Sci Med 2008;66:1733-49.

42. Mein G, Martikainen P, Hemingway H, Stansfeld S, Marmot M.
Is retirement good or bad for mental and physical health function-
ing? Whitehall II longitudinal study of civil servants. J Epidemiol
Community Health 2003;57:46-9.

43. van Solinge H, Henkens K. Adjustment to and satisfaction with
retirement: two of a kind? Psychol Aging 2008;23:422-34.

44. Djernes JK. Prevalence and predictors of depression in popula-
tions of elderly: a review. Acta Psychiatr Scand 2006;113:372-87.

45. Huang CQ, Dong BR, Lu ZC, Yue JR, Liu QX. Chronic diseases
and risk for depression in old age: a meta-analysis of published

literature. Ageing Res Rev 2010;9:131-41.

Arch Phys Med Rehabil Vol 92, November 2011


	Pain and Fatigue in Persons With Postpolio Syndrome: Independent Effects on Functioning
	Methods
	Measures
	Criterion variables: physical and psychological functioning
	Predictor variables: pain intensity and fatigue

	Procedures
	Data Analysis

	Results
	Participants
	Means, SDs, and Associations Among the Study Variables
	Regression Analyses

	Discussion
	Study Limitations

	Conclusions
	References


