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INTRODUCTION

Systemic lupus erythematosus (SLE) is a multisystemic

autoimmune disease affecting any organ system of the body,

and occurs predominantly in women of gestation age.1 Neuropsychiatric

symptoms affect nearly half of the patients with

SLE, and the 3 most common features are seizures, psychoses,

and cerebrovascular diseases.2,3 Parkinson disease (PD)—an

unusual manifestation of central nervous system lupus4—is the

most common neurodegenerative disorder, and clinical signs of

this disease are rigidity, bradykinesia, postural instability, and

tremor.5 This disease is characterized by self-perpetuating

damage of dopaminergic neurons in the substantia nigra.6,7

In addition, some immune system-mediated mechanisms have

been proposed to clarify the possible mechanisms through

which autoantibodies induce dopaminergic cell death.8,9

Patients with autoimmune diseases frequently produce

high concentrations of inflammatory mediators and autoantibodies

over long periods. Peripheral immunity contributes to the

degenerative process of PD and may be responsible for the

progressive nature of the disease.10 A study hypothesized that

patients with antidopaminergic antibodies experience the

destruction of domapinergic cells because of a humoral immune

response.11 Associations between the presence of such autoantibodies

(antineuronal cells, antibrain lysate, and antidsDNA)

and clinical manifestations of PD (particularly dyskinesia

and depression) confirmed that the autoantibodies play a

role in the autoimmune mechanisms involved in the pathogenesis

of the disease.12

We conducted this study to determine the risk of PD in

patients with SLE and to identify related risk factors. We

examined the relationship between SLE and the risk of PD,

and unexpectedly observed a lower risk of PD in patients

with SLE. METHODS

Data Source

Taiwan inaugurated its National Health Insurance (NHI)

program on March 1, 1995 to provide comprehensive and easily

accessible medical care for all of its citizens (23.74 million

people) (http://www.nhi.gov.tw/english/index.aspx). The

National Health Insurance Research Database (NHIRD) is an

administrative database containing the claims records from

Taiwan’s universal NHI program. The NHIRD includes complete

information on inpatient care, ambulatory care, dental

care, and prescription drugs, and provides researchers with

scrambled identification numbers associated with the relevant

claims information, including patients’ sex, date of birth,

medical service records, and medication prescriptions. The

diagnoses and procedures recorded in the NHIRD are coded

according to the International Classification of Diseases, Ninth

Revision, Clinical Modification (ICD-9-CM). The records of

patients were de-identified before conducting the analysis. This

cohort study was conducted in compliance with the guidelines

of the Declaration of Helsinki and was approved by the

Research Ethics Committee of China Medical University

(CMU-REC-101-012).

Sampled Patients

Patients newly diagnosed with SLE (ICD-9-CM code

710.0) from 2000 to 2010 were identified in the Registry of

Catastrophic Illnesses Patient Database, a subset of the NHIRD.

In the NHI program, patients with SLE receive a catastrophic

illness certificate and are exempt from copayment for their SLErelated

medical care. The diagnoses of SLE were based on the

ICD-9 codes, which were judged and determined by related

specialists and physicians according to the standard clinical/

laboratory criteria (malar rash, discoid rash, photosensivity, oral

ulcer, serositis, arthritis, nephritis, immunological disorder,

hematological disorder, neurological disorder, antinuclear antibody,

which met at least four American College of Rheumatology

SLE criteria). The first-time SLE diagnosis date served as

the index date. Patients who had a history of PD (ICD-9-CM

332), were younger than 20 years, and had incomplete information

were excluded. To create a non-SLE cohort, we randomly

selected patients without a history of SLE and frequencymatched

them with the SLE patients in a 4:1 ratio according to

age group, with an interval of 5 years, sex, and the year of the

index date. The exclusion criteria applied to the SLE cohort

were also applied to the non-SLE cohort.

Outcome and Comorbidities

All patients were followed up from the index date until the

date of PD diagnosis, withdrawal from the NHI program, or

December 31, 2011. The baseline comorbidity history for each

patient was determined according to the claims data. We

analyzed several well known risk factors of PD, namely diabetes

(ICD-9-CM code 250), hypertension (ICD-9-CM codes 401–

405), head injury (ICD-9-CM codes 310.2, 800, 801, 803, 804,

850, 851, 853, and 854), depression (ICD-9-CM codes 296.2,

296.3, 296.82, 300.4, and 311), stroke (ICD-9-CM codes 430–

438), dementia (ICD-9-CM codes 290, 294.1, and 331.0), and

chronic kidney disease (ICD-9-CM code 585).

Statistical Analysis

We used the chi-square test to compare descriptive statistics

on demographic status and baseline comorbidities

between the patients with and those without SLE. Differences

in continuous variables between the cohorts were tested using

the Student t test. To estimate the cumulative incidence of PD,

we used the Kaplan–Meier method to conduct a survival

analysis of the SLE cohort and non-SLE cohort, and the logrank

test to compare the 2 cohorts. The incidence densities of

PD were calculated. Univariable and multivariable Cox proportional-

hazards regression models were used to calculate the

hazard ratios (HRs) with stratification based on sex, age,

comorbidity, and follow-up duration. The multivariable Cox

models were simultaneously adjusted for age, sex, and the

comorbidities, namely diabetes, hypertension, hyperlipidemia,

coronary artery disease, head injury, depression, and stroke. All

analyses were conducted using SAS Version 9.3 (SAS Institute

Inc., Cary, NC), with the significance level set to 0.05 in

2-tailed tests.

RESULTS

We included 12,817 patients in the SLE cohort and 51,268

patients in the non-SLE cohort. The age and sex distributions of

the cohorts were similar (Table 1). In both cohorts, 44.2% of

the patients were 20–34 years of age, and the mean age was

approximately 40 years. Women constituted 88.1% of the

patients with SLE. All comorbidities were more prevalent in

the SLE cohort than in the non-SLE cohort (all P<0.05). The

mean durations until the development of PD in the SLE and

non-SLE cohorts were 6.82 and 7.27 years, respectively. The

Kaplan–Meier survival analysis showed that the cumulative incidence of PD was 0.83% lower in the SLE cohort than in the

non-SLE cohort (Fig. 1; P_0.001).

In total, 55 patients in the SLE cohort and 393 patients in

the non-SLE cohort developed PD, with the incidence rates

being 0.63 per 1000 person-years and 1.06 per 1000 personyears,

respectively, yielding a crude HR of 0.60 (95% confidence

interval [CI] 0.45–0.79) and an adjusted HR of 0.68 (95%

CI 0.51–0.90) (Table 2).

The PD incidence was greater in the men than in the women

in both cohorts. However, the sex-specific SLE cohort to non-

SLE cohort relative risk of PD was significantly lower for the

women(adjustedHR0.62, 95%CI 0.45–0.85). ThePDincidence

increasedwith age and comorbidity in both cohorts. Patients aged

older than 65 years withSLEhad a 0.63-fold lower risk ofPDthan

the non-SLE cohort did (adjusted HR 0.63, 95% CI 0.40–0.98).

Patients with SLE and comorbidity also had a lower risk than did

the non-SLE cohort. The adjustedHR of PDslightly decreased as

the follow-up duration increased. The SLE cohort was associated

with a lower risk of PD compared with the non-SLE cohort

throughout the follow-up period.

Table 3 lists the results of the univariable and multivariable

Cox proportional-hazards analyses of the association between

SLE and PD. The risk of PD was 1.08-fold (95% CI 1.07–1.09)

greater for each 1-year increase in patient age. The risk of PD

was increased for patients with comorbidities of hypertension

(adjusted HR 1.51, 95% CI 1.19–1.91), coronary artery disease

(adjusted HR 1.32, 95% CI 1.04–1.66), and depression

(adjusted HR 1.75, 95% CI 1.27–2.42).

DISCUSSION

According to a review of relevant literature, no other largescale

cohort studies have focused on the possible association between PD and SLE. This large study investigated this possible

association through an extensive analysis of a nationwide

database and complete follow-up assessment. We determined

that PD is inversely associated with SLE, and that the adjusted

HR of PD decreased as the follow-up duration increased and is

decreased among patients aged older than 65 years. In this

study, the PD cohort exhibited an unexpected link to SLE. We

observed a crude HR of 0.60 (95% CI 0.45–0.79), adjusted HR

of 0.68 (95% CI 0.51–0.90), and low incidence (0.83%) of SLE

among the patients with SLE after controlling for other critical

covariates.

Results from previous studies have suggested that inflammation

plays a crucial role in the pathogenesis of PD,13,14 and an

animal study demonstrated that the inflammatory mediators

tumor necrosis factor a and interleukin 1b can cause degeneration

of dopaminergic neurons.15 It is well known that interferon

plays a role in the development of SLE,16 which might

contribute to the pathogenesis of PD.17 The hypothesis that

patients with SLE are at an increased risk of PD,18–20 because

circulating inflammatory mediators produced by some autoimmune

diseases may trigger an inflammatory process in the

brain that leads to degeneration of the dopaminergic neurons of

the substantia nigra,21 contrasts the observation of a reduced

risk of PD in patients with SLE. Some longitudinal studies have

reported that the use of immunosuppressive agents for lupus

activity in patients with PD benefits clinical recovery.18,20,22–24

Some may argue that neuropsychiatric lupus and PD have

overlapping symptoms and that the possible association

between these diseases can be attributed to diagnostic confusion

or misclassification. Three types of autoantibodies, namely

antineuronal, antibrain lysate, and anti-dsDNA antibodies, were

strongly associated with clinical manifestations of PD, particularly

dyskinesia and depression.11 Therefore, we performed a

sensitivity analysis. The frequency of lupus visits over the

follow-up duration, which represents lupus severity, correlated

negatively with the risk of PD. This finding confirms that lupus

is associated with a significantly lower risk of PD (32%),

which can be explained by the existence of a protective

factor. Regular use of immunosuppressive agents could prevent

neurodegeneration and, thus, the development of PD. Lupusrelated

immunosuppressive therapy, including corticosteroids,

mycophenolate mofetil, and cyclophosphamide, was effective

in preventing lupus flare and may alleviate rigidity-akinesiatremor

syndrome by inhibiting autoimmune-based neuroinflammation.

Consistent with our findings, the rheumatoid arthritis

patients who received immunosuppressant therapy had 30%

reduction in the risk of PD, which further supports the potential

beneficial effects of immunosuppressant therapy in the development

of PD.25

Unexpectedly, patients aged older than 65 years with SLE

had a 0.63-fold lower risk of PD. We observed a seemingly

paradoxical harmful effect of immunosuppressive agent use on

the risk of PD among older patients. However, because older

people are traditionally more likely to use immunosuppressive

agents for longer periods and have longer follow-up durations,

awareness of PD in patients with SLE may prevent incorrect

diagnosis and maladministration resulting in severe disability.

The risk of PD was increased for patients with comorbidities of

hypertension, coronary artery disease, and depression. Older

patients and patients with comorbidities are less tolerant of

steroid-related side effects, more severe disease, and higher

rates of treatment toxicity and increased susceptibility to opportunistic

infections. Thus, the association between immunosuppressive

agent use and PD could be noncausal, and further

research is required to determine the relative effects of specific

agents, despite the nationwide population-based design of this

study and unbiased ascertainment and confirmation of SLE

among patients and controls through linkage to the hospital

register.

This study has potential limitations. First, mild PD was

theoretically omitted from our study population. Patients with

SLE in stable condition were treated at outpatient departments,

and more severely affected patients were treated at hospitals,

indicating that the SLE patients with PD are not completely representative of all patients with the disease. Second, the

NHIRD does not contain detailed information regarding

clinical, laboratory, and image examinations including genetic

factors (alpha-synuclein), declining estrogen levels (use of

hormone replacement therapy), low levels of B vitamin folate,

autoantibodies that can be used as biomarkers (such as antineuronal,

antibrain lysate, and anti-dsDNA antibodies), and a

family history of PD or records on smoking habits, alcohol

consumption, and agricultural work, all of which may be risk

factors for PD. We cannot make more profound implications

regarding the pathogenesis of PD in patients with SLE. Third,

because of possible biases related to adjustments for confounding

variables, the data derived from a cohort study are generally

lower in statistical quality than those from randomized trials.

Fourth, prescription records of anti-inflammatory and immunosuppressive

agents including doses, timing, and durations of

use are unavailable. The mechanism of autoimmune-based

neuroinflammation in PD cannot be conclusively identified,

unless additional well designed and well conducted epidemiologic

studies confirm the relationship between immunosuppressive

agents and PD by investigating the relative effects of

specific agents.

In conclusion, we determined that patients with SLE had a

decreased risk of subsequent PD. The underlying mechanism is

not clearly understood and further research is warranted.
