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Background: This study investigated the prevalence of knee osteoarthritis among stroke survivors
aged over 60 years and analyzed the association between knee osteoarthritis and health-related
quality of life (HRQOL) in stroke survivors. Methods: We analyzed data of 287 participants who
had experienced a stroke (stroke group) from the 2010–2012 Korean National Health and Nutrition Examination Survey. Among the participants, 65 stroke survivors also had knee osteoarthritis.
We used the European Quality of Life-5 Dimensions (EQ-5D) questionnaire to compare the differences in HRQOL according to the presence or absence of knee osteoarthritis in the stroke
group. Multiple regression analysis was performed to determine associated factors affecting
HRQOL in the stroke group. Results: The prevalence of knee osteoarthritis was 21% in the stroke
group. The EQ-5D index score was significantly lower in patients in the stroke group with knee
osteoarthritis than in those without knee osteoarthritis (adjusted mean ±standard error [SE],
0.680±0.011 for stroke with knee osteoarthritis and 0.817±0.003 stroke without knee osteoarthritis; p<0.0001). Knee osteoarthritis, age, income level, education level, smoking, diabetes, and
cardiovascular disease significantly influenced HRQOL in the stroke group. Conclusion: The study
results confirmed that the prevalence of knee osteoarthritis was 21% in the stroke group and
that HRQOL was significantly lower among patients in the stroke group with knee osteoarthritis.
These findings suggest the importance of active management of knee osteoarthritis in stroke survivors for HRQOL.
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INTRODUCTION
Stroke can cause physical and mental impairments and is often accompanied by a decline in the quality of life owing to chronic sequelae.1-4) According to an epidemiological report published by the
Korean Stroke Society in 2018, one in 40 Korean adults have had a
stroke and 232 strokes occur per 100,000 people each year.5) With
the advancement of medical care, the mortality rate of patients
with stroke has decreased over time,6) resulting in an increased

number of patients living with the disease and its associated disorders.
The disabilities that result from stroke include not only neurological disorders but also decreased physical function.7,8) Musculoskeletal issues are reported in 29%–32% of patients affected by
stroke.9) The decline in muscle strength and/or motor control
function, in addition to muscle spasticity, can cause limb abnormalities and an irregular gait. These symptoms may result in increased pain and may limit patient activities of daily living.10)
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In particular, osteoarthritis caused by a degenerative joint disorder typically accompanies stroke owing to its increasing prevalence
with age.11-13) Osteoarthritis is characterized by chronic joint pain
and functional limitations, including gait instability; it also affects
mental health, with increased risks of stress and depression.14) Osteoarthritis can also worsen the function of patients with
stroke,15,16) negatively impacting their health-related quality of life
(HRQOL).17) In addition, stroke survivors often have comorbidities such as hypertension, diabetes, and cardiovascular disease,
which can also affect HRQOL.18) Decreased HRQOL is associated with depression, decreased motivation, and social withdrawal.19)
These can also lead to the deterioration of other functions, activity,
and mobility. Therefore, improving the HRQOL of patients with
stroke not only improves their mental outlook but may also lead to
functional improvements and increased social participation.
Korea’s progression to a super-aged society and the increase in
the number of stroke survivors have resulted in increased strokeand osteoarthritis-related research.6,20) Thus, as a representative
musculoskeletal disease that can accompany stroke, osteoarthritis
is expected to become increasingly important.
However, few studies have assessed the prevalence and effect of
knee osteoarthritis on HRQOL in patients with stroke. Therefore,
this study investigated the prevalence of knee osteoarthritis among
stroke survivors and analyzed the association of knee osteoarthritis
and HRQOL in stroke survivors aged over 60 years.

MATERIALS AND METHODS
Research Design and Participants
This cross-sectional study analyzed raw data from the 5th Korean
National Health and Nutrition Examination Survey (KNHANES)
between 2010 and 2011. The 5th KNHANES documented health
behavior, prevalence of chronic disease, dietary intake, and results
of radiological tests such as knee and hip X-rays to evaluate osteoarthritis.
Among 25,534 respondents in the 5th KNHANES, we selected
287 for the final analysis. The inclusion criteria for the stroke group
in this study were as follows: (1) diagnosis of stroke, (2) currently
having stroke, or (3) currently undergoing stroke treatment, and
(4) age ≥ 60 years (Fig. 1). This study was approved by the Institutional Review Board of Jeju National University Hospital (No.
2020-05-001). As the present study used non-personally identifiable data, the requirement for participant consent was waived and
the study was conducted according to the principles of the Declaration of Helsinki and the International Council for Harmonisation-Good Clinical Practice (ICH-GCP).

Explanatory Variables
The knee osteoarthritis group comprised individuals who reported having knee pain and knee joint Kellgren-Lawrence radiological
grades ≥ 2. We used the European Quality of Life-5 Dimensions
(EQ-5D) questionnaire to compare the differences in HRQOL
according to the presence or absence of knee osteoarthritis in the
stroke group. EQ-5D comprises five dimensions related to
HRQOL: mobility, self-care, daily activities, pain/discomfort, and
anxiety/depression. Each domain of EQ-5D is scored using a
three-point scale: 1, no problems; 2, moderate problems; and 3,
severe problems. A higher score indicates greater discomfort in
each dimension. The EQ-5D results were then converted into the
EQ-5D index according to the EQ-5D measurement standards
proposed by the Korea Centers for Disease Control and Prevention.21) An EQ-5D index of 1 (when all five items were 1) defined
a perfectly healthy condition. EQ-5D indices ranged from 1 to
−0.171, with smaller values indicating worse health conditions.22)
The sociodemographic variables included in our analysis were
age (years), age group (60–69, 70–79, and ≥ 80 years), sex (male,
female), income, and education. Income was divided into quartiles
(lower, lower-middle, upper-middle, and upper). The levels of education were divided into ≤ middle school or ≥ high school. We
assessed smoking status, alcohol intake per week, and number of
walking days as lifestyle factors. Smoking status was divided into
currently smoking and non-smoking. Alcohol intake per week was
divided into no drinking, ≤ 1 time/week, 2–3 times a week, and
≥ 4 times a week. The number of walking days was categorized as
≤ 2 times/week, 3–4 times/week, and ≥ 5 times/week. We obtained data on body mass index (BMI, kg/m2) and arterial blood
pressure from health examination surveys. As obesity was considered a variable that could affect knee osteoarthritis, we defined

The 7th Korean National Health and Nutrition Examination Survey: 2016-2018
(n=24,269)

Inclusion criteria of the stroke group (n=329)
Self reported as
(1) diagnosed with stroke by doctor
(2) suffered from stroke, currently
(3) current treatment due to stroke
(4) age ≥60

Stroke group with osteoarthritis (n=92)
Self reported as
(1) diagnosed with osteoarthritis
(2) current treatment due to
osteoarthritis

Fig. 1. Study flowchart.
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BMI values of < 25 kg/m2 as normal and ≥ 25 kg/m2 as obese.
Hypertension was defined as a systolic blood pressure ≥ 140
mmHg, diastolic blood pressure of ≥ 90 mmHg, or use of antihypertensive agents.
We defined the presence of diabetes as participants who responded that they had been diagnosed with diabetes, were currently experiencing diabetes, or were currently undergoing diabetes treatment. We defined the presence of cardiovascular disease
(myocardial infarction or angina pectoris) as participants who responded that they had been diagnosed with cardiovascular disease,
were currently experiencing the disease, or were currently undergoing treatment for the disease.
Statistical Analysis
The sampling in the KNHANES follows a multi-stage clustered
probability design, which is a complex sample design method to
improve sample representativeness and estimation accuracy.
Therefore, this study reflected the weight, strata, and cluster variables for accurate data analysis, and we performed all statistical
analyses using the complex sample data analysis method. All missing values were reflected without omission to avoid bias in the
variance (standard error [SE]) of the estimate.
Chi-squared tests were performed to compare the proportions
of categorical variables, and independent t-tests were performed to
compare differences in continuous variables between participants
in the stroke group with and without knee osteoarthritis.
The prevalence of knee osteoarthritis in the stroke group was estimated using complex sample logistic analysis adjusted for age.
Univariate logistic regression and age- and sex-adjusted multivariate logistic regression analyses were used to identify factors significantly related to knee osteoarthritis in the stroke group. To compare the differences in HRQOL according to the presence or absence of knee osteoarthritis in the stroke group, we calculated the
adjusted means of each dimension of the EQ-5D and EQ-5D index after adjusting for age and sex. The mean scores of each domain of EQ-5D between intergroups were compared using t-tests.
To identify the significance of sociodemographic factors (sex,
age, income, education), lifestyle factors (obesity, weekly alcohol
intake, smoking status, number of weekly walking days), and comorbidities (hypertension, diabetes, cardiovascular disease) on
HRQOL in the stroke group, a simple linear regression analysis
was performed. Variables with p-values < 0.05 in the simple linear
regression analysis were included in the multiple linear regression
analysis. All data analyses were performed using Statistical Analysis
System (SAS) version 9.4 (SAS Institute Inc., Cary, NC, USA),
with p-values < 0.05 indicating statistical significance.

RESULTS
Distributions of Characteristics according to Knee Osteoarthritis
in the Stroke Group
Among 25,534 individuals who participated in the 5th KNHANES from 2010 to 2012, the stroke group included 287 individuals. Patients in the stroke group with knee osteoarthritis were
older than those in the stroke group without knee osteoarthritis
(73.7 vs. 70.0 years; p < 0.0001). The prevalence of knee osteoarthritis was significantly higher in women than in men in the stroke
group (31.7% vs. 11.7%). The prevalence of knee osteoarthritis
trend tended to increase with age; it was 14.9% among participants
in their 60s, 22.1% among those in their 70s, and 38.4% among
those aged ≥ 80 years (p for trend = 0.018).
We observed no significant differences in income (p =0.288),
obesity (p =0.350), smoking status (p = 0.103), aerobic exercise
(p = 0.178), hypertension (p = 0.119), diabetes (p = 0.910), or cardiovascular disease (p = 0.095) between the intergroups (Table 1).
Age-adjusted Prevalence of Knee Osteoarthritis and its Related
Factors in the Stroke Group
The prevalence of knee osteoarthritis in stroke patients aged ≥ 60
years was 21%. Even after adjusting for age, the prevalence of knee
osteoarthritis tended to decrease with income (25.3%, 22.1%,
16.4%, and 12.3% in the low, middle-low, middle-high, and high
income groups, respectively) and education (24.2% in ≤ middle
school and 5.5% in ≥ high school). The unadjusted odds ratios
(ORs) for the association between knee osteoarthritis and each
variable were significant for sex, age, education, and alcohol consumption 2–3 times/week. After adjusting the ORs for age and
sex, only education ( ≥ high school: adjusted OR = 0.304; 95%
confidence interval [CI], 0.113–0.818) was a significantly related
factor (Table 2).
Differences in HRQOL according to Knee Osteoarthritis Status
in the Stroke Group after Adjusting for Age and Sex
The average score for each dimension was significantly higher
in the knee osteoarthritis group, indicating a poor HRQOL
(p < 0.001). The EQ-5D index was significantly lower in the knee
osteoarthritis group (adjusted mean ± SE, 0.680 ± 0.011) than in
the non-knee osteoarthritis group (0.817 ± 0.003) (p < 0.0001)
(Table 3).
Factors Affecting HRQOL in the Stroke Group
The simple linear regression models for the EQ-5D index showed
significant (p < 0.05) associations between the presence of knee
osteoarthritis and sex, age, education, alcohol intake, smoking sta-
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Table 1. Distribution of characteristics of knee osteoarthritis in the
stroke group
Variable
Sex
Male
Female
Age (y)
Age group (y)
60–69
70–79
≥ 80
Income
Low
Middle-low
Middle-high
High
Education
≤ Middle school
≥ High school
Obesity
No
Yes
Alcohol intake per week
No drinking
≤1
2–3
≥4
Smoking status
No
Yes
Walking days per week
≤2
3–4
≥5
Hypertension
No
Yes
Diabetes
No
Yes
Cardiovascular disease
No
Yes

Knee osteoarthritis
No (n = 222)
Yes (n = 65)

p-value
0.001

136 (88.3)
86 (68.3)
70.0 ± 0.5

19 (11.7)
46 (31.7)
73.7 ± 0.8

110 (85.1)
94 (77.9)
18 (61.6)

23 (14.9)
29 (22.1)
13 (38.4)

64 (74.3)
41 (73.5)
61 (82.7)
54 (86.2)

22 (25.7)
18 (26.5)
18 (17.3)
7 (13.8)

147 (73.7)
73 (94.4)

59 (26.3)
6 (5.6)

35 (84.0)
174 (77.0)

7 (16.0)
58 (23.0)

< 0.0001
0.018

0.288

< 0.0001

0.350

0.041
108 (73.0)
70 (85.0)
22 (95.7)
20 (81.0)

43 (27.0)
15 (15.0)
1 (4.3)
5 (19.0)

180 (77.2)
39 (89.0)

84 (22.8)
8 (11.0)

85 (75.6)
37 (90.2)
97 (78.6)

29 (24.4)
5 (9.8)
30 (21.4)

46 (87.3)
174 (77.0)

7 (12.7)
58 (23.0)

130 (79.8)
63 (80.5)

35 (20.2)
19 (19.5)

197 (77.8)
25 (89.1)

60 (22.2)
5 (10.9)

0.103

0.178

0.119

0.910

0.095

Values are presented as number (%) or mean±standard error.

tus, number of walking days (3–4/week, p = 0.008; ≥ 5/week,
p = 0.001), and presence of diabetes and cardiovascular disease
(Supplementary Table S1).
Multiple linear regression models for the EQ-5D index indicated

that knee osteoarthritis (F = 99.59, p < 0.0001), age (F = 19.25,
p < 0.0001), income (F = 64.34, p < 0.0001), education (F = 43.18,
p < 0.0001), weekly alcohol intake (F = 84.31, p < 0.0001), smoking
(F = 18.43, p < 0.0001), aerobic exercise (F = 68.91, p < 0.0001), diabetes (F = 8.81, p = 0.003), and cardiovascular disease (F =6.45,
p = 0.012) were significantly associated with HRQOL in the stroke
group (F = 96.1, p < 0.0001) among variables with p-values < 0.05
in the simple linear regression analysis. Among those variables, the
presence of osteoarthritis (estimate B = –0.145; 95% CI, –0.173 to
–0.116), age (B = –0.004; 95% CI, –0.006 to –0.002), middle-high
income (B = –0.017; 95% CI, –0.034 to 0.000), alcohol consumption 2–3 times/week of (B = –0.088; 95% CI, –0.109 to –0.067),
walking 3–4 days/week (B = –0.066; 95% CI, –0.089 to –0.043),
smoking (B = –0.066; 95% CI, –0.096 to -0.035), diabetes (B = –
0.029; 95% CI, –0.048 to –0.010), and cardiovascular disease
(B = –0.023; 95% CI, –0.040 to –0.005) were associated with reduced EQ-5D index scores. High education level (B = 0.064; 95%
CI, 0.045 to 0.083), middle-low income (B = 0.042; 95% CI, 0.025
to 0.059), high income (B = 0.080; 95% CI, 0.052 to 0.108), and
walking ≥ 5 days/week (B = 0.026; 95% CI, 0.005 to 0.047) were
the factors positively affecting HRQOL. (Table 4).

DISCUSSION
This cross-sectional study aimed to identify the overall prevalence
of knee osteoarthritis in patients with stroke aged over 60 years
and assess factors related to HRQOL in this group. This comprehensive study assessed the prevalence of osteoarthritis and
HRQOL in patients with stroke aged over 60 years. Our results
will help improve the HRQOL and health management of the anticipated increasing numbers of older adult stroke survivors.
First, the prevalence of osteoarthritis in patients in the stroke
group aged over 60 years was 21% and was higher in women than
in men. Osteoarthritis in patients with stroke may be accelerated
owing to biomechanical problems such as paralysis, spasticity, sensory loss, and movement disorders.23,24) However, the comparison
of the prevalence of knee osteoarthritis between the stroke and nostroke groups of patients aged over 60 years showed no significant
difference in our study (Supplementary Table S2). This is probably because this study included only patients aged over 60 years;
thus, their knee osteoarthritis was likely because of aging or previous injuries. Additional research in an expanded age range of study
subjects is needed. In addition, the prevalence of osteoarthritis was
higher in women, those in the low-income group, and those in the
low-educational level group. The high prevalence of osteoarthritis
in women has been previously reported.25,26) Women are anatomically different from men, with narrower femurs, thinner patellae,
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Table 2. Prevalence of knee osteoarthritis and its related factors in the stroke group
Variable
Total
Sex
Male
Female
Age (y)
Age group (y)
60–69
70–79
≥ 80
Income
Low
Middle-low
Middle-high
High
Education
≤ Middle school
≥ High school
Obesity
No
Yes
Alcohol intake per week
No drinking
≤1
2–3
≥4
Smoking status
No
Yes
Walking days per week
≤2
3–4
≥5
Hypertension
No
Yes
Diabetes
No
Yes
Cardiovascular disease
No
Yes

Knee osteoarthritis (%)a)
21.0

uOR (95% CI)
-

aORb) (95% CI)
-

10.3
30.1
-

Reference
3.491 (1.717–7.100)
1.103 (1.049–1.161)

-

23.4
37.2
14.9

Reference
1.621 (0.764–3.437)
3.574 (1.401–9.112)

-

24.3
22.4
4.8
5.9

Reference
1.046 (0.438–2.496)
0.606 (0.278–1.321)
0.465 (0.164–1.314)

Reference
0.822 (0.331–2.041)
0.641 (0.270–1.521)
0.463 (0.155–1.385)

22.6
8.1

Reference
0.167 (0.066–0.424)

Reference
0.304 (0.113–0.818)

20.6
19.7

Reference
1.569 (0.606–4.063)

Reference
0.946 (0.359–2.496)

21.6
17.3
6.5
22.9

Reference
0.478 (0.220–1.036)
0.121 (0.015–0.966)
0.634 (0.200–2.010)

Reference
0.844 (0.372–1.914)
0.276 (0.035–2.172)
1.192 (0.352–4.039)

20.0
15.7

Reference
0.421 (0.145–1.226)

Reference
0.823 (0.272–2.489)

19.5
10.0
22.4

Reference
0.336 (0.105–1.081)
0.841 (0.426–1.662)

Reference
0.482 (0.132–1.761)
1.295 (0.615–2.724)

14.6
20.7

Reference
2.052 (0.816–5.165)

Reference
1.391 (0.533–3.634)

19.2
17.0

Reference
0.960 (0.477–1.933)

Reference
0.788 (0.354–1.757)

20.9
9.2

Reference
0.429 (0.152–1.211)

Reference
0.359 (0.119–1.076)

uOR, unadjusted odds ratio; aOR, adjusted odds ratio; CI, confidence interval.
a)
Adjusted for age, b)adjusted for age and sex.

larger quadriceps angle, and differences in the tibia condyle size.
Moreover, differences in knee cartilage volume may play a major
role, in addition to hormones.26-29) The higher rates of osteoarthritis in the low-income and low-educated groups is consistent with

findings of previous studies reporting a higher osteoarthritis burden for individuals with poor socioeconomic status.30,31) People
with lower socioeconomic status are more likely to perform
knee-stressing work than office work; thus, the prevalence of os-
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Table 3. Health-related quality of life according to knee osteoarthritis status in the stroke group
Variable
EQ-5D index score
Mobility
Self-care
Usual activities
Pain/discomfort
Anxiety/depression

Knee osteoarthritisa)
No
0.817± 0.003
1.581± 0.029
1.305± 0.029
1.487± 0.028
1.517± 0.028
1.272± 0.028

Yes
0.680± 0.011
1.915± 0.027
1.518± 0.019
1.632± 0.019
1.923± 0.027
1.520± 0.024

t
−10.83
7.51
5.25
3.72
9.19
5.87

p-valueb)
< 0.0001
< 0.0001
< 0.0001
0.0003
< 0.0001
< 0.0001

Values are presented as adjusted mean±standard error.
EQ-5D, European Quality of Life-5 dimension.
a)
Adjusted for age and sex, b)using the chi-square test.

Table 4. Factors affecting the health-related quality of life in the stroke group
Variable
(constant)
Osteoarthritis
No
Yes
Sex
Male
Female
Age
Income
Low
Middle-low
Middle-high
High
Education
≤ Middle school
≥ High school
Alcohol intake per week
No drinking
≤1
2–3
≥4
Smoking status
No
Yes
Walking days per week
≤2
3–4
≥5
Diabetes
No
Yes
Cardiovascular disease
No
Yes

Multiple linear regression
B
1.103

β
0.000

SE
0.068

p-value
< 0.0001

Reference
−0.145

−0.298

0.015

< 0.0001

Reference
−0.007
−0.004

−0.017
−0.124

0.011
0.001

0.555
< 0.0001

Reference
0.042
−0.017
0.080

0.087
−0.041
0.166

0.009
0.009
0.014

< 0.0001
0.047
< 0.0001

Reference
0.064

0.148

0.010

< 0.0001

Reference
0.0001
−0.088
0.011

0.0002
−0.138
0.017

0.012
0.011
0.008

0.993
< 0.0001
0.172

Reference
−0.066

−0.122

0.015

< 0.0001

Reference
−0.066
0.026

−0.124
0.068

0.015
0.011

< 0.0001
0.014

Reference
−0.029

−0.071

0.010

0.003

Reference
−0.023

−0.033

0.009

0.012

B, estimate; β, standardized estimate; SE, standard error.
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teoarthritis is higher in this population The age- and sex-adjusted
ORs of knee osteoarthritis in this study showed that the lower the
education level, the higher the risk of knee osteoarthritis. Therefore, it is important to educate stroke survivors who are women or
with low levels of education and income on proper exercise and
lifestyle habits to prevent osteoarthritis in these populations.
Second, we found that the presence of osteoarthritis negatively
affected HRQOL in the stroke group. All five dimensions (mobility, self-care, usual activities, pain/discomfort, and anxiety/depression) and the EQ-5D index showed significantly worse HRQOL
in the stroke group with knee osteoarthritis. Knee osteoarthritis in
stroke patients was associated with an increased length of hospitalization and was related to the degree of patient daily activities.32)
Gait issues in patients with stroke were significantly related to knee
pain at rest; moreover, knee osteoarthritis is also closely related to
functional recovery after stroke onset.33,34) Our findings indicated
that knee osteoarthritis contributed to functional limitation and
could worsen HRQOL in the stroke group, suggesting that rapid
screening tests for osteoarthritis in patients with stroke and prompt
management of knee osteoarthritis in these patients can improve
their quality of life.
Finally, in addition to osteoarthritis, age, middle-high income,
low education level, smoking, alcohol intake 2–3 times/week, diabetes, and cardiovascular disease were negatively related to
HRQOL in the stroke group. After a stroke, nerves are damaged
and the muscle structure changes to fast-contractile fibers, resulting in a rapid decline in muscle mass. In addition, sarcopenia
caused by aging further reduces muscle strength, limiting the activities of daily life and resulting in decreased HRQOL.35-39) In addition, social interaction decreases and psychological conditions
such as depression worsen with age, which further adversely affects
HRQOL.19) Among the factors examined in this study, the controllable factors were smoking, alcohol intake, and walking. Although there were positive and negative effects depending on the
subgroup of each item, when combined with other studies to date,
smoking cessation and aerobic exercise such as walking positively
affect HRQOL.40-43) Regular physical activity improves functional
health and energy balance; reduces the risks of cardiovascular disease, stroke, and diabetes; and is a major factor in preventing sarcopenia.41,43) Therefore, walking and smoking cessation are expected
to play important roles in the management of diabetes and cardiovascular disease, which are risk factors for HRQOL among stroke
patients.
This study had several limitations. First, this was a retrospective
cross-sectional study that included a survey; thus, we could not
identify the sequential or causal relationships between stroke and
osteoarthritis. Second, although we conducted a secondary analy-

sis of the KNHANES data, the final analysis included 287 samples,
which is less than the total number of stroke patients in Korea.
Third, we did not perform detailed classifications and analyses according to lesions as well as osteoarthritis and stroke severities. Future research considering the severity and characteristics of stroke
and knee osteoarthritis is needed.
The study results confirmed that the prevalence of knee osteoarthritis was 21% among patients with stroke aged over 60 years and
that HRQOL was significantly lower in the group of patients with
stroke and knee osteoarthritis than in the group of patients with
stroke and without knee osteoarthritis. Therefore, improving the
quality of life of stroke survivors requires active management of
knee osteoarthritis, including appropriate medical approaches
such as preventive exercise, pain control, physical therapy, and rehabilitation considered to be helpful in daily life.

SUPPLEMENTARY MATERIALS
Supplementary materials can be found via https://doi.org/10.4235/
agmr.21.0053.
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