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Abstract. — OBJECTIVE: Hearing loss may
impact an individual’s psychosocial behaviors
and lead to cognitive decline. The goals of this
study were to describe the frequency of nonsyn-
dromic hearing loss (NSHL) among Jordanian
patients with regular exposure to ototoxic drugs,
perform screening for A1555G and C1494T mito-
chondrial mutations (12S rRNA gene) and identi-
fy predictors of hearing loss.

MATERIALS AND METHODS: A cross-sec-
tional study was conducted in which medical
records were reviewed to record the pattern
of ototoxic drug use among participants. The
pure tone audiometry (PTA) test was used to as-
sess hearing performance. Direct sequencing
was performed following PCR amplification to
screen for mitochondrial mutations of interest.

RESULTS: One hundred sixty-two patients re-
ported regular use of ototoxic drug(s); sixty-five
percent of them suffered from NSHL, mostly of
mild-moderate severity. No A1555G or C1494T
mutation was detected in any participant. Aspi-
rin (82%) was the most commonly used ototoxic
drug, followed by loop diuretics (77%) and ami-
noglycosides (57%). Advanced age, more co-
morbidities and more ototoxic drugs taken in-
creased the likelihood of hearing loss (p<0.01).

CONCLUSIONS: Hearing loss is prevalent
among Jordanian patients treated with ototoxic
drugs. Early intervention and management ser-
vices for this population remain critical needs.
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Introduction

Exposure to ototoxic drugs can be associated
with sensorineural hearing loss (SNHL), where

cellular dysfunction of the tissue of the inner ear
or auditory nerve occurs'. Drug-induced ototox-
icity can cause temporary or permanent hearing
loss depending on several factors and manifests
as auditory (cochlear) damage (e.g., tinnitus)
and/or vestibular damage (e.g., vertigo)’>. The
tendency to experience hearing impairment af-
ter treatment with ototoxic drugs varies consid-
erably, and several factors, including advanced
age, prolonged exposure, the use of multiple
ototoxic drugs and genetic susceptibility, have
been found to increase the risk of drug-induced
ototoxicity’. Mitochondrial DNA (mtDNA) mu-
tations in the 12S rRNA gene have been iden-
tified as associated with SNHL. Specifically,
increased prevalence of the A1555G and C1494T
mutations in SNHL has been reported in Amer-
ican, European, Asian and Arab populations*>.
There are more than 200 pharmacological drugs
that induce ototoxicity, and currently, no treat-
ment for ototoxicity is available. Ototoxic drugs
damage the hair cells of the inner ear by in-
creasing the formation of reactive oxygen spe-
cies (ROS). Protective strategies include the
development of antioxidant therapies to inhibit
apoptosis and to induce neutralization of ROS®.
Hearing impairment may negatively impact pa-
tients’ psychosocial behaviors and lead to cogni-
tive decline’. Considering that ototoxicity is not
considered a life-threatening condition, it can
be underestimated and is often overlooked by
healthcare professionals. It is important to apply
rigorous protocols to evaluate patients’ hearing
performance and to monitor their use of ototoxic
drugs. In this study, the frequency of nonsyn-
dromic hearing loss (NSHL) among Jordanian
patients with exposure to ototoxic drugs was
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determined, and then screening for the A1555G
and C1494T mitochondrial mutations (12S rR-
NA gene) was conducted. Finally, predictors of
hearing loss were identified.

Materials and Methods

Study Participants and Setting

The cross-sectional study design included a
sample of Jordanian outpatients attending King
Abdullah University Hospital (KAUH), Irbid,
Jordan, between January and February 2021.
Medical records were reviewed to identify pa-
tients with regular use of one or more of the
following ototoxic drugs: aspirin (an NSAID),
cisplatin (a platinum-based chemotherapy drug),
aminoglycosides (administered via IV), and loop
diuretics®®. Demographics and clinical character-
istics of the participants were recorded. All par-
ticipants were asked to sign an informed consent
form. The study protocol was approved by the
Institutional Review Board (IRB) (Ref. number
2281-1-13).

Hearing Loss Assessment

The pure tone audiometry (PTA) test was
performed for each participant. The results were
interpreted according to the four grades describ-
ing hearing impairment (none, mild, moderate,
profound) (Supplementary Table I).

Analysis of Mitochondrial DNA Mutations

DNA Extraction

A venous blood sample (1-1.5 milliliters) was
collected from each participant in EDTA-coated
tubes and then stored at -20°C. DNA was ex-
tracted using the G-spin™ Total DNA Extraction
Mini Kit (iNtRON Biotechnology, Inc., Korea)
according to the manufacturer’s instructions.
DNA samples were stored at -20°C for further
analysis. DNA quantity and quality were assessed
using a Nano Drop spectrophotometer at A= 260
nm and by conducting 0.8% agarose gel electro-
phoresis (V = 100 volts) for 30 minutes.

DNA Amplification and Sequencing

A fragment of 339 bp (to detect MT-RNRI
15267606617) was amplified directly using poly-
merase chain reaction (PCR) with the forward
primer -5’-GCT CAG CCT ATA TAC CGC CAT
CTT CAG CAA-3’ and the reverse primer -5-

TTT CCA GTA CAC TTA CCA TGT TAC GAC
TGG-3".PCR was performed under the following
conditions: initial denaturation at 95°C for 7
minutes; 40 cycles of denaturation at 95°C for
1 minute, annealing at 64.1°C for 1 minute and
extension at 72°C for 1 minute; and a final ex-
tension step at 72°C for 7 minutes. The reaction
was stopped after 5 minutes at 4°C. PCR was per-
formed using a total volume of 30 pl comprising
2 ul of genomic DNA, 0.5 pl of each primer, 6 pl
of SxFIREPol® Master Mix (Solis Biodyne, Tartu
Science Park, Baltic States) and nuclease-free
water up to 30 pl. The PCR products (339 bp)
were visualized using a UV box transilluminator
via 1.5% agarose gel electrophoresis and sent for
sequencing to Macrogen, Inc. (Korea).

Statistical Analysis

In addition to degree of hearing loss, de-
mographic and clinical characteristics were de-
scribed as categories and presented as percentag-
es. Pearson correlation (r) coefficients were cal-
culated to describe the relationships between the
variables assessed in the thesis and hearing loss.
Data were analyzed using Statistical Package for
Social Sciences (SPSS version 21, Chicago, IL,
USA).

Results

Participants’ Characteristics and
Hearing Loss Assessment

A total of 162 patients participated in the study.
The demographics and clinical characteristics of
the participants are shown in Table 1. Approxi-
mately 42% of the participants were female; 43%

Table I. Demographics and clinical characteristics of par-
ticipants.

Variable Percent (%) N
Gender

Male 58.0 94

Female 41.9 68
Age group

40-50 43.2 70

51-60 339 55

> 60 22.8 37
Comorbidity

Cancer 25.0% 41

CVD 19.5% 39

DM 8.5% 27

Multiple 47% 55
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were between 40 and 50 years old, and 57% were
older than 50 years old. Regarding the clinical
characteristics, 25% of the participants were can-
cer patients, 19.5% of them had cardiovascular
disease, and 47% had multiple comorbidities.
The results of the PTA test showed that 24% of
participants had normal hearing, whereas 76%
had NSHL, stratified into mild (37.6%), moderate
(25.9%), severe (10.4%) and profound (1.8%) cas-
es (Figure 1).

Screening for Mitochondrial
DNA Mutations

Direct sequencing was performed following
PCR amplification of a 339 bp fragment of the
12S rRNA gene to screen reportedly related
mitochondrial mutations (Figure 2). The results
revealed that none of the participants carried the
A1555G or C1494Tmutation (Figure 3).

Usage Pattern of Ototoxic Drugs

The average number of ototoxic drugs used
among participants was 1.85. Concomitant use of
three and four ototoxic medications was identi-
fied in 37% and 22% of the participants, respec-
tively (Figure 4A). The most common ototoxic
medication taken by older adults was aspirin
(82%), followed by loop diuretics (77%) and ami-
noglycosides (57%) (Figure 4B).

Predictors of Hearing Loss

The Pearson correlation analysis revealed a
positive correlation between age and the likeli-
hood of hearing loss (p<0.01). Similarly, partic-
ipants with multiple diseases were more likely

2%

u None (0) (n=39)
mMild (1) (n=61)

w Moderate (2) (n=42)
m Severe (3) (n=17)

= Profound (4) (n=3)

Figure 1. Participants stratified according to the grade of
hearing loss.
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Figure 2. Results of PCR analysis.Lane 1 shows the 50 bp
DNA ladder. A 339 bp PCR fragment is shown in each of
lanes 2-4, and the negative control is shown in lane 5.

than those without to suffer from hearing loss
(p<0.01). Additionally, the tendency to have mul-
tiple diseases was higher among female patients;
however, only a weak correlation was found be-
tween female sex and hearing loss. Furthermore,
the number of ototoxic drugs was positively cor-
related with the number of diseases and the risk
of hearing loss (p<0.01) (Figure 5).

Discussion

Adverse drug reactions (ADRs) are a broad
term used to refer to the unwanted potential ef-
fects of a drug during treatment. The incidence
and severity of ADRs vary among patients de-
pending on multiple factors, including drug class
and genetic susceptibility. This study revealed
that 75% of the participants with exposure to
ototoxic drugs suffered from NSHL, mostly of
mild-moderate severity. NSHL can be inherited
in an autosomal recessive manner (75-80%) or
an autosomal dominant manner (20-25%); in rare
instances, NSHL can exhibit an X-linked or mi-
tochondrial pattern of inheritance (1-2%)'. In this
study, neither the A1555G nor C1494T mtDNA
mutation was detected in patients with NSHL or
in those with normal hearing. A lack of both mu-
tations was similarly reported among Tunisian'
and Iranian patients and controls'>. The absence
of the A1555G mutation was reported among Qa-
taris'®, whereas a frequency of 1.3% was reported
among Egyptians®. These findings indicate that
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Figure 3. Representative chromatogram showing the sequence of mitochondrial DNA amplicon. The sequence of the genomic
DNA amplicon RNR1 rs267606617 for randomly selected samples. Arrows show the sites of the (A) A1555G mutation and (B)
C1494T mutation.
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Figure 4. Ototoxic drug use among participants. (A) pattern of ototoxic drug use, (B) frequency of ototoxic drug use.
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Figure 5. Pearson correlation analysis.
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the screened mutations might be uncommon in
Arab populations. The A1555G mutation has re-
ported frequencies of 0.6% in the United States'
and 2% in Brazil®®. Higher frequencies have been
reported in Asian countries, namely, 3.96% and
3.45% among Chinese'® and Japanese patients',
respectively.

The most common ototoxic drug used was
aspirin, followed by loop diuretics and aminogly-
cosides. In Jordan, noncommunicable diseases
(NCDs) are the leading cause of death; more
than one-third of NCDs are cardiovascular dis-
eases, and 14% are cancers'®. The most recent
guidelines for the primary prevention of car-
diovascular events recommend aspirin therapy
(75-325 mg/d), as it may reduce the relative risk
of a first heart attack or stroke, and one-third of
Americans 40 years or older take aspirindaily'>%°.
The use of ototoxic drugs should be decided
by making a risk/benefit assessment, but this is
not straightforward. For example, loop diuretics
(e.g., furosemide), which are ototoxic drugs, are
considered to be the most potent diuretics and
are widely used in the treatment of pulmonary
and systemic edema. Thiazide diuretics are not
ototoxic, but they are considered less potent than
loop diuretics and are ineffective when the glo-
merular filtration rate falls below approximately
30 ml/min?. Moreover, in this study, a posi-
tive correlation was found between hearing loss
and older age (p<0.01). In addition, our results
showed that suffering from multiple comorbidi-
ties and being exposed to several ototoxic drugs
increased the risk of hearing loss (p<0.01). These
results highlight the importance of frequent per-
formance of the hearing assessment test. Most
guidelines recommend screening for hearing loss
beginning at age 50, assuming a certain level of
health and no known hearing problems. Testing
should begin at a younger age in individuals at
high risk??. Various otoprotective agents under
development may have action in reducing the tox-
icity of ototoxic medications, including vitamin
E, N-acetyl cysteine and D-methionine®. The
key role of antioxidant molecules is to detoxify
or prevent the formation of free radicals such
as ROS*. The currently available options to im-
prove hearing ability are the use of hearing aids
and cochlear implantation®-*. In Jordan, hearing
aid devices are covered by medical insurance,
and the PTA test is performed free of charge
in a number of public hospitals. It is important
to fight the stigma associated with hearing loss
and encourage frequent hearing testing, as the

majority of patients undergo PTA testing only
after referral from a physician. In addition, it is
necessary to monitor the consequences associ-
ated with untreated hearing loss, which mainly
include psychosocial behaviors and cognitive de-
cline’”?. The main limitation of this study is the
small sample size; future studies with a multi-
center design would allow a higher rate of patient
enrollment. The main novelties of the present
work include the following: First, in this study,
both mitochondrial mutations and the pattern
of ototoxic drug usage were investigated, which
allowed the identification of several predictors of
hearing loss among Jordanian patients. Second,
this study provides the first overview of ototox-
ic ADRs among Jordanian patients, which may
guide the development of more rigorous protocols
for hearing loss performance tests.

Conclusions

Hearing loss is prevalent among Jordanian pa-
tients treated with ototoxic drugs. Early interven-
tion and management services for this population
remain critical needs.
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