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Abstract 

Background: Pre-marketing clinical research of drugs can not completely 
solve the safety problems in the process of wide application of drugs 
post-marketing, so it is necessary to re-evaluate the safety and effectiveness of 
drugs after marketing. Objective: To detect and analyze the adverse drug 
reaction (ADR) signals of Selective Serotonin Reuptake Inhibitor (SSRIs) 
post-marketing and provide references for clinical rational drug use. Me-
thods: Reporting Ratio (ROR) method was used to mine the adverse reaction 
signals of SSRIs in the Adverse Reaction Reporting System (ARES) of the 
Food and Drug Administration of the United States (FDA), and the results 
were analyzed and evaluated. Results: Adverse Drug Events (ADEs) of fluo-
xetine, fluvoxamine, paroxetine, sertraline and citalopram were 40,217, 2907, 
52,439, 63,849 and 42,588 cases respectively. After ROR test, there were 187 
ADR signals of the five drugs, among which ADR was most prominent in 
psychiatric and nervous system. It mainly includes adverse reactions such as 
anxiety, depression, suicidal ideation, 5-HT syndrome, withdrawal syndrome 
and so on. Conclusion: The study based on ADR signals in the real world is 
helpful to evaluate the post-marking safety drugs and provide references for 
safety in clinical medication. 
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1. Introduction 

As a widely used drug in clinic, Selective Serotonin Reuptake Inhibitors (SSRIs) 
can selectively inhibit the recovery of 5-hydroxytryptamine (5-HT) by presynap-
tic membrane, improve the depressive symptoms and cognitive function of pa-
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tients (He et al., 2018). The currently used SSRIs mainly include Fluoxetine, Pa-
roxetine, Sertraline, Fluvoxamine and Citalopram. Although antidepressants 
have the advantages of high selectivity for 5-HT receptors, little impact on other 
neurotransmitters, long half-life and good patient compliance, the incidence of 
side effects during treatment is still as high as 31% - 60% (Zhu, 2018). The ad-
verse event reporting system database established by the U.S. Food and drug 
administration is the world’s second largest spontaneous adverse event reporting 
database after the VigiBase database established by the World Health Organiza-
tion. Up to now, more than 10 million adverse event reports have been received 
from all over the world. Since 2004, FDA has provided the public with open 
source downloads of adverse event reports it receives on a quarterly basis. In this 
study, ADR risk signal mining of SSRIs drugs was carried out by using FAERS 
database to provide reference for clinical rational drug use. 

2. Materials and Methods 

2.1. Data Sources 

The data comes from the Food and Drug Administration (FDA) Adverse Event 
Reporting System (FAERS). In this study, ADR reports from January 1, 2004 to 
December 31, 2018 were included and tested. 

2.2. Data Preprocessing 

In this study, the data was extracted by using the OpenVigilFDA analysis tool 
(http://openvigil.sourceforge.net), which directly obtained the original informa-
tion in the FAERS database through the API of application program interface 
and processed it in a structured way, with high extraction efficiency and accura-
cy The extraction efficiency is high and accurate (Böhm et al., 2016). According 
to the World Health Organization (WHO) Anatomical Therapeutic Chemical 
and the Defined Daily Dose (ATC/DDD), drug dictionary to obtain the specific 
drug specification names of SSRIs, including five: Fluoxetine, Paroxetine, Sertra-
line, Fluvoxamine and Citalopram. By searching the above five standardized 
English names of drugs and the role of adverse drug reactions as the primary 
suspicion “PS (Primary Suspect Drug)”, a report was obtained that the primary 
suspected drugs were SSRIs. 

2.3. Signal Detection Method 

Disproportionality method Analysis (DPA) is a common method for data min-
ing of adverse drug reactions. In this study, DPA is used as a signal monitoring 
method for adverse drug reactions. This method is based on the four grid table 
of drug adverse event (shown in Table 1). If the number of a drug associated 
with an adverse event is greater than the expected number, it is called a propor-
tion imbalance, indicating that the drug and the adverse event are related The 
probability of the event appearing in one report at the same time is greater than 
that of other drugs and other adverse events appearing in one report at the same  
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Table 1. Two-by-two contingency table of DPA. 

 
Reports with the suspected 

ADR 
Reports without the 

suspected ADR 

Reports with the suspected drug a b 

Reports without the suspected drug c d 

 
time. It can be considered that there is a potential connection between the drug 
and the adverse event, which may be a drug adverse reaction signal. According 
to different statistical principles, DPA can be further divided into proportional 
reporting ratio (PRR), reporting odds ratio (ROR) and Bayesian confidence 
propagation neural network (BCPNN), and so on. The measurement table of ra-
tio imbalance is shown in Table 1. 

The ROR method has a high sensitivity and a good ability to detect ADR sig-
nals in the early stage, so this method was adopted in this study (Rothman et al., 
2004). The reporting odds ratio (ROR) can be expressed as 

( )
( )
a c adROR
b d bc

= = .                      (1) 

The standard error of ln (ROR) and 95% confidence interval can be calculated by 

( ) 1 1 1 1ln
a

SE ROR
b c d

 = + + + 
 

.                 (2) 

( ) ( )In 1.96 ln95% e ROR SE RORCI ±= .                   (3) 

When a ≥ 3, i.e. SSRIs drug suspected adverse event report is greater than or 
equal to 3, and the lower limit of 95% CI of ROR is greater than 1, it indicates 
the production of a drug adverse reaction signal. 

2.4. Signal Classification 

FAERS database uses the preferred terms (PT) of the medical dictionary for reg-
ulatory activities (MedDRA) to code the adverse drug reaction (ADR), and to 
structurally process the original data (Wong et al., 2015). All terms in MedDRA 
are given a unique code and classified into five levels: systemic-organ classifica-
tion, High Level Group Term (HLGT), High Level Term (HLT), prime Term 
(PT) and Lowest Level Term (LLT). The basic unit is the PT, which is used to 
classify and retrieve medical events. MedDRA is not only used for the standar-
dized processing and coding of adverse drug events, but also provides classifica-
tion information of adverse drug events (Yu, 2016). In this study, the excavated 
ADR signals were statistically sorted according to the system organ class (SOC) 
of MedDRA 19.0. 

3. Result 

3.1. Basic Result 

By retrieving the FAERS data from January 1, 2014 to December 31, 2018, events 
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involving uncertain names of food, medical devices, and drugs were removed, 
and a total of 6,727,779 ADR reports were obtained. The ADEs with Fluoxetine, 
Fluvoxamine, Paroxetine, Sertraline and Citalopram as the primary suspects 
were 40,217, 2907, 52,439, 63,849 and 42,588 cases, respectively. The ADR sig-
nals calculated by ROR method were 1583, 429, 1481, 1831 and 1459 cases, re-
spectively, among which 187 cases showed ADR signals in all five drugs. The 
ADR caused by SSRI drugs mainly include psychiatric disorders, nervous system 
disorders, congenital, familial and genetic disorders and investigations (for ex-
ample, abnormality of various laboratory and physical inspection indexes). 

3.2. Hierarchical Mining Results of SSRI  
Drug-SOC Classification Combination 

The ROR algorithm was used to mine ADR signals of SSRIs drugs, and the que-
ried ADR signals were measured SOC classification referring to the MedDRA 
terminology. The heatmap was drawn to visually display the excavated ADR 
signals, as shown in Figure 1. It can be seen from the clustering tree on the up-
per side of the figure that there were more ADR signals in fluoxetine, paroxetine, 
sertraline and citalopram, and the ADR signals cover all classification of system-
ic organs while there was less adverse reaction signal in fluvoxamine, and ad-
verse reaction signal covers the classification system of organs including the 
psychiatric disorders, nervous system disorders, congenital, familial and genetic 
disorders and investigations. 

Figure Labels: This figure shows the distribution of adverse drug reaction sig-
nals. The horizontal axis represents the type of SSRIs drug, the vertical axis 
represents the SOC classification of adverse events, and each cell at the intersec-
tion of rows and columns represents the combination of SSRIs drugs and SOC  

 

 
Figure 1. ADR signal heatmap of SSRIs-SOC classification hierarchy. 
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classification. The color of each cell represents the frequency of the adverse reac-
tion signal. The darker the color, the greater the frequency. White indicates that 
the “drug-SOC classification combination” did not detect an adverse drug reac-
tion signal. 

The hot spot map shows the results of cluster analysis of adverse reaction sig-
nals from two dimensions: SSRIs category and adverse event SOC. First, it can 
be seen from the cluster tree on the left of the figure that it can be divided into 
two major categories: 1) Fluoxetine, Paroxetine, Sertraline, and Citalopram cov-
er all different levels of adverse events, so its clusters are under the same cluster; 
2) Fluvoxamine has fewer adverse reaction signals and is clustered into a cluster. 
Compared with Fluoxetine and Paroxetine, Sertraline and Citalopram have rela-
tively few adverse reaction signals, so the four drug varieties are further divided. 
From the cluster tree at the top of the figure, it can be seen that the signals of 
adverse drug reactions detected by the five SSRIs are mostly concentrated in 4 
SOC classifications including various psychiatric disorders, various nervous sys-
tem disorders, various congenital, familial and genetic disorders and various in-
vestigations, among which Fluoxetine detected as many as 1853 danger signals, 
Fluvoxamine has the fewest danger signals, only 429. The positive adverse drug 
reaction signals of the four systems are shown in Table 2. 

 
Table 2. Signal detection results of SSRIs in key systems. 

 Fluvoxamine Fluoxetine Paroxetine Sertraline Citalopram 

Anxiety  

N 195 2164 4216 3930 2097 

ROR 4.00 3.20 5.00 3.74 2.92 

95% CI (3.46, 4.63) (3.07, 3.35) (4.85, 5.17) (3.62, 3.87) (2.79, 3.05) 

Depression  

N 134 2623 3154 3634 1997 

ROR 3.09 4.56 4.20 3.97 3.19 

95% CI (2.61, 3.70) (4.38, 4.75) (4.05, 4.35) (3.84, 4.11) (3.05, 3.34) 

Withdrawal syndrome  

N 54 634 7604 859 583 

ROR 3.87 3.26 44.82 2.83 2.87 

95% CI (2.96, 5.07) (3.01, 3.53) (43.61, 46.06) (2.65, 3.03) (2.64, 3.12) 

Sleep disorder  

N 114 1426 2753 2776 1387 

ROR 2.86 2.67 3.97 3.24 2.38 

95% CI (2.37, 3.45) (2.53, 2.81) (3.81, 4.13) (3.12, 3.37) (2.25, 2.51) 

Suicidal ideation  

N 110 1596 3577 2194 1239 

ROR 5.87 6.34 11.76 5.52 4.56 

95% CI (4.85, 7.10) (6.03, 6.67) (11.35, 12.18) (5.28, 5.76) (4.31, 4.83) 
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Continued 

Drowsiness  

N 110 946 1421 1164 1164 

ROR 4.16 2.56 2.98 2.54 2.99 

95% CI (3.43, 5.02) (2.40, 2.73) (2.82, 3.14) (2.41, 2.67) (2.82, 3.18) 

Irritability  

N 112 894 2188 1277 966 

ROR 8.27 4.78 2.98 4.33 4.89 

95% CI (6.84, 9.99) (4.47, 5.11) (2.82, 3.14) (4.09, 4.58) (4.58, 5.22) 

Tremor  

N 124 1112 2453 1920 1283 

ROR 5.02 3.24 5.17 3.57 3.55 

95% CI (4.19, 6.00) (3.05, 3.44) (5.48, 5.95) (3.41, 3.74) (3.35, 3.75) 

Amnesia  

N 40 441 756 718 444 

ROR 3.31 2.66 3.54 2.77 2.51 

95% CI (2.43, 4.53) (2.42, 2.92) (3.29, 3.81) (2.57, 2.98) (2.29, 2.75) 

5-HT syndrome  

N 95 692 662 956 706 

ROR 37.00 21.10 14.31 19.25 20.44 

95% CI (30.18, 45.57) (19.56, 22.94) (13.17, 1.56) (17.96, 20.63) (18.89, 22.12) 

Dyskinesia  

N 27 307 415 497 299 

ROR 4.27 3.55 3.70 3.66 3.26 

95% CI (2.92, 6.24) (3.17, 3.98) (3.36, 4.08) (3.34, 4.00) (2.91, 3.66) 

Weight increased  

N 87 1237 2019 1749 950 

ROR 2.92 3.04 3.86 2.70 2.17 

95% CI (2.36, 3.61) (2.87, 3.21) (3.69, 4.04) (2.58, 2.84) (4.58, 5.22) 

Cholesterolemia  

N 25 455 434 749 370 

ROR 2.90 3.89 2.83 4.08 2.96 

95% CI (1.95, 4.30) (3.54, 4.27) (2.57, 3.11) (3.79, 4.39) (2.67, 3.28) 

Blood triglycerides increased  

N 22 243 434 314 204 

ROR 5.69 4.62 2.83 3.77 3.64 

95% CI (3.74, 8.65) (4.07, 5.25) (2.57, 3.11) (3.37, 4.23) (3.17, 4.19) 

Neutrophilia  

N 13 71 91 108 64 

ROR 9.06 3.61 3.56 3.48 3.06 

95% CI (5.25, 15.63) (2.85, 4.57) (2.89, 4.39) (2.88, 4.22) (2.39, 3.92) 

Note: N represents the number of ADRs in the drug. 
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4. Discussion 

In this study, the FAERS database was used to mine the ADR risk signals of 
SSRIs drugs, focusing on the ADR risk signals of Fluoxetine, Fluvoxamine, Pa-
roxetine, Sertraline and Citalopram in various psychiatric disorders, nervous 
system disorders and investigations ADRs of various mental illness systems are 
the most dangerous signals that have been discovered this time, mainly includ-
ing anxiety, depression, insomnia, irritability, withdrawal syndrome, and suicid-
al tendencies. The reason may be related to the decrease of 5-HT receptor sensi-
tivity in brain caused by long-term SSRIs administration, and the decrease of 
5-HT concentration in synaptic space caused by sudden discontinuation of 
SSRIs administration, thus leading to the occurrence of the above symptoms 
(Luo et al., 2008). Among them, suicidal tendency was the most dangerous signal 
among all kinds of mental system diseases. In 2004, the FDA conducted a com-
prehensive meta-analysis of the effects of antidepressants on suicide risk in pe-
diatric (<18 years old) patients, and risk assessment analysis showed that anti-
depressants were associated with an increased risk of suicide. Based on the re-
sults of this meta-analysis, the FDA in 2004 increased the black box warning of 
increased risk of suicide in minors (<18 years old) after medication, especially 
when starting treatment and changing drug dosage (Hammad, Laughren, & Ra-
coosin, 2006). After further study and analysis, the scope of black box warning 
was extended to children and adolescents under 24 years old in 2007 (Leon, 
2007; Friedman & Leon, 2007). In the treatment of depression, the US Primary 
Healthcare Guidelines recommend that adolescents with mild depression should 
be actively supported and monitored. And for patients with moderate and severe 
depression, SSRIs can be used (Radovic et al., 2014; Nardi et al., 2013). There-
fore, when SSRIs are used to treat patients with depression, the severity of the 
patient’s condition should be fully evaluated and the patient’s behavioral ten-
dency should be paid close attention to. 

The common ADR signals of nervous system include dizziness, extrapyra-
midal reaction, 5-HT syndrome and epilepsy (Zhou & Chen, 2010). Among 
them, our study found that the main clinical manifestations of 5-HT syndrome 
were symptoms of anxiety, irritability, myoclonus, blurred consciousness, and 
agitation, which generally appear after the combination drug treatment or in-
crease of the dosage. Therefore, the dosage can be timely adjusted according to 
individual symptoms in the treatment process. For patients with acute phase, af-
ter increasing the dosage to stabilize the condition, the dose should be timely 
adjusted back to the range of maintenance treatment. In this study, in addition 
to the common neurological adverse reactions described above, signals of Am-
nesia and Dyskinesia were also detected. 

Other adverse reactions include sinus arrhythmia, weight gain, and neutro-
phils. Although SSRIs have mild side effects in the cardiovascular system and 
other systems, a report based on the safety monitoring of antidepressants from 
1993 to 2010 shows that SSRIs have an increased risk of arrhythmias by inducing 
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longer QTc intervals (Spindelegger et al., 2015). Weight gain may be caused by 
the improvement of depression or other reactions of depression, resulting in 
eating more and sleeping more, and then weight gain (Wang, 2011). In addition, 
it has been reported that the use of antidepressants can cause leukopenia (Ng, 
Kennar, & Uetrecht, 2014). Therefore, in the clinical application of antidepres-
sants, patients’ white blood cell levels should be checked regularly to identify 
risks and symptomatic treatment in a timely manner. 

In this study, the signal mining of SSRIs adverse drug reaction events in the 
FAERS database in the United States revealed the potential association between 
many adverse events and SSRIs drugs, which provided the research hypothesis 
for subsequent studies in multiple disciplines including clinical, pharmaceutical, 
epidemiological and other disciplines. It also lays the foundation for pharmaco-
vigilance surveillance based on “real world data”. Compared to the traditional 
drug safety evaluation methods such as pre-market clinical randomized con-
trolled trials (randomized controlled trials, RCT), etc., with a large sample size 
and long span cycle, wide coverage, etc., can effectively reflect the SSRIs drug 
adverse reaction caused by distribution in the real world, can be used as a tradi-
tional medicine extension and supplement of safety evaluation method. Howev-
er, this study has some limitations. First, studies based on adverse event reports 
could not calculate the incidence of each adverse event because they could not 
obtain information about the drug population. Secondly, this study is a retros-
pective observational study. The ADR signals obtained by data mining cannot be 
defined as causality at will, which requires further assessment and verification by 
experts in related fields. 

5. Conclusion 

In this study, data mining technology was used to mine 6727779 ADR reports in 
the FEARS database. It was found that the ADR signals of five SSRIs mainly in-
cluded nervous system damage, mental system damage and laboratory examina-
tion abnormality, including 1583 ADR signals of Fluoxetine, 429 ADR signals of 
Fluvoxamine, 1481 ADR signals of Paroxetine. There were 1831 adverse reaction 
signals of Sertraline and 1459 adverse reaction signals of Citalopram. In addi-
tion, the adverse reaction signals of SSRIs discovered in this study included sui-
cidal tendency, which suggested that when SSRIs were used to treat depression 
patients, the severity of the patient’s condition should be fully evaluated and the 
behavioral tendency of the patient should be paid close attention to. 
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