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7,715,261 adults aged 23-60 who had health examination in 2012-2013
(baseline) and four years prior.

Patients with rheumatoid arthritis, connective tissue disease, ankylosing spo

ndylitis, psoriasis, psoriatic and enteropathic arthropathies, and juvenile arth
" ritis between

January 1, 2002, and December 31, 2013 were excluded.

6,523,160 adults

Excluded

1. Died before January 1, 2014 (n= 5,504)

2. Not linked NHIS registration data (n =16)

3. Cancer, end-stage renal disease, heart failure, liver cirrhosis, or type 1
diabetes mellitus within the previous year before baseline (n =161,988)
4_ Delivery within one year before or after at either health examinations
(n =138,273)

5. Missing values for Body mass index (BMI) or waist circumference (WC) m
issing

(n =8,432)

6. Outlier values for [BMI (<10kg/tf, =50kg/tf) or WC (<50cm, =140cm)]
(n =1,399)

6,207,246 adults
(3,813,103 males and 2,394 143 females)

Figure 1. Selection of study participants from the health examination cohort of the National

Health Insurance Service
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Table 1. Baseline characteristics according to obesity and abdominal obesity

Male Female

Normal waist circumference Abdominal obesity Normal waist circumference Abdominal obesity

Not obesity Obesity Not obesity Obesity Not obesity Obesity Not obesity Obesity

(n=2,162,228)  (n=813,134)  (n=76,993)  (n=760,748)  (n=1,806,589)  (n=298,424)  (n=48,071)  (n=241,059)
Age, years 44,0 £ 8.7 43.6+84 47.0+£85 43.8+ 8.6 44,8 +9.3 48.1+7.38 49.0+ 8.5 48.7+ 8.2
23-29 73,878 (3.4) 23,692 (2.9) 1,107 (1.4) 21,122 (2.8) 151,635 (8.4) 9,678 (3.2) 1,724 (3.6) 8,454 (3.5)
30-39 644,198 (29.8) 256,068 (31.5) 15,669 (20.4) 243,120 (32.0) 337,367 (18.7)  28,323(9.5) 5,202 (10.8) 23,977 (9.9)
40-49 759,377 (35.1) 302,198 (37.2) 24,555 (31.9) 265,977 (35.0) 639,123 (35.4) 109,964 (36.8) 12,770 (26.6) 73,970 (30.7)
50-60 684,775 (31.7) 231,176 (28.4) 35,662 (46.3) 230,529 (30.3) 678,464 (37.6) 150,459 (50.4) 28,375 (59.0) 134,658 (55.9)
Low income? 293,279 (13.6) 115,679 (14.2) 11,729 (15.2) 106,498 (14.0) 527,661 (29.2) 99,928 (33.5) 15,438 (32.1) 80,358 (33.3)
Residence® 1,210,687 (56.0) 463,805 (57.0) 42,418 (55.1) 432,781 (56.9) 923,398 (51.1) 165,085 (55.3) 26,368 (54.9) 136,749 (56.7)
Smoking status
No smoking 617,922 (28.6) 229,774 (28.3) 19,226 (25.0) 194,299 (25.5) 1,731,504 (95.8) 287,901 (96.5) 45,639 (94.9) 228,301 (94.7)
Former 574,936 (26.6) 243,797 (30.0) 23,909 (31.1) 224,031 (29.4) 29,326 (1.6) 3,864 (1.3) 864 (1.8) 4,434 (1.8)
Current 969,370 (44.8) 339,563 (41.8) 33,858 (44.0) 342,418 (45.0) 45,759 (2.5) 6,659 (2.2) 1,568 (3.3) 8,324 (3.5)
Alcohol consumption
Non 596,599 (27.6) 206,865 (25.4) 19,301 (25.1) 188,923 (24.8) 1,231,885 (68.2) 214,449 (71.9) 34,177 (71.1) 172,614 (71.6)
Mild to moderate 1,281,591 (59.3) 483,062 (59.4) 44,344 (57.6) 431,809 (56.8) 552,857 (30.6) 80,477 (27.0) 13,047 (27.1) 64,252 (26.7)
Heavy® 284,038 (13.1) 123,207 (15.2) 13,348 (17.3) 140,016 (18.4) 21,847 (1.2) 3,498 (1.2) 847 (1.8) 4,193 (1.7)
Regular exercise 829,157 (38.3) 320,377 (39.4) 25,596 (33.2) 267,267 (35.1) 666,148 (36.9) 109,899 (36.8) 16,770 (34.9) 83,076 (34.5)

11



Comorbid conditions

Diabetes mellitus 73,999 (3.4)  35728(4.4)  5753(7.5) 55,290 (7.3) 33,311 (1.8) 11,586 (3.9) 2,582 (5.4) 19,412 (8.1)
Hypertension 165,569 (7.7) 102,756 (12.6) 12,207 (15.9) 145513 (19.1) 114,097 (6.3) 46,739 (15.7) 6,979 (14.5) 57,718 (23.9)
Dyslipidemia 100,756 (4.7) 60,132 (7.4)  7,515(9.8) 85823 (11.3) 85256 (47)  28,871(9.7) 5040 (10.5) 35,106 (14.6)
Ischemic stroke 5,466 (0.3) 2,574 (0.3) 386 (0.5) 3,112 (0.4) 2,637 (0.1) 815 (0.3) 189 (0.4) 1,081 (0.4)
Ischemic heart disease 16,423 (0.8) 9,003 (1.1)  1,179(15) 12,846 (1.7) 7,856 (0.4) 3,050 (1.0) 483 (1.0) 3,945 (1.6)

Results are expressed as mean + standard deviation or number (%).

Obesity was defined by body mass index >25kg/m? and abdominal obesity was defined as a waist circumference >90cm (male) or 85c¢cm (female).
2Income divided into 10 grades was grouped into 3 categories where group 1 is defined as low income

® Areas other than Seoul, metropolitan, and Sejong city

€>210g/week

>3 days of vigorous activity for 20 min per week, >5 days of moderate-intensity activity or walking for >30 min per week

12
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Table 2. Associations between BMI categories, other adjusting factors, and the risk of RA

Male Female
Factor HR (95% CI) P value HR (95% CI) P value
BMI
Normal (18.5-22.9 kg/m?) reference reference
Underweight (<18.5 kg/m?) 1.21 (0.90-1.62) 0.199 0.95(0.83-1.09) 0.503
Overweight (23-24.9 kg/m?)  1.03 (0.93-1.14) 0.515 0.92 (0.86-0.98) 0.013
Obese | (25-29.9 kg/m?) 0.79 (0.72-0.88) <0.001 0.89 (0.83-0.96) 0.002
Obese 11 (>30 kg/m?) 0.78 (0.61-0.99) 0.043 0.82 (0.69-0.97) 0.021
Age 1.07 (1.07-1.08) <0.001 1.04 (1.03-1.04) <0.001
Low income 1.11 (0.99-1.23) 0.068 1.02 (0.96-1.08) 0.560
Rural residence 0.96 (0.88-1.04) 0.282 1.01 (0.96-1.07) 0.661
Smoking status
No smoking reference reference
Former 1.34 (1.19-1.51) <0.001 1.10 (0.88-1.38) 0.397
Current 1.92 (1.73-2.15) <0.001 1.47 (1.26-1.71) <0.001
Alcohol consumption
Non reference reference
Mild to moderate 0.73 (0.67-0.80) <0.001 0.89 (0.83-0.95) <0.001
Heavy 0.58 (0.50-0.67) <0.001 0.78 (0.59-1.03) 0.076
Regular exercise 0.91 (0.84-0.99) 0.031 0.93 (0.88-0.99) 0.014
Comorbid conditions
Diabetes mellitus 0.71 (0.58-0.86) 0.001 0.82 (0.69-0.98) 0.031
Hypertension 0.98 (0.86-1.12) 0.802 0.95 (0.86-1.05) 0.304
Dyslipidemia 1.11 (0.94-1.31) 0.223 0.87 (0.77-0.97) 0.018

15



Ischemic stroke 0.86 (0.46-1.61) 0.635 0.80 (0.43-1.48) 0.472

Ischemic heart disease 1.00 (0.71-1.40) 0.994 0.98 (0.71-1.36) 0.924

BMI: body mass index; RA: rheumatoid arthritis; HR: hazard ratio; CI: confidence interval
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Table 3. Associations between obesity, abdominal obesity, and the risk of RA

Male Female
Factor Unadjusted Adjusted* Unadjusted Adjusted*
Not obesity reference reference reference reference
Obesity 0.73 (0.67-0.80) 0.78 (0.71-0.85) 1.00 (0.94-1.07) 0.91 (0.85-0.97)
Normal waist circumference reference reference reference reference
Abdominal obesity 0.89 (0.81-0.99) 0.90 (0.81-0.99) 1.05 (0.97-1.14) 0.96 (0.88-1.04)

Results are expressed as hazard ratio (95% confidence interval).

RA: rheumatoid arthritis

Obesity was defined by body mass index >25kg/m? and abdominal obesity was defined as a
waist circumference >90cm (male) or 85cm (female).

*Adjusted for age, income, residence, smoking status, alcohol consumption, regular exercise,
type 2 diabetes mellitus, hypertension, dyslipidemia, ischemic stroke, and ischemic heart

disease.
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Table 4. Subgroup analysis of obesity and the risk of RA based on abdominal obesity

Male Female
Factor Unadjusted Adjusted* Unadjusted Adjusted*
Normal waist circumference
Not obesity reference reference reference reference
Obesity 0.70 (0.63-0.78) 0.75(0.67-0.84) 0.96 (0.88-1.04) 0.88 (0.81-0.95)
Abdominal obesity
Not obesity reference reference reference reference
Obesity 0.62 (0.48-0.81) 0.77 (0.59-1.00) 1.05(0.86-1.29) 1.06 (0.87-1.31)

Results are expressed as hazard ratio (95% confidence interval).

RA: rheumatoid arthritis

Obesity was defined by body mass index >25kg/m? and abdominal obesity was defined as a
waist circumference >90cm (male) or 85cm (female).

*Adjusted for age, income, residence, smoking status, alcohol consumption, regular exercise,
type 2 diabetes mellitus, hypertension, dyslipidemia, ischemic stroke, and ischemic heart

disease.
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Table 5. Associations between obesity status and the risk of RA

Male Female
Factor Unadjusted Adjusted* Unadjusted Adjusted*
Non-obese reference reference reference reference

BMI obesity only
WC obesity only

Both

0.70 (0.63-0.78) 0.75 (0.67-0.84) 0.96 (0.88-1.04) 0.87 (0.80-0.95)
1.25(0.98-1.60) 1.05(0.82-1.34) 1.00(0.83-1.21) 0.88 (0.73-1.06)

0.78 (0.69-0.87) 0.81(0.72-0.90) 1.05 (0.97-1.15) 0.95(0.87—1.04)

Results are expressed as hazard ratio (95% confidence interval).

RA: rheumatoid arthritis; BMI: body mass index; WC: waist circumference

BMI obesity was defined by body mass index >25kg/m? and WC obesity was defined as a

waist circumference >90cm (male) or 85cm (female).

*Adjusted for age, income, residence, smoking status, alcohol consumption, regular exercise,

type 2 diabetes mellitus, hypertension, dyslipidemia, ischemic stroke, and ischemic heart

disease.
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Table 6. Interaction between obesity status and age in the risk of RA

Male Female
Factor Age <45 Age >45 P value for Age <45 Age >45 P value for
Adjusted* Adjusted* interaction Adjusted* Adjusted* interaction
with age with age
0.533 0.882
Non-obese reference reference reference reference

BMI obesity only
W(C obesity only

Both

0.82 (0.67-0.99)
1.09 (0.62-1.94)

0.85 (0.70-1.03)

0.69 (0.60-0.79)
1.10 (0.83-1.44)

0.76 (0.66-0.87)

0.91 (0.76-1.09)
0.97 (0.62-1.51)

1.06 (0.87-1.28)

0.89 (0.81-0.97)
0.91 (0.74-1.12)

0.96 (0.87-1.06)

Results are expressed as hazard ratio (95% confidence interval).

RA: rheumatoid arthritis; BMI: body mass index; WC: waist circumference

BMI obesity was defined by body mass index >25kg/m? and WC obesity was defined as a waist circumference >90cm (male) or 85cm (female).
*Adjusted for age, income, residence, smoking status, alcohol consumption, regular exercise, type 2 diabetes mellitus, hypertension, dyslipidemia,

ischemic stroke, and ischemic heart disease
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Table 7. Associations between changes in obesity and the risk of RA

Male Female

Unadjusted Adjusted* Unadjusted Adjusted*

Maintain non-obesity reference reference reference reference
Obese to non-obese 1.23(1.05-1.45) 1.13(0.96-1.33) 1.15(1.01-1.32) 1.03(0.90-1.18)
Non-obese to obese 0.71(0.60-0.83) 0.82(0.70-0.97) 0.97 (0.87-1.09) 0.92 (0.82-1.03)

Maintain obesity 0.76 (0.69-0.83) 0.78 (0.71-0.85) 1.02(0.95-1.10) 0.91 (0.85-0.98)

Results are expressed as hazard ratio (95% confidence interval).

RA: rheumatoid arthritis

Obesity was defined by body mass index = 25kg/m?.

*Adjusted for age, income, residence, smoking status, alcohol consumption, regular exercise,
type 2 diabetes mellitus, hypertension, dyslipidemia, ischemic stroke, and ischemic heart

disease.
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Table 8. Associations between changes in abdominal obesity and the risk of RA

Male Female

Unadjusted Adjusted* Unadjusted Adjusted*

Maintain non-obesity reference reference reference reference
Obese to non-obese 1.16 (0.99-1.36) 1.03(0.88-1.20) 1.07 (0.94-1.22) 0.95 (0.84-1.09)
Non-obese to obese 0.84 (0.72-0.98) 0.88(0.76-1.03) 1.07 (0.96-1.19) 0.99 (0.89-1.10)

Maintain obesity 0.95 (084-1.08)  0.91(0.80-1.03) 1.04 (0.93-1.16) 0.92(0.82-1.04)

RA: rheumatoid arthritis

Abdominal obesity was defined as a waist circumference >90cm (male) or 85cm (female).
*Adjusted for age, income, residence, smoking status, alcohol consumption, regular exercise,
type 2 diabetes mellitus, hypertension, dyslipidemia, ischemic stroke, and ischemic heart

disease.
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Table 9. Associations between changes in BMI and the risk of RA

BMI change Male Female
(%), quartiles Unadjusted Adjusted* Unadjusted Adjusted*
Q2 (-2.29-1.18) reference reference reference reference

Q1 (-64.62—-2.29)
Q3 (1.18-4.63)

Q4 (4.63-202.11)

1.06 (0.95-1.19) 1.03(0.92-1.16) 1.15(1.01-1.32) 1.00 (0.93-1.07)
0.99 (0.88-1.10) 1.06 (0.94-1.18) 0.97 (0.87-1.09) 0.92 (0.85-0.99)

0.80 (0.71-0.90) 1.04 (0.92-1.17) 1.02 (0.95-1.10) 0.89 (0.83-0.96)

Results are expressed as hazard ratio (95% confidence interval).

BMI: body mass index; RA: rheumatoid arthritis

*Adjusted for age, income, residence, smoking status, alcohol consumption, regular exercise,

type 2 diabetes mellitus, hypertension, dyslipidemia, ischemic stroke, and ischemic heart

disease.
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Table 10. Subgroup analysis of changes in BMI and the risk of RA based on abdominal

obesity

BMI change Male Female

(%), quartiles Unadjusted Adjusted* Unadjusted Adjusted*
Normal waist circumference

Q2 (-2.29-1.18) reference reference reference reference

Q1 (-64.62—-2.29)
Q3 (1.18-4.63)

Q4 (4.63-202.11)

Abdominal obesity

Q2 (-2.29-1.18)
Q1 (-64.62—-2.29)
Q3 (1.18-4.63)

Q4 (4.63-202.11)

1.03 (0.91-1.16)
0.95 (0.84-1.08)

0.80 (0.70-0.92)

reference
1.21 (0.92-1.59)
1.14 (0.89-1.47)

0.85 (0.66-1.09)

1.00 (0.88-1.13)
1.03 (0.91-1.16)

1.04 (0.90-1.19)

reference
1.17(0.89-1.54)
1.20 (0.93-1.54)

1.10 (0.85-1.42)

0.99 (0.92-1.07)
0.90 (0.83-0.98)

0.82 (0.75-0.89)

reference
0.96 (0.76-1.22)
0.94 (0.76-1.17)

0.83 (0.67-1.02)

1.00 (0.92-1.07)
0.91 (0.84-0.99)

0.89 (0.82-0.97)

reference
0.99 (0.79-1.26)
0.95 (0.76-1.18)

0.92 (0.74-1.13)

Results are expressed as hazard ratio (95% confidence interval).

BMI: body mass index; RA: rheumatoid arthritis

Abdominal obesity was defined as a waist circumference >90cm (male) or 85cm (female).

*Adjusted for age, income, residence, smoking status, alcohol consumption, regular exercise,

type 2 diabetes mellitus, hypertension, dyslipidemia, ischemic stroke, and ischemic heart

disease.
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Table 11. Two-year landmark analysis

Male Female
Factor Unadjusted Adjusted* Unadjusted Adjusted*
BMI
Normal (18.5-22.9 kg/m?) reference reference reference reference

Underweight (<18.5 kg/m?)
Overweight (23-24.9 kg/m?)

Obese | (25-29.9 kg/m?)

Obese Il (=30 kg/m?)

Obesity status
Non-obese
BMI obesity only
WC obesity only
Both

Changes in obesity
Maintain non-obese
Obese to non-obese
Non-obese to obese

Maintain obese

1.35 (1.00-1.82)
1.05 (0.95-1.17)
0.76 (0.69-0.85)

0.64 (0.50-0.82)

reference
0.69 (0.61-0.77)
1.27 (0.98-1.64)

0.78 (0.70-0.88)

reference
1.22 (1.02-1.44)
0.70 (0.59-0.84)

0.75 (0.68-0.83)

1.31(0.97-1.77)
1.06 (0.95-1.18)
0.80 (0.71-0.89)

0.82 (0.64-1.05)

reference
0.73 (0.65-0.83)
1.06 (0.82-1.38)

0.81 (0.72-0.92)

reference
1.12 (0.94-1.33)
0.82 (0.69-0.98)

0.77 (0.70-0.85)

0.78 (0.68-0.89)
1.06 (0.99-1.14)
1.03 (0.95-1.11)

0.86 (0.72-1.02)

reference
0.99 (0.90-1.07)
1.05 (0.87-1.28)

1.03 (0.94-1.13)

reference
1.14 (0.99-1.31)
0.98 (0.87-1.10)

1.02 (0.95-1.10)

0.96(0.83-1.11)
0.95 (0.88-1.02)
0.92 (0.85-0.99)

0.84 (0.70-1.00)

reference
0.90(0.83-0.99)
0.93 (0.77-1.13)

0.94 (0.85-1.03)

reference
1.02(0.89-1.18)
0.93 (0.83-1.05)

0.92 (0.85-1.00)

Results are expressed as hazard ratio (95% confidence interval).

BMI: body mass index; WC: waist circumference

BMI obesity was defined by body mass index >25kg/m? and WC obesity was defined as a

waist circumference >90cm (male) or 85cm (female).

*Adjusted for age, income, residence, smoking status, alcohol consumption, regular exercise,

type 2 diabetes mellitus, hypertension, dyslipidemia, ischemic stroke, and ischemic heart

disease.
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ABSTRACT

The association of obesity and the risk of rheumatoid arthritis: a nationwide

population-based study in Korea

Background: Diverse findings exist regarding the association between obesity and the risk
of rheumatoid arthritis (RA). Nevertheless, there are limited studies specifically investigating
the Asian population and considering abdominal obesity status. Moreover, research on the
association between changes in obesity or body mass index (BMI) and the risk of RA is also

limited.

Objectives: This study aimed to assess the association between obesity and the risk of RA in
Korean, considering the abdominal obesity status. Additionally, we aimed to investigate the

association between changes in obesity or BMI and the risk of RA.

Methods: We included individuals aged 23 to 60 who underwent a national health
examination in 2012-2013 (baseline) and four years prior. Obesity was defined by a BMI
>25kg/m? and abdominal obesity was defined by a waist circumference >90cm in male and
>85cm in female. Changes in obesity were categorized as maintain non-obesity, obese to
non-obese, non-obese to obese, and maintain obesity. The change in BMI over 4 years was
divided into quartiles. Cox proportional hazard analysis was performed to assess the
association of obesity with the risk of RA. The analyses were conducted separately by sex,
and subgroup analyses were performed according to abdominal obesity status. As sensitivity

analysis, a 2-year landmark analysis was done.

Results: A total of 6,207,246 subjects were included, and 7,859 incident cases of RA were
identified. Compared to those with a normal BMI, obesity classes | and 11 were associated
with a reduced risk RA. Obesity was associated with a reduced risk of RA in males (HR 0.78,
95% CI 0.71-0.85) and females (HR 0.91, 95% CI 0.85-0.97). In subgroup analysis
according to abdominal obesity status, the associations were observed for obesity with
normal waist circumference (WC) in males (HR 0.75, 95% CI 0.67-0.84) and females (HR
0.88, 95% CI 0.81-0.95). Maintaining obesity over a 4-year period was associated with a
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lower risk of RA compared to maintaining non-obesity in both male and female. In terms of
BMI change, compared to the stable BMI group (quartile 2), the third (HR 0.92, CI 0.85—
0.99) and highest quartile (HR 0.89, CI 0.83-0.96) showed an inverse association with the

risk of RA in females, particularly in those with normal WC.

Conclusions: Obesity was associated with a lower risk of RA, especially among individuals
with a normal WC. Over the 4-year period, maintaining obesity was associated with a lower
risk of RA. Increased BMI was also associated with a lower risk of RA, but this association

was mainly observed in females and specifically for those with normal WC.

39



	목차
	서론 1
	본론 4
	대상 및 방법 4
	1) 재료 4
	2) 연구설계 및 대상자 4
	3) 정의 7
	4) 통계 분석 방법 7
	5) 윤리적 고려 9
	결과 10
	1) 비만과 복부비만을 바탕으로 나누었을 때 기저 특성 10
	2) 비만과 류마티스 관절염 발생 위험의 연관성 13
	3) 비만, 체질량지수의 변화와 류마티스 관절염 위험의 연관성 21
	4) 민감도 분석 26
	고찰 28
	결론 32
	참고문헌 33
	영문요약 38


