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Abstract

Background

We investigated the mortality and disability rate, as well as the healthcare expenditure, for
patients with newly diagnosed seropositive rheumatoid arthritis (RA) who were followed-up
for up to 10 years, compared to the general population in Korea.

Methods

We conducted a nationwide population-based study using a National Health Insurance Ser-
vice-National Sample Cohort of the Korean population, consisting of 1 million individuals
who submitted medical care claims between 2002 and 2013. RA was identified using as the
International Classification of Diseases code MO05 (seropositive RA), with prescription of any
disease-modifying anti-rheumatic drug (DMARD). Our analysis was based on the data of
1655 patients with incident seropositive RA and 8275 non-RA controls. The controls were
matched to the RA cohort by sex, age at the time of diagnosis, duration of follow-up, geo-
graphic region, type of social security, and household income.

Results

The most commonly used conventional synthetic DMARDs were hydroxychloroquine
(71.30%) and methotrexate (69.5%), with adalimumab being the most commonly used bio-
logic DMARD (2.54%). The mortality rate was significantly higher in the RA than the control
group (incidence rate ratio [IRR] 1.29, 95% confidence interval [Cl] 1.02—1.64) in the first 10
years after diagnosis. Specifically, mortality due to infectious diseases (IRR 4.41, 95% CI
1.60-12.17) and pneumonia (IRR 3.92, 95% CI 1.46—10.53) was significantly higher in the
RA than control group. The disability rate was higher in the RA than control group over the
first 10 years of the disease (IRR 2.27, 95% CIl 1.77-2.92), which was attributed to a higher
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incidence of physical disability (IRR 3.81, 95% Cl 2.81-5.15). Annual health expenditure
was greater for the RA than the control group.

Conclusions

Therefore, the rate of mortality and disability, as well as healthcare expenditure, are higher
for patients with RA over the first 10 years of the disease onset, than the general population
of Korea. The use of claim data has limited the quality of information and there is a limit to
the observation period, and we expect the prospective national-wide multicenter cohort for
longer period to overcome these limitations.

Introduction

Rheumatoid arthritis (RA) is a chronic inflammatory disease that leads to functional disability
[1] and premature mortality [2-4]. Although the long-term prognosis of RA has improved
dramatically following the introduction of effective disease modifying anti-rheumatic drugs
(DMARD:s), including biologic agents and treat-to-target approach for remission, the overall
global burden of RA is increasing, owing to its chronic progressive course and the increasing
life expectancy worldwide [5]. This burden is largely contributed by RA-associated mortality
and disability, but also includes the economic burden of RA treatment and management of its
comorbidities.

Since medical insurance coverage and social security systems vary widely between coun-
tries, the burden of RA is expected to vary greatly from country to country. In this study, we
aimed to identify the status of disability and mortality in patients with newly diagnosed sero-
positive RA, who were followed-up for up to 10 years, as compared to the general population
in Korea.

Methods
Study design

This was a nationwide population-based, nested case-control study of patients with RA and
matched controls. Mortality, disability, and healthcare costs were investigated as primary out-
comes. Reporting of this manuscripts adheres to the REporting of studies Conducted using
Observational Routinely-collected Data (RECORD) checklist and the completed checklist are
available in the supplementary text (S1 Text).

Data sources

Our study was based on the National Health Insurance Service-National Sample Cohort
(NHIS-NSC), which is a Korean population-based cohort of individuals who submitted
medical care claims, between 2002 and 2013 [6]. The cohort, which consisted of 1,025,340
individuals, was obtained through age-, sex- and income-based stratification sampling of ap-
proximately 50 million Koreans who were registered with the Korean NHIS in 2002. Because
the NHIS-NSC data set contains only de-identified secondary data released for research pur-
poses, the present study was exempt from ethical review by the institutional review board of
Chungbuk National University Hospital (CBNUH IRB No. 2018-06-015) and Seoul National
University Hospital (SNUH IRB No. 1806-075-951). For the same reason, patient consent was
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not required for the present analysis. All individuals included in the NSC provided informed
consent for data collection, storage, analysis, and publication.

Study variables

A diagnosis of RA was defined by the diagnostic code for seropositive RA (MO05), with the pre-
scription of any disease-modifying anti-rheumatic drug (DMARD), as per previously reported
methodology [7]. The controls were matched to the RA cohort by sex, age at the time of diag-
nosis, duration of follow-up, geographic region, type of social security, and household income.

Mortality, disability, and annual healthcare costs were analyzed as dependent variables.
With regard to disability, the only information from the Disability Registration System, oper-
ated by the Ministry of Health and Welfare in Korea that is available in the NHIS-NSC data-
base is the presence or absence of disability and categories of disability, such as ‘physical
disability’, but not the grades of disability. We evaluated the presence and extent of disability
using the specific guidelines, provided by government, with confirmation from the treating
physician. The specific criteria for physical disability due to joint disorders, including RA,
have been provided in the supplementary text (52 Text). The annual healthcare costs covered
by the NHIS in Korea includes medical costs for diagnostic tests; treatment, including surgery,
intervention, or medication; and outpatient or inpatient care. South Korea has a universal
health coverage system, with approximately 98% of the Korean population registered in the
NHIS, and over 99% of claims, since 2005, having been processed through the automated bill-
ing system [8]. Therefore, the annual healthcare costs entered into the system are considered
to be almost equal to the direct medical cost. RA-related and -unrelated costs were evaluated
separately, based on the presence of the diagnosis code for RA.

Statistical analysis

The sociodemographic features of the RA and control groups are presented in terms of the
number of patients and the prevalence of mortality and disability. Mortality and disability
rates were calculated per 1000 person-years (PY) and used to calculate incidence rate ratios
(IRR), with the associated 95% confidence intervals (CI), thus establishing the risk for a certain
outcome in the study group compared to the corresponding risk in the control cohort. The
median and interquartile range of annual health costs were calculated and compared between
the study and the control cohort, using the Mann-Whitney U-test. The SAS Enterprise Guide
(version 5.1; SAS Institute Inc., Cary, NC, USA) was used for the analysis.

The temporal trend in the health expenditure per capita (USD) was examined using the
Joinpoint regression program [9]. This program uses the Bayesian information criterion to
generate different numbers of joinpoints, indicating time points at which the rate or hazard of
occurrence of an event changes significantly and to fit separate linear trends in each time seg-
ment. Annual percentage changes (APCs) for each segment were calculated.

Results
Selection of patients and controls

For the initial step of patient extraction, patients with diagnosis code of M05, according to the
10" version of the International Classification of Diseases (ICD-10), were identified
(n =9907). After exclusion of those without a prescription for any DMARD, 2870 patients
with RA were retained.

The first 2 years (2002-2003) were considered as a washout period, as we focused on ana-
lyzing the burden of incident RA. After applying this selection criteria, 2316 patients with
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incident RA (i.e., diagnosed between 2004 and 2013) were selected. After this exclusion, 658
patients who had a prior diagnosis of another rheumatic disease, such as systemic connective
tissue disorders (ICD-10 code: M30-M36), ankylosing spondylitis (ICD-10 code: M45), psori-
atic, and enteropathic arthropathies (ICD-10 code: M07), or juvenile arthritis (ICD-10 code:
MO08), as well as 3 patients who were diagnosed with RA before the age of 20 years, the final
study group of 1655 patients was established and the data extracted from the NHIS-NSC for
analysis.

Additionally, 8275 controls (1:5 matched by age, sex, and income status to each RA patient)
were selected from among individuals insured from 2004 to 2013 (Fig 1).

Sociodemographic and clinical characteristics of the RA and control groups
at diagnosis

The sociodemographic characteristics of the RA group, at the time of diagnosis, and of the
control group are summarized in Table 1. The distribution of sex, age, follow-up duration,
geographic region, household income, and the type of social security, according to the house-
hold income, was identical in the RA and control group, indicative that appropriate matching
was achieved. More patients in RA group used glucocorticoid more than 4 weeks compared to
controls.

In the RA group, the most commonly used DMARD was hydroxychloroquine (71.30%),
followed by methotrexate (69.49%), sulfasalazine (36.13%), leflunomide (26.22%), and bucilla-
mine (16.25%). The most commonly used biologic DMARD was adalimumab (2.54%), fol-
lowed by etanercept (1.75%), infliximab (0.85%), and rituximab (0.48%).

Mortality and disability rates

A comparison of mortality rates between the RA and control group is shown in Table 2. Over
the follow-up period, 86 patients with RA, in 6700 person-years, and 335 controls, in 33,787
person-years died, presenting significant higher mortality in RA in the first 10 years of the dis-
ease (IRR 1.29, 95% CI 1.02-1.64). The significantly higher mortality rate due to infections
(IRR 4.41, 95% CI 1.60-12.17) and respiratory disease (IRR 2.10, 95% CI 1.00-4.39), especially
pneumonia (IRR 3.92, 95% CI 1.46-10.53), as well as musculoskeletal disease (1.64 per 1000
person-years, cause of death in all 11 cases were RA) contributed to the higher mortality of
RA.

Both in the RA and control groups, the main cause of death was malignancy (2.39 and 3.61
per 1000 person-years, respectively), followed by cardiovascular disease (1.94 and 2.13 per
1000 person-years, respectively), while there was no significant difference in the prevalence
between RA and controls.

A comparison of the rate, type and distribution of disabilities between the RA and control
group is provided in Table 3. The disability rate was higher in the RA than control group in
the first 10 years of the disease (IRR 2.27, 95% CI 1.77-2.92), with this difference being mainly
attributed to physical disability, which was significantly higher in RA than control group (IRR
3.81, 95% CI 2.81-5.15). Non-physical disability was not significantly different between the
RA and control group (IRR 0.76, 95% CI 0.45-1.32).

Annual health expenditures

The annual health expenditures were significantly larger for patients with RA than for controls.
In 2013, the direct medical cost of RA patient was 2293 (+ 11613, SD) US dollar/person, com-
pared to 1199 (+ 4013) US dollar/person for the control. Among the direct medical cost of RA,
the cost of medications was 510 (+ 2743) US dollar/person in 2013, comprising 22% of the
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NHIS-NSC database
(n=1,025,340)

(n=2870)

v

No history of other
rheumatic diseases
(n=1658)

A 4

Seropositive RA group
(N=1655)

Excluded 1,015,433 participants who
had never been diagnosed as having
seropositive RA (M05.XX).

Excluded 7037 participants who had
never been prescribed with DMARD*.

Excluded 554 participants who were
initially diagnosed before 2004.

Excluded 658 participants who had
ever been diagnosed as having other
rheumatic diseases**.

Excluded 3 participants who were
diagnosed as having RA before age
20 years.

Control group
(N=8275)

1:5 matched by age, sex, disease
duration, geographic region, and
household income
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Fig 1. Flowchart of the selection of study participants. *Methotrexate, sulfasalazine, hydroxychloroquine, leflunomide, tacrolimus, bucillamine,
mizoribine, cyclosporine, infliximab, etanercept, adalimumab, golimumab, abatacept, tocilizumab, rituximab, and tofacitinib. **Systemic
connective tissue disorders (International Classification of Diseases 10th revision [ICD-10] code: M30-M36), ankylosing spondylitis (ICD-10
code: M45), psoriatic and enteropathic arthropathies (ICD-10 code: M07), or juvenile arthritis (ICD-10 code: M08). RA, rheumatoid arthritis;
DMARD, disease-modifying anti-rheumatic drug.

https://doi.org/10.1371/journal.pone.0210471.9001

direct medical cost. In the controls, the cost of medication was 166 (+ 997) US dollar/person in
2013 (p < 0.001, compared to RA), comprising 14% of the direct medical cost. Excluding the
cost of the biologic DMARDs in 2013, the cost of medications for RA decreased to 257 (+
2344) US dollar/person, comprising 11% of total direct costs.

Table 1. Sociodemographic characteristics of the RA and control groups.

Characteristics RA group (n = 1655) Control group (n = 8275)
Sex
Male (% of group) 378 (22.84%) 1890 (22.84%)
Age, years (% of group) At the time of diagnosis
20-29 34 (2.54%) 170 (2.54%)
30-39 162 (9.79%) 810 (9.79%)
40-49 335 (20.24%) 1675 (20.24%)
50-59 513 (41.00%) 2565 (41.00%)
60-69 383 (23.14%) 1915 (23.14%)
70-79 199 (12.02%) 995 (12.02%)
80- 29 (1.75%) 145 (1.75%)
Duration of follow-up, years (% of group)
<5 959 (57.95%) 4795 (57.95%)
>5 696 (42.05%) 3480 (42.05%)
Geographic region
Seoul, metropolitan 299 (18.07%) 1495 (18.07%)
Large cities” 459 (27.73%) 2295 (27.73%)
Other areas 897 (54.20%) 4485 (54.20%)
Type of social security®
Health insurance 1581 (95.53%) 7905 (95.53%)
Medical aid 74 (4.47%) 370 (4.47%)
Household income
1st quintile 211(12.75%) 1055(12.75%)
2nd quintile 237 (14.32%) 1185 (14.32%)
3rd quintile 271 (16.37%) 1355 (16.37%)
4th quintile 387 (23.38%) 1935 (23.38%)
5th quintile, highest 475 (28.70%) 2375 (28.70%)
Glucocorticoid use longer 1361 (82.24%) 1529 (18.48%)
than 4 weeks
Prevalence of
Comorbidities
Diabetes mellitus 636 (38.43%) 2522 (30.48%)
Thyroid disease 810 (48.94%) 2494 (30.14%)

“Including 6 major cities (Busan, Daegu, Incheon, Gwangju, Daejeon, and Ulsan) in Korea.
PThe type of social security at the time of diagnosis was determined according to the household income level. RA,

rheumatoid arthritis.

https://doi.org/10.1371/journal.pone.0210471.t001
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Table 2. Comparison of mortality between the RA and control groups.

RA (6700 PY) Control (33,787 PY) Incidence rate ratio
Cause of death Number of cases | Per 1000 person-years | Number of cases | Per 1000 person-years | 95% confidence interval
(ICD-10 code)
All cause 86 12.84 335 9.92 1.29 (1.02-1.64)
Infection 7 1.04 8 0.24 4.41 (1.60-12.17)
(A00-B99)
Neoplasm 16 2.39 122 3.61 0.66 (0.39-1.11)
(C00-D48)
Endocrine 2 0.30 14 0.41 0.72 (0.16-3.17)
(E00-E90)
Nervous 3 0.45 10 0.30 1.51 (0.42-5.50)
(G00-G99)
Circulatory 13 1.94 72 2.13 0.91 (0.50-1.64)
(100-199)
Respiratory 10 1.49 24 0.71 2.10 (1.00-4.39)
(J00-799)
Pneumonia 7 1.04 9 0.27 3.92 (1.46-10.53)
(J12-J18)
Digestive 3 0.45 11 0.33 1.38 (0.38-4.93)
(K00-K93)
Musculoskeletal 11 1.64 0 0.00 -
(M00-M99)
Genitourinary 3 0.45 9 0.27 1.68 (0.46-6.21)
(N00-N99)
Injury, poisoning and other external | 8 1.19 35 1.04 1.15 (0.53-2.48)
(S00-T88)
Others 10 1.49 30 0.89 1.68 (0.82-3.44)
(R00-99 and not specified)

RA, rheumatoid arthritis; PY, person-year; ICD-10, International Classification of Diseases 10th Revision

https://doi.org/10.1371/journal.pone.0210471.t1002

For patients with RA, 23.91% of health costs were specifically related to the manage-
ment of RA over the follow-up period. Of note, even RA-unrelated health costs were
greater for the RA than control group (Fig 2A). There was a statistically significant
increase in the annual health expenditures in both RA [APC 9.2 (95% CI 6.6-11.0),

P < 0.05] and control groups [APC 10.0 (95% CI 7.7-12.4), P < 0.05] without any signifi-
cant joinpoint (Fig 2A, S1 Fig). Although the amount of change was less stiff, the amount
of out-of-pocket expenditure also increased in the RA [APC 2.6 (95% CI 0.9-4.3),

P < 0.05] and control groups [APC 6.8 (95% CI 4.7-9.1), P < 0.05] without any significant

joinpoint (Fig 2B, S2 Fig).

Table 3. Comparison of rate, type, and distribution of disability between the RA and control groups.

RA (6409 person-person-year) Control (33,085 person-year) Incidence rate ratio
Case Per 1000 PY Case Per 1000 Per Person Year 95% CI
All disability 88 13.73 200 6.05 2.27 (1.77-2.92)
Physical disability 73 11.39 99 2.99 3.81 (2.81-5.15)
Non-physical disability 15 2.32 101 3.05 0.76 (0.45-1.32)

RA, rheumatoid arthritis; 95% CI, 95% confidence interval.

https://doi.org/10.1371/journal.pone.0210471.t003
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Fig 2. Health expenditure per capita for the rheumatoid arthritis (RA) and control group. For interpretation, 1 US dollar is equal to 1100
Korean dollars. (A) Total health care costs. (B) Amount of out-of-pocket payment.

https://doi.org/10.1371/journal.pone.0210471.g002

Discussion

Biologic treatment for RA was approved in October 2003, with the first reimbursement pro-
vided in Korea in December 2003. In this study, we followed patients with an incident diagno-
sis of RA between January 2004 and December 2013, which is the first decade after the
introduction of biologic therapies for RA. Although there was not much use in biological ther-
apy, yet in 2013 (5.5%) it was seen that biologic treatment contributed significantly to the
increase in the cost of the medication as well as the proportion of the medication costs among
the direct medical costs.

Also, in July 2009, in the middle of the study period, a beneficiary program for rare and
intractable diseases was initiated in Korea, with patients registered in this system, such as sero-
positive rheumatoid arthritis having the benefit of paying only 10% of their total medical costs,
without distinction between admission and outpatient treatment. Therefore, we were able to
compare the differences in the healthcare costs of patients before and after this copayment pro-
gram. For the general population, the NHIS covers 80% of the total medical costs for hospital-
ized patients and has covered 70% for outpatient treatment until 2009. Since 2009, the
proportional burden of the outpatient treatment that the patient has to bear differs among hos-
pitals, but still covers 40-60% of the total medical cost [10].

During the follow up period, annual health expenditures increased significantly for both
RA and controls. Although the initiation period of a beneficiary program for rare and intracta-
ble diseases was not showed as a significant joinpoint, the increase of the amount of out-of-
pocket expenditure could be less stiff in RA group compared to controls.

The mortality rate has previously been reported to be higher among patients with RA than
the general population, with a standardized mortality ratio for RA of 1.35 (95%CI 1.02-1.74)
[11]. Principal cause of death was known as malignancy and cardiovascular disease, followed
by respiratory disease, similar to our study cohort.

Interestingly, the mortality rate due to cardiovascular disease in our study was not higher,
than that in the control group, suggesting that the risk of cardiovascular disease was not signif-
icant in the first 10 years among the incident RA patients after 2003. Similarly, a recent epide-
miologic study using the Clinical Practice Research Datalink in the United Kingdom showed
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that death from cardiovascular disease is decreasing and there was no statistical difference in
between incident RA and the control cohort since 2004 [12], and this was attributed to the
contribution of the improved treatment of RA and improved management of the comorbidity.
The beneficial effects of methotrexate in the treatment of cardiovascular disease would also
support this contribution of better RA management to reduced cardiovascular events [13].
Among the causes of death due to the musculoskeletal disorders, there was RA itself. Because
this study was based on the claims data, it was difficult to identify more detailed causes of
death; however, the amyloid, therapeutic side effects, and deteriorating interstitial lung disease
are likely to be relevant, and this was one of the limitations of this study.

There are other limitations to our study need to be acknowledged in the interpretation of
results. First, only patients with seropositive RA were included in our study, with patients with
a diagnosis of seronegative RA (ICD code, M06) being excluded. According to the other RA
cohort studies in Korea [14, 15], about 85% of RA patients in Korea are expected to have rheu-
matoid factor of anti-CCP antibody, similar to worldwide [16, 17]. However, in the patient
extraction for this study, the prevalence of seronegative RA (ICD code, M06) with prescription
for more than a single DMARD was showed 1.2-fold higher prevalence than patients with
seropositive RA. Therefore, there was a concern that the inclusion of seronegative RA would
have biased our interpretation of results as the code used for medical expense claims would
have included inflammatory diseases other than RA. Moreover, registration into the program
for rare and intractable diseases, which includes seropositive, but not seronegative RA, requir-
ing official documentation from a physician to confirm that a patient fulfills the 1987 ACR cri-
teria. Therefore, the diagnosis of seropositive RA in Korea is conservative and reliable [7]. By
excluding the seronegative RA group, the severity of RA might have been exaggerated in our
cohort; however, the accuracy of the diagnosis is guaranteed.

As a result of not including cases of seronegative RA, our crude incidence rate of RA of 16.5
per 100,000 person-years is much lower than the incidence of 28.5 per 100,000 person-years
reported in a recent population-based study in Korea [18] or 38.1/100,000 person-years in the
United Kingdom [19].

Second, with regard to the healthcare costs, we could only analyze direct costs using the
claim data from medical institutions and for medical service and medication. Although these
factors are the core components of direct medical costs, there are additional direct costs, such
as the use of alternative medicine, dietary supplements, and home assistance. Also, indirect
costs, such as sick leaves or loss of work, are also important to consider from the perspective of
the patients’ life. According to the cost of illness study conducted in Korea, between November
2009 and February 2010 [20], the mean cost for in-hospital expense and drug expense was
189,9000 KRW (about 1726 US dollars), accounting for 61% of direct costs and 29.5% of the
total cost of illness. Since February 2010, direct medical costs for RA has increased, and the
proportion of costs for RA drugs and the composition of indirect medical costs are likely to
continue to change. Therefore, an in-depth follow-up study of the cost of illness would be
needed.

Third, the maximum duration of observation in our study was only 10 years, which might
be too short to evaluate the true outcomes of RA considering the chronicity of the disease.
Because the treatment strategy for RA in Korea has changed after the introduction of biologic
agents in 2003, long-term follow-up of patients who were prescribed with biologic agents after
2003 is warranted. From a similar standpoint, claim data do not include data after 2013. The
rate of use of biologic agents was only 6% in our current dataset, which is similar to that
reported in a previous Korean cohort study conducted in 2012 [15] and a study in Western
Europe in 2011 [21]. However, the rate of use of biologics would be expected to be higher in
2018. Thus, the status of Korean patients with RA presented in our study may not be up-do-
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date and a follow-up study would be needed. Therefore, we expect the prospective national-
wide multicenter cohort for longer period to overcome these limitations.

To our knowledge, this is the first study to have quantitatively assessed the status of mortal-
ity, disability, and healthcare costs among Korean patients with RA by using representative

claims data of the NHIS, which covers most of the medical usage of the Korean population.
Because we used a balanced sample cohort, our findings can be considered as being represen-
tative of the entire Korean population of patients with and without RA.

Our findings indicate that RA is not only a painful disease of the musculoskeletal system,
but also carries a high risk of high mortality and disability, as well as being associated with
high healthcare costs. The higher healthcare costs for patients with RA, compared to the con-
trol group, were associated to the direct costs of RA and to health comorbidities. Although the
rate of use of biologic agents was only 6% in our study cohort, the annual health costs
increased significantly over the 10-year period of observation, and this in both the RA and
control groups. It is noteworthy that although the start of the insurance benefit program did
not influence the joinpoint, the increase in the medical expenses for the RA group was largely
buffered by the health insurance system due to the increase in the proportion of coinsurance.
Further research regarding the mortality trends of RA would be needed to see whether this
increase in the cost of health care and social support will result in the reduction or RA mortal-
ity. Further research is also needed to identify the determinants of disability and mortality
among patient with RA.

Of note, as infection and pneumonia were major contributing factors to the higher mortal-
ity rate among patients with RA, early diagnosis and active treatment of infectious disease is
warranted. Preventive measures such as influenza or pneumococcal vaccination might also be
useful to reduce the burden of disease for patients, the healthcare system and society. Also, as
the cost of medical care for patients with RA continues to increase, there is a need to consider
who, society or patients, should bear the economic burden of the disease.

Supporting information

S1 Fig. Joinpoint graph of the temporal trend in annual health expenditures between the
incident rheumatoid arthritis (RA) and control groups.
(DOCX)

S2 Fig. Joinpoint graph of the temporal trend in the mortality rate between the incident
RA and control groups.
(DOCX)

S1 Text. The RECORD statement-checklist of items, extended from the STROBE state-
ment, that should be reported in observational studies using routinely collected health
data.

(DOCX)

$2 Text. Extended guidelines: Definition of physical disability due to joint disorders,
according to the National Health Insurance Service in Korea.
(DOCX)

Acknowledgments

The authors thank the National Health Insurance Service for providing the data of the original
cohort, which included 1 million Koreans.

PLOS ONE | https://doi.org/10.1371/journal.pone.0210471 January 8, 2019 10/12


http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0210471.s001
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0210471.s002
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0210471.s003
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0210471.s004
https://doi.org/10.1371/journal.pone.0210471

®PLOS | one

The burden of rheumatoid arthritis in Korea

Author Contributions

Conceptualization: In Ah Choi, Jeong Seok Lee, Yeong Wook Song, Eun Young Lee.
Data curation: Jeong Seok Lee.

Formal analysis: Jeong Seok Lee.

Funding acquisition: Eun Young Lee.

Investigation: In Ah Choi, Jeong Seok Lee, Yeong Wook Song, Eun Young Lee.
Methodology: In Ah Choi, Jeong Seok Lee, Yeong Wook Song, Eun Young Lee.
Project administration: In Ah Choi, Eun Young Lee.

Resources: Eun Young Lee.

Software: Jeong Seok Lee.

Supervision: Yeong Wook Song, Eun Young Lee.

Validation: In Ah Choi, Jeong Seok Lee, Yeong Wook Song, Eun Young Lee.
Visualization: In Ah Choi, Jeong Seok Lee, Yeong Wook Song, Eun Young Lee.
Writing - original draft: In Ah Choi.

Writing - review & editing: In Ah Choi, Jeong Seok Lee, Yeong Wook Song, Eun Young Lee.

References

1. Hawley DJ, Wolfe F. Pain, disability, and pain/disability relationships in seven rheumatic disorders: a
study of 1,522 patients. J Rheumatol. 1991; 18: 1552—-1557. PMID: 1837315

2. Dadoun S, Zeboulon-Ktorza N, Combescure C, Elhai M, Rozenberg S, Gossec L, et al. Mortality in
rheumatoid arthritis over the last fifty years: systematic review and meta-analysis. Joint Bone Spine.
2013; 80: 29-38. https://doi.org/10.1016/j.jbspin.2012.02.005 PMID: 22459416

3. Gonzalez A, Maradit Kremers H, Crowson CS, Nicola PJ, Davis JM 3rd, Therneau TM, et al. The widen-
ing mortality gap between rheumatoid arthritis patients and the general population. Arthritis Rheum.
2007; 56: 3583-3587. https://doi.org/10.1002/art.22979 PMID: 17968923

4. Gabriel SE, Michaud K. Epidemiological studies in incidence, prevalence, mortality, and comorbidity of
the rheumatic diseases. Arthritis Res Ther. 2009; 11: 229. https://doi.org/10.1186/ar2669 PMID:
19519924

5. Cross M, Smith E, Hoy D, Carmona L, Wolfe F, Vos T, et al. The global burden of rheumatoid arthritis:
estimates from the global burden of disease 2010 study. Ann Rheum Dis. 2014; 73: 1316-22. https://
doi.org/10.1136/annrheumdis-2013-204627 PMID: 24550173

6. Leed, LeeJS, Park SH, Shin SA, Kim K. Cohort profile: the National Health Insurance Service-National
Sample Cohort (NHIS-NSC), South Korea. Int J Epidemiol. 2017; 46: e15. https://doi.org/10.1093/ije/
dyv319 PMID: 26822938

7. Cho SK, Sung YK, Choi CB, Kwon JM, Lee EK, Bae SC. Development of an algorithm for identifying
rheumatoid arthritis in the Korean National Health Insurance claims database. Rheumatol Int. 2013; 33:
2985-2992. https://doi.org/10.1007/s00296-013-2833-x PMID: 23918169

8. KimL, KimJA, Kim S. A guide for the utilization of Health Insurance Review and Assessment Service
National Patient Samples. Epidemiol Health 2014; 36:e2014008. https://doi.org/10.4178/epih/
2014008 PMID: 25078381

9. KimHJ, Fay MP, Feuer EJ, Midthune DN. Permutation tests for joinpoint regression with applications to
cancer rates. Stats Med 2000; 19: 335-351.

10. KimHY, Song YW. The dynamic evolution of rheumatology in Korea. Nat Rev Rheumatol. 2016;
12:183-9 https://doi.org/10.1038/nrrheum.2015.165 PMID: 26676083

11.  KimYJ, Shim JS, Choi CB, Bae SC. Mortality and incidence of malignancy in Korean patients with rheu-
matoid arthritis. J Rheumatol. 2012; 39: 226—232. https://doi.org/10.3899/jrheum.110704 PMID:
22174211

PLOS ONE | https://doi.org/10.1371/journal.pone.0210471 January 8, 2019 11/12


http://www.ncbi.nlm.nih.gov/pubmed/1837315
https://doi.org/10.1016/j.jbspin.2012.02.005
http://www.ncbi.nlm.nih.gov/pubmed/22459416
https://doi.org/10.1002/art.22979
http://www.ncbi.nlm.nih.gov/pubmed/17968923
https://doi.org/10.1186/ar2669
http://www.ncbi.nlm.nih.gov/pubmed/19519924
https://doi.org/10.1136/annrheumdis-2013-204627
https://doi.org/10.1136/annrheumdis-2013-204627
http://www.ncbi.nlm.nih.gov/pubmed/24550173
https://doi.org/10.1093/ije/dyv319
https://doi.org/10.1093/ije/dyv319
http://www.ncbi.nlm.nih.gov/pubmed/26822938
https://doi.org/10.1007/s00296-013-2833-x
http://www.ncbi.nlm.nih.gov/pubmed/23918169
https://doi.org/10.4178/epih/e2014008
https://doi.org/10.4178/epih/e2014008
http://www.ncbi.nlm.nih.gov/pubmed/25078381
https://doi.org/10.1038/nrrheum.2015.165
http://www.ncbi.nlm.nih.gov/pubmed/26676083
https://doi.org/10.3899/jrheum.110704
http://www.ncbi.nlm.nih.gov/pubmed/22174211
https://doi.org/10.1371/journal.pone.0210471

®PLOS | one

The burden of rheumatoid arthritis in Korea

12

13.

14.

15.

16.

17.

18.

19.

20.

21.

Abhishek A, Nakafero G, Kuo CF, Mallen C, Zhang W, Grainge MJ et al. Rheumatoid arthritis and
excess mortality: down but not out. A primary care cohort study using data from Clinical Practice
Research Datalink. Rheumatology (Oxford). 2018; 57:977-981.

Choi HK, Hernan MA, Seeger JD, Robins JM, Wolfe F. Methotrexate and mortality in patients with rheu-
matoid arthritis: a prospective study. Lancet. 2002; 359: 1173—-1177. https://doi.org/10.1016/S0140-
6736(02)08213-2 PMID: 11955534

Lee JH, Suh YS, Koh JH, Jung SM, Lee JJ, Kwok SK, et al. The risk of osteoporotic fractures according
to the FRAX model in Korean patients with rheumatoid arthritis. J Korean Med Sci. 2014; 29: 1082—
1089. https://doi.org/10.3346/jkms.2014.29.8.1082 PMID: 25120317

Sung YK, Cho SK, Choi CB, Park SY, Shim J, Ahn JK, et al. Korean Observational Study Network for
Arthritis (KORONA): establishment of a prospective multicenter cohort for rheumatoid arthritis in South
Korea. Semin Arthritis Rheum. 2012; 41: 745-751. https://doi.org/10.1016/j.semarthrit.2011.09.007
PMID: 22154221

Barra L, Pope JE, Orav JE, Boire G, Haraoui B, Hitchon C, et al. Prognosis of seronegative patients in a
large prospective cohort of patients with early inflammatory arthritis. J Rheumatol. 2014; 41: 2361—
2369. https://doi.org/10.3899/jrheum.140082 PMID: 25274884

Sokka T, Kautiainen H, Pincus T, Toloza S, da Rocha Castelar Pinheiro G, Lazovskis J, et al. Disparities
in rheumatoid arthritis disease activity according to gross domestic product in 25 countries in the
QUEST-RA database. Ann Rheum Dis. 2009; 68: 1666—1672. https://doi.org/10.1136/ard.2009.109983
PMID: 19643759

Won S, Cho SK, Kim D, Han M, Lee J, Jang EJ, et al. Update on the prevalence and incidence of rheu-
matoid arthritis in Korea and an analysis of medical care and drug utilization. Rheumatol Int. 2018; 38:
649-656. https://doi.org/10.1007/s00296-017-3925-9 PMID: 29302803

Abhishek A, Doherty M, Kuo CF, Mallen CD, Zhang W, Grainge MJ. Rheumatoid arthritis is getting less
frequent-results of a nationwide population-based cohort study. Rheumatology (Oxford). 2017; 56:736—
744

Lee TJ, Park BH, Son HK, Song R, Shin KC, Lee EB, et al. Cost of illness and quality of life of patients
with rheumatoid arthritis in South Korea. Value Health. 2012; 15: S43—-49. hitps://doi.org/10.1016/j.jval.
2011.11.020 PMID: 22265066

Orlewska E, Ancuta |, Anic B, Codrenau C, Damjanov N, Djukic P, et al. Access to biologic treatment for
rheumatoid arthritis in Central and Eastern European (CEE) countries. Med Sci Monit. 2011; 17:SR1-
13. https://doi.org/10.12659/MSM.881697 PMID: 21455121

PLOS ONE | https://doi.org/10.1371/journal.pone.0210471 January 8, 2019 12/12


https://doi.org/10.1016/S0140-6736(02)08213-2
https://doi.org/10.1016/S0140-6736(02)08213-2
http://www.ncbi.nlm.nih.gov/pubmed/11955534
https://doi.org/10.3346/jkms.2014.29.8.1082
http://www.ncbi.nlm.nih.gov/pubmed/25120317
https://doi.org/10.1016/j.semarthrit.2011.09.007
http://www.ncbi.nlm.nih.gov/pubmed/22154221
https://doi.org/10.3899/jrheum.140082
http://www.ncbi.nlm.nih.gov/pubmed/25274884
https://doi.org/10.1136/ard.2009.109983
http://www.ncbi.nlm.nih.gov/pubmed/19643759
https://doi.org/10.1007/s00296-017-3925-9
http://www.ncbi.nlm.nih.gov/pubmed/29302803
https://doi.org/10.1016/j.jval.2011.11.020
https://doi.org/10.1016/j.jval.2011.11.020
http://www.ncbi.nlm.nih.gov/pubmed/22265066
https://doi.org/10.12659/MSM.881697
http://www.ncbi.nlm.nih.gov/pubmed/21455121
https://doi.org/10.1371/journal.pone.0210471

