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Abstract

Aims/Background Tinnitus is a very common condition, and is a side effect of many medications. The
panorama of drug-induced tinnitus has widened in recent decades, and post-marketing data are needed
to gain a better insight into adverse drug reactions related to tinnitus. However, there are currently few
studies on drug-induced tinnitus. We aimed to explore the details of real-world drug-related tinnitus.
Methods We collected data on adverse drug reactions related to tinnitus from the Food and Drug Ad-
ministration Adverse Event Reporting System (FAERS) database for the fourth quarter of 2012 to the
fourth quarter of 2023. The top 25 tinnitus-associated drugs and indications were analyzed, and report-
ing odds ratios (RORs) were used to assess the association between drugs and adverse events (AEs).
Results A total of 29,460 patients were enrolled in our study, with a greater proportion of women
(59.1%) than men (31.7%). Among all tinnitus-related drugs, duloxetine (n = 1510, ROR [95% con-
fidence interval (CI)] = 11.99 [11.38-12.63]), ciprofloxacin (n = 938, ROR [95% CI] = 9.96 [9.33—
10.63]), and adalimumab (n = 759, ROR [95% CI] = 0.68 [0.64—0.73]) displayed the strongest associ-
ations. Among all tinnitus-related indications, depression (n = 1172), rheumatoid arthritis (n = 947),
and multiple sclerosis (n = 914) were the most relevant indications. Vertigo (n = 2443, ROR [95% CI]
=17.51[7.21-7.82]), deafness (n = 1740, ROR [95% CI] = 13.50 [12.86—14.18]), and hypoacusis (n =
1550, ROR [95% CI] = 6.11 [5.81-6.43]) were the most common concomitant ototoxic AEs in patients
reporting tinnitus.

Conclusion Our study mined and analyzed the AEs signals of drug-induced tinnitus and provided a
reference for the safe clinical application of the drugs.

Key words: drug-induced tinnitus; adverse events; ototoxicity monitoring; Food and Drug Ad-
ministration (FDA) Adverse Event Reporting System database
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Introduction

Tinnitus affects more than 740 million adults globally, with more than 120
million people reporting it as severe (Jarach et al, 2022). Severe tinnitus can cause
hearing impairment, affect communication and interaction between people, affect
sleep, and cause emotional problems for patients (Chen et al, 2024; Oosterloo et al,
2021). In the literature, rates of severe symptoms among tinnitus patients are be-
tween 15% and 30%. Patients reported a significant decrease in their quality of life
due to tinnitus, with symptoms such as depression, anxiety disorder, difficulty con-
centrating, and irritability (Hall et al, 2011; Mantello et al, 2020; Pinto et al, 2010).
There is a high prevalence of depressed mood and related depressive symptoms
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in patients with tinnitus, and approximately 48%—60% of chronic tinnitus suffer-
ers are diagnosed with major depression due to long-term tinnitus-related distress
(Pinto et al, 2014). These conditions place a significant burden on the global econ-
omy and society in terms of disease. However, the pathophysiological mechanism
of tinnitus remains unclear. Noise, ototoxic drug use, and aging may damage the
auditory system and induce tinnitus (Paciello et al, 2021; Qi et al, 2019; Zhang et
al, 2020).

Drug-associated tinnitus has attracted increasing attention as an adverse drug
reaction, and common drugs that can cause tinnitus include salicylic acid prepa-
rations, diuretics, and ototoxic antibiotics (Ding et al, 2016; Le et al, 2023; Shep-
pard et al, 2014). Signal mining based on the Spanish Pharmacovigilance System
Medicinal Products for Human Use (SEFV-H) database identified 3295 adverse
ototoxicity signals, of which 662 were tinnitus adverse events (AEs) signals. Eight
percent of tinnitus cases were considered severe, with persistent or significant dis-
ability reported in 8.4% of cases. Full recovery occurred only in 65% of cases,
making tinnitus a global, nonnegligible adverse drug reaction (Lisbona-Alquézar
et al, 2020).

Ototoxic drugs, well-known to clinicians, should be avoided if possible or re-
placed by alternative drugs in patients carrying a gene for deafness or with a family
history of deafness. Many new medications have been developed in recent years;
however, the AEs that cause tinnitus have not been systematically analyzed. This
adverse effect has not been included in the instructions for some medications, which
can lead to chronic persistent tinnitus in patients who are unable to stop taking them
in time, affecting their physical and mental health.

The Food and Drug Administration Adverse Event Reporting System (FAERS)
is one of the spontaneous reporting databases currently used in the monitoring of ad-
verse drug reactions, and the present study mined and analyzed tinnitus AEs signals
due to drugs in the population to provide a reference for the safety of the clinical
application of drugs.

Methods

Data Collection

We collected all available information from the FAERS database from the
fourth quarter of 2012 to the fourth quarter of 2023. For consistency and accuracy,
the FAERS database utilizes a standardized classification system based on the Med-
ical Dictionary for Regulatory Activities (MedDRA) to report AEs. In our research,
tinnitus was defined by the preferred term (PT) tinnitus (PT code 10043882) under
the System Organ Class (SOC) category named ear and labyrinth disorders (SOC
code 10013993). Only drugs classified as primary suspect (PS) of inducing tinnitus
were included in this study. Duplicated cases were deleted following the recommen-
dation of the Food and Drug Administration (FDA) by processing the Demographic
(DEMO) file. The flowchart of the study is presented in Supplementary Fig. 1.

British Journal of Hospital Medicine | 2024 | https://doi.org/10.12968/hmed.2024.0380


https://www.magonlinelibrary.com/journal/hmed
https://doi.org/10.12968/hmed.2024.0380

ARTICLE

Signal Report

A disproportionality analysis was performed using the relative odds ratios (RORs)
to detect the safety signals of the drugs. The calculation for the RORs uses a two-
by-two contingency table comparing event counts for the target drug and all other
drugs; the equations and criteria are listed in Supplementary Table 1.

Statistical Analyses

R (version 4.3.2, founded by R Development Core Team, Vienna, Australia)
and RStudio (version 2023.12.0+369, founded by Posit, Boston, MA, American)
were used for all the statistical analyses. Descriptive statistics for all categorical
[N (%)] variables were determined for all patients” demographic and clinical char-
acteristics and outcomes. Normality testing was performed using the Kolmogorov-
Smirnov test and the Shapiro-Wilk test. Normally distributed quantitative variables
were presented as mean + SD, whereas non-normally distributed continuous vari-
ables were represented as median (interquartile range).

Results

The Demographic Characteristics of the Patients

As listed in Table 1, 29,460 patients were included in our study, with a greater
proportion of women (59.1%) than men (31.7%). Most patients (31.2%) weighed
between 50 and 100 kg. The majority of patients (46.4%) were aged between 18
and 64.9 years, and most adverse reactions were reported by patients (57%).

The Top 25 Drugs with Tinnitus-Related Adverse Effects and Their RORs

The top 25 drugs with tinnitus-related adverse effects are listed in Fig. 1. Pa-
tients taking duloxetine were the most likely to report adverse effects related to
tinnitus, followed by ciprofloxacin and adalimumab. These drugs can be catego-
rized into several groups according to the Anatomical Therapeutic Chemical (ATC)
Index 2024. Among these groups, antidepressants and immunosuppressants were
most strongly associated with tinnitus. RORs of these drugs are shown in Fig. 2.
Based on the RORs, all drugs in the antidepressant, analgesic, and quinolone an-
tibacterial categories were related to tinnitus. However, despite being the second
most common group, almost all immunosuppressants were not associated with tin-
nitus.

The Top 25 Indications for Tinnitus-Inducing Drugs

The indications for these drugs can be classified according to the eleventh re-
vision of the International Classification of Diseases, as illustrated in Fig. 3. Dis-
eases of the musculoskeletal system or connective tissue rank first, followed by
mental, behavioral, or neurodevelopmental disorders. In line with the medication
rankings, depression had the highest incidence of drug-associated tinnitus, followed
by rheumatoid arthritis, for which adalimumab, etanercept, and tofacitinib were
widely used.
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Table 1. Demographic characteristics of the patients.

Overall (N =29,460)

N (%) Median (Interquartile range)
Sex
Female 17,413 (59.1%)
Male 9339 (31.7%)
Missing 2708 (9.2%)
Weight (kg)
<50 600 (2.0%) 46.00 (5.47)
>100 1181 (4.0%) 111.00 (16.97)
50-100 9188 (31.2%) 72.00 (19.40)
Missing 18,491 (62.8%)
Age (years)
<18 358 (1.2%) 14.00 (5.00)
>85 261 (0.9%) 88.00 (11.00)
18-64.9 13,671 (46.4%) 50.00 (18.00)
65-85 4790 (16.3%) 71.00 (8.00)
Missing 10,380 (35.2%)
Reporter
Customer 16,787 (57.0%)
Health professional 2047 (6.9%)
Lawyer 511 (1.7%)
Physician 4722 (16.0%)
Pharmacist 1555 (5.3%)
Register nurse 13 (0.0%)
Other 2603 (8.8%)
Missing 1222 (4.1%)

Onset Time of Tinnitus

The time of induction of tinnitus was recorded in 5046 (17.13%) patients. The
time from taking the drug to tinnitus onset is presented in Fig. 4. The period with
the greatest number of patients was 0-5 days (n = 1522), followed by 31-180 days
(n=1053). Remarkably, 167 (3.31%) patients experienced tinnitus after taking the
drug for more than 1800 days.

Concomitant Ototoxic Reactions in Patients with Drug-Induced Tinnitus

In addition to tinnitus, patients developed other ototoxic reactions, as listed in
Fig. 5. According to RORs, patients suffering from tinnitus also have an increased
risk of all events with a PT number of cases greater than 2. Vertigo (n = 2443,
ROR [95% confidence interval (CI)] =7.51[7.21-7.82]), deafness (n = 1740, ROR
[95% CI]1=13.50[12.86—14.18]), and hypoacusis (n = 1550, ROR [95% CI] =6.11
[5.81-6.43]) were the most common concomitant ototoxic AEs in patients reporting
tinnitus.
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Pregabalin 293
Gabapentin 259
Erenumab—Aooe 178
Duloxetine 1510
Venlafaxine 390
Sertraline 385
Citalopram 269
Amlodipine 262
Denosumab 204
Teriparatide 175
Adalimumab 759
Lenalidomide 407
Etanercept 354

Tofacitinib 206

Fingolimod 190
Teprotumumab-Trbw 180
Dimethyl Fumarate 171
Atorvastatin 297
Evolocumab 167
Ciprofloxacin 938
Levofloxacin 273
Mirena 461
Sodium Oxibate 234
Novothyrox 205
Botulinum Toxin Type A 184

° $ $ $ $
S K N &

Number

Fig. 1. Top 25 tinnitus-inducing drugs and associated preferred term (PT) numbers. These
drugs were categorized into eight groups according to the Anatomical Therapeutic Chemical (ATC),
of which antidepressants (n = 2554), immunosuppressants (n = 2267), and quinolone antibacterial
agents (n = 1211) were the most common drugs associated with tinnitus. Among the individual
drugs, duloxetine (n = 1510), ciprofloxacin (n = 938), and adalimumab (n = 759) were the three
most relevant drugs.

Discussion

Tinnitus is a common clinical manifestation of otogenic damage and has been
documented as a side effect of many medications. However, there is a lack of
studies summarizing drug-associated tinnitus, and there are only a few case reports
of tinnitus induced by medications such as baclofen and benzodiazepines (Auffret
et al, 2014; Laskey and Opitz, 2020). To the best of our knowledge, this is the
largest real-world study on drug-induced tinnitus.

We found a higher prevalence of drug-induced tinnitus in women compared to
men, which is consistent with the findings of Lisbona-Alquézar et al (2020). How-
ever, a published epidemiological study revealed a greater prevalence of tinnitus in
males than in females (Wu et al, 2015). On the other hand, a Spanish epidemiolog-
ical study revealed that tinnitus was more prevalent in women (Arnold et al, 2022).
These findings suggest that the gender-specific features of tinnitus may vary accord-
ing to the population. With respect to patient age, we found that the adult group was
more affected by tinnitus than the other groups, according to the FAERS database.
This could be explained by the greater use of ototoxic drugs, such as antineoplastics
or antibiotics, in adult patients.

Antidepressants are well-known for causing tinnitus (Clewes, 2012). We found
that duloxetine was associated with tinnitus in the greatest number of patients in
FAERS. This drug is mainly used for treating depression and pain, and the drug’s
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Drugname Cases ROR  95%ClI
Analgesics
Pregabalin 293 i 1.49 1.33t0 1.68
Gabapentin 259 —— 243 2.15t02.74
Erenumab—Aooe 178 —— 2.57 2.20t0 2.98

Antidepressants

I
I
I
I
I
I
i
Duloxetine 1510 i »11.99 11.38t0 12.63
Venlafaxine 390 ! —%—>4.61 4.17 to 5.09
Sertraline 385 : —— 415  3.76t0 4.59
Citalopram 269 i —— 3.21 2.84 t0 3.62
Calcium Channel Blockers |
Amlodipine 262 : —— 253 22410286
Drugs Affecting Bone Structure And Mineralization :
Denosumab 204 o= 100 087to1.15
Teriparatide 175 '-h* 1.07 0.92to 1.24
Immunosuppressants :
Adalimumab 759 - : 0.68 0.64t00.73
Lenalidomide 407 Pq'* 0.97 0.88t01.07
Etanercept 354 - : 0.49 0.44 to 0.54
Tofacitinib 206 i : 0.79  0.69to0 0.90
Fingolimod 190 '-P-' 1.06  0.92to0 1.22
Teprotumumab-Trbw 180 : »28.03 24.17 to 32.49
Dimethyl Fumarate 171 >l‘: 0.83 0.71 to 0.96
Lipid Modifying Agents :
Atorvastatin 297 : —— 2.90 2.59103.25
Evolocumab 167 q-' 0.93 0.80 to 1.09
Quinolone Antibacterials :
Ciprofloxacin 938 : »9.96 9.33to 10.63
Levofloxacin 273 : —#—>4.48 3.97 to 5.04
Other :
Mirena 461 : —— 3.14 2.86t0 3.44
Sodium Oxibate 234 : i 1.72 1.51t0 1.95
Novothyrox 205 ! — 3.84 3.35t0 4.40
Botulinum Toxin Type A 184 : —— 2.35 2.03t02.72
5 ] !

Fig. 2. The reporting odds ratios (RORs) of the top 25 drugs. All drugs in the antidepressant,
analgesic, and quinolone antibacterial categories were related to tinnitus, while almost all immuno-
suppressants were not associated with tinnitus.

label indicates that some patients may experience withdrawal symptoms such as
tinnitus and dizziness after discontinuing the drug after long-term use. Cases of
tinnitus have also been reported in depressed patients after the use of venlafaxine
(Ahmad, 1995; Pondrom and Brahm, 2009). 5-hydroxytryptamine (5-HT), also
known as serotonin, plays an important role in the pathogenesis of tinnitus, and se-
lective serotonin reuptake inhibitors, such as duloxetine and sertraline, have been
reported to induce tinnitus by disturbing serotonin metabolism. There is a strong
relationship between tinnitus and depression and anxiety, with tinnitus patients be-
ing at increased risk (Chen et al, 2024). When patients on these drugs experience
severe tinnitus that interferes with mood and sleep, it is recommended that they
undergo a professional assessment of their condition. Quinolones and aminoglyco-
sides are among the most common ototoxic drugs (Rivetti et al, 2023). We found
that ciprofloxacin topped the list of antibacterial agents with AEs including tinnitus,
which may be related to clinicians’ preference for using this drug class for treating
urinary tract and respiratory tract infections (Refaecian et al, 2023). Conversely,
aminoglycosides are not on the list because clinicians less commonly use them due
to their association with ototoxicity. Etanercept and lenalidomide are common im-
munosuppressive agents, and adverse reactions reported in the FAERS, including
tinnitus, are common.
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Fig. 3. Top 25 indications for tinnitus-inducing drugs. The top 25 indications were categorized
into 16 groups according to the eleventh revision of the International Classification of Diseases,
with ‘diseases of the musculoskeletal system or connective tissue’ (n = 1830), ‘mental, behavioral
or neurodevelopmental disorders’ (n = 1695), and ‘diseases of the nervous system’ (n = 1279) being
the most common. For a single indication, depression (n = 1172), rheumatoid arthritis (n = 947),
and multiple sclerosis (n = 914) were the most relevant disorders for tinnitus-related drugs.

Our study revealed a strong correlation between Mirena use and tinnitus, and
the use of Mirena may lead to an imbalance in the ratio of estrogen and progesterone
in the body, inducing tinnitus symptoms (Ding et al, 2016). However, tinnitus is
not mentioned as a side effect in the instructions. The main component of Mirena is
levonorgestrel, which is an antiestrogenic progestogen. Some research has shown
that an imbalance in the ratio between estrogen and progesterone can lead to mor-
phological and physiological damage to the cochlea (Bittar et al, 2001). We found
that tinnitus can also be caused by the use of amlodipine, which acts as a calcium
channel antagonist and may affect the blood supply to the inner ear, leading to tinni-
tus. Diuretics are also commonly used antihypertensive agents, have been shown to
cause unique pathological changes in the cochlea, thereby causing symptoms such
as tinnitus and hearing loss (Altissimi et al, 2020; Ding et al, 2016).

During the database search for drug-associated tinnitus over the last 10 years,
ototoxicity-associated drugs, including aminoglycosides, cisplatin, and salicylic
acid agents, were notably absent from the top 25. In contrast, serotonin-inhibiting
antidepressants and quinolones demonstrated strong AEs signals. Barbieri et al
(2019)’s review of the Italian Medicines Agency database of ototoxic adverse drug
reactions from 2001 to 2017 revealed that the drugs most likely to cause ototoxicity
were aminoglycoside and quinolone antibiotics, followed by antineoplastic and car-
diovascular drugs. Conversely, in the SEFV-H systematic review, quinolones and
antidepressants showed strong AEs signals for ototoxic adverse effects (Lisbona-
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Fig. 4. The time to tinnitus onset distribution. Most patients (n = 1522) developed tinnitus within
five days of taking the primary suspected drug. However, 167 patients experienced tinnitus after
taking the drug for more than 1800 days.
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Fig. 5. The RORs of concomitant ototoxic reactions. Based on the RORs, PTs with more than

three cases were all clinically significant.

Alquézar et al, 2020). This finding is consistent with our analysis of tinnitus AEs
signals. In our study, we found that the most common comorbid ototoxic symptoms
of tinnitus were vertigo, deafness, and hearing loss. Clinically, pure-tone air (PTA)
1s useful adjunct for ototoxicity monitoring (Robler et al, 2022). The diagnosis of
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ototoxicity is based on patient’s history and audiological evaluation with PTA. In
patients receiving long-term therapy with tinnitus-related drugs, it is recommended
to perform PTA every three to six months even after the end of the treatment. To
assess hearing loss, additional tests such as otoacoustic emissions, vocal audiome-
try, auditory brainstem response, and vestibular examinations should be performed
(Ganesan et al, 2018; Lanvers-Kaminsky et al, 2017; Lord, 2019; Robler et al, 2022).
Vestibular examination can detect vestibular function, especially in patients with
tinnitus combined with vertigo. The Tinnitus Handicap Inventory (THI) and Tin-
nitus Functional Index (TFI) are widely used and validated tinnitus questionnaires
(Polanski et al, 2016) and have also been used in several clinical trials assessing
tinnitus alleviation. When using tinnitus-associated medications, clinicians recom-
mend that patients undergo the above tests to detect cochlear and vestibular damage
early to avoid irreversible ototoxicity. Mental health problems associated with tin-
nitus should also be addressed, and timely intervention by a psychologist should be
sought.

We acknowledge the limitations and strengths of our study. The main strength
is that we conducted the first overview of all drug-induced tinnitus cases from the
FAERS database. Our shortcomings are as follows: (1) The AEs in the database
are spontaneously reported by a variety of entities, including medical institutions,
health insurance agencies, pharmaceutical companies, civil affairs departments, pa-
tients, attorneys, and other members of the community, and the FDA does not re-
quire that the reporters provide the causal relationship between the reported AEs
and the drugs; moreover, because various types of people have different reporting
standards, the descriptions of the content of the reports vary to some extent, which
may lead to inaccuracies and incompleteness. This may have resulted in inaccurate
and incomplete reports. (2) The database is for the USA population, which may
display different patterns of racial diversity compared with other populations. (3)
We have found a number of medications that can cause tinnitus, but due to space
limitations, we have only listed the top 25 medications and the top 25 indications.

Conclusion

Our data reveal that the use of serotonin reuptake inhibitor antidepressants,
quinolones, painkillers, amlodipine, calcium channel antagonists, and drugs for
treating symptoms of proptosis in patients with hyperthyroidism, such as teprtumumab-
trbw, atorvastatin, menzies, sodium oxybate, novothyrox, and botulinum toxin type
A, is strongly correlated with the occurrence of tinnitus. Pharmacological tinnitus
1S more common in women than in men, and tinnitus is most often combined with
symptoms of vertigo and deafness. Physicians should be aware of the clinical signif-
icance of tinnitus and its consequences for patient’s quality of life, and they should
be conscious of the importance of reporting these cases to health authorities.
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Key Points

Women are more susceptible to drug-induced tinnitus than men.
Drug-induced tinnitus is common, especially in those patients on antide-
pressants and quinolone antibacterial agents.

e Patients with drug-induced tinnitus should be watched for other ototoxic
reactions.

e In patients receiving long-term therapy with tinnitus-related drugs, oto-
toxicity monitoring is necessary.
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