
HIGHLIGHTS
• One-third of community-dwelling stroke survivors have disabilities.
• Common causes of disabilities include musculoskeletal, sensory & medical problems.
• Disabilities have decreased from 2007–2009 to 2010–2012.
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ABSTRACT

Many stroke survivors live with disabilities in the community. This study aimed to investigate 
the causes and trends of disabilities among community-dwelling stroke survivors. A total of 
1547 community-dwelling stroke survivors ≥ 19 years were identified using the Korea National 
Health and Nutrition Examination Survey (KNHANES) database from 2007 to 2018. We 
analyzed the causes and trends of disabilities in strokes survivors using complex-samples 
procedures. During 2007–2018, 38.0% of stroke survivors were found to have disabilities. 
Stroke itself was the most common cause of disabilities (21.3%). Musculoskeletal (back 
or neck problems, 7.0%; arthritis, 5.7%; and leg pain excluding arthritis, 2.3%), sensory 
(visual problems, 3.6%; and auditory problems, 1.4%), and medical problems (diabetes 
2.6%; hypertension, 2.3%; heart disease, 1.5%) accounted for the rest of the other causes of 
disabilities. Upon analyzing the trends, we found that both the proportion of stroke survivors 
with disabilities and that of stroke survivors with stroke-related disabilities decreased from 
KNHANES IV (2007–2009) to V (2010–2012). After 2010–2012, the proportion of both groups 
stayed constant. The burden of disabilities in non-hospitalized stroke survivors has decreased 
but still remains high. Attention is warranted because many other problems than a stroke can 
cause disabilities in community-dwelling stroke survivors.
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INTRODUCTION

Stroke is a leading cause of disability worldwide, despite continuous advances in treatment 
methods [1]. According to the International Classification of Functioning, Disability 
and Health (ICF), disability is a comprehensive biopsychosocial concept consisting of 
impairments, activity limitations, and participation restrictions [2]. Impairments are 
problems of body function or structure, activity limitations are related to an individual's 
difficulties in performing an activity, and participation restrictions are problems an 
individual may experience in participating in life situations. ICF also presents environmental 
factors that act reciprocally to all these components [3].
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Previous studies have suggested musculoskeletal problems, obesity, diabetes, hearing loss, 
and dementia as the causes of disability in stroke survivors [4-8]. However, the examined 
causes of disability were diverse across studies according to the design, region of study, 
and outcome measures. For instance, in a recent study, the leading causes for years lived 
with disability and injury in the perspective of heart disease and stroke were different 
between United States and the rest of the world [6]. Given that the causes of disabilities are 
complex and inconsistent across different populations and regions, studies on the causes of 
disabilities in non-institutionalized Korean stroke survivors are necessary so that informed 
decisions may be made to facilitate recovery in our patients.

There have been several longitudinal studies that reported the proportion of participants 
with disabilities after the onset of stroke [9-13]. The proportion of stroke survivors with 
disability has previously been reported to be 22-40% at the 6-month follow-up [10] and 
29%–44% at the 10-year follow-up [9,13]. This inconsistency may arise from the wide 
variety of disability measures and whether the institutionalized patients were included. To 
our knowledge, however, nationwide studies on the temporal trends on the disabilities of 
community-dwelling post-stroke patients are scarce. The information on the long-term 
trends of disabilities in non-institutionalized stroke survivors can help identify populations 
in need of social interventions and help plan long-term policies.

The known causes and trends of disability in stroke survivors are diverse due to various 
disability measures. Many earlier studies have defined disability using the scales reflecting 
activities of daily living only [9,11,12]. However, considering the comprehensive concept 
of disability in real-world, the causes of disabilities that may have minimal effect on the 
activities of daily living should be examined. Therefore, we decided to define disability using 
a national survey where the community-dwelling stroke survivors could report the cause(s) of 
their disability. The present study aimed to analyze the self-reported causes of disabilities and 
to report the temporal trends of disabilities in non-hospitalized Korean stroke survivors.

MATERIALS AND METHODS

Data source and participants
This study utilized Korea National Health and Nutrition Examination Survey (KNHANES) 
data, which is composed of the four KNHANES survey cycles: KNHANES IV (2007–2009), 
KNHANES V (2010–2012), KNHANES VI (2013–2015), and KNHANES VII (2016–2018). The 
KNHANES database is a national health-related data resource designed by the two-stage 
stratified cluster sampling method. The KNHANES data provides information on health 
examinations, health survey, and nutritional survey of community-dwelling Koreans. A 
detailed data resource profile of KNHANES has been published previously [14].

In the current study, participants who responded “yes” to the question “Have you ever 
been diagnosed with stroke by a doctor?” were regarded as “stroke survivors”. Among the 
75,428 adults aged 19 years or older, 1,547 stroke survivors (803 men and 744 women) were 
included. The prevalence of stroke survivors in Korean adults aged ≥ 19 years was defined as 
the number of stroke survivors aged ≥ 19 years divided by the total number of adults aged ≥ 
19 years.
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Variables
The presence of disabilities was defined by a question “Are your daily or social activities 
limited due to health problems or physical or mental disabilities?”. If a participant answered 
“yes” to the abovementioned question, that individual was instructed to choose the causes of 
disabilities among the examples. The sampled causes of disabilities included stroke, injuries, 
arthritis, heart disease, respiratory problems, diabetes, hypertension, back or neck problems, 
cancer, dental or oral problems, visual problems, auditory problems, dementia, psychiatric 
problems, dizziness, gastrointestinal problems, leg pain excluding arthritis, and headache. In 
addition, participants were able to write down the specific causes of disabilities in a narrative 
form, if the items mentioned in the list did not match their cause. The participants could 
report multiple causes as the reasons for their disabilities. The proportion of individuals 
with disabilities among stroke survivors was defined as the number of stroke survivors with 
disabilities divided by the total number of stroke survivors.

Body mass index (BMI) was calculated from the measured height and weight of the 
participants and categorized into < 18.5 kg/m2, 18.5–24.9 kg/m2, and ≥ 25 kg/m2. Excessive 
alcohol consumption was defined as daily alcohol drinking > 10 g for women and > 20 g for 
men [15]. Smoking was categorized as current, past, or never smoker. Data on education level 
(graduation of elementary school, middle school, high school, or college or university) and 
residence (urban or rural) were recorded.

Statistical analysis
The characteristics of stroke survivors and the disabilities of stroke survivors according to the 
survey rounds were examined by complex-sample analysis of variance for continuous variables 
and the χ2 test for categorical variables. The causes of disabilities were analyzed using complex-
sample descriptive statistics. In addition, stroke survivors were grouped based on presence of 
disabilities by a stroke. The causes of disabilities other than a stroke were compared between 
stroke survivors with disabilities due to stroke and those without disabilities by a stroke using 
a complex-sample χ2 test. To test the trends from KNHANES cycles from IV to VII, we used 
complex-sample logistic regression analyses with adjustment for potential confounders. To 
reflect the sample survey with the complex sampling method, complex-sample procedures 
incorporating sampling weights were used in all statistical analyses. The data were presented 
as weighted means ± standard errors (SEs) or weighted percentage (standard errors of 
percentage), as appropriate. We used Statistical Package for the Social Sciences version 22 
(IBM/SPSS Inc., Armonk, NY, USA) for the statistical calculations.

RESULTS

The characteristics of community-dwelling stroke survivors have been shown in Table 1. 
Across different KNHANES survey rounds from 2007–2009 to 2016–2018, stroke survivors 
were found to have statistically significant differences in terms of proportion of excessive 
alcohol consumption and education level. The proportions of older people aged ≥ 65 years, 
female sex, BMI categories, smoking habits, and residence status were not found to be 
statistically different between survey cycles.

Causes of disabilities in community-dwelling stroke survivors
As illustrated in Fig. 1, stroke (21.3%) was the most common cause of disabilities in 
community-dwelling stroke survivors, followed by musculoskeletal problems such as back 
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or neck problems (7.0%), arthritis (5.7%), and leg pain excluding arthritis (2.3%). Sensory 
problems including visual problems (3.6%) and auditory problems (1.4%) were also common 
causes of disabilities. Medical problems such as diabetes (2.6%), hypertension (2.3%), 
heart disease (1.5%), respiratory problems (1.5%), and gastrointestinal problems (0.9%) 
also limited the daily or social activities of stroke survivors. Participants also complained of 
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Table 1. Characteristics of community-dwelling stroke survivors
Characteristics Total (n = 1,547) KNHANES survey cycle p value*

IV (n = 385) V (n = 338) VI (n = 404) VII (n = 420)
Age (yr) 65.4 ± 0.4 65.8 ± 0.7 65.2 ± 0.8 65.0 ± 0.8 65.8 ± 0.7 0.849

Ages ≥ 65 (%) 56.7 (1.6) 58.0 (3.4) 56.8 (3.5) 56.2 (3.3) 56.2 (2.8) 0.981
Female sex (%) 45.3 (1.6) 47.6 (3.4) 45.1 (3.3) 44.1 (3.0) 45.1 (2.8) 0.884
BMI (kg/m2) 0.547

< 18.5 2.2 (0.4) 2.9 (0.9) 2.2 (0.9) 2.4 (0.9) 1.5 (0.6)
18.5–24.9 56.5 (1.5) 58.8 (2.9) 59.2 (3.3) 52.6 (3.0) 56.8 (2.8)
≥ 25 41.4 (1.5) 38.4 (2.9) 38.6 (3.2) 44.9 (3.1) 41.7 (2.8)

Excessive alcohol consumption (%) 7.2 (0.9) 4.8 (1.2) 6.2 (1.6) 5.4 (1.5) 10.9 (2.0) 0.020
Smoking (%) 0.652

Current 17.7 (1.2) 19.4 (2.6) 18.8 (2.8) 14.4 (2.2) 19.0 (2.3)
Past 34.9 (1.5) 35.9 (3.3) 34.5 (3.3) 37.0 (2.9) 32.5 (2.5)
Never 47.4 (1.5) 44.7 (3.0) 46.7 (3.2) 48.6 (3.0) 48.5 (2.8)

Education (%) 0.013
Elementary school 51.6 (1.6) 62.7 (3.6) 52.7 (3.1) 50.1 (3.2) 45.2 (2.7)
Middle school 18.1 (1.3) 17.7 (2.9) 13.4 (2.4) 19.6 (2.4) 19.9 (2.5)
High school 20.3 (1.3) 14.1 (2.1) 23.1 (2.9) 19.8 (2.5) 22.9 (2.3)
College or university 10.0 (1.0) 5.6 (1.6) 10.8 (2.0) 10.4 (2.1) 11.9 (1.9)

Residence (%) 0.142
Urban 76.2 (1.6) 69.3 (3.2) 77.3 (3.2) 77.5 (2.8) 78.6 (2.7)
Rural 23.8 (1.6) 30.7 (3.2) 22.7 (3.2) 22.5 (2.8) 21.4 (2.7)

Data are presented as weighted means ± standard error or weighted percentage (standard error of percentage), as appropriate.
KNHANES, Korea National Health and Nutrition Examination Survey; BMI, body mass index.
*p values by complex-sample analysis of variance for continuous variables and the χ2 test for categorical variables.
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psychiatric problems (2.2%), headache or dizziness (2.0%), dental or oral problems (1.7%), 
and dementia or memory loss (1.1%) as the causes of disabilities.

The proportion of men was significantly higher in the participants with disabilities by a 
stroke than in those without disabilities by a stroke (67.1% vs. 51.3%, p < 0.001). Meanwhile, 
the age and BMI of stroke survivors with and without disabilities by a stroke were similar 
(p = 0.343 and p = 0.345, respectively). Table 2 shows the causes of disabilities other than a 
stroke according to the presence of disabilities by a stroke. Stroke survivors with disabilities 
by a stroke showed a significantly higher proportion of musculoskeletal problems (back 
or neck problems, arthritis, and leg pain excluding arthritis), medical problems (diabetes, 
hypertension, and heart disease), visual problems, psychiatric problems, and dental or oral 
problems compared to those without disabilities by a stroke.

Trends of disabilities in community-dwelling stroke survivors
The prevalence of community-dwelling stroke survivors in Korean adults aged ≥ 19 years and 
the proportion of individuals with disabilities among stroke survivors are shown in Fig. 2. 
The overall weighted prevalence of stroke survivors was 1.5% (SE, 0.1%) in the Korean 
adult population during 2007–2018. The prevalence of stroke survivors decreased from 
1.5% (2007–2009) to 1.2% (2010–2012) and then increased to 1.7% (2013–2015) and 1.8% 
(2016–2018) (p for trend = 0.001). Among the 1,547 community-dwelling stroke survivors, 
the overall proportion of stroke survivors with disabilities by any cause was 38.0% (SE, 1.5%) 
during 2007–2018.

The proportion of stroke survivors with disabilities by any cause decreased from 59.9% 
(2007–2009) to 35.4% (2010–2012) and then remained similar in 2013–2015 (31.0%) and in 
2016–2018 (32.5%) (p for trend < 0.001). The proportion of stroke survivors with disabilities 
due to a stroke showed similar trends from 36.0% in 2007–2009, 17.9% in 2010–2012, 17.6% 
in 2013–2015, and 17.7% in 2016–2018 (p for trend < 0.001), with an overall proportion of 
21.3% (SE, 1.3%) during 2007–2018.

5/10https://doi.org/10.12786/bn.2022.15.e5

Disabilities in stroke survivors Brain & NeuroRehabilitation

02

https://e-bnr.org

Table 2. Causes of disabilities other than a stroke according to the presence of disabilities by a stroke
Causes of disabilities other than a stroke Disabilities by a stroke* p value*

No (n = 1,205) Yes (n = 342)
Back or neck problems 5.8 (0.8) 11.3 (2.0) 0.003
Arthritis 5.1 (0.7) 8.0 (1.5) 0.042
Visual problems 2.7 (0.6) 6.9 (1.5) 0.003
Diabetes 1.2 (0.4) 8.0 (1.7) < 0.001
Leg pain excluding arthritis 1.8 (0.4) 4.0 (1.2) 0.029
Hypertension 0.7 (0.2) 8.1 (1.5) < 0.001
Psychiatric problems 1.7 (0.4) 4.3 (1.0) 0.006
Injuries 1.7 (0.4) 2.9 (1.4) 0.263
Headache or dizziness 1.9 (0.4) 2.2 (0.8) 0.685
Dental or oral problems 1.0 (0.4) 4.1 (1.1) 0.001
Heart disease 1.0 (0.2) 3.5 (1.1) 0.001
Respiratory problems 1.3 (0.4) 1.8 (0.6) 0.504
Auditory problems 1.2 (0.3) 2.3 (0.8) 0.131
Dementia or memory loss 1.1 (0.3) 1.3 (0.6) 0.765
Gastrointestinal problems 1.0 (0.3) 0.9 (0.5) 0.876
Cancer 1.0 (0.4) 0.3 (0.3) 0.200
Arm pain 0.6 (0.3) 0.5 (0.3) 0.735
Data are presented as weighted percentage (standard error of percentage).
*p values by the complex-sample χ2 test.

https://e-bnr.org


As shown in Table 3, disabilities due to arthritis, visual problems, diabetes, hypertension, 
and psychiatric problems showed significant differences across KNHANES cycles. The 
proportion of disabilities due to back or neck problems, the most common causes of 
disabilities other than a stroke, did not show a statistical difference across the survey rounds.

DISCUSSION

The present study investigated the causes and trends of disabilities among community-
dwelling Korean stroke survivors. Among the stroke survivors, 38.0% complained of 
disabilities by any cause and 21.3% suffered disabilities caused by the sequelae of a stroke. 
Other causes of disabilities in stroke survivors included musculoskeletal, sensory, and 
medical problems. There was a significant decrease in the proportion of stroke survivors 
with disabilities from survey rounds IV to V. Nevertheless, one-third of community-dwelling 
stroke survivors complained of disabilities even in recent years (2016–2018). A comprehensive 
approach to the various causes of disabilities in non-hospitalized stroke survivors should be 
investigated in future studies.

In the current study, only one-fifth of stroke survivors reported disabilities caused by a stroke. 
In addition, stroke survivors commonly reported disabilities by musculoskeletal problems, 
sensory problems, and medical problems. Those results are consistent with the previous 
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Fig. 2. Trends in the proportion of stroke survivors with disabilities. 
KNHANES, Korea National Health and Nutrition Examination Survey.

Table 3. Trends in the common causes of disabilities among stroke survivors
Common causes of disabilities KNHANES survey cycle p value*

IV (n = 385) V (n = 338) VI (n = 404) VII (n = 420)
Back or neck problems 10.7 (1.8) 6.4 (1.7) 5.3 (1.2) 6.5 (1.4) 0.163
Arthritis 13.1 (2.2) 5.9 (1.4) 2.2 (0.6) 4.3 (1.0) < 0.001
Visual problems 10.3 (1.9) 1.5 (0.6) 2.4 (1.1) 1.8 (0.6) < 0.001
Diabetes 7.5 (1.6) 1.1 (0.6) 1.6 (0.8) 1.5 (0.7) < 0.001
Leg pain excluding arthritis 3.2 (1.0) 2.5 (0.8) 0.6 (0.4) 3.1 (0.9) 0.065
Hypertension 9.5 (1.6) 1.2 (0.6) 0.3 (0.2) 0.1 (0.1) < 0.001
Psychiatric problems 5.3 (1.4) 1.2 (0.8) 1.3 (0.5) 1.8 (0.7) 0.003
Data are presented as weighted percentage (standard error of percentage).
KNHANES, Korea National Health and Nutrition Examination Survey.
*p values by the complex-sample logistic regression analyses adjusting for age, sex, body mass index, smoking, alcohol, education, and residence.

https://e-bnr.org


studies that reported musculoskeletal problems, sensory problems, and medical problems 
are common and negatively affect the lives of stroke survivors [6,8,16]. However, disabilities 
experienced by stroke survivors differed from previous community-based studies using 
modified Rankin Scale [9] or Barthel Index [10] to assess disabilities. Because the objective 
disability evaluation tools are fixed and simple, they may not reveal the diverse potential 
causes of disabilities in stroke survivors. Furthermore, the disabilities found in the present 
study based on community-dwelling stroke survivors were different from the complications 
found in inpatient-based studies [17]. Infections, sores, falls, and confusion were the most 
common complications in hospitalized stroke patients. Therefore, the current study, to the 
best of the authors’ knowledge, is the first to present findings that better reflect the real-
world causes of disabilities in stroke survivors living in Korea.

Among the causes of disabilities in stroke survivors, the prevalence of back or neck problems 
was not found to change significantly during the study period despite the high prevalence. It 
has been reported that the prevalence of musculoskeletal pain is higher in the subacute and 
chronic period than in the acute period after stroke [18]. Considering that the proportion 
of people with disabilities due to musculoskeletal problems has not decreased despite the 
decrease in the proportion of stroke survivors with disabilities, it seems that appropriate 
management for musculoskeletal problems in stroke survivors may not be properly provided 
in the community health services. Therefore, careful attention and intervention for back or 
neck problems should be considered for community-dwelling stroke survivors. In addition, 
these results can be used to better inform health care policy decisions incorporating the 
needs of stroke survivors living in the community.

Patients with disabilities due to a stroke are more likely to have combined musculoskeletal, 
visual, and medical problems than patients without disabilities due to a stroke. Motor 
deficits are the most prevalent impairments seen after stroke and involve the face, upper 
extremities, and/or lower extremities [19]. Impaired mobility caused by motor impairments 
post-stroke can result in a variety of musculoskeletal problems including joint contracture, 
shoulder subluxation, pressure ulcer, and nociceptive pain and medical problems including 
deep vein thrombosis and pulmonary thromboembolism. Therefore, the probability of 
accompanying musculoskeletal and medical problems may be higher in the group of 
patients with disabilities due to stroke. In addition, various neurologic problems caused 
by stroke including neurogenic bladder and/or bowel and dysphagia may increase the 
risk of comorbid medical complications such as urinary tract infection and pneumonia. 
Furthermore, the stroke itself can cause monocular visual loss, homonymous hemianopia, 
or cortical blindness [19].

The current study found that the proportion of stroke survivors with disabilities by any cause 
and the proportion of stroke survivors with stroke-related disabilities have significantly 
decreased from 2007–2009 (KNHANES IV) to 2010–2012 (KNHANES V). The causes and 
implications of this difference may be multifactorial. Considering the larger decrease in 
disabilities by a stroke (50.3%) than that by any cause (40.9%), factors alleviating the severity 
and sequelae of the disease may have contributed to better health outcomes in 2010–2012 
(KNHANES V) and beyond. These factors include the improvement of a healthcare system 
for hyper-acute management and the introduction of the delivery system for early and 
continuous rehabilitation [20]. The innovations in stroke treatment and the introduction 
of intensive stroke units may have affected the decrease in the incidence of disabilities 
in community-dwelling stroke survivors [21-24]. The increase in the number of stroke 
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units in Korea may lead to the reduction of complications through active monitoring and 
management in the early stages of acute stroke.

The expansion of Regional Cardiocerebrovascular Centers (RCCVCs) might also have affected 
the outcomes of acute stroke patients. The RCCVC project in Korea was launched in 2008 
with the aim to manage acute stroke patients within 3 hours. The inexpensive and efficient 
rehabilitation services covered by National Health Insurance system in Korea may also have 
affected the reduction of the incidence of disabilities in stroke survivors [20,25]. A previous 
study reported that transfer time to the rehabilitation department after onset decreased 
from 44 days in 2007 to 30 days in 2011 [26]. On the other hand, with the rapidly increasing 
number of long-term care facilities, many stroke survivors can easily stay in nursing hospitals 
and relatively mild stroke patients without disabilities may remain in the community [27]. 
With the introduction of the long-term care insurance system in 2008, the proportion of 
beds in nursing hospitals has increased from 16.2% (76,608/472,297 beds) in 2008 to 44.0% 
(277,101/629,219 beds) in 2018 [28].

During the study period, one-third of community-dwelling stroke survivors were still found 
to have disabilities. Considering this high prevalence of disabilities in non-hospitalized 
stroke survivors, the recent implementation of the pilot project for acute patient discharge 
support and community-linked activities seems meaningful [29]. This system helps 
patients return to society in a healthy way by establishing a care plan for patients who need 
continuous health care after discharge and providing integrated health-medical-welfare 
services. Additionally, appropriate rehabilitation interventions after discharge should be 
implemented to reduce disabilities in stroke survivors.

The strength of the present study stems from the utilization of a nationally representative 
database with a complex sampling design. Therefore, findings from our study can be 
generalized to the entire non-hospitalized Korean stroke survivors. Moreover, although 
hospital-based information on stroke survivors is abundant, community-based data on 
stroke survivors are limited in Korea. Our study therefore provides vital information that can 
be used to inform policy decisions.

This study has several limitations. First, there is a possibility of methodological limitation 
with a risk of recall bias since the self-reported questionnaire was employed. Second, due 
to the lack of validated questionnaires on self-reported disabilities in stroke survivors, a 
narrative questionnaire was used. Furthermore, although the causal relationships can be 
present between each self-reported cause of disabilities, the current cross-sectional study 
could not assess these potential causal relationships. Third, only the variables included in the 
KNHANES database were analyzed. Finally, there was no detailed information about stroke 
severity. Therefore, since community residents were the participants of the KNHANES, we 
speculate that very severe stroke patients might have been excluded.

In conclusion, the current study shows the causes and recent trends of disabilities in stroke 
survivors residing in the Korean community. The proportion of stroke survivors with 
disabilities has decreased but reached a plateau with no further decrease. As one-third of 
community-dwelling stroke survivors still have disabilities, attention to the causes of the 
disabilities are mandatory. The result of the current study will provide valuable information 
to make the life of stroke survivors in the community better.

8/10https://doi.org/10.12786/bn.2022.15.e5

Disabilities in stroke survivors Brain & NeuroRehabilitation

02

https://e-bnr.org

https://e-bnr.org


REFERENCES

 1. Benjamin EJ, Muntner P, Alonso A, Bittencourt MS, Callaway CW, Carson AP, Chamberlain AM, Chang 
AR, Cheng S, Das SR, Delling FN, Djousse L, Elkind MSV, Ferguson JF, Fornage M, Jordan LC, Khan 
SS, Kissela BM, Knutson KL, Kwan TW, Lackland DT, Lewis TT, Lichtman JH, Longenecker CT, Loop 
MS, Lutsey PL, Martin SS, Matsushita K, Moran AE, Mussolino ME, O’Flaherty M, Pandey A, Perak AM, 
Rosamond WD, Roth GA, Sampson UKA, Satou GM, Schroeder EB, Shah SH, Spartano NL, Stokes 
A, Tirschwell DL, Tsao CW, Turakhia MP, VanWagner LB, Wilkins JT, Wong SS, Virani SS; American 
Heart Association Council on Epidemiology and Prevention Statistics Committee and Stroke Statistics 
Subcommittee. Heart disease and stroke statistics-2019 update: a report from the American Heart 
Association. Circulation 2019;139:e56-e528. 
PUBMED | CROSSREF

 2. Rauch A, Cieza A, Stucki G. How to apply the International Classification of Functioning, Disability and 
Health (ICF) for rehabilitation management in clinical practice. Eur J Phys Rehabil Med 2008;44:329-342. 
PUBMED

 3. World Health Organization. World Health Organization international classification of functioning, 
disability and health. Geneva: World Health Organization; 2001.

 4. Avan A, Hachinski V. Stroke and dementia, leading causes of neurological disability and death, potential 
for prevention. Alzheimers Dement 2021;17:1072-1076. 
PUBMED | CROSSREF

 5. Bauza C, Yeatts SD, Borg K, Magwood G, Martin RH, Selassie A, Ford ME. Determining the joint effect of 
obesity and diabetes on functional disability at 3-months and on all-cause mortality at 1-year following an 
ischemic stroke. BMC Endocr Disord 2018;18:40. 
PUBMED | CROSSREF

 6. Virani SS, Alonso A, Aparicio HJ, Benjamin EJ, Bittencourt MS, Callaway CW, Carson AP, Chamberlain 
AM, Cheng S, Delling FN, Elkind MSV, Evenson KR, Ferguson JF, Gupta DK, Khan SS, Kissela BM, 
Knutson KL, Lee CD, Lewis TT, Liu J, Loop MS, Lutsey PL, Ma J, Mackey J, Martin SS, Matchar DB, 
Mussolino ME, Navaneethan SD, Perak AM, Roth GA, Samad Z, Satou GM, Schroeder EB, Shah SH, Shay 
CM, Stokes A, VanWagner LB, Wang NY, Tsao CW; American Heart Association Council on Epidemiology 
and Prevention Statistics Committee and Stroke Statistics Subcommittee. Heart disease and stroke 
statistics-2021 update: a report from the American Heart Association. Circulation 2021;143:e254-e743. 
PUBMED | CROSSREF

 7. Coutts SB, Modi J, Patel SK, Aram H, Demchuk AM, Goyal M, Hill MD. What causes disability after 
transient ischemic attack and minor stroke?: results from the CT and MRI in the Triage of TIA and minor 
Cerebrovascular Events to Identify High Risk Patients (CATCH) Study. Stroke 2012;43:3018-3022. 
PUBMED | CROSSREF

 8. Kendall R. Musculoskeletal problems in stroke survivors. Top Stroke Rehabil 2010;17:173-178. 
PUBMED | CROSSREF

 9. Jönsson AC, Delavaran H, Iwarsson S, Ståhl A, Norrving B, Lindgren A. Functional status and patient-
reported outcome 10 years after stroke: the Lund Stroke Register. Stroke 2014;45:1784-1790. 
PUBMED | CROSSREF

 10. Kelly-Hayes M, Beiser A, Kase CS, Scaramucci A, D’Agostino RB, Wolf PA. The influence of gender and age 
on disability following ischemic stroke: the Framingham study. J Stroke Cerebrovasc Dis 2003;12:119-126. 
PUBMED | CROSSREF

 11. Johnston KC, Li JY, Lyden PD, Hanson SK, Feasby TE, Adams RJ, Faught RE Jr, Haley EC Jr; RANTTAS 
Investigators. Medical and neurological complications of ischemic stroke: experience from the RANTTAS 
trial. Stroke 1998;29:447-453. 
PUBMED | CROSSREF

 12. Gadidi V, Katz-Leurer M, Carmeli E, Bornstein NM. Long-term outcome poststroke: predictors of activity 
limitation and participation restriction. Arch Phys Med Rehabil 2011;92:1802-1808. 
PUBMED | CROSSREF

 13. Hardie K, Hankey GJ, Jamrozik K, Broadhurst RJ, Anderson C. Ten-year risk of first recurrent stroke and 
disability after first-ever stroke in the Perth Community Stroke Study. Stroke 2004;35:731-735. 
PUBMED | CROSSREF

 14. Kweon S, Kim Y, Jang MJ, Kim Y, Kim K, Choi S, Chun C, Khang YH, Oh K. Data resource profile: the 
Korea National Health and Nutrition Examination Survey (KNHANES). Int J Epidemiol 2014;43:69-77. 
PUBMED | CROSSREF

 15. Park JT, Kim BG, Jhun HJ. Alcohol consumption and the CAGE questionnaire in Korean adults: results from 
the second Korea National Health and Nutrition Examination Survey. J Korean Med Sci 2008;23:199-206. 
PUBMED | CROSSREF

9/10https://doi.org/10.12786/bn.2022.15.e5

Disabilities in stroke survivors Brain & NeuroRehabilitation

02

https://e-bnr.org

http://www.ncbi.nlm.nih.gov/pubmed/30700139
https://doi.org/10.1161/CIR.0000000000000659
http://www.ncbi.nlm.nih.gov/pubmed/18762742
http://www.ncbi.nlm.nih.gov/pubmed/34057294
https://doi.org/10.1002/alz.12340
http://www.ncbi.nlm.nih.gov/pubmed/29914457
https://doi.org/10.1186/s12902-018-0255-1
http://www.ncbi.nlm.nih.gov/pubmed/33501848
https://doi.org/10.1161/CIR.0000000000000950
http://www.ncbi.nlm.nih.gov/pubmed/22984013
https://doi.org/10.1161/STROKEAHA.112.665141
http://www.ncbi.nlm.nih.gov/pubmed/20797960
https://doi.org/10.1310/tsr1703-173
http://www.ncbi.nlm.nih.gov/pubmed/24803595
https://doi.org/10.1161/STROKEAHA.114.005164
http://www.ncbi.nlm.nih.gov/pubmed/17903915
https://doi.org/10.1016/S1052-3057(03)00042-9
http://www.ncbi.nlm.nih.gov/pubmed/9472888
https://doi.org/10.1161/01.STR.29.2.447
http://www.ncbi.nlm.nih.gov/pubmed/22032214
https://doi.org/10.1016/j.apmr.2011.06.014
http://www.ncbi.nlm.nih.gov/pubmed/14764929
https://doi.org/10.1161/01.STR.0000116183.50167.D9
http://www.ncbi.nlm.nih.gov/pubmed/24585853
https://doi.org/10.1093/ije/dyt228
http://www.ncbi.nlm.nih.gov/pubmed/18437000
https://doi.org/10.3346/jkms.2008.23.2.199
https://e-bnr.org


 16. Harrison RA, Field TS. Post stroke pain: identification, assessment, and therapy. Cerebrovasc Dis 
2015;39:190-201. 
PUBMED | CROSSREF

 17. Langhorne P, Stott DJ, Robertson L, MacDonald J, Jones L, McAlpine C, Dick F, Taylor GS, Murray G. 
Medical complications after stroke: a multicenter study. Stroke 2000;31:1223-1229. 
PUBMED | CROSSREF

 18. Paolucci S, Iosa M, Toni D, Barbanti P, Bovi P, Cavallini A, Candeloro E, Mancini A, Mancuso M, Monaco 
S, Pieroni A, Recchia S, Sessa M, Strambo D, Tinazzi M, Cruccu G, Truini A; Neuropathic pain special 
interest group of the Italian Neurological Society. Prevalence and time course of post-stroke pain: a 
multicenter prospective hospital-based study. Pain Med 2016;17:924-930. 
PUBMED | CROSSREF

 19. Kelly-Hayes M, Robertson JT, Broderick JP, Duncan PW, Hershey LA, Roth EJ, Thies WH, Trombly CA. 
The American Heart Association stroke outcome classification. Stroke 1998;29:1274-1280. 
PUBMED | CROSSREF

 20. Chang WH. Changes in epidemiological trends and rehabilitation usage in neurological diseases in 
Korea: stroke. Brain Neurorehabil 2021;14:e11. 
CROSSREF

 21. Powers WJ, Rabinstein AA, Ackerson T, Adeoye OM, Bambakidis NC, Becker K, Biller J, Brown M, 
Demaerschalk BM, Hoh B, Jauch EC, Kidwell CS, Leslie-Mazwi TM, Ovbiagele B, Scott PA, Sheth KN, 
Southerland AM, Summers DV, Tirschwell DL. Guidelines for the early management of patients with 
acute ischemic stroke: 2019 update to the 2018 guidelines for the early management of acute ischemic 
stroke: a guideline for healthcare professionals from the American Heart Association/American Stroke 
Association. Stroke 2019;50:e344-e418. 
PUBMED | CROSSREF

 22. Hacke W, Kaste M, Bluhmki E, Brozman M, Dávalos A, Guidetti D, Larrue V, Lees KR, Medeghri Z, 
Machnig T, Schneider D, von Kummer R, Wahlgren N, Toni D; ECASS Investigators. Thrombolysis with 
alteplase 3 to 4.5 hours after acute ischemic stroke. N Engl J Med 2008;359:1317-1329. 
PUBMED | CROSSREF

 23. Saraiva JF. Stroke Prevention with oral anticoagulants: summary of the evidence and efficacy measures as 
an aid to treatment choices. Cardiol Ther 2018;7:15-24. 
PUBMED | CROSSREF

 24. Katsanos AH. Updates in stroke treatment, diagnostic methods and predictors of outcome. J Clin Med 
2020;9:2789. 
PUBMED | CROSSREF

 25. Kim WS, Bae HJ, Lee HH, Shin HI. Status of rehabilitation after ischemic stroke: a Korean nationwide 
study. Ann Rehabil Med 2018;42:528-535. 
PUBMED | CROSSREF

 26. Joa KL, Han TR, Pyun SB, Rah UW, Park JH, Kim YH, Chun MH, Paik NJ, Yoo SD, Lee SG, Park SW, Lim SH, 
Jung HY. Inpatient stroke rehabilitation outcomes in Korea derived from the Korean Brain Rehabilitation 
Centers’ online database system for the years 2007 to 2011. J Korean Med Sci 2015;30:644-650. 
PUBMED | CROSSREF

 27. Oh EH. Key issues on long-term care hospitals in Korea. Health Policy Manag 2018;28:257-262. 
CROSSREF

 28. Korean Convalescent Hospital Association. 2020 nursing hospital white paper. Available at http://k-cha.
co.kr/data/board/KNotice/2020요양병원백서.pdf [accessed on 9 November 2021].

 29. Health Insurance Review & Assessment Service. Guidelines for pilot project support for acute patient 
discharge and community-connected activities. Wonju: Health Insurance Review & Assessment Service; 
2020.

10/10https://doi.org/10.12786/bn.2022.15.e5

Disabilities in stroke survivors Brain & NeuroRehabilitation

02

https://e-bnr.org

http://www.ncbi.nlm.nih.gov/pubmed/25766121
https://doi.org/10.1159/000375397
http://www.ncbi.nlm.nih.gov/pubmed/10835436
https://doi.org/10.1161/01.STR.31.6.1223
http://www.ncbi.nlm.nih.gov/pubmed/26814255
https://doi.org/10.1093/pm/pnv019
http://www.ncbi.nlm.nih.gov/pubmed/9626308
https://doi.org/10.1161/01.STR.29.6.1274
https://doi.org/10.12786/bn.2021.14.e11
http://www.ncbi.nlm.nih.gov/pubmed/31662037
https://doi.org/10.1161/STR.0000000000000211
http://www.ncbi.nlm.nih.gov/pubmed/18815396
https://doi.org/10.1056/NEJMoa0804656
http://www.ncbi.nlm.nih.gov/pubmed/29488150
https://doi.org/10.1007/s40119-018-0106-1
http://www.ncbi.nlm.nih.gov/pubmed/32872447
https://doi.org/10.3390/jcm9092789
http://www.ncbi.nlm.nih.gov/pubmed/30180521
https://doi.org/10.5535/arm.2018.42.4.528
http://www.ncbi.nlm.nih.gov/pubmed/25931798
https://doi.org/10.3346/jkms.2015.30.5.644
https://doi.org/10.4332/KJHPA.2018.28.3.257
https://e-bnr.org

	Causes and Trends of Disabilities in Community-Dwelling Stroke Survivors: A Population-Based Study
	INTRODUCTION
	MATERIALS AND METHODS
	Variables
	Statistical analysis

	RESULTS
	Causes of disabilities in community-dwelling stroke survivors
	Trends of disabilities in community-dwelling stroke survivors

	DISCUSSION
	REFERENCES




