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Introduction

The global eradication of poliomyelitis through widespread 
vaccination represents one of the most remarkable public health 
achievements of the 20th century. However, tens of millions of 
polio survivors worldwide continue to live with the long-term se-
quelae of the disease [1]. As polio survivors enter older age, the 
typical functional decline associated with natural aging is super-
imposed on pre-existing dysfunction, creating various late effects 
that compound their vulnerabilities [2].

The concept of “late effects” refers to new or worsening health 
problems that arise over time as a consequence of long-standing 
impairments [3]. These effects exacerbate pre-existing disabilities 
and accelerate further functional decline in middle and older age 
[4]. Late effects of polio typically include post-polio syndrome 
(PPS), characterized by newly developed muscle weakness, fa-

tigue, and pain decades after the acute infection, as well as second-
ary musculoskeletal complications such as joint stiffness, deformi-
ties, and premature degenerative changes, along with other sec-
ondary conditions (Fig. 1). These conditions are often accompa-
nied by age-related changes in muscle mass, strength, and cardio-
pulmonary function, thereby accelerating frailty—a strong pre-
dictor of adverse outcomes [5]—and disability. Consequently, 
polio survivors experience premature aging, in which their biolog-
ical age exceeds their chronological age. This aging process is ac-
companied by chronic comorbidities and declines in physical and 
functional capacity [6], ultimately leading to a deterioration in 
quality of life at a relatively younger age.

The global aging population represents one of the most promi-
nent demographic trends of the 21st century [7], and worldwide 
attention to healthy and successful aging has been steadily increas-
ing [8]. However, the needs of people aging with long-term dis-

This study aimed to provide a comprehensive understanding of aging with disability among polio survivors who continue to live with long-term sequelae. Al-
though poliomyelitis has been eradicated in most regions, survivors entering older age face a dual challenge, as age-related decline overlaps with pre-existing 
impairments, creating a need for integrated management strategies. This narrative review examined the epidemiology, clinical manifestations, and late effects 
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abilities have been relatively overlooked in both clinical practice 
and policy [4]. Polio survivors represent a paradigmatic group for 
examining these issues, given their clearly defined historical co-
hort, well-documented impairments, and increasing age. In Korea, 
the median age of polio survivors now exceeds 60 years, highlight-
ing the urgency of addressing the health threats posed by late ef-
fects and their interaction with aging. Nonetheless, many health-
care providers continue to rely on fragmented approaches that fo-
cus primarily on patients’ chief complaints or symptoms, leaving 
individuals without adequate care tailored to their specific needs 
and conditions [4]. As a result, the complex and multisystem 
challenges faced by this population remain insufficiently ad-
dressed.

From a life-course perspective, successful aging with disability 
should be understood as a multidimensional construct encom-
passing not only multidisciplinary medical care but also psycho-
logical resilience, social connectedness, and equitable access to 
healthcare services. For polio survivors, developing integrated 
strategies to prevent and mitigate late effects is essential for main-
taining function and quality of life. This narrative review aims to 
synthesize current knowledge on aging with disability in polio 
survivors.

Ethics statement

This was a literature-based study; therefore, neither approval by 
an institutional review board nor the obtainment of informed 
consent was required.

Epidemiology of polio survivors and aging

Poliomyelitis is a disease caused by acute viral inflammation of 
motor neurons in the spinal cord that spread worldwide during 
the mid-20th century. While most infections were subclinical, a 
subset progressed to paralytic disease with lifelong sequelae. Mor-
tality among paralytic cases ranged from 2% to 10%, with greater 
severity observed at older ages. With the introduction of effective 
vaccination programs, new cases dramatically declined world-
wide. By the early 1980s, countries such as Korea had eliminated 
indigenous transmission, and in 2000, the World Health Organi-
zation declared the Western Pacific Region—including Korea—
polio-free.

However, tens of millions of survivors remain worldwide [1]. 
The United States has approximately 1.6 million polio survivors 
[9], and European countries also report substantial numbers. In 
Scandinavia, where no new indigenous cases occur, immigration 
from polio-endemic regions has led to a dual demographic pattern 

of aging native-born survivors and younger immigrant survivors 
[10]. In contrast, in Asia—including Japan, Taiwan, and Korea—
survivors constitute one of the largest global cohorts, although 
systematic studies and coordinated healthcare responses remain 
limited.

Korea’s epidemiological trajectory lagged roughly a decade be-
hind that of Western countries, with a peak incidence during the 
late 1950s and early 1960s, particularly in the aftermath of the Ko-
rean War. Consequently, the survivor population remains relative-
ly large, with the majority now in their 60s or older [11]. Although 
official statistics on polio survivors in Korea are unavailable, an es-
timated 60,000 individuals are survivors based on data from the 
National Survey on Persons with Disabilities, which found that 
5.2% of individuals with limb disabilities reported poliomyelitis as 
the cause [12]. This estimate is more than twice the number of 
survivors in Japan [13], likely reflecting delayed vaccine introduc-
tion and post-war sanitary conditions in Korea. Therefore, the de-
mographic and clinical characteristics of Korean survivors may 
differ from those observed in developed countries where the dis-
ease has been more extensively studied [14,15].

International cohort studies consistently demonstrate that a 
large proportion of survivors experience new or worsening symp-
toms—such as fatigue, pain, and weakness—decades after the 
acute infection. Surveys in the United States suggest that up to 
64% of survivors report new symptoms, and nearly half develop 
new weakness [16]. Italian and Israeli studies also highlight the 
high prevalence of PPS and increased comorbidity risks, including 
cardiovascular disease, diabetes, and chronic pain [17,18]. Simi-
larly, data from Taiwan indicate significantly elevated risks of 
stroke, hypertension, and other chronic systemic diseases among 
survivors [19,20].

In Korea, the health challenges of polio survivors must be un-
derstood within the context of rapid socioeconomic development 
and substantial improvements in healthcare infrastructure over 
the past 6 decades. Such environmental and systemic transitions 
suggest that the clinical profiles and healthcare needs of Korean 
polio survivors may differ significantly from those reported in 
Western cohorts. To accurately capture these dynamics, a system-
atic nationwide study of Korean polio survivors is urgently need-
ed. Such research would enable robust evaluation of long-term 
outcomes, inform tailored rehabilitation strategies, and guide pol-
icy development. More broadly, these efforts would contribute to 
understanding the broader phenomenon of aging with disability.

Late effects of polio

Depending on the stage of life, polio survivors experience a va-
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riety of problems following the onset of the initial disease. As indi-
viduals age, the natural functional decline associated with aging is 
superimposed on pre-existing disabilities, resulting in multiple 
late effects [2,11]. The key issues include persistent or newly 
emerging problems such as pain, fatigue, muscle weakness, func-
tional impairment, and disability, including PPS. Because of these 
challenges, polio survivors often face limitations in independent 
activity and daily living. They frequently report depression, psy-
chological and emotional distress, anxiety, and pain. Quality of life 
is reduced due to changes in social relationships, difficulty main-
taining employment, and economic hardship [21,22]. As survi-
vors grow older, ordinary age-related decline is compounded by 
pre-existing dysfunction, leading to an accumulation of late ef-
fects. New medical problems unrelated to polio also emerge in ap-
proximately 35% of survivors [23]. These conditions may cause 
newly developed weakness due to denervation or impaired coor-
dination of reinnervated muscles. Progressive deterioration of 
neuromuscular function results in muscle atrophy, reduced physi-
cal fitness, and cardiopulmonary dysfunction. In addition, polio 
survivors commonly experience psychological distress along with 
physical dysfunction and functional decline.

PPS, characterized by new weakness and fatigue decades after 
the initial infection, is widely regarded as the representative late 
effect of poliomyelitis. However, the range of late effects extends 
far beyond PPS, encompassing diverse neuromusculoskeletal 
complications such as osteoporosis, progressive muscle weakness, 
degenerative arthritis, trauma- and overuse-related syndromes 
(e.g., tendinitis, carpal tunnel syndrome), as well as fall-related in-
juries, balance disturbances, skeletal deformities, respiratory diffi-
culties, cold intolerance, and systemic conditions including car-
diovascular and metabolic disorders (Fig. 1) [24-26].

Post-polio syndrome
PPS encompasses a wide range of physical and psychological 

symptoms, including newly developed weakness and fatigue aris-
ing after a 25–30-year period of stability following acute poliomy-
elitis [4]. There has been ongoing controversy regarding its diag-
nostic criteria due to the absence of definitive objective evidence. 
Previously, newly observed muscle atrophy was proposed as an 
essential diagnostic feature of PPS, but this criterion was criticized 
for resulting in delayed diagnosis, as it typically reflects an end-
stage manifestation. Currently, the European Federation of Neu-
rological Societies diagnostic criteria, published in 2000, are most 
commonly used. These criteria include: (1) a confirmed history 
of poliomyelitis; (2) partial or near-complete functional recovery 
after the acute episode; (3) at least 15 years of stable neurological 
function; (4) gradual or abrupt onset of progressive and persistent 

muscle weakness or abnormal muscle fatigability (manifesting as 
decreased endurance, with or without generalized fatigue, muscle 
atrophy, or musculoskeletal pain); and (5) exclusion of other po-
tential causes of the symptoms [27].

Common symptoms associated with PPS include muscle and 
joint pain on the affected or unaffected side (89%), fatigue (86%), 
and new-onset weakness (83%) on the affected (69%) or unaf-
fected (50%) side. New muscle atrophy (28%) and difficulties in 
activities of daily living (78%)—such as impaired walking (64%), 
difficulty climbing stairs (61%), and problems with dressing 
(17%)—are also characteristic of PPS [28].

The presence and severity of PPS symptoms appear to correlate 
with the severity of the original poliomyelitis, and it has been sug-
gested that factors such as residual muscle weakness, viral per-
sistence, arthritis, and spinal stenosis act synergistically in its de-
velopment [29].

Secondary musculoskeletal disorders
Secondary musculoskeletal disorders are a major issue and can 

often be misdiagnosed as PPS. Degenerative arthritis frequently 
develops due to the long-term use of joints under biomechanical-
ly suboptimal conditions. Although arthritis commonly occurs on 
the paralyzed side, it may also arise from overuse of the unaffected 
side. Sensory disturbances, wrist or hand arthritis, reduced agility, 
and weakness in the hands frequently result from chronic overuse. 
Other manifestations of overuse syndrome include upper-limb 
pain due to prolonged use of walking aids, joint pain in both up-
per and lower extremities, and spinal pain associated with asym-

Fig. 1. Late effects of polio.
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metry and abnormal gait patterns [30,31] (Table 1).
Inactivity and disuse stemming from muscle weakness and pa-

ralysis are major contributors to osteoporosis in polio survivors. 
Osteoporosis and fall-related fractures are frequently observed 
during middle age. Muscle strength directly affects bone mineral 
density through interconnected biomechanical and metabolic 
mechanisms [24], highlighting its crucial role in bone health. 
Most polio survivors are at high risk for fall-related injuries, as falls 
accelerate physical frailty and further deplete functional reserves 
[32]. Indeed, 64% of survivors report at least 1 major fall, and 
35% sustain fractures as a result [33]. In a study of 317 Korean 
polio survivors, 68.5% reported at least 1 fall in the past year, and 
among those who fell, 42.5% experienced 2 or more falls within a 
single month [34].

These rates are more than twice as high as those observed for 
falls and fall-related fractures in the general population of older 
adults. Among survivors, 80% of fractures were caused by falls, 
typically occurring in limbs affected by atrophy. Of particular con-
cern, most fractures involved sites such as the hip and distal femur, 
where mobility and physical function may deteriorate even after 
adequate healing [35]. Moreover, fear of falling itself is a major 
factor limiting physical activity. Comprehensive assessment and 
multidisciplinary management of fall-related problems are there-
fore essential for polio survivors.

Other secondary conditions
In addition to secondary musculoskeletal disorders, other con-

ditions not encompassed by PPS are frequently observed [36] 
(Table 1). For instance, a rare neuromuscular disorder such as 

myotonic dystrophy has been reported to mimic PPS in a polio 
survivor [37], underscoring the need for careful differential diag-
nosis. The risks of pneumonia and respiratory distress increase 
due to respiratory muscle weakness, and sleep disorders, includ-
ing central and obstructive complex sleep apnea, are common and 
contribute to poor sleep quality [38]. In cases of bulbar-type po-
liomyelitis, dysphagia and speech disorders may coexist [38,39]. 
Cold intolerance—strongly linked to neurogenic vascular insuffi-
ciency, venous stasis, and excessive heat loss—occurs in approxi-
mately 29% of survivors when their extremities are exposed to 
cold environments [39,40]. The prevalence of other chronic con-
ditions, such as metabolic syndrome and cardiovascular disease, is 
also higher in polio survivors than in the general population. Re-
duced cardiovascular fitness, obesity, and hypercholesterolemia 
significantly increase cardiovascular risk [26,38]. Furthermore, 
pulmonary function in survivors shows a negative correlation 
with obesity, suggesting that body fat adversely affects lung capac-
ity and may contribute to restrictive lung disease after controlling 
for muscle strength and activity level [41]. Older adults with a 
history of poliomyelitis share many of the multidimensional 
health challenges commonly seen in the general population of 
older adults, arising from physiological, psychosocial, and envi-
ronmental factors [42].

Polio survivors also experience chronic emotional stress, anger 
(49%), and fear of falling (58%), along with a higher prevalence 
of peptic ulcers (80%) compared with the general population 
[3,43]. According to 3 North American studies, over 23% of polio 
survivors display a type A personality—characterized by compet-
itiveness, time urgency, and a high-achieving temperament. Fa-

Table 1. Secondary musculoskeletal disorders and other secondary conditions as late effects 

Late effects Disorders
Secondary musculoskeletal disorders Sensory disturbances (carpal tunnel syndrome or others) 

Joint pain in the upper and lower extremities
Arthritis of the wrist or hand, knee
Rotation cuff tear related to excessive use of the unaffected side
Osteoporotic fractures
Spinal pain related to asymmetry and abnormal gait patterns
Decreased hand dexterity

Other secondary conditions Pneumonia and respiratory diseases
Sleep apnea
Dysphagia and speech disorders
Cold intolerance
Metabolic syndrome
Decreased fitness of the cardiovascular system
Obesity
Chronic emotional stress
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tigue and muscle pain, accompanied by anxiety, frequent head-
aches, neck pain, and lower back pain, are more common among 
type A survivors than in non–type A individuals [44,45]. More-
over, polio survivors exhibit significantly lower health-related 
quality of life, particularly in the domains of mobility, activities of 
daily living, pain/discomfort, and anxiety/depression [46].

Causes of late effects
Why do late effects occur in polio survivors? Several hypothe-

ses have been proposed. First, they may arise from the failure of 
reinnervation. Theoretically, maintaining axonal function be-
comes increasingly difficult after more than a decade, as neuronal 
metabolism becomes depleted due to abnormal axonal loss in 
surviving motor neurons. Consequently, gradual muscle weakness 
(approximately a 1% decrease per year on average), loss of muscle 
fibers, and progressive muscle atrophy develop. Second, late ef-
fects may result from chronic overuse of muscles previously affect-
ed by polio. With sustained overuse, these muscles remain in a 
state of continuous contraction, exacerbating weakness and func-
tional loss [19,26,30,31]. A third hypothesis involves stress and 
hormonal alterations. Studies have reported that among polio sur-
vivors who developed new functional problems, significant de-
creases in growth hormone levels were observed in 9 out of 10 
cases [29]. Furthermore, a diminished reactive response to exter-
nal stimuli has been associated with dysfunction of the reticular 
activating system [30]. The impaired ability to maintain attention 
and process complex information rapidly appears to contribute to 
severe fatigue and exhaustion. In addition, the aging process itself 
may exacerbate functional decline in polio survivors through 
physiological changes across multiple organ systems—such as re-
duced respiratory capacity, elevated blood pressure, increased 
cholesterol and glucose levels, and joint stiffness. The number of 
spinal cord motor neurons remains relatively stable until approxi-
mately 60 years of age, after which it declines by about 1% annual-
ly, resulting in roughly a 30% loss by age 90. Similarly, both the 
number of muscle fibers and muscle strength are reduced by near-
ly half compared with young adults. Therefore, the combined ef-
fects of neuronal and muscular loss, together with declining cellu-
lar function associated with aging, likely contribute substantially 
to the development of late effects [24,31].

Conclusion

Polio survivors exemplify the unique challenges of aging with 
disability. Although the global eradication of poliomyelitis has 
eliminated new infections, the generation of survivors now enter-
ing older age faces a dual burden: the natural decline associated 

with aging compounded by the late effects of long-standing dis-
ability. These late effects accelerate functional deterioration and 
heighten vulnerability, underscoring the need for a paradigm shift 
from fragmented, symptom-focused care toward integrated, life 
course–oriented strategies for prevention and management [3,4]. 
Such an approach could more effectively address the needs of old-
er adults with disabilities, reduce hospital utilization, and mitigate 
morbidity and mortality risks [47].

The medical paradigm for polio survivors has evolved consider-
ably over time. In the mid-20th century, the primary focus was on 
eradicating poliovirus and managing acute paralysis. During the 
1960s and 1970s, orthopedic surgery became the central issue in 
survivor care [26]. As these individuals transitioned into adult-
hood, the need for orthopedic interventions declined, and medi-
cal interest in polio correspondingly waned. Since the 1980s, 
however, as survivors have reached middle and older age, late ef-
fects have reemerged as major health concerns, reframing polio-
myelitis not as a historical epidemic but as a lifelong condition 
[48].

The experiences of polio survivors provide broader insights 
into the phenomenon of aging with disability. Individuals aging 
with long-term disabilities consistently report that healthy aging 
involves more than medical treatment—it requires self-manage-
ment, social participation, psychological resilience, and indepen-
dence in daily life [5]. These perspectives reinforce the impor-
tance of anticipating late effects, designing preventive interven-
tions, and ensuring equitable access to comprehensive, multidisci-
plinary care for those aging with long-standing disabilities. In car-
ing for polio survivors, healthcare providers should adopt a life 
course approach grounded in a detailed assessment of functional 
abilities, activity patterns, residual sequelae, and the degree of 
functional limitation [3].

By focusing on polio survivors as a paradigmatic group, we gain 
valuable insight into the historical evolution of disability medi-
cine, the ongoing transition toward life course–based approaches, 
and the strategies needed to promote health, functional capacity, 
and dignity across the lifespan.
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