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Abstract
Disease-modifying anti-rheumatic drugs (DMARDs) can reduce inflammation and slow progression of rheumatoid arthritis
(RA). It remains unknown what impact DMARDs may have on dementia, where inflammation also plays a critical role in
pathogenesis. Patients without a prior history of dementia who were newly diagnosed with RA between 2000 and 2005 were
identified from Taiwan’s National Health Insurance Research Database. The participants were stratified by age and gender. The
outcome of interest was all-cause dementia, and Cox regression models were used to estimate the hazard ratio (HR) of dementia.
The cumulative DMARD dosage was stratified by quartiles of defined daily doses. A total of 20,707 patients were diagnosed
with RA, and 62,121 non-RA individuals aged 20 years or older were included. Cox proportional hazard regression analysis
revealed that the RA cohort was 37% less likely to develop dementia compared with the non-RA cohort [adjusted HR 0.63, 95%
confidence interval (CI) 0.55–0.72]. Further decreased risk was noted in DMARD users (adjusted HR 0.48, 95% CI 0.39–0.58)
with dose-dependent effect. Subgroup analysis identified DMARD use as having a protective effect against developing dementia
in female and younger patients. Also, in male and older patients, DMARD use further reduced the risk. These observations
suggest that DMARDsmay reduce the risk of developing dementia, and its effect is further increased at high cumulative dosages.
These findings warrant further examination in randomized control trials.
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Introduction

Over the past few decades as the elderly population has rap-
idly increased, the prevalence of dementia has also continu-
ously increased in developed countries, and cognitive decline

has had a strong impact on society and the economy [1].
Although pharmacological interventions are recommended
for the treatment of cognitive impairment in Alzheimer’s dis-
ease (AD), they do not modify the disease course and are not
recommended in other types of dementia, such as vascular
dementia [2, 3]. Inflammation plays a critical role in the path-
ogenesis of AD [4, 5], and persistent inflammation may also
contribute to the development of atherosclerosis [6] and vas-
cular cognitive impairment [7]. Medications that suppress in-
flammation, such as steroid or non-steroidal anti-inflammato-
ry drugs (NSAIDs), are believed to protect against dementia
[8–10]. Rheumatoid arthritis (RA) is an autoimmune disease,
which is characterized by persistent synovitis and systemic
inflammation. Uncontrolled active disease causes joint dam-
age, disability, and decreased quality of life as well as cardio-
vascular and other comorbidities [11]. Many studies have
been conducted to demonstrate the association between auto-
immune diseases (e.g., RA) and dementia [12–15]. However,
the results of the studies remain controversial.

Disease-modifying anti-rheumatic drugs (DMARDs) are
the principal therapeutic options for RA; they can reduce
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synovitis and systemic inflammation and slow disease pro-
gression and structure damage [11, 16, 17]. In a systemic
review, DMARD use was associated with a reduced risk of
cardiovascular disease events in patients with RA where
inflammatory insult was caused [18]. However, there have
only been a few studies regarding the association between
DMARD use and dementia risk in patients with RA [19,
20] and the results of these studies were conflicting. Chou
et al. [20] reported that DMARD use was associated with
an increased risk of dementia in patients with RA.
However, another study conducted by Judge et al. [19]
suggested that DMARD users were at reduced risk of de-
mentia compared with non-DMARD users. Whether an as-
sociation exists between different ages or genders is still
inconclusive.

The present study aimed to clarify the association between
RA and dementia and to explore whether the use of DMARDs
could reduce the risk of developing dementia in patients with
RA through a population-based case–control study.

Methods

Data Source

The present study was conducted using claims data from the
Taiwan’s National Health Insurance Research Database
(NHIRD), which is managed by the National Health
Research Institute of Taiwan. The National Health Insurance
(NHI) program reimburses healthcare costs of 99% of
Taiwan’s population (approximately 23 million people). The
NHIRD contains comprehensive healthcare information for
all of Taiwan’s insured individuals, including demographic
data, dates of clinical visits, diagnostic codes, and prescription
details. For the present study, a subset of the NHIRD, known
as the Longitudinal Health Insurance Database (LHID) 2000,
was used. The subset contains historical ambulatory and
inpatient care data for 1 million randomly sampled beneficia-
ries enrolled into the NHI system in the year 2000. The LHID
2000 allows researchers to follow up the medical service
utilization of these 1 million subjects. According to the
National Health Research Institute, there are no statistically
significant differences in age, sex, or healthcare costs between
the LHID 2000 and the NHIRD. Patient diagnoses were
coded according to the International Classification of
Diseases-Ninth Revision-Clinical Modification (ICD-9-CM).
The Registry for Catastrophic Illness Patient Database
(RCIPD) was also used to confirm the diagnoses of patients
with RA. In Taiwan, rheumatologists can apply for a cata-
strophic illness card for patients with RAwho meet 4 or more
diagnostic criteria based on the 1987 American College of
Rheumatology criteria [21].

Study Patients

The present case–control study was conducted using the
NHIRD and RCIPD. Patients aged ≥ 20 years who were new-
ly diagnosed with RA (ICD-9-CM:714) between January
2000 and December 2005 were included in the RA cohort.
This RA cohort was propensity matched with a comparison
cohort, which consisted of subjects who had never been diag-
nosed with RA and who were randomly sampled from the
remainder of the LHID 2000 data set; they were matched
(1:3) on the basis of their propensity score, including age,
sex, index year, and comorbidities. The date of RA diagnosis
for each patient was defined as the index date. Subjects were
excluded if they were < 20 years of age, their demographic
data was incomplete, or they had been previously diagnosed
with dementia before the index date. The demographic data
were collected, including age and sex.

Cumulative Exposure of DMARDs

Drug usage information was obtained from the outpatient
pharmacy prescription database; it included the prescribed
drug dosage, date of prescription, number of days supplied,
and total number of pills dispensed. The DMARDs selected
for the present study were methotrexate, azathioprine,
leflunomide, cyclophosphamide, hydroxychloroquine,
sulfasalazine, ciclosporin, etanercept, adalimumab,
golimumab, tocilizumab, ustekinumab, abatacept, and rituxi-
mab. As patients may discontinue or restart drug therapy, the
analyses assumed that a patient’s exposure to DMARDs con-
tributed both cumulatively and continuously to their long-term
risk of dementia. Defined daily dose (DDD) is the assumed
average maintenance dose per day for a drug used for its
primary usage in adults [22]. To investigate the effect of dose,
the cumulative use of DMARDs was calculated as the total
prescribed DDD (i.e., the same as the total dispensed DDD).
The cumulative DMARD dosage was calculated at the time a
dementia event occurred and represents the total DDD from
drug initiation to the day before the dementia event. For those
who were still at risk (event free and uncensored) in the co-
hort, the cumulative doses were recorded and ranked at each
event. Participants were then classified into mutually exclu-
sive dosage categories based on the quartiles of cumulative
dosage distribution. As time passed and the accumulated
DMARD dosages changed during the follow-up period, a par-
ticipant could be reassigned to either a higher or a lower
quartile.

Diagnosis of Dementia

A diagnosis of dementia was based on at least 2 outpatient
visits or at least 1 inpatient visit with a diagnosis of dementia
listed on the submitted claims filing. The outcome of interest
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was a diagnosis of either ICD-9-CM:290.0 (senile dementia,
uncomplicated), ICD-9-CM:290.4x (arteriosclerotic demen-
tia), ICD-9-CM:294.1 (dementia in conditions classified else-
where), or ICD-9-CM:331.0 (AD). Patients were followed
from the index date until either the occurrence of dementia,
death, disenrollment from the NHI program, or the end of the
study date (31 December 2009), whichever came first. Patient
identifiers were scrambled before their data was used for re-
search purposes to protect confidentiality; therefore, the re-
quirement for written or verbal consent from patients for data
linkage was waived.

Covariates

Inpatient and outpatient claim filings from the year prior
to the index date were used to obtain information on co-
morbidities, including diabetes melli tus (ICD-9-
CM:250.xx), hypertension (ICD-9-CM:401x), hyperlipid-
emia (ICD-9-CM:272x), cardiovascular disease (ICD-9-
CM:433–438), depression (ICD-9-CM:296.x-,300.4,

311), and cerebral vascular disease (ICD-9-CM:433–
438). Comorbidities were considered in a patient if they
were diagnosed for any of the aforementioned diseases on
at least 2 outpatient claims or 1 inpatient claim during the
examined period.

Statistical Analysis

Pearson’s chi-square test was performed to evaluate differ-
ences in categorical data between the DMARD cohort and
the comparison cohort, including demographic data and co-
morbidities. Cox proportional hazards regression analysis was
performed to examine the risk of dementia in the DMARD
cohort versus the comparison cohort during the follow-up pe-
riod. The DDDs recommended by the World Health
Organization were used to quantify the use of DMARDs.
Cumulative DDD was estimated as the sum of the dispensed
DDDs of DMARDs from 1 January 2000 to the date of de-
mentia diagnosis or until the end of the study. The patients on
DMARDs were categorized into low-dose (< 616 DDDs),

Table 1 Demographic data
between the non-RA and RA
groups (n = 82,828)

Characteristics Non-RA group (N = 62,121) RA group (N = 20,707) p value

Age (years) 52.6 ± 14.7 53.0 ± 14.5 0.743

< 50 26,563 (42.8) 8865 (42.8) 0.246

50–64 21,372 (34.4) 6951 (33.6)

≥ 65 14,186 (22.8) 4891 (23.6)

Gender

Female 44,895 (72.3) 14,946 (72.2) 0.798

Male 17,226 (27.7) 5761 (27.8)

Comorbidities

Diabetes 3789 (6.1) 1266 (6.1) 0.940

Hypertension 9604 (15.5) 3164 (15.3) 0.534

Cerebral vascular disease 1212 (2.0) 410 (2.0) 0.794

Depression 168 (0.3) 59 (0.3) 0.730

Hyperlipidemia 3059 (4.9) 1009 (4.9) 0.766

Cardiovascular disease 598 (1.0) 205 (1.0) 0.728

p values compare the non-RA and RA groups using Student’s t test or a chi-square test. Data are shown as the
mean ± standard deviation for quantitative variables and n (%) for qualitative variables

RA = rheumatoid arthritis

Table 2 Risk of all-cause of dementia between the non-RA and RA cohort (n = 82,828)

Cohort group Case events cHR (95% CI) p value aHR (95% CI) p value

Non-RA cohort (n = 62,121) 1258 (2.0) Reference Reference

RA cohort 245 (1.2) 0.62 (0.54–0.71) < 0.001 0.63 (0.55–0.72) < 0.001

Non-DMARD user (n = 6118) 139 (2.3) 1.33 (1.22–1.59) 0.001 0.82 (0.69–0.98) 0.031

DMARD user (n = 14,589) 106 (0.7) 0.36 (0.30–0.44) < 0.001 0.48 (0.39–0.58) < 0.001

Data are shown as n (%) for qualitative variables. The results were adjusted for age, gender, and all comorbidities

RA = rheumatoid arthritis; DMARD = disease-modifying anti-rheumatic drug; cHR = crude hazard ratio; aHR = adjusted hazard ratio; CI = confidence
interval
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moderate-dose (616–1744 DDDs), and high-dose (> 1744
DDDs) users. Several covariables, including age, sex, and
comorbidities, were adopted in the statistical analysis model.
Hazard ratios (HRs) and 95% confidence intervals (CIs),
using the comparison cohort as the reference, were calculated
to show the risk of dementia in patients on DMARDs and in
the dose–response analysis. Subgroup analysis was per-
formed according to gender or age (< 65 years or ≥
65 years). A Kaplan–Meier curve was used to estimate
the probability of all-cause dementia, and a log-rank test

was used to evaluate the differences between the DMARD
cohort and the comparison cohort. All statistical analyses
were performed using the SAS 9.3 statistical package
(SAS Institute, Cary, NC, USA). All p values were 2-
sided, and a p value < 0.05 was considered to indicate a
statistically significant difference.

Results

A total of 20,707 patients who were diagnosed with RA be-
tween the 1st of January 2000 and the 31st of December 2005
were included in the present study. After propensity score
matching, 20,707 RA patients were matched with 62,121
non-RA subjects. A summary of the RA and non-RA cohort
characteristics is shown in Table 1, and all covariates were
comparable after matching. A total of 245 (1.2%) RA patients
developed all-cause dementia, while 1258 (2.0%) of the non-
RA group developed all-cause dementia. Among the RA co-
horts, 139 (2.3%) of the non-DMARD users developed de-
mentia, and 106 (0.7%) of the DMARD users developed de-
mentia. Cox proportional hazards regression analysis revealed
that the RA cohort was 38% less likely to develop dementia
compared with the matched non-RA cohort (crude HR 0.62,
95%CI 0.54–0.71; p < 0.001). The decreased risk of dementia
remained significant after adjusting for potential confounders
(adjusted HR 0.63, 95% CI 0.55–0.72; p < 0.001). A further
decreased risk was observed when the DMARD users (crude
HR 0.36, 95% CI 0.30–0.44; p < 0.001; adjusted HR 0.48,
95% CI 0.39–0.58; p < 0.001) were examined in isolation
(Table 2). Figure 1 illustrates the level of all-cause dementia
between the non-RA and RA cohorts, by the use of DMARDs.

DMARDswere further evaluated as a dose-dependent factor
for dementia by dividing the patients into 3 subgroups based on
their cumulative DDD of DMARDs (low dose, < 616 DDD;
moderate dose, 616–1744 DDD; high dose, > 1744 DDDs).
The incidence of dementia was 1.1%, 0.9%, and 0.2% in the
low-, moderate-, and high-dose groups, respectively. After
adjusting for potential confounders, their HRs for developing
dementia were 0.68 (95% CI 0.49–0.94; p = 0.021), 0.63 (95%
CI 0.44–0.90; p = 0.012), and 0.20 (95% CI 0.11–0.38;
p < 0.001) (Table 3). These results indicate that DMARDs sig-
nificantly and dose dependently decrease the risk of dementia.

The results were then stratified by gender and age. The
incidence of dementia decreased in the female DMARD
patients (adjusted HR 0.54, 95% CI 0.43–0.69; p < 0.001)
but not in the female non-DMARD patients (adjusted HR
0.82, 95% CI 0.65–1.03; p = 0.081). In patients < 65 years
of age, the incidence of dementia decreased in DMARD
users (adjusted HR 0.53, 95% CI 0.35–0.80; p = 0.002)
but not in non-DMARD users (adjusted HR 1.27, 95%
CI 0.87–1.85; p = 0.222). These results suggest that com-
pared with other medications used in RA patients,

Fig. 1 All-cause of dementia between the non-RA and RA cohorts and
by use of disease-modifying anti-rheumatic drugs. RA =rheumatoid
arthritis.
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DMARD use is protective against the development of
dementia in female and younger patients. However, in
male or older patients, DMARDs use was associated with
further lowering the risk of developing dementia com-
pared with non-users (Table 4).

Discussion

The present study found that individuals with RA were less
likely to develop all-cause dementia, and that DMARD use is
a protective factor with a dose–response relationship among

patients without a prior history of dementia. In addition, the
effects were different according to age group and gender. In
young females, a reduced risk of developing dementia was
observed if they used DAMRDs. However, the risk of devel-
oping dementia was further reduced in male DAMRD users
comparedwith non-users. To the best of our knowledge, this is
the first population-based, propensity-matched cohort study to
explore the link between DMARD use and the risk of demen-
tia in different age groups and genders.

RA and dementia may share similar inflammatory mecha-
nisms, and the risk of dementia is thought to increase in pa-
tients with RA. However, in the present study, RA was

Table 3 Risk of all-cause of dementia associated with the dose–response of DMARD usage (n = 82,828)

Cohort Case events Model I Model II

aHR (95% CI) p value aHR (95% CI) p value

Non-RA cohort 1258 (2.0) Reference

RAwithout DMARD use (n = 6118) 139 (2.3) 0.82 (0.69–0.98) 0.032 Reference

DMARD cumulative DDDs (n = 14,589)

< 616 DDDs 52 (1.1) 0.59 (0.45–0.78) 0.032 0.68 (0.49–0.94) 0.021

616–1744 DDDs 43 (0.9) 0.57 (0.42–0.77) < 0.001 0.63 (0.44–0.90) 0.012

> 1744 DDDs 11 (0.2) 0.18 (0.10–0.33) < 0.001 0.20 (0.11–0.38) < 0.001

Data are shown as n (%) for qualitative variables. The results were adjusted for age, gender, and all comorbidities

RA= rheumatoid arthritis; DMARD= disease-modifying anti-rheumatic drug; DDD= defined daily dose; aHR = adjusted hazard ratio; CI = confidence interval

Table 4 The risk of all-cause of dementia between the non-RA and RA cohorts stratified by age and gender

Characteristic Case events cHR (95% CI) p value aHR (95% CI) p value

Gender

Female

Non-RA cohort 771 (1.7) Reference Reference

Non-DMARD user 82 (2.2) 1.51 (1.21–1.90) < 0.001 0.82 (0.65–1.03) 0.081

DMARD user 74 (0.7) 0.38 (0.30–0.49) < 0.001 0.54 (0.43–0.69) < 0.001

Male

Non-RA cohort 487 (2.8) Reference Reference

Non-DMARD user 57 (2.3) 1.00 (0.76–1.32) 0.999 0.71 (0.54–0.95) 0.016

DMARD user 32 (1.0) 0.35 (0.24–0.49) < 0.001 0.47 (0.33–0.68) < 0.001

Age (years)

< 65

Non-RA cohort 232 (0.5) Reference Reference

Non-DMARD user 31 (0.8) 1.90 (1.31–2.77) 0.001 1.27 (0.87–1.85) 0.222

DMARD user 26 (0.2) 0.46 (0.31–0.69) < 0.001 0.53 (0.35–0.80) 0.002

≥ 65
Non-RA cohort 1026 (7.2) Reference Reference

Non-DMARD user 108 (4.8) 0.82 (0.67–1.00) 0.052 0.69 (0.57–0.85) < 0.001

DMARD user 80 (3.0) 0.41 (0.33–0.52) < 0.001 0.51 (0.41–0.64) < 0.001

Data are shown as n (%) for qualitative variables. The results were adjusted for age, gender, and all comorbidities

RA = rheumatoid arthritis; DMARD = disease-modifying anti-rheumatic drug; cHR = crude hazard ratio; aHR = adjusted hazard ratio; CI = confidence
interval

Can Disease-Modifying Anti-Rheumatic Drugs Reduce the Risk of Developing Dementia in Patients with... 707



negatively associated with dementia, which is consistent with
the results of previous studies [8, 12, 23]. While it has been
commonly assumed that NSAID use prohibits the onset of
dementia, NSAIDs were not proven to be protective in an
AD clinical trial [24]. The intrinsic factors within RA patho-
genesis may underlie the protective effect of RA.
Granulocyte–macrophage colony-stimulating factors, which
are upregulated in RA, reverse cognitive impairment and am-
yloidosis in Alzheimer’s disease mice [25]. This effect may
also be related to DMARD use in RA.

In the current study, DMARDs were observed to re-
duce the risk of developing dementia. These results add
to the evidence that inflammation may exacerbate cogni-
tive impairment, and that anti-inflammatory agents may
be disease modifying. The result of the present study is
consistent with previous studies [19]. In addition, the ef-
fect was dose dependent, which may be explained by
higher cumulative dosages suppressing inflammation
more intensely. However, these results do contradict the
results of a previous study. A higher risk of dementia in
patients with RA using DMARDs was reported in a case–
control study by Chou et al. [20]. This controversial find-
ing may have been due to the category of DMARDs ob-
served. According to Chou et al., of the conventional syn-
thetic DMARDs, methotrexate, but not azathioprine and
cyclosporine, is associated with dementia development,
while biological DMARDs were shown to non-
significantly reduce the risk of dementia. The DMARDs
selected in the present study included conventional syn-
thetic DMARDs and biological DMARDs. Also, our pa-
tients are younger than Chou et al.’s (the mean age,
53 years vs 74 years). The central nervous system toxicity
of methotrexate is more common in older patients [26],
which might explain the discrepancy. The results of the
present study also showed a sex and age difference.
DMARD use reduces the dementia risk in young and fe-
male RA patients compared with non-DMARD users.
This result may be related to gender differences observed
in autoimmune diseases, such as elevated immune re-
sponses and the higher incidence of autoimmune diseases
in females compared with males [27, 28]. Most autoim-
mune diseases affect younger and middle-aged people, as
opposed to the elderly [29]. Therefore, the effect of
DMARDs is more significant in these patients.

It should be noted that the study had several limitations.
Firstly, the database did not contain lifestyle information, ed-
ucation level, inflammatory biomarkers, family history, and
genetic factors, which might confound the association.
Secondly, medication adherence was not available.
Therefore, it was not possible to ensure DMARD adherence
in the patients. Another limitation was that it was not possible
to differentiate the etiologies of dementia into AD, vascular
dementia, or mixed type. However, the strength of the study is

that the NHI covers almost all of Taiwan’s population and
provides a detailed medication and disease history of patients
throughout the follow-up period.

In conclusion, the present case–control cohort study found
that DMARDs, which reduce systemic inflammation, may
also reduce the risk of dementia, a disease for which no treat-
ment currently exists. This finding required verification in
large observation studies and may provide an important basis
for pharmacological treatment of dementia in a future random-
ized control trial.
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