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Abstract

Past studies have shown inconsistent results on whether there is an association between multiple sclerosis (MS) and rheumatoid
arthritis. To investigate the possible relationship between the 2 autoimmune diseases, we performed a nationwide cohort study
utilizing the National Health Insurance Research Database and the Registry of Catastrophic lliness.

A total of 1456 newly diagnosed patients with MS and 10,362 control patients were matched for age, sex, and initial diagnosis
date. Patients with MS had a higher incidence of rheumatoid arthritis (age-adjusted standardized incidence ratio: 1.72; 95%
confidence interval=1.01-2.91). There was a positive correlation in being diagnosed with rheumatoid arthritis in patients previously
diagnosed with MS when stratified by sex and age. The strength of this association remained statistically significant after adjusting for
sex, age, and smoking history (hazard ratio: 1.78, 95% confidence interval=1.24-2.56, P=0.002).

In conclusion, this study demonstrates that a diagnosis of MS increased the likelihood of a subsequent diagnosis of rheumatoid
arthritis in patients, independent of sex, age, and smoking history.

Abbreviations: BNHI = Bureau of National Health Insurance, 95% Cl = 95% confidence interval, HR = hazard ratio, IL =
interleukin, MS = multiple sclerosis, NHI = National Health Insurance, NHIRD = National Health Insurance Research Database, RA =

N\

rheumatoid arthritis, SIR = standardized incidence ratio, Th17 = T-helper type 17.

Keywords: cohort studies, multiple sclerosis, rheumatoid arthritis

1. Introduction

Rheumatoid arthritis (RA) is a common and widespread
inflammatory arthritis that has burdened individuals and
societies in terms of health™ and financial® costs. Its exact
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cause remains unknown. Many genetic and environmental risk
factors are implicated in its development, 1 of which, smoking, is
well established.®! Interestingly, numerous articles suggest a
possible link between multiple sclerosis (MS) and RA.M*°! The
relationship between MS and RA is further supported by their
shared immunologic autoantibodies (antibodies to myelin basic
protein)!® and common genetic backgrounds.””! However, past
epidemiological studies have been inconsistent, with some
reporting that a greater number of patients with MS have RA
compared with control patients,*>! while others showing
contradictory results.®?! There are many possible reasons for
the conflicting data, including sample size, studied populations,
and even the definition of RA used. Additionally, the cross-
sectional nature of these studies made it impossible to infer
causality between MS and RA. It is still unknown from these
studies whether MS is associated with increased incidence of RA
or vice versa. Thus, we conducted this cohort study to further
explore the association between MS and RA.

2. Methods

This was a retrospective cohort study that utilized the National
Health Insurance Research Database (NHIRD) and the Registry
of Catastrophic Illness. Before being released, data that could be
used to identify patients were scrambled. Thus, the researchers
were blinded to the identity of the patients from the databases.
The Institutional Review Board of Kaohsiung Medical University
Hospital exempted this study from the ethical approval
(KMUHIRB-EXEMPT[I]-20150051).


mailto:changsj1104@gmail.com
mailto:jehsye@cc.kmu.edu.tw
http://dx.doi.org/10.1097/MD.0000000000003999

Tseng et al. Medicine (2016) 95:26

2.1. Data source

In 1995, Taiwan established the single-payer National Health
Insurance (NHI) program, obligatory for all citizens. The NHI
program has a coverage rate of >99.6%.'" Healthcare data on
ambulatory care and inpatient services were recorded in the NHI
medical claims database. For this study, Taiwan’s National
Health Research Institutes offered NHIRD of 1 million random
individuals, which consisted of data on 1,000,000 insured
persons randomly selected from all enrollees in the insurance
program. This representative national subset has comparable
distribution of sex, age, or insured amount to all enrollees in the
original NHIRD.""!

The NHIRD consisted of comprehensive NHI-related admin-
istrative and claims data. To ensure that the copayments do not
discourage patients from seeking necessary medical attention,
insured enrollees with certain catastrophic illnesses, including
MS and RA, are eligible for a catastrophic illness certificate.
Such certificates would exempt patients from inpatient and
outpatient copayments. A catastrophic illness certificate for RA
was issued after rheumatologists, commissioned by the Bureau
of National Health Insurance (BNHI), validated the diagnosis of
RA based on the 1987 American College of Rheumatology
classification criteria. To get a catastrophic illness certificate for
MS, the attending physician must provide relevant clinical
information, laboratory results, and imaging reports as part of
the application for review. The review committee of BNHI
assessed applications according to both the Posner criteria and
the McDonald criteria.

To guarantee diagnosis accuracy, the BNHI commissioned
respective specialists to regularly review the medical record by
randomly sampling patient charts, and imposing fines for false
claims if erroneous coding was found. These 2 databases have
been the source for multiple epidemiological studies, including
MS and RA.I'>13!

2.2. Cohort selection

We identified all newly diagnosed patients with MS (Interna-
tional Classification of Diseases, Ninth Revision: 340) with a
certificate of catastrophic illness!'>"3! between January 1, 1998,
and December 31, 2011. The entry date for the MS cohort was
identified as the date on which patients were first diagnosed
with MS as documented in the Registry of Catastrophic Illness.
Patients younger than 20 years old or having a diagnosis of RA
before or within 1 year of a MS diagnosis were excluded in this
study. At most 8 control patients were randomly selected for
each patient with MS from the NHIRD, a pool of roughly 1
million individuals. For the control patients, the entry date
corresponded to the date on which control patients utilized
NHI services. Control patients matched the MS cohort for
age, sex, and entry date. Individuals aged <20 years or having
RA before or within 1 year of the entry date were excluded.
The goal of this matching process was to guarantee similar
follow-up time at baseline. To assess long-term exposure
status,"* we excluded patients who followed up <1 year from
diagnosis.

2.3. Outcome definition

In this study, we identified RA as any participant with a
catastrophic illness certificate of RA diagnosis (International
Classification of Diseases, Ninth Revision: 7140) using the
Registry of Catastrophic Illness.!">'3 Follow-up was terminated
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on the occurrence of RA recorded in the Registry of Catastrophic
Illness. For those who did not have RA recorded in the Registry of
Catastrophic Illness, the last day of follow-up was defined as the
date of last inpatient or outpatient service before December 31,
2011.

2.4. Assessment of covariates

Seen as a risk factor for both RAP! and MS,™ smoking was a
confounding variable. The patient’s smoking history was
obtained from records in the NHI database.

2.5. Statistical analysis

Patients with the diagnosis of RA preceding that of MS or being
diagnosed with RA within a year after being diagnosed of MS
were excluded. Therefore, the first year after entry date was not
counted as follow-up time and follow-up time was considered
starting from 1 year after being diagnosed with MS. The follow-
up period was calculated from 1 year after the cohort entry date
to the end of follow-up.

We first calculated the incidence of RA (cases per 1000 person-
years) in patients with MS and control patients stratified by sex
and age. To examine whether patients with MS had a higher
incidence of developing RA, we computed the standardized
incidence ratio (SIR) and corresponding 95% confidence
intervals (95% Cls) for RA in patients with MS. After confirming
the assumption of proportional hazards by Schoenfeld residuals
trend tests, multivariate Cox hazard regression was used to
examine the hazard ratio (HR) of MS after adjusting for sex, age,
and smoking. We used Kaplan—Meier analysis to estimate the
cumulative incidence of RA and compared the difference between
2 groups by log-rank tests. A 2-tailed P value <0.05 was
considered statistically significant. All statistical analyses were
performed using SPSS version 19.3.

3. Results

A total of 1456 patients with MS were selected from the Registry
of Catastrophic Illness and 10,362 control patients from
NHIRD. The mean age of male patients was 41.95+14.11
years in the MS group and 40.86+13.81 years in control
patients. The mean age of female patients was 42.37+13.39
years in the MS group and 41.84 + 12.72 years in control patients
(Table 1), similar to those reported."*! The age distribution
between the MS group and control patients was similar in both
male (P=0.735) and female (P=0.135) cohorts.

3.1. Increased incidence of rheumatoid arthritis in multiple
sclerosis

There was an increased incidence of RA in patients with MS when
compared to control patients (age-adjusted SIR: 1.72, 95% Cl=
1.01-2.91) (Table 2). When stratified by age, a consistent trend
was noticeable. However, due to the limited cases of RA, the 95%
CI oftentimes included the null value.

3.2. Standardized incidence ratio of rheumatoid arthritis
in the male cohort

To clarify the relationship between SIR and sex, we further
analyzed SIR of RA in male and female cohorts separately. In the
male cohort, a higher incidence of RA was observed in patients
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The age distribution of patients with multiple sclerosis and the controls in baseline.

Sex
Males Females
Multiple sclerosis Controls Multiple sclerosis Controls
Number (n) 364 2131 1092 8231
Age, y (mean+SD) 41.95+14.11 40.86+13.81 42.37+13.39 41.84+12.72
Age group (n [%])
20-29 82 (22.53) 512 (24.03) 215 (19.69) 1546 (18.78)
30-39 94 (25.82) 563 (26.42) 269 (24.63) 2131 (25.89)
40-49 80 (21.98) 455 (21.35) 280 (25.64) 2318 (28.16)
50-59 60 (16.48) 368 (17.27) 206 (18.86) 1500 (18.22)
60-69 35 (9.62) 179 (8.40) 92 (8.42) 582 (7.07)
>70 13 (3.57) 54 (2.53) 30 (2.75) 154 (1.87)
P 0.735 0.135
SD = standard deviation.
Table 2
Age-adjusted standardized incidence ratio of rheumatoid arthritis in patients with multiple sclerosis stratified by age.
Multiple sclerosis (n=1,456) Control (n=10,362)
No. (incidence) Follow-up’ No. (incidence) Follow-up Rate ratio 95% Cl
Age, y
20-29 4 (2.68) 1491.00 20 (1.79) 11,147.33 1.50 0.51-4.43
30-39 5 (2.66) 1879.33 39 (2.50) 15,606.67 1.06 0.41-2.72
40-49 10 (4.84) 2065.42 48 (3.07) 15,615.92 1.58 0.80-3.15
50-59 10 (7.50) 1332.75 28 (3.21) 8,734.33 2.34 1.13-4.83
60-69 4(7.37) 542.92 13 (3.76) 3,460.00 1.96 0.64-5.97
>70 3(18.72) 160.25 3419 71517 4.47 0.90-22.36
Total 36 (4.82) 7,471.67 151 (2.73) 55,279.42 1.77 1.22-2.57
Age-adjusted standardized incidence ratio 1.72 1.01-2.91

95% Cl = 95% confidence interval.
Numbers of newly diagnosed patients with rheumatoid arthritis (incidence per 1000 person-years).
The total follow-up time (person-years).

with MS compared to that in the control group, but was not
statistically significant (age-adjusted SIR: 2.51, 95% CI=
0.48-13.02) (Table 3). When stratified by age, a consistent
trend was also present. However, due to the limited cases of RA,
the 95% CI oftentimes included the null value.

3.3. Standardized incidence ratio of rheumatoid arthritis in

the female cohort

In the female cohort, patients with MS had a higher incidence of
RA compared to the control group (age-adjusted SIR: 1.82, 95%
CI=1.01-3.28) (Table 3). When stratified by age, a similar trend

Age-adjusted standardized incidence ratio of rheumatoid arthritis in male and female patients with multiple sclerosis stratified by age.

Multiple sclerosis Control
No. (incidence)” Follow-up’ No. (incidence) Follow-up Rate ratio 95% ClI
Male
Age, y
20-39 2 (2.42) 828.08 5(0.85) 5,097.67 2.85 0.55-14.83
>40 3(3.19) 951.17 7 (1.35) 5,168.00 2.33 0.61-9.05
Total 5 (2.81) 1,779.25 12 (1.08) 11,075.67 2.60 0.92-7.38
Age-adjusted standardized incidence ratio 2.51 0.48-13.02
Female
Age, y
20-29 4 (3.60) 1,110.50 17 (2.02) 8,408.00 1.78 0.60-5.35
30-59 22 (5.38) 4,086.33 107 (3.28) 32,617.33 1.64 1.04-2.56
>60 5 (10.09) 495.58 15 (4.72) 3,178.42 2.14 0.77-5.93
Total 31 (5.45) 5,692.42 139 (3.14) 44,203.75 1.74 1.17-2.57
Age-adjusted standardized incidence ratio 1.82 1.01-3.28

95% Cl = 95% confidence interval.
Numbers of newly diagnosed patients with rheumatoid arthritis (incidence per 1000 person-years).
" The total follow-up time (person-years).
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Figure 1. The cumulative incidence rates of rheumatoid arthritis were higher in
patients with multiple sclerosis than in control patients (P=0.002, estimated by
the log-rank test).

was observed and conserved throughout. However, due to the
limited cases of RA, some of the 95% Cls included the null value.

3.4. Cumulative incidences of rheumatoid arthritis for
multiple sclerosis and the control cohorts

Cumulative incidences of RA in MS and the control cohorts are
shown in Fig. 1. Patients in the MS cohort were associated with
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Figure 2. The cumulative incidence rates of rheumatoid arthritis in males were
higher in patients with multiple sclerosis than in control patients, but the
difference was not statistically significant (P=0.053, estimated by the log-rank
test).
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Figure 3. The cumulative incidence rates of rheumatoid arthritis in females
were higher in patients with multiple sclerosis than in control patients (P=
0.006, estimated by the log-rank test).

a significantly higher cumulative incidence of RA than that
found in the control cohort (P=0.002). In males, the MS
cohort was associated with a higher cumulative incidence of
RA than that in the control cohort, but was not statistically
significant (P=0.053; Fig. 2). In females, the MS cohort was
associated with a statistically significant higher cumulative
incidence of RA than that in the control cohort (P=0.006;
Fig. 3).

3.5. The hazard ratio of rheumatoid arthritis in multiple
sclerosis

Using multivariate Cox regression analysis, the HR for RA in
patients with MS when compared to the control group was 1.77
(95% CI=1.23-2.54, P=0.002) after adjusting for sex and age.
When we further adjusted for smoking, the MS effect estimate
was essentially the same (HR: 1.78, 95% CI=1.24-2.56,
P=0.002).

4. Discussion

To our knowledge, this cohort study is the first to demonstrate a
positive correlation between MS and the incidence of RA using
nationwide longitudinal administrative data. In the male cohort,
there was a trend toward an increased incidence of RA in patients
with MS, although due to the limited sample, the associated Cls
included the null value. In the female cohort, the effect of MS on
the susceptibility of RA persisted after adjusting for age.
Furthermore, similar trends were observed in individual age
groups. Using multivariate Cox regression, there was a significant
association between a history of MS and subsequent RA
development, even after adjusting for sex, age, and smoking.
These findings are in accordance with findings from prior
epidemiological studies.!*!
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Findings in this study may have some important clinical
implications. Past studies have shown that pain associated with
RA limited physical activity, disrupted normal activity,"® and
increased disability'”! in patients with MS. Moreover, depres-
sion"®! and anxiety,!'”! more prevalent in MS, led to increased
disease activity,’**! subclinical atherosclerosis,?! and mortali-
ty?? in patients with RA. Thus, co-occurrence of MS and RA
may represent a disease entity distinct from either disease alone
and may require more aggressive treatment.

There are several possible explanations for the apparent
association of MS with RA. Serum interleukin-17 (IL-17) is
increased in both patients with MS/*?! and patients with RA.1**!
IL-17, which plays a central role in the pathogenesis of
MS,123:25-281 i5 also involved in the pathogenesis of RA, namely,
facilitating angiogenesis,*”! stimulating osteoclastogenesis and
receptor activator of nuclear factor-xB ligand expression in
fibroblast-like synoviocytes,*°! and increasing matrix metal-
loproteinase-3 and IL-6 in RA cartilage progenitor cells.*™ In
addition, IL-17 involvement is used to correlate radiographic
progression,*?! C-reactive protein, anticyclic citrullinated pep-
tide antibody, histopathology changes,**! and therapy effective-
ness®*! in patients with RA. Furthermore, T-helper type 17
(Th17) cells expand in MSP*3¢! and RA.B7! Th17, which
promotes MS,25*3 s also implicated in RA, by inducing
proinflammatory cytokines, such as IL-6, and facilitating matrix
metalloproteinase production by synovial fibroblasts.!**! There is
a positive correlation between the percentage of Th17 cells and C-
reactive protein levels as well as increasing the disease activity
score®”! and decreasing treatment response.'**! Thus, common
immunologic pathways, involving IL-17 and Th17, may be one
of the mechanisms through which MS increases susceptibility to
RA. Moreover, previous studies have shown tyrosine kinase 2
7s34536443 and MHC class 11 transactivator rs3087456
correlating with the susceptibility to MS!I”*! and RA.”*! Thus,
common genetic factors, including tyrosine kinase 2 rs34536443
and MHC class 11 transactivator rs3087456, may be another
contributing factor.

This study has some limitations. First, although the BNHI
routinely and randomly checks patient charts to ensure the
quality of claims from all medical institutions, the possibility of
miscoding or misclassification cannot be totally ruled out.
However, such bias would apply to both patients with MS and
control patients, and thus would be expected to underestimate,
rather than overestimate, the magnitude of the association
between MS and RA. Second, there are concerns as to whether
patients with MS might initiate earlier consultations with
healthcare professionals because of their frequent contacts with
the healthcare clinic, leading to increased findings of RA.
However, past studies have shown a decreased incidence of
gout*”! and polymyalgia rheumatica,'®! both inflammatory
arthritic diseases, in patients with MS. These findings suggest
that early consultations could not explain the findings in this
study. Next, there are concerns that the association between
MS and incidence of RA may have been introduced by a
hitherto unmeasured Epstein—Barr virus infection status.
However, recent meta-analysis reports refute the association
between Epstein—Barr virus infection and RA.M*8! Lastly, some
important information about laboratory or clinical data was
not readily available in the administrative database, namely, the
subtypes of each disease. Thus, the relationship between the
different subtypes of MS (relapsing-remitting, primary progres-
sive, or secondary progressive) and their relationship between
the subtypes of RA (seropositive and seronegative) remain

www.md-journal.com

unclear. Further studies to clarify these points are indeed
necessary.

In conclusion, the nationwide retrospective cohort study
showed an association between a standing diagnosis of MS and a
subsequent diagnosis of RA. It is apparent that early treatment of
the disease in patients with RA could improve outcomes**! and
reduce mortality.[’”! Therefore, it behooves patients with MS and
their physicians to the possibility of the co-occurrence of RA and
treats accordingly. Further studies are needed to elucidate the
natural history of RA coexisting with MS and to identify the risk
factors that led to that relationship.
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