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Obijective: This study aimed to mine and analyze adverse event signals of fluoxetine using the U.S.
Food and Drug Administration’s Adverse Event Reporting System database.

Methods: This study focused on suspected adverse drug reaction reports between the first quarter of
2004 and the second quarter of 2023 in which fluoxetine was the primary suspected drug. Four signal
mining and analysis methods were employed to comprehensively assess adverse event signals.
Results: A total of 19,932,732 reports were collected, of which 22,884 primarily suspected fluoxetine.
Through analysis, 862 signs involving 27 system organ classes were identified. More adverse events
were reported by female patients (58.81%) than male patients (26.84%), with the largest percentage
being in the 18-45 year age group. The signal strength of adverse events related to pregnancy and
neonatal conditions was notable, including fetal exposure during pregnancy, exposure during
pregnancy, and neonatal health-related adverse events, such as atrial septal defect, premature baby,
ventricular septal defect, and maternal drugs affecting the fetus.

Conclusions: Although fluoxetine has been extensively approved and applied, its use in women who

are pregnant or planning to conceive should be approached with caution.
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Introduction

Depression is one of the most common mental health
issues worldwide, impacting the quality of life, social
functioning, and labor productivity of patients. Approxi-
mately 322 million people globally suffer from depression,
with a prevalence rate of about 4.4%. By 2030, depres-
sion is predicted to become the leading cause of disease
burden worldwide, having a significant impact on both
society and the economy.'" In China, depression is also
a public health issue that cannot be overlooked. The
mortality rate due to mental disorders in urban areas has
reached 3.1%, while in rural areas it is 2.86%.*
However, the exact pathogenesis of depression is not
fully understood, with its onset influenced by individual
differences, environment, genetics, and other factors.®
The monoamine neurotransmitter hypothesis is now
widely accepted as an explanation for the etiology of
depression. To alleviate depressive symptoms, a variety
of antidepressants are commonly used clinically, includ-
ing traditional tricyclic antidepressants, tetracyclic anti-
depressants, monoamine oxidase inhibitors, and neuro-
transmitter reuptake inhibitors.6® Although these drugs
have shown good efficacy in different types of depressive
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patients, there are also concerns about adverse
reactions.

Among antidepressants, selective serotonin reuptake
inhibitors (SSRIs) (such as fluoxetine) have garnered
much attention. SSRIs increase the concentration of
serotonin in the central nervous system, thereby improv-
ing depressive symptoms. Compared to other antide-
pressants, SSRIs have fewer severe adverse reactions
and overdose deaths and are widely recognized globally
as a first-line antidepressant treatment.® Although fluox-
etine is considered a relatively safe first-line drug in
clinical use, there are still potential adverse reactions and
risks, such as dry mouth, dizziness, and panic
attacks.'®'" Additionally, in rare cases dizziness and
general numbness may have been triggered by fluox-
etine, but the exact pathogenesis remains unclear.

Given this backdrop, the present study investigated
the potential risks associated with fluoxetine. By conduct-
ing a comprehensive analysis of the U.S. Food and
Drug Administration’s Adverse Event Reporting System
(FAERS) database, we aimed to determine the potential
adverse reactions of fluoxetine, providing a scientific
basis for clinicians when making decisions regarding its
use.
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Methods
Data source

In this study, we conducted a comprehensive analysis of
adverse event reports associated with fluoxetine in the
FAERS database. These reports encompass various
details related to adverse drug events (ADEs), such as
indications for use, patient demographics, ADE type,
onset time, duration, and outcomes. The time frame for
data selection was the first quarter of 2004 until the
second quarter of 2023.

Data extraction and cleaning

We searched for data with fluoxetine as the primary
suspected drug. The downloaded data included demo-
graphic information, drug usage details, reaction terms,
patient outcomes, etc. The cleaning steps involved
filtering the data to include only those reports submitted
between the first quarter 2004 and the second quarter
of 2023. This time frame was chosen to capture a
comprehensive dataset while excluding outdated reports.
The reports were standardized using the Medical Dic-
tionary for Regulatory Activities preferred terms and
system organ class (SOC),'? which ensured uniformity
in the categorization of adverse events. Instances of
missing demographic information (such as age and sex)
were identified, and reports with crucial data gaps were
excluded from further analysis to maintain the integrity of
the results. The dataset was screened for duplicate
entries, ensuring that each report was counted only once
to avoid skewing the analysis. Quality control consisted of
random sampling of cleaned data to verify the accuracy
and reliability of the information retained for analysis.

Data analysis

This study employed both frequency-based and Bayesian
methods for signal detection, including disproportionality
analysis, which is a statistical technique used to identify
adverse event signals by comparing the observed number
of adverse events associated with a drug to the expected
number based on overall reporting rates. The frequency-
based methods primarily included the reporting odds
ratio'® and proportional reporting ratio," while the
Bayesian methods primarily consisted of the Bayesian
confidence propagation neural network'® and the empiri-
cal Bayesian geometric mean.'® Calculations for both
types of methods can be based on 2 x 2 contingency
table data, as illustrated in Table 1. The positive signal
threshold values for these two types of methods can be
found elsewhere."” To reduce the occurrence of false-

positive signals, this study set criteria in which an event
was statistically associated with the drug only if it
simultaneously met the aforementioned standards and
had an ADE frequency of > 3 cases.

Results

A total of 19,932,732 reports made between January 1,
2004 and June 30, 2023 were collected from the FAERS
database. Of these, 22,884 primarily suspected fluoxetine
as the causative agent. Our analysis with the reporting
odds ratio, proportional reporting ratio, Bayesian con-
fidence propagation neural network, and empirical Baye-
sian geometric mean methods yielded 862 preferred term
signals involving 27 SOCs.

Basic information on adverse drug events related to
fluoxetine

As detailed in Table 2, more reported cases were female
patients (58.81%) than male patients (26.84%). The 18-
45 year age bracket had the highest proportion of reports
(27.32%). Between 2004 and 2023, the number of reports
increased annually; the highest frequency of reports
occurred in 2015 (13.63%). There were relatively fewer
reports in 2004 and 2007, each accounting for 2.43%.
The reports primarily came from consumers (32.99%),
physicians (27.32%), other health professionals (17.60%),
and pharmacists (12.54%). Most reports came from the
United States (44.11%), the United Kingdom (19.63%), and
France (7.99%). The most common ADE outcome was
hospitalization — initial or prolonged (29.61%), followed
by death (13.31%), life-threatening (8%), and disability
(5.17%). Among reports with a specific duration, ADEs
occurring within 0-30 days were the most common
(14.39%).

Risk signal detection

On the SOC level, ADEs related to fluoxetine covered 27
SOCs (see Table 3). Notable SOCs include psychiatric
disorders, nervous system disorders, general disorders
and administration site conditions, injury, poisoning,
procedural complications, and gastrointestinal disorders,
which align with the drug’s leaflet. Even though respira-
tory, thoracic, and mediastinal disorders, musculoskeletal
and connective tissue disorders, skin and subcutaneous
tissue disorders, metabolism and nutrition disorders,
pregnancy, puerperium, and perinatal conditions are not
mentioned in the drug leaflet, they appeared frequently in
the data. Signals related to pregnancy, puerperium, and
perinatal conditions were especially strong and warrant
further attention.

Table 1 Contingency table

Target ADEs Non-target ADEs Total
Fluoxetine a b a+b
Non-fluoxetine c d c+d
Total a+c b+d n=a+b+c+d

ADE = adverse drug event.
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Table 2 Basic information on adverse drug events reported with fluoxetine

Factor Events, n (%)
Sex
Female 13,458 (58.81)
Male 6,143 (26.84)
Unknown 3,283 (14.35)
Age
<18 2,671 (11.67)
> 18, < 45 6,253 (27.32)
> 45, < 65 4,600 (20.10)
> 65 <75 1,249 (5.46)
> 75 970 (4.24)
Unknown 7,141 (31.21)
Reporter
Consumer 7,550 (32.99)
Pharmacist 2,870 (12.54)
Physician 6,252 (27.32)
Other health professionals 4,027 (17.60)
Unknown 1,566 (6.84)
Lawyer 619 (2.70)
Reported countries
United States 10,093 (44.11)
United Kingdom 4,493 (19.63)
France 1,828 (7.99)
Unknown 1,026 (4.48)
Germany 703 (3.07)
Report year
2004 556 (2.43)
2005 714 (3.12)
2006 623 (2.72)
2007 556 (2.43)
2008 611 (2.67)
2009 735 (3.21)
2010 668 (2.92)
2011 857 (3.74)
2012 1,098 (4.80)
2013 963 (4.21)
2014 1,169 (5.11)
2015 3,120 (13.63)
2016 1,245 (5.44)
2017 1,167 (5.10)
2018 1,553 (6.79)
2019 1,982 (8.66)
2020 1,532 (6.69)
2021 1,431 (6.25)
2022 1,467 (6.41)
2023 837 (3.66)
Serious outcomes
Death 3,046 (13.31)
Disability 1,182 (5.17)
Hospitalization - Initial or prolonged 6,775 (29.61)
Life-threatening 1,830 (8.00)
Adverse event occurrence time - Medication date (days)
0-30 3,293 (14.39)
31-60 358 (1.56)
61-90 219 (0.96)
91-120 105 (0.46)
121-150 90 (0.39)
151-180 69 (0.30)
181-360 336 (1.47)
> 360 801 (3.50)

On the preferred term level, the research results were 50 terms. In Table 5, the 20 most frequently reported
ranked according to the number of reports and signal preferred terms were mainly ADEs recorded in the drug
strength, shown in Tables 4 and 5, which display the top leaflet. Besides ADEs described in the product leaflet,
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EBGM
(EBGMO5)
2.98 (2.57
5.01 (4.32
2.71 (2.33
3.09 (2.65

IC (1C025)
1.56 (1.34
2.29 (2.07)
1.43 (1.20
1.61 (1.38
reporting odds ratio; SOC = system organ class.
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events such as fetal exposure during pregnancy, expo-
sure during pregnancy, maternal exposure during preg-
nancy, atrial septal defect, premature baby, ventricular
septal defect, and maternal drugs affecting the fetus
were found frequently. Additionally, in Table 5, events
with high signal strength, such as congenital anomalies of
the posterior segment of the eye, prolonged rupture of
membranes, maternal exposure via partner during preg-
nancy, neonatal complications of substance abuse,
trisomy 22, subdural hemorrhage neonatal, neonatal
anoxia, persistent fetal circulation, neonatal diabetes
mellitus, and fetal alcohol syndrome require further in-
depth investigation.

The risk signal detection results show that multiple
SOCs and specific preferred terms are implicated in
ADEs associated with fluoxetine. Some of these align with
known risks in the drug leaflet, while others may need
more detailed research and attention, especially risks
related to pregnancy, fetal exposure, and neonatal
complications. These results provide valuable insights
into the potential risks associated with fluoxetine.

Discussion

Fluoxetine hydrochloride, which is widely used to treat
depression, anxiety, and other mental health issues, has
received approval from regulatory authorities in many
countries. Apart from its primary use, fluoxetine also helps
alleviate inflammatory pain and reduce dependence on
opioids. However, recent research and clinical reports
have highlighted several potential risks, including, but not
limited to, effects on bone metabolism, potential epileptic
risk, and possible cases of hyponatremia (low sodium
levels).'® Recent studies have found that fluoxetine has
varying impacts on the proliferation and function of
osteoblasts and osteoclasts at different concentrations.
This finding has raised concerns about whether fluoxetine
contributes to metabolic bone diseases.’® In addition,
under specific circumstances, such as when combined
with atypical antipsychotic drugs with 5-HT antagonist
properties (like olanzapine), fluoxetine might increase the
risk of epileptic seizures.?° In clinical practice, to cater to
unique patient needs and clinical situations, doctors
sometimes prescribe doses or applications beyond the
recommended range in drug leaflets, which is an
important area of current research. Particularly in anti-
depressant treatments, there is no consensus on the
effects and safety of such off-label uses. Similarly, studies
investigating fluoxetine’s impact on fertility have found
inconsistent results. This research further highlights the
potential risks of fluoxetine concerning pregnancy, fetal
exposure, and neonatal complications. These initial
findings underscore the urgency need for more detailed
investigations on these issues. The study’s findings will be
further discussed below.

Basic information

The significant gender disparity in the reports (females
58.81%; males 26.84%) suggests that certain ADEs may
pose different risks to men and women. It might also be
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because fluoxetine is more commonly prescribed to
females.?’ However, further research is needed to confirm
this. The 18-45 year age bracket, which accounted for the
highest percentage of reports (27.32%), warrants closer
scrutiny regarding fluoxetine safety. The number of reports
increased annually from 2004 to 2023, peaking in 2015,
which could reflect either a rise in fluoxetine’s popularity or
improved reporting mechanisms. The reports primarily
came from consumers and health care professionals,
mainly from the United States. Nearly a third of the reports
involved hospitalizations, with mortality as high as 13.31%.
These results emphasize the potential severity of ADEs,
which suggests a need for deeper investigation to
determine causality. These baseline insights provide
valuable cues for more in-depth research into the safety
and potential risks of fluoxetine, especially concerning
specific groups and ADE types and severity.

Adverse drug events consistent with drug labeling

The ADE signal analysis in this study suggests that the
side effects of fluoxetine essentially encompass those
listed in the drug labeling, which further attests to this
study’s reliability. ADEs, such as drug interactions, com-
pleted suicide, anxiety, depression, and suicidal ideation
were frequent among the reports, which indicates the
need for clinical vigilance.??*® The ADEs reported in drug
labels are primarily based on clinical study results. Given
the limited patient types and numbers included in these
studies, some delayed or rare side effects might not be
promptly identified. Post-market spontaneous reporting
data can offer further insight into drug safety.

Risks related to pregnancy, the fetus, and neonates

According to World Health Organization data, depression
ranks as the fourth most common disease, affecting
nearly 20% of the global population — not only adults, but
adolescents and children as well. In our country, with
implementation of the “three-child” policy, the potential
child-bearing population could further expand, even the
middle-aged group. For these potential child-bearing
populations, the impact of drugs on fertility has become
a factor requiring special consideration. In response, the
Food and Drug Administration has even issued new
guidelines for medication during pregnancy, aiming to
clarify potential impacts on fertility.

In our country, the ABCDX risk classification for 17
antidepressants has been abolished, and recommenda-
tions on medication during pregnancy and lactation have
been revised according to the new Food and Drug
Administration guidelines.?* However, these guidelines
do not yet cover content related to potential child-bearing
populations. In pharmacological toxicology, our generic
drugs tend to elucidate pharmacological mechanisms,
offering less content about toxicology. Some imported
drugs, English drug leaflets, and Micromedex provide
non-clinical animal data related to reproductive toxicity.®
Tests on the reproductive toxicity of these 17 antidepres-
sants mainly involve rats, with some also including mice,
such as fluoxetine. For instance, adult rat/mice trials using

Potential adverse events of fluoxetine

a 10/12 mg- kg-1 d dose showed no apparent impact on
fertility. However, juvenile rat studies found that a 30
mg - kg-1 d dose of fluoxetine could harm fertility, causing
epididymal damage, reducing sperm concentration and
producing irreversible adverse effects on fertility. The
mating rates in all dosage groups were also affected.?6%”
No recommended maximum dose in humans has been
established due to the pharmacokinetic properties of the
drug and inter-individual differences.

This study revealed associations between fluoxetine
and ADE signals in specific SOC and preferred term
dimensions. Specifically, at the SOC level, ADE signals
related to pregnancy, puerperium, and perinatal condi-
tions were notably strong. This finding is corroborated by
the preferred term results, in which specific terms like fetal
exposure during pregnancy, exposure during pregnancy,
and maternal exposure during pregnancy had a higher
incidence trend. Moreover, a series of ADEs linked to
neonatal health, such as atrial septal defect, premature
baby, ventricular septal defect, and maternal drugs
affecting fetus, also had increased signal strength. At
the same time, by analyzing other preferred terms, we
identified some signals that cannot be overlooked. For
example, the signal strengths for congenital anomalies of
the posterior segment of the eye, neonatal complications
of substance abuse, trisomy 22, and subdural hemor-
rhage neonatal were relatively high. These results
suggest a potential association between fluoxetine use
in child-bearing populations and ADEs related to neonatal
development and maternal-infant health.

This finding is consistent with previous studies.
Research has increasingly focused on the implications
of fluoxetine and other SSRIs on fertility and neonatal
health. A systematic review reported that SSRIs, includ-
ing fluoxetine, have been associated with various adverse
pregnancy outcomes, such as preterm birth and neonatal
morbidity.282° Additionally, a study utilizing a serotonin
transporter null mouse model found that SSRI treatment
could lead to significant pregnancy complications, includ-
ing increased pregnancy loss and neonatal mortality.*°

Furthermore, evidence suggests that prenatal exposure
to fluoxetine correlates with specific adverse outcomes in
newborns, such as respiratory distress and major cardiac
malformations.?® This underscores the need to understand
the timing and dosage of antidepressant exposure during
pregnancy, as variations can significantly impact neonatal
health outcomes.?® Given the complexity of these findings,
it is crucial to continue exploring the safety profile of
fluoxetine, particularly in pregnant populations, to better
inform clinical practice and ensure maternal and fetal health.

These findings highlight the complexities and potential
risks of using fluoxetine in child-bearing populations.
Although fluoxetine is primarily used to treat depression
and anxiety, its regulatory effect on 5-hydroxytryptamine
could impact the health of both the pregnant woman
and the fetus.®' 5-hydroxytryptamine plays a crucial
role in regulating mood, sleep, and pain perception, but
it also participates in fetal nervous system develop
ment during pregnancy.®® Therefore, fluoxetine could
interfere with this process, leading to adverse perinatal
outcomes.
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Our findings suggest that stricter monitoring of medica-
tion use in women of childbearing age is needed in clinical
practice. This includes not only the use of fluoxetine
during pregnancy but also the consideration of potential
pregnancy risks before prescription, especially for women
planning to conceive. These findings may help inform
revisions to medication use guidelines to ensure the
safety of women and newborns.

Although our signal analysis of fluoxetine-related ADEs
was extensive, this study involves certain limitations.
First, our analysis was based on spontaneous reporting in
the FAERS database, which could lead to bias in AE
reporting, particularly in terms of frequency and severity.
The spontaneous reporting system might be influenced by
the willingness to report and ability to recognize AEs,
which could lead to overestimation or underestimation.
Secondly, these database data lack the rigor of rando-
mized controlled trials, so causal relationships cannot be
established — only associative evidence is provided.
Additionally, due to the lack of detailed individual patient
information in the database, such as baseline health
conditions, comorbidities, and concurrent medications,
our understanding of the mechanisms behind AEs is
limited. Additionally, factors like drug dosage and individual
differences could influence the interpretation of results.

Given these limitations, future research should con-
tinue to focus on the safety issues of fluoxetine and
similar drugs. Ongoing, comprehensive assessments of
the safety of fluoxetine and related drugs are crucial,
especially in special populations like pregnant women and
neonates. This not only requires more foundational
research to elucidate their mechanism of action but more
targeted clinical trials to validate their safety and efficacy.

This study underscores the complexities of ADE signal
detection and analysis for fluoxetine, especially regarding
pregnancy, puerperium, and perinatal conditions. These
findings offer direction for future research, suggesting
further investigation into the mechanisms of fluoxetine
and how this drug can be used more safely in special
populations. Specifically, for women who are pregnant or
planning to conceive, the risks and benefits of fluoxetine
should be carefully evaluated, and more personalized
treatment plans may be necessary.
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