www.nature.com/scientificreports

scientific reports

OPEN

W) Check for updates

National trends in rheumatoid
arthritis and osteoarthritis

prevalence in South Korea,
1998-2021

Jaeyu Park'2, Myeongcheol Lee’?, Hojae Lee'?, Hyeon Jin Kim'2, Rosie Kwon'-?,
HwiYang’?, Seung Won Lee?, Sunyoung Kim*, Masoud Rahmati*¢, Ai Koyanagi’,
Lee Smith®, Min Seo Kim®, Louis Jacob®7:1%1! Guillermo Felipe Lopez Sanchez!?,
Dragioti Elena’*', Jae Il Shin'*, Sang Youl Rhee*¢, Myung Chul Yoo’*! &

Dong Keon Yon%18

Studies on the trends in the prevalence of rheumatoid arthritis (RA) and osteoarthritis (OA) are
limited, particularly during the COVID-19 pandemic. This study aimed to analyze the temporal trend
of RA and OA in South Korean adults from 1998 to 2021, including the COVID-19 pandemic period. The
Korea National Health and Nutrition Examination Survey (KNHANES) data on adults aged 219 years
were analyzed to investigate the prevalence of RA and OA from 1998 to 2021. The prevalence trends
were compared by the years, and B (B difference) was calculated. Odds ratios (ORs) were computed
for each disease to examine changes in disease prevalence before and during the pandemic in order
to determine the impact of the pandemic on disease prevalence. Among 163,221 Korean adults,

the prevalence of RA and OA showed a steady decrease from 2005 (RA: from 1.91% in 2005-2007 to
1.55% in 2016-2019 and OA: from 9.75% in 2005-2007 to 8.27% in 2016-2019), but there was a slight
increased after the onset of the COVID-19 pandemic (RA: from 1.23% in 2020 to 1.36% in 2021 and
OA: from 8.04% in 2020 to 8.27% in 2021). Vulnerable groups, including participants aged =60 years
(versus 19-60 years, ratio of ORs: 1.222; 95% C| 1.011-1.477), urban residents (ratio of ORs: 1.289;
95% Cl1 1.007-1.650), and participants with higher education level (ratio of ORs: 1.360; 95% Cl 1.119-
1.653) showed higher ORs of OA, whereas no particularly vulnerable population was observed for RA.
Our findings provide an insight into the long-term trends of RA and OA among adult population and
highlight a novel perspective on the impact of COVID-19 on disease prevalence.
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Previous studies have suggested that the global prevalence rate of rheumatoid arthritis (RA) has remained consist-
ent among decades'. However, in South Korea, several studies have reported a decrease in the prevalence of RA
before the COVID-19 pandemic, followed by an increase during the pandemic?. They only provided information
on RA prevalence from 2016 to 2020, where the impact of the pandemic to RA has not been reviewed. For this
reason, we conducted a study on the prevalence trends of RA and OA between 1998 and 2021. Similar trends
have been observed in the prevalence rate of osteoarthritis (OA) globally, with an increasing trend; however, in
South Korea, it decreased before the pandemic and increased during the pandemic®*.

Social distancing policy especially forcing to close the public gym facilities during the COVID-19 pandemic
influenced domestic health concern®>¢. Moreover, changes in physical activity, dietary habits, and mental health
due to the COVID-19 restrictions may have influenced these prevalence rates’. However, further analysis and
research are needed to determine the direct relationship between RA, OA, and the COVID-19 pandemic. Fur-
thermore, some medications used to treat RA, such as corticosteroids and disease-modifying antirheumatic
drugs, may suppress the immune system and increase the risk of infection®, thereby, making the patients more
vulnerable to COVID-19 and its complications®. Therefore, it is crucial for patients with RA and COVID-19 to
prioritize their health management’.

This study aimed to investigate the long-term trends in the prevalence of RA and OA using a representative
large-scale dataset from 1998 to 2021. Additionally, we analyzed the specific social strata that were vulnerable
during the COVID-19 period. Furthermore, our research findings may provide valuable information for develop-
ing policies for the treatment and prevention of these conditions following the COVID-19 pandemic.

Methods
Patient selection and data collection
This study utilized data from the Korea National Health and Nutrition Examination Survey (KNHANES) con-
ducted between 1998 and 2021 by the Korea Centers for Disease Control and Prevention Agency (KDCA)'*!!.
The study population included adults aged > 19 years, and the collected data included information on age, sex,
residence, body mass index (BMI), education level, income, alcohol consumption, smoking status, and history of
RA and OA'2. We conducted our research focusing on the adult population, which ranges above 19 years in South
Korea. A nationally representative sample of 163,221 participants was used to investigate the prevalence of RA
and OA before and during the COVID-19 pandemic. The survey was conducted over 24 years and the number
of participants surveyed in each year group was as follows: 51,515 in 1998-2001; 26,996 in 2005-2007; 20,070 in
2008-2010; 17,601 in 2011-2013; 17,129 in 2014-2016; 18,469 in 2017-2019; 5839 in 2020; and 5,602 in 2021.
The research protocol was approved by the Institutional Review Board of Kyung Hee University (KHUH
2022-06-042) and KDCA, and all participants provided written informed consent. Moreover, the KNHANES
offers accessible public access to its data, which can be utilized as a valuable resource for diverse epidemiological
investigations. This research adhered to the ethical guidelines established by relevant national and institutional
review boards for human research and followed the 1975 Helsinki Declaration, as amended in 2008.

Ascertainment of RA and OA

The objective of our study was to investigate the risk factors related to the two most common types of arthritis,
RA and OA, over a period of 24 years from 1998 to 2021. To achieve our research objective, we surveyed a large
sample of participants and asked them the question: “Have you ever been diagnosed with RA or OA by a doctor?”
Based on their answers, we categorized the participants into three groups: RA, OA, and both'®. We collected
data on various potential risk factors associated with the development of RA and OA, such as age, sex, lifestyle
habits, and socioeconomic status. We conducted statistical analyses to examine the associations between these
risk factors and the development of RA and OA and to identify any patterns or trends that emerged over 24 years.

Covariates

Covariates included age (19-29, 30-39, 40-49, 50-59, 60-69, 70-79, and 2 80 years), sex, region of residence
(urban and rural)*¢, BMI group, household income (lowest, second, third, and highest quartile), education level
(elementary school or lower, middle school, high school, and college or higher education), alcohol consumption
(1-5 days/month, > 6 days/month, and non-drinker), and smoking status (non-smoker, ex-smoker, and smoker).
BMI was categorized into underweight (< 18.5 kg/m?), normal weight (18.5-22.9 kg/m?), overweight (23-25 kg/
m?), and obese (=25.0 kg/m?) according to the Asian-Pacific guidelines'”'®,

Statistical analyses

The results of this study were presented using qualitative data expressed as proportions or percentages. Weighted
multivariate regression model analyses were conducted to compare the estimates of each related factor before and
during the COVID-19 pandemic, with weighted odds ratios (ORs) with 95% confidence intervals (CIs)". The
prevalence of RA and OA was calculated using data from the KNHANES, spanning from 1998 to 2021, stratified
by year group. Weighted complex sampling analysis was performed to ensure accurate estimation. Binomial or
linear logistic regression models were used to compute the ORs with 95% Cls or -coefficients with 95% Cls.
To ensure robustness of the main findings, a stratification analysis was performed using variables such as sex,
educational level, region of residence, and income in all the regression models. Furthermore, the ratio of ORs
was calculated to estimate the interaction term of each risk factor and identify groups that were more vulner-
able to the patient with RA and OA during the pandemic. Overall, this study aimed to provide a comprehensive
analysis of the impact of the COVID-19 pandemic on the prevalence of RA and OA and to identify the factors that
contribute to vulnerability to these conditions. The SAS software (version 9.4; SAS Institute, Cary, NC, USA) was
used for statistical analyses, with a two-sided test, and a p-value <0.05 was considered statistically significant'.
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Results

We recruited 163,221 participants from 1998 to 2021 with the following distribution of characteristics: age
(19-29 years, 18.18% [95% CI 17.82 to 18.53]; 30-39 years, 20.88% [20.47 to 21.29]; 40-49 years, 21.70% [21.35
to 22.06]; 50-59 years, 17.85% [17.56 to 18.14]; 60-69 years, 11.88% [11.64 to 12.12]; 70-79 years, 7.38% [7.19
to 7.58]; and > 80 years, 2.13% [2.03 to 2.23]) and sex (male, 49.39% [49.14 to 49.64] and female, 50.61% [50.36
to 50.86]). These results are presented in Table 1.

Table 2 illustrate the prevalence of RA, OA between pre-pandemic and during the pandemic. The prevalence
of RA and OA showed a U-curve between pre-pandemic and during the pandemic (RA: from 1.46% [95% CI
1.38 to 1.54] in 2005-2019; 1.23% [0.92 to 1.54] in 2020; and 1.36% [1.02 to 1.69] in 2021, OA: from 7.68% [7.49
to 7.88] in 2005-2019; 8.04% [7.18 to 8.89] in 2020; and 8.27% [7.35 to 9.19] in 2021) (Table S1).

Table 3 and Fig. 1 show the national trends in the prevalence of overall RA and OA, as well as the prevalence
of RA and OA separately, along with the B-coefficients of the ORs before and during the COVID-19 pandemic.
A statistically significant decrease in the weighted prevalence of RA was observed pre-pandemic (2005-2007,
1.91% [95% CI 1.72 to 2.10]; 2008-2010, 1.79% [1.59 to 1.99]; 2011-2013, 1.40% [1.23 to 1.58]; 2014-2016, 1.49%
[1.31 to 1.67]; 2017-2019, 1.55% [1.36 to 1.75]; and 2020, 1.23% [0.92 to 1.54]), whereas a slight increase was
observed during the pandemic (2020, 1.23% [0.92 to 1.54] and 2021, 1.36% [1.02 to 1.69]). Similarly, decrease in
the weighted prevalence of OA was observed before the pandemic (2005-2007, 9.75% [9.29 to 10.20]; 2008-2010,
8.60% [8.12 t0 9.08]; 2011-2013, 7.97% [7.51 to 8.44]; 2014-2016, 8.06% [7.57 to 8.56]; 2017-2019, 8.42% [7.91
to 8.93]. A slight increase was observed during the pandemic (2020, 8.04% [7.18 to 8.89] and 2021, 8.27% [7.35
to 9.19]). Similar patterns and trends were observed for the prevalence of OA and RA stratified by age, sex,
region of residence, education level, and household income (Table S2). While investigating the weighted OR in
2021 with respect to that of 2020 (reference), there was a surge regarding RA among underweight group (OR,
6.62 [1.28 to 34.36]).

Table 4 shows the pandemic-related effects on vulnerable groups of patients with RA and OA. A statistically
significant difference was observed among vulnerable individuals with OA as follows: participants > 60 years old
(ratio of ORs 1.222 [95% CI 1.011 to 1.477]), urban residents (ratio of ORs 1.289 [1.007 to 1.650]), and partici-
pants with a high level of education (ratio of ORs 1.360 [1.119 to 1.653]). In contrast, no significant difference
in pandemic-related effects was observed among vulnerable individuals with RA (Table S3).

Discussion

Key results

The present study examined trends in the prevalence of RA and OA over a 24-year period from 1998 to 2021
and evaluated the differences in prevalence before and during the COVID-19 pandemic (n=163,221). The
prevalence of RA and OA consistently declined before the onset of the pandemic, but there was a slight increased
during the pandemic. However slight increasing prevalence during pandemic was not statistically significant.
Notably, patients with OA had a significantly high prevalence among vulnerable groups, including individu-
als aged 2 60 years, urban residents, and those with a high education level. Therefore, these findings suggest
policy researchers should develop personalized policy proposals to address the needs of these groups during
the pandemic.

Global epidemiology and mechanism

Previous studies have reported a global increase in the prevalence of RA and OA, before the COVID-19
pandemic®. However, in South Korea, the prevalence of both conditions has consistently declined, contrary to
global trends?!. Similar trends of decline in the prevalence of RA have been observed in Japan and Sweden as
well?. A Japanese study found a correlation between a decrease in RA prevalence and changes in lifestyle factors,
such as dietary habits and smoking, while a Swedish study has linked this decrease to improvements in medical
accessibility for patients with RA'®*. Although we cannot accurately identify the specific reasons for the varia-
tion in RA prevalence across countries, we believe that factors, such as genetic, cultural disparities, and health
level may have a significant impact*. In addition, increased BMI and muscle weakness are closely related to OA
and RA, as these diseases are associated with factors that contribute to joint strain*?°,

During the COVID-19 pandemic, the social distancing policies and the closure of sports facilities significantly
diminished the public health standards, which could generally explain the observed increase in the prevalence
of RA and OA?"%,

RA is a complex disease with multiple factors contributing to its development, with genetics potentially being
a significant factor®. Other studies have reported that numerous variables can affect the prevalence of RA¥.
Therefore, further research is warranted to investigate this matter thoroughly. An increase in the prevalence
of OA and RA was the most prominent in the highly educated older adult population living in urban areas®.
These individuals who were retired and had reduced health standards due to COVID-19 were most affected®.
According to previous research, the domestic standard of physical activity among South Korean adult population
exhibited a declining trend until 2017, followed by an upturn until 2019*. In 2020, confronting the pandemic,
there was a significant decline in physical activity. This pattern closely aligns with the prevalence trends in RA
and OA, which could substantiate our hypothesis.

This finding suggests that OA may occur when physical activity falls below a certain threshold, which warrants
further investigation. It is crucial to recognize this issue at a national level and implement policies to encourage
exercise among the older adults, prevent the occurrence of OA, and provide the appropriate treatment for those
with the disease.

Scientific Reports |

(2023) 13:19528 | https://doi.org/10.1038/s41598-023-46279-6 nature portfolio



www.nature.com/scientificreports/

Total 1998-2001 2005-2007 2008-2010 2011-2013 2014-2016 2017-2019 2020 2021

Overall, n 163,221 51,515 26,996 20,070 17,601 17,129 18,469 5839 5602

Age (years), weighted % (95% CI)

19-29 18.18 (17.82to | 19.90 (19.21to | 21.34(20.55t0 | 18.80(17.72to | 17.59 (16.63to | 16.78 (15.83to | 16.51 (1557 to | 16.19 (14.65to | 15.91 (14.10 to
18.53) 20.58) 22.12) 19.87) 18.55) 17.73) 17.45) 17.72) 17.73)

30-39 20.88 (20.47 to | 25.85(24.89to | 24.20(23.19to | 22.23(21.09to |20.55(19.44t0 |19.06 (17.91to | 17.75(16.67to | 16.77 (14.85t0 | 16.32 (14.61 to
21.29) 26.81) 25.20) 23.36) 21.66) 2021) 18.84) 18.69) 18.04)

40-49 21.70 (21.35to | 23.47 (22.65to | 23.22(22.41to |22.55(21.60to |21.95(20.92to |21.13(20.22to |20.18(19.21to | 19.35(17.61to | 18.99 (17.27 to
22.06) 24.28) 24.03) 23.51) 22.99) 22.03) 21.15) 21.09) 20.70)

50-59 17.85(17.56 to | 13.87 (13.31to | 14.69 (14.13to | 17.11 (16.35t0 | 18.85(18.06 to | 20.02 (19.17to | 20.13 (19.35t0 | 20.03 (18.60to | 19.78 (18.25 to
18.14) 14.42) 15.25) 17.87) 19.64) 20.88) 20.91) 21.46) 21.31)

60-69 11.88 (11.64to | 11.29 (10.71to | 10.24 (9.77 to 10.45 (9.88 to 10.83 (10.22to | 12.06 (11.38to | 13.62 (12.87to | 15.04 (13.65to | 16.06 (14.75 to
12.12) 11.87) 10.70) 11.02) 11.43) 12.73) 14.36) 16.43) 17.38)

70-79 7.38 (7.19 to 5.35(4.98 to 5.85 (5.47 to 6.92 (6.42 to 7.94 (7.36 to 8.27 (7.72 to 8.41 (7.81 to 8.85(7.71 to 8.93 (7.80 to
7.58) 5.72) 6.23) 7.42) 8.52) 8.82) 9.00) 9.98) 10.06)

>80 2.13 (2.03 to 0.28 (0.21 to 0.47 (0.37 to 1.95 (1.72 to 2.28 (2.01 to 2.69 (2.41 to 3.40 (3.04 to 3.78 (3.05 to 4.01 (3.28 to

- 2.23) 0.35) 0.57) 2.17) 2.55) 2.96) 3.77) 4.50) 4.74)

Sex, weighted % (95% CI)

Male 49.39 (49.14to | 47.46 (47.10to | 49.63 (49.16 to | 49.55 (48.89to | 49.48 (48.76to | 49.59 (48.87to | 49.80 (49.07 to | 49.84 (48.73 to | 49.82 (48.52 to
49.64) 47.82) 50.10) 50.21) 50.20) 50.31) 50.53) 50.95) 51.12)

Female 50.61 (50.36 to | 52.54 (52.18 to | 50.37 (49.90to | 50.45 (49.79 to | 50.52 (49.80 to | 50.41 (49.69to | 50.20 (49.47 to | 50.16 (49.05to | 50.18 (48.88 to
50.86) 52.90) 50.84) 51.11) 51.24) 51.13) 50.93) 51.27) 51.48)

Region of residence, weighted % (95% CI)

18.86)

20.02)

20.28)

23.14)

22.59)

19.67)

18.26)

20.55)

Urban 82.15(81.14to | 80.86 (79.98 to | 81.29 (79.72to | 80.07 (76.87 to | 80.73 (77.41to | 83.26 (80.33 to | 84.68 (81.74to | 84.57 (79.45t0 | 83.80 (78.76 to
83.16) 81.74) 82.87) 83.28) 84.05) 86.19) 87.61) 89.68) $8.84)
Rural 17.85(16.84to | 19.14 (1826 to | 18.71 (17.13t0 | 19.93 (16.72to | 19.27 (1595t0 | 16.74 (13.81to | 15.32(12.39to | 15.43 (10.32to | 16.20 (11.16 to

21.24)

BMI group, weighted % (95% CI)

Underweight 3.52(3.39 to 1.12 (0.92 to 1.44 (1.21to 4.69 (4.33 to 4.79 (4.37 to 4.31(3.94to 3.92 (3.57 to 4.13 (3.45to 4.17 (3.57 to

& 3.65) 1.31) 1.67) 5.05) 5.20) 4.69) 4.26) 4.81) 4.78)
Normal weight | 49.31 (48.82to | 15.90 (13.93to | 20.53 (18.61to | 63.19 (62.34to | 62.22(61.30to | 61.47 (60.55to | 60.81 (59.91to | 56.40 (54.78 to | 57.52 (55.80 to
and overweight | 49.81) 17.87) 22.44) 64.04) 63.14) 62.39) 61.70) 58.03) 59.24)

Obesit 27.05(26.68 to | 7.46 (6.50 to 10.59 (9.53t0 | 31.49 (30.65to | 3251 (31.57 to | 33.99 (33.04to | 34.78 (33.90to | 38.15 (36.60 to | 36.89 (35.11 to
Y 27.41) 8.43) 11.64) 32.33) 33.44) 34.94) 35.67) 39.71) 38.68)
Unknown 20.12(19.52to | 7552 (72.54t0 | 67.44 (64.47 to | 0.63 (0.46 to 0.48 (0.36 to 0.23 (0.13 to 0.49 (0.36 to 1.31 (0.98 to 1.41 (101 to
20.72) 78.51) 70.41) 0.80) 0.61) 0.33) 0.63) 1.65) 1.81)
Level of education, weighted % (95% CI)
Elementary
chool o ower | 1510 (1477 to | 20.42 (1949 t0 | 17.99 (17.16to | 1832 (17.22t0 | 15.32 (1430 to | 1287 (12.00t0 | 11.37 (1046 to | 8.74 (7.32to 9.85 (8.31 to
) 15.43) 21.35) 18.82) 19.41) 16.34) 13.74) 12.28) 10.16) 11.40)
education
Middle school | 949 (927 t0 1226 (11.70to | 10.67 (10.14to | 10.49 (9.90to | 9.56 (8.99 to 8.43 (7.88 to 7.94 (7.37 to 7.16 (6.19 to 7.14 (6.20 to
9.70) 12.83) 11.21) 11.08) 10.13) 8.98) 8.51) 8.13) 8.09)
Hich school | 2997295810 | 37.35 (3639 t0 | 35.57 (34.67to | 30.24(29.22t0 | 2929 (28.19t0 | 25.49 (244810 | 25.86 (2487 t0 | 2647 (24.65to | 27.34(25.50 to
8 30.36) 38.31) 36.48) 31.27) 30.39) 26.50) 26.84) 28.29) 29.18)
g{’l}lfe%ee‘c’{u . | 4137407910 | 29.88 (286310 | 3573 (345210 | 40.25(38.64t0 | 39.97 (3840 t0 | 4374 (42.1210 | 49.39 (47.66t0 | 49.83 (46,59 t0 | 50.16 (47.12 to
ﬁfn 41.94) 31.13) 36.95) 41.86) 41.54) 45.37) 51.11) 53.08) 53.21)
Unknown 4.08 (3.89 to 0.09 (0.04 to 0.03 (0.00 to 0.70 (0.55 to 5.86 (5.31 to 9.47 (8.68 to 5.45 (4.87 to 7.80 (6.51 to 5.50 (4.53 to
4.28) 0.14) 0.05) 0.86) 6.41) 10.26) 6.03) 9.10) 6.46)
Household income, weighted % (95% CI)
Lowest quartile | 16:99 (1657 to 2279 2152t0 | 18.02(17.01to | 1681 (1571t | 1604 (14.88t0 | 1576 (1461 to | 1567 (1453to | 1508 (12.88t0 | 1411 (1210 to
west qu 17.41) 24.05) 19.03) 17.90) 17.21) 16.91) 16.82) 17.29) 16.12)

Second quartile

24.86 (24.41 to
25.31)

24.49 (23.45 to
25.53)

25.80 (24.78 to
26.83)

25.45 (24.22 to
26.69)

27.01 (25.70 to
28.33)

23.79 (22.55 to
25.03)

2430 (23.10 to
25.50)

22.10 (19.96 to
24.24)

22.79 (20.72 to
24.87)

Third quartile | 2835 (28100 | 2543 (2445t0 | 28.50 (27.54t0 | 2876 (27.58 to | 28.58 (27.38t0 | 29.91 (2855t0 | 28.52(27.39t0 | 29.24(27.12t0 | 30.07 (2791 to
q 29.00) 26.42) 29.47) 29.93) 29.77) 31.27) 29.65) 31.37) 3222)
Highest quartile| 29-60 (289810 [ 27.29 (258410 | 27.67 (26.28t0 |28.99 27.31t0 | 2837 (2676 t0 | 30.54 (28.68to | 3150 (29.79t0 | 33.57 (30.09 to | 33.03 (29.29 to

ghestq 30.23) 28.74) 29.07) 30.66) 29.97) 32.39) 33.22) 37.05) 36.77)

Smoking status, weighted % (95% C

D)

Smoker 19.26 (18.90 to | 9.23 (8.07 to 11.42 (10.28 to | 27.20 (26.40to | 24.02 (23.07 to | 21.69 (20.82to | 20.73 (19.88to | 19.30(17.81to | 18.27 (16.81 to
19.63) 10.39) 12.55) 27.99) 24.98) 22.57) 21.59) 20.80) 19.73)

Ex-smoker 16.52 (16.26 to | 2.63 (2.24 to 7.42 (6.65 to 19.83 (19.18to | 18.55(17.86to | 19.83 (19.13to | 22.27 (21.59to | 23.82(22.66 to | 25.02 (23.70 to
16.79) 3.02) 8.18) 20.47) 19.23) 20.54) 22.94) 24.98) 26.33)

Non-smoker 45.61 (45.10to | 17.81 (15.63to | 22.25(20.23to | 52.55(51.80to | 53.76 (52.86to | 56.67 (55.78to | 56.98 (56.13to | 56.87 (55.43to | 56.71 (55.05 to
46.12) 19.98) 24.28) 53.31) 54.65) 57.57) 57.84) 58.32) 58.37)

Unknown 18.60 (17.86to | 70.34 (66.74to | 58.91 (55.24 to | 0.42 (0.31 to 3.67 (3.30 to 1.81 (1.50 to 0.01 (0.00 to 0.00 (0.00 to 0.00 (0.00 to
19.33) 73.93) 62.58) 0.54) 4.05) 2.11) 0.03) 0.00) 0.00)

Alcohol consumption, weighted % (95% CI)

Continued
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Total 1998-2001 2005-2007 2008-2010 2011-2013 2014-2016 2017-2019 2020 2021
Non-drinker 12.08 (11.69to | 14.91 (13.05t0 | 13.99 (12.45t0 | 11.76 (11.17to | 12.18 (11.45to | 12.21 (11.50to | 9.75 (9.16 to 9.82 (8.67 to 9.70 (8.56 to
12.47) 16.77) 15.52) 12.35) 12.92) 12.92) 10.34) 10.97) 10.83)
1-5 days/ 51.21 (50.75to | 11.11 (9.68 to 18.66 (16.83to | 63.98 (63.00to | 62.24 (61.23to | 63.42(62.42t0 | 67.00 (66.12to | 68.13 (66.62to | 70.46 (68.95 to
month 51.68) 12.54) 20.49) 64.95) 63.25) 64.42) 67.88) 69.65) 71.96)
6~ 30 days/ 18.11(17.81to | 3.64 (3.13 to 8.45 (7.61to 23.84(23.03to | 21.90(21.09to |22.57 (21.75to | 23.23 (22.47to | 22.05(20.72to | 19.85 (18.55 to
month 18.42) 4.15) 9.28) 24.65) 22.72) 23.38) 24.00) 23.38) 21.14)
Unknown 18.60 (17.86 to | 70.34 (66.74to | 58.91 (55.24to | 0.42 (0.31 to 3.67 (3.30 to 1.81 (1.50 to 0.01 (0.00 to 0.00 (0.00 to 0.00 (0.00 to
19.33) 73.93) 62.58) 0.54) 4.05) 2.11) 0.03) 0.00) 0.00)

Table 1. General characteristics of Korean adults, in the data obtained from the KNHANES from 1998 to
2021 (n=163,221). BMI body mass index, CI confidence interval, KNHANES Korea National Health and
Nutrition Examination Survey. *According to the Asian-Pacific guidelines, the BMI is divided into four groups:
underweight (< 18.5 kg/m?), normal (18.5-22.9 kg/m?), overweight (23-24.9 kg/m?), and obese (=25 kg/m?).

Strengths and limitations

The present study is significant in utilizing population-based nationwide representative data to compare the
trends and prevalence of RA and OA, both before and during the COVID-19 pandemic*. The use of national
data is particularly noteworthy, as individual data collection during a pandemic could have been challenging.
Furthermore, this study’s utilization of survey data collected from 1998 to 2021, spanning a period of 24 years,
adds academic value to the research findings due to its long-term nature. However, this study has several limita-
tions. First, data were collected only from Koreans, thus limiting generalizability of the results to other ethnic
groups or countries. Further research with multiple ethnicities and different countries is necessary to examine
the global impact of the COVID-19 pandemic®. Second, data on patients with separate covariate of RA and
OA were only available from 2005-2021and information prior to 2005 was not available. Third, some variables
in the study, such as height and weight, were self-reported, which may have introduced bias. To address this
concern, the KDCA should include a question in the survey about when participants’ heights and weights were
last measured®®. In addition, the diagnosis of RA and OA was self-reported, potentially resulting in a recall bias.
Lastly, we substituted physical activity data from the previous study, since we were unable to conduct our own
analysis of domestic physical activity levels.

Conclusion

Our study identified long-term trends in the prevalence of RA and OA spanning 24-years from 1998 to 2021,
especially focusing on the COVID-19 pandemic. The results showed a consistent decline in the prevalence of
both RA and OA until 2016 followed by an oscillation until 2021, where significant drop occurred in 2019.
Notably, OA exhibited a higher prevalence among vulnerable groups, such as individuals over 60 years of age,
urban residents, and those with a high education level. When investigating the RA prevalence trend, there was
no specific vulnerable population. This outcome will help government policy researchers devise personalized
healthcare policies targeting the vulnerable groups. While our study did not find any evidence of a relationship
between the COVID-19 pandemic and the prevalence of RA, additional follow-up studies is needed to further
explore this topic.
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During the pandemic
Year Pre-pandemic (2005-2019) | 2020 2021
RA
Overall 1.46 (1.38 to 1.54) 1.23 (0.92 to 1.54) 1.36 (1.02 to 1.69)
Age group

Age (19-60 years)

0.95 (0.87 to 1.02)

0.56 (0.27 to 0.85)

0.73 (0.40 to 1.06)

Age (=60 years) 3.40 (3.17 to 3.62) 2.98 (2.20 to 3.77) 2.89 (2.10 to 3.68)
Sex

Male 0.74 (0.65 to 0.83) 0.53 (0.28 t0 0.78) 0.82 (0.46 to 1.19)

Female 2.16 (2.04 to 2.28) 1.92 (1.34 to 2.51) 1.89 (1.41 to 2.36)

Region of residence

Urban 1.37 (1.29 to 1.46) 1.21(0.86 to 1.56) 1.22 (0.86 to 1.59)

Rural 1.85 (1.66 to 2.04) 1.32(0.71 to 1.93) 2.05 (1.16 to 2.94)
BMI group

Underweight 1.56 (1.11 to 2.01) 0.42 (0.00 to 1.02) 2.74 (0.47 to 5.01)

Normal weight and overweight

1.55 (1.44 to 1.66)

1.27 (0.84 to 1.70)

1.38 (0.95 to 1.82)

Obesity

1.61 (145 to 1.76)

1.17 (0.75 to 1.59)

1.11 (0.69 to 1.53)

Education

High school or lower education

2.15(2.03 to 2.27)

2.14 (1.57 to 2.71)

2.14 (1.61 to 2.67)

College or higher education

0.65 (0.56 to 0.74)

0.57 (0.26 to 0.87)

0.81 (0.38 to 1.25)

Income

Income (lowest-second quartile)

1.95 (1.83 to 2.08)

1.94 (1.34 to 2.54)

1.82 (1.26 to 2.38)

Income (third-highest quartile)

1.10 (1.01 to 1.19)

0.81 (0.50 to 1.11)

1.09 (0.71 to 1.46)

OA

Overall

7.68 (7.49 to 7.88)

8.04 (7.18 to 8.89)

8.27 (7.35t09.19)

Age group

Age (19-60 years)

3.29 (3.15 to 3.43)

2.35 (1.80 to 2.90)

2.79 (2.19 to 3.39)

Age (=60 years) 24.36 (23.80 to 24.92) 22.91(20.86 t0 24.97) | 21.69 (19.53 to 23.85)
Sex

Male 3.27 (3.10 to 3.44) 3.63 (2.86 to 4.40) 4.07 (3.22 t0 4.92)

Female 11.99 (11.68 to 12.30) 12.42 (10.99 to 13.85) | 12.44 (11.01 to 13.86)

Region of residence

Urban 6.93 (6.73t0 7.14) 7.81 (6.89 to 8.74) 7.58 (6.65 to 8.52)

Rural 11.09 (10.49 to 11.70) 9.26 (6.58 to 11.94) 11.81 (9.18 to 14.44)
BMI group

Underweight 2.84 (2.31t0 3.37) 3.07 (0.69 to 5.45) 2.96 (1.10 to 4.82)

Normal weight and overweight

6.86 (6.61 t0 7.12)

7.33 (6.32 to 8.34)

7.23 (6.22 to 8.23)

Obesity

11.28 (10.87 to 11.70)

9.34 (7.94 to 10.74)

10.14 (8.64 to 11.63)

Education

High school or lower education

12.56 (12.26 to 12.86)

15.87 (14.32 to 17.41)

14.75 (13.08 to 16.42)

College or higher education

1.77 (1.63 to 1.91)

2.42 (1.76 to 3.08)

3.36 (2.65 to 4.06)

Income

Income (lowest-second quartile)

11.86 (11.52 to 12.20)

13.31 (11.74 to 14.88)

14.23 (12.41 to 16.05)

Income (third-highest quartile)

4.64 (4.45 to 4.82)

4.92 (4.12 t0 5.71)

4.78 (4.00 to 5.56)

Table 2. National trends of the prevalence of RA and OA before and during the COVID-19 pandemic,
weighted % (95% CI), in the data obtained from the KNHANES. CI confidence interval, KNHANES Korea
National Health and Nutrition Examination Survey, OA osteoarthritis, OR odds ratio, RA rheumatoid arthritis.
*Prevalence of RA, OA were available from 2005.
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Weighted odds of
B before and during the
. ) . . - ;
Pre-pandemic During the pandemic Trendsin | Trends between pandemic, OR (95% CI)
the pre- in the 2005-2019 | 2020
pandemic | pandemic | and versus 2021 versus
era, B (95% | era, p (95% | 2019-2021 | 2017-2019 | 2020
Year 2005-2007 | 2008-2010 | 2011-2013 | 2014-2016 | 2017-2019 | 2020 2021 I CI) (95% CI) | (reference) | (reference)
RA
Overall 191 (172 | 1.79(1.59 |1.40(123 |1.49(131 |155(1.36 |123(0.92 |1.36(1.02 (__0(')019578 o (’70(')029983 © ?;080205 o | 079059 | 111 (0.7 to
t0 2.10) to 1.99) to 1.58) to 1.67) to 1.75) to 1.54) to 1.69) T0036) | 0.097) 6.204) to 1.05) 1.59)
Age group
Age(19- |143(124 |1.19(0.99 |0.91(0.73 |0.95(0.76 |0.84(0.65 |0.56(0.27 |0.73 (0.40 (__0(')1;011 t (’70(')025;*2 © ?;0371 L0t | 0:66 (038 | 131 (0.6 to
60 years) | to 1.62) to 1.39) to 1.09) to 1.15) to 1.02) t0 0.85) to 1.06) T0082) | o131 0.285) to 1.16) 2.61)
Age 435372 |428(3.71 |324(275 |329(281 |3.66(3.12 |2.98(220 |2.89(2.10 (__0(')2;’;9 0 (’70(')3557 ‘1o (_—061675(3)3 o | 0-81(059 | 0.97 (0.6 to
(260 years) | to 4.99) to 4.85) t0 3.73) t0 3.77) to 4.20) t0 3.77) t0 3.68) T0025) | o102) 0.342) to 1.11) 1.43)
Sex
Male 110 (090 |0.89(0.66 |0.60(041 |0.78(0.57 |0.74(052 |053(0.28 |0.82(0.46 (‘_0(')017497 © ?;031173 o ?;150105 w0 |0710041 | 156 (08110
to 1.31) to 1.12) t0 0.80) t0 0.99) t0 0.96) t0 0.78) to 1.19) Soo11) | o2ss) 0.345) to 1.24) 3.00)
Female 271 (241 |2.67(2.35 |2.19(1.88 [2.19(1.89 |[236(2.05 |1.92(1.34 |1.89(1.41 (__0(')121;*0 to (’70(')253153 to (’70(')12115 to | 0-81(0.58 | 0.98 (0.66 to
t0 3.01) t0 2.99) t0 2.49) t0 2.48) t0 2.66) to 2.51) t0 2.36) Too19) | 0042) 017) to 1.14) 1.46)
Region of residence
Urban 174(153 | 1.59(138 |1.36(1.17 |1.44(124 |152(1.30 |1.21(0.86 |1.22(0.86 (‘_0(‘)015263 © (‘_0(')1;‘557 © (‘_0(')038192 o | 080(0.57 | 101 (066t
to 1.94) to 1.81) to 1.55) to 1.63) to 1.73) to 1.56) to 1.59) o011) 0.067) 0.139) to 1.11) 1.55)
Rural 268 (217 |256(2.08 |159(1.14 |175(131 |178(131 |1.32(071 |2.05 (116 (_—062259 " ‘(’;1(‘)‘53 910 ?;489108 o |074(043 | 156 (08210
t0 3.19) to 3.05) t0 2.03) t0 2.20) to 2.24) to 1.93) t0 2.94) Toatn | 0638) 0.927) to 1.27) 2.96)
BMI group
Under- 204(0.54 | 121049 |122(029 |230(1.08 |1.60(0.61 |0.42(0.00 |2.74(0.47 ?'_1(2)322 o ?'_538633 o ?;43‘20 o | 026006 | 6.62(1.28
weight to 3.54) to 1.94) to 2.15) to 3.51) to 2.58) to 1.02) to 5.01) 0.471) 1.828) 1.753) to 1.23) to 34.36)
Vlj;;‘}‘:fim 4 |216(L73 179154 | 148(125 |141(120 |1.56(1.30 |1.27(0.84 |1.38(0.95 ("_0(']121160 o ("_0(‘)03921 © ?;0(2)62 110 | 081(056 | 1,09 (0.68 to
overweight | ©259) to 2.04) to 1.71) to 1.62) to 1.82) to 1.70) to 1.82) Tooan) | 0162 0.295) to 1.18) 1.73)
Obesit 324(246 |1.85(149 |131(1.02 [1.54(1.19 |149(119 |1.17(0.75 |1.11(0.69 (_—06232694 t (‘70(')15590 © ?;03125 tto | 078051 095 (0.5t
Y to 4.01) t0 2.21) to 1.61) to 1.89) to 1.80) to 1.59) to 1.53) T0094) | 0073) 0.335) to 1.20) 1.63)
Education
Hifh school |, ) (233 | 250221 |215(1.87 |2.39(2.07 |265229 |2.14(157 |214(1.61 (‘_0(‘)0?190 . (_—062555360 o (‘_0(')2;‘56 w0 |080(059 | 100 (0.68 10
or tower t0 2.90) t0 2.79) to 2.43) to 2.71) to 3.01) to 2.71) t0 2.67) Sote : : to 1.10) 1.46)
education 0.092) 0.067) 0.092)
fr"}lllfgg}fer 0.65(0.48 | 0.77 (053 |0.58(0.36 |0.78(0.56 |0.70(0.51 |0.57(0.26 |0.81(0.38 ?;0(1)%53 © ?'_080176 © (();og 119 tto | 0-82(045 | 144 (0.67to
e | t00.82) to 1.02) t0 0.80) to 1.00) t0 0.89) t0 0.87) to 1.25) 0.072) 0297) 0.295) to 1.48) 3.07)
Income
Income
(lowest- | 271(239 |227(1.95 |1.86(1.56 |2.01(L68 |219(1.87 |194(134 |1.82(126 (‘_0(')122;56 © (_—0615190 © (—_o(.)ofgl w0 088062 | 094(0.60t0
second to 3.02) to 2.58) to 2.17) to 2.34) to 2.51) to 2.54) to 2.38) 2o (']24) 0 13'3) 0 27'3) to 1.25) 1.46)
quartile) ' : )
Income
(third- 129 (109 |144(119 |1.06(084 |115(0.94 |1.13(0.90 |0.81(0.50 |1.09(0.71 (‘706016;)0 o (‘70(')021377 o ?;0331 6710 | 0710046 | 13508110
h1ghe§t to 1.49) to 1.68) to 1.27) to 1.36) to 1.36) to 1.11) to 1.46) 0.009) 0.203) 0.274) to 1.09) 2.27)
quartile)
OA
Overall | 975929 | 860812 |7.97 (751 |806(7.57 |842(791 |8.04(718 |827(7.35 (_—063;)517 © (’_0(')06750 o ?;257331 w0 095083 | 103 (08719
t010.20) | t0 9.08) to 8.44) to 8.56) to 8.93) to 8.89) t0 9.19) To1d6) | 0a60) 0.784) to 1.10) 1.23)
Age group
Age (19- | 4.83(448 |421(3.84 |3.28(292 |3.27(291 |2.89(2.56 |2.35(1.80 |2.79(2.19 (_—06457886 o (’70(')035961 © ?(.)4(?629 0 | 081(062 | 11908610
60 years) t0 5.17) to 4.58) to0 3.64) t0 3.63) to 3.23) t0 2.90) t0 3.39) ~o 1.369) 0 27'9) 0 '774) to 1.05) 1.65)
34.53 26.96 25.57 24.11 24.63 22.91 21.69 -2.011 - 1.462 0.549
éggo carg) | (29710 (256510 | (242510 | (228310 | (2340t0 | (2036t0 | (195310 |(-2442t0 | (-2728t0 | (-0.78910 ?(')911 52579 (1"??)(0'78 to
=00y 36.08) 28.27) 26.90) 25.38) 25.86) 24.97) 23.85) ~1.580) |-0.196) | 1.886) : :
Sex
Male 479439 [3.75(3.32 |3.08(2.66 |336(291 |328(2.89 |3.63(2.86 |4.07(3.22 (_—0(')342575 " ?;3(9)6067 © ‘(’(')722:3 o | 111086 |113(0.831t9
to 5.18) to 4.18) to 3.49) to 3.81) t0 3.67) to 4.40) t0 4.92) T0200 | 0:839) 1.303) to 1.43) 1.53)
Continued
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Weighted odds of
B before and during the
. . . . - ;
Pre-pandemic During the pandemic Trendsin | Trends between pandemic, OR (95% CI)
the pre- in the 2005-2019 | 2020
pandemic | pandemic | and versus 2021 versus
era, B (95% | era, B (95% | 2019-2021 | 2017-2019 | 2020
Year 2005-2007 | 2008-2010 | 2011-2013 | 2014-2016 | 2017-2019 | 2020 2021 cI) cI) (95% CI) | (reference) | (reference)
14.63 13.36 12.77 12.69 13.52 12.42 12.44 -0.268 - 0.541 -0273
Female  |(1392to | (1259t0 | (1199t |(193to | (12680 |(1099t0 |(L01to | (-0517to |(~1391t0 | (- 115910 | 2! (%77 }gg)(o.sz to
15.35) 14.13) 13.54) 13.46) 14.36) 13.85) 13.86) -0.018) | 0.310) 0.613) : :
Region of residence
Urban 826(7.82 |7.74(725 |721(672 |7.52(7.00 |7.75(7.21 |7.81(6.89 |7.58(6.65 (’70(')121721 © (:0(.)023235 © (();0(2)853 1o | 1:01(0.87 | 0.97 (0.80 to
to 8.71) to 8.24) to 7.71) to 8.04) to 8.29) to 8.74) to 8.52) 0.048) 0.458) 0.593) to 1.18) 1.17)
16.20 12.05 12.14 ~0.933 ~0.124 0.810
Rural (145110 | (105510 | 11 5%76 o7 2(3521 (1038 to ?ézfl(gf)s sl 3)18 (-1.447t0 | (= L7420 | (- 0.888 to ?(;7{10(2')51 ;gé)(o'% to
17.85) 13.55) : : 13.89) : . —0.420) 1.495) 2.508) : :
BMI group
Under- 621(3.78 |2.52(1.54 |2.04(1.09 |297(1.70 |331(2.05 |3.07(0.69 |2.96(1.10 (‘70(')151728 © (‘70337966 © (_70i036;o o |0:92(038 | 0.96(0.33 10
weight to 8.64) to 3.50) to 2.98) to 4.24) to 4.58) to 5.45) to 4.82) 0.354) 1.045) 1.243) to 2.23) 2.82)
fj;’gﬁfin 4 |8430751 [7.03(652 |687(633 |668(6.15 |7.35(678 |7.33(6.32 |7.23(6.22 (’70(')05998 © (‘70(')06654 © (();0(2)6592 o | 100(083 | 0.99(0.79t0
overweight | 9.36) to 7.55) to 7.42) to 7.21) t0 7.92) to 8.34) to 8.23) 0121) 0.519) 0647) to 1.19) 1.23)
14.39 12.71 11.02 11.26 10.86 ~0.679 -0.342 0.337
Obesity | (1285t0 | (11.77to | (10.14to | (10.35t0 | (10.03 to ?63fo(;49)4 :311;‘ 6(;64 (-1.012t0 | (- 1.226t0 | (= 0.608 to ?(;815 égjm }ég)(o'% “
15.92) 13.65) 11.90) 12.17) 11.68) : : ~0.346) | 0.542) 1.282) : :
Education
High school | 14.10 13.39 13.51 15.09 16.10 15.87 14.75 0.548 - 0.674 -1.222 098(0.86 | 092 (077 tq
or lower (1345t0 | (126810 | (127410 | (142110 | (152210 | (143210 | (1308t0 | (0.304t0 |(-1619t0 | (219810 | *" s 1.10)
education | 14.74) 14.10) 14.27) 15.96) 16.98) 17.41) 16.42) 0.792) 0.272) - 0.245) : :
gr"}'fiegg}fer 193(1.63 | 170(138 |157(123 |2.01(1.68 |220(1.87 |242(1.76 |3.36(2.65 ?61({))31 © ?651736 © ?645760 0 | 1100080 | 140 (09810
oucrion [102.23) t0 2.02) to 1.91) to 2.35) to 2.53) to 3.08) to 4.06) 0.205) 0972) 0.862) to 1.52) 2.00)
Income
Income
15.07 12.86 12.15 13.02 13.71 13.31 14.23 ~0.239 0.254 0.493
(lowe;t' (1428t0 | (1205t0 | (1135t0 | (1205t0 | (12.80t0 | (11.74t0 | (1241t0 |(=0511to |(~0.754t0 | (~0.550 to ?(')917 1(2582 }'gi)(o‘gg to
secon 15.85) 13.67) 12.95) 13.99) 14.62) 14.88) 16.05) 0.032) 1.262) 1.537) : :
quartile)
Income
(third- 560 (520 |548(5.02 |4.81 (434 |4.82(437 |4.90 (444 |4.92(4.12 |4.78(4.00 ('_0(')139397 t© (:0(')055190 © ?;130332 o | 1:00(083 | 0.97 (0.77 to
highest t0 5.99) t0 5.94) t0 5.29) t0 5.28) to 5.35) to 5.71) to 5.56) y 2 1'1 to 1.22) 1.23)
quartile) ~0.060) 0.392) 0.611)

Table 3. National trend of the RA and OA prevalence and p-coefficients of the odds ratios before and during
the COVID-19 pandemic, weighted % (95% CI), in the data obtained from the KNHANES. The numbers

in bold indicate a significant difference (p <0.05). BMI body mass index, CI confidence interval, KNHANES
Korea National Health and Nutrition Examination Survey, OA osteoarthritis, OR odds ratio, RA rheumatoid

arthritis.
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Figure 1. Seventeen-year trends in the prevalence of rheumatoid arthritis and osteoarthritis in South Korea,
2005-2021. OA osteoarthritis, RA rheumatoid arthritis.
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Pre-COVID-19 COVID-19 pandemic
Overall (2005-2021) pandemic (2005-2019) | (2020, 2021)

Variables Weighted OR (95%CI) | Weighted OR (95%CI) | Weighted OR (95%CI) | Ratio of OR (95% CI)
RA
Age 19-59 1.000 (reference) 1.000 (reference) 1.000 (reference) 1.000 (reference)

>60 3.596 (3.248 to 3.980) 3.553 (3.197 to 3.948) 4.665 (3.145 to0 6.919) 1.313 (0.873 to 1.975)
Sex Female 1.000 (reference) 1.000 (reference) 1.000 (reference) 1.000 (reference)

Male 0.335 (0.298 t0 0.377) | 0.334 (0.295 t0 0.379) | 0.348 (0.244 t0 0.497) | 1.042 (0.715 to 1.519)
Region Urban 1.000 (reference) 1.000 (reference) 1.000 (reference) 1.000 (reference)

Rural 1.433 (1.272 to 1.615) 1.424 (1.257 to 1.614) 1.502 (1.015 to 2.223) 1.055 (0.699 to 1.592)
Education High school or less | 1.000 (reference) 1.000 (reference) 1.000 (reference) 1.000 (reference)

College or more 0.245 (0.214 t0 0.280) | 0.241 (0.209 to 0.278) | 0.286 (0.192 to 0.427) | 1.187 (0.777 to 1.814)
Income High 1.000 (reference) 1.000 (reference) 1.000 (reference) 1.000 (reference)

Low 1.885 (1.710 to 2.079) 1.864 (1.683 to 2.066) 2.004 (1.460 to 2.752) 1.075 (0.770 to 1.500)
OA

19-59 1.000 (reference) 1.000 (reference) 1.000 (reference) 1.000 (reference)
Age =60 8.852 (8.467 t0 9.254) 8.839 (8.442 to 9.254) 12333)6986 to 1.222 (1.011 to 1.477)
Sex Female 1.000 (reference) 1.000 (reference) 1.000 (reference) 1.000 (reference)

Male 0.256 (0.244 t0 0.268) | 0.253 (0.241 to 0.265) | 0.286 (0.243 t0 0.337) | 1.130 (0.953 to 1.340)
Region Rural 1.000 (reference) 1.000 (reference) 1.000 (reference) 1.000 (reference)

Urban 0.535 (0.501 to 0.571) 0.523 (0.489 to 0.560) 0.674 (0.531 to 0.854) 1.289 (1.007 to 1.650)
Education High school or less | 1.000 (reference) 1.000 (reference) 1.000 (reference) 1.000 (reference)

College or more 0.117 (0.110 to 0.125) | 0.111 (0.103 t0 0.119) | 0.151 (0.126 to 0.181) | 1.360 (1.119 to 1.653)
Income High 1.000 (reference) 1.000 (reference) 1.000 (reference) 1.000 (reference)

Low 2.864 (2.742 to0 2.992) 2.839 (2.712 to 2.971) 3.129 (2.689 to 3.641) 1.102 (0.941 to 1.291)

Table 4. Difference between pre- and during the COVID-19 pandemic by the ratio of ORs on OA and RA,
weighted % (95% CI), in the data obtained from the KNHANES. The numbers in bold indicate a significant
difference (p <0.05). KNHANES Korea National Health and Nutrition Examination Survey, CI confidence

interval, OA osteoarthritis, OR odds ratio, RA rheumatoid arthritis.

Data availability

Data are available on reasonable request. Study protocol, statistical code: available from DKY (email: yonkkang@
gmail.com). Data set: available from the Korea Disease Control and Prevention Agency (KDCA) through a data
use agreement.
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