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ABSTRACT

Post-pohiomyelitis syndiome (PPS) 18 a chimcal syndiome ot new weakness. fatigue,
and pan in individuals who have previously recovered lom acute paralytic poliomyehtis
The primary objective of this study was to dentity tactors which predictUsubsequent PPS
Among patients with prior polio, cases were those with new weakness and tatigue. and
controls were those without these complamts - A chattieview of 353 patients evaluated
at the Montreal Neurological Institute post-polio chinie adenthied 127 cases and 39
controls. In umivarniate analyses. ssgmicant iisk factors for PPS were a greater cuttent age
(odds ratio of 1.8 per decade, 95% conhidence miterval 13 1o 26), a longer time sinee
acute polio (odds rato of 1.6 per decade, 95% conbidence nterval 11 o 2 3), more
weakness at acte pohio (odds rato 15, 95% confidence mterval 11 1o 20), a reeent
weight gain (odds rato 38, 95% confidence miterval 16 to 94y, muscle pam with
exercise (odds ratio 38, 95% conhdence iterval 1.5 09 5), muscle pamn (odds ratio 2.6,
95% confidence mterval 13 to 5.5), and jomt pain (odds rato 2.3, 95% conlidence
interval 1.1 to to 5.3). The multivanate analyses revealed that a model contuning curient
age (odds rano 17 per decade, 95% contidence interval 11 to 2.6), weakness at acule
polio (odds ratio 1.6, 95% conhidence mierval 11 1o 2°5), muscle pam with excrase (odds
ratio 4.9, 95% conhidence mierval 16 1o 15.6), recent weight gan (odds ratio 64, 95%.
confidence mterval 2.02 to 20.3), and jomt pam (odds 1atio 2 33, 95% conlidence iterval
0.8 to 7.1) was the most effecuve in predicting who would develop PRS- Age at acute
polio, degree of recovery atter polio, weakness at best pomt after polio, physical activity,

and sex were not contitbuting factors.



RESUME

e syndrome post-polio (SPP) est un syndiome clinique de nouvelle farblesse, tatigue,
et doudewr ches des mdividus $”étant renis d'une poliomyéhite paralytuque wmgue  Le but
prnctpal du projet de recherche ¢t dhmdenntier des tactewrs de prédicion au SPP
Parmy les patients ayant cu une pohomycéhte antérieure, les cas de SPP ont E(¢ choists
parmi ceux présentant avee des symptomes de nouvelle fatblesse et fatigue et ies patients
[Emoins parmt ceus ne piésentant pas ces sympiomes  Une revae des dossiers de 353
patients Evalués & fa climque post-pohio de lnstutut newologique de Montréal denitfia
127 ¢ v de SPP et 39 patients 1émoms  Lots des analyses & umvanance. les tacteurs de
nsque signiticattds pour le SPP S"avérecrent cue Fage plus avancd (nsque elatil de 18 par
décenmie, mtervalle de conhance de 95% de 1.3 a 2.6), la période de temps depuis la
pohomychite migue Gisque relant de 16 par déeennie, mtervalle de confiance de 95% de
LA 2.3), tublesse plus prononcée lors de la phase aigue de la poliomyéhte (nisque
elatit 15, mitervalle de confrance de 95% de 11 & 20), gewn de pords iéeent (nsque
welaut de 38, mtevalle de contiance de 95% de 1.6 a 94), douleur musculaire
accompagnant 'exercise (nisque relatd de 2.6, intervalle de conhance de 95% de 1.5 a
9 5), et douleur articulanre (nisque relaut de 23, intervalle de conliance de 95% de 11 a
53 Les analyses & mulovanances évelent qu'un modele composé de age actuel
(nsque relatut 17 par décenne, tervalle de confrance de 95% de 11 a 2.6), taiblesse
lors de Ta phase argue de la poliomyéhite (nsque relaut de 16, intervalle de contiance de
959 de 11 de 2.6), douleur musculanie accompagnant Pexercise (risque relaut de 4.9,
mtenvalle de contrance de 95% de 1.6 a 15.6), gain de poids 1écent (risque relauf de 6.5,
mntervalle de conhance de 95% de 2.02 4 20 03), et douleur articulante (nisque telatif de
2 3 antervalle de contianee de 95% 08 a 7.1) tuient les plus ethicaces pour piddire qui
manttesteratt les sumptomes du SPP Ldge a la phase ague de la pohiomyéhite, degré
de aécupération aprd la pohomyéhite, tarblesse & 'étape la plus tavorable suivant la

pohomyc¢hite, actvud phvsique et sexe ne turent pas des tacteurs contribuants.
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OBJECTIVE

‘The primary objective of this study 1s o wdentify nisk factors for post-poliomyelitis
syndrome 1n patients who have recovered trom acute paralytic poliomyelits. The risk
factors of nterest are age at acute pohio, severity of acute polio, degree of revovery after
poho, tme 1 years between acute polio and chmie evaluation, present age., severity of
weakness at bhest pornt after polio, physical acuvity, recent weight gamn, recent major
(rauma, muscle pamn with exercise, joint pan, and muscle pain - Secondary objectives are
to determme 1l ncreased weakness inocases oceurs to a greater degree in the lower
extiemities than the upper extremisties, to determine the ditference 1n frequency with
which ancreased weakness occurs in pieviously affected and previously unaffected
extiemties, to evaluate the effect of ttme on the development of symptoms 1n PPS, and

to evaluate three different weakness severity measures.
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INTRODUCTION

Through the development of effective vaccinations, acute poliomychtis is now a e
discasc in North America. However. it s sull a common discase 1in some third world
countrics, and a large number of individuals (640,000 10 the U S Ay who have recovered
from acute paralytic poliomyelitis are alive today (1) As many as S04 ot thas populiatton
may develop post-pohiomyehitis syndiome (PPS) later onin life (2-6)  Thus, PPS s the
most prevalent motor neuron discase i North America

Post-poltomyelitts syndrome is a chimcal syndiome ol new weakness, tatigue, and
pain in 1ndividuals who have experienced at least 10 years ot newological and tunctional
stability after recovery from acute patalytice poliomyelhiis (5.7)  Pwalytic poliomycehitis
18 an illness characterized by hugh fever, tollowed by muscular patalysis, and 1s caused
by infection with the poliovirus. Although, a wide vatiety of new symptoms are eported
by individuals with antecedent pohomyehts, these three are the most frequently
mentioned and appear o constitute a true "syndiome,” or concutrence of symptoms This
study 1s concerned primanly with new weakness and fatigue, as these aie the most
frequently reported and appear to be the most disabling to the patients involved (1-5.7)
It is also unclear at the present ume, how or if pamn 1s related to the ongmal acute iness
and to PPS.

The most likely ctiology of new weakness and fatugue many years after recovery
from paralyuc polio 1s a distal degeneration ol massively enlarged motor units which are
present as a result of the iecovery proces.s alter acute paralyue pohiomychitis (8,9)
Overuse 1s thought to be a contributing factor (10) A motor umt, as onginally defined
by Sherrington, consists of a motor ncuton and all the muscle fibers that 1t mnervates or
supports. Motor neuron invasion by poliovirus duning acute poliomyehitis may result

permanent loss of a number of motor neurons, together with dencivaton of therr
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associated muscle fibers with subsequent clinical weakness.  The recovery process is
characterized by reinnervation ol denervated muscle fibers by terminal axonal sprouting
from remaiming motor neurons, This process results 1 enlargement of motor units up to
7 umes normal size (1), 1tas thought that with time, these enlarged motor units are
unable to support such a large number of muscle fibers, possibly because of overuse (10),
and that a degencration of terminal axons may occur.  This process can produce
neutomuscular junction transmission defects, a possible cause of fatgue (12-17), and
denervaton, with subsequent increased weakness m the muscle involved (8,9). Thus, the
development of PPS may be dependent upon the severity of the initial nfection, the
recovery process after paralytic poliomyelits, the time elapsed since acute polio, and
OVeLuse.

Several studies have been performed which have identified potential nisk factors for
PPS. These mclude greater severity of ittal acute poliomyelitis, a greater recovery in
muscular strength atter poliomyelitis, a higher age at acute poho, a lower present
disability, and possibly creased recent physical activity (4,6,18,19).  Age at time of
acute polio may actually be a measure of severity of polio since it is known that
individuals who develop acute poliomyehus at a later age usually have a more severe
iliness (5). In the study in which greater recovery was idenufied as a nisk factor (19), the
degree of 1ecovery was not adjusted for the seventy of weakness at acute polio, therefore
1t 18 not known whether or not PPS is more  hikely to occur in pauents with a greater
recovery, but a sinmlar degree of weakness at acute polio. Because the degree of recovery
18 dependent upon the degree of nitial weakness, a greater degree of recovery in PPS
patients may actually be a reflection of the increased seventy of weakness at acute polio
in PPS patients as compared to conuols.  Because PPS is thought to be due to the

disintegration of enlarged post-polio motor units possibly through overuse, severity of



4
acute polio as a measure of initial motor unit mvolvement, wecovery atter polio as a
measure of motor unit enlargement after acute poho, and physical activity (and a lower
current disability) as a measure of overuse are all sk lactors which are reasonahle
physiologically based on the proposed ctiology tor PPS.

In addition o studying the previousty noted nsk factors, the present study has
evaluated the following: severity of weakness at best pont atter polw, current age, time
since acute polio to present, usual physical activity priion to development of PPS, muscle
pain with exercise, history of recent trauma, recent weight gain, muscle pamn, and jomt

pain.



BACKGROUND

Acute poliomyelitis.

Inuoduction

The intrtoduction ol effective vaccanations for poliomyelitis in 1955 (the Salk vaccine)
and 1961 (the oral Sabin vaccine) has made acute poliomyelitis almost entirely
pieventable (7)  Because of this, poliomyehtis has been largely forgotien by many
members of the medical community. Unfortunately, acute poliomyehus 1s still common
i many arcas of the world, and a number of individuals who survived this disease are
stll alive 1oday  Even though acute poho 18 now a rare discase in North America, it i$
stll endemic m the underdevelorzd areas of Central and South America, Asta, and Africa
(20). The World Health Organizaton estimated that in the year 1990 alone there were
[16,000 new cases of paralytic poliomyelitts worldwide (21). In addiwon, a Houschold
Survey ol Disabhing Conditions conducted by the National Center for Health Staustics in
1987 estimated that there were over 640,000 people who had survived paralytic polio in

the U.S.A. (1).

The_vitus.

Acute paralytic pobomyelitis 1s produced by motor neuron invasion by poliovirus.
Any one ol the thiee polioviruses types 1, 2, or 3) can produce the illness.  The
pohoviruses are classitied m the genus enterovirus within the family picornavirus. They

are small, RNA-containing viruses (20).

Transmission,
Poliovirus infection usually occurs by the fecal/oral route. The poliovirus is acquired

orally. The virus ieplicates in the gastrointestinal tract, where it can penetrate the gastric
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mucosa, and can be carried via blood to all paits of the body. 1t can be exareted
orapharyngeal secretions and stool.  After infection, tecal seciction continues tot up (o
several weeks™ time, and moareas with poor santtation and over-crowdimg, transmission

occurs casily to other individuals (20).

Clinical fcatures.

Acute paralytic poliomyelias as a result of poliovius infection s tate Ninety to 5%
of all pohovirus miections are asymptomatic — In most mdividuals mlected  wiih
poliovirus, only a munor illness occurs, characterized by no symptoms, or nunor
symptoms of sore throal, gastrointestinal upset, tow-grade fever, maluse, and oald
headache. These symptoms tesolve in 1 to 4 days. In a small propoition ot mdividuals
(1 to 2%), a major 1llness occurs. A maor 1llness begms with symptoms typical of a
minor illness (fever and malase), followed by generalized headache and vonuting, and
then by the development of neck and back stffness  Drowsiness niay be present
Paralysis may occur 2 1o § days after onset of headache. I can develop rapidly orina
more stuttering tashion, over a penod of time rangig from less than 2 days to gicates
than 1 week. It results from the prelerenual damage of large motor neutons by the
poliovirus (20),22).

Most patients (90 to 95%) survive acute paralytic poliomyehits, and a majorty of the
survivors experience at least some recovery of muscle function Most ol the 1ecovery
occurs within the first few months, but fuither 1ecoveiy, especially tunctional 1ecovery,

can continue for years following the mital infection (22).

Pathophysioloey.

Acute paralytic poliomyehits 1s pnimanly a disease of the motor unit.. A motor unit
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consists of a motor neuron and all the muscle tibers 1t innervates or supports.  Electrical
excitatton ol a motor neuron n the central nervous system 1s followed by conduction of
an ampulse mothe axon and its termunal branches, synaptic transmission at the
neuromuscular junction medrated by the neurotransmitter acetylcholine (ACh), and the
depolanizaton and contraction of the muscle fibers it innervates. ! enough motor units
are stmulated, a chimcally apparent muscle contraction will be produced in the individual.
‘The number of muscle tibers mnervated by a motor neuron varies both within a muscle
and between muscles, and can range trom 6 to 10 muscle fibers m extraocular muscles
to 2000 muscle tibers m the gastrocnemius muscle (23)  In general, muscles that require
a hiner degiee of movement conttol have smaller motor units

Dunng acute pohomyehts, motor unit invasion by poliovirus can result either in
motor neuron death or myury with partial or complete recovery (20). Motor neuron death
will cause dencrvation of muscle tibers with a resultant loss of voluntary activation of the
mvolved muscle tibers - I only a few motor newons mnervating a muscle are affected,
no weakness widl he percerved by the patent because of the normal reseive present in
human bemgs Thus, 1t 1s possible to have motor neuron invasion by pohovirus with
desttuction of motor neurons without a chinically apparent weakness (17)  Pathological
studies have revealed that in hmbs with minimal paralysis or normal function, only about
200 ot the motor neurons were destioyed (24). A more severe loss of motor neutons
from acute polio will tesult in partial or complete denervation of the muscles involved,
and will be pereerved as weakness or complete loss of voluntary muscle contiaction by
the patent

Recovery of muscular foree after acute polto can occur by sprouting from remaining
motor neutons ot by muscle fiber hypernophy of innervated muscle. Sprouting can start

within 3 10 4 weeks after poliovirus mntection from the erminal axonal branches of motor
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neurons (25-28).  This process can produce remnervation of some or all denervated
muscle fibers with restoration of the ability to produce muscle conttaction 1t has been
estimated that even with a loss of 50% of motor newons supplving o muscle, the
surviving motor neurons can achieve complete remnervation esubting m nomal muscle
strength (29). Muscle bropsy studies have shown that atter recovery fom acute paralyii
poliomyeiitis, motor neurons may be mnervating up to 7 umes the number ol muscle
fibers they would normally supply (D). In additon to sprouting with remnetvation,
muscle fiber hypertrophy can augment the testoralion ol muscle stength duting, the
recovery process from acute polio (30). Thus, most individuals who have survived acute

paralyuc pohomyelits can expect a vatable degree of tecovery of muscle function

Post-poliomyelitis syndrome.

Definition.

Individuals who have recovered trom paralyuc poliomyelitis are atnisk for developing
new dilficulues related to their ongmal tiness later on n e, Progressive new weakness
following decades ol motor stability 1 this population was hist descrtbed mthe late
nincteenth century (31) Recently, investigators have stressed generalized tatigue and pain
as additonal features ol a "post- poliomycliis syndiome (PPS)" (2,5.7)  ‘Thus, PPS 18
defined as new weakness, faugue, and pun in individuals who have recovered from
antecedent acute paralytic pohiomyehius - Patients may complam ol a wide vanety of new
symptoms, however these three ate most iequently repotted, and appear to constitute a
true syndrome, or concurience of symptoms (1-7) - Other terms that have been used 1o
describe some or all of the possible symptoms which patients descrthe many years alter
polio are post-poliomyelits muscular atrophy (PPMA), the lale sequele of pohomyehts,

or the late effects of poliomyelitis (1,3,5,13)



9
f-requency.
There are approxmately 640,000 survivors of acute paralytic pohomyehts n the
U S A (1), Canada 1s expected to have a smifar proportion of such individuals within
its population  Studies from the Mayo Chme indicate that at Ieast one halt of this
population may develop PPS later on i hife (3,6)  Thus, PPS 1s now recognized as a

major public health problem 1in North America.

Mantlestations ol post-poliomyelitis syndiome.

The 3 most common symptoms of PP§ are new weakness, fatigue and pamn (1-7).
New weakness can occur both m muscles previously chinically involved and uninvolved
al the time of acute polio, however 1t oceurs more frequently m those muscles previously
mvolved (7)  This findimg can be explained by the fact that previously unaffected
muscles may have had subclinical motor neuron involvement by poliovirus (24). New
weakness can be descnbed as permanent or tansient. whach s related to activity, We
helieve that ttansient new weakness 1s actually muscular tatigue or decreased endurance.
Faague m PPS can be either general or muscular - Frequently, both occur concurrently.
General fatigue 1s usually descrthbed as generalized exhaustion, such as occus with the
“thu " Mamitestatons melude decreased concentiation, and requirement for rest periods
during the day and ncreased sleep Muscular fatigue (fatiguabthty) can be detined as a
ditticulty wrth muscular endurance, or increased weakness with exertion that improves
with 1est Pam o PPS 1s usually localized o the muscle or jomts. Muscle pain 18 usually
described as an aching or sore feehng which occurs after hight physical acuvity 1t may
also have a burning quahty, similar to that felt by the patients durmg denervation from
acute poho These muscle pams frequently improve with test (7). Joint pamns may be

chrome ot intermuttent, and are also frequently aggravated by acuvity. They may be a
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result of osteoarthritis. buisiis, and endonitis trom the chrome overuse ot abnoimal use
of weak, unstable Iimbs. New atrophy, ot loss of muscle bulk s also desciibed by PPS
pauents, and has been reported m 28% of patients attending a post polio chime (18) It
1s probably a relauvely late phenomenon in PPS (32)  Other less requentdy weported
complaints nclude respuatory ansutficiency from progressive  muscular - weakness,
dysarthria (ditf1iculty with artculation), dysphagia (dificulty swallowing), muscle cramps,
fasciculations, and new or progiessive ot detormities (7)) These dithiculies can
produce functional problems such as decreased mobiity with che need tor assistive
devices, with difticulty diessing, difticulty with bathing and petforming personal hygiene,

and change or cessation of occupation (7).

Time of onset.
The ume of onscet of PPS ranges from 8 to 71 years Tollowmg acute poliomyelitis

The average interval from several studies 1s 36 years (7).

The course of PPS 1s characterized by a slow progression of weakness, hequently
interspersed with periods of stabilization. Death as a result of PPS 18 e, and tends to
occur in those with borderhne tespuatory function  On average, the tate of dechne
muscle strength using a chincal measuie of muscle stength (part ol a nonmal neurological
examuination) has been esumated as only 1% per year by Dalakas (13)  Munsat followed
16 PPS patents for a period ol 2 10 9 years with regular assessments ol isometnic stiength
(using an clectronic  stram-gauge myometer), and found a small, but statstically

significant decline in muscle strength (33).



Diagnosis

The diagnosts of PPS 1s chinical. Currently, there 1s no known diagnostic test which
can distinguish symptomatic from asymptomatic post-polio patients (14)  Therefore, other
conditions which can produce the patients’ symptoms need to be excluded before the
dhagnosis can be made (1) The following cniteria have been proposed for diagnosis: 1)
a credible listory ol acute paralyuc pohomyelins, 2) partial or complete recovery of
functron, 3) a peniod of stability of at least 10 years™ duration, and 4) the later
development ol progiessive new weakness (with or without fatigue and pam) tor which

there 1s no other neurological or medical cause (34).

Isioloey of post-poliomyeliis syndrome.

The ctology of PPS, or new weahness and fatigue, 1s unknown.  Many possible
ctiologres and contubuting factors have been proposed. As hypothesized by Wiechers and
Hubbell (8.9). the most hkely etiology of new weakness and tatigue many years after
recovery trom paralyue pohio 1s a distal degeneraton ot the abnormally enlarged motor
units which are tound alter recovery from poho  In this way, PPS may be a result of the
recovery process itself, The surviving motor neurons, which may have peimanent
abnormabities as a result of polio, now mnervate many mote muscle fibers than normal,
and may be unable 1o sustan a greatly increased metabolic demand. With time, terminal
anonal sprouts may degenerate. with subsequent denervation of mdividual muscle fibers.
Some ol these denervated muscle fibers may become remnervated by sprouts from
nerghboring motor neurons, producing a continuous "remodeling” process of the post-
poltio motor unit (Y.14,35.36).  However, some of the muscle fibeis will become
permanently  denervated, and  thus produce permanent  progiesstve  weakness (8,9).

Evidence tor thas theory s provided by the finding of smaller macro motor unit potentials
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(a measure of motor unit size) on macto-clecttomyography (a speciabized clineal
clectrophysiological techmque) in newly weakened patients (37) and angular attophi
muscle fibers (indicatve of ongomng dencrvattion) on muscle bopsy (10 This
degencrative and  remodehng  process can also produce newtomuscublin  junction
transmission defects which may be a cause ol musculin fatigue  bvadence o
ncuromuscular junctton transmission defects s provided by the clectrophysiofogical
techniques of repetitive sumulation and single tibet electomyogiaphy - Both a deciement
of the compound muscle action potental and  marcased  piter on sigle hibet
clectromyography are commonly found i post-polio patients, and ate mdicative ol
neuromuscular juncuon transmission deftects (12-17.35)

However, evidence tor newtomusculanr junction transnusston detects and tor ongomg
denervation 1s commonly tound m hoth symptomatc and asymptomatic patients (14
There appeats to be a relationship between the degiee of neuromuscubar junction dehiets
and the degree of motor unit enfargement after poho  Theretore, the extent ol nitial
recovery may predict the degree ol the electiophysiological deticts Tater onon lile (38)
Whether or not these observed abnormalities actually produce symptoms m the patient as
a whole, may be due o a combmation of tactors. These mav mclude degree ol motos
unit detenioration, the teserve present i the muscle atfected, the tunctional mportanee
ol the muscle involved, and the general activity level of the patient (17)

Other possible ctiologies lor PPS that have been proposed are (1) chronie polioviius
infection, (2) death of remamnmg motor neurtons with normal agemg, coupled with
previous loss from polio, (3) prematute ageing of cells permanently  damaged by
poliovirus, (4) predisposition of motor neutons to degencration because of ghal, vascular,
and lymphatic changes caused hy polioviius, (5) pohomychus-induced vulnerabihity of

motor neurons to secondary nsults, (6) genctic predispostion ol molor neurons to hoth
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poliomyehus and premature degeneration, and (7) an immune-mediated syndrome. These
hypotheses are reviewed in detal elsewhere (7)

Posstble contiibuting tactors o the theory of distal degeneration of enlarged motor
units propased by Wiechers include the normal dropout of motor units with ageing,
growth hormone defciency, overuse myopathy, and disuse atrophy.  Anatomic and
clectophysiological studies have demonstrated a loss of spmal cord motor neurons with
the notmal agemyg process  This loss becomes prominent after age 60 (39-41). 1t 1s
possible that the supernimposition of this process over the already hmited number of motor
neurons present after polio contiibutes to the development of PPS (7). Somatomedin C
has been tound to be low 1n 9 of 10 patients with PPS and normal in 12 poho survivors
without PPS (42)  Both growth hormone and somatomedim C stimulate the synthesis of
protemn and nucleic acids i muscle cells, and the regeneration of pertpheral nerves after
nerve mypury wcludmg the sprouting of neurons. Growth hormone  sumulates the
production of somatomedin Cin the Trver and from a vaniety of extrahepatic sites (43,44).
Thus, the nommal cessatton ol growth hormone and somatomedin C production in a
propottion ol the population with loss ot this hormonal support for muscle hypertrophy
and motor neuron sprouting may be mmportant m the development off PPS (43,45-47).
Overuse ol muscle may also be a conttbuting factor This theory 1s supported by
cvidence of overuse of spectlic lower eatiemity muscles during gait analysis of post-polio
patients (10), and by the findig of increased creatinine phosphokmase fevels in newly
symptomatic post-pohio patrents and normal creatinine phosphokinase levels in equally
wedk non-symptomatic post-pohio patients 26). - Elevated creatinine phosphokinase can he
a mather of muscle myury. and has been reported in many neuromuscular discases as a
tesult of musele damage and necrosts (48). Thus, the elevated creatinmne phosphokinase

levels observed tn PPS may indicate muscle mjuty and overuse (49), which could
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certainly contrbute to mcreased weakness and fangue Finally, disuse attophy s a well-
known cause of muscle weakness m patients with @ wide vaniety of diseases, and can also
be a contributing lactor to the development of PPS (1)

This study 18 concerned primanly with the svmptoms of new weakness and tatigne
as patt of PPS. These two symptoms ate probably refated to motor umt dvstunction and
the original poliovitus mfection as explamed above  Pain is also part of PPSH. but may
be either a primary or secondary symptom ol this disorder (discussed e the tollowimg
section). Because 1t s unclear at the present time how ot of atas related o the onginal

pohovirus infecton and to PPS.at will not be ssed as an iclusion critenton tor PPS cases

Possible risk factors for post-poliomyelitis syndrome.

Previous studies have identtied several possible nisk tactors tor PPS. These mclude
severity o seakness at acute poho, degree of recovery alter acute polio, present
disability, a  at acuic poho, and recent physical activity  Only Tour studies have
attempted to dentily risk tactors ot PPS.

Halstead and Rosst (18) detied vartables which could predict who developed PPS
at a shorter tme interval  From a chinie polulation of 174 persons evaluated over a one
year period of ume, 132 patients who ralfilled the crtenia tor PPS (new health problems
probably related to paralytic polio) were dentified  An unknown number ol variables
were evaluated with a modified hie-table analysis  ‘The four varsables at tune ol acute
polio which were strongly assocrated with development of new health problems many
years later at a ssgmicantly shorter time interval (Mantel-Cox est) were hospitahization
at acute poho, paralysts of all four Iimbs (versus only one hmby, age 7 years o1 older

(versus under 7 years), and requirement ol a respirator - Sex was not a contiibuting facton
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These four vanables may actually reflect seventy of acute polio. People who are
hosprtalized and who require the use of a respirator probably have a more severe iliness.
auents who develop acute poliomyelitis at a later age are also known to have more
severe involvement  Because this study did not compare PPS patients with asymptomatic
post-polio patients, 101s difficult to constder the variables identified as true "nisk factors”
lor the development of PPS

Sperer and co-workers (4) completed a study with the aim of determining  the
percentage ol people previously attected by patalytic pohio who would develop PPS, and
ol identtying possible nisk tactors for PPS - Six hundred and seventy persons from a
population of 1619 patients hospitalized at the Sister Kenny Institute, Sheltering Arms
Hospatal, and the University of Minnesota hosprtals tn Minneapolis. Mimnesota between
July 1, 1952 and June 30, 1953 were located. A 30-ttem questionnaire which included
questions regarding sex, date of birth, present age, date ot poho, education and
employment history, dates and localizaton ol hospitalization. need for aids and degree
of tuncton tor upper and tower himbs at discnarge from acute poho rehabilnation and at
present, breathing and swallowing problems at acute polio and at present, the presence
of other new problems including increased weakness in polio-atfected and 1n previously
unatfected arcas, fevel ot endutance, loss of tunctional activities, and presence of pamn or
cramping. Forty-nme pereent (n=327) of the questionnarres, from 21% of the original
population were received  New problems were ieported by 414 of those questioned, with
pain bewng the most common new ditficulty (in 47% of patients with new difticulues),
tollowed by decreased endurance (424), and increased weakness (40% ). A chi-square test
was used to evaluale propottions of patients.  There was no significant relationship
between sex and age at acute polio with the development of new problems many years

alter the ongmal sllness. However, severity of acute polio as measured by lower limb
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weakness requiring the use of ambulatory ards (with o1 without a history of bulbar and/on
respiratory problems) was found to be signmificantly assocrated with the development of
new problems. Thus, severity of acute polio was again shown (o be an important vanable
in the future occurtence of PPS.

In another study, Khingman and co-workers (19) pertormed a case-contiol study to
identity risk factors for PPS  From a chart ieview ot 288 patients evaluated m the Poho
Clinic at Ranchos Los Amigos Medical Center, 57 patients with PPS were tound (credible
history of poliomychus, inttial partial 1ecovery of function, at least 10 years ot chmcal
stability following recovery, subsequent development of progressive musciliar weakness),
Forty-nine patients with a history or pohomyelitis, but without a history of recent
progressive weakness served as the control group, One hundred cighty-two patients weie
excluded; 78 because of medical or otthopedic problems which could have explaumned
their increased weakness, and 104 because of madequate intormation o1 a questionable
history of polio. Risk factors evaluated were mterval moyears sinee acute pohio, age at
acute polio, initial severity of weakness, residual disability, 1ecovery, and level of recent
physical activity.  Severity of mitial polio was measured on a scale ol 1o 6 where one
point was given for involvement of cach of 4 himbs, one for back mvolvement, and one
for resprratory involvement. Residual weakness severity score was computed in the same
way as severity of mttial polio. Residual disabthty was measured on a5 pomnt scale with
() = no functional deficii, 1 = muld disabihity without need for braces, 2 = more severe
disability with need for braces, 3 = severe disability and wheelchair-bound, and 4 = total
disabtlity and bedridden. Recovery index was calculated as the difference between imtial
severity and residual disabihty, Recent actuvity was measured o a 3-pomt scale as
follows: 1 = little or no regular participation 1n sports, manual labor or walking, 2 =

occasional to moderate sports activity (¢.g. >20 minutes of sustamed activity 1 to 3 umes
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per week), 3 = frequent participation i sports (>20) minutes of sustamned activity two or
more umes per week) and/or moderate to heavy acuvities at work or at home (c.g.
frequent heavy hiung or manual fabor)  MANOVA was used to find a sigmificant
multivartate solution  Recovery was excluded in this analysis because 1t was a hinear
combination ol two other varables  These vanables (with the addition of recovery) were
then analysed with ANOVAL No sigmihicant differences between cases and controls were
found 1 teims of sex, or 1 the number of years since acute polio. However, univariate
analyses revealed that patients with PPS were significantly older at acute pohio, had a
greater mitial involvement, had a lower restdual disability score, had a greater recovery,
and were more physically active than controls. The greatest degree of variance between
the two groups could be accounted tor by the recovery index (79%), followed by initial
severity (65%), and residual wisability (47%). Age at acute pohio and recent physical
activity accounted tor only 9 and 5% of the varnance, respectively, between the two
groups.  Because 1ecovery was not adjusted for imtial severity ol pohio, 1t 1s impossible
to know whether or not a greater recovery in patients with a stmilar degree of weakness
at acute polio was important m the development of PPS. A greater recovery would tend
to occur 1n those patients with a more severe mvolvement at acute polo, and may thus
smply retlect mtial polio seventy.  In addition, odds ratios wath therr 95% confidence
limits were not provided

In a moe 1ecent study completed by Windebank and co-workers at the Mayo Chinic
(6), a cohort of 300 individuals who had paralyue polio between 1935 and 1955 were
wentthied. From 247 survivors, 50 subjects who had hved closest to Rochester were
selected  tora detarled  historical,  functional,  psychological,  clinical,  and
clecttophyswological evaluation. The purpose of this study was to wdentify the prevalence

ol specific symptoms many years after acute polio, and to identify risk factors for the
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development of late symptoms.  Sixty-four percent of these survivors complained ot new
symptoms of muscle pan, fatigue. and weakness atter a petiod of prolonged stabilhity.
However, these difficutties led to changes i ltestyle or activity 1in only 184 of patients
Possible risk factors evaluated were present age, age at time of polio, ame mterval sinee
polic, severity of acute polio (measured by a Newrological Disabtlity Score hased on a
standardized physical exammation i the old records,  NDS-man), present seventy ol
weakness (also measuted by a Neurological Disabithity Scote, NDS-now), and recovery
(difference between NDS-now and NDS-max)  Compatisons between cases and contiols
were made with an unparred t-test The likehbood of expressimg new complamnts was nol
related to age at pohio, current age, ume miterval since pohio, or recovery  The
development of new dithiculties i a limb was most stitongly predicted by the severity ol
weakness in that limb at acute polio  In addition, they found that patients wath leg
weakness at acute polio were twice as Iikely (o complamn of new problems compared 1o
those with arm wecakness.  Thus, severity ol acute pohio was agam tound to be an
important factor in determining who would develop PPS. The mam advantage of this
study 1n comparison to previous studies (which rehed on patient recall) as the accuracy
in assessing severity of weakness at acute polio because of the standardized exammations
performed and the detatled records avatlable at the Mayo Cliie  In addition, this study
has virtually no referral bias because 1t used a population-based resowrce avanlable at the
Mayo Chnic. The difficulues wath this study include the smadl patient numbers used, the
omisston of calculation of odds rauos with 95% confidence mtervals, and an madeguate
assessment of recovery alter polio.  Recovery alter polio should be measured as the
difference between weakness at acute poho and weakness at best atter acute pohio, and
not as the difference between weakness at acute polio (NDS-max) and current weakness

(NDS-now). Because PPS patients are currently weaker than previously (by defimtion),
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their recovery may have heea underestimated by these investigators.  In addition, as in
the previous study, degree of recovery was not analyzed in patients with similar degrees
of weakness Therefore, 1t 1s impossible to know whether or not recovery is an
important factos

These Tour studies indicate that imtial polio seventy, and possibly recovery are the
most important factors 1 predicting future development of PPS. These findings are
consistent with the previously described hypothesis tor the ctiology of PPS because the
severity of the onginal motor neuton poliovirus invasion as estimated by the degree of
weakness at acute polio s hypothestzed to be important tor the development of PPS. The
degree of motor umit enlargement during the recovery process after acute polio as
estimated hy the degree of 1ecov ry ol muscular strength may also by an important factor
hecause greatly enlarged ot overextended motor umits may be at greater risk for
developing a distal degeneration over tme

Other possible sk factors include tme nterval since acute polio, current age,
severity ol weakness after complete recovery from polio, past physical acuvity (rather
than recent physical acuvity), weight gain prior o onset of PPS, muscle pain with
exereise, muscle pan, and jomnt pain - Although Klingman ct al (19) and Windebank et
al (6) tound no ditferience between cases and controls i terms of years su 2¢ acute polio,
the study of Halstead and Rosst (18) suggests that it is actually the time since acute polio
to present or to development of PPS that 18 more important than age 1n predicing who
will develop PPS This finding would be consistent with the previous hypothesis for PPS
(8,9) which imphies that 1t1s actually the time since polo rather than the chronological
age of the subject (with the normal ageing process) that 1s most important in determining
PPS. However, cuttent age should also be studied because of 1ts association with the

notmal dropout ot motor neutons (39-41) and with the declhine 1in growth hormone and
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somatomedin C with the ageing process (42,43,45-47).

Actual severtty of weakness at the subject’s best pont after poho has never been
cvaluated. A patient’s perception ot incieased weakness may be dependent upon chronie
weakness.,  Also, patients who were sttongest after then recovery from poho may also
have been more active, and may be at greater nisk tor developing PPS - Cutient seventy
of weakness would not be a true "nsk factor” because 1t s nol occuting poor o
development of PPS. In addition, PPS patients will probably be cuniently weaker than
controls because of their defimtion (e PPS cases have new ot mcreased weakness
whereas controls do not). Theretore, curtent weakness can be evaduated tor descnptive
purposes, however 1t s not a true risk factor i the eprdeniiological sense

Chronic muscular overuse has also been been suggested as a possible contitbuting
factor to PPS because of "overwork™ of the alicady overly-engaged post-polio motor
neurons (10).  Thus, physical activity, obesity, muscle pamn with excrcise, and recent
trauma may be possible risk factors. Khingman ct al (19) found that 1ecent physical
activity was greater and that residual disability was lower e PPS patients than contiols,
but that physical acuvity contuibuted little to the varance between the two groups A
lower residual disability may be an idicator of overuse (with a lesser use ob orthotic
devices) or even greater activity.  However, recent physical activity 1s probably not as
important as chronic physical activity since with the development of PPS, patients may
reduce their activity levels. Obesity or weight gain has been suggested as a nisk factor,
but has never been evaluated (7). Excicising (o the pomt ol muscle paim with possible
subsequent muscular 1mury may also be an mdicator  of overuse Creatmme
phosphokinase which 1s known to be released by mjured muscle has been found to be
higher in symptomatic post-polio patients than in asymptomatic contiols (6)  In addinon,

it may be 1nteresting to know where increased weakness 1s most likely o develop. {1
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mcreased weakness develops more frequenty in the lower extremities, which are
presumably at greater nsk for being overworked than the upper extrematies, then it may
he possible that acuvity is a contributing factor. New symptoms have been found to
develop twice as frequently o patents with weak lower extrenitties than upper extremities
(6)  Recent tauma may also contithute to overuse, and may be important to study.

Muscle parn and yomt pam will also ke evaluated in this study  Both may be indirect
mcasures of use because pan, especially joint pain as a result of osteoarthntis may be
telated to obesity mn certam joimts, and to increased actuvity (50,51). Alternatively, pain
may precipitate mcreased weakness in an extremity because of the tendency of patients
not to use pamful extiemities with the consequent development of disuse atrophy in the
mvolved extremity (51)

Thus, a lew studies have been completed which have dentified vanables of
importance for the development of PPS, however turther work 1n this area is indicated.
This study will attempt to substantiate the previous wotk pertormed on PPS, and to
analyze possible additional risk lactors for this newly recognized syndrome. In addition,
because relatively hittle 1s kaown about PPS, a few descuptive analyses on PPS will be

perlformed.
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METHODS

Selection of a study design.

A casc-contiol design was used for this study.  This type of design was chosen
primarily because 1t allowed cificient use of data already available and the study ol
multiple potentral risk factors tor PPE. Both cases and controls were wdentified trom a
physician-reterred post-pohio chine at the Montieal Neurological Institute and Hosptad,
Montreal, Quebee. Controls were chosen from the same population of patients as cases
to allow the study of nsk factors to which both groups of patients were suseeptible
Because most patients evaluated in the chinie came with a specthic compaint(s), more
cases than controls were available for the study.

The main disadvantages of this study design aie selecton bias o the dentifzcation
of cases and controls, and maccuracy n the recall of potential sk tactors (52)  Because
subjects  were chosen from a hospital-based  climie,  there may  have been an
overrepresentation of individuals with the lnghest level ol disabihity or need Huis may
have been an advantage for the selection of cases smcee they were presumably those more
involved, but made the wdentification of asymptomatic controls diffreult.  Another
difficulty was mnaccuracy m the recall of events which occuired 20 o moie years ago.
In addition, ascertainment of information on acute polio, one ol the mam potental 1isk
factors, was problematic because of the age at which 1t occunred 1 many mdividuals (e
at 1 to 2 years of age) s obviously dithicult or impossible to recall such events, and
some patients may have had to rely on information grven to them by family members
However, acute polio and events surrounding this iliness constituted a very taumatic time
period n the hives of most patients, and are fairly well remembered  Chnical experience
indicates that cven though some paticnts may not know the exact degree ol weakness

which occurred. they do know which Iimbs or functions were atfected  Kaulert et al (53)
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validated 3 self-reported measures of functional status (respiratory status, mobility, and
activites of daily hving (ADL.)) at on¢ year post-acute pohio (provided by patients 20 (o
30 years alter acute polio) with medical record audit data (from hospital charts from time
ol acute polio) m a group of post-polio patients and found that the correlation between
the two was relatively high (0 73 to 0 83). The main difficulty was not assessment of
whether or not a deficit in a particular function had been present, but in the degree of that
deficnt (53)  Thus, some maccuracy m assesment ol the nisk factors 1s present, but not
to such a degree as to make then study impossible  To evaluate the degree ol recall

maccuracy m this study, patient recall tor some of the vartables was correlated with data

obtamed Irom old hosprtal charts.

Study Population.

Cases and controls were identitied from a population of patients evaluated in a post-
polio clinte at the Montreal Neurological Institute and Hospital (in operation since 1986).
153 patient charts of all patients evaluated at the chnic between 1986 and March, 1992
wete teviewed ltor the study. Patients were either teterred by other physicians or self-
eterred (o thas chime The primary reason why patients came to the clinic was to obtain
information and teatment for any symptoms which they were having. Many patients did
have PPS ancreased weakness and fatigue), but some came with only pain (such as low
back pam or foot pan)  In additton, some asymptomatic patients came o the clime for
the purpose ol obtarmng information about PPS, and about any possible preventive
measures A prerequastte for evaluaton m the clinic 1s a history of paralytic polio,
theretore virtually all patients have had acute polio In a few cases the dragnosis of past
acute patalytie polio was questionable, and confumatory clectrodiagnostic testing was

peitormed A standardized lstory and physical examinaton torm (13) was completed
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for each patient at the tme of the mitial visit (see Appendy), and a thotough medical
history and physical exammatton was pettormed on cach panent at that time  Thas
provided standardized intormaton on all patieats evaluated o the chime When
appropriate, diagnostc tests were also petformed to tule out othes causes tor the patient’s
symptoms as part ol thrs mmual evaluation. This mutal data collection was perttormed by
cither Dr. Daria Trojan, a chmcal and rescarch fettow, or D Neil Cashman, a well-
recognized expert in the arca. A small propottion (< 104) of patient data collections
were performed by a neurology reswdent, however all patients (imcluding those seen by I
Darta Trojan) were also reviewed with D Neid Cashman Information tor chgibihty
criteria, for criternia for determination of case/contiol status, and for nsk factors was
obtained from the standardized history and physical exammation forms completed for
cach patient, and the imtial detanled history and physical examiation "The results of any
necessary laboratery investigations (which were petformed immediately  alter this
extenstve mmtial evaluation) were used for exclustion of cases and controls trom the study
Some patients m the chinic wete seen only once, wheteas others were seen on a more
regular or frequent basis. To prevent any bias ansig from use o data obtamed on
follow-up wisits on a proportion of the chine population, only data obtained Liom the
initia! .aterview and the immediately following labotatory mvestigations were used Lo

the study.

Identification of cases.

Cascs of PPS were 1denutied by a chart review of patients evaluated at the Montreal
Neurological Institute A total of 127 cases were found  Critenia for PPS cases were
based on those suggested hy Mulder et al (34), and included the lollowing

1. A credible history of past paralytic poliomyels (1¢ an illness charactenzed by
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high fever, followed by muscular weakness).
Initial parual or complete recovery ol function.
At least 10 years of functional stability following initial recovery.
New symptoms of mcreased or new muscular weakness, and faugue (muscular
and/or genetal)  Muscular fatgue was defined as increasing muscular weakness
on exertion, which improved with rest. Symptoms of pain may or may not have

heen present

Exclusion erena:

Presence of medical conditions which could produce weakness and fatigue. These
included signihicant cardiac disease (that requiring treatment with medications),
chromc  obstructive  pulmonary  discase, cancer,  cirrhosis,  depression,
hypothyroidism, anemta, connective tussue diseases, chronic ntection, diabetes
mellitus, and chrome renal tailure.

Presence of other concurrent neurological disorders which could produce weakness
and  fatigue  (c.g.  penpheral  neuropathy,  stroke,  Parkinson'’s  discase,
radiculopathies, sprnal stenosts with myelopathy).

Presence ol severe pain which could make the differentiation between pain and
muscular weakness dithicult  The presence of this difficulty would have been
menttoned m the impression as part of the mitial evaluation.

Symptoms of cither new weakness or fatigue (muscular and/or general).  (re. if
a patient had cither new weakness or fatigue, they were not considered to be a

case).

Identification of borderline cases.

A group of bordethne ceses was also identified.  Borderline cases met the usual
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criteria for cases as pieviously described, but had new symptoms ol cither weakness o1
fatigue (i.c. not both). The total number of borderhine cases wdenuhicd was 25, tive ol
these patients complained ol only new weakness (1e. no fatngue), and 20 complamed ol
only new fatigue. Thus criteria for borderline cases were the following
1. A credible history of past paralytic poliomyehtis (1e an allness chinactenzed by

high fever, followed by muscular weakness).

2. Initial partial or complete tecovery ol funct. n.
3. At least 10 years of functional stability following imtial recovery
4. New symptoms of increased o new muscular weakness, o fatigue (musculan

and/or general)  Muscular fatigue was detined as increasmg muscular weakness
on ¢xertion, which improves with rest.. Symptoms of pain may ot may not have
been present.

Exclusion c¢ritena;

1. Presence ol medical conditions which could produce weakness and fatigue,
2. Presence of other concurrent newological disorders which could produce weakness

and fatigue.
3. Presence of severe pain,

4. Symptoms of hoth new weakness and fatigue (muscular and/or general)

Identification of controls.

Controls were also 1dentitied through a chart ieview of paticnts evaluated at the post-
polio clinic at the Montreal Neurological Institute.  Inclusion and exclusion critena for
controls were the same as those for cases with the exception of the presence ol new
symptoms of increased or new muscular weakness, and fatigue as an nclusion cniterta.

Therefore, sclecuon critena for controls were the following:
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Incluston criteria:
I A credible history of past paralytic pohomyelius (i.c. an illness characterized by

high fever, lollowed by muscular weakness).

2 Initial partal or complete recovery of function.
3. AL least 10 years of functional stability following initial recovery.
4 am may or may not have heen present.

Exclusion criena

I. New symptoms ol incieased or new muscular weakness, and fatigue (muscular
and/or general)  Fatigue secondary to fibromyalgia may have been present.

2. Presence of medical conditions which could produce weakness and fatigue. These
included sigmbicant cardiac disease (that requiring treatment with medicatons),
chromc  obstuctive  pulmonary — discase,  cancer,  cirrhosis,  depression,
hypothyrowdism, ancmia, connective tssue discase, chronic infection, diabetes
mellitus, and chionie renal twlure.

3. Presence of other concunient neurological disorders which could produce weakness
and fatigue (e g penpheral  newropathy,  stoke,  Parkinson's  disease,
radiculopathies, spinal stenosts with mycelopathy).

4. Presence of severe pain which could make the dilferentiation between pain and
muscular weakness ditficult The presence of this difficulty would have been
mentioned i the impresston as part of the mitial evaluation,

A copy of the form used to deternune ehigibdity for the study, and for determination

of case/contiol status s meluded i the Appendix.

Data collection.

Data were obtained from a chart review of patients seen at the Montreal Neurological
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Institute post-polio clinic A log of excluded cases and controls was hept. along with

informaton on 1easons lor exclusion.  One hundied and sinty-two patients trom a total

of 353 were excluded  Data on the tollowing independent vatiables was obtined

1.

e

wh

6.

9.

10.

1.

14,

Date of birth.

Sex

Date of mital cvaluation.

Rater who performed the imual interview and physical examimation

Age at acute polo

Age (at tme ot imtal evaluation).

Latency or time in years between acute poho and present (time ol anitial
cvaluation).

Time new symptoms have been present (as of intial evaluation).

Presence of pam (muscular and/or jomnt. yes or no).

Location ot pain (1¢. i which ol lowr extiemties o1 hack)

Presence of new muscular attophy (yes or no).

Location of attophy (1in which ol four extremities).

Severity of weakness at acute polio (measuied on a 0 1o 6 scale) Degiee of
weakness m cach of 4 extremities and tor respuatory, speech/swallowing function
was also recorded

Severity ol weakness at best point atter acute polio (measured on a O 1o 6 scale)
Degree  of  weakness mocach of 4 extremities and  for sespiratory,
speech/swallowing function was also recorded.

Current severity ol weakness (at ume ol intial evalugtion, measured ona 0 to 6
scale).  Degree of weakness inocach of 4 extremities and for aespiratory,

speech/swallowing function was also recorded.
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16. Recovery alter pohio (difference between weakness at ume of acute polio and

weakness at best point atier pohio)

17. Hospitahization at ume of acute pohio (yes or no).

1. Respiratory involvement at tme of acute polio (yes or no).

19, Length of hosprtalizatton at tme of acute polio (in months).

20 Presence of muscle pain with exercise (yes or no).

21 Disability index at hest pomnt alter acute polio (measured on a 0 to 5 scale).

22 Disabihty index at present tmeasured on a 0 10§ scale).

23 Reported recent werght gaan (within the last S years;  yes or no).

24 Physical activity idex (usual activity hefore onset of PPS for cases, usual activity
lor controls).

25. Recent major trauma (within last 5 years;  yes or no).

26 Present motor strength score m cach of 4 extremities (based on  physical

exammaton at time ot mitial visit).

Sceventy of weakness was measuied with three different weakness severity scores
(with decreasing degree of accuracy) at cach of three times:  at tme of acute polio, at
best pomt alter acute pohio. and at present - The primary method was "the most accurate,”
and was used for the main analyses m the study — All three measures  produced scores
tangig from 0 to 6, whete 0 retetred to a normal individual, and 6 to a completely
paralyzed mdividual - Three different weakness severity scales were computed for each
patient o provide data tor a prelminary analysis ol the usefulness and validity of varying
degrees of accuracy i estimating weakness (as a subanalysis for this study) and for any
futute analyses

The pumary method for calculation of severity of weakness (and that considered to

be the primary method for data analysis) was based on patient estimates of percent
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weakness in cach of four limbs, and for impairment of speech/swallowing and espuatory
funcuon. During the mtial interview, cach patient was asked o rate the amount of
weakness in cach ot four hmbs from 0 o 100 (0 bemg completely paraly zed, and 100
being normal or not paralysed) at cach of thice time pertods A SO was asstgned 1on
some respiratory involvement, and a 0 for respiratory mvolvement requining use ol a
ventilator. A 50 was assigned for some loss of speech and/or swallowing, and a 0 ton
complete loss of speech and/or swallowing.  Each of these siy frgures was subtiacted from
100, and a sum total of all six obtamed.  This total scote was then divided by 100 1o
make the final scale casier to mterpret i further analyses  Inthis way a scale ranging
from O to 6 was produced. A sample calculatton of this weakness seventy score 18
presented tn Table 1.

For the second method of calculation of severity of weakness, patient estimales of
seventy of weakness 1o cach of tour limbs were divided mto quartiles  For the fnst
quartile (0 - 25) a value of 12.5 was assigned, for the second quartile (26 - 50) a 37.5 was
assigned, tor the third quartle (S1 - 75) a 62.5 was assigned, and tor the tourth quartile
an 87.5 was be assigned. A 50 was assigned  for some tesprratory mvolvement, and a
0 for respiratory involvement requiring use of a ventilator -~ A S0 was assigned tor some
loss of speech and/or swallowing, and a O) for complete loss of speech and/or swallowing.
These six figures were subtracted trom 100, and a sum total of all six obtwned — This
total score was then divided by 100 to arnive at the fmal otal second severnity of weakness
measure.

For the third method of calculation of seventy ol weakness, a | was assigned tor any
weakness 1 any of four Iimbs (1.¢. a patient estimate of weakness ol less than 100), and
for any dysfunction of speech and/or swallowing, and respuatory function Thus, a score

of 0 to 6 was obtained by this method, and for the two methods previously desenbed




31

The recovery score was also measured on a 0 to 6 scale where O referred to no
recovery, and 6 refenied to complete recovery following complete paralysis at tme of
acute polio. This score was arnved at by calculatrag the difference between severity of
weakness at time ol acute pohio with sevenity of weakness at best point atter acute polio.
Three iecovery scores were obtamed because three measures of severtty of weakness were
calculated

An ambulation disabihty index (modified from one developed by Klingman and co-
warkers (19)) was also computed at reported best point alter acute polio, and at time of
imbal evaluaton It ranged hom 0 1o 5, and was calculated as follows” 0 = no
functional disabilty, 1 = mild ditficulty with ambulation without need for braces, 2 =
maoderate difticulty with ambulation with need for braces, 3 = severe ditficulty with
ambulation with need tor braces for short distances, and a wheelcharr for fonger distances,

= severe disability, wheelchan bound, 5 = total disability and bedndden

Physical activity betore onset of PPS for cases, and recent physical activity for
controls was calculated m the tollowing manner (similar to that used by Klingman et al
(19): | = lutle or no regular parucipation 1 sports, manual labor, or walking, 2 =
occasional moderate sports activity (= 20 nins) one to two tmes per week, and/or mild
to moderate demands at wotk and at home (frequent ambulation tor several hours at a
tame ot occastonal hght hiung), 3 = lrequent patticipation i sports (2 o 20 mns or more
two o1 mote tes per week). and/or moderate to heavy actuvities at work or home (e.g.
frequent heavy litting or manual labor),

Motor stiength at tme of inrtal evalvation m cach of two upper extremities was
estimated. Duning the imual physical examination, motor strength in cach of 5 muscle
groups (deltowd, biceps, triceps, wiist extensors, hand intrinsics) was measuied on a 0 to

S Medical Rescarch Counctl (MRC) scale (53). The MRC scale 15 a commonly used
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measure of muscular strength which s apphed during a chimeal neurological examination
ol a patient. The motor stiength m the hand intnmsie muscles was multiplied by 2 siee
the hand 18 by tar the most impottant part of the entue upper extremty tor patients and
in any disabihty cvaluation, and 1its conttibution to perecived ot uppes extrenity
weakaess will be the greatest. The results obtamed tor cach muscle group were added
for cach upper extremuty for a total possible score tanging trom 0 o 30 with 0 bemng
completely paralyzed and 30 beng normal motor stiength

Motor strength at tme of mittal evaluation i cach of two lower extiemities was also
estimated by an index. During the mitial physical examination, motor strength i cach
of 5 muscle groups (hip flexors, quadiiceps, hamstings, dotsitlexors, plantattleaors) was
measured on a 0 to 5 MRC scale. The results  obtaned tor cach muscle group for cach
lower extremity were added for a total possible score ranging trom 0to 25, with 0 bemg

completely paralyszed, and 25 being normal motor stiength

Missing values for independent variables.

A prelimmary analysis done by the author on the fust 127 patents seen at the
Montreal Neurological Institute post-polio chnie (these 127 patients were not the PPS
cases used 1n the present study) revealed that for three vanabics, weakness atacute poho,
weakness at hest pomnt alter acute polwo, and conscquently  the recovery  score,
approximately 30% ol patients had missing values  The other variables had essentially
no missing values  This was understandable i view of the fact that for many patients,
acute pohio occurred at a very young age. Also, for some patients 1t was impossible 1o
quantitate amount of weakness ona 0 to 100 scale However, because at least some data

were available on most subjects, estimates of weakness at acute polio were made duning

this study if some informauon was present I a patient stated that an exucinily was
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involved, but that degree of mvolvement was not known (e.g. partial vs complete), then
a 25 was imputed for that limb, and a 50 tor speech/swallowing or respiratory function,
Il a Iimb or function was partially involved a 50% was ascubed. It a patient had no

knowledge as to involvement of limbs 1 the past, no estimates were imputed.

Reliability of selection of case/control _status and validity of some independent

variables.

The 1ehiabihity of the assessment of whether a paticnt was a PPS case or post-polio
control without PPS was esimated  Case ascertainment for PPS can be difficult in some
situations since no definttive diagnostic test is currently available (14)  In addition,
hecause the same individual was determining case/control status, and performing the
analysis, some selectton bras may have been present.  For these reasons, 1n order to
determne agreement between two assessors (inter-rater reliability), a random sample of
[0% of the cases and controls were reviewed by Dr Neil Cashman, and case/control
status was assigned o these patients by him

The validity of a few of the nisk factors was esumated.  Independent variables that
were vahdated included sevenity of weakness at time of acute polio, age at acute polio,
length of hospitahzation, and curient severity of weakness. The first thiee vanables were
validated by requesting old hospital records for all cases and conuols who were
hospttalized o1 possibly hospitalized i the Montreal arca. Only charts on patients
hospitahized in Montreal were used n this analysis to mmprove the efficiency and
feasibihity ol this sub-study.  Letters and consent forms for permission to review old
hospital records wete sent to 87 patients. Fifty-two patients returned signed consent

torms 1o allow the author (o review old hospital charts.  Requests for copies of old
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hospital charts were submitted for 43 patients hospitalized i Montieal hospitals at the
time of acute polo.  Responses trom the hospitals were eceived tor 41 patients
Unfortunately. some of the data obtamed were very wmcomplete Inosome cases
(approximately 10) old hospual records tor hospitalizations betore 1960 had been
destroyed. The author reviewed mictotiches ot records on 8 patients hospatahized at the
Montreal Children’s Hospital. Thus, data on actual degree of weakness at acute polio was
available on 19 pauents. Because most of the old hospital chatts obtared did not include
accurate assessments of muscle strength (1¢ MRC (S3) measwiements of muscubiu
strength 1in muscle groups), but only general desciiptions of degree of patalysis, 1t was
impossible to calculate motor suength scores tor all patients  Theretore, only a pereent
weakness score at tume of acute polio was calculated tor ¢ach of tour limbs, and tor
impairment of respiration and speech/swallowing — 1f old hospital records mdicated tha
a hmb was completely paralyzed, a O was assigned, 1t almost completely paralyzed with
trace muscular movements a 10, 1f partally paralyszed a 50, 1f alimost normal m suength
a 90, and 1f normal 1n strength a 100 was assigned. Degree of mvolvement ol iespriatory
function and speech/swallowing function from old hospital records was estimated m the
same manncer as described for the weakness seventy scores The percent scores obtaned
for cach hmb and function from old hospital charts were used (o compute a weakness
severity score (as described carlier in the Methods section), and then this score was
corrclated with patient estimates of degree ol weakness for cach himb and function  Age
at acute polio and length of hospitahzaton were readily avalable from old records
Present severity of weakness (pereent score) teported by cach case and contiol was
correlated with the motor strength score (obtained from the physical exanunation @t time
of imtial evaluation) for cach extrenmity for cach patient Thus, the concurient crtenon-

oriented validny of some of the retrospectively gathered and currently avaslable data was
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estimated.
The construct validity of the severity ol weakness measure itsell was also evaluated.
This was done by correlating severity of weakness at time ol acute polio with length of
hosprtalization at ume of acute polio  In addition, the mean severity of weakness at time

ol acute poho for those patients who were hospitalized was compared with those who

weie not hospitahized.

Data analysis.

The statistical packages used for data analysis were SAS (SAS Institute Inc., SAS
Cucle, P.O) Box 8000, Cary, NC 27512 USA), and BMDP (1988 version, BMDP
Staustical Software, Inc., 1440 Sepulveda Blvd, Los Angeles, CA 90025 USA). SAS was
used tor calculation of descriptive statistics, t-tests, X* tests, correlation coefficients,
collincanty analysis, and outher analysis. BMDP was used for univarate and multivariate

fogistic 1egression modehing.

I. Relabtlity of case/control status and vahdity of some of risk factors.

To assess the inter-rater rehability of case/control status, 10% (n = 16) of the chosen
cases and contiols wete reviewed by Dr Neill Cashman, and case/control status was also
assigned by him - "The percent agreement score was corrected for chance agreement by
calcutating coetherent Kappa (54)

(observed propottion - expected propartion)
K= (1.0 - expected proportion)

An ter-rater pereent agieement score of at least 90% was expected prior to continuation
of the study.

The concutient eriterion-otiented validity of a few of the risk factors (severity of
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weakness at ume of acute polio, age at acute polio, length of hospitalizanon, and cutient
severity of weakness) was assessed by cortelating patient assessments ol these variables
with data obtained from old hospital records (tor cases and controls hospitalized an the
Montreal arca), and physical examination at mitial evaluation tor all cases and contiols
For current sevenity of weakness, cach extiemity was ticated sepatately A Peinson
correlation coethcient was calculated for cach of these 4 vattables  Inaddition, the means
of patient estimates and means of estimates obtaned from old hospttal charts on the tiust
3 variables were compared with the unpaned t-test.

The const' ict validity of the measure ol seversty of weakness al acute polio measuie
w s evaluated by caleulating a Pearson conelation coetticient for the two vanables of
severity of weakness at time ol acute polio with Iength of hospitahizaton — In addition,
mean severity of weakness at tme of acute polio was compared between those patients
hospitalized and not hospitalized with an unpamred (-test

The relationship bewween the two variables of fength of tme siee acute polio and age
at acute polio, and recall maccuracy of severtty of acute polio was also evaluated  Recall
maccuracy was measured s the dilference in the weakness seventy score (based on
patient estimates) and weakness severity scoie (based on old hospital iecords)  Umivanale
lincar regression of length of time since acute polio on recall maccuracy, amd ol age al
acute pohio on recall inaccuracy was performed. Unfortunately, the eHect of cast/contiol
status on recall tnaccuracy was impossible o evaluale because weakness sevetily scotes

(based on old hospital records) were available on only 2 contiols (and 17 cases)
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2 Quthier analysis.

To check the data for errors i data entry, and for outliers, an outher analysis was
performed by looking at ranges of independent variables, and by calculating leverage for
cach observation  Outhiers were delined as those patients with significant leverage values
(>. 146 lor «=.05 and n=191) (55). Any outhers were checked for errors in data entry,
and cuors tound were conected  Some of the tollowing analyses were then calculated

both with and without the iemaiming outliers to determine their impact on the results.

3. Inlormation on missing values.

The vanables of severnity of weakness at time of acute polio, weakness at best point
alter acute poho, and recovery index were fiequently missing. For example, the severity
of weakness at acute pohio score 1 had 40 of 166 cases and controls (24%) v.ith missing
values, and recovery score 1 for cases and controls had 49 (29%) nussing values.  The
variables concerned with age and ume had few, of any, missing values. When possible,
values were mmputed to the massing data for weakness at acute polio as previously
discussed, and some of the subsequent analyses were calculated both with and without the
imputed missig values to assess their impact on the results. Severity of weakness at
acute polio and recovery scores A are those without imputed missing values, and those
marked B are with imputed mussing values.  The weakness and recovery scores with
ascribed missig values were the pumary ones used mn further calculatons. The number
of mussmg values (with percentages) lor cach of the independent variables are presented

i Table 2,
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4. Preliminary statistical analysis.

Frequency histograms of all continuous mdependent vanables were plotted to evaluate

the distribution of these vanables  Desriptive statisties meluding means, proportions,

standard deviatons, and ranges, were calculated tor the entire population of cases and

controls.  Subscquently, means, propottions, two-sample -tests, and X7 (ests were

calculated for cases, borderline cases, and controls separately.

10.

1.

12.

13.

14.

The primary variables of mterest in this and the following analyses ae:

Present age

Sex.

Age at acute polio.

Latency or time in years between acute polio and present (as of mitial ¢valuation).
Severity of acute poho as determined by the 0 to 6 seveiity of weakness score.
Recovery score.

Severity of weakness at best pomt atter acute polio.

Current seventy of weakness (as of mitial evaluation).

Reported recent weight gain (within last 5 years; yes ot no),

Physical activity index (usual physical activity for contiols, and usual physical
activity prior to onsct of PPS for cases).

Recent major trauma (within last 5 years;  yes o1 no).

Disability index at best point atter acute polio.

Current disability ndex.

Muscle pain with exercise (yes or no).
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15. Jomnt pain (yes or no).

16. Muscle pain (yes or no).

5. Colhincanty analysis.

All continuous independent vanables were evaluated tor the presence of collinearity
by computing a correlation coetficient matrix for all variables, and by cigenvalue and
condition index analysis — Any vartables that were collincar with each other were not

entered together n the same multivariate analyses.

6. Lincarity of conunuous vanables.

Prior 1o the uttlization of logistuc regression modeling, all continuous independent
variables were examined for the assumption ol lincarity 1n the logistic regression model.
This was done by calculating the log odds for cach quartde for cach vanable. For cach
vattable, a plot of logit (p) for cach quartile vs mudpomt of cach quartile was made.
Based on these plots, the vanables were entered either as conttnuous or categorical

vartables mto subsequent Togistic regiession models.

7 Umivanate logastic 1eoression models.

Univanate logistie regression models were estimated for each independent variable.
From these calculations, an odds ratio, with 95% confidence mntervals was calculated for
cach vartable  Because 1t was mathematically impossible to caleulate an odds ratio for

trauma (no conttols had expenienced recent trauma), (.5 was assigned as the number of
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controls with recent trauma to pernut an estimate of the odds ratio. Some calculations
were done both with and without imputed nussing values to assess then effect on the

results.

8. Muluvanate logisuc regression models.

Multivarate logistic regiesston models were computed by a stepwise approach A
significance level of p=0 10 tor improvement m the loghkelihood ratio test was used tor
entry of a term and a value of p=0.15 was used tor a term o stay m the model  Specitic
interaction terms of interest were (1) seventy of weakness at acute polio Xoecovery, (2)
physical activity X severity ol weakness at best pomnt alter acute polio, (3) recent weight
gam X current severity of weakness, (4) severty of weakness at acute polio X Liatency,
and (§) recovery X latency. The analyses included calculation of adjusted odds ratios
with 95% confidence ntervals lor all significant varables  Signthcant models were

computed both with and without imputed missing values

9. Subanalyses:

a. Comparison of proportuons of lower extremiues with_upper _extenuties_curiently

exhibiting incieased weakness,

An analysis was performed to determine 1 increasced weakness occurs more hrequently
1n the lower extremities than m the upper extremitics i ambulatory PPS cases (dehined

as those with a present disabihity index of < 3)  The proportions ol previously mnvolved
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upper extremities at ttme of acute poho presently exhibiting increased weakness with the
proportions ol previously involved fower extremities presently exhibiting increased
weakness was compared with a X' test A similar analysts was petformed in pauents
using their upper extiemities to ard them i mobility (those with a present disability index
of >2) This analysts may provide some futther information on the importance of activity
in the development of PPS because the lower extiemuties are presumably at greater risk
for mcrcased physical activity than the upper extremities in ambulatory patients.
Conversely, the upper extiemities may be at greater nsk for increased physical activity

i patients usig wheelchairs for mobility.

b. Comparison of proportons of previously involved and uninvolved extrematies currently

exhibiing increased weakness

An analysis was performed to determine whether increased weakness 1s mote hikely
10 occur m previously mvolved or uninvolved extremities in cases.  Previously mvolved
extremuiies were delined as those with patient weakness estimates of less than 100 at time
of acute pohio, and previousty unmvolved extremities were defmed as those with patient
estimates of 100 at ume of acute pohio. A companson of the proportions of extremities
i these two groups cuntently exhibiung mereased weakness was done to provide
descuptive mformatton about PPS, as well as information regarding where increased

weakness 1s most hikely to occeur.
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¢. Evaluaton ol the effec of time on development of symptoms m PPS

An analysis was pertormed to evaluate the importance of time i the development ol
certain symptoms considered to be pait of PPS 1t has been hy pothesized that PPS may
be a progiessive disease, begmnig with fatigue, tollowed by the addinon of weakness,
and fnally atrophy (32)  To test this hypothesis, and also o determine the ipottance
of weakness at acute polio, the means (and standard deviations) of Lateney, cunent age,
and weakness at acute polio were computed tor tour groups of patients. An analysis ol
vartance (ANOVA) was perlormed to evaluate ditferences between the four groups ol
paticnts  Paticits were divided into the followmg 4 groups
Group 1: post-polio controls (no new symptoms)

Group 2: post-polio patents with new tatigue only (hordethine cases)
Group 3 post-polio patents with new fatigue and weakness (cases)
Group 4: post-poho patients with new tatigue, weakness, and attophy (one patient had

no fatigue).

d. Evaluation of the three weakness sevetily scoles,

The abihity of the three different weakness severnity scores to accurately descibe
weakness as a result of polto and to be used tor statishical analyses was assessed  Means
and standard deviations for all three severity scores were caleulated for cases and controls
In additon, as stated previously, the concurrent eriterion-onented vahidity of the three
weakness scores at ime ol acute pohio was assessed by calculating correlation coethicients

beween patient estimates of weakness at tme of acute polio and percent weakness scores
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from old hospital charts

Sample size calculations

The primary nsk tactor of mterest 1in this study was severity of weakness at acute
polio  Secondary sk factors considered were recovery atter poho, lateney, age, and
muscle pan with exercise  Other vanables which were measured by very crude methods
in the present study, but which may be important to study 1n tuture studies are physical
acivity and obesity (which would contribute to overuse of enlarged motor units). A
presumed chimically relevant odds ratio was esumated to be 2.5 (a small odds 1atto such
as 11 would not be very meanmgtul o the chimcal management of these patients with
the types of vanables that were being considered)  The odds ratio for mmtial seventy
obtamed from a previous study i our clinie had been 4.1 (95% confidence intervals 1.9
to 8.8) Inmitial seventy had been dichotomized as erther less than 195 or greater than 195
on a 0o 600 scale as previously described. One hundred and ninety-hive was chosen as
dresult of caleulations for the assessment of hinearity of continuous variables in the
logistic regression model (the details of these caleulations are described 1in the Methods
and Results sections)  For o= 005 (one sided), B =0.20. OR =2 5. and p, = 0 4 (where
P, = eaposute rate among controls, based on previous work), 1t was determined that 60
cases and controls would be needed (52). 1t one had wished to detect an OR of 2.0, 104
cases and conttols would have been necessary.  For unequal numbers of cases and
controls, the number ot cases (n) reqared changes by a factor of 1/c. and the number of

controls by cn (52)  Thus, 1f one has a 2/1 ratto of cases to controls, ¢ = 0.5, and n is
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208 (or 120 for OR = 2.5) as compared to previous requirement ot 104 o1 60, and the
necessary number of controls 1s 54 (o1 30 for OR = 2.5) (21D 1o this study, 127 cases
and 39 controls were wdentitied  Therefore, even with unequal numbers of patients in
each group, large enough numbers of patients were avalable o detect an odds ato

between 2.0 w 2.5.

Ethical considerations.

This study 1nvolved a chart review of patients evaluated at the Montieal Neurological
Insttute post-polio clinic.  As previously mentioned, pernission (o obtam old hospital
charts was obtaimned from the individuals mvolved  No mvasive studies were perlormed
on the patients for the purposes of the study. The confidentiality ol the patients mvolved
was preserved during the study, and will be preseived i any publications arisiyg from
the work. The approval of the Montreal Neurological Institute ethics committee has been
obtained for the study (see Appendix for form submitted to the commuttee along with the

approval).
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TABLE 1: SAMPLE CALCULATION FOR SEVERITY OF WEAKNESS SCORE 1

SHE PATIENT ESTIMALL 100 - PATIENT ESTIMATIL
Lett arm ) 100

Right arm 100 )

Lett leg {) 100

Raight leg 30 70

Resprration 0 (ventlator) 10
Speech/swallowing 100 (normal) 0

lotal 370

Final Score (Total/100) 37
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TABLE 2: NUMBER OF MISSING VALUES FOR INDEPENDENT VARIABLES
FOR 166 CASES AND CONTROLS

VARIABLE NUMBER OF MISSING VALUL-S "-RCENI
Age 0 0
Latency 0 0
Age at polw 10 6
Weakness at Acute Poho 1A 40 24
Weakness at Acute Polio 1B 4 2
Weakness at Best After Poho 1 18 Il
Current Weakness 1 34 20
Recovery 1A 49 29
Recovery 1B 21 13
Iisabihity Index at Best After Poho 6 4
Current Ihsability 4 2
Physical Activity 9 5
Sex 0 (0
Recent Werght Gawn 8 5
Recent Trauma 4 2
Muscle Pain 1 ]
Joint Pamn 0 0
Muscle Pain wath Exercise 26 16

Legend Weakness and Recovery Scores A are witl sut imputed missing values,  Weakness and Recovery
Scores B are with imputed missing values
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RESULTS

1 Rehabihity o case/eontrol status and validity of some of risk factors.

Inter-rater reliabihity between the author and Dr. Neil Cashman, a recognized expert
in the held, of case/control status on a random sample of 10% of cases and controls
(n=16) was found to be 94%  Cocethicient K (which corects the pereent agreement score
for chance agreement) was tound o be 87 5% . The second rater did not agree with the
incluston of one of the 16 patients in the study. He thought that despite the fact that the
patient complamed of new weakness and fattigue (and was thus considered to be a case
by the author), the patients” habits ol extreme overexercising and dieting were the most
likely cause of the new symptoms, and that consequenty she should not be included 1n
the study

Cortelation coethicients (concurtent eriietion-oriented validity coetticients) of patient
estumates of seventy ol weakness at acute polio, age at acute polio, and length of
hospitalization at acute pohio and data obtamned trom old hospital charts are presented in
Table 3. A companson of means of pauent estimates with means of data obtained from
old hospital charts for these 3 vanables 1s presented in Table 4. Pauents tended to
overestimate therr weakness at acute polio and length of hospitalization, however their
assessment of the age at whneh they had acute poho was accuralte.

The relationship between the eftect of length of time since acute polio (latency) and
age at acute pohto, and recall maccuracy was assessed  Recall inaccurancy was measured
as the ditterence i paticnt estimates of severity of weakness at acute polio with percent

weakness score obtamed from old hosprtal recotds. The correlation coelticients for both

ol these umivanate regression models were low and negative (r = -2893, n = 19 for
latency, and 1 = - 3518, n = 19 for age). The estimated coetficients for the independent

vartables wete also small and negative (-.0619 for latency and -.0465 tor age) indicating
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an inverse relationship between time and recall inaccuracy (¢, a greater maccuianey at
a younger age and a lesser tme mterval sinee acute pohio)

The concurrent criterton-onented  vahdity of cuttent sevenity of weakness was
estimated by computing corielation coelficients between patient estimates of cutrent
severity of weakness and motor stiength scores (obtamned at ttme of initial evaluation) fon
cach extremity. The results are presented in Table 5

The construct validity ol the seventy of weakness at acute poho measure: was
evaluated 1n two ways by comparmg mean severtty of weakness at acute polo m those
paticnts who were and were not hosprtalized at acute polio, and by caleulating a Pearson
correlation coefficient for the two varables of severnity of weahkness at acute poho and

length of hospitalizatton.  The results are presented e Tables 6 and 7

2. Qutlier analysis,

To check the data Tor data enuy criors and lor outhers, ranges ol all continuous
independent vanables were calcuated, and leverage was calculated for all observations
using two models, cach with § possible 11sk factors. Evaluation ol ranges revealed enrors
in data entry for 8 pauents. These were corrected  Leverage tor cach observation
(n=191) was calculated using 2 models, cach with 8 risk tactors which were not collmear
with cach other. The same seven ohservations with significant Ieverage values (5 146 tor
o=.05 and n=191 (55)) were idenulied lor both models  ‘The data Tor these seven
observations was checked, and an addiional error i data entry tor one observition was
found. This was corrected. However, this patient also had a very high age tor acute
polio (39 years). Because all 7 outhiers were found to have relatively extieme values for
at least one possthle risk factor, some logistic regiession analyses were computed both

with and without these seven observations o assess therr impact on the results - The
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results are presented i Table ¥ On comparison of Table 8 with Tables 17 and 18 (with
outliers), 1t 1s evident that the outhiers produced only small changes (in esther direction)
in the computed umivartate and muluvanate odds ratios and thesr asscocrated contidence
mtervals  For example, the odds ratio for acute poho (per year) without outhiers was 1.06
and 1.062 with outlicts  For the vanable muscle pam with exercise, the odds ratio

without cuthers was 4 042, whereas with outliers this was 3.86

3. Iformaton on nussing values.

Appropriate logistic regression analyses were calculated both with and  without
imputed nussing values to evaluate therr ysmpact on the 1esults. However, the primary
analysis 18 considered to be that which incorporates imputed values. Missing values were
ascribed only for the weakness seventy score at acute polio, and thus for the recovery
score, and were based on mtormation provided by the pauents as discussed above. The
tesults are presented m Table 9 The results mdicate that the addiwon of the imputed
massing values produced only a small mercase 1 the odds ratios for weakness at acute
polio i both the umvanate and muluvaniate models  However, 1n the univanate models,
the addiion of mmputed missing values mproved the statistical sigmticance of the odds
tatto tor weakness at acute poho  In the multvanate models, the imputed missing values

did not change the statustical sigmiticance of the corresponding odds ratios.

4. Prelmanary statisucal analysis.

Plots of frequeney histograms for all continuous tisk factors were made.  The
vattables cunrent age. latency, weakness at acute poho, disability index at best after acute

pohio, and current disabthity were all near normal in distribution. However, age at acute
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polio showed a deviation to the lett (toward the younger age gioups)  Descnplive
statistics for the entire population ol cases and con tols are presented me Tables 10 and
11.  Descripuve statistics, along with t-tests, X7 tests, ditferences (with contrdence
intervals) in means and proportions beween cases and controls are presented m Fables 12
and 13, Cases were signihicantly different (p<0.05) trom contiols with respect (o an older
age, longer latency (time since acute pohio to mitial evaluation), greater weakness at acute
polio, greater current weakness, and greater current disabily  Inadditiion, cases were
significantly more hikely to have experienced arecent werght gam, recent trauma, muscle
pain, joint pam, and muscle pamn with exerase than conttols,  Descuplive statisties
(including means, proportions. standard deviations), t-tests, and X7 tests were caleulated
for cases, borderhine cases, and contiols These results are presented m'Tables Fand 15
Borderline cases were tound to be signthicantly (p<0 05) older at tume ol acute pohio, and
Lo have a greater disability index at best alter acute polio than contiols - Trends (pa010)

between borderhine cases and controls were observed i tenms ol a gicater current age and

a greater curient disability in borderline cases.

5. Collinearity analysis.

A correlation coefticient matrnix was computed for all continous vanables  The
highest corrclattion coeflicients were observed between age and latency (-0 843, n=106,
p<0.0001) and severity of weakness at best alter acute polio and curtent severty ol
weakness (r=0.76, n=130), p<0.001)  However, these correlation cocthicients were not so
high as to prevent the entty of both vanables mto the same analysis (r¢ they were not
greater than r=0.9) (55). Of nterest 1s that there was no correlaton between cutient

disability and physical actvity (r=-0.304, n=154) and disability at hest alter acute polio
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and physical acuvity (r=-0.224, n=152) To further evaluate the varnables for presence
of collincarity, cigenvalue and condiion ndex analysits was performed with several
models  Significant collineartty was observed between the variables current age, latency,
and age at poho, and the variables sevenity of weakness at acute polio, severity of
weakness at best alter acute pohio, and recovery. The reason for collincatity between
these two sets ol thiee vartables 1s that cach set 1s a hnear combination ot each other (1.e.
latency = curent age - age at poho, and recovery = weakness at acute pohio - weakness
at best after pohoy  When any one varable from these two sets was removed, no
collmeanity was detected. Thus, all thiee vanables from cach ol these two sets of

vartables were not entered into the same multivanate logistic regression models.

6. Lancanty of contnuous variables.

The hncanty of all continuous nisk factors 1n the logistic regression model was
evatluated by plotung Togit (p) for cach quartile of cach variable versus the nudpoint of
cach quattile tor cach vartable.  Logit (p) was calculated as In (number of cases/number
ol controls) tor cach quattile ot & continuous vartable  The plots for cach vanable are
presented m the Figures  Based on the results of these plots, the varables were entered
either as continuous or categorical vanables mto subsequent logistic regression models.
Curtent age, latency, weakness at acute poho (A and B). and current weakness were
entered as continuous vatables.  The remaming vanables weie entered as categorical

vattables. The categonzation of these varrables 1s presented in Table 16.

7. Umvattate logiste reoression models

Univariate logistic regression models were calculated for cach independent variable.
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Odds ratios and their 95% confidence intervals were computed tor cach vatble  The
results are presented i Table 17 The vanables which were tound to have significant
odds ratios were cuttent age, fatency., seventy of weahness at acute polio, cutient seventy
of weakness. current disabthity, recent werght gan, muscle pam, ot pam, and muscle
pain with exercise It was mathematically tmpossible to calculate a meanmgtul odds tatio
for recent trauma because no controls expenenced recent tauma To provide an estiniate
of the odds ratto for recent trauma, 0.5 was assigned as the number of contiols with
recent trauma. Wath this change, and odds tatio of 115 (95% confidence mterval ol 623
10 212) was obtained. The nisk for PPS was tound to mcicase by 18 tor cach decade of
lite, and was also found to increase by 1.6 for cach decade atter acute polio The odds
ratio for PPS was 15 and 7 for cach mciement of 1 on the weakness at acute polio
measure and the curtient weakness measure, wespectively  Patients with a recent werght
gain (in the last 5 years) were 38 tmes as Iikely to have PPS, while patients reporting
muscle pain with excrerse were also 3.8 tmes moire Tikely to have PPS “The odds ratios

for muscle pamn and jomnt pain were 2.6 and 2 4, respectively

8. Multivariate Iogistic regression models.

Muluvanate logistic regiession models were caleulated via a stepwise approach. The
statistically significant and biologically plaustble models are presented in Table 18
Interaction terms were also added to these models, but weie found not o sigmihicantly
improve the model. The results from computation of a multivanate logistic regiession
models with interaction of weakness at acute polio and latency are presented i Table 19
Five muluvariate models with the five mteraction terms were computed — None ol the

interaction terms proved to he statistically significant



9 Subanalyscs.

a.  Comparison ol proportions of lower extremitics with upper extremites currently

exhihiting increased weakness

To indirectly assess the elfect of physical acuvity in the development of increased
weakness, the proportons of previously involved lower extremties currently exhibiting
increased weakness were compared with the proportions of previously involved upper
extrenmuties cunently exhibiting increased weakness in ambulatory PPS cases. The same
analysts was carried out in PPS patients who were using a wheelchair for mobility. The
results are presented m Table 20, In ambulatory PPS cases, increased weakness occurred
much more trequently in the lower extremates than the upper extuemites (p<.001), whereas
in wheelchan-dependent PPS cases, no ditterence was lound 1n the proportions of upper

extiemities and lower extremitics exhibiting increased weakness

b Compatson ol proportions of previously involved and uninvolved extremiuties currently

exhibiting increased weakness

To provide desciipive imtormation on PPS, the pioporttons ol previously involved
and univolved extiemities currently exhibiting increased weakness were compared. The
results are presented m Table 21 Increased weakness was found o occur much more

frequently m previously mvolved than umnvolved extiemities (p<.001).

¢ Evaluation of effect of ume on development of new symptoms i PPS.

An analysis was performed to detetmine the mmportance of ume atter polio, current
age, and weakness at acute polio on the development of different symptoms, all

considered w be part of PPS. Post-polio patients were divided into four groups:
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Group 1: post-polio controls (no new symptoms, tefertant group)
Group 2: post-polio paticnts with new fatgue (horderline cases)
Group 3: post-polio patients with new weakness and Latigue (cases)
Group 4: post-polio patients with new fatigue, weakness, and atiophy
The results are presented in Table 22

An ANOVA was performed o determme 1 a signtfcant ditlerence i latency wis
present between patient groups A sigmificant diference was tound between Groups |
and 4, and Groups 2 and 4. Of note s that durmg the chart review, only S borderhne
cascs with only new weakness were found,  all other cases also complamed of tatigue
In addition, all patients with atophy had additional symptoms ot weakness and fatgue

with the exception of one who had an additional symptom of weakness only

d. Evaluation of the three weakness seveniy measuies.

Means, standard deviations, two sample =tests were caleulated foi cases and controls
using the three different weakness seventy measuies (as described o the METHODS
section) at the three ditterent ttme periods used in the study — The tesults are presented
in Table 23. Simular results were obtamed using all thice measwes A sigmticant
difference between cases and controls was tound with all thice measuies at tme ol acule
polio and curtently  However, a dispatity i the results was observed with the thiee
measures at best pomt alter pohio - Weakness seventy score T revealed a trend between
cases and controls (p= 0848), weakness severity score 2 revealed no sigmbicant diference
(p=.1560), and weakness severity score 3 revealed a sigmibicant difference between cases
and controls (p=.0029). Umvariate logistuc regression models were also computed for the
three weakness severily scores. Because weakness severnity score T owas the only measure

which could casily be entered 1nto the models as a continuous vanable, 1t had the greatest



55
chance of producing a signiticant result - Weakness seventy score 3 had to be entered as
a categoncal vanable with 6 categories, greatly reducing the likehhood ol having a
statisbcally signihicant result with the numbers of patients that were available for the
study. Thus, for the purposes of logistic regression modeling, weakness severity score

I 1s probably the most elficient.
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TABLE 3: CORRELATION OF PATIENT ESTIMATES OF VARIABLES AT TIME OF
ACUTE POLIO WITH DATA OBTAINED FROM OLD HOSPITAL CHARTS

VARIABLE R N
Weakness Severity Measure | 4130 19
Weakness Seventy Measure 2 3678 9
Weakness Sevenity Measure 3 4283 19
Age at Acute Polwo 98K2 28
Length of Hosputahzaton at Acute Polw - 7801 23

Legend  Please refer to text for computahion of weakness severty measuies, R o= conelation coetticient

TABLE 4 COMPARISON OF PATIENT ESTIMATES WITH DATA OBTAINED FROM OLD
HOSPITAL CHARTS FOR 3 INDEPENDENT VARIABLES

VARIABLE M ANzSD N P-VAIL LI
Pauent Data trom old
Estimates Hospatal Charts
Weakness Severity Measure 297611 488 2 1081 155 19 0521
(at acute poho)
Age at Acute Poho (yry) ¥ 7219 46 8719 23 28 9908
Length of Hosprtahzauon 4284279 1782 79 21 5405

at Acute Pohio (mos)

Legend S = standard deviation, yrs = years, mos = mionths, p-value = p-value for impaired stabistic
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TABLE 5: CORRELATION OF CURRENT SEVERITY OF WEAKNESS WITH MOTOR
STRENGTH SCORES IN EACH EXTREMITY

LXTREMITY R N

I elt upper extremity 6738 184
Reght upper extrematy 7500 183
Ieft lower extrenmty 8119 163
Raght lower extreninty 7865 167

Fegend R = correlation coetficient

TABLE 6: SEVERITY OF WEAKNESS AT ACUTE POLIO IN PATIENTS WHO WERE AND
WERE NOT HOSPITALIZED

WIAKNISS MIAN = SD I-VALUL P-VALLUL
SEVERITY SCORI Hospitaheed Not Hospitahed

1A 2771 H (n=108) 2 1133 (u=24) 204 043

IH 2581 43 (n=128) 79+ 15 (n=42) 325 0014

2A 2721 17 (n=94) 2 10£1 03 (n=22) 225 0262

2B 203x1 64 (n=106) 1 9720 88 (n=3K) 321 00le

3 298+1 SI n=128) 2 17£1 34 (n=42) 3 0023

Fegend  Weakness sevenity scores A are waithout imputed nissing values, Weakness severity scores B are
with unputed missing values, SH = standard deviation, p-value = two-talled p-value fur unpared t-statisic
tor difterence between hospitalized and not hospitahized patients,  please refes to text for computation of
wedkness seventy seores
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TABLE 7: CORRELATION OF LENGTH OF HOSPITALIZATION WITH SEVERITY OF
WEAKNESS AT ACUTE POLIO

WEAKNESS SEVERITY SCORE R N
1A 2812 92
IB 1983 108
2A 2548 93
2B 2008 87
3 1669 108

Legend  Weakness seventy scores A are wathout imputed missing values, Weahness sevenity scores BB ae
with imputed mussing values, please refer to text for computation ol weakhness severity scores
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TABLE 8. EFFECT OF OUTLIERS ON LOGISTIC REGRESSION MODELING

VARIABLE B Sk -1.OG- P-VALLL Obns 9s% C1
LIKELIHOOD RATIO

Umvanate Analyses

Agce (yrs) (0586 0177 83221 0013 1O 102-11
Latency (yrs) 0466 0178 85598 0110 1 048 101-1.08
Age at Poho (yis) 1323 4511 K9 309 7701 1142 43-102
Weakness at 904 6l 81396 0172 1478 108202
Acute Poho
Weakness at Best 5447 4258 71 498 2060 1724 75-397
alter Poho
Current Weakness 1916 4782 54 29 0003 6795 266-1738
Recovery (1) 7357 5937 6773 5238 2.087 65-6 68
(2) 5170 5751 1677 54-5 18
(3 8196 6238 227 67-771
Disabihty at (1) 6245 4184 8285 S117 1867  82-424
Best atter (2) 15433 1 108 4 68 53-41 06
Polio 3 447 12AM 1 56 15-16 52
(4)  OS4R9 9484 140030 7
Curient (fy 1813 5338 7576 0014 6129 2 15-17458
Disabilty (2) 20612 7737 1362 2996205
(H 1452 113 3157 343289
4 2698 116 1486  152-143
Physical (I -0734 3898 B6 49 6905 9288 43-19Y
Activity () - S931 6826 5526 15-211
Sex 3989 31747 88 852 2016 149 7-3 1
Recent Weight 13355 4588 79 944 0044 3802 155934
Gamn
Muscle P 10127 3818 79944 w2 2753 13582
lomnt Pan 9443 4084 86 829 0229 257 1 15572
Muscle Pain 14016 4658 73619 0033 4062 1631012

with T erense
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TABLE 8. EFFECT OF OUTLIERS ON LOGISTIC REGRESSTON MODELING (cont.)

VARIABLE B SE -L.OG- P-VAI Ur ODDS VS O
LIKELIHOOY RATIO

Muluvanate Analysis

Age (yrs) 1066 0317 3946 (004 Il 1 OS-118
Weakness al 3174 2369 1425 1374 86219
Acute Polio

Muscle Pamn 1782 6942 056 SO4 18239
with Exercwe

Recent Weight 2209 7(94 000Y 9108 2273057
Gam

(Constant 5639 17 0004 0036

Legend: B = the estmated slope coetficient, SE = the estumated standind error ot the estunated slope
coefficient, 959 C 1 = the 95% confidence interval of the odds ratio, yis = years
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TABLE Y. EFFECT OF MISSING VALUES ON LOGISTIC REGRESSION MODELING

VARIABLYE i3 Sk -LOG- P-VALUL ODDS 9s% 1
LIKELIHOOD RAITIO

Umvariate madels

Weakness al 323 17058 62163 0614 1382 99-193

Acute Polio 1A

Weakness at 4009 1595 82127 0134 1493 1L0O9-204

Acute Pohio 1B

Recovery 1AL 6366 6557 54993 4305 1 89 52-6 83
(2) 0us3 6174 I 100 33-369
1) I 1097 7514 3033 69-1323

Recovery IB(I) 6932 5922 08 51 5068 20 63-6 38
(2) 4745 8736 161 52-4 94
(%) 8755 6197 24 71-8 08

Multvanate madels

Weahness at 4585 2311 38529 0256 1582 101-249
Acute Polio 1A

Latency 0054 0323 001 1100 103-117
Muscle Pan I 2987 6657 0281 3665 99-134
with Lixercise

Recent Weght 1 S840 6729 0097 4730 126-171
Crun

Constant -4 3921 1493 0011 0124

Wedkness at 5519 2135 S4 111 043 1737 114-264
Acute Poho IB

T atency 0536 02118 0052 1.OSS  101-109
Musele Pam 1 821 5629 0029 4577 1952-1378
with Fxerase

Recent Wewght 1 86285760 O004 6442  208-19 86
G

Constant -3 2754 1128 0014 0378

Legend  Weakness and Recovery Scores A are those without imputed mussing values, Weakness and
Recovery Scores B oare those with mputed massing values, = the esumated slope coetlicient, SE = the
estimated standard error of the estimated stope coetficient, 95% C 1 = the 95% confidence interval of the

adds rano
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TABLE 10. DESCRIPTIVE STATISTICS ON INDEPENDENT VARIABLES IN ENTIRE
POPULATION OF POST-POLIO PATIENTS (continuous variables)

VARIABLE N MI‘AN + 8D RANGH
Age (yrs) 166 494 £ 1208 189-79 0
Latency (yrs) 166 434 £ 121 1587706
Age at Poho (yrs) 156 S98+ 68 (5-30
Weakness at 162 2372143 5-0

Acute Polio

Weakness at Best 148 82+ 66 0-308
after Polo

Current Weakness 132 133+ 92 0-4 4

Recovery 145 165+ 125 0-5

Diasabity Index at 160 93+ 75 0-4
at Best after Polo

Current Disability 162 144 £ 109 0-4

Physical Activity 157 159+ 62 1-3

legend N = number, TLatency = difference between current age and age at poho,  SD = standad
deviation, yrs = years, please refer to text tor descreption of computation of weahness and recovery scores



63

TARBLE 11, DESCRIPTIVE STATISTICS ON INDEPENDENT VARIABLES IN ENTIRE
POPULATION OF POST-POLIO PATIENTS (categorical variables)

VARIABLL. PROPORITIONS (%)
Sex (female) 104/166 (63)

Recent Weight Gan 64/158 (41)

Recent Trauma 15/162 (9)

Muscle Pam 897165 (54)

lomt Pamn 128/166 (77)

Muscle Pain with Lixercise 57/140) (41)
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TABLE 12, COMPARISON OF MEANS OF INDEPENDENT VARIABLES IN CASES AND
CONTROLS (continuous variables)

VARIABIE MEAN + SD P-VALUL DL 9~ (U
CASES CONTROLS
Age (yrs) 5126+ 68 4331x1145 (X3 7 08 1821207
(n=127) (n=39)
Latency (yrs) 448311 94 I8 82+11 70 0064 6 0l I 8-1022
(n=127) (n=39)
Age at Polio (yrs) 6 4417 37 449+39 0819 I 95 18-3 72
(n=127) (n=39)
Weakness at 2 53zl 46 183+1 I8 0093 7 24-1 16
Acute Polio (n=126) (n=36)
Weakness at Best 87+ 67 63+ S8 0848 24 - (X)5- 485
after Poho (n=119) (n=29)
Current Weakness 152+90 63+ 58 < 0001 80 02-1 16
(n=103) (n=29)
Recovery 171126 140%1 22 2595 31 -(0- 85
(n=118) (n=27)
Disability Index at 99+ 77 T3+ 65 0633 26 0052- 51
Best after Poho (n=12%) (n=37)
Current Disability I 61103 87+ 88 0001 74 4E-107
(n=124) (n=3X)
Physmical Activity I 57x 061 1 6d4x 67 5247 07 1o- 31
(n=11%) (n=39)

Legend  P-value = two-tatled p-value for unpaired t-statistic for cases and controls, Latency = ditference
between current age and age at polo, S = sandard deviation,  yrs = years, DIFE = dilference between
means for cases and controls, 95% C 1 =95% confidence mterval of difference i means between cases
and controls, please refer to text for desenplivn of computation ol weakness and recovery scores
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TABLE 13. COMPARISON OF PROPORTIONS OF INDEPENDENT VARIABLES IN CASES
AND CONTROLS (categorical variables)

VARIARBI L. PROPORTIONS (%) X? P-VALUE  DIMF,. 95% C1
CASES ('ONTROLS

Sex (temale) 82/127 (65) 22/39 (56) 357 9 -9-17
Recent Weght Gan S7/121 (47) 137 (19) L0002 28 14-42
Recent Trauma 15/123 (12) (/39 (0) 022 12 61-179
Muscle Pamn 757126 (60) 14/39 (36) 010 30 143-457
ot Pamn 103/127 (81) 25/39 (64) 027 17 1333
Muscle Pamn 50/104 (48) 7136 (19) 003 29 133-447

with Texercise

Legend  DIFE = difference between proportions of cases and controls (meastred 1 percent), 95% C 1
= 95% conlidence mierval of ddierence m proportons between cases and controls (measured in percent),
X7 p-value presented 1s not contmutty undadjusted
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TABLE 14. COMPARISON OF MEANS OF INDEPENDENT VARIABLES IN GROUPS OF
POST-POLIO PATIENTS (continuous yariables)

VARIABLE MEAN = SD P-VALUL
CASES BORDERI INIF CASES CONIROLS ] 2
Age (yrs) 51261168 48 37+ 10 51 4331211 45 0003 0803
n=127) (n=2%) (n=31)
Latency (yrs) 44 8311 94 3) 748 79 IS R2+11 70 0004 7373
n=127) (n=25) {(n=3Y)
Age at Polo (yrs) 64427 37 8 63110 48 449219 1Y 0280
(n=127) (n=2% (n=39)
Weakness at 2 53x1 46 2171 36 1 83+1 I8 0003 2008
Acute Poho (n=126) (n=25) (n=30)
Weakness at Best 87+ 67 78+ 79 63+ S8 O848 d3lo
alter Polio (n=119) (n=213) (n=29)
Current Weakness 1 52+ 90 85+ 77 63t S8 <0001 2427
(n=103) {(n=23) (n=29)
Recovey 171x1 26 1 33+1 066 1 401 22 2508 K242
(n=118&) (n=23) (n=27)
Diasabiuty Index at 99 77 1 13+1 0} 73 65 0633 kI
Best alter Polo (n=123) (n=24) (n=137)
Current Disabihity 161103 1 3321 01 87+ 88 0001 0594
(n=124) (n=24) (n=38)
Physical Activity 1 5761 1 56% S8 I tdz 67 5247 6212
(n=118) (n=25) (n=39)

Legend  Borderhne cases had either weakness (n=5) or fatigue (n=20), P-vahlie | = two-taled povalue for
unpatred -statistic for difference between cases and controls, P-value 2 = two-taled p-value tor nnpaied
t-statistic tor difference between borderline cases and controls, [ atency = difference between cursent ape
and age at poho, S = stndard deviation, yrs = years, please iefer to text for desunption of computation
of weakness and recovery scores
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TABLE 15. COMPARISON OF PROPORTIONS OF INDEPENDENT VARIABLES IN

GROUPS OF POST-POLIO PATIENTS (categorical variables)

VARIABLE

Sex (female)
Recent Werght Gam
Recent Trauma
Muscle Pan

Jomt Pamn

Muscle Pamn
with L:xercise

Legend X7 p-value 1 = p-value for X test for ditference m proportions between cases and controls (p-
X* p-value 2 = p-value for X° test for dilference n

value presented s not continuty  unadjunsted),
propottions between borderhne  cases and  cotrols (p-value presented 15 not conunuity  unadjusted),

PROPORTIONS (%)

X* P-VALUE

821127 (65) 18/25(72)
57/121 (47) 824 (33)
15/123 (12) 1725 (4)
75/126 (60) 10/24 (42)

103/127 (1) 16/25 (64)

CASES BORDI RI INE CASES CONTROLS 1 2
22/39 (56) 357 209
7137 (19) 0002 202
(/39 () 022 208
14/39 (36) 010 647
25/39 (64) 027 993
7/36 (19) 003 187

SO/TO4 (48) 8/23 (35)

boe Jerthne cases are post-pohio patients with either new weakness (n=5) or fatigue (n=20)
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TABLE 16: CATEGORICAL BREAKDOWN OF CONTINUOUS VARIABLES

VARIABLI CATFGORIES

Age at Poho (yrs) 0-70
71-40

Weakness at Best atter Poho 0-06
07-308

Recovery A 0-06
07-16
17-26
27-5

Recovery B 0-05
06-145
146 -245
246-50
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TABLE 17. UNIVARIATE LOGISTIC REGRESSION MODELS

VARIABLL, {3 N /8t -LOG- P-VAI Ul ODDhS 959 C1
LIKLELIHOOD RATIO
Ape (peryear) 0606 0176 345 83659 008 1062 1026-1099
(per decade) 606 176 1833 13259
Fatency (year) 0464 076 2645 86541 0098 148 1012-1.084
(per decade) 404 176 159 113225
Ape at Polwo ] 4482 4039 75816 6886 I 198 5-288
Weakness af 4009 1595 1 896 82127 0134 1493 108204
Acute Poho
Weakness at 576 424 1358 72275 1794 178 77-4 08
Best atier Polio
Current Weakness 195 478 408 54 59 0003 7 03 275-1794
Recovery (1) 6032 5922 | 170 6851 5068 20 63-6 38
(2) 445 8736 8272 16! 52-4 94
(3) 8755 6197 1413 24 71-8 (8
Disabiluty (1) 6730 4176 1614 83811 4650 196 86-4 45
Index at (2) 1543 1108 1393 4 68 53-41
Best Alter(3) M7 1204 3693 156 15-16 §
Polio (4 0 58 04 84 1007 14,030 2
Cuttent (1Y 1837 5332 1484 76656 0011 6407 225-1821
Disabthty (2) - 261158 7737 3375 1362 29-62
Index ) 1452 1131 3083 3157 344-289
hH 2Rl6 IS4 2441 1671 | 74-161
Sex (female) 42 3724 9189 90081 3624 408  68-292
Recent Weight 13395 4576 2927 80958 (2 3817 156-936
Crinn
Muscle Pam 9655 3800 2541 86871 0125 2626 125-353
lowt Pan 877 4035 2173 88219 0322 2403 1(0-53
Musele Pamn 1344 dedo 2804 71938 47 3836 154954

with Fxerense

Fegend B = the estimated slope coetfictent, Sk = the standard error of the estimated slope coefficient,
9540 C T =957 contwdence mterval of the odds ratio, Latency = time between current age and age at polio
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TABLE 18. MULTIVARIATE LOGISTIC REGRESSION MODELS

VARIABLE B SE [3/81 -1.OG- P-VAI L} ODDS 0sq
LIKELIHOOD RALIO

Model 1

Age (per year) 054 0226 2362 S17713 0106 LOSS 1011

{(per decade) 54 226 17 1026

Weakness at 4886 2216 22085 0168 1ot Lo 282

Acute Polhio

Muscle Pain 1 6027 58573 2736 0032 4967 tolSo

with Exercise

Weight Gain 1 8571 S883 3157 0007 0405 202203

Jomnt Pamn R461  S654 1496 1026 RIRR 77-7 00

Constant 40783 1246 3273 0005 01eY

Model 2

Latency(per year) 0529 0237 2230 48976 0176 T4 106 1

(per decade) 529 237 I oy 10727

Weakness at o416 2261 2837 0026 [ 899 12206

Acute Poho

Muscle Pain 25704 K614 2984 00l 1307 24107

with Iixercise

Weight Gam 19651 6004 3273 0005 T3S 220

Muscle Pam 1216 7473 -1627 0800 065 0713

Jomnt Pain 8451 5757 1468 1138 2128 7572

Constant 30249 1244 -3 1SS 0008 07

Model 3

Latency (per year) 0536 02115 2532 S4111 0052 FOSS 101109

{per decade) 536 2115 171 113206

Weakness at 5519 2135 2586 0043 17137 126l

Acu  Poho

Muscle Pamn 1 521 5629 2702 0029 4577 1S 137K

with Lixercise

Weight Gam 1863 5760 3234 0004 0442 208 19 K0

Constant 12754 1125 2911 0014 0378

Maodel 4

Age (per year) 0632 (02215 2852 52874 0019 } 065 102111

(per decade) 632 2215 | BX 1224

Weakness at 4364 2140 2039 024K 1547 102235

Acute Poho

Muscle Pamn 16601 S844 2 841 0020 5726 Lo 1653

with L'xercise

Weight Gan 9646 SU0O6 3327 0063 7132 2247026

Legend B = the estusmated slope coethcient, Sk = the standard crror ol the estumated stope cocthiaent,
95% C1 = 95% conflidence interval of the odds rato, Latency = tune between current ape and ape at
polio
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TABLE 19. MULTIVARIATE LOGISTIC REGRESSION MODEL WITH INTERACTION

VARTARLY 3 SIL ISk 1 0OG- P-VAL UL ODnS 9s% Cl

1 IKELIHOOD RATIO
Patency (per year) 0536 02115 2532 54111 0052 FOSS  101-109
(per decade) 536 2118 171 113-26
Weakness at 5519 2135 256 0043 1737 114-264
Acute Poho
Muscle Pam 1 521 5620 2702 0029 4577 152-1378
with T xerose
Werght Gam 1 863 S760) 3234 0004 6442  208-19 86
Weakness x Lateney 7338
Constant -32754 1125 22911 0014 0378

Pepend 3 = the estmated slope coetficient, SE = the standard ercor of the estimated slope coetficient,
5% C 1 =957 confidence mterval of the odds ratio, Latency = tiae between current age and age at poho
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TABLE 20: COMPARISON OF PROPORTIONS OF PREVIOUSLY AFFECTED
EXTREMITIES (ARMS VS LEGS) CURRENTLY EXHIBITING INCREASED WEAKNESS

PATIENT GROUP PROPORTIONS OF P XIREMIUTS N\ Pavalue
WITH INCRFASED WI AKNESS (¢0)

ARMS 11-GS
Ambulatory SH198 (27) 114/179 (64) <00
(current disability index <3)
Using wheelchar 27/44 (61) 30/44 (68) S(H

{current disability mndex >2)

Legend  X° pevalue = p-vaule tor X° test tor ditterence m proportions between previoulsy anvolved s
with new wedkness and previously mvolved legs with new weakness

TABLE 21: COMPARISON OF PROPORTIONS OF PREVIOUSLY AFFECTED AND
UNAFFECTED EXTREMITIES CURRENTLY EXHIBITING INCREASED WEAKNESS

EXTREMITY  PROPORIIONS WITH INCREASED WEAKNESS (%) X P-value
PREVIOUSTY UNINVOLVED  PRE VIOUSEY INVOE VD

Left Arm 15/71 (21) 27/55 (4) 001
Right Arm 17/74 (23) 25/50) (50) 00?2
Lett Lep 1124 (29) 66/90) (73) <01
Ruight Leg 7124 (29) O8/89 (76) - (001
All 46/193 (24) [86/284 (65) < 0]

Legend  X° p-value = p-value tor X7 test for difference m proportions between previously anmvolved
extremttics with new weakness and previously mvolved extremitics with new weakness
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TABLE 22: EFFECT OF TIME ON DEVELOPMENT OF NEW SYMPTOMS IN PPS

VARIABLL. MI-AN = §D
GROUIP 1 GROUIP 2 GROUP 3 GROUP 4
lateney I8 82411 70 18 39+7 68 43 79+1175 4747+12 31
(n=39) (n=20) (n=85) (n=39)
Apce 433111 45 46 8910 79 SO42+1177 52 6611 58
(n=3Y) (n=20) (n=&5) {(n=39)
Weakness at I 831 18 2 24+1 4] 2561 42 2 35+1 59
Acute Polio (n=36) (n=20) (n=85) (n=38&)

Fepend  SD = standard deviation, Group | = post-polio controls (o new symptoms), Group 2 = post-
polio patients with new tatigue (borderlie cases), Group 3 = post-pohio patients with new weakness and
fatipne (cases), Group 4 = post-polio patients with new weakness, tatigue, and atrophy
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TABLE 23. COMPARISON OF MEANS OF WEAKNESS SEVERITY MEASURES
IN CASES AND CONTROLS

VARIABILE MEFAN £ SD L-TEST P-VALLY
CASES CONIROLS
Weakness at 253146 1 831 I8 (03
Acute Poho 1 (n=126) (n=36)
Weakness at Best 87+ 67 63 S8 O848
after Poho | (n=11) (n=249)
Current Weakness 1 1 52+ 90 63+ S8 < 0001
(10D (n=29)
Weakness at 2583117 1 99+ 94 0117
Acute Poho 2 (n=129) (n=36)
Weakness at Best 1 18+ 61 [N 1560
alter Polio 2 (n=114Y) (n=2Y9)
Current Weakness 2 1 72+ 81 1 01x 50 < {001
(n=101) (n=29)
Weakness at 2 89+ 59 214127 01
Acute Poho 3 (n=126) (n=36)
Weakness at Best 1 92+1 16 | 31+ K9 0029
after Polio 3 (n=]26) (n=3Y)
Current v'cakness 3 2 85143 1 33+ 96 < 0001
(n=127) (n=39)

Legend  Calculation of weakness measures 1s desenbed m Methods Section, S = standard deviation, + test
p-value = p-value tor unpared -statistic for difference m means between cases and controls



DISCUSSION

This study has shown that the best multivanate model for predicting who will develop
PPS indicates that patients who had a greater weakness at acute polio, are cuntently older,
have muscle pam with exercse, a recent weight gain, and joint pain are those most likely
to develop PPS  Other risk factors shown 1o be important i univariate analyses are a
longer time simee acute polio, muscle pamn, and possibly recent tauma  Age at acute
pohio, recovery atter polio, weakness at best pont atter polio, physical activity, and sex
were not contrthuting factors - Our study confnms the findings ol previous mvestigations
which have shown that seventy of acute polio s important i determining who watl
develop PPS (4,6,18.19)  Even though degree of recovery alter polio (19), age at acule
polio (18), and physical activity (19) have heen shown to be significantly gieater 1 PPS
patients than m controls m previous studies, and were greater m cases than controls i our
study, these differences did not reach statstical signsticance To our knowledge, the
vanables of weakness at best pomnt atter pohio, 1ecent weight gain, recent bauma, muscle
pam, muscle pam with exercise. and jomt pan have not been previously studied.

A case-contiol design was used primarndy because 1t allowed efficient use of data
alicady avatlable through the Montieal Newological Institute post-pohio chnie, and the
study ot many potential tisk factors concurrently - The mam didficulues in this type of
design e bas e the dentiication of cases and contiols, and i the assessment of
potential nok tactors (usually assessed by recall) However, these sources ol bias are not
alb unmique to case-contiol studies Cohort studies are also susceptible o many of the same
crors - An attempt was made to assess the rehability of case/contiol selection, and the
vihidity ot some of the potental tisk tactors  The results of these analyses wath their
possible mpact on the wesubts obtamed are discussed below.

The esteblishment of case and conuol groups can be brased through improper
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ascertainment, diagnosts, or selection of study subjects (52) - Surverllance bas can occwt
in discases which are asymptomatic or have mild symptoms  Patients who aie seen more
often by medrcal personnel (for a vanety of teasons) would be more hkely o be
diagnosed and to be mcluded i a study  However, tor a disease which 1s progiessive and
requues medical attention, hitde o no survertlance bras would be present because the
patent would tend to seek medical attention Patients with PPS do develop symptoms
which aftect their ability to do everyday activities, theretore they would tend 1o sech
medical atiecntion tor then problems  For this reason, surverlance bras s probably not
mmportant m this sttuation  Survival bias 1s also not an mnportant issue m this study
because PPS 1s 1arely latal - Bias in diagnosis can occur when the petson pettornng the
dragnostic test s awaie of the pauents exposure status There are no well estabhished
criterta and no speciiic diagnostc test tor PPS (1,7, 14). The diagnosis s made based on
the chinical symptoms of the paticnt and the exclusion of other po vble causes for the
symptoms. In this study, the person assigming case/contiol status was aware ol the
patients’ exposure status because both were determimed through o chimie chart review
Thus, bias m diagnosis cou.  have been present, however case/contiol status was
determaned as objectively as possible Because of these ditticulties, inter rater reliability
of case/contiol status was assessed and was found to be acceptable at 94%  Selection bias
can occur thiough a vancety ol ways  The most important sowree of selection bras i this
study could have occurted because of the chinie chosen Trom which (o identily cases and
controls. A hospital-based specialty clinie was used as a source tor the study population
Hosputal-based climes generally attract more severely mvolved patients  However,
because both cases and contiols were wdentuihied from the same chinse population, this bias
should have cancelled out Another dilficulty mousig @ metropolitan, hospital hased

clinic as a study population source 15 that some exposurces coubd have been over or under
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represented  Again, tf cases and controls come from the same population, this effect
should cancel out However, certain exposures (such as mcreased physical actuvity) could
he under repiesented i a metropohtan study population with a consequent difficulty 1n
identfying a signihicant odds 1atio The power of a case-control study decreases with a
reduction in the exposure rate m contiols (52)  Thus, numerous sources for bias in
case/conttol selection can occur, however the most important one tor this study was
probably crror m diagnosis  Fhis was at feast pattially evaluated as discussed above.

Measuement crror m o determimng past exposutes - case/contiol studies can occur
from impertect iecords, faulty recall, prevancaton, or improper mterviewing techniques
(52)  The most impotlant souree ol crror an this study was probably recall bias in
detcrmmation of some of the risk factors  Cases may overestimate exposute or may be
more carelul i assessing 1t In addittion, the length of ttime smce exposuie and the age
at which the exposure occutied may have been important sources of error for some of the
varables m this study  Patients were asked to recall an event that had occurted several
decades ago and at an carly age  For these reasons, an evaluation of 1ecall naccuracy
was catned out tor some ol the tsk factors  To evaluate the recall accutacy of age at
acute poho, length of hosprtalization at acute polio, and weakness at acute polio, patient
estimates ol these measures were conrelated with data obtamed  from old charts on a
propottion ol cases and contiols — The conelation coethicients for age at acute poho and
length of hosprtalizatton were good [0 98 (n=29). and 0 78 (n=23]. 1espectively). Thus,
the potential nisk factors of age at acute polio and latency (length of ume since acute
polio) were well measuted by patient recall - However, the correlation coetticient for
wedkness at acute poho was low at 041 (n=19).  This may be mdicative both of
maccuracy i opatient recall and m the data avadable i hospital charts Many of the

chatts had no accurate motor examination, and when a descripion was present, trequently
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there was only one  Because the development of weakness duting acute polio can occu
over a pertod of 2 to even greater than 7 days (203, 1 was ditticult to koow whether the
one examination recorded described the patient at the worst pomt ot the thuess Our data
show that patients tended o overestmate the degiee of then weakness at acute polio as
compared to data avarlable from old hospital charts - We also found no significant
relationship between degree ot recall inaccuracy wath both age at acute polio and length
of time since acute pohio Unfor anately, the elfect of case/contiol status on el
maccuracy of weakness at acute poho was impossible (o evaluate because old hosprtal
records were avatlable on only one conttol  To measute the construct vahidity ol
weakness at acute polio, mean seventy ol weakness at acute pohio was compared in those
paticnts who were and wetre not hospitalized, and found to be signiticantly ditierent. The
concurrent-criterion oriented validity of curnient seventy of weakness was assessed by
correlaung patient estimates of current seventy of weakness m cach extrennty with motor
strength scores (based on physical examination) tor each extremity, and was Tound to be
acceptable (tange was r=0.67 o 0.8 1 tor the four extremtties) Thus, patient recall of age
at acute polio, latency, and length of hospitalization was accutale, however the accuracy
of patient estimales of seventy of weakness at acute pohio will need further study
Despite this difficulty, patient estimates of weakness seventy at acute poho and al present
correlated lanly well with other measures of weakness severity - The possible maccuracy
in patient recall of weakness at acute polio may have reduced the statistical sipmihicance
of some ol our results with this vanable, however this measure did appear 10 assess
degree of weakness from polio at least o a moderate degree

ither sources ol measurement crror ol exposuies we nterviewer  bias and
prevarcation  Interviewers may probe cases more deeply on exposure than contiols, and

interviewers may themselves overestimate certamn exposures because of therr own
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hypotheses  In addiion, nterviewers can express pleasure or displeasure about certain
responses directly or indirectly through "hody language " To avord such sources of bias,
trained mterviewers should be used (52). Interviewer bias could have been a source for
crror i this study  Tramed mterviewers were not used and no attempt was made to
assess this possible source for error However, a standardized torm was used for
gathenng data on most 115k factors considered in this study. therefore all cases and
controls were asked to assess most vanables  For a few vanables such as obesity and
trtauma, the data were not always avalable smce these vartables were not histed on the
form. Rather, the data for them were obtamed from the past medical history in the letters
prepared for cach patient (to the refenmg physician). Thus, a bias could have arisen with
these vanables siee cases would be more likely o be questioned about certain variables
than conttols - Bias ansing hrom prevanicatton can be a problem i cases who may recerve
disabihity pay or some other form ol compensation 1f they overestimate an ¢xposuie
Conversely, 1l a patticula, caposure means loss of o job, the patient may underestimate
it No bras would anse 1f the same phenomenon occurs i both groups This may have
been a relatively small source tor error in our study (based on chinical experience) with
vattables such as physical actvity. tauma, muscle pam, and jomnt pain. No attempt was
made to assess this possible soutee tor error i this study

Another himitaton 1 this study may be the number of cases and contiols wdentified
for the study, and the consequent Timttations i the power of the study, and m the siz¢ of
the odds ratio which the study was able o deweet. As discussed previously m the
Methods section, this study should have been able o detect an odds rauo of 25 tor a
control exposure wate of p =04 The relatively small number of conuols (39) 1dentiied
th thas study produces a larger contidence mterval of the estmated odds 1atios. and thus

teduces the accuracy and the statistical signiticance of the 1esults, Because of this, a
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larger multi-center study may be indwcated i the tutuie (o assess the impottance ot
posstble risk factors which were measured by imprecise methods i this study (such as
phystcal activity, and obesity), or which tevealed speaitic tiends, tather than statishically
sigmficant odds ratios (such as recovery)

Alternative study designs were a prospective cohott study, a ietrospective cohott
study, and a prospective-retrospective cohort study A prospective cohiont study ol
individuals with acute paralytie polio that tollowed individuals tor a suttiaently tong
pertod ol time so that a cettan proportion would develop PPS would be impossible in
North America because acute polio 1s vintuadly non-existant - This type of study design
may sull be possible  the thid world where acute polio continues (o be common
However, the long ume pertod ol follow-up necessiry (several decadesy would make o
very difficult - A retrospective cohort study was another possibility, but may have suld
presented dithculties with assessment of tisk factors (done ma retrospective Tashron), and
1in dentfication of cases. Because not all patients lromy the itial cohortadentihied could
have been taced, those found may be selected moa brased manner The patients traced
might have been those more seveiely mvolved (with less mobility)  Inaddition, the mitial
cohort rdentihied would probably have been from w registiy of patients hospitalized fon
acute polio at a particular hosprtal, and may thus have represented the more severe cases
of acute polio A retiospective cohort study was petformed by Codd et al with data
available at the Mayo Chnic (2) The purpose of this study was not 1o assess tisk Tactors
for PPS, but o provide mformation on the proportion of patients who have had acute
polio who will develop PPS, and o provide descriptive mtormation on these patients
Even n the wdeal cincumstances present in the Olmstead County, Mimnesola database (e
detailed and standardized medical records, a retatvely immaobile population), 23 out ol

173 (13%) ol patents imually wdentitied remaimed untraced  Theretore, the long tume
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period necessary for development of PPS, ¢ven i the most 1deal crrcumstances, still
makes this type of study ditticult A third cohort design alternative was a study which
combines both rettospective and prospective features  For thrs type ol study, a cohort of
patients with a history ol paralytic polio without PPS could have been identified, certain
potential risk factors such as physical actvity and obesity measured, and then the group
could have been followed for a pentod of 5 to 1) years to development of PPS Thas type
of study design would have allowed accurate assessment of certain nsk factors, but would
have necessitated the uuhizauon of muluple centers, a fong tolow-up pertod, and
constderable expense  Thus, a case-control study design was used, and some ol the
possible sources tor error were assessed

Despite all the possible souices of ertor i our study, our findings on the important
sk factors for PPS are consistent with previously proposed hypotheses tor PPS - The
severtty of the ongmal motor neaton pohiovirus mvaston as estimated by the seventy ol
weahness at acute pohio has been proposed to be important tor the development of PPS
(,6.8.9,18.19)  Fhis was confrimed by our study. Because PPS 15 thought to result from
a distal degeneration of enlarged motor units (as a result of the 1ecovery process from
acute patalyte polio) (8.9). the degree of motor umit enlargement as measured by the
degree of muscular recovery atter polio may also be a nisk factor tor PPS (19)  Although
we tound a greater recovery i cases than controls, ths difterence did not 1each statistical
stembcanee (p-value 026, Table 12). and did not result i a sigmibicant odds tato,
Rather, our study showed that the supenimposttion of later phenomenon such as overuse,
development ol pamn, and agemng over mitial seventy are of greater importance than
LCCOVELY,

Tne smee acute polio and age have also been proposed as possible conttibutors to

PPS (6-9) Time sinee acute polio may be a measute of overuse of enlarged motor units,
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and current age may be a measure of the normal ageing process. The nommal progiessive
dropout of motor neurons and the deciease i growth hotmone and somatomedim C levels
(with loss of their supportive effects on muscle ttber hypetttophy and motor neuton
sprouting) with greater age can be a preapitating factor tor PPS (739 17y These
variables are correlated with each other, and we tound both o be important i predicing
PPS in univarate and muluvariate analyses, however catrent age was found (o be o more
important tactor statistically than length of tme smee acute poho

Chronic overuse has also been proposed as a contitbuting {actor to PPS (1,10). Thus,
variables such as physical activity, weight gam, muscle pam with exercse, and recent
trauma may ¢ ¢ possibie sk factors  Our study showed that recent werght gam,
muscle pain with exercise. and possibly recent raunia are impottant tactors m determinmg
who would develop PPS, thus confiiming this hypothesis  Physical activity (measured
by an imprecise scale) was found not to be impottant This may be due to measutement
crror or o ansulhicient power  However, muscle parn with excrarse which may be a
climcal measure of overuse and damage to muscle was a signihicant sk factor (48,49).
This hinding 15 consistent with a previous teport of ncreased CPK levels (an enzyme
which 1s known to be released by injured muscle)y m PPS patents and not 1 post-polio
controls (6)  In addiion, ouwr hindmg that mcreased weakness occurs much maore
trequently i the fower exttemuties than the upper extiemities i ambulatory PPS patients
gives credence o the notton that physical activity may ndeed be mmpotiant for the
development of increased weakness  Lower extiemities aie presumably used much more
than upper exuemities i ambulatory patients — An explanation for our contradictory
findings s that the amount of physical activity 18 not as mmportant as the mtensity to
which the activaty 1s cammed out  Frequent penods of activity, if mterspersed with rest

periods and the avordance of muscle pan with activity may be sate m post polio patients
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These findings will need further study.

Joint pan and muscle pan were also shown o be significant factors 10 univariate
analyses.  ‘This linding may simply be a retlection of the fact that pain is the third
component of PPS, or 1t may be another measure of overuse or even disuse. Joint and
muscle pain can be related o exercise, and thus be indirect measues of overuse (7,50.51).
Pamn, especially jomt pamn may be more hkely to occur m weaker or newly weakened
limbs because of the lack of muscular support to jomts m the mvolve s cxtiemites (50,510).
Pam can also Tead (o deaeased use of certain muscles with the development of disuse
attophy and weakness (51) - Thus, pamn can precede or follow the development of
mcicased weakness  For all these reasons, 1t 1s very difficult to estabhsh the exact role
ol pam i PPS

Ot note 1s that some of the vanables which we have referied 1o as nisk factors may
not be true "nsk factors.” Rather, they may bhe factors which ae associated with the
discase  This may be true tor the vanables recent tauma, recent werght gam, muscular
pamn with exercise, muscie pain, and jomt pain - From the data available in clinic charts,
it was impossible 1o determme for all patents whether these lactors actually occurred
before the onset of PPS, or concutiently with PPS  Thus, the impoitance of these
vartables as true tish tactors, appearmg before the onset of the discase will need further
study.

In the subanalyses, we evaluated the proportions of  pieviously mvolved and
ummvolved extreniaties currently exhibiing increased weakness, and the effect of ume on
development of new symptoms - PPS We contumed  the findings of previous
mveshigators who showed that new weakness can occur mexuemities  previously
climcally unattected by patalyvtic polio, but that increased weakness tends to oceur much

more tequenty (N7 p-value < G001 m previously altected than unattected extrematies
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(7). The finding of new weakness m previously "unaftected” exuemities can be explined
by subchimical mvolvement of motor neurons durmg acute polio (717248 We also
evaluated the tme miterval since acute polio 1 groups of post poho patients with vanous
symptoms typical of PPS  We tound evidence tor progiession of symptoms i PPS,
beginning with tatigue (mean 38 4 years after polio), followed by weakness (mean 43 8
years after polio), and then by attophy (mean 47 5 yvears alter polio)  The ditferences in
latenctes between the group with attophy (and new fatigue and weakness), and the groups
with only tatigue and with no symptoms 1eached statistical signthcance (p<0O 05y A
stmilar progresston was seen with current age. but noe with weakness at acute poho Fhe
notton that PPS 15 a progiessive phenomenon was proposed by Cashman et al (32),
however therr data did not sttongly support this hypothesis — They tound no difference i
latency and current age between patients with new atiophy and all others seen m then
chimie, but did find a small (2 year) not statistically stgnibicant ditference e time ol new
symptoms between these two patent groups Our gesolts provide evidenee tor the
hypothests that tatigue 1s an carly symptom of PPS, which s tollowed by weakness, and
then by atiophy.

The results from this study can be applied (o the clmical management of post polio
patients.  Even though patients have no control over then seventy ol weakness al acute
polio, they do have control over some other posaible nsk factors tor PPS - Patients can
be advised that they should avord gamming werght and excrasig to the pomt of muscle
pam as these vatiables have been tound to be shongly assocrated with PPS Fhe eaact
role of physical actvity will sull need turther study because of our contradictory results,
however the usual recommendations ol low fevel acrobie exerase with avordance ol
muscle pamn and latigue are vahid — Patients can be advised that new weakness ocours

much more trequenty m pieviously mvolved exticmities, but that 1t can ocew, although
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much less frequently m previousty unmvolved extremities  Inaddiion, it symptoms do
develop, PPS can be described as a slowly progressive disease with tatrigue beng an catly
symptom, followed by weakness, and finally by attophy as a fate phenomenonaibitocous
at atl. In these ways, despite the numerous possible soutces for crror, tus study provides
descriptive information on PPS, and can provide the basts tor physiologically reasonable

and practical advice to post-poho patrents who wish to avord PPS
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CONCLUSIONS

We conchude that in the unadjusted analyses, the most important risk factors tor PPS
are a grealer cunent age, a longer ime smcee acute polio, a greater weakness at acute
polio, a recent weight gam, muscle pamn with exeraise, muscle pam, joint pamn, and
possibly recent tauma  The muluvanate model which could best predict who would
develop PPS was one contamning the variables curient age, weakness at acute pohio,
muscle pamn with exerase, recent weight gam, and jomt pamn - A simtlar multivariate
model contasinng fength of ime simce acute poho tather than cunent age was shghtly less
cltective m predicting PPS - Age at acute polio, degree of recovery after polio, weakness
at best pomnt ater polo, physical activity, and sex were not contitbuting  factors.
Although physical activity with our crude measure was not a sigmifrcant 1isk factor, n
another analysis we found that increased weakness occurs much more trequently m lower
extrenuties than upper extremuties inambulatory pauents Thus, the exacttole of physical
activity will need turther evaluation  Some of the vanables such as recent weight gain,
recent trauma, muscle pam with exererse, musele pamn, and ot pain may not be true
"nsk factors,”  but rather may be assoctated factors because 1t was impossible o
determine whether they occuried betore or concurrently with PPS from the data available
for all patients  Theretore, they will need twther study:,

Rehability and validity studies revealed thatinter-rater rehabihity of case/contiol status
was good at 94 and that patient recall of age at acute poho and thus length of ume
stnee acute polio was accutate: However, patient 1ecall of seventy of acute polio did not
correlate well (=041 with weakness seventy based on old hospital chaits. This may
have been due (o both maccuracy m patient recall and maccuracy m the old charts
themselves  Despite thas, our weakness sevenity measure correlated well wath other

weakness measutes Mean seventy of weakness at acute polio was lound o be
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stgnificantly higher mhospitahized as compared to unhospitahized patients (p 0 001-H, and
current seventy ol weakness corelated well (=0 67 10 O 81D with motor stiength scores
in cach extiemity  Thus, out weakness at acute polio measure did assess this construct,
however there was discrepancy between measutes based on patient recall and measures
based on old hospital charts

In our subanalyses, we confnmed the tindimgs of previous mvestigators by showing
that new weakness can occur m previously unmvolved extenities, but that 1t occurs
signicantly more hiequently i previously mvolved extiemitios (2445 versus 654, N p
value < 0.001)  We also found evidence tor the hypothesis that PPS s a0 progresstve
discase, beginmng with tatigue, followed by weakness, and tinally by attophy  Latency

incieased by a mean of 4 (o 6 years m patient groups with these symptoms
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Assessment of Lineartty of Continuous Vanables w1 ogistic Regression Model

WEAKNESS AT ACUTE POLIO
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Assessmient of Lmearity of Conunuous Vanables 1 Logisue Regression Model
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POST—-T0LIO HISTORY UVANLUATION

Name: Acsy. 1.20.= L
Addr=ss: Referr.na D B
Telecnone: Cate of Bi:tn- o
Age: Sex: Mor U ({ _role)
w3 iiptoar e

HISTORY OF WEAKNESS

Site Worst Best et

L amm

R arm

L leg

R leg

Speech & swallowing
Respiration

Symptoms Yoo No

ncreased fatigue
Ircreased sle«p requirsment
N=v muscle cramp
ew fasciculataion
e@W Weaxness
ew 1n formerly wseak muscles
w in Zormerly pnormal muscles

LLL L2222
b4t =4 O O
81

ew muscle pazn

&wW jCint pain

=W MUST.e alironny
Maw or increased defoomity
Decreas=d mobilzxty !
Increas=d need for amoulatocrov a.ds |
Increased difficulty d:zSSlné i
Incrzased rneed for personal assistirce
Change/cessatzon of cocupatinn ! :
New resciratory prcblems | J
Nz~ cold sensxitzsity | |

| |

i
{
i




o
pu.nar

Mouror

Atrophyvy Fasciculations Strength




CRITERIA FOR INCLUSION IN STUDY AND FOR DETERMINATION OF CASE/CONTROL STATUS

Patient Name .

I. Inclusion criteria into study (all should be yes
- 1. A credible history of past paralytic polio {(an 1llness chatacterised
by high ferer, followed by muscular wecaknes«) It thiy i

uncertaln, pattient needs to have FMG documentalion
2. Partial or complete recovery of function after acute polio
3. A history of at least 10 years of functional stability tollowing
recovery from acute polio
II. Exclusion criteria from study. (1f any are "yes®" patient 19 excluded)
1. Presence of medical conditions which could produce weaknesw: and
fatigue
- cardiac disease (requiring medication)
- chronic obstructive pulmonary disease
- depresssion
- hypothyroidism
- diabetes mellitus
- anemia
- cancer
- cirrhosis
- connective tissue dlsease
- chronic 1nfection
- chronic renal failure

- other e




CRITERIA POR INCLUSION IN STUDY AND FPOR DETERMINATION OF CASE/CONTROL STATUS

Pat1ent name

III.

{cont )

Presence of concurrent neurological disorders which could produce

7.

weakness and fatigue.

- peripheral neuropathy

- stroke

- Parkinson’s disease

- radiculopathies

- spinal stenosis with myelopathy
- other

3 Presence of severe pain which could make differentiation between
pain and muscular weakness difficult. The presence of this
difficulty would be mentioned 1in the 1mpression as part of the
1nitial evaluation

4 Presence of new symptoms of fatigue (muscular or general) without
increased or new weakness.

Determination of Case/Control Status. (Y = case, N = control)

1 Presence of new symptoms of 1ncreased or new muscular weakness and
fatigue (muscular or general) Muscular fatigue 1s defined as
1ncreasing muscular weakness on exertion, which improves with rest.
Pain may or may not be present

Final result. (please check)

Patient excluded from the study.
Patient 15 a case.

Patient 1s a control __



DATA FORM

Patient name

Case/control status

Date of birth (MM/DD/YY)

Date of initial evaluation (MM/DD/YY)
Age at acute polio (years) o
Time new symptoms present (years)

Patient estimates of weakness

Site/Function Acute Polio

Best After Polao

Curirent

LUE

RUE

LLE

RLE

Speech/Swallowing

Respiration

Other measures of acute polio severity:

a Hospitalization at time of acute polio (yes/ns)
b. Length of hospitalization at time of acute palio (mOS )
c. Respiratory involwvement at time of acute polin {yos/n




DATA FORM (cont )

Patrent name

Other symptoms ves/no
d Any fatignue
b Muscle fatique
c General fatigue
d Increased sleep requirement
sl Any pa:in
f Muscle pain
g Joint pain
h Muscle pain with exercise
i New muscle atrophy
Location of pain yes = +; no = -
LUE RUE LLE RLE Back

Muscle pain

Joint pain

Disability Indices
a. At best after acute polio

b Present _

Reported recent weight gain (wihan last 5 years) (yes/no)

Usual physical activity _ (0, 1, or 2)

Motor strength scores.

a LUE LLE

b RUE RLE



Montreai Neutrolgical Institute and Hospital

To Medical Ethics Committee

From Daria A lrojan, MD
Nei1l R <Cua.hman, MD
Stanley Shapiro, PhD
John M  Exdaile, MD, MPH

Date- February 5, 199

Subject A case/control studv of risk factors for pot-policmvelit,

Lyndtome

Post-poliomyelitis syndrome (PPS) 15 a clinical wyndrome ot new weikne
fatigue and pain 1n 1ndividuals who have experienced at lea t 10 year ol
neurological and functional stability atter recovery from acute paralytn
poliomyelitis As many as 50% of individuals whe have previow ly recovered trom
acute paralytic polio may develop PPS Although a wide virtacty ot ymplom, ate
reported, this study wiil be concerned primarttly with we itkne o and tat tgue o
these are most frequently reported and appear Lo b moct oy oabling to the
patients 1nvolvad Even though the cuau.e of PSS 1, unknown, she mo vt Tikley
etiology attribuves 1t to a distal degeneration of enlarged motor untte vhich are
present as a result of the recovery procens atter polromeelitn Pwee otadpe
have 1dentified several rick factors for pPPo The oo ane Tudes gre gt o everaty of
initi1al acute polio, a greater recovery after poliomyelits , a higher age at
acute polio, and pousibly increased recent phy 1-al activity Age 1t tome of
acute polio may actually be a meacure of severity »f polio ince 3t 1. known tha
individuals who develop acute poliomyelitin ot o later age uurlly hive a more
severe 1llness In addition, severity of acute polio and rec very e cbhwviously
correlated These clinical findings are 1n accord with the propo od et rology 1o
PPS

The primary objective of thi, study will be to adent ity vk b tor o
PPS 1n patients who have previously recovered [rom acute paralytic poliomye it
Previously defined and previou ly unotudied risk factor w1l be o salnated I
seccndary objective will be to determine 1f 1ncrea.cd weakne o 1 ca v ooy
to a greater degree in the lower extremities than the upper o<t remit

A case-control design will be uned for thy, Jtuly pramarily becau.e ot will
allow efficlrent uce of data already available through the - Tinte, and w11l al'ow
the study of multiple potential ri.k factor., tor b, ta ¢ and control will
be 1dentified through 4 chart review of patient, cviluated at the MELD pod -pelio
clinic between 19486 and 1992 Appro<imately 350 patient L haze been wen during

this time Specific 1ncluuion and esclu 1on riteriy o oWl beou e o
1dentification o»f ca.rs and control In brictl, 11 patient o ane luded oo the
study w111 have a cradible hi.tory of pat paralyzt - ol foll e T hy reonuery,
and at least 1Y vear, =»f tunctional Ltainlir s vatpent with oany aenrrent
medical and neurologi-~zl d1 .or ey whi-h ~2ull e 1N s ke TR AR U
~11l be excluded Ca e, will be thore with nea  gpt-oan., o0 anore oA r new

muscular weaknesn . and tatigue, and control, will net have Lhe o new  gmptom
All patients included in “he .tudy ray or may nobt naze  gaptome of pain Beo g
case ascertalnment for PPL may be 1tfFficult in .ome ca oo Cdue to the Tack of
def.nitise diaqnootiz test), a randem sample of 19% of caLe. and control . will
also be evaluated Ly ancther phy 1cran (br tleyl] a hman), and <4 ¢« /roantre
statug will be determined by him In th1  way the inter rater relisbabit g of
case’control statu, «#1ll be ao.e-s5ed

Deta collection for tne .tudy w11l be periormed thr omign o ctar’ 1o s1ed of
all cases and cont-zlo inforuanioen an many [ Lbie ook Tart . arll o he
obtained The primary ri ¥ factar ~ill be neverity <f acute pal., sorondary



N

riv¥ facter, will be ,eserily of weakness it peint of greatest recovery after

amite polio, pre ent (eserity of weaknes s, recevery after polic, age at acudte
polio, uqge ot tume of esamination, time since acute polio ta develcpment of new
cymprtotme [ ca Lo, for Lo precent for control:), ditability i1ndex at kest after

arute polio, 4t .ability 1ndes at precent, degree of usual physical actiszity prier
to development. of PPS (or Lo recent physical actis1ty for controls), and presence
of reported we, 3ht gain prior to development of PPS (or to recent welght galn 1n
Rerau e an approaximately 30% of cuases and controls, the variablec of

control L)

weverity of seakne . oat time of acute polio, sever'ty of weaknesc at point of
fqreat ot rec ,sery after acute polic, and cun-equentlsy recovery hase missing
value,, value: will b 1.71gned to the e Luarisble, ba.ed on availcable
nformat son He ~ause a1n g =uracy 1n the roeral! 2r o e “mant of pact and present

rivk tuactear, may be pre ont, the aliriinys Jf 2me 2t the ri1sk fact~rs will be
a0 Led Arardem amp e o Af 10% Af cq o and cmetr2l 411 e zhceen, and <ld

hospital chart  obtatned (ir-m *he Lime zf horpita:: atlon at acute pelio) In
addit 1on, pre ont ceverity ot weusknen . ‘1 reperted by the patlert tn each
extiemit /) will be correrated with o metor strength tccre 1n each estremity

(vbtarned from patient cxaminatiron at Lime >f 1nitial evaluation) Thu-, the
concurrent criterion-oriented validity of tome of pa-t risk factors (concerned
with Leverity of acute polio) and present risk faztors will be assessed

Data analy 1. will 1nclude the following (1) a-cessment of reliabil.ty of
case/control tatur through computation of ceoefficient K and assessment of
validity of <ome of ri1.k tactor, through computation of Pearcon correlation
cnefficrent ., (%) outlier analy.i5, (3) all .ub.eouent analyses will be performed
both with and without mi ing value,, and with and without outliers to determine

therr ampa~t on the re-ult ., (4} computation of oimple dec<ciptive statistics
including frequency hi tograms £or a1l cont nuocus varrable., means, standard
deviatton<, propertions, ranges, twe-_ample t-tests, and X° tects, (5)
collinearity analy .1 of continuou- 1ndependunt variables, (6) analystis of

o~

Lincarity of ~ontincu ., inddependent vartables 1n tne lcgl "tic regression model,
(7Y univaryate logi.ti- reqgre ,1on analv .o a1 esch indepcndent variable with
computat ion of 2odd  rat 1z~ with 95% ceonfidence 1ntervals, (d4) multivariate
logiatic regre pan antly 1, with computation of adjusted odds ratiss and tnear
154 contf idence 1nterval  tor significant medels (those w.th 1mprovement of p =

19 1n lcglikelithood whea o varitable 1, added to the model), (9) comparison of
inctea. od weakne in lower extremitied with upper ectremities in cases with X7
test and analyosy . of ~ovar ance Sample s1.e calcutlaticns indicate that for a
= 005 (one caded), f =0 [0, th s Ltudy hould be able to detect an odds ratio
of 2 0 to 2 Y5 for 1nitial severily To detect an 2dds ratio of 2 5, 60 cases and
controls would be needel, ts detect an odd ratio cf 2 8, 194 caser and controls

will be needed

This study does not 1nvelve any obwviou, risks to the patient Patient
confdent tality will be preserved both during the _tudy and i1n any puklicatioens
resulting frem the study Permission Lo optain ho-pital recerds will be obtailned
from the 1ndividuals 1nvolved No 1nvasive studiec w~ill be performed on the
patient s for the purposes of this study

There are no Jditect benefits to the patients involved, however, a better
under.tanding ot posaible risk factors fcr PPS may shed further liynt on the
pathophysiology of this disease and may provide some guidelines for the clinical
cate of patients with past paralytic polio





