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Introduction
The treatment of rheumatoid arthritis (RA) has 
advanced with the introduction of biological dis-
ease-modifying antirheumatic drugs (DMARDs), 
which result in approximately 55% clinical remis-
sion. However, more than 20% of patients with 
RA still suffer from moderate or high disease 
activity,1 which indicates that conventional 

therapies are not effective. Hence, novel antirheu-
matic drugs should be identified.

Developing novel drugs is time consuming and 
costly. Though effective, the recently developed 
biological DMARDs are very expensive. 
Therefore, drug repurposing, an approach which 
attempts to identify novel indications for existing 
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drugs, has received significant attention in recent 
times. In addition, drug repurposing has been 
actively studied in RA research.2 In the case of 
RA, immune system–related processes, such as 
activation of T-cells and cytokines are the main 
focus of current research and are also known to 
be targeted by the antirheumatic drugs.3–5 Hence, 
existing drugs that act on T-cells and cytokines 
may be considered as antirheumatic drug candi-
dates. A few reports have shown that antipsy-
chotics exert an effect on cytokines, such as 
interferons and interleukins.6,7 Therefore, in this 
study, we focused on the effects of antipsychotics 
on RA.

Recently, several big data have been used for 
drug repurposing. Such an approach can identify 
better drug candidates at a lower cost and in a 
shorter period of time than the conventional 
experimental methods. Big data, such as real-
world data in clinical settings and bioinformatics, 
such as omics data are available for drug repur-
posing-based research. Spontaneous adverse 
event reporting systems and administrative claim 
databases include real-world data. The signals 
obtained from data mining methods, such as dis-
proportionality analysis (DPA) and sequence 
symmetry analysis (SSA), using these real-world 
data are evaluated as markers, which indicate the 
potential association between a specific drug and 
an outcome of interests, and have been used in 
pharmacovigilance research.8 Conversely, inverse 
signals obtained using real-world data have gen-
erally been considered insignificant. However, 
several reports have noted that inverse signals 
between a target drug and an adverse drug reac-
tion suggest potential alternative therapeutic 
opportunities; therefore, these inverse associa-
tions have been evaluated for drug-repurposing 
approaches.9,10 Furthermore, bioinformatics 
databases have been used for exploring novel 
molecular mechanisms and for the identification 
of new drugs.11,12 The bioinformatics data analy-
sis software suite, BaseSpace Correlation Engine 
(BSCE) has been used to analyze large transcrip-
tomic data sets,13 as well as to study the effects of 
diseases and/or drugs based on publicly available 
gene expression data.14 In addition, the useful-
ness of an integrative approach using both real-
world data and bioinformatics databases has 
been reported.15,16 In this study, we employed an 
integrative approach to investigate the relation-
ship between antipsychotics and RA using multi-
ple databases.

Methods

Study design
We performed data mining using Big Data. The 
workflow of this study is summarized in Figure 1. 
First, data mining of the spontaneous adverse 
event reporting system and administrative claims 
database was performed to identify an inverse 
association between the investigational existing 
drugs and the diagnosis of RA. DPA was con-
ducted using the spontaneous adverse event 
reporting system with the reporting odds ratio 
(ROR) and information component (IC) being 
used to indicate a signal. Furthermore, an SSA of 
self-controlled study designs using the adminis-
trative claims database was conducted with the 
adjusted sequence ratio (SR) being used to indi-
cate a signal. Drugs showing significant inverse 
signals were identified in both the DPA and SSA. 
Next, the pattern of differential gene expression 
induced by each target drug was analyzed, and 
the pathway signatures based on that pattern were 
determined using BSCE software suite. We inves-
tigated the pathway signatures of the target drugs 
that showed a significant inverse association with 
RA. Finally, we explored their novel molecular 
mechanisms using pathway databases, such as 
Reactome, Kyoto Encyclopedia of Genes and 
Genomes (KEGG), and ComPath. Data man-
agement and analysis were performed using 
Visual Mining Studio software (version 8.3; NTT 
DATA Mathematical Systems Inc., Tokyo, 
Japan).

Investigational existing drugs
Antipsychotics with data sets in BSCE (chlor-
promazine, fluphenazine, haloperidol, olanzap-
ine, quetiapine, and sulpiride) were defined as 
investigational existing drugs. Anxiolytics having 
data sets in BSCE (alprazolam, diazepam, and 
hydroxyzine) were defined as negative compara-
tors, and two of the existing antirheumatic drugs, 
methotrexate and tocilizumab, were used as 
active comparators to rule out any possible non-
causal interpretations of our results.

Analysis of the US Food and Drug 
Administration Adverse Event  
Reporting System (FAERS) database
The FAERS database was accessed through the 
US Food and Drug Administration’s website 
(http://www.fda.gov/Drugs/GuidanceCom 
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plianceRegulatoryInformation/Surveillance/
AdverseDrugEffects/). This study included data 
from the first quarter of 2004 through the end of 
2016. A total of 7,343,647 drug-reaction pairs 
were obtained. Preferred terms (PTs) from the 
Medical Dictionary for Regulatory Activities 
(MedDRA®, version 20.1) were used to classify 
the adverse events. The FAERS database allows 
the registration of arbitrary drug names including 
trade and generic names and abbreviations. 
Therefore, an archive of the drug names includ-
ing the names of all preparations, generic names, 
and synonyms of the drugs marketed worldwide 
was created using Martindale (https://www.medi-
cinescomplete.com/mc/login.htm). We identified 
each investigational drug by linking the created 
archive to the FAERS database. All the records 
that included investigational drugs in the DRUG 
files were selected, and relevant reactions were 
then identified from the REACTION files. 

Adverse events in the FAERS database were 
coded using MedDRA PTs. The PTs associated 
with RA (10039073: Rheumatoid arthritis, 
10039081: Rheumatoid lung, 10048628: 
Rheumatoid vasculitis, 10048694: Rheumatoid 
nodule, and 10067427: Rheumatoid scleritis) 
were defined as previously reported.17

DPA-based methods, such as ROR and IC, were 
used to evaluate the association between investi-
gational drugs and RA. ROR and IC with a 95% 
two-sided confidence interval (CI) were calcu-
lated according to the methods described previ-
ously.18 Briefly, the signal scores were calculated 
using a case/non-case method. The reports con-
taining the event of interest were defined as cases, 
whereas, all the other reports were considered as 
non-cases. Using a two-by-two table of frequency 
counts, we calculated the signal scores to assess 
an inverse association between the investigational 

Figure 1. Workflow of the integrative approach. Step 1: investigational existing drugs were screened by 
DPA and SSA using real-world data to identify target drugs. Step 2: bioinformatics analysis using BSCE was 
performed to identify candidate antirheumatic drugs having signatures (up- or down-regulated biogroups 
associated with canonical pathways) that were negatively correlated with RA signatures. Step 3: based on the 
results of BSCE analysis, molecular mechanisms of candidate drugs were explored using enriched pathway 
signatures.
BSCE, BaseSpace Correlation Engine; DPA, disproportionality analysis; FAERS, Food and Drug Administration Adverse Event 
Reporting System; KEGG, Kyoto Encyclopedia of Genes and Genomes; RA, rheumatoid arthritis; SSA, sequence symmetry 
analysis.
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drugs and RA. For ROR and IC, a statistically sig-
nificant inverse signal was defined if the upper 
limit of the 95% CI was <1 and <0, respectively.

Analysis of JMDC administrative  
claims database
The JMDC administrative claims database is a 
large and chronologically organized Japanese 
claims database (JMDC Inc., Tokyo, Japan) that 
uses standardized disease classification and anon-
ymous record linkage.19 In total, this database 
(January 2005–April 2017) includes approxi-
mately 4.1 million insured persons in Japan 
(approximately 3.2% of the population), which 
mainly comprises company employees and their 
family members. In addition, the JMDC database 
provides information on the beneficiaries, includ-
ing encrypted personal identifiers, age, sex, 
International Statistical Classification of Diseases 
and Related Health Problems, 10th Revision 
(ICD-10) codes, as well as the names of the pre-
scribed and/or dispensed drugs. Furthermore, all 
the drugs were coded according to the Anatomical 
Therapeutic Chemical (ATC) classification of 
both the European Pharmaceutical Market 
Research Association and World Health 
Organization. An encrypted personal identifier 
was used to link the claims data from various hos-
pitals, clinics, and pharmacies.

SSA was performed to evaluate the association 
between investigational drugs and RA diagnosis, 
and adjusted SRs were calculated as previously 
reported.20 Briefly, SSA evaluates asymmetry in 
the distribution of an event before and after the 
initiation of a specific treatment. Asymmetry may 
indicate an association between a specific treat-
ment of interest and the event. The crude SR is 
defined as the ratio of the number of newly diag-
nosed patients with RA after the initiation of 
investigational drugs relative to the number of 
patients before initiation. In addition, the SRs 
were adjusted for temporal trends in investiga-
tional drugs and events. The probability that 
investigational drugs were prescribed first in the 
absence of any causal relationship, can be esti-
mated by a so-called null-effect SR. The null-
effect SR generated by the proposed model may 
be interpreted as a reference value for the SR. 
Therefore, the null-effect SR is the expected SR 
in the absence of any causal association after 
accounting for incidence trends. Furthermore, by 
dividing the crude SR by the null-effect SR, an 

adjusted SR corrected for temporal trends can be 
obtained.

All users of investigational drugs and all diag-
nosed RA cases were identified from January 
2005 to April 2017. Target RA diagnosis was 
defined as M05 and M06 based on ICD-10 
codes. Incidence was defined as the first prescrip-
tion of investigational drugs. To exclude the prev-
alent users of investigational drugs, the analysis 
was restricted to users whose first prescription 
was administered in July 2005 or later (after a 
run-in period of 6 months). Likewise, the analysis 
was restricted to cases whose first RA diagnosis 
was in July 2005 or later. Waiting time distribu-
tion analysis was performed to ensure that the 
analysis was restricted to incident users of investi-
gational drugs and newly diagnosed cases of RA.21 
An identical run-in period was also applied to 
patients enrolled in the cohort after June 2005. 
Furthermore, we identified patients who were ini-
tiated on a new treatment of investigational drugs 
and had their first diagnosis of RA within a period 
of 12-, 24-, or 36-month (intervals) before or 
after treatment initiation. Patients who had 
received their first investigational drug prescrip-
tion and had their first RA diagnosis in the same 
month were not included for the determination of 
SR. The 95% CI for the adjusted SR was calcu-
lated using a method for determining the exact 
CIs for binomial distributions.22 A statistically 
significant inverse signal was defined if the upper 
limit of the 95% CI for the adjusted SR was <1.

Exploration of molecular mechanisms 
employing bioinformatics databases
The BSCE (Illumina, CA, USA) is a cloud-based 
solution to compare the molecular profiles from 
omics experiments with a large curated repository 
of open- and controlled-access publicly available 
gene expression data sets.13 We searched BSCE 
with disease and target drug names to obtain dif-
ferentially expressed gene sets (i.e. biosets) and 
investigated them in BSCE. The disease and tar-
get drug queries along with the details of biosets 
are shown in Supplementary Table 1. The biosets 
obtained were used for pathway enrichment anal-
ysis in BSCE. BSCE contains biogroups that are 
collections of genes associated with specific bio-
logical function, pathway, or similar properties. 
The resultant biogroups associated with canoni-
cal pathways were either up- or down-regulated 
and were prioritized based on a correlation score, 

https://journals.sagepub.com/home/tab


C Nakagawa, S Yokoyama et al.

journals.sagepub.com/home/tab 5

which was generated by the tool based on the 
strength of overlap or enrichment. A numerical 
score of 100 was assigned to the most significant 
result, whereas, the scores of the others were nor-
malized with respect to the top-ranked result. 
First, we selected the top-50 biogroups that were 
common and significantly up- or down-regulated 
across five RA biosets. Then, in these 50 bio-
groups, we identified biogroups that were signifi-
cantly up- or down-regulated by target drugs. If a 
drug had signatures (up- or down-regulated bio-
groups) that were negatively correlated with those 
of RA, then the drug may be associated with 
molecular mechanisms of RA and could be a 
potential candidate for RA treatment. The rates 
of down-regulated biogroups of candidate drugs 
were compared using Fisher’s exact test with 
Bonferroni’s correction for multiple comparison. 
The up- and down-regulated biogroups were 
assigned positive and negative scores, respec-
tively, and the sum of these scores (‘total score’) 
were compared between the RA and target drugs.

Correlation between the pathways of RA  
and that of target drugs using Reactome  
and KEGG pathway databases
The names of the biogroups associated with 
canonical pathways are defined by the Molecular 
Signature Database (MSigDB),23 which refers to 
the pathway databases, such as Reactome24,25 and 
KEGG.26 Reactome is a free, open-source, 
curated, and peer-reviewed pathway database, 
which provides tools for visualization, interpreta-
tion, and analysis of pathway information. The 
data structure in Reactome includes double-
linked tree, where each node represents a path-
way and contains links to its parent and child 
pathways. The KEGG pathway map is a molecu-
lar interaction/reaction network diagram, and 
these pathways are hierarchically classified 
(KEGG pathway classification). We used 
ComPath27 to generate novel biological insights 
by identifying pathway modules, clusters, and 
cross-talks across these mappings. ComPath is an 
integrative and extendable web application for 
comparing pathway databases. It supports cura-
tion of pathway mappings between databases, 
such as Reactome and KEGG and fosters the 
exploration of pathway knowledge through sev-
eral novel visualizations. There are other data-
bases, such as BioCarta and Pathway Interaction 
Database (PID) in MSigDB. However, the path-
ways from these databases cannot be analyzed by 
ComPath; hence, the pathways contributed by 

these databases were excluded from further anal-
ysis. We selected pathways which were included 
in Reactome or KEGG from the top-50 biogroups 
associated with canonical pathways derived from 
RA biosets and visualized these selected pathways 
and related pathways using ComPath. Finally, we 
investigated how these pathways were regulated 
by target drugs.

Ethics statement
This study was approved by the Ethics Committees 
of the Kindai University School of Pharmacy, on 
April 15, 2017 (approval number, 17-107). Due 
to the anonymous nature of the data, the require-
ment for informed consent was waived. The 
report for this analysis was written in accordance 
with the reporting of studies conducted using 
observational routinely collected health data 
statement for pharmacoepidemiology.28

Results

Association between antipsychotics  
and RA based on real-world data
A total of 33,316 RA cases were found in the 
FAERS database. The association between inves-
tigational drugs and RA based on FAERS data-
base are shown in Table 1. Significant inverse 
signals in both ROR and IC were found for the 
antipsychotics chlorpromazine, fluphenazine, 
haloperidol, olanzapine, quetiapine, and sulpir-
ide. The anxiolytics diazepam and hydroxyzine 
showed significant inverse signals in both ROR 
and IC; however, alprazolam did not show any 
significant inverse signal. Since antirheumatic 
drugs (tocilizumab and methotrexate) are gener-
ally used for RA treatment, the ROR and IC of 
these drugs were found to be >1.0 and >0, 
respectively.

The characteristics of the study population 
obtained from the JMDC claims database are 
summarized in Supplementary Table 2. The 
number of claims pertaining to RA during the 
study period was 758,464, from 121,798 patients 
with RA. Among these, 93,398 were newly diag-
nosed patients, out of which, the majority were 
females. Table 2 shows the associations between 
investigational drugs and RA. The antipsychotics 
chlorpromazine and haloperidol, the anxiolytic 
hydroxyzine, as well as the antirheumatic drugs 
showed significant inverse signals at all intervals. 
The antipsychotics, Fluphenazine, and quetiapine 
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Table 1. Disproportionality analysis: the association between investigational drugs and rheumatoid arthritis based on  
FAERS.

Investigational drugs Cases Non-cases ROR (95% CI) IC (95% CI)

Antirheumatic drugs Tocilizumab 1383 15,238 20.73 (19.60 to 21.93) 4.18 (4.10 to 4.26)

 Methotrexate 9138 167,999 16.07 (15.68 to 16.47) 3.51 (3.47 to 3.54)

Antipsychotics Chlorpromazine 17 6710 0.56* (0.35 to 0.89) –0.81* (–1.48 to –0.14)

 Fluphenazine 1 1953 0.11* (0.02 to 0.80) –2.30* (–4.30 to –0.30)

 Haloperidol 17 21,880 0.17* (0.11 to 0.27) –2.48* (–3.15 to –1.81)

 Olanzapine 43 49,662 0.19* (0.14 to 0.25) –2.36* (–2.79 to –1.94)

 Quetiapine 148 87,341 0.37* (0.31 to 0.43) –1.42* (–1.65 to –1.18)

 Sulpiride 3 3158 0.21* (0.07 to 0.65) –1.94* (–3.35 to –0.52)

Anxiolytics Alprazolam 496 110,913 0.98 (0.90 to 1.07) –0.03 (–0.16 to 0.10)

 Diazepam 177 57,537 0.67* (0.58 to 0.78) –0.56* (–0.78 to –0.35)

 Hydroxyzine 82 26,279 0.68* (0.55 to 0.85) –0.54* (–0.85 to –0.23)

FAERS, FDA Adverse Event Reporting System; CI, confidence interval; IC, information component; ROR, reporting odds ratio.
Cases, number of reports with rheumatoid arthritis; non-cases, all reports of adverse drug reactions other than rheumatoid arthritis.
*statistically significant inverse signal.

showed significant inverse signals at 24- and 
36-month intervals, respectively, but not at other 
intervals. The anxiolytic, alprazolam did not show 
significant inverse signal at any interval. Thus, 
chlorpromazine, haloperidol, and hydroxyzine, 
which showed significant inverse signals in both 
DPA and SSA, were considered for further 
analysis.

Effect of target drugs on RA using  
BSCE analysis
Haloperidol, chlorpromazine, and hydroxyzine 
were used as target drugs in BSCE analysis. 
Antirheumatic drugs (tocilizumab and methotrex-
ate) and an anxiolytic drug (alprazolam) were used 
for comparison. The pathway enrichment analysis 
identified 187 significantly up- or down-regulated 
RA biogroups, the top 50 of which are listed in 
Table 3. Most of the identified biogroups were 
associated with immune response–related path-
ways. Figure 2(a) and (b) shows the number and 
‘total score’ of the top 50 significantly regulated 
biogroups, respectively. Supplementary Table 3 
shows the p values of the results of multiple com-
parison for the rate of down-regulated biogroups 

among candidate drugs. All the top-50 biogroups 
were found to be up-regulated by RA biosets that 
were derived from Homo sapiens, with a ‘total score’ 
of 2637, whereas most of them were down-regu-
lated by tocilizumab and MTX biosets that were 
derived from H. sapiens, with a ‘total score’ of 
−2390 and −1037, respectively. Furthermore, no 
biogroups were up-regulated by tocilizumab and 
MTX biosets. The number of biogroups down-
regulated by MTX bioset derived from Rattus nor-
vegicus was comparable to that derived from H. 
sapiens; however, the |‘total score’| of the former 
(283) was lower than that of the latter (1037). In 
addition, there were 15 biogroups that were up-
regulated by R. norvegicus-derived MTX bioset. 
The number of down-regulated biogroups and 
their |‘total score’| obtained by R. norvegicus-
derived haloperidol bioset were lower (1217) than 
that obtained by tocilizumab bioset but compara-
ble to that of the H. sapiens-derived MTX bioset. 
The number of down-regulated biogroups and 
their |‘total score’| obtained by chlorpromazine 
and hydroxyzine biosets were considerably lower 
than that obtained by tocilizumab bioset. For the 
alprazolam bioset, there were many up-regulated 
biogroups, with a positive ‘total score’.
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Table 2. Event sequence symmetry analysis: the associations between investigational drugs and rheumatoid arthritis.

Investigational drugs Incident users Cases with RA Interval Temporal sequence Adjusted SR (95% CI)

 (months) RA→Drug Drug→RA  

Antirheumatic drugs Tocilizumab 484 175 12 75 3 0.04* (0.01–0.12)

 24 118 4 0.04* (0.01–0.09)

 36 127 5 0.04* (0.01–0.10)

 Methotrexate 3985 2924 12 1681 19 0.01* (0.01–0.02)

 24 1937 22 0.01* (0.01–0.02)

 36 2041 22 0.01* (0.01–0.02)

Antipsychotics Chlorpromazine 5785 526 12 143 92 0.64* (0.49–0.84)

 24 197 137 0.69* (0.55–0.86)

 36 240 169 0.69* (0.56–0.84)

 Fluphenazine 278 29 12 6 3 0.48 (0.08–2.24)

 24 13 4 0.28* (0.07–0.91)

 36 13 5 0.34 (0.09–1.01)

 Haloperidol 8593 728 12 226 130 0.57* (0.46–0.71)

 24 304 175 0.56* (0.47–0.68)

 36 350 206 0.57* (0.48–0.68)

 Olanzapine 12,359 1072 12 229 217 0.93 (0.77–1.12)

 24 348 314 0.86 (0.74–1.00)

 36 412 386 0.87 (0.76–1.01)

 Quetiapine 8646 819 12 177 155 0.87 (0.70–1.08)

 24 261 224 0.84 (0.70–1.01)

 36 340 275 0.79* (0.67–0.92)

 Sulpiride 2860 225 12 42 42 0.99 (0.63–1.56)

 24 71 62 0.86 (0.60–1.22)

 36 85 82 0.93 (0.68–1.28)

Anxiolytics Alprazolam 41,271 3515 12 638 659 1.01 (0.90–1.12)

 24 1001 1065 1.01 (0.92–1.10)

 36 1216 1358 1.03 (0.96–1.12)

 Diazepam 104,665 8425 12 1573 1603 0.99 (0.92–1.06)

 24 2414 2592 1.02 (0.96–1.07)

 36 2943 3247 1.02 (0.97–1.07)

 Hydroxyzine 116,790 7504 12 1782 1330 0.72* (0.67–0.77)

 24 2509 2112 0.78* (0.74–0.83)

 36 2945 2560 0.78* (0.74–0.82)

CI, confidence interval; RA, rheumatoid arthritis; SR, sequence ratio.
All patients who initiated new treatment with investigational drugs and whose first diagnosis of RA was within 36-month period were identified. 
Incident users, number of patients who received their first prescription for investigational drugs. Cases with RA, number of patients diagnosed with 
RA among incident users.
*statistically significant inverse signal.
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(a)

(b)

Figure 2. Comparison between the top 50 significantly regulated biogroups associated with canonical 
pathways obtained by rheumatoid arthritis and target drug biosets: (a) the bars indicate the number of up- and 
down-regulated biogroups and (b) the bars indicate the ‘total score’ of the biogroups. Name in parentheses 
indicates the organism.
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Exploring the mechanisms associated with 
target drugs using pathway databases
The identified pathways were mostly from the 
Reactome and KEGG databases. The associa-
tions between these pathways were visualized and 
analyzed using ComPath. The analysis indicated 
that immune system–related pathways, such as 
cytokine and chemokine signaling, adaptive 
immune system–related pathways, such as T-cell 
receptor signaling, CD28 and major histocom-
patibility complex (MHC)-mediated antigen pro-
cessing, and innate immune system–related 
pathways, such as toll-like receptor (TLR) cas-
cades were up-regulated by RA (Figure 3), 
whereas they were down-regulated by the tocili-
zumab bioset (Figure 4(a)). In other pathway 
databases, such as BioCarta and PID, signaling 
pathways, such as T-cell signal transduction and 
C-X-C chemokine receptor type-4 were up-regu-
lated by RA, whereas they were down-regulated 
by the tocilizumab bioset (Table 3). Furthermore, 
haloperidol down-regulated several immune sys-
tem–related pathways, such as cytokine and 
chemokine signaling, MHC class-II antigen pres-
entation, and TLR signaling (Figure 4(b)). In 
addition, in the case of alprazolam, the number of 
up-regulated immune system–related pathways 
was higher than that of down-regulated pathways 
(Figure 4(c)).

Discussion
In our study, using both real-world data and bio-
informatics databases, potential inverse associa-
tions were found between haloperidol and RA. 
The results of DPA and SSA using real-world 
data suggested that the use of haloperidol may 
suppress the onset of RA. Furthermore, the 
results of BSCE analysis using bioinformatics 
databases suggested that haloperidol may exert 
antirheumatic effects by regulating various 
immune-related signaling pathways, such as 
cytokine and chemokine signaling, MHC antigen 
presentation, and TLR cascade pathways.

We first investigated the association between 
antipsychotics and RA by data mining using real-
world data. Analysis of FAERS database revealed 
significant inverse signals for all investigated 
antipsychotics, which suggested a potential 
inverse association between antipsychotics and 
RA. Antipsychotics are mainly used to treat schiz-
ophrenia. Recently, it was reported that there is a 
lower incidence of RA in patients with schizo-
phrenia,29 at least partly due to genetic factors.30 

Therefore, the inverse signals might be due to 
schizophrenia and not antipsychotics. 
Furthermore, SSA using the JMDC claims data-
base consistently showed significant inverse sig-
nals across all the tested intervals only with 
chlorpromazine and haloperidol. SSA is based on 
within-subject comparison, and allows the patient 
to serve as his or her own comparator. Thus, con-
founding factors from time-independent covari-
ates (e.g. genetic factor) could be eliminated.20 
The result of the SSA raised two hypotheses: (1) 
the number of patients diagnosed with RA after 
the first indication of antipsychotics decreased 
and (2) the number of patients with the first indi-
cation of antipsychotics after RA diagnosis 
increased. By comprehensively judging the results 
of both the SSA and DPA, Hypothesis 2 was 
rejected and Hypothesis 1 was adopted. Hence, 
we considered chlorpromazine and haloperidol as 
candidates for further analysis. DPA showed sig-
nificant inverse signals for anxiolytics (negative 
comparator), diazepam, and hydroxyzine. 
However, diazepam was not considered further as 
it had no significant inverse signal in SSA, whereas 
hydroxyzine was considered for further analysis as 
it showed significant inverse signals in SSA as 
well. It is unclear why hydroxyzine showed sig-
nificant inverse signals in both DPA and SSA. 
However, hydroxyzine has been shown to be a 
drug-repurposing candidate for the treatment of 
inflammatory bowel disease, which indicates that 
it may be effective in treating autoimmune dis-
eases.15 Alprazolam, having no significant inverse 
signals in both DPA and SSA was used as a nega-
tive control in the current analysis.

Pathway enrichment analysis using BSCE showed 
that RA biosets were associated with up-regulated 
biogroups related to immune response including 
innate immunity, adaptive immunity, and 
cytokine signaling. Thus, drugs showing these 
biogroups as down-regulated with high negative 
scores would be ideal candidates for RA treat-
ment. In fact, tocilizumab down-regulated 49 of 
the top-50 biogroups (with a ‘total score’ of 
−2390) that were up-regulated by RA biosets 
(with a ‘total score’ of 2637). However, in case of 
alprazolam, the negative control, only eight bio-
groups of the top 50 were down-regulated, 
whereas in chlorpromazine and hydroxyzine each, 
approximately 10 were down-regulated. 
Therefore, chlorpromazine and hydroxyzine were 
not considered as candidates. The number of 
down-regulated biogroups and their |‘total 
score’| by MTX bioset were lower than that by 
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Figure 3. Rheumatoid arthritis–related pathway interaction networks based on Reactome and KEGG databases. KEGG pathways 
were connected to Reactome pathways by ComPath. Up-regulated pathways are indicated by up-pointing triangles, whereas, un-
regulated pathways are indicated by circles. The numbers inside the triangles or circles indicate the rank based on the score of each 
biogroups associated with canonical pathways. KEGG, Kyoto Encyclopedia of Genes and Genomes.
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(a)

Figure 4. (continued)
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(b)

Figure 4. (continued)
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(c)

Figure 4. The direction of pathways regulated by (a) tocilizumab, (b) haloperidol, and (c) alprazolam in the rheumatoid arthritis–
related pathway interaction networks. Up- and down-regulated pathways are indicated by up- and down-pointing triangles, 
respectively, whereas, un-regulated pathways are indicated by circles. The numbers inside the triangles or circles indicate the ranks 
based on the score of each biogroups associated with canonical pathways in rheumatoid arthritis biosets.
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tocilizumab bioset. These differences may reflect 
the differences in the degree of efficacy of these 
drugs on RA. Furthermore, the number of down-
regulated biogroups obtained for MTX biosets 
derived from H. sapiens and R. norvegicus was 
comparable. However, the|‘total score’| was 
lower for the latter. The difference in the score 
may be attributed to the species. In case of halop-
eridol, from the top 50, more than 30 biogroups 
were down-regulated, with a high negative ‘total 
score (−1217)’, suggesting that haloperidol may 
be considered as a strong candidate.

ComPath was used for the analysis of pathway 
interaction networks between the Reactome and 
KEGG databases because pathways commonly 
found in two databases were considered to be 
comparatively more relevant. The pathways 
related to cytokine and chemokine signaling, anti-
gen presentation, and TLR were found to be up-
regulated in RA, whereas they were down-regulated 
by haloperidol and tocilizumab. MHC-mediated 
antigen presentation and T-cell signaling path-
ways are considered to be important for the 
pathogenesis of RA. In RA pathogenesis, the 
T-cells are activated and produce several 
cytokines, which are involved in antigen presenta-
tion by MHC class-II molecules. In vitro and in 
vivo studies have demonstrated that haloperidol 
suppresses the secretion of cytokines, such as 
interleukin 6, tumor necrosis factor alpha, and 
interferon gamma.31–33 Dopamine is a potent acti-
vator of resting effector T-cells (Teffs) and acti-
vates them via two independent ways, direct 
activation, and indirect activation by suppressing 
regulatory T-cells.34 Furthermore, haloperidol 
has been reported to regulate immune response 
via D2 receptor antagonism in healthy volun-
teers.35 Hence, haloperidol may have antirheu-
matic effects by regulating T-cells by blocking 
dopamine receptors. Our results showed that not 
all other antipsychotics were associated with RA. 
Therefore, haloperidol may also have a unique 
mechanism that is not mediated by D2 receptor. 
Our results also suggest that TLR and chemokine 
signaling pathways are involved in pharmacologi-
cal effects of haloperidol. In the 1980s and late 
1990s, long-term low-dose haloperidol treatment 
was already reported to ameliorate the disease 
activity of RA in clinical settings, and proinflam-
matory cytokines such as interleukin 1β and 
tumor necrosis factor alpha were reported to be 
suppressed by haloperidol.36–38 In our study, the 
results of the bioinformatics database analysis 

supported these reports. Furthermore, real-world 
data pointed toward a potential inverse associa-
tion between RA and haloperidol. Further studies 
are needed to re-evaluate haloperidol and its 
potential use in RA patients.

While using the real-world data for analysis, it is 
possible that the reported event may not have 
been caused by the drug. This may be due to the 
limitation in the quality control of the real-world 
data. As FAERS database contains missing data, 
misspelled drug names and duplicated data,39 
we had excluded or corrected such data before 
performing analysis. Since the JMDC obtained 
its data from health insurance societies, there are 
proportionally fewer data from people aged over 
65 compared to other age groups, and none from 
people aged over 75.40 Therefore, the population 
studied might be biased toward younger ages. 
The diagnoses listed in the claims databases are 
provided by the physicians, hence they may not 
be always validated. There is a possibility of 
false-positive or false-negative results. Therefore, 
the potential sources of bias should be carefully 
considered while interpreting the results of 
SSA.41 SSA is a method related to the self-con-
trolled study design and has been developed to 
examine symmetry in the distribution of an event 
before and after an exposure of interest. Only 
patients who have experienced both the expo-
sure of interest and the outcome of interest 
within designed interval periods are targeted. It 
is impossible to control the time-dependent con-
founding, and the length of interval periods have 
influenced the time-dependent confounding in 
this analysis. As the aforementioned factors that 
may affect the results of real-world data analysis, 
we defined the drug-repurposing signals as  
the potential inverse association confirmed by 
two independent methods, DPA and SSA. 
Furthermore, using the existing drugs for RA 
treatment as a positive control, the reliability of 
the obtained signals was improved. In the BSCE 
analysis, we compared the data derived from rat 
experiments with that from humans. However, 
when comparing the data between rats and 
humans, the rodent experimental data cannot be 
directly extrapolated to humans. Therefore, we 
used MTX data sets derived from both rats and 
humans to improve the robustness of the results. 
It is necessary to interpret the results with cau-
tion, as the data sets used were not related to rats 
with RA, but rather to the liver of healthy rats. 
Furthermore, it should be noted that in silico 
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approaches used for the evaluation of drug mol-
ecules are not a substitute for in vivo experi-
ments and should be performed along with the 
basic or clinical studies.

Our results provide a framework for uncovering 
and validating previously overlooked/unexplored 
associations between haloperidol use and anti-
rheumatic effects using different methodologies, 
algorithms, and both real-world data and bioin-
formatics databases. Furthermore, our study sug-
gests that haloperidol may be a potential 
antirheumatic drug candidate. In addition, basic 
research and pharmacoepidemiological studies 
are required for causality assessment.
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