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Abstract.

data-mining  of
after

marketing to provide a reference for safe

Objective  To  conduct

montelukast-related  adverse  events
clinical medication. Methods We use reporting
odds ratio (ROR) and proportional reporting
ratio (PRR) methods to mine the adverse
reaction signals of montelukast on the adverse
reaction report data of 22 quarters from 2015Q1
to 2020Q2, extracted from the FAERS database.
Results Totally 467 signals were detected with
ROR and PRR, and the most relevant 50
preferred terms are conducted based on the
signal strength and signal frequency, 55.32% of
signals were not reported in the proved label.
Adverse reaction signals of montelukast involve
addition to

psychiatric diseases, majority of adverse events

27 systems and organs, in
included respiratory, thoracic, and mediastinal
disorders and examination. Conclusion Clinical
use of montelukast should pay attention to the
patient's neuropsychiatric symptoms, especially
those not reported in the proved label, such as
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1. Tab.3 Montehukast ADE signals and involved systerns and organs

@ mbexla t:iv; Signals n?it
. Proportion  numberof  proportion mentionedin
slore e ©o) ey P
(cases)
Mental illness 107 2291 8572 50.51 50
tory, thoraci¢ and mediastinal discases 68 14.56 2882 16.98 36
Various inspections 38 8.14 1037 6.11 32
sstemic discases and responses to 5% o o % =
medication
nfection and infectious discases 26 5.57 400 236 7
Various neurological discases 22 4.71 646 3.81 10
nand subcutaneous tissue diseases 22 4.71 631 372 10
Tmmune system diseases 20 428 378 223 8
Gastrointestinal diseases 17 3.64 198 117 12
Cardiac organ discases 16 3.43 289 1.70 15
Poisoning and Surgical Complications 12 2.57 115 0.68 11
ous surgical and medical operations 193 53 031 9
scu.loskclctfgiand connective tissue 171 a1 0.54 4
seases
n, malignant and unexpl ained tumors
i bt o) sl =L Ut 8
Eye organ diseases 171 83 0.49 8
Hepatobiliary diseases 1.50 73 0.43 it
genital familial hereditary diseases 1.50 35 021 7
7ascular and lymphatic diseases 1.50 56 033 7
car and labyrinth discases 128 58 0.34 4
lood and lymph system diseases 128 85 0.50 3
Product issues 1.07 166 0.98 3
Social environment 1.07 40 0.24 4
Letabolic and nutritional diseases 0.86 55 032 4
Endocrine system diseases 0.64 31 018 3
f pregnancy, puerperium and perinatal
period 0.64 17 0.10 2
dney and urinary system diseases 0.64 35 021 3
oductive system and breast diseases 0.43 9 0.05 2
Sum 467 100 16971 100 293
Tab4  The prefered temns ofthe top SOROR and top 50 reports of adverse eventrelated
to Montelukast in the FAERS database
PT (ranked by signal 93%CT 1 95%CI .
EE RS Cases —> """ pT (Rankedby frequency) Cases —— oot
strength) ROR PRR ROR PRR
jeparation anxiety
33 388.14 387.86 Anxiety 1017 6.09 5.95
disorder*
Sialadenosis* 6 35614 35611 Asthma, 704 1213 1192
ergic granulomatous
31 20293 29273 Depression 626 475 4.69
angiitisk
Eosinophilic
ranulomatosis with 157 219.44 21857 Aggression 579 2263 2230
polyangiitist
Sleep terror* 346 200.92 199.08 Insomnia 481 279 2.7
Endocarditis
10 1918 191.77 Nightmare 466 2218 2192
fibroplasticax
Thumb sucking¥ 4 133.94 13394 Suicidal ideation 460 913 9.03
sinophilic pneumonia
20 122.16 122.11 Cough 362 194 1.93
chronic
lost viral fatigue
22 1048 10476 Anger 355 178 17.64
syndrome*
stal lung capacity# ) 102.09 102.08 Sleep terror 346 200.92 199.08
Physical abuse¥ 9 9842 9841 Urticaria 333 343 3.41
Autophobia¥ 24 9822 9818 Abnormal behaviour 317 1398 1387
School refusal* 11 8312 8311 Wheezing* 284 813 8.08
ediatric autoimmune
neuropsychiatric
_sorders associated 4 8244 8244 Crying* 233 1022 1016
sith streptococcal
infection*
ssessive-compulsive
24 8031 8027 Depressed mood 219 598 5.9
symptom
Blood pressure
Sensory owverload* 10 7812 7811 209 1.99 1.98
lhcreased¥*
sak expiratory flow
3 7736 7733 Agitation 198 447 4.45
rate abnormal¥
Myxofibrosarcoma* 5 6392 6392 Irritability 196 474 4.72
unctional residual
6 5275 5275 Sleep disorder 186 424 422
apacity decreased%
otal lung capacity
10 5104 51.04 Chest. discomfort# 177 28 2.7
increased#
deuropsychological
4 4867 4867 Mood swings 160 746 743
test abnormal*
Pulmonary renal
13 4822 4821 Mood altered 139 896 8.93

syndromek

Separation anxiety disorder, Sleep terror and
PANDAS. For patients with mental history,
phenylketonuria and autoimmune diseases who
use the montelukast , relevant workers should
pay attention to monitoring to ensure safe and
rational medication.
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Tabs The preferredtems of the top S0 ROR and top 50 reports of psyehiatric discases

related to Iukast in the FAERS database
Mental illness ADE 95%CI Lower Mental illness 95%CI Lower
(Rankedbysignal  Cases ADE(Ranked by Cases
ROR PRR ROR PRR
strength) frequency)
Separation anxiety
33 38814 38786 Anxiety 1017 6.09 5.95
disorder®
Sleep terrork 346 20092 19908 Depression 626 475 4.69
Autophobiak 24 98.22 98.18 Aggression 579 2263 22.30
School refusal® 11 83.12 83.11 Insomnia 481 279 2.77

Paediatric
autoimmune
neuropsychiatric
4 82.44 82.44 Nightmare 466 2218 2192
disorders associated
with streptococcal
infection*
Obsessivecompulsive Suicidal
24 8031 80.27 460 9.13 9.03
symptom ideation
Defiant behaviour 12 39.66 39.63 Anger 335 17.80 17.64
Attention-seeking
7 34.65 34.65 Sleep terror* 346 20092 199.08
behaviourt

Abnormal

Tic 99 3285 3277 317 1398 13.87
behaviout
Obsessive-compulsive Depressed
9 30.90 30.89 219 598 5.96
personality disorder mood
Negative thoughts 56 27.40 2737 Agitation 198 447 4.45
Social fear® 7 2623 2623 Irritability 196 4.74 4.72
Neuropsychiatric Sleep
24 23.35 23.34 186 424 4.22

symptoms disorder

Neurodevelopmental
10 2321 2321 Mood swings 160 7.46 7.43
disorderk

Aggression 579 22.63 2230 Mood altered 159 896 8.93
Morbid thoughts 19 2246 2246 Hallucination 152 3.50 3.49
Mightmare 466 2218 21.92 Panic attack 113 491 4.90

Soclal avoidant Emetional
88 20.56 20.52 107 3.25 3.25

behaviors disorder

. Mental

Hostility 30 19.97 19.96 103 437 4.36

disorder
Enuresis 58 18.66 18.63 Tic 99 32385 32T

* means PT not includedin the specification.
.
Introduction

Montelukast(SINGULAIR, SINGULAIR helped) is a potent Leukotriene Receptor antagonist
(LTRA). By selectively binding with I type ammonia acyl Leukotriene Receptor and
competitive blocking Leukotriene biological activity, it can effectively control the asthma
inflammation !, Such a drug is mainly applied to the prevention and chronic treatment of
asthma in adults and children over 12 months old, and has a significant relieving effect on
seasonal or perennial allergic rhinitis ?!. Montelukast is recommended in guidelines for
bronchial asthma [3- 4 obstructive sleep apnea (OSA) in children !, cough variant asthma
(CVA) [0l etc. The applications of it remain wide. In March 2020, the US Food and Drug
Administration (FDA) issued a black-box warning : the asthma and allergy treatment Drug
Montelukast can cause severe neuropsychiatric adverse reactions(including Suicidal thoughts
or behaviors), also, its use in allergic rhinitis is recommended to be limited. In the UK,
Medicines and Healthcare Products Regulatory Agency (MHRA) proposed that the benefits
and risks of continued treatment should be carefully considered if Neuropsychiatric reactions
occur in patients treated with Montelukast. Although the package inserts of Montelukast
clearly lists the possible adverse reactions of the mental system, including suicidal thoughts
and behaviors, it does not arouse enough attention from physicians, patients and their families.
Reports of adverse reactions related to Montelukast showed that children reported more
depression, sleep disorders and suicidal behaviors than adults. However, most of these
patients have related neurological/psychiatric symptoms themselves, and there is insufficient
information to assess the relationship between the drug and adverse events. Adverse Events
Reporting System (ARES) is a major source of information for exploring post-marketing
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safety of drugs domestically and overseas due to its wide scope of monitoring and its ability
to detect potential Adverse drug reactions (ADRs) early without being limited by time or
space 7. Till now, there is no research report on Montelukast adverse reaction signal mining
based on spontaneous reporting system in China, to the best of our knowledge. Based on the
FDA Adverse Event Reporting System(FAERS), this research plans to run an analysis on the
safety of Montelukast using Reporting odd ratio(ROR) and Proportional reporting ratio(PRR).
By quantifying the potential safety warning signals of the anti-asthma drug Montelukast, it
provides objective reference data for clinical medication.

1. Materials and Methods

1.1 Research data Based on the information from FAERS and the FDA approved drugs and
adverse reactions public dashboard(public dashboard), the researches retrieved the ASCII
data from the first quarter of 2015 to the second quarter of 2019(220 quarters in total)
using the general name(Montelukast) and the brand name(SINGULAIR) of the drug as
the keywords. Then we imported the data into MySQL, using the DEMO list to wash out
the repetition of the same patient information, then analyzed the adverse event report(AE)
within which referred Montelukast as "Primary Suspect"(PS).

1.2 Method The adverse drug reactions of inspection Methods commonly used internationally
and domestically mainly is Disproportionality Methods, which mainly includes reporting
odds ratio(ROR) and proportional reporting ratio (PRR). The sensory thresholds of such
methods are: (1) reporting cases a>3; (2) floor of ROR 95% confidence interval >1; (3)
PRR >2 (4) Chi-square >4. The fulfillment of all four conditions above indicates the
occurrence of a suspective signal. The stronger the signal intensity of ADE indicates a
higher correlation between the drug and ADR, but it should be noted that the signal only
indicates a statistical association between the target drug and the target adverse event!’!.
The algorithms of ROR and PRR are based on the four-lattice table, as shown in Table 1.
Based on the preferred glossary of terms for adverse drug reactions of system organ
class(SOC) and Preferred Terms(PT) in Medical Dictionary for Regularly Activities
(MedDRA), the PT was mapped to the corresponding SOC and classified, and the TOP 50
PT was selected according to the signal frequency and signal strength respectively for the
AE report in which the primary suspect(PS) drug is Montelukast. Enumeration data were
described by the number of cases and composition ratio, and the statistical analysis of

this study was completed by Microsoft Excel 2016.
Tab. 1 Fourfold table of measures of disproportionality

Item Target AE Other AEs Sum

Target drug a b a+b

Other drugs c d ctd

Sum atc b+d N=a+b+c+d

ROR= (a/c) (b/d): ROR 95%ClI=exp(In(ROR)1.96)
PRR=[a/(a+b)]/[c/(c+d)]: PRR 95%CI=exp(In(PRR)%1.96
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2. Results and Discussion

2.1 Basic features of adverse event reported cases In this study, a total of 34,168 AE reports

with Montelukast as the primary suspect were retrieved from the first quarter of 2015 to

the second quarter of 2020. After washing out the repetition, there are 6989 cases in
which Montelukast is the primary suspect, related events within are 1939 in total, with a
0.65 sex ratio. According to China's modern age segment [9], 26.14% of patients are less
than 18 years old, 33.85% are between 18 and 64 years old, and 11.10% are >65 years old.
Patients were the main reporting group, accounting for 46.77%. The United States

reported the most cases, while China reported only 60 cases, accounting for 0.86%.The
dosage forms were mainly ordinary tablets, accounting for 33.68%. The basic feature of

the cases reported by AE were shown in Table 2.

Tab.2 Primary information of Montelukast related events reported in FAERS

Dimension Subclass case/n Proportion
Sex Male 2390 34.20
Female 3694 52.85
Unknown 905 12.95
Age <18 1827 26.14
18~64 2366 33.85
>65 776 11.10
Unknown 2020 28.90
Reporter Physician 1144 16.37
Consumer 3269 46.77
Other professional staffs related to 1712
24.50
health care
Lawyer 7 0.10
Pharmacist 682 9.76
Unknown 175 2.50
Reporting country (Top 5) US 2447 35.01
UK 1919 27.46
Canada 1019 14.58
France 198 2.83
Australia 167 2.39
Dosage form Conventional tablets 2354 33.68
Chewable tablets 522 7.47
Coating tablet 451 6.45
Granola 115 1.65
Capsule 34 0.49
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2.2 Systems and organs involved in Adverse event safety alert signals According to the filter

condition mentioned before, we selected 467 alert signals from 16971 ADE report cases.
These signals involved 27 SOC. Classified according to the MedDRA system, ranked by
the number of involved systems, the top five SOC are mental derangement class (107),
respiratory system, chest and mediastinal diseases (68), all kinds of inspection (38)
application site reactions, systemic diseases and (28), infection and infection diseases
(26). Involving ADE has reported cases accounted for SOC in the top five for
psychotropic (8572 cases, 50.51%), respiratory system, chest and mediastinal diseases
(2882 cases, 16.98%), all kinds of inspection (1037 cases, 6.11%), application site
reactions and systemic disease (900 cases, 5.30%), infection and infection diseases (400
cases, 2.36%), as shown in table 3. By comparing English package inserts for the
screening of 293 not in new security alert signals, which are mentioned in the leaflet
distribution details shown in table 3, the nature of the unknown and benign and malignant
tumor, eye organs disease, congenital genetic disease, metabolism and nutritional
diseases, kidney and urinary system, endocrine system, reproductive system, these above

AE signals are new.

3. Tab.3 Montelukast ADE signals and involved systems and organs

) Cumulative _ Signals not
% sigl  Popesion qumberof - proparion. menioned i
(cases) description

1 Mental illness 107 2291 8572 50.51 50
2 Respiratory, thoracic and mediastinal diseases 68 14.56 2882 16.98 36
3 Various inspections 38 8.14 1037 6.11 32
p Systemic dli::leelaeizz ae}[ril(()inresponses to 28 6.00 900 530 27
5 Infection and infectious diseases 26 5.57 400 2.36 7

6 Various neurological diseases 22 4.71 646 3.81 10
7 Skin and subcutaneous tissue diseases 22 4.71 631 3.72 10
8 Immune system diseases 20 4.28 378 2.23 8

9 Gastrointestinal diseases 17 3.64 198 1.17 12
10 Cardiac organ diseases 16 3.43 289 1.70 15
11 Injury, Poisoning and Surgical Complications 12 2.57 115 0.68 11
12 Various surgical and medical operations 1.93 53 0.31 9
3 Musculoskeletﬁizslg;isggnnectlve tissue 171 91 054 4
o Devgndgaindweskiedunos s o ;
15 Eye organ diseases 8 1.71 83 0.49 8
16 Hepatobiliary diseases 7 1.50 73 0.43 1

17 Congenital familial hereditary diseases 7 1.50 35 0.21 7
18 Vascular and lymphatic diseases 7 1.50 56 0.33 7
19 ear and labyrinth diseases 6 1.28 58 0.34 4
20 Blood and lymph system diseases 6 1.28 85 0.50 3
21 Product issues 5 1.07 166 0.98 5
22 Social environment 5 1.07 40 0.24 4
23 Metabolic and nutritional diseases 4 0.86 55 0.32 4
24 Endocrine system diseases 3 0.64 31 0.18 3
5 Status of pregnancyb;e)llrliglg)erium and perinatal 3 0.64 17 0.10 2
26 Kidney and urinary system diseases 3 0.64 35 0.21 3
27 Reproductive system and breast diseases 2 0.43 9 0.05 2
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Sum

467

100

16971

100

293

2.3 Top 50 adverse event reports and signals In descending order according to signal

frequency and 95%CI lower limit of ROR value, the top 50 AE security alert signals were

obtained (Table 4), and 94 security alert signals were obtained after flittering. It includes

42 adverse reactions (44.68%) that have been included in the package inserts, and 52

signals (55.32%) that have not been included. AE safety warning signals that are not

mentioned in the drug instructions and have strong signals worthy of clinical attention

include: Psychiatric issues (separation anxiety disorder, sleep terrors, etc.), diseases of the

gastrointestinal system (salivary gland benign hypertrophy), immune system disease

(allergic granulomatous vasculitis, eosinophilic granulomatous vasculitis), heart organ

disease (fiber proliferative endocarditis) application site reactions, systemic diseases and

(thumb sucking addiction), infection and infection diseases (virus after fatigue syndrome),

all kinds of inspection (total lung capacity change), social environment (physical abuse).
Tab.4 The preferred terms of the top 50 ROR and top 50 reports of adverse event related to Montelukast in

the FAERS database
95%CI lower 95%CI lower
N  PT (ranked by signal strength) Cases PT (Ranked by frequency) Cases
ROR PRR ROR PRR
1 Separation anxiety disorder* 33 388.14 387.86 Anxiety 1017 6.09 5.95
2 Sialadenosis* 6 356.14 356.11 Asthma 704 12.13 11.92
3 Allergic granulomatous angiitis* 31 292.93 292.73 Depression 626 4.75 4.69
Eosinophilic granulomatosis with
4 157 219.44  218.57 Aggression 579 22.63 22.30
polyangiitis*
5 Sleep terror* 346 200.92 199.08 Insomnia 481 2.79 2.77
6 Endocarditis fibroplastica* 10 191.8 191.77 Nightmare 466 22.18 21.92
7 Thumb sucking* 4 133.94 133.94 Suicidal ideation 460 9.13 9.03
8 Eosinophilic pneumonia chronic 20 122.16 122.11 Cough 362 1.94 1.93
9 Post viral fatigue syndrome* 22 104.8 104.76 Anger 355 17.8 17.64
10 Total lung capacity* 3 102.09 102.08 Sleep terror 346 200.92 199.08
11 Physical abuse* 9 98.42 98.41 Urticaria 333 3.43 3.41
12 Autophobia* 24 98.22 98.18 Abnormal behaviour 317 13.98 13.87
13 School refusal* 11 83.12 83.11 Wheezing* 284 8.13 8.08
Paediatric autoimmune
neuropsychiatric disorders
14 4 82.44 82.44 Crying* 233 10.22 10.16
associated with streptococcal
infection™®
15  Obsessive-compulsive symptom 24 80.31 80.27 Depressed mood 219 5.98 5.96
16 Sensory overload* 10 78.12 78.11 Blood pressure increased* 209 1.99 1.98
Peak expiratory flow rate
17 8 77.56 77.55 Agitation 198 4.47 4.45
abnormal*
18 Myxofibrosarcoma* 5 63.92 63.92 Irritability 196 4.74 4.72
Functional residual capacity
19 6 52.75 52.75 Sleep disorder 186 4.24 4.22

decreased*
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Total lung capacity increased*
Neuropsychological test
abnormal*

Pulmonary renal syndrome*

Airway peak pressure increased*

Defiant behaviour
Female reproductive neoplasm*
Fight in school*
Retinal artery embolism*
Attention-seeking behaviour*
Hypereosinophilic syndrome
Mononeuropathy multiplex*
Tic
Obsessive-compulsive
personality disorder
Nodular vasculitis*

Gait deviation*
Chronic spontaneous urticaria

Negative thoughts

Eosinophilic bronchitis

Social fear*

Hyperplastic cholecystopathy*

Salpingo-oophorectomy
unilateral*
Occupational exposure to dust*
Neuropsychiatric symptoms
Neurodevelopmental disorder*
Oropharyngitis fungal*
Aggression
Morbid thoughts
Amaurosis fugax*
Nightmare
Asthma-chronic obstructive
pulmonary disease overlap
syndrome*

Microscopic polyangiitis*

10

13

10

12

14
11
99

19
56

24
10

579
19
12

466

6

51.04

48.67

48.22

46.69

39.66
38.9
36.82
35.72
34.65
34.6
3437
32.85

30.9

30.34

28.16

27.73
27.4

26.51

26.23

26.09

2591

25.47
23.35
23.21
23.08
22.63
22.46
22.22
22.18

21.38

21.23

51.04

48.67

48.21

46.68

39.65
38.90
36.82
35.72
34.65
34.60
34.36
32.77

30.89

30.34
28.16
27.72
27.37

26.51

26.23

26.09

2591

25.47
23.34
23.21
23.08
22.30
22.46
22.22
21.92

21.38

21.23

Chest discomfort*

Mood swings

Mood altered
Eosinophilic granulomatosis
with polyangiitis*
Hallucination
Productive cough
Palpitations
Disturbance in attention
Psychomotor hyperactivity
Nasal congestion
Panic attack

Product substitution issue*

Heart rate increased

Emotional disorder
Sputum discoloured*
Mental disorder
Tic
Lower respiratory tract
infection*®
Paranoia*
Blood pressure systolic

increased*

Obstructive airways disorder™

Intentional self-injury
Obsessive-compulsive disorder
Fear*
Rhinorrhoea
Social avoidant behaviour*
Personality change*
Dyspnoea exertional*

Somnambulism

Abnormal dreams

Thinking abnormal*

177

160

159

157

152
149
147
142
135
128
113
112

112

107
104
103
99

97

95

94

93

93

89
89
88
85
84
82

80

77

2.8

7.46

8.96

219.44

3.5
3.83
1.94
3.94

12.54
2.93
491
2.71

1.75

3.25
10.71
437
32.85

243

9.72

5.17

11.16

491
14.35
5.92
1.69
20.56
14.71
2.61
17.3

4.98

6.17

2.79

7.43

8.93

218.57

3.49
3.82
1.93
3.93
12.50
2.93
4.90
2.70

1.75

3.25
10.68
436
32.77

243

9.70

5.17

11.14

4.90
14.32
591
1.69
20.52
14.68
2.61
17.27

4.97

6.16

* means PT not included in the specification.

2.4 Top 20 psychiatric adverse event reports and signals

In descending order according to signal frequency and 95% lower limit of ROR value, the
top 20 psychiatric AE security alert signals were obtained (Table 5), and 36 security alert
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signals were obtained after screening. Within which are not included in the leaflet of
adverse reactions are 9 (25%), according to the ROR the value of the 95% threshold
descending sort of separation anxiety disorder, sleep terrors respectively, phobia, refused
to go to school, children's correlation of streptococcus infection autoimmunity nerve
disorder, attention seeking behavior, social phobia, neurodevelopmental disorder, social
avoidant behavior.

Tab.5 The preferred terms of the top 50 ROR and top 50 reports of psychiatric diseases related to
Montelukast in the FAERS database

95%CI Lower Mental illness 95%CI Lower
Mental illness ADE (Ranked

N ) Cases ADE(Ranked by Cases

by signal strength) ROR PRR ROR PRR

frequency)

1 Separation anxiety disorder* 33 388.14 387.86 Anxiety 1017 6.09 5.95
2 Sleep terror*® 346 200.92 199.08 Depression 626 4.75 4.69
3 Autophobia* 24 98.22 98.18 Aggression 579 22.63 22.30
4 School refusal* 11 83.12 83.11 Insomnia 481 2.79 2.77

Paediatric autoimmune

neuropsychiatric disorders
5 4 82.44 82.44 Nightmare 466 22.18 21.92
associated with streptococcal

infection*
6 Obsessive-compulsive symptom 24 80.31 80.27 Suicidal ideation 460 9.13 9.03
7 Defiant behaviour 12 39.66 39.65 Anger 355 17.80 17.64
8 Attention-seeking behaviour* 7 34.65 34.65 Sleep terror* 346 200.92 199.08
Abnormal
9 Tic 929 32.85 32.77 317 13.98 13.87
behaviour

Obsessive-compulsive
10 9 30.90 30.89 Depressed mood 219 5.98 5.96
personality disorder

11 Negative thoughts 56 27.40 27.37 Agitation 198 4.47 4.45
12 Social fear* 7 26.23 26.23 Irritability 196 4.74 4.72
13 Neuropsychiatric symptoms 24 23.35 23.34 Sleep disorder 186 4.24 4.22
14 Neurodevelopmental disorder* 10 23.21 23.21 Mood swings 160 7.46 7.43
15 Aggression 579 22.63 22.30 Mood altered 159 8.96 8.93
16 Morbid thoughts 19 22.46 22.46 Hallucination 152 3.50 3.49
17 Nightmare 466 22.18 21.92 Panic attack 113 491 4.90
18 Social avoidant behavior* 88 20.56 20.52 Emotional disorder 107 3.25 3.25
19 Hostility 30 19.97 19.96 Mental disorder 103 4.37 4.36
20 Enuresis 58 18.66 18.63 Tic 99 32.85 32.77

* means PT not included in the specification.
2.5 Discussion
FAERS database used in this paper, through mining the montelukast special ADR signal
and montelukast instruction ADR and broadly in line with a clinical trial results, including
meng LuSi leaflet, sodium post-marketing experience recorded in the main adverse
reactions included among the basic signal, and a strong signal, such as anxiety, depression,
attack, nightmares, insomnia, etc, confirmed that the credibility of this research. At
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present, clinicians and patients attach great importance to the neuropsychiatric response
induced by montelukast. Therefore, this paper focuses on the safety warning signal of
montelukast sodium in the aspect of mental damage, and interprets the new signal with
strong signal extracted.
2.5.1 Security alert signals related to mental illness
As can be seen from Table 3, the SOC with the largest number of signal types and
cumulative reported cases is "psychosis". According to literature review %131 oral
absorption of Montelukast is rapid, and adverse reactions caused by montelukast occur
within 30 min at the earliest. Adverse reactions caused by mental system disorders can

occur after taking Montelukast sodium for 2h-10d. Currently, about montelukast, possible
mechanisms of nervous system responses are: (1) 4l according to new research in
rodents or the human brain, leukotriene receptor 1 (cysteinyl leukotriene 1, CysLT1) in
the cortex, hippocampus and widely expressed in the substantia nigra striatum,
specifically located in the cerebral vascular endothelial cells, astrocytes, microglia and
several kinds of neurons.\ In pathological cases, CysLT1 and CysLT2 can be raised in the
brain, and asthma patients taking selective CysLT1 montelulast drug through the blood-
brain barrier and brain astrocytes and microglia CysLT1 combination, can break CysLT1
and CysLT2 balance in the brain, which affect CysLT1 and CysLT2 control microglial
cells - neurons original interaction response and induce the nervous system. (2) Studies
have also shown that ['*] montelulast sodium can interfere with cyclic nucleotide
phosphodiesterase and 5-lipoxygenase to raise the level of central nucleotide in brain
cells and affect the dynamic balance between synthesis and hydrolysis of cAMP and
cGMP, thus damaging the nervous system. (3) In addition, some researchers believe that
the binding of montelulast sodium to the cysteine leukotriene receptor produces nitric
oxide, which has a toxic effect on brain tissue '3, As can be seen from Table 5, the new
safety warnings with strong signals in montelulast -related mental impairment include
Separation Anxiety disorder (SAD) (no. 1), sleeping terror, phobiasies, School refusal,
and the Pediatric autoimmune neuropsychiatric disorders associated with streptococcal
infection (PANDAS). DSM-5 included "separation anxiety disorder" in the anxiety
disorder group and removed the age limit (18 years in DSM-4) ¢l Typical symptoms of
SAD in school-age children ['7- 8] include overdependence, excessive worry, anger,
refusal to go to school, and sleep problems (nightmares of being attacked or
kidnapped).Typical manifestations in adults are agoraphobia ['7]. SAD has been found to
be associated with a variety of other disorders following the first episodel!?), including
internalized behavioral problems (major depression, bipolar disorder, social phobia,
panic disorder, anxiety disorder) and externalized behavioral problems (adhd, disobedient
disorders, conduct disorders). PANDAS face refers to compulsive disorder (OCD) and
involuntary movement disorder (TD) caused by autoimmune after streptococcal infection.
Sleeping terror is a kind of sleep disorder. Although it often occurs briefly in children, its
damage to children's sleep quality can further affect their nervous system development
[20]
Although there is no evidence to prove the cause-and-effect relationship between SAD,
PANDAS and sleeping terrors and montelukast, due to the serious clinical consequences of
these diseases, the following points should be noted in the clinical use of montelukast
sodium. First, when patients start taking montelukast or increase the dose, medical staff
should closely monitor the patient's nervous system response. Especially for children, the
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development of the blood-brain barrier is not perfect, which is likely to lead to drugs

passing through the blood-brain barrier and more likely to cause nervous system disorders.
Therefore, the medical staff should inform the family of the child to observe whether the
child has neurological and psychiatric abnormalities. In addition, the drug instructions [?!
suggested that 4mg and Smg Montelulst chewable tablets contained phenylalanine, and it
was found that the content of phenylalanine increased in patients with severe asthma 2!,
Therefore, for children with severe asthma who also suffer from phenylketonuria,
chewable tablets should be avoided as far as possible to prevent the accumulation of
phenylpyruvic acid in the body from damaging the brain, resulting in mental retardation.
Finally, attention should be paid to streptococcal infection screening if mental disorders
occur when using Montelulast, such as pharyngeal culture 221, or Garvey!?*! and Snider!?*
believe that penicillin and azithromycin can effectively prevent streptococcal infection.
However, some studies 23 suggest that PANDAS should not overuse antibiotics.

2.5.2 Other new security alert signals
According to Table 4, 52 suspected ADR signals were found in this study, including

benign hypertrophy of saliary glands in the gastrointestinal system (ranked
second).Allergic granulomatous vasculitis and eosinophilic granulomatous polyvasculitis
in immune system diseases;Cardiac organ diseases such as fibroproliferative endocarditis.
Salivary gland benign hypertrophy can be divided into the salivary gland swelling and
salivary gland swollen degenerative, clinical manifestations of the parotid gland can be
gradually enlarged, swelling of the recurrent, sees more at old people, there is no evidence
to prove that Montelulast can cause salivary gland lesions directly, may be related to
Montelulast chewable tablet, for such patients, can consider to replace Montelulast dosage
forms to ease the discomfort of the parotid gland swelling. Allergic granulomatous
vasculitis, also known as Churg-Strauss syndrome (CSS), is a rare form of eosinophilic
vasculitis associated with asthma. The CSS associated with Montelukast may be associated
with a reduction in oral corticocholesterol treatment, or it may be caused by montelukast's
hypersensitivity or leukotriene B4's chemotaxis to eosinophilic cells and neutrophils [26].
Therefore, patients receiving montelukast should be followed up and timely detection of
CSS prevention. Fibroproliferative endocarditis is a clinically rare non-infective
endocarditis. The instructions for montelulast suggest that it may cause palpitations, but
there is no direct evidence that montelulast can induce cardiac lesions. Refer to table 3, the
nature of unknown and benign and malignant tumor, eye organs disease, congenital genetic
disease, metabolism and nutritional diseases, kidney and urinary system, endocrine system,
reproductive system and mammary gland ADE signal has not been mentioned in the leaflet,
the nature of unknown and benign and malignant tumor (mucus fibrosarcoma, female
reproductive system tumor), kidneys and urinary tract (lung kidney syndrome) signal is
strong. Lung-renal syndrome is a rare autoimmune disease characterized by cough,
dyspnea, fever, and edema. The instructions for montelulast suggest edema as one of its
adverse reactions, which may aggravate edema symptoms in asthma patients with
autoimmune diseases such as systemic lupus erythematosus nephritis. There is no evidence
that montelukast is carcinogenic.

3.1 Research limitations Using database to carry out the exploration of adverse drug events
signal there are still many places need to improve and improve: (1) the institute adopts
FAERS database for spontaneous reporting database, there is the possibility of omission,
methodological basis for optimization and improvement of the database resources, focus
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cases with Montelukast as PS drugs were included in this study, and only 60 cases were
reported in China. The lack of safety data related to the population in East Asia reminds
us that the safety analysis results of montelukast should be further evaluated when
applied in China. At the same time, only 11.10% of the elderly patients were reported in
this study, while the proportion of patients over 65 years old included in the montelukast
clinical trial was usually the smallest, and no age-specific subanalysis was conducted 271,
Nyenhuis et al. found that the lower level of cysteine leutriene in the airway of elderly
patients with asthma may affect the therapeutic effect of LTRAs 281, so it is difficult to
show that older patients have the same efficacy and safety as younger patients.In addition,
unlike clinical trial data, FAERS data were reported when patients experienced adverse
events after treatment. Therefore, the causal relationship between the drug and the
reported event remains uncertain, which makes it more difficult to assess the safety of the
drug.

3.Conclusion
In this study, signal mining was conducted on the AE reports of Montelukast from the

first quarter of 2015 to the second quarter of 2020 in the FAERS database, to explore the
safety problems exposed after the extensive clinical application of montelukast, and to
investigate the psychosis caused by montelukast sodium (SAD, sleeping terrors,
PANDAS).Gastrointestinal system (benign hypertrophy of salivary glands);Diseases of the
immune system (allergic granulomatous vasculitis, eosinophilic Wegener
granuloma);Diseases of the heart (fibroproliferative endocarditis);Benign, malignant and
unknown tumors (myxofibrosarcoma, female reproductive system tumors);Renal and urinary
disorders (pulmonary and renal syndrome), which are not mentioned in the manual but have
a high incidence in the real world, should be of particular concern.Should be ready before
using Montelukast drug evaluation, especially patients with a history of mental illness,
benzene acetone urine, the basic diseases such as autoimmune diseases, clinical doctors
should pay close attention to children and the elderly in the process of drug nerve mental
symptoms, and require active children guardians guardianship and promptly report to the
doctor, take timely intervention measures, in order to ensure safe and rational medication.

References

[1]Bateman ED, Hurd SS, Barnes PJ, Bousquet J, Drazen JM, FitzGerald JM, Gibson P, Ohta K,
O'Byrne P, Pedersen SE, Pizzichini E, Sullivan SD, Wenzel SE, Zar HJ. Global strategy for asthma
management and prevention: GINA executive summary. Eur Respir J. 2008 Jan;31(1):143-78. doi:
10.1183/09031936.00138707.

[2]Montelukast (SINGULAIR)

[EB/OL https://www.accessdata.fda.gov/drugsatfda_docs/label/2020/020829s073,020830s075,021409
s0511bl.pdf.(2020-04-30)[2020-05-29] [M].

[3] Guidelines for rational use of drugs at the grass-roots level in bronchial asthma [J].Chinese Journal
of General Practitioners, 2020, 19(7): 572-81.


http://sciforum.net/conference/mol2net-06

MOIL2NET, 2020, 6, ISSN: 2624-5078 13
http://sciforum.net/conference/mol2net-06

[4]Suggestions on standardized diagnosis and treatment of bronchial Asthma in Children (2020 Edition)
[J]. Chinese Journal of Pediatrics, 2020, 58(9): 708-17.

[5]Guidelines for diagnosis and treatment of obstructive sleep apnea in children in China (2020)[J].
Chinese Journal of Otorhinolaryngology Head and Neck Surgery, 2020, 55(8): 729-47.
[6]Guidelines for rational use of cough drugs at the grass-roots level [J]. Chinese Journal of General
Practitioners, 2020, 19(7): 582-92.

[7]van Puijenbroek EP, Bate A, Leufkens HG, Lindquist M, Orre R, Egberts AC. A comparison of
measures of disproportionality for signal detection in spontaneous reporting systems for adverse drug
reactions. Pharmacoepidemiol Drug Saf. 2002 Jan-Feb;11(1):3-10. doi: 10.1002/pds.668.

[8]Tieu C, Breder CD. A Critical Evaluation of Safety Signal Analysis Using Algorithmic
Standardised MedDRA Queries. Drug Saf. 2018 Dec;41(12):1375-1385. doi: 10.1007/s40264-018-
0706-7.

[9]Liu Guozhong,Liu Hui,Zhao Peng.A Sports-Based Study on Human Age Segmentation[J].The
Science Education Article Collects, 2013, 08): 150+6.

[10]Li Xueyan, Zhou Xiaoying.Mental abnormality caused by montelukast sodium: a case report
[J.HERALD OF MEDICINE, 2011, 30(01): 116.

[11]ZHOU Hong, ZHANG Rui-fen.Pharmaceutical care on a patient with montelukast sodium-
induced psychosis. [J].Practical Pharmacy And Clinical Remedies, 2012, 15(02): 95-6.

[12]Tian Jingxiao, Li Jinxia, Yang Junying, et al. Mental system disorder caused by montelukast
sodium chewable tablets: a case report[J]. Journal of Aerospace Medicine, 2015, 26(07): 916-7.
[13]CHENG Jun.The Literature Analysis of Adverse Drug R eactions Induced by Montelukast [J].
Chinese Journal of Drug Evaluation, 2013, 30(05): 285-7.

[14]Wang Y, Yang Y, Zhang S, Li C, Zhang L. Modulation of neuroinflammation by cysteinyl
leukotriene 1 and 2 receptors: implications for cerebral ischemia and neurodegenerative diseases.
Neurobiol Aging. 2020 Mar;87:1-10. doi: 10.1016/j.neurobiolaging.2019.12.013.

[15]LI Meng, YANG Chen, YUAN Heng-jie.One case of mental disorders induced by montelukast
sodium [J]. Chinese Journal of Drug Application and Monitoring, 2018, 15(02): 121-3.
[16]Baldwin DS, Gordon R, Abelli M, Pini S. The separation of adult separation anxiety disorder.
CNS Spectr. 2016 Aug;21(4):289-94. doi: 10.1017/S1092852916000080.

[17]Silove D, Manicavasagar V, Pini S. Can separation anxiety disorder escape its attachment to
childhood? World Psychiatry. 2016 Jun;15(2):113-5. doi: 10.1002/wps.20336.

[18]Vaughan J, Coddington JA, Ahmed AH, Ertel M. Separation Anxiety Disorder in School-Age
Children: What Health Care Providers Should Know. J Pediatr Health Care. 2017 Jul-Aug;31(4):433-
440. doi: 10.1016/j.pedhc.2016.11.003.

[19]Silove D, Alonso J, Bromet E, Gruber M, Sampson N, Scott K, Andrade L, Benjet C, Caldas de
Almeida JM, De Girolamo G, de Jonge P, Demyttenaere K, Fiestas F, Florescu S, Gureje O, He Y,
Karam E, Lepine JP, Murphy S, Villa-Posada J, Zarkov Z, Kessler RC. Pediatric-Onset and Adult-
Onset Separation Anxiety Disorder Across Countries in the World Mental Health Survey. Am J
Psychiatry. 2015 Jul;172(7):647-56. doi: 10.1176/appi.ajp.2015.14091185.

[20]ZHANG Yong-hua.Analysis on Neuropsychological Development and Influencing Factors in
Preschoolers [J]. Chinese Primary Health Care, 2017, 31(09): 61-3.


http://sciforum.net/conference/mol2net-06

MOIL2NET, 2020, 6, ISSN: 2624-5078 14
http://sciforum.net/conference/mol2net-06

[21]Guinuer Aini, Bahagui Abdureheman, Guzhalinuer Aierken, Renaguli Reyimu, Bayuer
Maimaitiming.Comparative study on plasma acid metabolomics of different degrees of asthmatic
patients [J]. Journal of Xinjiang Medical University, 2018, 41(09): 1147-53.

[22]Ma Xuemei, Zhao Yaru.Pediatric Autoimmune Neuropsychiatric Disorders Associated with
Streptococcal Infection [J]. Foreign Medical Sciences Section of Pediatrics, 2005, 02): 77-9.
[23]Garvey MA, Perlmutter SJ, Allen AJ, Hamburger S, Lougee L, Leonard HL, Witowski ME,
Dubbert B, Swedo SE. A pilot study of penicillin prophylaxis for neuropsychiatric exacerbations
triggered by streptococcal infections. Biol Psychiatry. 1999 Jun 15;45(12):1564-71. doi:
10.1016/s0006-3223(99)00020-7.

[24]Snider LA, Lougee L, Slattery M, Grant P, Swedo SE. Antibiotic prophylaxis with azithromycin or
penicillin for childhood-onset neuropsychiatric disorders. Biol Psychiatry. 2005 Apr 1;57(7):788-92.
doi: 10.1016/j.biopsych.2004.12.035.

[25]Gabbay V, Coffey BJ, Babb JS, Meyer L, Wachtel C, Anam S, Rabinovitz B. Pediatric
autoimmune neuropsychiatric disorders associated with streptococcus: comparison of diagnosis and
treatment in the community and at a specialty clinic. Pediatrics. 2008 Aug;122(2):273-8. doi:
10.1542/peds.2007-1307.

[26]Calapai G, Casciaro M, Miroddi M, Calapai F, Navarra M, Gangemi S. Montelukast-induced
adverse drug reactions: a review of case reports in the literature. Pharmacology. 2014;94(1-2):60-70.
doi: 10.1159/000366164.

[27]Scichilone N, Battaglia S, Benfante A, Bellia V. Safety and efficacy of montelukast as adjunctive
therapy for treatment of asthma in elderly patients. Clin Interv Aging. 2013;8:1329-37. doi:
10.2147/CIA.S35977.

[28]Nyenhuis SM, Schwantes EA, Mathur SK. Characterization of leukotrienes in a pilot study of
older asthma subjects. Immun Ageing. 2010 Jul 5;7:8. doi: 10.1186/1742-4933-7-8.


http://sciforum.net/conference/mol2net-06

