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in Patients With Different Risk Factors, Including
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Abstract: Peripheral neuropathy and inflammatory reactions of the
central nervous system may accompany rheumatoid arthritis (RA).
Inflammatory processes play a critical role in epilepsy. Therefore,
we conducted this study to determine the risk of epilepsy in patients
with RA.
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The RA cohort comprised patients ages 20 years and older who were
newly diagnosed with RA between 2000 and 2011, with data obtained
from the Registry of Catastrophic Illnesses Patient Database. Patients
without RA were frequency matched with an RA cohort at a 1:1 ratio
according to age, sex, and year of RA diagnosis.

The overall crude hazard ratio (HR) for epilepsy was 1.27-fold
higher in the RA cohort compared with that in the controls. After
adjustment for age, sex, comorbidities, and medications, the patients
with RA were associated with an increased risk of epilepsy compared
with those without RA (adjusted HR [aHR]=1.52, 95% confidence
interval [CI] =1.12-2.07). Compared with the RA patients with < 560
days of nonsteroidal anti-inflammatory drug (NSAID) use, the RA
patients with 1181 to 2145 and >2145 days of NSAID use had a
significantly lower risk of epilepsy (aHR =0.35, 95% CI=0.24-0.52
and aHR =0.15, 95% CI=0.09-0.24, respectively).

This study provides compelling evidence of an increased risk of
epilepsy in patients with RA. The period of NSAID treatment is
negatively associated with the risk of epilepsy in RA patients.

(Medicine 94(36):e1485)

Abbreviations: BMD = bone mineral density, CIs = confidence
intervals, CO = carbon monoxide, COPD = chronic obstructive
pulmonary disease, DM = diabetes mellitus, HRs = hazard ratios,
HT = hypertension, ICD-9-CM = International Classification of
Diseases, Ninth Revision, Clinical Modification, IHD = ischemic
heart disease, IRR = incidence rate ratio, NHIRD = National Health
Insurance Research Database.

INTRODUCTION

heumatoid arthritis (RA) is a chronic inflammatory disease

that may cause deformed joints, synovial damage, and
severe disability."* In the United States, RA affects 1.3 million
adults with physical disabilities.** The prevalence of RA in
Taiwan is similar to that reported in Caucasian patients.’
Several studies have indicated that peripheral neuropathy and
inflammatory reactions of the central nervous system (CNS)
may accompany RA, such as autoimmune, neurodegenerative,
and carpal tunnel syndromes.®’ Furthermore, increasing evi-
dence has shown that inflammatory processes play a critical role
in epilepsy,®'® which is one of the most common and chronic
neurological disorders and causes severe physical and psycho-
logical complications.''™'* There were more than 50 million
people worldwide with epilepsy.'*™'® Both RA and epilepsy
have been associated with an increased risk of stroke, ischemic
heart disease, and hypertension.!” 2° Nevertheless, evidence of
a direct association between RA and epilepsy remains lacking.
Therefore, we conducted this study to determine the risk of
epilepsy in patients with RA.
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METHODS

Data Sources

Data were obtained from the National Health Insurance
Research Database (NHIRD), which contains claims data from
1996 to 2011 related to inpatient care, ambulatory care, dental
care, prescription drugs, and costs. Taiwan implemented the
compulsory single-payer National Health Insurance (NHI) pro-
gram in 1995, and it now covers over 99% of the 23.75 million
residents of Taiwan.?' All of the data are confidential and all
patients are anonymous and unidentified, thus ensuring that the
NHI reimbursement data are suitable for public research.
Similar identification numbers are encrypted to all data files
for linking data according to privacy protocols. For this retro-
spective cohort study, we used a subset of the NHIRD including
files from the Registry of Catastrophic Illnesses Patient Data-
base (RCIPD) and Longitudinal Health Insurance Database
2000 (LHID2000). International Classification of Diseases,
Ninth Revision, Clinical Modification (ICD-9-CM) codes were
used to define diseases in the NHIRD. The Ethical Review
Board of China Medical University approved this study (CMU-
REC-101-012).

Sampled Patients

The RA cohort comprised patients ages 20 years and older
who were newly diagnosed with RA (ICD-9-CM Code 714)
between 2000 and 2011 from the RCIPD. The RCIPD was
established to track patients with major or catastrophic illnesses,
including cancer, end-stage renal disease, mental illness, con-
genital illness, and several autoimmune diseases such as RA. To
validate the diagnosis of the patients, the Bureau of NHI
routinely reviews the original medical charts of all patients
who apply for catastrophic illness registration. The RA diag-
nosis date was defined as the index date. Patients with a history
of epilepsy (ICD-9-CM Code 345) before the index date or with
incomplete medical information were excluded. All patients
without a history of RA were randomly selected from the
LHID2000. Patients without RA were frequency matched with
the RA cohort at a 1:1 ratio according to age (in 5-year bands),
sex, and year of RA diagnosis by using the same exclusion
criteria.

Outcome

Each patient was followed from the index date until
epilepsy diagnosis, withdrawal from the NHI program, censor-
ing because of death, or the end date of the database (December
31, 2011).

Comorbidities and Medications

Baseline comorbidities were analyzed as follows: diabetes
(ICD-9-CM Code 250), hypertension (ICD-9-CM Codes 401—
405), hyperlipidemia (ICD-9-CM Code 272), head injury (ICD-
9-CM Codes 310.2, 800, 801, 803, 804, 850, 851, 853, and 854),
coronary artery disease (CAD) (ICD-9-CM Codes 410-414),
chronic obstructive pulmonary disease (COPD) (ICD-9-CM
Codes 491, 492, and 496), stroke (ICD-9-CM Codes 430—
438), and autoimmune disease (ICD-9-CM 710.0, 710.1,
710.2, 710.3, 710.4, and 696.0). In addition, nonsteroidal
anti-inflammatory drug (NSAID) use, steroidal drug use, aspirin
use, opioid use, and various biologic therapies (including
azathioprine, cyclosporin, immunoglobulin, mycophenolate,
and tacrolimus) were analyzed between the RA patients and
the controls.
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Statistical Analysis

The distributions of categorical characteristics between the
RA cohort and the controls were described and compared using
Pearson’s chi-squared test for categorical variables and a 2-
sample ¢ test for continuous variables. The cumulative incidence
of epilepsy between the RA and control cohorts was assessed
using the Kaplan—Meier method, and the differences were
assessed using a log-rank test. The incidence densities (per
1000 person-year) of epilepsy were estimated according to
various risk factors. Univariate and multivariate Cox-pro-
portional hazard regression models were adopted to estimate
the hazard ratios (HRs) and 95% confidence intervals (Cls) for
the risk of developing epilepsy. In addition, the Cox model was
used to assess the risk of epilepsy development in the RA cohort
compared with the control cohort. In further analysis, we
evaluated the effect of NSAID use duration according to the
quartile of cumulative use per day of NSAIDs (<560, 561—
1180, 1181-2145, and >2145 days) on the risk of epilepsy in
the patients with RA. All of the data analyses were performed
using SAS for Windows (Version 9.4; SAS Institute, Inc., Cary,
NC). A 2-tailed P value of 0.05 was considered statistically
significant.

RESULTS

Demographic Characteristics, Comorbidities,
and Medications in RA and Control Cohorts

The demographic characteristics and comorbidities of the
RA and control cohorts are shown in Table 1. No statistical
difference was observed in the distributions of age and sex
between the RA cohort and controls (mean age of approxi-
mately 54 years). Among the RA patients, 61.4% were older
than 50 years, and 77.4% were women. Compared with the
control cohort, the RA patients exhibited a higher prevalence of
hypertension, hyperlipidemia, CAD, COPD, and autoimmune
disease (P < 0.001). Most medications were more prevalent in
the RA cohort at the baseline, compared with the control cohort
(P <0.05), except immunoglobulin use and tacrolimus use.

Cox Model Analysis of Risk Factors Affecting
Epilepsy Development

The overall incidence of epilepsy was 1.27-fold higher in
the RA cohort compared with that in the controls (1.14 vs 0.90
per 1000 person-year, 95% CI=1.03-1.56) (Table 2). After
adjustment for age, sex, comorbidities, and medications, the
patients with RA were associated with an increased risk of
epilepsy compared with those without RA (adjusted HR
[aHR]=1.52, 95% CI=1.12-2.07). Epilepsy incidence
increased with age. Compared with the patients ages 49 years
and younger, the risk of epilepsy development was 1.45-fold
higher in the patients ages 50 to 64 years (95% CI=1.06—2.00)
and 2.12-fold higher in those ages 65 years and older (95%
CI=1.52-2.96), after adjustment for potential risk factors. Men
had a higher incidence of epilepsy than that of women (1.60 vs
0.87 per 1000 person-year, respectively). The risk of developing
epilepsy was 1.60-fold higher for the men compared with that
for the women (95% CI=1.28—-1.99). The incidence of epilepsy
was increased in the patients with comorbidity. A higher risk of
epilepsy was present for the patients with comorbidities of
diabetes (aHR=1.46, 95% CI=1.11-1.93), hypertension
(aHR =1.87, 95% CI=1.44-2.53), CAD (aHR=1.37, 95%
CI=1.06—1.76), head injury (aHR=2.48, 95% CI=1.78—
3.45), COPD (aHR =1.42, 95% CI=1.09-1.84), and stroke

Copyright © 2015 Wolters Kluwer Health, Inc. All rights reserved.
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Epilepsy and Rheumatoid Arthritis

TABLE 1. Characteristics of Patients Between Patients With
and Patients Without Rheumatoid Arthritis

Rheumatoid Arthritis

Yes No
(N=32,005) (N=32,005)
n % n % P Value
Age, yr 0.99
20-34 3099 9.68 3099 9.68
35-49 9256 28.9 9256 28.9
50-64 12,138 37.9 12,138 379
>65 7512 23.5 7512 23.5
Mean (SD)” 54.1 14.1  53.6 145 <0.001
Gender 0.99
Female 24,768 77.4 24,768 77.4
Male 7237 22.6 7237 22.6
Comorbidity
Diabetes 2995 9.36 2976 9.30  0.80
Hypertension 10,778 33.7 10,332 323 <0.001
Hyperlipidemia 6939 21.7 6962 21.8  0.83
Coronary artery disease 5426 17.0 4939 154 <0.001
Head injury 1392 435 1362 426 0.56
COPD 4428 13.8 2996 9.36 <0.001
Stroke 916 2.86 1033 3.23  0.007
Autoimmune disease 740 2.31 69 0.22 <0.001
Medication
NSAID 31,174 97.4 15,800 49.4 <0.001
Steroidal drugs 18,727 58.5 3134 9.79 <0.001
Aspirin 7801 24.4 74 0.23 <0.001
Opioid 2764 8.64 1367 4.27 <0.001
Azathioprine 2075 6.48 94 0.29 <0.001
Cyclosporin 4100 12.8 42 0.13 <0.001
Immunoglobulin 14 0.04 8 0.02 0.08
Mycophenolate 41 0.13 19 0.06  0.005
Tacrolimus 39 0.12 52 0.16  0.17

COPD = chronic obstructive pulmonary disease; NSAID = nonster-
oidal anti-inflammatory drug; SD = standard deviation.
(*Zhi-squared test.
T test.

(aHR =2.32, 95% CI=1.66-3.24). The risk of developing
epilepsy was 0.66-fold for the patients with NSAID use
compared with the patients without NSAID use (95% Cl=
0.49-0.91).

Incidence and HRs of Epilepsy Stratified by Sex,
Age, Comorbidity, and Medications: Comparison
Between RA and Control Cohorts

When the analyses were stratified according to sex, the
relative risk of epilepsy development was significantly higher in
the female RA patients compared with the female patients
without RA (aHR =1.59, 95% CI=1.10-2.31) (Table 3). In
the RA cohort with NSAID use, the patients had a 46% higher
risk of epilepsy compared with the control cohort with NSAID
use (95% CI=1.06—2.03). In the RA cohort with aspirin use,
the patients had 0.26-fold risk of epilepsy compared with the
control cohort with aspirin use (95% CI=0.08—-0.87). Among
the nonmedication patients, the RA patients still had a greater

Copyright © 2015 Wolters Kluwer Health, Inc. All rights reserved.

risk of epilepsy than that of the controls except for non-
NSAID use.

Incidence and HRs of Epilepsy Stratified by
Duration of NSAID: Comparison Between RA and
Control Cohorts

Compared with the patients without RA, the RA patients
with <560 days of NSAID use demonstrated a significantly
higher risk of epilepsy (aHR=2.37, 95% CI=1.70-3.29),
followed by the RA patients with 561 to 1180 days of NSAID
use, who exhibited an aHR of 1.81 (95% CI=1.28-2.54).
Specifically, the risk of epilepsy was significantly lower
(aHR =0.37, 95% CI=0.23-0.59) in the RA patients with
>2145 days of NSAID use than in the control cohort. The risk of
epilepsy was markedly lower when the RA patients had a longer
NSAID treatment duration. Compared with the RA patients
with <560 days of NSAID use, the RA patients with 1181 to
2145 and >2145 days of NSAID use had a significantly lower
risk of epilepsy (aHR=0.35, 95% CI=0.24-0.52 and
aHR =0.15, 95% CI=0.09-0.24, respectively).

Cumulative Incidence of Epilepsy in the RA and
Control Cohorts

For the mean follow-up period of 5.54 years for the RA
cohort and 5.61 years for the control cohort, the Kaplan—Meier
analysis results showed that the cumulative incidence curves for
epilepsy were significantly higher for the RA cohort than for the
control cohort (log-rank test P < 0.001; Figure 1).

DISCUSSION

The major findings indicate that the RA patients exhibited
a considerably higher risk of epilepsy occurrence and that the
risk of epilepsy and duration of NSAID treatment for RA are
negatively associated. The processes and mechanisms leading
to the generation of epilepsy are not fully understood; however,
some patients develop epilegsg because of stroke, brain tumor,
and traumatic brain injury.**~** Several studies have indicated
that chronic inflammation is a possible mechanism increasing
the risk of epilepsy. RA is an autoimmune disease that entails
chronic inflammation. Cytokines play a crucial role in the
activation of innate immunity and the transition to adaptive
immunity, and they are released by immunocompetent and
endothelial cells, or by glia and neurons in the CNS.>>%¢
Evidence indicates that inflammation in the CNS is associated
with epilepsy.?’

Another possible linkage is pain, which is a major symp-
tom in patients with RA.?® In the past few decades, several
studies have indicated that the cerebral cortex and its extensive
cortical network are involved in pain processing.?’>! Studies
have revealed that the mechanism of seizures involves variation
in the circuitry between the thalamus and cerebral cortex.>**
The pain in RA patients may induce seizures caused by unusual
electrical activity in the brain. As shown in Table 4, we found a
negative association between the duration of NSAID use and the
risk of epilepsy. This dose response association is consistent
with our hypotheses.

However, whether these two mechanisms increase the risk
of epilepsy in patients with RA could not be determined because
of the limitations of the NHIRD used in this study. Therefore,
additional clinical and experimental studies are warranted.

In this study, all RA patients in Taiwan were included in
the current databases. The prevalence of RA was approximately
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TABLE 2. Incidence and Hazard Ratio for Epilepsy and Epilepsy-Associated Risk Factor

Variables Event PY Rate Crude HR (95% CI) Adjusted HR (95% CI)
Rheumatoid arthritis
No 162 179,507 0.90 1.00 1.00
Yes 203 177,427 1.14 1.27 (1.03, 1.56)" 1.52 (1.12, 2.07)""
Age, yr
<49 64 139,463 0.46 1.00 1.00
50—64 131 135,173 0.97 2.11 (1.57, 2.85)"*" 1.45 (1.06, 2.00)"
65+ 170 82,297 2.07 4.49 (3.37, 5.99)"** 2.12 (1.52, 2.96)"*"
Sex
Female 244 281,450 0.87 1.00 1.00
Male 121 75,483 1.60 1.84 (1.48, 2.29)"*" 1.60 (1.28, 1.99)"**
Comorbidity
Diabetes
No 295 328,403 0.90 1.00 1.00
Yes 70 28,531 2.45 2.72 (2.09, 3.53)""" 1.46 (1.11, 1.93)""
Hypertension
No 144 246,313 0.58 1.00 1.00
Yes 221 110,620 2.00 3.41 (2.76, 4.21)"*" 1.87 (1.44, 2.53)™*"
Hyperlipidemia
No 246 286,219 0.86 1.00 1.00
Yes 119 70,714 1.68 1.95 (1.57, 2.43)""" 1.05 (0.83, 1.35)
CAD
No 240 303,855 0.79 1.00 1.00
Yes 125 53,078 2.36 2.97 (2.40, 3.69)"** 1.37 (1.06, 1.76)"
Head injury
No 324 344,148 0.94 1.00 1.00
Yes 41 12,785 3.21 3.39 (2.45, 4.69)"*" 2.48 (1.78, 3.45)"*"
COPD
No 275 320,835 0.86 1.00 1.00
Yes 90 36,098 2.49 2.90 (2.28, 3.68)"*" 1.42 (1.09, 1.84)""
Stroke
No 321 348,440 0.92 1.00 1.00
Yes 44 8493 5.18 5.60 (4.08, 7.68)""" 2.32 (1.66, 3.24)"""
Autoimmune disease
No 363 352,850 1.03 1.00 1.00
Yes 2 4083 0.49 0.48 (0.12, 1.91) 0.47 (0.12, 1.90)
Medications
NSAID
No 74 90,293 0.82 1.00 1.00
Yes 291 266,640 1.09 133 (1.03, 1.72)" 0.66 (0.49, 0.91)"
Steroidal drugs
No 201 242,735 0.83 1.00 1.00
Yes 164 114,198 1.44 1.73 (1.41, 2.13)™" 1.16 (0.89, 1.51)
Aspirin
No 277 311,564 0.89 1.00 1.00
Yes 88 45,369 1.94 2.18 (1.72, 2.77)"*" 0.90 (0.66, 1.22)
Opioid
No 321 341,098 0.94 1.00 1.00
Yes 44 15,835 278 2.94 (2.14, 4.03)"" 1.37 (0.97, 1.91)
Azathioprine
No 350 342,209 1.02 1.00 1.00
Yes 15 14,724 1.02 1.00 (0.60, 1.68) 1.07 (0.63, 1.83)
Cyclosporin
No 343 329,433 1.04 1.00 1.00
Yes 22 27,500 0.80 0.77 (0.50, 1.19) 0.78 (0.50, 1.22)
Immunoglobulin
No 365 356,824 1.02 1.00 1.00
Yes 0 110 0.00 - -
Mycophenolate
No 364 356,591 1.02 1.00 1.00
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Variables Event PY Rate Crude HR (95% CI) Adjusted HR (95% CI)
Yes 1 342 2.92 2.88 (0.41, 20.5) 5.47 (0.75, 39.7)
Tacrolimus
No 365 356,523 1.02 1.00 1.00
Yes 0 410 0.00 - -

Adjusted HR = multivariable analysis including age, sex, and comorbidities of diabetes, hypertension, hyperlipidemia, CAD, head injury, COPD,
stroke, autoimmune disease, medication of NSAID, steroidal drugs, aspirin, opioid, azathioprine, cyclosporin, and mycophenolate; CAD = coronary
artery disease; CI = confidence interval; COPD = chronic obstructive pulmonary disease; Crude HR = relative hazard ratio; NSAID = nonsteroidal
ant*i—inﬂamma»t‘(;ry drug; Rﬁg = incidence rate, per 1000 person-years.

P<0.05, ""P<0.01, P <0.001.

TABLE 3. Incidence and Hazard Ratio of Epilepsy Between Patients With and Without Rheumatoid Arthritis

Rheumatoid Arthritis

Yes No
Outcome Event PY Rate Event PY Rate Crude HR (95% CI) Adjusted HR (95% CI)
Sex
Female 137 140,200 0.98 107 141,250 0.76 1.29 (1.00, 1.66)" 1.59 (1.10, 2.31)"
Male 66 37,227 1.77 55 38,256 1.44 1.23 (0.86, 1.75) 1.38 (0.80, 2.40)
Age, yr
20-49 36 69,239 0.52 28 70,224 0.40 1.29 (0.79, 2.12) 1.56 (0.71, 3.41)
50—64 81 67,279 1.20 50 67,894 0.74 1.63 (1.15, 2.32)™ 1.48 (0.90, 2.45)
>65 86 40,908 2.10 84 41,389 2.03 1.03 (0.76, 1.39) 1.45 (0.92, 2.31)
Comorbidity*
No 43 89,803 0.48 41 100,153 0.41 1.16 (0.76, 1.78) 1.28 (0.67, 2.42)
Yes 160 87,624 1.83 121 79,354 1.52 1.19 (0.94, 1.51) 1.27 (0.90, 1.79)
Medications
NSAID
No 4 3480 1.1 70 86,813 0.81 1.41 (0.52, 3.87) 2.04 (0.73, 5.75)
Yes 199 173,947 1.1 92 92,694 0.99 1.15 (0.90, 1.47) 1.46 (1.06, 2.03)"
Steroidal drugs
No 64 76,425 0.84 137 166,310 0.82 1.01 (0.75, 1.36) 1.49 (1.00, 2.23)"
Yes 139 101,002 1.38 25 13,196 1.89 0.74 (0.48, 1.13) 1.46 (0.87, 2.44)
Aspirin
No 118 132,483 0.89 159 179,081 0.89 1.00 (0.79, 1.27) 1.66 (1.20, 2.30)"
Yes 85 44,944 1.89 3 425 7.06 0.27 (0.09, 0.85)" 0.26 (0.08, 0.87)"
Opioid
No 171 167,236 1.02 150 173,862 0.86 1.18 (0.95, 1.47) 1.51 (1.09, 2.10)"
Yes 32 10,191 3.14 12 5645 2.13 1.48 (0.76, 2.88) 1.45 (0.59, 3.56)
Azathioprine
No 188 163,251 1.15 162 178,958 0.91 1.27 (1.03, 1.57)" 1.55 (1.13, 2.12)™
Yes 15 14,176 1.06 0 549 0.00 - -
Cyclosporin
No 181 150,168 1.21 162 179,266 0.90 1.33 (1.08, 1.64)"" 1.51 (1.10, 2.07)"
Yes 22 27,259 0.81 0 241 0.00 - -
Mycophenolate
No 202 177,173 1.14 162 179,418 0.90 1.26 (1.02, 1.55)" 1.52 (1.11, 2.07)""
Yes 1 254 3.94 0 89 0.00 - -

Adjusted HR = hazard ratio adjusted for age, and comorbidities of diabetes, hypertension, hyperlipidemia, coronary artery disease, head injury,
COPD, stroke, autoimmune disease, medication of NSAID, steroidal drugs, aspirin, opioid, azathioprine, cyclosporin, and mycophenolate;
CI = confidence interval; Comorbidity = patients with any one of the comorbidities (including diabetes, hypertension, hyperlipidemia, coronary
artery disease, head injury, COPD, stroke, and autoimmune disease) were classified as the comorbidity group; Crude HR =relative hazard ratio;
NSAID = nonsteroidal anti-inflammatory drug; PY = person-years; Rate = incidence rate per 1000 person-years.

* kK

P <0.05, " P<0.01.
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Furthermore, we determined the potential limitations of
this study. Blood tests, electroencephalograms, and neuroima-
ging are generally performed in RA and epilepsy diagnoses.
Although the clinical data in the NHIRD are limited, we
ascertained RA and epilepsy according to ICD-9-CM codes,
which are determined by fully trained physicians; the RA and
epilepsy diagnosis data in the NHIRD are reliable and have been
widely used in previous studies. Finally, one of the major
limitations of the NHIRD is the lack of information on cigarette
smoking and alcohol consumption. We believe that the con-
founding effects of cigarette smoking and alcohol consumption
were minimal because RA is a gender-specific disease, and the
prevalence of cigarette smoking and alcohol consumption in
women is significantly lower than that in men in Taiwan.* In
addition, other risk factors that might be associated with risk of
epilepsy, such as diet, medications, environment, and familiar
risks, were not available in the NHIRD.

In conclusion, this study provides compelling evidence and
the possible mechanisms for the increased risk of epilepsy in
patients with RA. RA patients are encouraged to seek treatment
for pain relief as early as possible to help lower the risk of
epilepsy, thereby slowing epilepsy progression with a longer
period of NSAID use. Based on the limitations, additional
clinical studies are warranted to investigate the underlying
mechanisms of the association between RA and epilepsy.
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