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Abstract: Rheumatoid arthritis (RA) is a systemic inflammatory disease with different etiologies in
different areas. Our study focused on the prevalence of RA in Taiwan from 2001 to 2011. This study
contained longitudinal enrollment files, claims data, catastrophic illness files, and treatment registries
from Taiwan Longitudinal Health Insurance Research Database. We identified RA patients by
ICD-9-CM code 714.0. The demographical variables including age, sex, income and area of registration
were evaluated. The multivariate Poisson regression was applied to calculate relative risk for
developing RA. In Taiwan, the ratio of female to male was about 5:1. From 2001 to 2011, significant
increasing prevalence of RA, from 0.07% to 0.14%, was found in women. The prevalence of RA was
increasing 6% per year in both sex groups. The annual incidence rate (per 10,000 person years) ranged
from 1.62 to 2.02 (female: 2.30–3.14; male: 0.71–1.17) from 2003 to 2011. City area had lowest incidence
rate of RA compared with suburban or rural area. Higher incidence of RA was observed among
lower socioeconomic status. The prevalence of RA was rising from 0.07% in 2001 to 0.14% in 2011.
Incidence was about 2/10,000 person-years and female to male ratio was 5:1. Lower socioeconomic
status and living rural region might be a risk factor for developing RA.
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1. Introduction

Rheumatoid arthritis (RA) is a systemic inflammatory disease with polyarthritis over bilateral
hands, wrists, elbows, knees, ankles and feet. At the same time, elevation of circulating biomarkers of
ESR and CRP with positive rheumatoid factor or anti-CCP autoantibodies is also observed. From the
previous reports, the disease prevalence of RA is about 0.3–6% in general population with predominance
of women [1]. Different prevalence and incidence of RA with large variation are observed for different
ethnicities or areas. Higher prevalence seems to be found in indigenous population of North American
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(about 6.8%) [2]. Lower prevalence of RA is found in France (about 0.31%) [3]. Women are 2–3 times more
likely to develop RA than men. RA may occur at any age, but the peak incidence is between the ages of
40 and 60. The possible causes of RA include gender, genetic susceptibility, cigarette smoking, shared
epitope and infections. Hormonal, genetic, environmental and infection all play important roles in the
susceptibility or progression of RA. Other risk factors related RA include occupational exposure, low to
moderate alcohol consumption, obesity, duration of breastfeeding, and socioeconomic status [4–7].
Different occupation with silica exposure might be associated with increased risk of developing
RA [8]. Some studies demonstrate the relation of RA and chronic periodontal inflammation or gut
microbiome [9–11]. Different diet and nutritional status may influence the gut microbial communities
and change the balance of innate/adaptive immune system [10,12]. Posttraumatic stress disorder,
stress related physical disorders and atopic dermatitis may also increase the risk of developing RA [4].
The different educational levels may influence the presentation of disease activity and functional
disability of RA patients [13]. The development and disease progression of RA may be influenced
by both genetic and environmental factors. Adequate evaluation and understanding of numerous
environmental risk factors may be another aim of preventing the progression of RA. Therefore, our
study was focused on the prevalence of RA in the population of Taiwan and evaluating the risk factors
including gender, age, socioeconomic level and living district.

2. Materials and Methods

2.1. Data Source

Taiwan National Health Insurance (NHI) covered about 98% residents in 2005. The Taiwan
Longitudinal Health Insurance Research Database (LHIRD) involved 1 million beneficiaries who were
randomly sampled from NHI enrollment list in 2005. The LHIRD constructed by National Health
Research Institutes, and these datasets were broadly used in academic studies [14,15]. This study
used 2005 LHIRD that contained longitudinal enrollment files, claims data, catastrophic illness files,
and treatment registries from 2001 to 2011. This study was approved by the Institutional Review
Board of Chung Shan Medical University Hospital (Code No.: CS15134), and the 2005 LHIRD was an
encrypted and anonymous secondary database.

2.2. Annual Denominator Data

Population data were identified from enrollment files, and the demographical variables including
age, sex, income and area of registration were selected. The economic status was estimated by their
insurable monthly incomes, and classified into three groups (<1000, 1000–2000 and ≥2000 US dollars)
by the exchange rate (about 1 USD = 30 NTD). The definition of urbanization levels was modified
from the method mentioned by Liu et al. [16]. Originally, level of urbanization was seven categories
according to demographic components in communities. In this study, urbanization was regrouped
into three levels (City, Township, and Rural), as in a previous study [17]. The prevalence or incidence
rate became less representative among younger or elder group, thus we excluded observations for
those who were <10 or ≥80 years old from the annual population, and age groups were divided into
seven groups with 10-year intervals.

2.3. Selection of RA Case

The Catastrophic illness files were used to identify the RA patients. National Health Insurance
Administration reviewed the application of catastrophic illness certification, and the ineligible patients
were rejected after assessment. We identified the RA patient by International Classification of Diseases,
9th Revision, Clinical Modification, ICD-9-CM code 714.0. The annual prevalent cases were regarded
as patients with catastrophic illness certification and at least 1 RA treatment in the calendar year.
The annual new cases were collected from 2003 to 2011 by excluding the prevalent cases from
2001 to 2002.
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2.4. Statistical Analyses

All statistical analyses were conducted using the SAS statistical package (Version 9.4; SAS Institute,
Inc., Cary, NC, USA). Demographic-specific annual prevalence (2001–2011) or incidence (2003–2011) of
RA was calculated by dividing amount of cases by population denominator. The Poisson distribution
was assumed for estimating 95% confidence intervals (CI). The trends of prevalence or incidence rate
were plotted stratified by gender and age group.

Poisson regression was conducted to analyze linear trend of rates. The multivariate Poisson
regression was applied to calculate relative risk (RR, and 95% Confidence Interval, 95% CI) of demographic
variables on RA incidence while adjusting other covariates. Two-sided p-value < 0.05 was considered
statistically significant.

3. Results

3.1. Increasing Prevalence of RA in Taiwan from 2001 to 2011

Table 1 shows increasing prevalence (per 10,000 people) of RA in people aged 10–70 years old,
from 6.63 (95% CI: 6.08–7.23) in 2001 to 14.01 (95% CI: 13.24–14.82) in 2011. The prevalence of RA
was double in 2011. Furthermore, sex stratified prevalence was also calculated, finding that female
prevalence was 10.55 (95% CI: 9.58–11.62) in 2001 and 22.25 (95% CI: 20.90–23.68) in 2011, while male
prevalence was 2.64 (95% CI: 2.18–3.21) in 2001 and 5.37 (95% CI: 4.71–6.12) in 2011. The incidence of
RA was women predominant. The ratio of women to men was about 5:1. From 2001 to 2011, significant
increasing prevalence of RA was found in the women group (Table 1).

3.2. Different Prevalence of RA in Different Age, and Higher Prevalence in the Group of 70–79 Years
Old Especially

Age-sex stratified prevalence of RA is reported in Figure 1a–g. For female, the exponential
coefficients of calendar year (per year) were 0.96 (p = 0.572), 1.04 (p = 0.081), 1.06 (p ≤ 0.001),
1.06 (p ≤ 0.001), 1.04 (p ≤ 0.001), 1.06 (p ≤ 0.001) and 1.10 (p ≤ 0.001) at 10–19, 20–29, 30–39, 40–49,
50–59, 60–69 and 70–79 years old, respectively; for male, those were 1.01 (p = 0.883), 0.94 (p = 0.213),
1.06 (p = 0.042), 1.07 (p ≤ 0.001), 1.04 (p = 0.008), 1.04 (p = 0.005) and 1.11 (p ≤ 0.001), respectively.
We also tested the interactions between age group and calendar year; the interaction term was not
significant for female (p = 0.389) or male (p = 0.071). Higher prevalence of RA was found in patients
with age 48–63. From 2001 to 2011, progressive increasing prevalence of RA was observed in all
patients. However, significant increasing prevalence was found after 30 years old. Higher prevalence
of RA was found in the group of 70–79 years old. Overall, the increasing prevalence of RA was women
predominant with elder age.
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RA. Women were three to four times more likely to develop RA than men (RR: 3.77, 95% CI: 3.58–
3.96). The prevalence of RA was significantly increased after the age of 40. We also evaluated the 
different socioeconomic status and living district in the patients with RA. Living in rural area may 
increase the risk of RA when compared with living urban area. Lower income earner (monthly 
income less than 1000 USD) was also associated with increased the risk of RA.  

Figure 1. Prevalence of Rheumatoid Arthritis from 2001 to 2011 by age groups: (a) 10–19 years old;
(b) 20–29 years old; (c) 30–39 years old; (d) 40–49 years old; (e) 50–59 years old; (f) 60–69 years old;
and (g) 70–79 years old.

3.3. Higher Prevalence of RA in the People with Women, Older Age, Living in Rural Area or Low-Income
Earner (Monthly Income Less Than 1000 USD)

After using multiple Poisson regression, the prevalence of RA was progressively increasing
every year. The trend of RA prevalence was evaluated in Table 2, and the prevalence of RA was
increasing 6% per year in both sex groups from 2001 to 2011. Gender factors affected susceptibility to
RA. Women were three to four times more likely to develop RA than men (RR: 3.77, 95% CI: 3.58–3.96).
The prevalence of RA was significantly increased after the age of 40. We also evaluated the different
socioeconomic status and living district in the patients with RA. Living in rural area may increase the
risk of RA when compared with living urban area. Lower income earner (monthly income less than
1000 USD) was also associated with increased the risk of RA.
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Table 1. Prevalence (per 10,000 people) of Rheumatoid Arthritis among 10–79 years old people in Taiwan from 2001 to 2011.

Year
All Female Male

Population Case Prevalence (95% CI) Population Case Prevalence (95% CI) Population Case Prevalence (95% CI)

2001 778,103 516 6.63 (6.08–7.23) 392,460 414 10.55 (9.58–11.62) 385,643 102 2.64 (2.18–3.21)
2002 789,642 565 7.16 (6.59–7.77) 397,925 453 11.38 (10.38–12.48) 391,717 112 2.86 (2.38–3.44)
2003 814,451 627 7.70 (7.12–8.33) 417,117 496 11.89 (10.89–12.99) 397,334 131 3.30 (2.78–3.91)
2004 821,388 686 8.35 (7.75–9.00) 419,710 540 12.87 (11.83–14.00) 401,678 146 3.63 (3.09–4.27)
2005 864,560 777 8.99 (8.38–9.64) 439,144 626 14.26 (13.18–15.42) 425,416 151 3.55 (3.03–4.16)
2006 860,999 847 9.84 (9.20–10.52) 439,640 669 15.22 (14.11–16.41) 421,359 178 4.22 (3.65–4.89)
2007 859,730 950 11.05 (10.37–11.78) 440,212 761 17.29 (16.10–18.56) 419,518 189 4.51 (3.91–5.20)
2008 859,891 996 11.58 (10.89–12.33) 440,202 789 17.92 (16.72–19.22) 419,689 207 4.93 (4.30–5.65)
2009 851,996 1052 12.35 (11.62–13.12) 435,757 835 19.16 (17.91–20.51) 416,239 217 5.21 (4.56–5.96)
2010 861,288 1157 13.43 (12.68–14.23) 440,785 930 21.10 (19.79–22.50) 420,503 227 5.40 (4.74–6.15)
2011 862,136 1208 14.01 (13.24–14.82) 441,393 982 22.25 (20.90–23.68) 420,743 226 5.37 (4.71–6.12)

Table 2. Relative risk of prevalent cases of Rheumatoid Arthritis in Taiwan from 2001 to 2011 by using multiple Poisson regression *.

All Female Male

RR (95% CI) p Value RR (95% CI) p Value RR (95% CI) p Value

Year (per 1 year) 1.06 (1.05–1.07) <0.0001 1.06 (1.05–1.07) <0.0001 1.06 (1.05–1.08) <0.0001

Sex (ref: Male)

Female 3.77 (3.58–3.96) <0.0001 - -

Age(ref: 10–19 years old)

20–29 6.34 (4.56–8.83) <0.0001 8.08 (5.35–12.19) <0.0001 3.28 (1.83–5.89) <0.0001
30–39 16.61 (12.08–22.83) <0.0001 21.37 (14.33–31.86) <0.0001 8.24 (4.81–14.10) <0.0001
40–49 39.22 (28.67–53.68) <0.0001 50.42 (33.95–74.88) <0.0001 19.57 (11.63–32.93) <0.0001
50–59 73.71 (53.93–100.77) <0.0001 91.8 (61.87–136.20) <0.0001 43.29 (25.87–72.44) <0.0001
60–69 110.97 (81.18–151.7) <0.0001 133.47 (89.95–198.09) <0.0001 74.90 (44.81–125.16) <0.0001
70–79 105.67 (77.19–144.65) <0.0001 123.24 (82.91–183.19) <0.0001 77.08 (46.03–129.08) <0.0001

Residential urbanization (ref: Urban)

Sub-urban 1.05 (1.00–1.09) 0.0518 1.01 (0.96–1.06) 0.7885 1.24 (1.13–1.37) <0.0001
Rural 1.00 (0.93–1.07) 0.9227 0.92 (0.85–1.00) 0.0562 1.31 (1.14–1.50) 0.0002

Income (ref: <30,000)

30,000–60,000 0.88 (0.83–0.94) 0.0001 0.94 (0.88–1.01) 0.1041 0.72 (0.63–0.83) <0.0001
≥60,000 0.79 (0.70–0.89) 0.0001 0.99 (0.85–1.14) 0.8695 0.54 (0.43–0.68) <0.0001

* Models was adjusted for calendar year, sex, age groups, urbanization and income levels.
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3.4. Lower Socioeconomic Status, Women, and Living Closed Rural Area Increased the Risk of RA

The incidence rates of RA are shown in Table 3. The annual incidence rate (per 10,000 person
years) ranged from 1.62 to 2.02 (female: 2.30 to 3.14; male: 0.71 to 1.17) from 2003 to 2011. The incidence
rate was increasing by age, the rate was 0.14 and 5.49 (female: 0.19 and 7.74; male: 0.10 and 3.20) in the
youngest (10–19 years old) and eldest (70–79 years old) groups, respectively. City areas had lowest
incidence rate of RA compared with suburban or rural areas. When people lived in rural areas, higher
incidence of RA was found, and the finding especially significantly higher in the women. The highest
income level had lowest rate: 1.36 per 10,000 person years. Higher incidence of RA was observed
among lower socioeconomic status when monthly income was less than 1000 USD.

3.5. The Incidence of RA was Increasing with Age Except Women or Men

Age-sex stratified incidence rate is plotted in Figure 2a–g. For female, the exponential coefficient
of period (per year) effects were 0.90 (p = 0.196), 0.94 (p = 0.115), 0.91 (p ≤ 0.001), 0.88 (p ≤ 0.001),
0.88 (p ≤ 0.001), 0.87 (p ≤ 0.001) and 0.93 (p ≤ 0.001) at 10–19, 20–29, 30–39, 40–49, 50–59, 60–69 and
70–79 years old, respectively; for male, those were 0.96 (p = 0.726), 0.83 (p = 0.028), 0.87 (p = 0.012),
0.93 (p = 0.036), 0.93 (p = 0.009), 0.87 (p ≤ 0.001), and 0.91 (p = 0.004), respectively. The interaction
between age and period effect on RA incidence was not significant for female (p = 0.346) or male
(p = 0.846).
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3.6. Elder and Women were the Risk for Developing RA

Relative risks for demographic factors on RA incidence are listed in Table 4. After adjusting for sex,
age groups, urbanization and income levels, the period effect was not significant with exp(b) = 0.99 and
p = 0.175 (for female p = 0.613; for male p = 0.0607). Female had 2.90 times (95% CI 2.57–3.27) risk
when compared with male. The increasing RR was observed in elder group, and it was 38.55 (95% CI
23.57–63.07) in 70–79 years old compared with 10–19 years old people. The trend of income effect was
significant in male subgroup (p = 0.0304), but not in female (p = 0.5631).
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Table 3. Incidence rate (per 10,000 person years) of Rheumatoid Arthritis among 16–79-year-old people in Taiwan from 2003 to 2011 by specific sub-groups.

All Female Male

Py * New Case Incidence Rate *
(95% CI) Py * New Case Incidence Rate *

(95% CI) Py * New Case Incidence Rate *
(95% CI)

Year

2003 813,767 144 1.77 (1.50–2.08) 416,574 103 2.47 (2.04–3.00) 397,193 41 1.03 (0.76–1.4)
2004 820,579 139 1.69 (1.43–2.00) 419,077 100 2.39 (1.96–2.90) 401,502 39 0.97 (0.71–1.33)
2005 863,607 170 1.97 (1.69–2.29) 438,407 134 3.06 (2.58–3.62) 425,200 36 0.85 (0.61–1.17)
2006 859,912 174 2.02 (1.74–2.35) 438,793 128 2.92 (2.45–3.47) 421,119 46 1.09 (0.82–1.46)
2007 858,510 173 2.02 (1.74–2.34) 439,262 134 3.05 (2.58–3.61) 419,248 39 0.93 (0.68–1.27)
2008 858,550 158 1.84 (1.57–2.15) 439,152 109 2.48 (2.06–2.99) 419,398 49 1.17 (0.88–1.55)
2009 850,566 138 1.62 (1.37–1.92) 434,646 100 2.30 (1.89–2.80) 415,920 38 0.91 (0.66–1.26)
2010 859,762 168 1.95 (1.68–2.27) 439,594 138 3.14 (2.66–3.71) 420,168 30 0.71 (0.50–1.02)
2011 860,498 159 1.85 (1.58–2.16) 440,107 125 2.84 (2.38–3.38) 420,391 34 0.81 (0.58–1.13)

Age

16–19 1,218,345 17 0.14 (0.09–0.22) 590,245 11 0.19 (0.10–0.34) 628,100 6 0.10 (0.04–0.21)
20–29 1,331,445 58 0.44 (0.34–0.56) 735,024 48 0.65 (0.49–0.87) 596,421 10 0.17 (0.09–0.31)
30–39 1,469,061 145 0.99 (0.84–1.16) 747,384 119 1.59 (1.33–1.91) 721,677 26 0.36 (0.25–0.53)
40–49 1,441,546 290 2.01 (1.79–2.26) 720,385 232 3.22 (2.83–3.66) 721,161 58 0.80 (0.62–1.04)
50–59 1,127,002 376 3.34 (3.02–3.69) 569,415 278 4.88 (4.34–5.49) 557,587 98 1.76 (1.44–2.14)
60–69 622,731 298 4.79 (4.27–5.36) 323,433 213 6.59 (5.76–7.53) 299,298 85 2.84 (2.30–3.51)
70–79 435,621 239 5.49 (4.83–6.23) 219,726 170 7.74 (6.66–8.99) 215,895 69 3.20 (2.52–4.05)

Urbanization

Urban 4,745,237 843 1.78 (1.66–1.90) 2,480,107 640 2.58 (2.39–2.79) 2,265,130 203 0.90 (0.78–1.03)
Sub-urban 2,267,357 436 1.92 (1.75–2.11) 1,113,034 317 2.85 (2.55–3.18) 1,154,323 119 1.03 (0.86–1.23)

Rural 633,157 144 2.27 (1.93–2.68) 312,471 114 3.65 (3.04–4.38) 320,686 30 0.94 (0.65–1.34)

Income

<30,000 6,067,440 1185 1.95 (1.84–2.07) 3,253,211 902 2.77 (2.6–2.96) 281,4229 283 1.01 (0.9–1.13)
30,000–60,000 1,246,777 193 1.55 (1.34–1.78) 559,822 142 2.54 (2.15–2.99) 686,955 51 0.74 (0.56–0.98)
≥60,000 331,534 45 1.36 (1.01–1.82) 92,579 27 2.92 (2.00–4.25) 238,955 18 0.75 (0.47–1.2)
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Table 4. Relative risk of new cases of Rheumatoid Arthritis in Taiwan from 2003 to 2011 by using multiple Poisson regression *.

All Female Male

RR (95% CI) p Value RR (95% CI) p Value RR (95% CI) p Value

Year (per 1 year) 0.99 (0.97–1.01) 0.1752 0.99 (0.97–1.02) 0.613 0.96 (0.92–1) 0.0607

Sex (ref: Male)

Female 2.9 (2.57–3.27) <0.0001 - - - -

Age(ref: 16–19 years old)

20–29 2.98 (1.73–5.11) <0.0001 3.55 (1.84–6.84) 0.0002 1.8 (0.65–4.96) 0.2552
30–39 7.19 (4.34–11.9) <0.0001 8.73 (4.7–16.22) <0.0001 4.16 (1.7–10.17) 0.0017
40–49 14.79 (9.05–24.15) <0.0001 17.63 (9.62–32.33) <0.0001 9.36 (4.02–21.8) <0.0001
50–59 24.43 (15.01–39.77) <0.0001 26.76 (14.63–48.95) <0.0001 20.61 (9–47.21) <0.0001
60–69 33.61 (20.61–54.8) <0.0001 35.41 (19.31–64.92) <0.0001 31.44 (13.73–72) <0.0001
70–79 38.55 (23.57–63.07) <0.0001 41.06 (22.31–75.58) <0.0001 34.18 (14.83–78.74) <0.0001

Residential urbanization (ref: Urban)

Sub-urban 1.07 (0.96–1.21) 0.2293 1.08 (0.94–1.23) 0.2867 1.08 (0.86–1.35) 0.5114
Rural 1.04 (0.87–1.24) 0.6728 1.15 (0.94–1.41) 0.1682 0.76 (0.52–1.12) 0.1698

Income (ref: ≥30,000)

30,000–60,000 0.90 (0.77–1.06) 0.2004 0.95 (0.79–1.14) 0.5974 0.79 (0.58–1.08) 0.1453
≥60,000 0.79 (0.59–1.08) 0.1362 0.94 (0.64–1.38) 0.7465 0.64 (0.39–1.04) 0.0711

* Models was adjusted for calendar year, sex, age groups, urbanization and income levels.
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4. Discussion

In our study, the prevalence of RA was increasing in Taiwan from 2001 to 2011 (from 6.63/10,000 to
14.01/10,000). The incidence of RA was women predominant and was increasing with age except
when separated by sex. Lower socioeconomic status or living closed rural area might serve as a risk
for developing RA.

Our study showed that age and gender play important roles in developing RA. From previous
studies, the peak onset of RA is between the age of 40 and 60. However, our study showed that the
incidence of RA increased in women after the age of 40 (40–49: RR = 2.01; 50–59: RR = 3.34; 60–69:
RR = 4.79; 70–79: RR = 5.49) and the peak of onset was between the age of 70 and 79 (RR: 5.49, 95% CI:
4.83–6.23, Table 3). Among the women after age of 40, the diagnosis of RA should always be kept
in mind due to high peak incidence of RA from our study. Women were four times more likely to
develop RA than men (Table 1). The prevalence and incidence of RA was 14.01/10,000 (0.1401%) and
1.85/10,000 person-years, respectively, in 2011. The annul incidence of RA was progressive increasing
between 2003 and 2011. Overall, the prevalence of RA also increased from 0.063% to 0.1401% between
2003 and 2011 in Taiwan. The prevalence of disease is associated with the incidence, disease duration
and mortality. In Taiwan, the strong increase in the prevalence of RA may be due to adequate and
timely immunotherapy under National Health Insurance. Patients with RA receive immediate or early
diagnosis by rheumatologist. Significant elevation of incidence was found. Therefore, the prevalence of
RA was increasing under good and convenient health care access for past years. The prevalence of RA
has large variation for different ethnicities or areas. In Taiwan, the prevalence of RA is relatively low
when compared other areas [2,3]. This condition might be because early RA patients with polyarthritis
do not fulfil the old ACR criteria of 1988. We used the ICD 9: 714.0 to confirm the diagnosis of RA
from the Taiwan LHIRD. Early RA patients who do not fulfill RA classification criteria were usually
missed by the clinical doctors due to seronegative RA or presentation of monoarthritis. Therefore,
the diagnosis rate of RA was lower than other areas. However, the incidence of RA is decreasing with
a reduction in prevalence in recent years from the recent study of UK [18]. The incidence of RA is
3.81/10,000 person-years and the prevalence is 0.67% in UK. Lower incidence was found in Taiwan
(1.85/10,000 person-years in Taiwan vs. 3.81/10,000 person-years in UK). The development of RA is
associated with genetic and nongenetic pathogenesis. The development of RA is associated with genetic
and nongenetic factors. The genetic predisposition may be the major role for developing RA [19].

Lower socioeconomic status, as measured by housing-based index (summed z-score for housing
value, square footage and number of bedrooms and bathrooms), is associated with the risk of
developing RA with higher mortality rate [20]. In our study, socioeconomic status was measured
by personal monthly income. Lower socioeconomic status was defined as monthly income less
than 1000 USD. Higher incidence rate was observed in females living in rural areas when compared
with those living in urban areas (3.65/10,000 person-years vs. 2.58/10,000 person-years, Table 3).
From the previous study, patients with higher educational background had less pain and less functional
disability [13]. The childhood socioeconomic status of RA patients, such as participant homeownership
or parental education, also influenced the disease outcome and progression [21]. The socioeconomic
status with influencing the RA disease activity or risk includes educational level, occupation, income,
family member and living areas [22]. Lower socioeconomic status may be associated with smoking,
obesity, poor nutrition and higher frequency of chronic disease. The exposure of cigarette smoking
is a strong risk factor in the pathogenesis of developing RA with adequate genetic background [23].
Smoking may induce the production of cirullinated proteins with abnormal development of multiple
circulating autoantibodies including RF and anti-CCP autoantibodies [24]. Ingestion of high salt and
low fibrate diet related to overweight or obesity may also play a major role in the development of
RA [25]. Delayed diagnosis was usually found in RA patients with lower income. Higher education
and higher income were factors associated with early diagnosis of RA [26]. Anti-CCP antibody
positivity and low income represent severe risks for increasing time to diagnosis [27]. The predictors of
higher fear-avoidance for RA patients include high activity limitation, male sex, income below average
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and elevated levels of anxiety/depression from a longitudinal study [28]. Therefore, the socioeconomic
status may be associated with the adequate receiving therapy and follow up in the patients with RA.

There were several limitations in the present study: Early RA patients who do not fulfill
RA classification criteria were usually missed by the clinical doctors due to seronegative RA or
presentation of monoarthritis. Data from Taiwan LHIRD may lose RA patients without regular follow
up. RA patients who are evading taxation were a bias to evaluate the socioeconomic status.

5. Conclusions

In summary, various environmental factors may serve as important components influencing and
modifying the risk for disease progression in addition to genetic background. In Taiwan, the prevalence
of RA was about 0.15% with higher prevalence in female (5:1). The annual incidence of RA was about
2/10,000 person-years. Lower socioeconomic status (e.g., lower monthly income or living in rural
regions) might be a risk factor for developing RA.

Author Contributions: D.-H.Y., J.-Y.H. and J.C.-C.W. conceptualized and designed the study. D.-H.Y. wrote of
the manuscript. J.-Y.C. and J.C.-C.W. collected and analyzed the data. J.C.-C.W. contributed to improve the
manuscript. All authors commented on the manuscript and approved the final version of it.

Acknowledgments: This study was supported by the Taichung Armed-Forces General Hospital (Grant No.
106A01 and 106A02) and Chung Shan Medical University (Grant No. CSMU-INT-104-04).

Conflicts of Interest: The authors declare no conflict of interest.

References

1. Minichiello, E.; Semerano, L.; Boissier, M.C. Time trends in the incidence, prevalence, and severity of
rheumatoid arthritis: A systematic literature review. Jt. Bone Spine 2016, 83, 625–630. [CrossRef] [PubMed]

2. McDougall, C.; Hurd, K.; Barnabe, C. Systematic review of rheumatic disease epidemiology in the indigenous
populations of Canada, the United States, Australia, and New Zealand. Semin. Arthritis Rheum. 2017, 46,
675–686. [CrossRef] [PubMed]

3. Guillemin, F.; Saraux, A.; Guggenbuhl, P.; Roux, C.H.; Fardellone, P.; Le Bihan, E.; Cantagrel, A.;
Chary-Valckenaere, I.; Euller-Ziegler, L.; Flipo, R.M.; et al. Prevalence of rheumatoid arthritis in France: 2001.
Ann. Rheum. Dis. 2005, 64, 1427–1430. [CrossRef] [PubMed]

4. Symmons, D.P. Environmental factors and the outcome of rheumatoid arthritis. Best Pract. Res. Clin. Rheumatol.
2003, 17, 717–727. [CrossRef]

5. Cooper, G.S. Occupational exposures and risk of rheumatoid arthritis: Continued advances and opportunities
for research. J. Rheumatol. 2008, 35, 950–952. [PubMed]

6. Jin, Z.; Xiang, C.; Cai, Q.; Wei, X.; He, J. Alcohol consumption as a preventive factor for developing
rheumatoid arthritis: A dose-response meta-analysis of prospective studies. Ann. Rheum. Dis. 2014, 73,
1962–1967. [CrossRef] [PubMed]

7. Di Giuseppe, D.; Alfredsson, L.; Bottai, M.; Askling, J.; Wolk, A. Long term alcohol intake and risk of rheumatoid
arthritis in women: A population based cohort study. BMJ 2012, 345, e4230. [CrossRef] [PubMed]

8. Stolt, P.; Kallberg, H.; Lundberg, I.; Sjögren, B.; Klareskog, L.; Alfredsson, L. Silica exposure is associated with
increased risk of developing rheumatoid arthritis: Results from the Swedish EIRA study. Ann. Rheum. Dis. 2005,
64, 582–586. [CrossRef] [PubMed]

9. Schmickler, J.; Rupprecht, A.; Patschan, S.; Patschan, D.; Müller, G.A.; Haak, R.; Mausberg, R.F.; Schmalz, G.;
Kottmann, T.; Ziebolz, D. Cross-sectional Evaluation of Periodontal Status, Microbiological and Rheumatoid
Parameters in a large Cohort of Patients With Rheumatoid Arthritis. J. Periodontol. 2017, 88, 368–379. [CrossRef]

10. Scher, J.U.; Ubeda, C.; Artacho, A.; Attur, M.; Isaac, S.; Reddy, S.M.; Marmon, S.; Neimann, A.; Brusca, S.;
Patel, T.; et al. Decreased bacterial diversity characterizes the altered gut microbiota in patients with psoriatic
arthritis, resembling dysbiosis in inflammatory bowel disease. Arthritis Rheumatol. 2015, 67, 128–139.
[CrossRef] [PubMed]

11. Marotte, H.; Farge, P.; Gaudin, P.; Alexandre, C.; Mougin, B.; Miossec, P. The association between periodontal
disease and joint destruction in rheumatoid arthritis extends the link between the HLA-DR shared epitope
and severity of bone destruction. Ann. Rheum. Dis. 2006, 65, 905–909. [CrossRef] [PubMed]

http://dx.doi.org/10.1016/j.jbspin.2016.07.007
http://www.ncbi.nlm.nih.gov/pubmed/27616690
http://dx.doi.org/10.1016/j.semarthrit.2016.10.010
http://www.ncbi.nlm.nih.gov/pubmed/27914688
http://dx.doi.org/10.1136/ard.2004.029199
http://www.ncbi.nlm.nih.gov/pubmed/15800010
http://dx.doi.org/10.1016/S1521-6942(03)00063-9
http://www.ncbi.nlm.nih.gov/pubmed/18528947
http://dx.doi.org/10.1136/annrheumdis-2013-203323
http://www.ncbi.nlm.nih.gov/pubmed/23897767
http://dx.doi.org/10.1136/bmj.e4230
http://www.ncbi.nlm.nih.gov/pubmed/22782847
http://dx.doi.org/10.1136/ard.2004.022053
http://www.ncbi.nlm.nih.gov/pubmed/15319232
http://dx.doi.org/10.1902/jop.2016.160355
http://dx.doi.org/10.1002/art.38892
http://www.ncbi.nlm.nih.gov/pubmed/25319745
http://dx.doi.org/10.1136/ard.2005.036913
http://www.ncbi.nlm.nih.gov/pubmed/16284099


Int. J. Environ. Res. Public Health 2018, 15, 1194 12 of 12

12. Kau, A.L.; Ahern, P.P.; Griffin, N.W.; Goodman, A.L.; Gordon, J.I. Human nutrition, the gut microbiome and
the immune system. Nature 2011, 474, 327–336. [CrossRef] [PubMed]

13. Jiang, X.; Sandberg, M.E.; Saevarsdottir, S.; Klareskog, L.; Alfredsson, L.; Bengtsson, C. Higher education
is associated with a better rheumatoid arthritis outcome concerning for pain and function but not disease
activity: Results from the EIRA cohort and Swedish rheumatology register. Arthritis Res. Ther. 2015, 17, 317.
[CrossRef] [PubMed]

14. Chen, S.J.; Chao, Y.L.; Chen, C.Y.; Chang, C.M.; Wu, E.C.; Wu, C.S.; Yeh, H.H.; Chen, C.H.; Tsai, H.J.
Prevalence of autoimmune diseases in in-patients with schizophrenia: Nationwide population-based study.
Br. J. Psychiatry 2012, 200, 374–380. [CrossRef] [PubMed]

15. Yang, M.H.; Wang, P.H.; Wang, S.J.; Sun, W.Z.; Oyang, Y.J.; Fuh, J.L. Women with endometriosis are more
likely to suffer from migraines: A population-based study. PLoS ONE 2012, 7, e33941. [CrossRef] [PubMed]

16. Liu, C.-Y.; Hung, Y.T.; Chuang, Y.; Chen, Y.; Weng, W.; Liu, J.; Liang, K. Incorporating development stratification
of Taiwan townships into sampling design of large scale health interview survey. J. Health Manag. 2006, 4, 1–22.

17. Hsu, C.C.; Lee, C.H.; Wahlqvist, M.L.; Huang, H.L.; Chang, H.Y.; Chen, L.; Shih, S.F.; Shin, S.J.; Tsai, W.C.;
Chen, T.; et al. Poverty increases type 2 diabetes incidence and inequality of care despite universal health
coverage. Diabetes Care 2012, 35, 2286–2292. [CrossRef] [PubMed]

18. Abhishek, A.; Doherty, M.; Kuo, C.F.; Mallen, C.D.; Zhang, W.; Grainge, M.J. Rheumatoid arthritis is
getting less frequent-results of a nationwide population-based cohort study. Rheumatology 2017, 56, 736–744.
[CrossRef] [PubMed]

19. Scott, D.L.; Wolfe, F.; Huizinga, T.W. Rheumatoid arthritis. Lancet 2010, 376, 1094–1108. [CrossRef]
20. Ghawi, H.; Crowson, C.S.; Rand-Weaver, J.; Krusemark, E.; Gabriel, S.E.; Juhn, Y.J. A novel measure of

socioeconomic status using individual housing data to assess the association of SES with rheumatoid arthritis
and its mortality: A population-based case-control study. BMJ Open 2015, 5, e006469. [CrossRef] [PubMed]

21. Baldassari, A.R.; Cleveland, R.J.; Luong, M.L.; Jonas, B.L.; Conn, D.L.; Moreland, L.W.; Bridges, S.L.;
Callahan, L.F. Socioeconomic factors and self-reported health outcomes in African Americans with
rheumatoid arthritis from the Southeastern United States: The contribution of childhood socioeconomic
status. BMC Musculoskelet. Disord. 2016, 17, 10. [CrossRef] [PubMed]

22. Verstappen, S.M. The impact of socio-economic status in rheumatoid arthritis: What do(n’t) we know?
Rheumatology 2016, 56, 1051–1052. [CrossRef] [PubMed]

23. Criswell, L.A.; Saag, K.G.; Mikuls, T.R.; Cerhan, J.R.; Merlino, L.A.; Lum, R.F.; Pfeiffer, K.A.; Woehl, B.;
Seldin, M.F. Smoking interacts with genetic risk factors in the development of rheumatoid arthritis among
older Caucasian women. Ann. Rheum. Dis. 2006, 65, 1163–1167. [CrossRef] [PubMed]

24. Van Wesemael, T.J.; Ajeganova, S.; Humphreys, J.; Terao, C.; Muhammad, A.; Symmons, D.P.; MacGregor, A.J.;
Hafström, I.; Trouw, L.A.; van der Helm-van, A.H.; et al. Smoking is associated with the concurrent presence
of multiple autoantibodies in rheumatoid arthritis rather than with anti-citrullinated protein antibodies per
se: A multicenter cohort study. Arthritis Res. Ther. 2016, 18, 285. [CrossRef] [PubMed]

25. Lu, B.; Hiraki, L.T.; Sparks, J.A.; Malspeis, S.; Chen, C.Y.; Awosogba, J.A.; Arkema, E.V.; Costenbader, K.H.;
Karlson, E.W. Being overweight or obese and risk of developing rheumatoid arthritis among women:
A prospective cohort study. Ann. Rheum. Dis. 2014, 73, 1914–1922. [CrossRef] [PubMed]

26. Cho, S.K.; Kim, D.; Won, S.; Lee, J.; Choi, C.B.; Choe, J.Y.; Hong, S.J.; Jun, J.B.; Kim, T.H.; Koh, E.; et al. Factors
associated with time to diagnosis from symptom onset in patients with early rheumatoid arthritis. Korean J.
Intern. Med. 2017. [CrossRef] [PubMed]

27. Barnabe, C.; Xiong, J.; Pope, J.E.; Boire, G.; Hitchon, C.; Haraoui, B.; Thorne, J.C.; Tin, D.; Keystone, E.C.;
Bykerk, V.P.; et al. Factors associated with time to diagnosis in early rheumatoid arthritis. Rheumatol. Int.
2014, 34, 85–92. [CrossRef] [PubMed]

28. Demmelmaier, I.; Bjork, A.; Dufour, A.B.; Nordgren, B.; Opava, C.H. Trajectories of Fear-Avoidance Beliefs on
Physical Activity Over Two Years in People with Rheumatoid Arthritis. Arthritis Care Res. 2018, 70, 695–702.
[CrossRef] [PubMed]

© 2018 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
article distributed under the terms and conditions of the Creative Commons Attribution
(CC BY) license (http://creativecommons.org/licenses/by/4.0/).

http://dx.doi.org/10.1038/nature10213
http://www.ncbi.nlm.nih.gov/pubmed/21677749
http://dx.doi.org/10.1186/s13075-015-0836-6
http://www.ncbi.nlm.nih.gov/pubmed/26546562
http://dx.doi.org/10.1192/bjp.bp.111.092098
http://www.ncbi.nlm.nih.gov/pubmed/22442099
http://dx.doi.org/10.1371/journal.pone.0033941
http://www.ncbi.nlm.nih.gov/pubmed/22442736
http://dx.doi.org/10.2337/dc11-2052
http://www.ncbi.nlm.nih.gov/pubmed/22912425
http://dx.doi.org/10.1093/rheumatology/kew468
http://www.ncbi.nlm.nih.gov/pubmed/28064207
http://dx.doi.org/10.1016/S0140-6736(10)60826-4
http://dx.doi.org/10.1136/bmjopen-2014-006469
http://www.ncbi.nlm.nih.gov/pubmed/25926142
http://dx.doi.org/10.1186/s12891-016-0882-5
http://www.ncbi.nlm.nih.gov/pubmed/26754747
http://dx.doi.org/10.1093/rheumatology/kew428
http://www.ncbi.nlm.nih.gov/pubmed/27940587
http://dx.doi.org/10.1136/ard.2005.049676
http://www.ncbi.nlm.nih.gov/pubmed/16887863
http://dx.doi.org/10.1186/s13075-016-1177-9
http://www.ncbi.nlm.nih.gov/pubmed/27906045
http://dx.doi.org/10.1136/annrheumdis-2014-205459
http://www.ncbi.nlm.nih.gov/pubmed/25057178
http://dx.doi.org/10.3904/kjim.2017.113
http://www.ncbi.nlm.nih.gov/pubmed/29232938
http://dx.doi.org/10.1007/s00296-013-2846-5
http://www.ncbi.nlm.nih.gov/pubmed/23989941
http://dx.doi.org/10.1002/acr.23419
http://www.ncbi.nlm.nih.gov/pubmed/28941003
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	Introduction 
	Materials and Methods 
	Data Source 
	Annual Denominator Data 
	Selection of RA Case 
	Statistical Analyses 

	Results 
	Increasing Prevalence of RA in Taiwan from 2001 to 2011 
	Different Prevalence of RA in Different Age, and Higher Prevalence in the Group of 70–79 Years Old Especially 
	Higher Prevalence of RA in the People with Women, Older Age, Living in Rural Area or Low-Income Earner (Monthly Income Less Than 1000 USD) 
	Lower Socioeconomic Status, Women, and Living Closed Rural Area Increased the Risk of RA 
	The Incidence of RA was Increasing with Age Except Women or Men 
	Elder and Women were the Risk for Developing RA 

	Discussion 
	Conclusions 
	References

