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Abstract

Background: Osteoarthritis and rheumatoid arthritis (RA) are prevalent chronic joint disorders, with prevalence rates varying
by sex. However, few studies have comprehensively documented the factors contributing to the sex-specific prevalence of
osteoarthritis and RA, including sociological factors and the impact of the COVID-19 pandemic.

Objective: This study aims to identify long-term trends in the sex-specific prevalence of osteoarthritis and RA from 2005 to
2021 while examining the factors that serve as vulnerabilities specific to each sex within the context of the COVID-19 pandemic.

Methods: Data were collected from a nationally representative sample of 110,225 individuals through the Korea National Health
and Nutrition Examination Survey from 2005 to 2021. The study included patients aged 19 years and older diagnosed with
osteoarthritis or RA in South Korea. Data were analyzed using weighted trends to accurately represent the sample population,
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with a 95% CI. Weighted logistic and regression models were used to identify vulnerable groups at risk of osteoarthritis or RA
during the pandemic to assess sex-specific trends.

Results: In total, 110,225 individuals (n=48,410, 43.92% male participants) were analyzed from 2005 to 2021, with prevalence
rates remaining stable over time and higher in female than in male participants. Notably, during the pandemic, female participants
aged 60 years and older exhibited a prevalence of osteoarthritis that was 4.92 times greater than male participants and a prevalence
of RA that was 6.44 times greater (osteoarthritis: prevalence ratio [PR] 69.78, 95% CI 41.66-116.88; RA: PR 17.27, 95% CI
8.75-34.07). In terms of osteoarthritis, male participants did not show a significant association with BMI (PR 1.40, 95% CI
1.21-1.61; P=.47), whereas female participants exhibited a significantly higher vulnerability within the obese group (PR 1.68,
95% CI 1.55-1.83; P<.001). Regarding RA, lower education levels were associated with increased vulnerability, with male
participants showing a greater risk than female participants (male participants: PR 2.29, 95% CI 1.61-3.27 and female participants:
PR 1.50, 95% CI 1.23-1.84).

Conclusions: This study reveals that women in South Korea have a higher prevalence of osteoarthritis and RA than men.
Understanding these sex-specific trends and identifying vulnerability factors can enhance preventive efforts and patient care.

(JMIR Public Health Surveill 2024;10:e57359) doi: 10.2196/57359
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Introduction

Background
Osteoarthritis and rheumatoid arthritis (RA) are two prevalent
forms of chronic joint diseases characterized by pain, stiffness,
and loss of function in the affected joints [1]. It is estimated that
approximately 528 million individuals worldwide are affected
by osteoarthritis, while around 18 million experience RA; both
conditions place significant socioeconomic burdens on health
care systems and society at large [2,3]. Osteoarthritis is
fundamentally characterized by irreversible structural changes
within the joint, whereas RA remains a complex condition with
no clear curative treatment, complicating the management
strategies for both diseases [4,5]. Furthermore, studies suggest
that sex influences the progression of arthritis, clinical signs,
and treatment responses, highlighting the need to investigate
effective therapeutic and management strategies that account
for these sex differences [6-8].

Women are disproportionately affected by autoimmune
conditions and chronic pain syndromes; notably, there is a
significant sex disparity in the prevalence of osteoarthritis and
RA worldwide, with women exhibiting higher prevalence rates
than their male counterparts [9-11]. The prevalence and
outcomes of these diseases vary by countries and time periods
due to the interaction of various genetic and environmental
factors [12]. However, previous studies have insufficiently
addressed the sex-specific vulnerabilities associated with these
conditions at the national level and have not considered the
impact of the COVID-19 pandemic [13,14]. Therefore, it is
essential to examine the impact of the pandemic and social
factors from multiple perspectives to analyze sex-specific
prevalence differences at the national level.

Objective
This study aimed to investigate the long-term trends in the
sex-specific prevalence of osteoarthritis and RA from 2005 to
2021 while examining the factors that function as vulnerabilities
specific to each sex in the context of the pandemic. To achieve
this, we used the latest nationwide data encompassing South

Korean adults over a period of 17 years. Ultimately, our findings
may contribute to better management and recognition of the
sex-specific vulnerabilities faced by patients with osteoarthritis
and RA.

Methods

Patient Selection and Data Collection
In this study, we analyzed data from the Korea National Health
and Nutrition Examination Survey (KNHANES) conducted by
the Korea Disease Control and Prevention Agency from 2005
to 2021, during which osteoarthritis and RA meeting the criteria
for our study were classified [15-17]. The study participants
aged ≥19 years were selected, and the variables included age,
sex, region of residence, BMI group, level of education,
household income, and smoking status. For the analysis of
sex-specific prevalence in osteoarthritis and RA, 110,225
participants were recruited from 17 cities and provinces in South
Korea. The survey spanned 17 years, with participant counts
per period grouped as follows: 27,755 in 2005-2007; 20,273 in
2008-2010; 17,497 in 2011-2013; 16,246 in 2014-2016; 17,722
in 2017-2019; 5407 in 2020; and 5325 in 2021 (Figure S1 in
Multimedia Appendix 1).

The KNHANES is a nationwide health and nutrition assessment
conducted in South Korea. To enhance the timeliness of national
statistics, the survey is conducted annually, providing
representative and reliable data at the national level. The data
were extracted using a 2-stage stratified cluster sampling design.
Consequently, the analysis in our study took into account various
elements of complex sampling design, including strata, clusters,
and weights. Specifically, following established guidelines,
integrated weights were calculated by multiplying the annual
weights by a ratio proportional to the number of survey units
[18]. These integrated weights were subsequently applied in
various analyses for this study, including the calculation of
prevalence rates, year-on-year prevalence analysis, and the
analysis of vulnerability factors corresponding to each patient
with osteoarthritis or RA.
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Ascertainment of Osteoarthritis and RA
This study aimed to evaluate the trends in the sex-specific
prevalence of osteoarthritis and RA, over 17 years, spanning
from 2005 to 2021. In defining the patient group, participants
were asked the following specific question: “Have you ever
been diagnosed with osteoarthritis or RA by a doctor?” This
question was designed to capture a self-reported history of
physician-diagnosed osteoarthritis, or RA, ensuring that only
those with a confirmed medical diagnosis were included in the
study [19]. Participants were classified into 6 groups based on
their responses: men with osteoarthritis, women with
osteoarthritis, both sexes with osteoarthritis, men with RA,
women with RA, and both sexes with RA. We collected data
on various potential sex–specific vulnerable factors associated
with the development of osteoarthritis and RA, such as age,
lifestyle habits, and socioeconomic status.

Covariates
The covariates used in this study include age (19-39, 40-59, and
≥60 y), sex (male and female), region of residence (urban and
rural) [20,21], education level (elementary school or lower,
middle school, high school, and college or higher education),
household income (lowest, second, third, and highest quartile),
smoking status (current, ex-, and nonsmoker), and BMI group
(underweight, normal weight, overweight, and obese). BMI

values were categorized into underweight (<18.5 kg/m2), normal

weight (18.5-22.9 kg/m2), overweight (23.0-24.9 kg/m2), and

obese (≥25.0 kg/m2) categories according to the Asian-Pacific
guidelines [22-24]. These guidelines were specifically chosen
for this study as they better reflect the body composition and
associated health risks of Asian populations, including South
Koreans, who tend to have higher body fat percentages and
associated health risks at lower BMI levels compared with
western populations. By using the Asian-Pacific guidelines, we
aimed to ensure that the BMI categorization accurately reflects
the health risks within the specific demographic context of the
study population.

Statistical Analyses
This study used national data from KNHANES, categorizing it
into crude and group-weighted analyses with 95% CIs to identify
sex-specific trends in the prevalence of osteoarthritis and RA
in South Korea. In addition, a weighted odds ratio for each
period was analyzed to confirm these trends. A weighted linear
regression model was used to calculate the β-coefficients
comparing the periods before and during the COVID-19
pandemic, assessing the impact of the pandemic. Furthermore,
a weighted logistic regression was used to calculate a weighted
prevalence ratio (PR) to identify vulnerable factors associated
with each sex along with their respective 95% CIs. The weighted
ratio of PRs was used to determine which variables were more

susceptible in the context of the pandemic, thus providing a
deeper understanding of the influence of these factors on
osteoarthritis and RA prevalence.

To enhance the reliability of the findings, a stratification analysis
was conducted, accounting for variables such as age, sex, region
of residence, BMI group, level of education, household income,
and smoking status in all regression models. A 2-sided test was
performed, with a P value of <.05 considered statistically
significant [25-27]. For statistical analyses, this study was
conducted using SAS software (version 9.4; SAS Institute).

Ethical Considerations
The KNHANES database was anonymized, and all study
participants provided informed consent for participation. The
study protocol was approved by the institutional review board
of the Korea Disease Control and Prevention Agency (approval
numbers 2007-02CON-04-P, 2008-04EXP-01-C,
2009-01CON-03-2C, 2010-02CON-21-C, 2011-02CON-06-C,
2012-01EXP-01-2C, 2013-07CON-03-4C, 2013-12EXP-03-5C,
2018-01-03-P-A, 2018-01-03-C-A, 2018-01-03-2C-A, and
2018-01-03-5C-A). In addition, this study was conducted in
compliance with the principles of the Declaration of Helsinki.
Privacy and confidentiality were rigorously upheld, as the data
were deidentified before analysis, ensuring that no individual
participants could be identified. Given that the study involved
secondary data analysis, there was no direct compensation
provided to participants. Furthermore, no images or
supplementary materials contain identifiable information.

Results

Study Participant Demographics
From 2005 to 2021, this study included 151,173 participants in
the KNHANES database, from which we included 110,225
(male participants: 48,410, 43.92% and female participants:
61,815, 56.08%) in the final study. We excluded 40,948
(27.09%) participants due to missing data, including age group,
household income, and weighted value (Figure S1 in Multimedia
Appendix 1).

Table 1 and Table S1 in Multimedia Appendix 1 present the
baseline characteristics of the participants in both crude and
weighted rate over 17 years. Regarding the weighted rates, the
data indicate the following: sex (male: 49.61%, 95% CI
49.28%-49.95% and female: 50.39%, 95% CI 50.05%-50.72%)
and age (19-29 y: 18.99%, 95% CI 18.51%-19.47%, 30-39 y:
9.24%, 95% CI 18.72%-19.75%, 40-49 y: 20.65%, 95% CI
18.45%-18.85%, 50-59 y: 18.45%, 95% CI 18.05%-18.85%,
60-69 y: 12.54%, 95% CI 12.20%-12.88%, 70-79 y: 7.61%,
95% CI 7.34%-7.88%, and ≥80 y: 2.52%, 95% CI
2.37%-2.67%).
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Table 1. Baseline characteristics of South Korean adults based on Korea National Health and Nutrition Examination Survey data from 2005 to 2021
(n=110,225).

2021,
weighted %
(95% CI)

2020,
weighted %
(95% CI)

2017-2019,
weighted %
(95% CI)

2014-2016,
weighted %
(95% CI)

2011-2013,
weighted %
(95% CI)

2008-2010,
weighted %
(95% CI)

2005-2007,
weighted %
(95% CI)

Total,
weighted %
(95% CI)

Sex

49.79
(48.47-
51.11)

49.98
(48.87-
51.09)

49.62
(48.86-
50.38)

49.14
(48.39-
49.90)

49.68
(48.94-
50.42)

49.53
(48.87-
50.20)

49.50
(49.04-
49.97)

49.61
(49.28-
49.95)

Male

50.21
(48.89-
51.53)

50.02
(48.91-
51.13)

50.38
(49.62-
51.14)

50.86
(50.10-
51.61)

50.32
(49.58-
51.06)

50.47
(49.80-
51.13)

50.50
(50.03-
50.96)

50.39
(50.05-
50.72)

Female

Age (y)

17.39
(15.54-
19.25)

18.12
(16.45-
19.79)

17.97
(16.98-
18.96)

18.53
(17.50-
19.57)

19.09
(18.11-
20.07)

19.97
(18.88-
21.05)

22.34
(21.58-
23.11)

18.99
(18.51-
19.47)

19-29

16.48
(14.73-
18.24)

17.01
(15.06-
18.95)

17.54
(16.44-
18.64)

18.72
(17.56-
19.88)

20.27
(19.18-
21.37)

21.90
(20.78-
23.03)

23.50
(22.52-
24.48)

19.24
(18.72-
19.75)

30-39

18.90
(17.16-
20.63)

19.40
(17.61-
21.20)

19.87
(18.90-
20.85)

20.59
(19.69-
21.49)

21.45
(20.42-
22.47)

22.23
(21.29-
23.16)

22.55
(21.77-
23.33)

20.65
(20.20-
21.11)

40-49

19.31
(17.78-
20.84)

20.12
(18.63-
21.61)

19.83
(19.05-
20.61)

19.64
(18.78-
20.51)

18.56
(17.77-
19.35)

16.86
(16.11-
17.61)

14.27
(13.72-
14.81)

18.45
(18.05-
18.85)

50-59

15.84
(14.47-
17.21)

14.91
(13.51-
16.31)

13.45
(12.70-
14.20)

11.93
(11.25-
12.60)

10.74
(10.14-
11.34)

10.30 (9.73-
10.86)

9.94 (9.49-
10.40)

12.54
(12.20-
12.88)

60-69

8.67 (7.56-
9.78)

7.73 (6.59-
8.87)

8.24 (7.65-
8.84)

8.11 (7.55-
8.67)

7.75 (7.19-
8.32)

6.83 (6.33-
7.32)

5.68 (5.32-
6.05)

7.61 (7.34-
7.88)

70-79

3.41 (2.73-
4.08)

2.72 (2.12-
3.32)

3.09 (2.75-
3.43)

2.47 (2.20-
2.74)

2.14 (1.88-
2.40)

1.92 (1.70-
2.14)

1.71 (1.53-
1.89)

2.52 (2.37-
2.67)

≥80

Region of residence

84.17
(79.17-
89.17)

84.95
(79.84-
90.06)

85.04
(82.14-
87.95)

83.71
(80.82-
86.60)

80.90
(77.60-
84.19)

80.18
(76.98-
83.38)

81.19
(79.65-
82.73)

82.95
(81.62-
84.28)

Urban

15.83
(10.83-
20.83)

15.05 (9.94-
20.16)

14.96
(12.05-
17.86)

16.29
(13.40-
19.19)

19.10
(15.81-
22.40)

19.82
(16.62-
23.02)

18.81
(17.27-
20.35)

17.05
(15.72-
18.38)

Rural

BMI groupa

4.49 (3.84-
5.14)

4.08 (3.33-
4.83)

4.05 (3.69-
4.42)

4.45 (4.06-
4.85)

5.00 (4.58-
5.43)

4.80 (4.44-
5.17)

1.45 (1.22-
1.68)

4.07 (3.88-
4.26)

Underweight

35.91
(34.27-
37.55)

33.81
(32.21-
35.40)

38.66
(37.77-
39.55)

39.02
(38.08-
39.95)

39.68 (38.71
-40.65)

40.10
(39.27-
40.93)

12.58
(11.37-
13.80)

34.46
(34.01-
34.92)

Normal weight

21.63 (20.22
-23.04)

22.80
(21.59-
24.01)

22.31
(21.58-
23.04)

22.82 (22.03
-23.61)

22.71
(22.00-
23.42)

23.18
(22.49-
23.88)

7.83 (7.05-
8.62)

20.61
(20.25-
20.97)

Overweight

36.81
(35.03-
38.59)

38.32
(36.72-
39.91)

34.57
(33.66-
35.49)

33.53
(32.56-
34.51)

32.26
(31.33-
33.19)

31.29
(30.46-
32.12)

10.38 (9.34-
11.41)

31.35
(30.88-
31.82)

Obesity

1.16 (0.80-
1.53)

1.00 (0.71-
1.29)

0.41 (0.29-
0.52)

0.18 (0.09-
0.27)

0.34 (0.23-
0.45)

0.62 (0.45-
0.79)

67.76
(64.81-
70.71)

9.50 (9.10-
9.91)

Unknown

Level of education
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2021,
weighted %
(95% CI)

2020,
weighted %
(95% CI)

2017-2019,
weighted %
(95% CI)

2014-2016,
weighted %
(95% CI)

2011-2013,
weighted %
(95% CI)

2008-2010,
weighted %
(95% CI)

2005-2007,
weighted %
(95% CI)

Total,
weighted %
(95% CI)

10.27 (8.64-
11.91)

9.32 (7.79-
10.85)

11.82
(10.88-
12.77)

13.60
(12.68-
14.53)

15.39
(14.36-
16.43)

18.07
(16.99-
19.15)

18.62
(17.79-
19.45)

13.72
(13.29-
14.15)

Elementary school or
lower education

7.45 (6.4-
8.43)

7.64 (6.58-
8.69)

8.27 (7.68-
8.86)

8.92 (8.34-
9.50)

9.63 (9.06-
10.21)

10.36 (9.78-
10.94)

10.44 (9.92-
10.96)

8.91 (8.63-
9.18)

Middle school

28.62
(26.72-
30.52)

28.55
(26.61-
30.50)

27.26
(26.23-
28.30)

27.28
(26.23-
28.34)

29.74
(28.64-
30.84)

30.05
(29.03-
31.07)

34.91
(34.02-
35.80)

29.41
(28.89-
29.92)

High school

53.36
(50.30-
56.42)

54.23
(50.94-
57.52)

52.28
(50.52-
54.04)

47.56
(45.89-
49.24)

41.40
(39.82-
42.98)

40.92
(39.32-
42.52)

36.00
(34.81-
37.19)

46.83
(46.02-
47.64)

College or higher educa-
tion

0.30 (0.14-
0.46)

0.26 (0.13-
0.39)

0.36 (0.27-
0.46)

2.63 (2.27-
3.00)

3.84 (3.45-
4.23)

0.60 (0.47-
0.73)

0.03 (0.00-
0.05)

1.14 (1.05-
1.22)

Unknown

Household income

13.70
(11.70-
15.70)

13.93
(11.80-
16.07)

15.31
(14.18-
16.43)

15.59
(14.43-
16.74)

15.74
(14.57-
16.90)

16.88
(15.79-
17.98)

18.44
(17.42-
19.47)

15.59
(15.06-
16.11)

Lowest quartile

22.69
(20.58-
24.81)

21.68
(19.53-
23.84)

24.18
(22.97-
25.38)

23.86
(22.59-
25.13)

27.11
(25.77-
28.45)

25.41
(24.18-
26.64)

25.84
(24.82-
26.86)

24.34
(23.76-
24.93)

Second quartile

30.32
(28.12-
32.53)

29.72
(27.60-
31.83)

28.61
(27.47-
29.75)

29.98
(28.57-
31.39)

28.68
(27.47-
29.89)

28.79
(27.60-
29.97)

28.34
(27.38-
29.30)

29.23
(28.64-
29.81)

Third quartile

33.28
(29.47-
37.10)

34.67
(31.15-
38.18)

31.90
(30.16-
33.64)

30.57
(28.68-
32.47)

28.47
(26.84-
30.10)

28.92
(27.24-
30.60)

27.37
(25.99-
28.75)

30.85
(29.94-
31.75)

Highest quartile

Smoking status

18.35
(16.89-
19.80)

19.34
(17.85-
20.82)

20.81
(19.93-
21.70)

21.57
(20.67-
22.48)

24.43
(23.47-
25.39)

40.20
(39.22-
41.19)

14.23
(12.85-
15.62)

22.61
(22.17-
23.05)

Smoker

24.75
(23.39-
26.12)

23.95
(22.74-
25.17)

22.14
(21.45-
22.82)

19.95
(19.20-
20.69)

18.72
(18.04-
19.41)

6.55 (5.81-
7.29)

4.36 (3.76-
4.96)

17.54
(17.17-
17.90)

Ex-smoker

56.81
(55.08-
58.54)

56.70
(55.15-
58.25)

56.83
(55.94-
57.73)

55.52
(54.58-
56.46)

52.78
(51.88-
53.67)

52.73
(51.98-
53.48)

22.27
(20.24-
24.31)

50.92
(50.40-
51.44)

Nonsmoker

0.09 (0.00-
0.19)

0.01 (0.00-
0.01)

0.22 (0.14-
0.29)

2.96 (2.56-
3.36)

4.07 (3.67-
4.47)

0.52 (0.38-
0.66)

59.13
(55.47-
62.80)

8.93 (8.42-
9.43)

Unknown

aAccording to Asian-Pacific guidelines, BMI is divided into 4 groups: underweight (<18.5 kg/m2), normal weight (18.5-22.9 kg/m2), overweight

(23.0-24.9 kg/m2), and obese (≥25.0 kg/m2).

Trends in Sex-Specific Prevalence
Figure 1 and Table S2 in Multimedia Appendix 1 show the
weighted prevalence of osteoarthritis in the context of the
COVID-19 pandemic from 2005 to 2021, categorized by sex.
Overall, the prevalence of osteoarthritis decreased for both
sexes, declining from 10.39% (95% CI 9.53%-11.25%) in
2005-2007 to 8.43% (95% CI 7.47%-9.40%) in 2021 (Table S1
in Multimedia Appendix 2). Specifically, the prevalence of
osteoarthritis was consistently higher in female participants
compared with male participants, with female participants
showing a prevalence of 10.39% (95% CI 9.53%-11.25%) in

2005-2007 and 8.43% (95% CI 7.47%-9.40%) in 2021, while
male participants exhibited a prevalence of 5.23% (95% CI
4.41%-6.05%) in 2005-2007, decreasing to 4.27% (95% CI
3.37%-5.17%) in 2021. Furthermore, a closer examination of
each period revealed differences in the weighted odds ratios for
men and women (Tables S2 and S3 in Multimedia Appendix
2). From the perspective of the pandemic, the β
differences—representing the change before and during the
pandemic—indicated a significant increase for male participants
(βdiff=0.60, 95% CI 0.10-1.14) and an insignificant decrease for
female participants (βdiff=–0.64, 95% CI –1.58 to 0.29).
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Figure 1 and Table S3 in Multimedia Appendix 1 present the
weighted prevalence of RA from 2005 to 2021 within the
context of the COVID-19 pandemic, differentiated by sex. The
overall prevalence of RA experienced a decline for both sexes,
declining from 2.50% (95% CI 2.11%-2.88%) in 2005 to 2007
to 1.40% (95% CI 1.05%-1.74%) in 2021 (Table S1 in
Multimedia Appendix 2). Notably, RA prevalence was
consistently higher among female participants than male
participants; specifically, female participants exhibited a
prevalence of 3.47% (95% CI 2.91%-4.03%) in 2005-2007,

which decreased to 1.97% (95% CI 1.47%-2.47%) by 2021. In
contrast, male participants had a prevalence of 5.23% (95% CI
4.41%-6.05%) in 2005-2007, which fell to 0.82% (95% CI
0.45%-1.19%) in 2021. When analyzing the trends before and
during the pandemic, an increase was noted in men, whereas
women exhibited a decrease. However, these changes were not
statistically significant, with βdiff values of 0.06 (95% CI –0.18
to 0.30) for male participants and –0.05 (95% CI –0.37 to 0.27)
for female participants (Tables S2 and S4 in Multimedia
Appendix 2).

Figure 1. Sex-specific trends in the prevalence of arthritis in South Korea (2005-2021). (A) Osteoarthritis and (B) rheumatoid arthritis.

Sex-Specific Vulnerability Factors
Tables 2 and 3 show the sex-specific vulnerable factors
associated with the prevalence of osteoarthritis and RA,
respectively. The older population indicated increased
vulnerability, with female participants exhibiting a higher
likelihood of being affected compared with male participants,
particularly within the age group of 60 years and above for
osteoarthritis (male participants: PR 13.69, 95% CI 9.83-19.08
and female participants: PR 39.56, 95% CI 31.11-50.30).
Notably, during the pandemic, female participants aged 60 years
and older exhibited a prevalence that was 4.92 times greater for
osteoarthritis and 6.44 times greater for RA compared with male
participants (osteoarthritis: PR 69.78, 95% CI 41.66-116.88 and

RA: PR 17.27, 95% CI 8.75-34.07). In terms of osteoarthritis,
male participants did not indicate a significant association with
BMI (PR 1.40, 95% CI 1.21-1.61), while female participants
exhibited a significantly higher vulnerability within the obese
group (PR 1.68, 95% CI 1.55-1.83). Regarding RA, lower
education levels were associated with increased vulnerability,
with male participants showing a greater risk than female
participants (male participants: PR 2.29, 95% CI 1.61-3.27 and
female participants: PR 1.50, 95% CI 1.23-1.84). Furthermore,
among female participants, the difference in prevalence between
the periods before and after the pandemic was significant,
whereas the prevalence of both osteoarthritis and RA did not
show significant changes for both the sexes before and after the
pandemic (Table S5 in Multimedia Appendix 2).

JMIR Public Health Surveill 2024 | vol. 10 | e57359 | p. 6https://publichealth.jmir.org/2024/1/e57359
(page number not for citation purposes)

Park et alJMIR PUBLIC HEALTH AND SURVEILLANCE

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


Table 2. Weighted prevalence ratios for osteoarthritis before and during COVID-19 by sex.

During the pandemic com-
pared with before the pandem-
ic (reference)

During the pandemic (2020-
2021)

Before the pandemic (2005-
2019)

Overall (2005-2021)Variables

FemaleMaleFemaleMaleFemaleMaleFemaleMale

P
val-
ue

Weight-
ed ra-
tio of
PR
(95%
CI)

P
val-
ue

Weight-
ed ra-
tio of
PR
(95%
CI)

P
val-
ue

Weight-
ed PR
(95%
CI)

P
val-
ue

Weight-
ed PR
(95%
CI)

P
val-
ue

Weight-
ed PR
(95%
CI)

P val-
ue

Weight-
ed PR
(95%
CI)

P val-
ue

Weight-
ed PR
(95%
CI)

P
val-
ue

Weight-

ed PRa

(95%
CI)

Age group (y)

—————1.00
(ref)

—1.00
(ref)

—1.00
(ref)

—1.00
(ref)

—1.00
(ref)

—b1.00
(ref)

19-39

.081.66
(0.94-
2.91)

.881.05
(0.54-
2.04)

<.001c14.26
(8.51-

23.89)c

<.0014.48
(2.50-

8.04)c

<.001c8.61
(6.84-

10.84)c

<.001c4.26
(3.11-

5.83)c

<.001c9.99
(7.88-

12.66)c

<.001c4.50
(3.23-

6.27)c

40-59

.005c2.24
(1.27-

3.94)c

.821.08
(0.56-
2.07)

<.001c69.78
(41.66-

116.88)c

<.001c14.19
(7.98-

25.24)c

<.001c31.22
(24.74-

39.40)c

<.001c13.16
(9.67-

17.89)c

<.001c39.56
(31.11-

50.30)c

<.001c13.69
(9.83-

19.08)c

≥60

Region of residence

—————1.00
(ref)

—1.00
(ref)

—1.00
(ref)

—1.00
(ref)

—1.00
(ref)

—1.00
(ref)

Rural

.411.08
(0.90-
1.29)

.241.20
(0.88-
1.64)

.191.11
(0.95-
1.30)

.241.18
(0.90-
1.57)

.511.03
(0.95-
1.12)

.720.98
(0.85-
1.12)

.111.08
(0.99-
1.17)

<.001c1.06
(0.91-

1.24)c

Urban

BMI group

—————1.00
(ref)

—1.00
(ref)

—1.00
(ref)

—1.00
(ref)

—1.00
(ref)

—1.00
(ref)

Under-
weight or
normal
weight

.060.86
(0.73-
1.00)

.004c1.26
(1.08-

1.47)c

<.001c1.54
(1.33-

1.77)c

.007c1.42
(1.10-

1.84)c

<.001c1.80
(1.67-

1.93)c

<.0011.43
(1.25-

1.63)c

<.001c1.68
(1.55-

1.83)c

.471.40
(1.21-
1.61)

Over-
weight or
obese

Level of education

—————1.00
(ref)

—1.00
(ref)

—1.00
(ref)

—1.00
(ref)

—1.00
(ref)

—1.00
(ref)

College
or higher
education

.03c0.83
(0.70-

0.99)c

.920.98
(0.71-
1.37)

<.001c1.98
(1.71-

2.30)c

<.001c1.81
(1.35-

2.44)c

<.001c2.39
(2.18-

2.61)c

<.001c1.84
(1.59-

2.12)c

<.001c2.28
(2.07-

2.50)c

<.001c1.86
(1.57-

2.20)c

High
school or
lower edu-
cation

Household income

—————1.00
(ref)

—1.00
(ref)

—1.00
(ref)

—1.00
(ref)

—1.00
(ref)

—1.00
(ref)

High
(third and
highest
quartile)

.03c1.18
(1.01-

1.38)c

.770.96
(0.72-
1.27)

<.001c1.35
(1.18-

1.54)c

.02c1.36
(1.06-

1.74)c

<.001c1.14
(1.05-

1.23)c

<.001c1.42
(1.24-

1.63)c

<.001c1.23
(1.13-

1.33)c

<.001c1.36
(1.17-

1.58)c

Low
(lowest
and sec-
ond quar-
tile)

Smoking status

—————1.00
(ref)

—1.00
(ref)

—1.00
(ref)

—1.00
(ref)

—1.00
(ref)

—1.00
(ref)

Nonsmok-
er
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During the pandemic com-
pared with before the pandem-
ic (reference)

During the pandemic (2020-
2021)

Before the pandemic (2005-
2019)

Overall (2005-2021)Variables

FemaleMaleFemaleMaleFemaleMaleFemaleMale

P
val-
ue

Weight-
ed ra-
tio of
PR
(95%
CI)

P
val-
ue

Weight-
ed ra-
tio of
PR
(95%
CI)

P
val-
ue

Weight-
ed PR
(95%
CI)

P
val-
ue

Weight-
ed PR
(95%
CI)

P
val-
ue

Weight-
ed PR
(95%
CI)

P val-
ue

Weight-
ed PR
(95%
CI)

P val-
ue

Weight-
ed PR
(95%
CI)

P
val-
ue

Weight-

ed PRa

(95%
CI)

.890.98
(0.76-
1.27)

.751.06
(0.75-
1.50)

.631.06
(0.84-
1.34)

.621.08
(0.79-
1.47)

.221.08
(0.96-
1.21)

.781.02
(0.87-
1.20)

.271.07
(0.95-
1.22)

.641.05
(0.87-
1.26)

Smoker
or ex-
smoker

aPR: prevalence ratio.
bNot available.
cSignificant variance (P<.05).
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Table 3. Weighted prevalence ratios for rheumatoid arthritis before and during COVID-19 by sex.

During the pandemic compared
with before the pandemic (ref-
erence)

During the pandemic (2020-
2021)

Before the pandemic (2005-
2019)

Overall (2005-2021)Variables

FemaleMaleFemaleMaleFemaleMaleFemaleMale

P
val-
ue

Weight-
ed ra-
tio of
PR
(95%
CI)

P
val-
ue

Weight-
ed ra-
tio of
PR
(95%
CI)

P
val-
ue

Weight-
ed PR
(95%
CI)

P
val-
ue

Weight-
ed PR
(95%
CI)

P
val-
ue

Weight-
ed PR
(95%
CI)

P
val-
ue

Weight-
ed PR
(95%
CI)

P
val-
ue

Weight-
ed PR
(95%
CI)

P val-
ue

Weight-

ed PRa

(95%
CI)

Age group (y)

—1.00
(ref)

—1.00
(ref)

—1.00
(ref)

—1.00
(ref)

—1.00
(ref)

—1.00
(ref)

—1.00
(ref)

—b1.00
(ref)

19-39

.231.55
(0.75-
3.20)

.991.01
(0.41-
2.47)

<.001c5.65
(2.91-

10.98)c

.161.78
(0.80-
3.96)

<.001c3.64
(2.73-

4.85)c

.007c1.77
(1.17-

2.67)c

<.001c4.06
(3.02-

5.48)c

.004c1.92
(1.23-

3.01)c

40-59

.02c2.36
(1.12-

4.98)c

.751.17
(0.45-
3.06)

<.001c17.27
(8.75-

34.07)c

.01c2.68
(1.25-

5.78)c

<.001c7.32
(5.37-

9.98)c

.001c2.29
(1.44-

3.64)c

<.001c8.77
(6.33-

12.16)c

<.001c2.55
(1.61-

4.06)c

≥60

Region of residence

—1.00
(ref)

—1.00
(ref)

—1.00
(ref)

—1.00
(ref)

—1.00
(ref)

—1.00
(ref)

—1.00
(ref)

—1.00
(ref)

Urban

.581.10
(0.79-
1.54)

.281.39
(0.77-
2.53)

.521.10
(0.82-
1.49)

.411.24
(0.75-
2.06)

.981.00
(0.86-
1.16)

.470.89
(0.65-
1.22)

.841.02
(0.87-
1.19)

.811.04
(0.77-
1.40)

Rural

BMI group

—1.00
(ref)

—1.00
(ref)

—1.00
(ref)

—1.00
(ref)

—1.00
(ref)

—1.00
(ref)

—1.00
(ref)

—1.00
(ref)

Under-
weight or
normal
weight

.440.89
(0.65-
1.20)

.441.24
(0.73-
2.11)

.070.78
(0.59-
1.02)

.151.41
(0.89-
2.23)

.080.88
(0.77-
1.01)

.361.14
(0.87-
1.50)

.04c0.85
(0.74-

0.99)c

.071.28
(0.98-
1.68)

Over-
weight or
obese

Level of education

—1.00
(ref)

—1.00
(ref)

—1.00
(ref)

—1.00
(ref)

—1.00
(ref)

—1.00
(ref)

—1.00
(ref)

—1.00
(ref)

College
or higher
education

.250.80
(0.54-
1.17)

.470.77
(0.39-
1.55)

.281.21
(0.86-
1.70)

.04c1.88
(1.03-

3.42)c

<.001c1.52
(1.26-

1.82)c

<.001c2.43
(1.72-

3.44)c

<.001c1.50
(1.23-

1.84)c

<.001c2.29
(1.61-

3.27)c

High
school or
lower edu-
cation

Household income

—1.00
(ref)

—1.00
(ref)

—1.00
(ref)

—1.00
(ref)

—1.00
(ref)

—1.00
(ref)

—1.00
(ref)

—1.00
(ref)

High
(third and
highest
quartile)

.910.98
(0.71-
1.36)

.241.48
(0.77-
2.86)

.781.04
(0.78-
1.40)

.201.48
(0.82-
2.69)

.461.06
(0.92-
1.22)

.991.00
(0.75-
1.33)

.701.03
(0.88-
1.21)

.281.20
(0.86-
1.68)

Low
(lowest
and sec-
ond quar-
tile)

Smoking status

—1.00
(ref)

—1.00
(ref)

—1.00
(ref)

—1.00
(ref)

—1.00
(ref)

—1.00
(ref)

—1.00
(ref)

—1.00
(ref)

Nonsmok-
er
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During the pandemic compared
with before the pandemic (ref-
erence)

During the pandemic (2020-
2021)

Before the pandemic (2005-
2019)

Overall (2005-2021)Variables

FemaleMaleFemaleMaleFemaleMaleFemaleMale

P
val-
ue

Weight-
ed ra-
tio of
PR
(95%
CI)

P
val-
ue

Weight-
ed ra-
tio of
PR
(95%
CI)

P
val-
ue

Weight-
ed PR
(95%
CI)

P
val-
ue

Weight-
ed PR
(95%
CI)

P
val-
ue

Weight-
ed PR
(95%
CI)

P
val-
ue

Weight-
ed PR
(95%
CI)

P
val-
ue

Weight-
ed PR
(95%
CI)

P val-
ue

Weight-

ed PRa

(95%
CI)

.791.07
(0.66-
1.74)

.530.80
(0.41-
1.58)

.441.19
(0.77-
1.84)

.401.27
(0.72-
2.23)

.321.11
(0.90-
1.37)

.02c1.58
(1.09-

2.28)c

.201.16
(0.93-
1.45)

.071.41
(0.97-
2.05)

Smoker
or ex-
smoker

aPR: prevalence ratio.
bNot available.
cSignificant variance (P<.05).

Discussion

Principal Findings
This study provides a comprehensive analysis of sex-specific
trends in the prevalence of osteoarthritis and RA over a 17-year
period from 2005 to 2021 (n=110,225). The sex differences in
prevalence have remained relatively stable over time, with
female participants exhibiting higher rates than male
participants. Notably, during the pandemic period, female
participants aged 60 years and older indicated a prevalence of
osteoarthritis that was 4.92 times higher and a prevalence of
RA that was 6.44 times higher compared with male participants.
In terms of osteoarthritis, male participants did not show a
significant association with BMI, while female participants
displayed substantially greater vulnerability within the obesity
group. Regarding RA, a lower educational level was associated
with an increased vulnerability, with male participants exhibiting
a greater risk than female participants.

Plausible Underlying Mechanisms and Comparison
With Prior Work
Globally, the severity of osteoarthritis and RA varies by sex
and intersects with several factors [28]. This study also provides
a national-level basis for the consistently higher prevalence of
female participants compared with male participants. Previous
studies have indicated that a significant decrease in sex hormone
levels in postmenopausal female participants may contribute to
the prevalence of osteoarthritis and RA [29]. These notable
differences by sex suggest that sudden changes in sex steroid
levels due to increasing postmenopausal incidence play a role
in the mechanisms underlying the development of osteoarthritis
[30,31]. Some radiographic studies have proposed that the use
of estrogen hormone replacement therapy may also exert a
protective effect on the radiographic detection or progression
of osteoarthritis in older female populations [32]. Therefore, a
personalized approach is important in the way male participants
and female participants experience pain, the way they experience
this disease, and what is the best treatment for them.

In the context of COVID-19, it is important to analyze how the
prevalence of osteoarthritis and RA has been influenced by the

pandemic. In a Colombian cohort, an increase in the prevalence
of osteoarthritis and RA was observed in both sexes during the
pandemic period (n=3,335,084) [33]. However, our study shows
that while male participants exhibited an increasing trend in
osteoarthritis and RA, female participants showed a decreasing
trend, indicating that the pandemic has affected prevalence
differently by sex. Notably, female participants ≥60 years of
age had a prevalence of osteoarthritis that was 4.92 times higher
and RA that was 6.44 times higher compared with male
participants in the study. Various environmental conditions and
sex-specific characteristics across countries may have
contributed to these observed prevalence rates [34]. In addition,
the pandemic may have resulted in differences in physical
activity levels by sex, potentially impacting disease prevalence
[35]. This study highlights the need for further research to
explore the relationship between the pandemic and the
prevalence of osteoarthritis and RA, considering both country
and sex.

Being overweight or obese can affect the incidence of knee joint
stress and increase pain [36]. A previous study by Holmberg et
al [37] conducted on a Swedish cohort found a significant
association between increasing BMI and knee osteoarthritis in
male participants, while being overweight was associated
regardless of sex. However, our study indicated that the increase
in BMI was significantly associated with female participants
diagnosed with osteoarthritis but not with male participants
diagnosed with the same condition. The degree of this
association may vary based on sex and the definition of
osteoarthritis [38]. In addition, adipokine concentrations and
insulin resistance are strong predictors of knee osteoarthritis,
independent of BMI. These findings suggest that further research
is needed [39].

The increased vulnerability of RA and poorer disease outcomes
might be associated with low socioeconomic status, which can
be measured through various indicators, including formal
educational attainment, occupation, and income [40]. In addition,
a higher level of education has a protective effect against the
risk of developing RA [41]. Our study showed that patients with
lower education levels had a higher prevalence, especially male
participants, higher than female participants. However, the
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impact of education level on RA outcomes varies by sex and
necessitates the control of numerous variables. Consequently,
further research is essential in this area.

Limitations
There are several important limitations. First, the dataset was
confined to South Koreans, which may restrict the
generalizability of the results to global populations. Further
studies will be required involving multiple ethnic groups and
countries. Second, osteoarthritis and RA are diseases associated
with various lifestyle and environmental factors. Due to the lack
of data, however, we were unable to include sufficient factors
[42,43]. As well as indicators of health care quality and
availability, the impact of the health system has not been
evaluated. Additional studies will help to clarify the risk factor
analysis for sex differences in prevalence. Third, model results
likely underestimated the prevalence of osteoarthritis and RA
because of insufficient data on affected sites. This study only
includes knee, hip, and lumbar sites, despite additional sites
such as hands [44]. By considering various sites, it might help
to understand the complex interaction of sex and prevalence.
Last, the questions used in this study to diagnose osteoarthritis
and RA rely on self-reported data. Self-reported data are at risk
of recall bias, where participants may not accurately remember
or report their medical history, and social desirability bias, where
participants may over- or underreport certain conditions based
on social expectations. These biases can lead to misclassification
of disease states, which in turn can affect the accuracy of
prevalence estimates. Furthermore, the reliability of self-reported
diagnoses can be influenced by participants’ understanding of
their health conditions and the clarity of communication with
their health care providers.

Clinical and Policy Implications
Given that osteoarthritis and RA diseases impose significant
national and financial burdens, effective management of these
diseases is crucial for patients. According to our study, 4 factors
contribute to the increased vulnerability of patients with
osteoarthritis or RA in South Korea: an aging population,

overweight or obesity, lower education levels, and lower
household income. Therefore, it is essential to provide
customized management and interventions that consider these
factors, with a focus on gender differences.

Initially, it is necessary to ensure the availability of high-quality
medical services [45]. Efforts should be made to enhance access
to medical care for older individuals and those with lower
education levels. If early diagnosis is not achieved, it becomes
imperative to mitigate the socioeconomic impact, as irreversible
damage to joint tissue may continue. Policies tailored for
patients with osteoarthritis or RA who are unable to participate
in social activities are also needed [45]. National-level support
for social participation and policy initiatives is essential.
Furthermore, education regarding disease treatment and
vulnerability factor management should be expanded for
patients. It is important to inform and regularly monitor the
obese population among female participants and address the
lower educational risks among male patients.

In addition, these data can contribute to global clinical guidelines
for the treatment of acute and chronic pain associated with
arthritis. From an economic perspective, it can enhance the data
used in drug development aimed at improving patients’ quality
of life and serve as a foundation for the formulation of national
health policies addressing chronic diseases. Therefore, it is
crucial to develop strategies for managing these factors to reduce
the prevalence of osteoarthritis and RA while also investigating
the intricate relationship between socioeconomic factors,
lifestyle, and the development of these conditions.

Conclusions
This study provides a comprehensive analysis of sex-specific
trends in the prevalence of osteoarthritis and RA. It indicates
that female participants in South Korea experience a higher
prevalence of both osteoarthritis and RA compared with male
participants, particularly in the context of the COVID-19
pandemic. By understanding these sex-specific trends and
identifying associated vulnerability factors, we can improve
preventive measures and enhance patient care.

Acknowledgments
This research was supported by a grant from the National Research Foundation of Korea, funded by the Korean government
(Ministry of Science and ICT; grant RS-2023-00248157); the Korea Health Technology R&D Project; through the Korea Health
Industry Development Institute, funded by the Ministry of Health and Welfare, Republic of Korea (grant HV22C0233); and the
Ministry of Science and ICT Korea, under the Information Technology Research Center support program (Institute for Information
and Communications Technology Planning and Evaluation [IITP]; grant IITP-2024-RS-2024-00438239), supervised by the IITP.
The funders had no role in study design, data collection, data analysis, data interpretation, or writing of the report.

Data Availability
The datasets generated during and analyzed during this study are available from the corresponding author on reasonable request.

Authors' Contributions
DKY had full access to the data in the study and took responsibility for the integrity of the data and the accuracy of the data
analysis. All authors approved the final version of the manuscript before submission. SP, YS, JP, SW, and DKY were responsible
for study concept and design; acquisition, analysis, and interpretation of data; drafting of the manuscript; critical revision of the
manuscript for important intellectual content; and statistical analysis. DKY supervised the study and served as a guarantor. SP

JMIR Public Health Surveill 2024 | vol. 10 | e57359 | p. 11https://publichealth.jmir.org/2024/1/e57359
(page number not for citation purposes)

Park et alJMIR PUBLIC HEALTH AND SURVEILLANCE

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


and YS contributed equally as the first authors. JP, SW, and DKY contributed equally as corresponding authors. The corresponding
authors attest that all listed authors meet the authorship criteria and that no one meeting the criteria has been omitted.

Conflicts of Interest
None declared.

Multimedia Appendix 1
Sex-specific trends in the prevalence of rheumatoid arthritis and osteoarthritis.
[DOCX File , 64 KB-Multimedia Appendix 1]

Multimedia Appendix 2
Weighted odds ratios for the sex-specific prevalence of osteoarthritis and rheumatoid arthritis.
[DOCX File , 198 KB-Multimedia Appendix 2]

References

1. Hunter DJ, Bierma-Zeinstra S. Osteoarthritis. Lancet. Apr 27, 2019;393(10182):1745-1759. [doi:
10.1016/S0140-6736(19)30417-9] [Medline: 31034380]

2. GBD 2019 Diseases and Injuries Collaborators. Global burden of 369 diseases and injuries in 204 countries and territories,
1990-2019: a systematic analysis for the Global Burden of Disease Study 2019. Lancet. Oct 17, 2020;396(10258):1204-1222.
[FREE Full text] [doi: 10.1016/S0140-6736(20)30925-9] [Medline: 33069326]

3. Ding Y, Liu X, Chen C, Yin C, Sun X. Global, regional, and national trends in osteoarthritis disability-adjusted life years
(DALYs) from 1990 to 2019: a comprehensive analysis of the Global Burden of Disease Study. Public Health. Jan
2024;226:261-272. [FREE Full text] [doi: 10.1016/j.puhe.2023.10.030] [Medline: 38134839]

4. Koller-Smith L, Mehdi AM, March L, Tooth L, Mishra GD, Thomas R. Rheumatoid arthritis is a preventable disease: 11
ways to reduce your patients' risk. Intern Med J. May 2022;52(5):711-716. [doi: 10.1111/imj.15537] [Medline: 34553824]

5. Bennell KL, Bayram C, Harrison C, Brand C, Buchbinder R, Haas R, et al. Trends in management of hip and knee
osteoarthritis in general practice in Australia over an 11-year window: a nationwide cross-sectional survey. Lancet Reg
Health West Pac. Jul 2021;12:100187. [FREE Full text] [doi: 10.1016/j.lanwpc.2021.100187] [Medline: 34527976]

6. Passia E, Vis M, Coates LC, Soni A, Tchetverikov I, Gerards AH, et al. Sex-specific differences and how to handle them
in early psoriatic arthritis. Arthritis Res Ther. Jan 11, 2022;24(1):22. [FREE Full text] [doi: 10.1186/s13075-021-02680-y]
[Medline: 35016726]

7. Eder L, Mylvaganam S, Pardo Pardo J, Petkovic J, Strand V, Mease P, et al. Sex-related differences in patient characteristics,
and efficacy and safety of advanced therapies in randomised clinical trials in psoriatic arthritis: a systematic literature review
and meta-analysis. Lancet Rheumatol. Dec 2023;5(12):e716-e727. [FREE Full text] [doi: 10.1016/S2665-9913(23)00264-3]
[Medline: 38251562]

8. Xu Z, Zheng X, Ding H, Zhang D, Cheung PM, Yang Z, et al. The effect of walking on depressive and anxiety symptoms:
systematic review and meta-analysis. JMIR Public Health Surveill. Jul 23, 2024;10:e48355. [FREE Full text] [doi:
10.2196/48355] [Medline: 39045858]

9. Park J, Lee M, Lee H, Kim HJ, Kwon R, Yang H, et al. National trends in rheumatoid arthritis and osteoarthritis prevalence
in South Korea, 1998-2021. Sci Rep. Nov 09, 2023;13(1):19528. [FREE Full text] [doi: 10.1038/s41598-023-46279-6]
[Medline: 37945633]

10. Vogel K, Muhammad LN, Song J, Neogi T, Bingham CO, Bolster MB, et al. Sex differences in pain and quantitative
sensory testing in patients with rheumatoid arthritis. Arthritis Care Res (Hoboken). Dec 2023;75(12):2472-2480. [doi:
10.1002/acr.25178] [Medline: 37365745]

11. Lo WC, Hu TH, Shih CY, Lin HH, Hwang JS. Impact of healthy lifestyle factors on life expectancy and lifetime health
care expenditure: nationwide cohort study. JMIR Public Health Surveill. Jul 17, 2024;10:e57045. [FREE Full text] [doi:
10.2196/57045] [Medline: 39018094]

12. Lau CS. Burden of rheumatoid arthritis and forecasted prevalence to 2050. The Lancet Rheumatology. Oct
2023;5(10):e567-e568. [doi: 10.1016/s2665-9913(23)00240-0]

13. Kim H, Sung YK. Epidemiology of rheumatoid arthritis in Korea. J Rheum Dis. Apr 01, 2021;28(2):60-67. [FREE Full
text] [doi: 10.4078/jrd.2021.28.2.60] [Medline: 37476013]

14. Kiadaliri A, Englund M. Uncovering sociodemographic disparities in temporal trends of osteoarthritis incidence and
age-at-diagnosis, 2006-2019. Scand J Public Health. Aug 17, 2024:14034948241265427. [FREE Full text] [doi:
10.1177/14034948241265427] [Medline: 39152739]

15. Lee M, Lee H, Park J, Kim HJ, Kwon R, Lee SW, et al. Trends in hypertension prevalence, awareness, treatment, and
control in South Korea, 1998-2021: a nationally representative serial study. Sci Rep. Dec 08, 2023;13(1):21724. [FREE
Full text] [doi: 10.1038/s41598-023-49055-8] [Medline: 38066091]

JMIR Public Health Surveill 2024 | vol. 10 | e57359 | p. 12https://publichealth.jmir.org/2024/1/e57359
(page number not for citation purposes)

Park et alJMIR PUBLIC HEALTH AND SURVEILLANCE

XSL•FO
RenderX

https://jmir.org/api/download?alt_name=publichealth_v10i1e57359_app1.docx&filename=fe389a10021097a3c42299546535bdfe.docx
https://jmir.org/api/download?alt_name=publichealth_v10i1e57359_app1.docx&filename=fe389a10021097a3c42299546535bdfe.docx
https://jmir.org/api/download?alt_name=publichealth_v10i1e57359_app2.docx&filename=c35b577df81fe58c05816c44e9574bed.docx
https://jmir.org/api/download?alt_name=publichealth_v10i1e57359_app2.docx&filename=c35b577df81fe58c05816c44e9574bed.docx
http://dx.doi.org/10.1016/S0140-6736(19)30417-9
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31034380&dopt=Abstract
https://linkinghub.elsevier.com/retrieve/pii/S0140-6736(20)30925-9
http://dx.doi.org/10.1016/S0140-6736(20)30925-9
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33069326&dopt=Abstract
https://doi.org/10.1016/j.puhe.2023.10.030
http://dx.doi.org/10.1016/j.puhe.2023.10.030
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=38134839&dopt=Abstract
http://dx.doi.org/10.1111/imj.15537
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34553824&dopt=Abstract
https://linkinghub.elsevier.com/retrieve/pii/S2666-6065(21)00096-1
http://dx.doi.org/10.1016/j.lanwpc.2021.100187
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34527976&dopt=Abstract
https://arthritis-research.biomedcentral.com/articles/10.1186/s13075-021-02680-y
http://dx.doi.org/10.1186/s13075-021-02680-y
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35016726&dopt=Abstract
https://doi.org/10.1016/S2665-9913(23)00264-3
http://dx.doi.org/10.1016/S2665-9913(23)00264-3
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=38251562&dopt=Abstract
https://publichealth.jmir.org/2024//e48355/
http://dx.doi.org/10.2196/48355
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=39045858&dopt=Abstract
https://doi.org/10.1038/s41598-023-46279-6
http://dx.doi.org/10.1038/s41598-023-46279-6
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=37945633&dopt=Abstract
http://dx.doi.org/10.1002/acr.25178
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=37365745&dopt=Abstract
https://publichealth.jmir.org/2024//e57045/
http://dx.doi.org/10.2196/57045
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=39018094&dopt=Abstract
http://dx.doi.org/10.1016/s2665-9913(23)00240-0
https://europepmc.org/abstract/MED/37476013
https://europepmc.org/abstract/MED/37476013
http://dx.doi.org/10.4078/jrd.2021.28.2.60
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=37476013&dopt=Abstract
https://journals.sagepub.com/doi/abs/10.1177/14034948241265427?url_ver=Z39.88-2003&rfr_id=ori:rid:crossref.org&rfr_dat=cr_pub  0pubmed
http://dx.doi.org/10.1177/14034948241265427
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=39152739&dopt=Abstract
https://doi.org/10.1038/s41598-023-49055-8
https://doi.org/10.1038/s41598-023-49055-8
http://dx.doi.org/10.1038/s41598-023-49055-8
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=38066091&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


16. Jang W, Kim S, Son Y, Kim S, Kim HJ, Jo H, et al. Prevalence, awareness, treatment, and control of type 2 diabetes in
South Korea (1998 to 2022): nationwide cross-sectional study. JMIR Public Health Surveill. Aug 27, 2024;10:e59571.
[FREE Full text] [doi: 10.2196/59571] [Medline: 39190907]

17. Lee H, Cho JK, Park J, Lee H, Fond G, Boyer L, et al. Machine learning-based prediction of suicidality in adolescents with
allergic rhinitis: derivation and validation in 2 independent nationwide cohorts. J Med Internet Res. Feb 14, 2024;26:e51473.
[FREE Full text] [doi: 10.2196/51473] [Medline: 38354043]

18. Oh K, Kim Y, Kweon S, Kim S, Yun S, Park S, et al. Korea National Health and Nutrition Examination Survey, 20th
anniversary: accomplishments and future directions. Epidemiol Health. 2021;43:e2021025. [FREE Full text] [doi:
10.4178/epih.e2021025] [Medline: 33872484]

19. Han CD, Yang IH, Lee WS, Park YJ, Park KK. Correlation between metabolic syndrome and knee osteoarthritis: data from
the Korean National Health and Nutrition Examination Survey (KNHANES). BMC Public Health. Jun 22, 2013;13(1):603.
[FREE Full text] [doi: 10.1186/1471-2458-13-603] [Medline: 23800128]

20. Kim SY. Nationwide COVID-19 vaccination coverage and COVID-19 incidence in South Korea, January 2022: a national
official report. Life Cycle. 2022;2:e2. [doi: 10.54724/lc.2022.e2]

21. Yoo HW, Jin HY, Yon DK, Effenberger M, Shin YH, Kim SY, et al. Non-alcoholic fatty liver disease and COVID-19
susceptibility and outcomes: a Korean nationwide cohort. J Korean Med Sci. Oct 25, 2021;36(41):e291. [FREE Full text]
[doi: 10.3346/jkms.2021.36.e291] [Medline: 34697932]

22. Eum S, Rhee SY. Age, ethnic, and sex disparity in body mass index and waist circumference: a bi-national large-scale
study in South Korea and the United States. Life Cycle. Feb 27, 2023;3:e4. [doi: 10.54724/lc.2023.e4]

23. Eum S, Son JW, Min C, Cho W, Kim S, Woo HG, et al. Ethnic and sex differences in the distributions of body mass index
and waist circumference among adults: a binationally representative study in South Korea and the United States. Eur Rev
Med Pharmacol Sci. Mar 2023;27(5):1889-1903. [FREE Full text] [doi: 10.26355/eurrev_202303_31555] [Medline:
36930486]

24. Yon DK, Hwang S, Lee SW, Jee HM, Sheen YH, Kim JH, et al. Indoor exposure and sensitization to formaldehyde among
inner-city children with increased risk for asthma and rhinitis. Am J Respir Crit Care Med. Aug 01, 2019;200(3):388-393.
[doi: 10.1164/rccm.201810-1980LE] [Medline: 30958969]

25. Lee SW. Regression analysis for continuous independent variables in medical research: statistical standard and guideline
of Life Cycle Committee. Life Cycle. Feb 19, 2022;2:e3. [FREE Full text] [doi: 10.54724/lc.2022.e3]

26. Lee K, Park J, Lee J, Lee M, Kim HJ, Son Y, et al. Long-term gastrointestinal and hepatobiliary outcomes of COVID-19:
a multi-nationwide cohort study from South Korea, Japan, and the UK. Clin Mol Hepatol. Aug 29, 2024. [FREE Full text]
[doi: 10.3350/cmh.2024.0203] [Medline: 39205608]

27. Kim S, Lee H, Lee J, Lee SW, Kwon R, Kim MS, et al. Short- and long-term neuropsychiatric outcomes in long COVID
in South Korea and Japan. Nat Hum Behav. Aug 2024;8(8):1530-1544. [doi: 10.1038/s41562-024-01895-8] [Medline:
38918517]

28. Hawkes S, Allotey P, Elhadj AS, Clark J, Horton R. The Lancet Commission on gender and global health. Lancet. Aug 22,
2020;396(10250):521-522. [FREE Full text] [doi: 10.1016/S0140-6736(20)31547-6] [Medline: 32763153]

29. Yao Q, Wu X, Tao C, Gong W, Chen M, Qu M, et al. Osteoarthritis: pathogenic signaling pathways and therapeutic targets.
Signal Transduct Target Ther. Feb 03, 2023;8(1):56. [FREE Full text] [doi: 10.1038/s41392-023-01330-w] [Medline:
36737426]

30. Kluzek S, Rubin KH, Sanchez-Santos M, O'Hanlon MS, Andersen M, Glintborg D, et al. Accelerated osteoarthritis in
women with polycystic ovary syndrome: a prospective nationwide registry-based cohort study. Arthritis Res Ther. Aug 30,
2021;23(1):225. [FREE Full text] [doi: 10.1186/s13075-021-02604-w] [Medline: 34461982]

31. Dennison EM. Osteoarthritis: the importance of hormonal status in midlife women. Maturitas. Nov 2022;165:8-11. [FREE
Full text] [doi: 10.1016/j.maturitas.2022.07.002] [Medline: 35841775]

32. Hou WY, Zhu CY, Gu YF, Zhu L, Zhou ZX. Association of hormone replacement therapy and the risk of knee osteoarthritis:
a meta-analysis. Medicine (Baltimore). Dec 23, 2022;101(51):e32466. [FREE Full text] [doi:
10.1097/MD.0000000000032466] [Medline: 36595852]

33. Marín JS, Mazenett-Granados EA, Salazar-Uribe JC, Sarmiento M, Suárez JF, Rojas M, et al. Increased incidence of
rheumatoid arthritis after COVID-19. Autoimmun Rev. Oct 2023;22(10):103409. [FREE Full text] [doi:
10.1016/j.autrev.2023.103409] [Medline: 37597602]

34. Cui A, Li H, Wang D, Zhong J, Chen Y, Lu H. Global, regional prevalence, incidence and risk factors of knee osteoarthritis
in population-based studies. EClinicalMedicine. Dec 2020;29-30:100587. [FREE Full text] [doi:
10.1016/j.eclinm.2020.100587] [Medline: 34505846]

35. Park S, Kim HJ, Kim S, Rhee SY, Woo HG, Lim H, et al. National trends in physical activity among adults in South Korea
before and during the COVID-19 pandemic, 2009-2021. JAMA Netw Open. Jun 01, 2023;6(6):e2316930. [FREE Full text]
[doi: 10.1001/jamanetworkopen.2023.16930] [Medline: 37273204]

36. Raud B, Gay C, Guiguet-Auclair C, Bonnin A, Gerbaud L, Pereira B, et al. Level of obesity is directly associated with the
clinical and functional consequences of knee osteoarthritis. Sci Rep. Feb 27, 2020;10(1):3601. [FREE Full text] [doi:
10.1038/s41598-020-60587-1] [Medline: 32107449]

JMIR Public Health Surveill 2024 | vol. 10 | e57359 | p. 13https://publichealth.jmir.org/2024/1/e57359
(page number not for citation purposes)

Park et alJMIR PUBLIC HEALTH AND SURVEILLANCE

XSL•FO
RenderX

https://publichealth.jmir.org/2024//e59571/
http://dx.doi.org/10.2196/59571
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=39190907&dopt=Abstract
https://www.jmir.org/2024//e51473/
http://dx.doi.org/10.2196/51473
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=38354043&dopt=Abstract
https://europepmc.org/abstract/MED/33872484
http://dx.doi.org/10.4178/epih.e2021025
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33872484&dopt=Abstract
https://bmcpublichealth.biomedcentral.com/articles/10.1186/1471-2458-13-603
http://dx.doi.org/10.1186/1471-2458-13-603
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23800128&dopt=Abstract
http://dx.doi.org/10.54724/lc.2022.e2
https://jkms.org/DOIx.php?id=10.3346/jkms.2021.36.e291
http://dx.doi.org/10.3346/jkms.2021.36.e291
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34697932&dopt=Abstract
http://dx.doi.org/10.54724/lc.2023.e4
https://www.europeanreview.org/article/31555
http://dx.doi.org/10.26355/eurrev_202303_31555
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=36930486&dopt=Abstract
http://dx.doi.org/10.1164/rccm.201810-1980LE
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30958969&dopt=Abstract
https://www.elifecycle.org/archive/view_article?pid=lc-2-0-3
http://dx.doi.org/10.54724/lc.2022.e3
http://e-cmh.org/journal/view.php?doi=10.3350/cmh.2024.0203
http://dx.doi.org/10.3350/cmh.2024.0203
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=39205608&dopt=Abstract
http://dx.doi.org/10.1038/s41562-024-01895-8
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=38918517&dopt=Abstract
https://europepmc.org/abstract/MED/32763153
http://dx.doi.org/10.1016/S0140-6736(20)31547-6
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32763153&dopt=Abstract
https://doi.org/10.1038/s41392-023-01330-w
http://dx.doi.org/10.1038/s41392-023-01330-w
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=36737426&dopt=Abstract
https://arthritis-research.biomedcentral.com/articles/10.1186/s13075-021-02604-w
http://dx.doi.org/10.1186/s13075-021-02604-w
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34461982&dopt=Abstract
https://linkinghub.elsevier.com/retrieve/pii/S0378-5122(22)00144-X
https://linkinghub.elsevier.com/retrieve/pii/S0378-5122(22)00144-X
http://dx.doi.org/10.1016/j.maturitas.2022.07.002
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35841775&dopt=Abstract
https://europepmc.org/abstract/MED/36595852
http://dx.doi.org/10.1097/MD.0000000000032466
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=36595852&dopt=Abstract
https://doi.org/10.1016/j.autrev.2023.103409
http://dx.doi.org/10.1016/j.autrev.2023.103409
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=37597602&dopt=Abstract
https://linkinghub.elsevier.com/retrieve/pii/S2589-5370(20)30331-X
http://dx.doi.org/10.1016/j.eclinm.2020.100587
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34505846&dopt=Abstract
https://europepmc.org/abstract/MED/37273204
http://dx.doi.org/10.1001/jamanetworkopen.2023.16930
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=37273204&dopt=Abstract
https://doi.org/10.1038/s41598-020-60587-1
http://dx.doi.org/10.1038/s41598-020-60587-1
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32107449&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


37. Holmberg S, Thelin A, Thelin N. Knee osteoarthritis and body mass index: a population-based case-control study. Scand
J Rheumatol. 2005;34(1):59-64. [doi: 10.1080/03009740510017922] [Medline: 15903028]

38. Jiang L, Tian W, Wang Y, Rong J, Bao C, Liu Y, et al. Body mass index and susceptibility to knee osteoarthritis: a systematic
review and meta-analysis. Joint Bone Spine. May 2012;79(3):291-297. [doi: 10.1016/j.jbspin.2011.05.015] [Medline:
21803633]

39. GBD 2021 Osteoarthritis Collaborators. Global, regional, and national burden of osteoarthritis, 1990-2020 and projections
to 2050: a systematic analysis for the Global Burden of Disease Study 2021. Lancet Rheumatol. Sep 2023;5(9):e508-e522.
[FREE Full text] [doi: 10.1016/S2665-9913(23)00163-7] [Medline: 37675071]

40. Gamal SM, Eleishi HH, Moghazy A, El-Garf K, Eissa M, Sobhy N, et al. Effect of education on disease activity and
functional status in rheumatoid arthritis patients. Egypt Rheumatol. Jan 2021;43(1):7-11. [FREE Full text] [doi:
10.1016/j.ejr.2020.12.001]

41. Zhao SS, Holmes MV, Zheng J, Sanderson E, Carter AR. The impact of education inequality on rheumatoid arthritis risk
is mediated by smoking and body mass index: Mendelian randomization study. Rheumatology (Oxford). May 05,
2022;61(5):2167-2175. [FREE Full text] [doi: 10.1093/rheumatology/keab654] [Medline: 34436562]

42. Shin YH, Shin JI, Moon SY, Jin HY, Kim SY, Yang JM, et al. Autoimmune inflammatory rheumatic diseases and COVID-19
outcomes in South Korea: a nationwide cohort study. The Lancet Rheumatology. Oct 2021;3(10):e698-e706. [doi:
10.1016/s2665-9913(21)00151-x]

43. Kim MS, Lee H, Lee SW, Kwon R, Rhee SY, Lee JA, et al. Long-term autoimmune inflammatory rheumatic outcomes of
COVID-19 : a binational cohort study. Ann Intern Med. Mar 2024;177(3):291-302. [FREE Full text] [doi: 10.7326/M23-1831]
[Medline: 38437702]

44. Wei G, Lu K, Umar M, Zhu Z, Lu WW, Speakman JR, et al. Risk of metabolic abnormalities in osteoarthritis: a new
perspective to understand its pathological mechanisms. Bone Res. Dec 06, 2023;11(1):63. [FREE Full text] [doi:
10.1038/s41413-023-00301-9] [Medline: 38052778]

45. Shalhoub M, Anaya M, Deek S, Zaben AH, Abdalla MA, Jaber MM, et al. The impact of pain on quality of life in patients
with osteoarthritis: a cross-sectional study from Palestine. BMC Musculoskelet Disord. Mar 14, 2022;23(1):248. [FREE
Full text] [doi: 10.1186/s12891-022-05207-x] [Medline: 35287651]

Abbreviations
KNHANES: Korea National Health and Nutrition Examination Survey
PR: prevalence ratio
RA: rheumatoid arthritis

Edited by A Mavragani; submitted 14.02.24; peer-reviewed by L Hua, M Choi; comments to author 26.05.24; revised version received
28.08.24; accepted 12.09.24; published 01.11.24

Please cite as:
Park S, Son Y, Lee H, Lee H, Lee J, Kang J, Smith L, Rahmati M, Dragioti E, Tully MA, Fond G, Boyer L, Lee JH, Pizzol D, Park J,
Woo S, Yon DK
Sex-Specific Trends in the Prevalence of Osteoarthritis and Rheumatoid Arthritis From 2005 to 2021 in South Korea: Nationwide
Cross-Sectional Study
JMIR Public Health Surveill 2024;10:e57359
URL: https://publichealth.jmir.org/2024/1/e57359
doi: 10.2196/57359
PMID:

©Seoyoung Park, Yejun Son, Hyeri Lee, Hayeon Lee, Jinseok Lee, Jiseung Kang, Lee Smith, Masoud Rahmati, Elena Dragioti,
Mark A Tully, Guillaume Fond, Laurent Boyer, Jun Hyuk Lee, Damiano Pizzol, Jaeyu Park, Selin Woo, Dong Keon Yon.
Originally published in JMIR Public Health and Surveillance (https://publichealth.jmir.org), 01.11.2024. This is an open-access
article distributed under the terms of the Creative Commons Attribution License (https://creativecommons.org/licenses/by/4.0/),
which permits unrestricted use, distribution, and reproduction in any medium, provided the original work, first published in JMIR
Public Health and Surveillance, is properly cited. The complete bibliographic information, a link to the original publication on
https://publichealth.jmir.org, as well as this copyright and license information must be included.

JMIR Public Health Surveill 2024 | vol. 10 | e57359 | p. 14https://publichealth.jmir.org/2024/1/e57359
(page number not for citation purposes)

Park et alJMIR PUBLIC HEALTH AND SURVEILLANCE

XSL•FO
RenderX

http://dx.doi.org/10.1080/03009740510017922
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15903028&dopt=Abstract
http://dx.doi.org/10.1016/j.jbspin.2011.05.015
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21803633&dopt=Abstract
https://linkinghub.elsevier.com/retrieve/pii/S2665-9913(23)00163-7
http://dx.doi.org/10.1016/S2665-9913(23)00163-7
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=37675071&dopt=Abstract
https://doi.org/10.1016/j.ejr.2020.12.001
http://dx.doi.org/10.1016/j.ejr.2020.12.001
https://europepmc.org/abstract/MED/34436562
http://dx.doi.org/10.1093/rheumatology/keab654
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34436562&dopt=Abstract
http://dx.doi.org/10.1016/s2665-9913(21)00151-x
https://www.acpjournals.org/doi/abs/10.7326/M23-1831?url_ver=Z39.88-2003&rfr_id=ori:rid:crossref.org&rfr_dat=cr_pub  0pubmed
http://dx.doi.org/10.7326/M23-1831
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=38437702&dopt=Abstract
https://doi.org/10.1038/s41413-023-00301-9
http://dx.doi.org/10.1038/s41413-023-00301-9
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=38052778&dopt=Abstract
https://bmcmusculoskeletdisord.biomedcentral.com/articles/10.1186/s12891-022-05207-x
https://bmcmusculoskeletdisord.biomedcentral.com/articles/10.1186/s12891-022-05207-x
http://dx.doi.org/10.1186/s12891-022-05207-x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35287651&dopt=Abstract
https://publichealth.jmir.org/2024/1/e57359
http://dx.doi.org/10.2196/57359
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

