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Abstract.
Background: Rheumatoid arthritis (RA) and the genetic risk landscape of autoimmune disorders and Parkinson’s disease
(PD) overlap. Additionally, anti-inflammatory medications used to treat RA might influence PD risk.
Objective: To use a population-based approach to determine if there is an association between pre-occurring rheumatoid
arthritis (RA) and later-life risk of PD.
Methods: The study population was 3.6 million residents of Sweden, who were alive during part or all of the follow-up
period; 1997–2016. We obtained diagnoses from the national patient registry and identified 30,032 PD patients, 8,256 of
whom each was matched to ten controls based on birth year, sex, birth location, and time of follow-up. We determined the
risk reduction for PD in individuals previously diagnosed with RA. We also determined if the time (in relation to the index
year) of the RA diagnosis influenced PD risk and repeated the analysis in a sex-stratified setting.
Results: Individuals with a previous diagnosis of RA had a decreased risk of later developing PD by 30–50% compared
to individuals without an RA diagnosis. This relationship was strongest in our conservative analysis, where the first PD
diagnosis occurred close to the earliest PD symptoms (odds ratio 0.47 (CI 95% 0.28–0.75, p = 0.0006); with the greatest risk
reduction in females (odds ratio 0.40 (CI 95% 0,19–0.76, p = 0.002).
Discussion: Our findings provide evidence that individuals diagnosed with RA have a significantly lower risk of developing
PD than the general population. Our data should be considered when developing or repurposing therapies aimed at modifying
the course of PD.
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INTRODUCTION

Parkinson’s disease (PD) is an age-related neu-
rodegenerative disease characterized by the classical
motor deficits (akinesia, rigidity, tremor and postu-
ral instability) as well as several non-motor signs
and symptoms. The neuropathology of PD includes
the loss of midbrain dopamine neurons and the
presence of intraneuronal protein aggregates (Lewy
bodies) in widespread brain areas [1]. The underlying
pathogenic process in PD is not fully understood. It
has been suggested that inflammation, mitochondrial
deficits, oxidative stress and failure of the lysosomal
autophagy system all play roles [2].

The prevalence of PD is estimated at between 0.5
and 2% [3], depending on the age profile of the pop-
ulation and the diagnostic vigilance of the health
care system. The incidence rate peaks at the age of
70 years and PD is rarely diagnosed in individuals
younger than 50 years. PD is almost twice as fre-
quent among men as women [3, 4]. It is estimated
that only 5% of PD cases are familial, and that among
sporadic cases, the cumulative impact of heritability
is less than 25%, which suggests that environmental
and lifestyle factors play an important role in govern-
ing PD risk [5, 6]. Previous epidemiological studies
have suggested that, e.g., Type II diabetes, exposure
to pesticides, certain infections (e.g., Hepatitis C)
and inflammatory bowel disease are associated with
elevated PD risk [7–10]. By contrast, consumption
of coffee, cigarette smoking and intake of certain
anti-inflammatory drugs have been associated with
reduced PD risk [6, 11–14]. In addition, the use of
immunosuppressants are associated with a reduced
risk of PD [15]. While PD is primarily viewed as a
brain disorder, the most upstream pathogenic events
could occur in, e.g., the gut or peripheral parts of
the olfactory system. The PD pathogenic process has
been suggested to start 5–20 years prior the onset
of the classical motor deficits and formal diagno-
sis [1]. This phase is called prodromal PD and is
characterized by loss of sense of smell, constipation,
depression, anxiety and sleep disorders.

Rheumatoid arthritis (RA) is a common, chronic
and often severe autoimmune disease. It has been sug-
gested that the genetic risk landscape of autoimmune
disorders and PD partially overlap [16]. At the same
time, anti-inflammatory medications used to treat RA
could be hypothesized to influence PD risk as they
do with inflammatory bowel disease [11]. There-
fore, we were interested in exploring the association
between RA and PD in a large and well characterized

Table 1
Comparison of four classes of patients based on the type of their

first PD diagnosis

Registry Diagnose Percentage Median age

Outpatient Main 28% 69
Outpatient Secondary 3% 73
Inpatient Main 22% 74
Inpatient Secondary 47% 77

Percentage indicates how many PD patients remain in the dataset
when a certain restriction on the source of their PD diagnosis is
applied. Median age described the age of the patients at their first
PD diagnosis. The data is visualized in the Supplementary Figure 5.

population. Four prior studies have addressed the pos-
sible association between RA and PD (Table 2). In
one study, individuals with RA had almost half the
risk of being diagnosed with PD during the follow up
period [17]. However, the three other studies, found
no effect of RA on subsequent PD risk, or found an
opposite association, namely that people diagnosed
with RA had an increased risk of developing PD later
in life [18–20].

In this study, we optimized the epidemiological
analysis by taking extra measures to capture the first
PD diagnosis date of each patient as accurately as pos-
sible and by stratifying and analyzing the impact of
the number of years between a RA diagnosis and sub-
sequent PD diagnosis. We hypothesized that because
the PD prodromal phase likely is several years, it is
particularly important to analyze people who were
diagnosed with RA relatively early in relation to the
age when PD is expected to occur.

METHODS

Population

The study population consists of Sweden’s resi-
dents who had a Swedish personal number and lived
in Sweden between 1964 and 2016. This assures that
all the individuals included in this study were tracked
in the national healthcare registers.

Data source

Medical data was obtained from Socialstyrelsen
(SoS), a Swedish governmental agency managing
medical registries. Study subjects’ background data
(birth year, birth location) was received from gov-
ernmental agency Statistiska centralbyrån (SCB).
Our data consists of an extract from inpatient and
outpatient medical registers, used to investigate co-
morbidities between different chronic diseases with
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inflammatory components. The dataset includes indi-
viduals who are themselves affected or who have
parents, children or siblings affected by diabetes
mellitus or celiac disease. The extract consists of
approximately 3.6 million individuals or 22% of
the total Swedish population followed-up in these
registers (Supplementary Figure 1). The conserva-
tive method of analysis utilized only in-patient data
whereas the more inclusive analysis (included the in-
patient and out-patient data) to study the associations
between PD and RA.

To ensure that any observed associations are not
driven by the selection of individuals, we performed
the following technical matching in the analyses; PD
cases and PD controls were (additionally) matched
on eight dichotomous variables:

1) Does this person have celiac disease?
2) Do any of this person’s siblings have celiac dis-

ease?
3) Does either of this person’s parents have celiac

disease?
4) Do any of this person’s children have celiac

disease?
5) Does this person have diabetes?
6) Do any of this person’s siblings have diabetes?
7) Does either of this person’s parents have dia-

betes?
8) Do any of this person’s children have diabetes?

The full matching procedure is explained below.

Working dataset

While identifying PD cases and their controls,
we used all four historical ICD revisions, spanning
years 1964–2017. To identify the RA cases and con-
trols, the latest revision, ICD-10, was used, spanning
years 1997–2017. The wider follow-up period of
1964–2017 was needed to identify, with a high like-
lihood, the date of first PD diagnosis for every PD
patient. This allowed us to construct an analysis in
which RA is diagnosed first and to test whether the
probability of PD diagnosis increases or decreases
after a certain number of years (a lag period). This
design led to a maximum follow up time of 20 years
post RA diagnosis.

Exclusion criteria

Individuals who were not born in Sweden were
excluded, as well as individuals receiving any of
the following ICD codes regardless of whether it

was their main diagnosis or a secondary diagnosis.
Syphilis: ICD code entries beginning with “02 [0–9]”,
“02 [0–9]”, “A52” and assigned during the periods
1964–1968, 1969–1999, and 1997–2017, respec-
tively. Schizophrenia: ICD code entries beginning
with “300,99”, “295”, “F20” and assigned during
the periods 1964–1968, 1968–2001, and 1997–2017,
respectively. Secondary Parkinsonism: ICD code
entries beginning with “332B”, “G21” assigned
during the periods 1987–1997 and 1997–2017,
respectively. Other extrapyramidal movement disor-
ders: exact ICD code entries “331,0”, “331,0 [0–2,
9]” assigned during the period 1969–1990; exact
ICD code entries “780,3”, “780,3 [0–2, 9]”, “780,4”,
“780,4 [0, 2–4, 9]” assigned during the period
1969–1986; ICD code entries beginning with “333”
or “G25” assigned during the periods 1987–1997
and 1997–2017, respectively. Other degenerative dis-
eases of basal ganglia: ICD code entries beginning
with “331, [0–2, 9]”, “333,9”, “347,9”, “780, [3, 4]”,
“306,2”, “300,8”, “787,1”, “733,9” assigned during
the period 1969–1986; also ICD code entries begin-
ning with “333”, “G23” assigned during the periods
1987–1997 and 1997–2017, respectively.

PD cases

We defined PD patients as those having ICD code
entries beginning with “350”, “342”, “332A”, or
“G20” and assigned during the periods 1964–1968,
1969–1986, 1987–1997, and 1997–2017, respec-
tively. We performed two analyses with different
inclusion criteria; we refer to the first one as the
conservative and the second one as the inclusive anal-
ysis. In the conservative branch of the study, we
took several measures to ensure that the date of each
individual’s first PD diagnosis was as accurate as pos-
sible, while in the inclusive branch of the study we
did not (Fig. 1). The first measure was a requirement
that each individual’s first PD diagnosis would have
been assigned as the main diagnosis of his/her visit
to a doctor. This was done to increase the likelihood
that it truly represents each individual’s first diagno-
sis (which, theoretically, could be not recorded in the
medical register). The second measure was that each
individual’s first PD diagnosis would come from the
outpatient register and not the inpatient register. The
justification for these two rules is given in Fig. 2. In
the conservative branch of the study, both of these
two conditions had to be fulfilled. PD patients not
fulfilling these requirements were removed from that
study branch. In the inclusive analysis, data from all
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Fig. 1. Data preparation workflow with exclusion steps used to derive the working datasets. PD, Parkinson’s disease; RA, rheumatoid
arthritis; ICD-10, International Classification of Diseases revision 10. Red - inclusive analytical branch, Green - conservative analytical
branch. Lower color saturation - controls. Dotted line symbolizes matching (ratio 1 to 10). Reasonable age at follow up refers to a person’s
age at follow up; this cannot exceed 100 years of age. This cutoff was used to avoid a hypothetical scenario with individuals who died outside
of Sweden and were never labeled as dead in the register.
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Fig. 2. Conservative method to accurately identify first PD diag-
nosis. A more conservative method results in younger age at the
first diagnosis. The “main” means that diagnosis was assigned as
the primary reason for that particular healthcare facility visit (there
can be only one main diagnosis and multiple secondary diagnoses
during one visit). The “any type” means that the earliest observed
PD diagnosis might come from inpatient or outpatient registers,
also it can be assigned as the main or the secondary diagnosis. A
more detailed version of this figure is provided in Supplementary
Fig. 5.

PD patients was used whether diagnosis was made in
the in-patient or out-patient registry. These steps are
detailed in Fig. 1.

PD controls

All remaining individuals who were not among PD
cases, nor removed in the exclusion step, and were not
among the excluded PD cases due to ambiguous date
of first diagnosis - were potential controls.

Matching cases with controls

All PD patients were labeled with a matching type
constructed from a combination of three study-related
variables and eight technical variables. The three
study-related variables were: birth year, sex, birth
location. The remaining technical variables were not
related to our research question but were used to
ensure that the cohort used (diabetes-celiac patients
and their relatives) did not interfere nor bias the study
results (see Supplementary Material). In total there
were 8404 unique matching types.

For each matching type, the following procedure
was done:

1) PD case individuals of this type were extracted
and ordered randomly, forming a pool of cases,
named A. PD control individuals of this type

were extracted and ordered randomly, forming
a much larger pool of controls, named B.

2) To find matches for individuals in the pool A,
a sub-pool b was formed by selecting individu-
als from pool B using the following procedure.
For each individual in sub-pool b, their per-
sonal follow-up end date (death, emigration)
must supersede the date of PD diagnosis for
each individual in pool A. Individual b1, who
is the first person in sub-pool b, is assigned to
the first person in pool A (A1). Individual b1 is
permanently eliminated from pools b and B.

3) The step 2) is repeated sequentially with all
individuals in A.

4) The step 3) is repeated maximum 200 times, or
until the pool B is depleted, or until none of the
individuals in A is assigned a new match.

The procedure assures that matched controls are
distributed evenly to all cases without any systemic
bias. The technical matching was described above.

Matching optimization

Three requirements were needed to optimize the
case-control matching:

1) Every PD case in the downstream analyses has
the same number of matched controls;

2) The number of cases excluded from the down-
stream analyses due to 1) is minimized;

3) The number of matched controls per one case
in the analyses is maximized.

To fulfil these three requirements, a power-
calculation using hypothetical comorbidity was
simulated (Supplementary Figure 7). The cost of los-
ing PD cases is balanced against the benefits of having
multiple controls per case. The resulting optimized
number of matched cases per one control was esti-
mated to be in the range of 9 to 11, and we chose
to use 10 to construct the final case-control matched
dataset.

Final matched dataset

PD cases who have less matched controls than the
estimated optimized number, were excluded from the
dataset. For each PD case who has more matched
controls than the estimated optimized number, a ran-
dom subset of matched controls was selected and the
remaining controls discarded.
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All in all, we matched PD and controls based on all
the variables that were present in our dataset, within
the smallest possible bins (e.g., birth year). As every
case was matched to 10 controls (without exception),
thus every control (or case) had equal weight in our
study, allowing us to select the analysis outlined in
the flowchart (Fig. 1) without the use of conditional
logistic regression.

Rheumatoid arthritis patients

RA patients were defined as those in the final
matched dataset, having ICD code entries beginning
with “M05” or “M06” assigned during the period
1997–2017 (ICD-10). For each patient, the earliest
observed date of this diagnosis was kept (regardless
of whether it was the main or the secondary diagnosis)
and the later dates (if any) were discarded.

Antecedent analysis

The sliding threshold defines the minimum num-
ber of years required to separate the RA diagnosis
(antecedent) and the index date (PD diagnosis date).
RA is always required to precede PD. Only the RA
cases that fulfill this requirement are used in the
analysis and all other RA cases are excluded. The
threshold has a maximum value of 20 (calculated
from the last diagnosis date in the working dataset
minus the first date of the ICD-10 code usage, 2017
and 1997, respectively).

With each value of sliding threshold, we cross tab-
ulated the numbers of PD cases and controls and the
numbers of RA cases and controls in a two-by-two
table. The association is expressed as an odds ratio
with 95% confidence intervals. The results are visu-
alized by plotting these estimates (y-axis) with their
respective thresholds (x-axis).

Statistical methods

All statistical analyses were done using R – a
language and software for statistical computing and
graphics (version 3.6.1). The strength of association
between RA and PD was evaluated by arranging
matched case-control data (with respect to PD) in
a 2-by-2 matrix and then using Fisher’s exact test
for count data to obtain odds ratios, their 95% confi-
dence intervals, and p-values. When interpreting the
results, we considered associations to be statistically
significant when p-values were below 0.05.

RESULTS

ICD codes found

The most common observed ICD codes match-
ing PD diagnosis criteria were “G209”, “332A”,
“342,00”, while the most common observed ICD
codes matching RA diagnosis criteria were “M059”,
“M069”, “M060” (Supplementary Figures 2 and 3).

PD cases and matched controls

Out of approximately 3.6 million people in our
data source cohort, we identified 30,032 PD patients
(∼0.8%). After various steps of exclusion and match-
ing, 8,256 cases were used in the inclusive analysis
and 4,738 PD cases were included in the conservative
branch of the study (Fig. 1). The first step of exclu-
sions involving the five PD comorbidities is shown in
Supplementary Figure 4.

The two branches of analytical pipeline differ in
reliability of the first date of PD diagnosis and sample
size. The inclusive branch includes all PD patients,
while the conservative branch includes only those
who had their first (earliest) PD diagnosis assigned
to them in the outpatient register as the main diag-
nosis (conservative method reduces working dataset
by half). In the conservatively constructed cohort,
the age-at-first-diagnosis distribution is significantly
shifted towards the younger age (Fig. 2). This implies
that this method better captures the earliest date of PD
symptom manifestation as the main diagnosis in the
outpatient register is likely to be assigned earlier in a
PD patient’s life compared to PD diagnoses assigned
in the in-patient registry. A breakdown of the four
classes of patients based on the type of their first PD
diagnosis is included in Table 1.

Number of patients with rheumatoid arthritis

In the inclusive branch, the final matched dataset
consisted of 90,708 individuals (8,256 PD cases and
82,452 controls), of whom 1,194 also had RA diag-
nosis. In the conservative branch, the final matched
dataset consisted of 52,007 individuals (4,738 PD
cases and 47,269 controls), of whom 674 also had
RA diagnosis.

Antecedent analysis

In all variations of our analyses, we found a
significant negative association between RA, as an
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Fig. 3. Results from antecedent analyses reveal decreased risk of PD diagnoses after RA diagnosis. A) Inclusive analyses; B) conservative
analyses; C) conservative analyses with only males; D) conservative analyses with only females. Antecedent threshold is the minimal number
of years separating antecedent (RA) and the main outcome (PD), also called “lag period”. The bars show 95% confidence intervals of the
estimated odds ratio. Tabulated results are presented in the Supplementary Tables 1 and 2.

antecedent, and a later diagnosis of PD (Fig. 3). The
risk of getting PD diagnosis was decreased roughly
by 30–50% in those individuals who received an RA
diagnosis earlier (compared to those who did not
receive it). In the inclusive branch of analyses, the
odds of getting PD diagnosis 5 (or more) years after
the RA diagnosis – was reduced by 35%, odds ratio
0.65 (CI 95% 0.46–0.89), p = 0.006 (Supplementary
Table 1). Similarly, in the conservative branch (with
37% less PD cases), the odds of getting PD diag-
nosis 5 (or more) years after the RA diagnosis – was

reduced by 53%: odds ratio 0.47 (CI 95% 0.28–0.75),
p = 0.0006 (Supplementary Table 2). In general, the
association in the conservative branch of analyses
(with less individuals and more reliable date of the
first PD diagnosis) was stronger than in the inclusive
branch.

The qualitative conclusion did not change with
different lag periods (the minimal number of years
required to separate RA and first PD diagnosis): the
association between RA and PD was always negative,
albeit statistically less significant when the analyzed
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cohort reduced in size due to the applied lag period
restrictions.

Comparing the sex-stratified results in the conser-
vative branch of analyses gives a clear conclusion that
the female group, despite being smaller, manifests a
more pronounced and more statistically significant
negative association between RA and PD (Fig. 3).
With the lag period of 5 years (or more), the odds
ratio in male group was 0.59 (CI 95% 0.26–1.14)
and p-value 0.13; while the odds ratio in females was
0.40 (CI 95% 0.19–0.76) and p-value 0.002. Here, the
number of PD patients in the female group is 64% the
size of the male group (1658 vs 2571).

DISCUSSION

We found a negative association between RA and
PD in our cohort, consisting of a total of 3.6 million
individuals. A pre-occurring diagnosis of RA was
associated with a significantly decreased risk of sub-
sequent PD diagnosis, with the risk reduction being
30–50%, depending on the time period separating
these two diagnoses. Various steps of filtering applied
to increase the strength with which the first PD diag-
nosis in the registry captures early PD symptoms
produced a smaller sub-cohort (conservative branch)
with an even more pronounced negative association.

There are several possible explanations for our
results. There could be a genetic antagonistic pleio-
tropy, where the same heritable variants would man-
ifest a dual effect: an increased risk of RA and a
decreased risk of PD. For example, the disease patho-
genesis in RA, involving an autoimmune response,
could potentially counteract the disease process that
leads to PD. Another possibility could be that RA is
associated with environmental, lifestyle- or dietary
changes that concomitantly reduce the risk of PD.
And finally, the use of anti-inflammatory medications
to treat RA might mitigate the risk of subsequent PD.
Below, we will expand on these three possibilities.

While pleiotropic genetic variants, manifesting
their phenotype in a dual way: increased risk for PD
and decreased risk for RA (or vice versa), earlier stud-
ies suggest that the genetic landscape associated with
increased risk for autoimmune disorders, such as RA,
overlaps with the landscape associated with elevated
PD risk, making the first explanation perhaps less
plausible. However, more work is needed to clarify
possible genetic opposing allele risk overlap. Accord-
ing to the Genome-wide association study (GWAS)
catalog (accessed on October 21, 2020), 18 out of 131

chromosomal regions harboring PD-related variants
have overlapping associations with RA chromosomal
regions (as defined by cytogenic band of less than 1
M base pairs). Since no overlapping single nucleotide
polymorphisms (SNP) are reported, we cannot say if
the associated genetic variants/haplotypes are mani-
festing antagonistic or unidirectional effect on both
phenotypes.

Regarding lifestyle factors influencing the dis-
eases, it is known that RA itself can lead to reduced
mobility. On the contrary, there is some evidence that
the PD risk is reduced in those who have mobile
lifestyles and occupations [21] which would speak
against this as a contributing factor. Cigarette smok-
ing is a lifestyle factor that has been repeatedly
shown to be associated with reduced PD risk [22–24].
Conversely, the risk for RA has been shown to be
increased with smoking [25, 26]. This may suggest
that individuals who are smokers increase their risk of
RA, while actually decreasing their risk of PD; which
possibly could be a factor influencing our result, and
in line with our data. Smoking is a strong risk factor
for developing seropositive RA and sustained smok-
ing cessation could delay or even prevent the disease
[27]. Unfortunately, our dataset from the Swedish
patient registry does not capture data on smoking.
Notably, people who consume on average 1–3 cups of
coffee per day have also been shown to have a reduced
risk of PD [28]. While it has not been reported that
people with RA drink more coffee, there is a correla-
tion between smoking and coffee intake [29]. In our
study, we were unfortunately not able to determine
whether smoking, coffee or other life style factors
impacted the results, as we did not have this data
available for the population.

The chronic use of anti-inflammatory medications
by RA patients is a particularly interesting potential
explanation as to why people with RA have a reduced
risk of developing PD later in life. A common aim of
RA treatments is to reduce the chronic inflammation
that may otherwise result in joint damage and extra-
articular features, and impairment to other organs
and systems. TNF-alpha has been recognized as one
of the major mediators of the inflammatory process
that occurs in RA patients. Since the 1930s, the first
disease-modifying anti-rheumatic drugs (DMARDs)
such as gold salts, sulfasalazine and, some years later,
antimalarials, such as hydroxychloroquine, have been
in use, to treat RA patients who did not respond to
treatment with non-steroidal anti-inflammatory drugs
(NSAIDs). In the 1950s, the Nobel prize awarded
discovery of corticosteroids provided the physicians
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Table 2
Studies previously investigating whether RA influences the risk for PD

Study Sample size Population Follow-up Finding Reference

Chang et al. 2018 PD = 2,664 Taiwan 2001–2012 HR = 1.14 (1.03–1.2) [18]
RA = 19,542

PD&RA = 379
Sung et al. 2016 PD = 2,741 Taiwan 1998–2010 HR = 0.65 (0.58–0.73) [17]

RA = 33,221
PD&RA = 360

Li et al. 2011 PD = 26,791 Sweden 1964–2007 SIR = 1.07 (0.89–1.26) [19]
RA = 52,994 ?
PD&RA = 132

Rugbjerg et al. 2009 PD = 13,695 Denmark 1986–2006 OR = 0.7 (0.5–0.9) [20]
RA = 519

PD&RA = 63

with a strong anti-inflammatory treatment against
RA, but the adverse events of these drugs stimu-
lated further efforts aiming at the development of
new drugs, currently grouped as conventional syn-
thetic DMARDs (csDMARDs). The introduction of
the immunosuppressive drug methotrexate, in the
1980s, and of targeted biologic drugs (bDMARDs),
in the 1990s, revolutionized the treatment of RA. A
study of RA treatments in Sweden from 2011 [30]
reported that 15% of the RA patients were prescribed
bDMARDs, 62% received csDMARDs, 49% were
on glucocorticoids and 13% on NSAIDs. Only 11%
of RA patients had no record of prescriptions for any
anti-rheumatic drug. There is now a trend for earlier
and wider use of bDMARDs. The last decade has also
seen the introduction of biosimilars (bsDMARDs)
and JAK-inhibitors (tsDMARDs), but considering
that the time window of our study closed in 2016,
these new medications are unlikely to have impacted
our results. The evidence that systemic inflammation
and neuroinflammation play roles in PD pathogenesis
is growing rapidly and has been reviewed extensively
by others [31]. For example, TNF-alpha-mediated
mechanisms have been suggested to contribute to the
pathogenesis of PD [32]. A 78% reduction in PD
risk has been reported in a retrospective study among
the patients with inflammatory bowel diseases who
received TNF–alpha inhibitors, compared with those
who did not [11]. Taken together, we propose that
the successive increased use of such drugs and other
targeted biological agents that reduce chronic inflam-
mation in the treatment of RA patients are likely to,
at least partially, account for the reduced PD risk that
we observe in our study.

Our findings are in line with two out of four previ-
ous studies investigating an association between RA
and PD (Table 2). We note some methodological dif-
ferences between those studies and our study, which

might contribute to the different outcomes. For exam-
ple, Chang et al., 2017 [18] matched based on age,
using a window of 5 years, and the authors used the
ICD-9 for diagnosis while the follow-up period spans
the year range of the ICD-10. This issue is also present
in Sung et al., 2016 [17]. In the study by Li et al., 2012
[19], the authors did not exclude secondary parkin-
sonism (ICD-10 code G21) patients. Finally, it is also
possible that differences in ethnicity of the studied
cohorts and lifestyle factors contribute to the differ-
ences in outcomes between our study and previous
work.

Pitfalls, limitations, and alternative
interpretations

Given that the Swedish health care system typically
offers everyone a life-long follow-up, it is unlikely
that RA remains undiagnosed in RA-affected individ-
uals or that PD remains undiagnosed in PD-affected
individuals. It is impossible to fully exclude that the
association we detected was caused by a confounder,
however, we took great care to match PD cases and
controls in order to make the groups as similar as
possible. A potential confounder that we did not
account for could be, for example, educational attain-
ment. Shorter education is associated with increased
prevalence of RA in Sweden [30]. Since it has con-
versely been shown that men attaining higher IQ
scores (correlated with educational attainment) dur-
ing military conscription in Sweden exhibit higher
risk of developing PD [33], education level is poten-
tially a confounder that could influence the risk for
both diseases.

It is important to highlight that our working dataset
was limited to only individuals who were first-degree
relatives of (or were him/herself) a person diagnosed
with diabetes mellitus or celiac disease. While this
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dataset was limited, it still allowed us to include 3.6
million individuals, or more than 20% of the entire
population followed in the registry. We took pre-
cautions to ensure that PD cases and controls were
also matched based on the exact type of a relative
(self, sibling, child, parent) who had PD and RA. The
matching was intended to prevent potential fictitious
associations that could arise, due to (for example)
unequal distribution of family-size affecting factors
between PD case and control groups.

An important pitfall in epidemiological studies of
PD is that some patients are misdiagnosed. Ulti-
mately, the diagnosis of PD is only confirmed
with absolute certainty when the brain is examined
neuropathologically post-mortem. One approach to
increase the accuracy of diagnosis is to restrict the
analysis to include only patients who have received
the diagnosis of PD over several occasions during an
extended period of time, as the diagnostic accuracy is
known to increase then. The same principle applies to
RA patients. We considered this approach of requir-
ing each diagnosis to appear on repeated visits, but
concluded it would require an even larger starting data
set than we have. Instead, we probed our data further
by stratifying it according to the clinical setting in
which the diagnosis was made. Thus, we used data
from both the in-patient and out-patient registries,
which allowed us to conduct analysis where the diag-
nosis of PD and RA was either more conservative
(using the in-patient data) or liberal (using the out-
patient data) in the same population. The diagnosis of
PD in an in-patient setting is known to be more accu-
rate [34]. Importantly, in both situations, our analyses
indicate that RA is negatively associated with a later
diagnosis of PD. We then deepened our analysis fur-
ther by separating our data based on the length of
the time interval between the diagnosis of RA and
PD to explore if it influences the negative association
between the two diseases. We found that the odds of
getting PD diagnosis 5 (or more) years after the RA
diagnosis using both the in-patient and out-patient
data – was significantly reduced.

Future studies could address the validity of our
findings by using other cohorts and registries, such
as the Swedish Rheumatology Quality (SRQ) regis-
ter [30]. The SRQ register covers both outpatients
and inpatients, starting from 1964 for the inpatients,
and this could be an interesting source to probe if cer-
tain diagnostic RA subgroups (based on age of onset,
medication, disease severity etc.) exhibit a particu-
larly reduced risk for PD. Exploring the SRQ register
would capture large numbers of RA patients and

might also reveal if confounders such as geographi-
cal location and access to hospital care influence the
associations we report.

CONCLUSION

We show, in a cohort of 3.6 million inhabitants
of Sweden, that an RA diagnosis is significantly
associated with a lower incidence of subsequent
PD diagnosis. We propose that common anti-inflam-
matory treatments used in RA might protect against
the later development of PD [35]. This hypothesis can
be tested by examining PD risk imposed by the use
of anti-inflammatory drugs in conditions other than
RA. These data should be taken into account when
developing- and clinically evaluating new or repur-
posed drugs aimed at modifying the disease process
in PD.
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