Original Research

AMERICAN ACADEMY OF

@ OTOLARYNGOLOGY-

HEAD AND NECK SURGERY
FOUNDATION

Review of Ototoxic Drugs Using Health
Insurance Data: A Data-Driven

Management System

OTO Open

2025, Vol. 9(2):e70121

© 2025 The Author(s). OTO Open
published by Wiley Periodicals LLC
on behalf of American Academy of
Otolaryngology—Head and Neck
Surgery Foundation.

DOI: 10.1002/0t02.70121
http://oto-open.org

WILEY

Jiwon Kim, MS'2®, Chul Young Yoon, PhD'?®,
Junhun Lee, Ms':2 , and Young Joon Seo, MD, PhD'?3

Abstract

Objective. With more than [.57 billion people affected by
hearing loss worldwide, this study investigates the associa-
tion between ototoxic drug use and hearing loss, utilizing
South Korean national health data. The goal is to inform
clinical prevention and management guidelines by identifying
ototoxic drugs and assessing their risks.

Study Design. This study is a retrospective observational study
using the Health Insurance Review and Assessment Service
(HIRA) to analyze the association between suspected
ototoxic drug use and hearing loss.

Setting. Data were obtained from the National Patient
Samples (NPS) of HIRA in South Korea, covering 2009 to
2016. The study included all National Health Insurance (NHI)
enrollees with at least one hospital visit.

Methods. Patients diagnosed with suspected ototoxicity
hearing loss (SOHL) were identified, and ototoxic drugs were
reviewed using national data. Of 491 reviewed ingredients, 151
were suspected ototoxic. Logistic regression and Cox propor-
tional hazards models assessed associations between drug
prescriptions and SOHL, analyzed with SAS 9.4.

Results. SOHL patients were older, with higher rates of
underlying conditions and medication use compared to
controls. The odds ratio (OR) for SOHL was significantly
elevated in patients aged 265, increasing from 3.007 to 3.366.
Proton pump inhibitors (PPls) and antibiotics presented
elevated risks, especially in older adults, with hazard ratios
(HRs) for PPIs rising from 1.85 to 2.90. Notably, PPls posed
higher risks for patients <65.

Conclusion. The study confirms that factors like age, gender,
underlying diseases, and specific medications increase SOHL
risk, emphasizing the need for cautious medication use
tailored to age.
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earing loss (HL) is one of the most

common sensory impairments worldwide, with

approximately 1.57 billion people suffering
from HL as of 2019. Owing to factors such as aging
and noise exposure, an estimated 2.45 billion people are
projected to experience HL by 2050.!

The causes of HL are not entirely clear; however, some
cases are attributed to noise, ototoxic drugs, and aging.
Ototoxicity hearing loss (OHL) occurs when ototoxic
drugs generate reactive oxygen species (ROS) and damage
mitochondria at the cellular level, leading to toxicity in
the inner ear, particularly in the cochlea and vestibular
system, impairing auditory function. Key ototoxic drugs
include aminoglycoside antibiotics, loop diuretics, and
cisplatin-based chemotherapy agents.>*

In recent years, the incidence of OHL has increased
with the rise in new drugs and combination therapies.>*>
The development of ototoxic drugs is inevitable, and
national or academic warnings and guidelines regarding
these drugs are essential. However, the composition of
drugs varies by country, and while some countries
conduct systematic research and national management
of ototoxic drugs.®’ South Korea currently lacks a
compiled list of such drugs, making it challenging to
systematically monitor and manage their use.

Although hearing tests should be performed immedi-
ately after drug administration, diagnosing OHL is
difficult in the early stages. This study defined suspected
ototoxicity hearing loss (SOHL) using an operational
definition and analyzed the patient group to explore the
relationship between drug use and HL. Moreover, as
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ototoxic side effects can occur with various compounds
beyond specific drug classes, broad exploration of all drug
ingredients is necessary.

This study aimed to analyze the status of ototoxic drug
use in South Korea using data from the Health Insurance
Review and Assessment Service (HIRA). The HIRA
database includes comprehensive health care information
collected across South Korea and provides active
ingredient data, allowing for the analysis of all drugs
used in the country.® By utilizing these, this study
examined the current usage of ototoxic drugs and assessed
the risk of OHL and investigated not only well-known
ototoxic drugs but also the use and potential ototoxic side
effects of newer drugs, such as proton pump inhibitors
(PPIs), which have recently gained attention as suspected
ototoxic drugs.”!! Further, this study aimed to establish a
list of ototoxic drugs in South Korea and contribute to
the development of effective strategies for the prevention
and management of OHL.

Materials and Methods

Data Collection and Participants

This study analyzed the National Patient Samples (NPS)
provided by HIRA, based on hospital visit records of
patients enrolled in the National Health Insurance (NHI)
from 2009 to 2016.® The sample included all NHI
enrollees who visited the hospital at least once during
the study period. Patients diagnosed with ototoxicity-
related HL or prescribed specific drugs associated with
ototoxicity were selected for the study. The study was
approved by the Institutional Review Board (CR323353)
of Yonsei University Wonju Severance Christian Hospital
(Wonju, Republic of Korea).

Study Design

This study established a research database based on the
HIRA-NPS, using two criteria. First, patients who had been
prescribed suspected ototoxic drugs, classified by their
therapeutic effects, at least once, were included. Second,
patients diagnosed with OHL based on the primary
diagnosis codes H91.0, H90.3, H90.4, H90.5, H91.2,
H91.3, H91.8, and H919 from the International
Classification of Diseases 10th (ICD-10) were included.

Using this database, the general characteristics of the
SOHL patient and control groups were compared, and a
retrospective analysis was conducted to evaluate the
association between SOHL diagnosis and drug prescrip-
tions using logistic regression and survival analyses
(Figure 1).

To establish the criteria for drug use, drugs were classified
based on the main active ingredients of suspected ototoxic
drugs. A review of the single-component drugs prescribed
before OHL diagnosis revealed a total of 491 active
ingredients, of which 151 suspected ototoxic ingredients
were selected as the criteria for drug use.

As a result, a research database built using HIRA-NPS
data was used to analyze the risk of SOHL occurrence
based on demographic characteristics and drug prescrip-
tion history.

Operational Definition

OHL and Medical History

In this study, the clarity of the OHL diagnosis was
questioned; therefore, the SOHL patient group was
defined separately. The SOHL patient group consisted
of patients who had recorded at least once in their medical
records as the primary diagnosis variable for OHL
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Figure |. Study flow chart. DB, Database; HIRA, Health Insurance Review and Assessment Service; HL, hearing loss; ICD- 10, International
Classification of Diseases 10th; NPS, National Patient Samples; PPIs, proton pump inhibitors.
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(H91.0), codes for sensorineural and sudden HL (H90.3,
H90.4, H90.5, and H91.2), or cases classified under other
HL codes (H91.3, H91.8, and H91.9) for unspecified HL
or deafness not otherwise classified (Supplement 1,
available online).

For the analysis of medical history, hypertension, diabetes
mellitus, other vascular diseases, and chronic kidney disease
were considered. A patient was deemed to have a medical
history if they had been diagnosed with the corresponding
disease codes as a primary diagnosis at least once.'” For the
SOHL patient group, the medical history before the date of
HL diagnosis was confirmed for each patient, whereas for the
control group, the medical history could not be verified and
was substituted with medical history records.

Ototoxic Drug Ingredients

Based on the medical records of patients with OHL,
potential key components that may induce OHL were
extracted. Using the date of the first HL diagnosis as a
reference, all active ingredient codes of medications
prescribed in previous medical records from 2009 to 2016
were compiled without duplication. Additionally, the
ingredient names of medications distributed in South
Korea corresponding to the active ingredient codes were
investigated through various sources, including Druginfo,"?
the World Health Organization Collaborating Centers
(WHOCC), and Korea Pharmaceutical Information
Service (KPIS).

As a result, a total of 491 single ingredient names
prescribed before the diagnosis of SOHL were identified
(Figure 1). These ingredient names were categorized
based on previous research, namely suspected ototoxicity
drugs,'*!” ototoxic treatment drugs,'®?° and nonototoxic
ingredients, with each category comprising 151, 313, and
27 ingredient names, respectively, whereas ingredients
that did not cause OHL and those used for OHL
treatment were excluded from this study.

The 151 suspected ototoxic ingredients were classified
based on their therapeutic effects, referred to as “TYPE” in
this study. The main types selected were antibiotics,
anticancer agents, antihistamines, painkillers, and PPIs.
The ingredient names within each TYPE were chosen based
on reported ototoxicity risk information from existing
studies.”!"*!>* This resulted in the classification of 10
PPIs, 16 antibiotics, 38 antihistamines, 6 anticancer agents,
and 31 painkillers (Supplement 2, available online).

For mixed medications containing single ingredients
from the five selected TYPES, the active ingredient codes
were included in each TYPE based on the ingredients'
classification. If a patient had taken at least one ingredient
from any TYPE during the year, they were considered to
have used medication from that TYPE.

Statistical Methods

The statistical analysis methods used in this study
included logistic regression and frequency analyses for

categorical variables. To compare the general character-
istics of the SOHL patient and control groups, frequency
analysis was conducted using the chi-square test. Hazard
ratios (HRs) were calculated using Cox's proportional
hazard model, with duration defined as the difference
between the start and end dates of drug prescriptions.?
All statistical analyses were performed using SAS
version 9.4.

In the frequency analysis comparing general character-
istics, the patient group consisted of individuals diag-
nosed with at least one of the four types of HL, including
OHL, as the primary diagnosis. The control group
consisted of patients without ear, nose, and throat
(ENT) consultation records. In the South Korean health
care system, patients can directly access ENT specialists
even in primary care settings without requiring a referral.
As a result, individuals experiencing auditory symptoms
such as HL typically visit ENT clinics for evaluation.
Given this health care structure, the absence of ENT
consultation records strongly suggests that the individuals
did not experience clinically significant hearing issues.
Additionally, the same patient and control groups were
used to calculate odds ratios (ORs) when analyzing the
relationship between drug prescription history and SOHL
occurrence. Cox regression was performed on patients
who had been prescribed the five types of ingredients
defined above at least once to assess the HR for SOHL.
Patients with a drug prescription duration of zero were
excluded from this analysis, allowing for the examination
of the relationship between drug use and the occurrence
of HL.

Results

The general characteristics of the SOHL patient and
control groups without ENT records are compared in
Table I. The proportion of males in the SOHL group
decreased from 47.6% in 2009 to 46.3% in 2016, whereas
the proportion of those aged 65 years and older increased
from 34.1% in 2009 to 41.4% in 2016. In contrast, the
proportion of men in the control group was higher; the
proportion of patients aged 65 years and older was lower.

Regarding medical history, the SOHL group had
higher proportions than the control group across all
items, with the most notable difference observed in
hypertension, where both groups had high rates.
Medication usage was significantly higher in the SOHL
group (more than 96%) than in the control group (more
than 92%). Both groups experienced a temporary decrease
in medication use in 2013, but this was followed by
recovery.

The results of the chi-square test indicated significant
differences between the groups for all values except for
gender in 2009 (P <.0001), suggesting that the SOHL
group had a higher proportion of older adults and
underlying diseases, and a higher rate of medication usage
than the control group.



0TO Open

4 of 10

‘[oAs] @2uedyIUBIS GO By 3B JuedBIUSIS A|[BdASIIRIS J0U S| dN[eA-d By,
"sso| Sulaeay A1dIx01010 pa1dadsns “JHOS {SISESSIP JBNISBA J3Y10 ‘QAQ ‘Uoisua1uadAy ‘N 1H ‘Snaijjsw s919qeIp ‘| (9seasip ASupp| dluodyd ‘gD SuoneiAsIqqy

(£26) 8e9'9pE'l  (8'16) STI‘TTE' L  (TT6) 99€°TTLE'l  (€£€9) €€£°268 (b'T6) ¥SLTOE'T  (6'16) Sh6'€8T'1  (€7T6) 8T008T'I  (9°T6) 680°0LT | (%) 3nug
(5°0) 6069 #0) zo19 (#0) 129 (#0) 18€S (€0) SI8¥ (€0) z81¥ (£°0) s£5¢ (€°0) sTve ado
(8'1) T9'9 (£'1) 858°€T (s'1) 6S1°TT (5'1) 896°0T &1) ¥8L61 #1) L1661 (€1) 7oL (€71) 68€°L1 aAo
(6'S) 66T°S8 (5°9) ssz'6L (€°9) ¥9¥'9¢ (T9) 8L5'€L (0°9) v£2°'0L (6') €85'89 ¥ v'v9 (%) 04509 Wa
(9T1) L8l (€21) TSH'LLI (e zovesl (1Tl €102l 1) ¥10'691 @) 115291 (£11) $SL191 #11) 918'sS| NLH
(%) sasessiq
(€€1) S66°T61 (€1) 109981 (§T1) 200621 (1T 990121 (9711) §96°T91 @11) 155951 (601) TIS'ISI (901) €t'skl (%) dnoud a8y
(8'8¥) 17L'60L  (8'8p) Tzr'ToLr  (£8F) SE1°669  (9'8F) SS0069  (9'8%) £T7€'589  (9°8%) S81'829  (98F) T68TL9  (#'8Y) Lb0'499 (%) (Blew) Xo  dnoud jonnuo)
(5'86) £85¥1 (6'£6) L¥LTI (26) TH9I1 (£'s1) v8L8 (6'96) L7601 (£'96) 0£9°01 (1'96) L0801 (0'96) 7866 (%) 8nag
(s1) LT (1'1) 6£1 (60) 211 (6°0) 201 ((YIRAN (80) 16 (z70) 8 (9°0) 59 add
(6%) vTL #¥) 145 (€) ots (s7¢) Tov (0¥) shv (£€) vov (2¢) 91y (6¢) To¥ aAo
(€T1) 6181 #11) 98¥I (011) zzel (901) 1€21 (€11 Tl €1 (901) 9611 (901) soI1 Wa
(£'s7) £08¢ ¥ 691€ (0'€7) 9541 (8'¥7) 1881 (RZARIVA4 VRZAN X4 (05D 1182 (LD 145 NLH
(%) saseasiq
#'1%) 0£19 (€725) sy8y (€'5€) vbTy (Tse) LLov (6€€) £18€ (Teg) 199¢ (€%¢) 658€ (1'¥€) £¥SE (%) dnoug a3y
(€'9%) 6589 (0'9%) 0865 (6's¥) 1158 (€'9%) §9€S (8's¥) 991§ (1'9%) £80S (orsp) TTIS (9Lp) b6y (%) (drew) xag  dnoud 1HOS
9102 S10T 10T £10T (4[4 1102 0102 6002

dnoug) jo.3uo) pue dnour) sso SuliesH AIRIX01031(0) Pa1dadsng USIMIDG SOIISLISIDEIRYD) [BJSUAL) *| d]qeL



50f 10

KIM et al.

1000 > dxx PU® SO" > dx

‘saoiqiyul dwind uojoud :s|dd (SaseasIp JB|NISEA 43I0 ‘QAQ ‘UoIsualIadAy ‘N LH snaljlow $319qeIp ‘| ‘@SEaSIP ASUPD| dIUCJYD ‘D SUONEIASIGqY

(S1'1 ‘600°1) +£L0°1

(9g€°1 ‘¥85°0) €880

(€LT1 $91°1) 5L 1T

(E¥6'1 VEL1) 515€8°1

(285°1 ‘S9¥°1) +€T5°1

(EPST 111D L 1ET
(299°1 ‘TST1) sTh¥ |

(T€9'1 ‘T6E°1) L0851

(TLT1 ‘e 1°1) 50T |

(#8T'1 ‘81'1) %1 €T

(10S°€ “LETE) 5+99€°€

(890°1 ‘666'0) £€0°1

(6£0°1 ‘606°0) TL60

(6¥¥'1 ‘118°0) +80°1

(T9€°1 “PET1) s4L6T |

(£0T ‘£T8'1) sS¥6'1

FL9'1 “EPS'1) 5£09°

(87T ‘TWOTY) TSTT
(€0b'1 ‘86°0) €2

(869°1 ‘€TH'I) %4555

(STE'1 *6L1°1) s4ST'|

(€71 981°1) sTHT'|

(T€6'T ‘1697) ++608T

(€50°1 “186°0) 910°1

(9£0°1 ‘b€6°0) 200

(88F°1 ‘v6£0) £80'|

(1LE°1 *9€T1) +4TOE'

(SL6'1 ‘9€L°1) ++TS8'

(989°1 ‘9¥S°1) sk 19°1

(€9'T ‘8T1'7) +99€°T
LTl '996°0) vL1'I

(b6£71 ‘88F°1) s4b€9'|

(PEE1 ‘BLI'N) s4EST'|

(168 ‘1497 ++€9LT

(ZS0°1 “£L60) ¥10°]

(18E°1 “LT'1) #bTE'| (801°1 ‘SS6°0) 6201 F11°1 ‘996°0) L£O'I (160°1 ‘S¥6°0) 910°1 (590°1 ‘816°0) 6860 |
jou 0

J3j|pjureq
(€0£°1 '66£0) £91'1  (#08°0 ‘8T°0) +SL¥0 (96S°1 “¥9£°0) +01°1 (880°1 ‘L1¥0) ¥£90  (SIT| ‘8€¥°0) 6TL0 |
jou 0

Jasuednuy
(6ST1 ‘PSI°1) 90T 1 (TEF'| ‘SBT1) 44LSE' (9051 “€9T°1) s+€€€° 1 (60€°1 “9LI1) 41 ¥T 1 (9LE| ‘TET]) %+TOE' |
jou 0

anoiqnuy

(L10°T“29L°1) 8881 (8¥8'1 T€9'1) 59821 (ST81 ‘€19°1) 591271 (STL “1TS'1) 5T9'] 1
o4 0
aulwesiynuy

(EVT1 ‘L 1°1) b6l

(60F°1 “‘SEI°1) 5LT1 (6691 ‘6¥S1) 54TTY' (64571 “TEF1) 051 (SLY'1 TS'1) 9651 (8EL'| “LS'1) 4TSI’ |
o4 0
Sldd
(8£5°1 ‘ShF' 1 41571 (80S°T ‘810°7) +6¥TT  (80TT ‘08°1) +:966'1  (TS6'1 ‘909°1) skl LL 1 (S8'1 ‘PIS1) 54€L9'] (esn) 3nug
(S0b'1 ‘8€6°0) 8F1° 1 (€8£1 ‘60T’ 1) ++69% | (L9271 8V 1°1) saSTH 1 (1LL71 “L11°1) 590%| (TT9'1 ‘6£60) 9T’ |
o4 0
aid
BEST IPT1) 58E 1 (€481 “IS1) 54899'1 (159°1 ‘8€E°1) 98F'1 (€481 “L6¥'1) %1991 (T06'1 ‘8ES'I) sl L] |
o4 0
ano
(€125 w6TT1 (Lhb'| PLT]) 485€°1 (ELV'1 P6T1) 51881 (b1 “€9T1) w6b€ 1 (PTS'| “€€1) 5€TH'| |
o1 0
Wa
(16€°1 ‘19T 1) s¥TE1  (8TE'| ‘TOT1) 59T | (T8E'1 “‘6¥T1) sk 1€1  (£BE1 PSTI) s61€1  (6€71 “1STN) 56 1€1 |
o4 0
NLH
wwwmww_ﬂ_
(9¥8T ‘465D s+L1LT  (6€8T ‘€857 #+80LT (P€8T ‘TLST) 3L T (690°€ “16£7) %£T6T  (91'€ TI8'T) 4x£00°E 992
Jou 59>
ady
(9v0°1 “£6°0) £0O' (€50°1 ‘9£6°0) ¥10°1 (8£0°1 ‘866°0) LEO' (950°1 ‘8£6'0) 910°1  (#S1°1 “990°1) 5601 d[el
Jou 9w
pENN

910T

S10T

¥10C

€10t (414 110C 010T 600C

ss07 SuliesH 21x0101Q J0} sisousel(] [ed1pa}y pue uondlidsadd SnuQq jo oney sppO °T dlqeL



6 of 10

0TO Open

Table 2 presents the OR related to medication
prescriptions, gender, age, and medical history of
SOHL. The risk of SOHL by gender showed an OR of
1.109 (P <.0001) only in 2009. The OR for the group aged
>65 years increased from 3.007 to 3.366, indicating a
higher risk compared to the group aged <65 years. The
age group variable yielded statistically significant results
across all years, suggesting that older individuals are more
vulnerable to SOHL onset. Regarding medical history,
the OR for patients with hypertension decreased from
1.319 to 1.264, and the OR for patients with diabetes also
decreased from 1.423 to 1.205; however, a history of the
disease remained a risk factor. For other vascular diseases
and chronic kidney disease, the ORs were 1.71 to 1.507
and 1.26 to 1.442, respectively, confirming that medical
history is a risk factor for SOHL.

Individuals who were prescribed any of the included
medications at least once were considered to have used
ototoxic drugs, with the drug use variable set to 1. The
OR for this variable increased from 1.673 to 2.317,
indicating that the risk of SOHL associated with
medication use also increased over time. The OR for
PPIs decreased from 1.652 to 1.523, and the OR for
antibiotics decreased from 1.302 to 1.217; however, both
still reflected a high risk. In contrast, the OR for
antihistamines increased from 1.62 to 1.835, further
elevating the risk of SOHL. In contrast, the OR for
anticancer drugs and painkillers did not show significant
effects on SOHL.

Given the strong association between drug prescrip-
tions and age, we conducted propensity score matching
(PSM) for the patient and control groups based on age,
stratified by drug type, in a 1:1 ratio. Subsequently,
we assessed the risk associated with each type using
age-adjusted simple Cox regression and multiple Cox
regression (Figure 2). The results from the age-adjusted
simple Cox regression analysis indicated that the HR for
PPIs ranged from 1.85 to 2.90, with P-values mostly
<.0001. The HR for antihistamines ranged from 1.10 and
1.20 (P <.0001), confirming that their use is associated
with an increased risk of SOHL. Antibiotics showed an

( A) Age-adjusted simple cox-regression
by drug effect group

Hazardratio
[

Hazardratio
[ 5]

HR ranging from 1.00 to 1.10, with statistically significant
results observed only in certain years. The HR for
anticancer drugs showed a notable increase in risk only
in 2016. Painkillers exhibited an HR between 0.74 and
0.79, indicating a significant reduction in risk. In the age-
adjusted multiple Cox regression analysis, PPIs consis-
tently showed an HR ranging from 1.70 to 2.30 in most
years (P <.0001), and antihistamines also showed an HR
between 1.10 and 1.33 (P <.0001), reflecting a significant
increase in risk in most years. The HR for antibiotics was
1.10, showing greater significance than in the simple
regression analysis. The results for anticancer drugs and
painkillers were similar to those of the age-adjusted
simple Cox regression.

Additionally, the HR for SOHL diagnosis due to drug
prescriptions was analyzed separately for patients aged
>65 years and those <65 years (Table 3). For the group
aged >65 years, the HR for PPIs ranged from 1.7 to 2.4,
with an average HR of 1.9. The average HR for
antihistamines was 1.4, indicating an increased risk of
SOHL. For antibiotics, the HR varied between 1.5 and
1.6 across the years, with an average of 1.5. Anticancer
drugs showed a value of 0 in some years, but high HRs of
3.8 and 6.5 were significantly observed in 2013 and 2016,
respectively. Painkillers showed a low risk of 0.7 in the
simple analysis. Conversely, in the group <65 years of
age, the HR for PPIs increased from 1.9 to 3.4, indicating
relatively high values. Antihistamines and antibiotics had
average HR of 1.3 and 1.2, respectively, showing
relatively lower HRs compared to the group aged >65
years. For anticancer drugs, a high HR of 7.7 was
observed in specific situations. Painkillers also exhibited a
low HR of 0.8 in this group.

Discussion

This study aimed to establish a list of drugs containing
ototoxic ingredients distributed in South Korea, discover
new ototoxic components, and create a unique list of
ototoxic drugs for South Korea. Additionally, the drugs
were grouped to assess their potential ototoxicity, which

(B) Age-adjusted multiple cox-regression

by drug effect group

Proton Pump Inhibitors (PPIs)
Antihistamine

Antibiotic

Anticancer

Pankiller

il

0
2009 2010 2011 2012 2013 2014 2015 2016

bl

2009 2010 2011 2012 2013 2014 2015 2016

Drug

Figure 2. (A) Age-adjusted simple Cox regression by drug effect group and (B) age-adjusted multiple Cox regression by drug effect group.
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Table 3. Hazard Ratios of Drug Prescription and Medical Diagnosis for Ototoxic Hearing Loss

Simple
Age SOHL group 2009 2010 2011 2012 2013 2014 2015 2016 AVG
n 499 572 587 591 63 714 813 754
265 Drug
PPIs 0 ref
| |.5* |.6%* |.6%* |.5%* 1.9 1.3*% |.3%* 1.1 1.5
Antihistamine 0 ref
| 1.1 1.1 l.1* 1.1 |.5% 1.1 1.1 l.1* 1.2
Antibiotic 0 ref
| | .4%* |.3%% |.3%* |.3%* 1.3 |.3%% |.3%* | 4%* 1.3
Anticancer 0 ref
| 0.0 0.0 2.6 0.0 0.0 3.1 0.0 5.2% 1.4
Painkiller 0 ref
| 0.7+ 0.7+ 0.7 0.7%* 0.6* 0.7+ 0.7 0.7%* 0.7
n 1471 1702 1693 1940 112 2036 2003 2070
<65 Drug
PPIs 0 ref
| 2.0+ 2.0+ | 7%% |.8%* 34 |.9%* |.9%* |.6%* 2.0
Antihistamine 0 ref
| |.2%* l.1* | 2%k |.2%* 1.2 |.1%% | 2%k |.2%* 1.2
Antibiotic 0 ref
| 1.0 1.1 1.0 1.0 1.0 1.0 1.0 I.1* 1.0
Anticancer 0 ref
| 0.0 0.9 0.0 0.8 6.5 0.7 1.2 1.9 1.5
Painkiller 0 ref
| 0.8%* 0.8%* 0.8** 0.8%* 0.8 0.8** 0.8** 0.8%* 0.8
Multiple
Age SOHL group 2009 2010 2011 2012 2013 2014 2015 2016 AVG
n 499 572 587 591 63 714 813 754
265 Drug
PPIs 0 ref
| |.9%* 2.0%* 2.+ |.9%* 2.4 |.7%% |.7%% | .4%* 1.9
Antihistamine 0 ref
| |.3%* |.3%* | .4%% |.3%* 1.7% |.3%* |.3%* | .4%* 1.4
Antibiotic 0 ref
| |.6%% |.6%% |.6%* |.5%* 1.5 |.5%* |.5%* |.6%* 1.6
Anticancer 0 ref
| 0.0 0.0 33 0.0 0.0 3.8* 0.0 6.5% 1.7
Painkiller 0 ref
| - - - - - - - -
n 1471 1702 1693 1940 112 2036 2003 2070
<65 Drug
PPIs 0 ref
| 2.3%* 2.2%* 2.0%* 2.|%* 34 2.3%* 2.2%% |.9%* 23
Antihistamine 0 ref
| | 3%k | 2%k |.3%* |.3%% 1.3 |.3%* |.3%* |.3%* 1.3
Antibiotic 0 ref
| | .2%* | .2%* | .2%* 1.1%* 1.2 | .2%* l.1%* | .2%* 1.2
Anticancer 0 ref
| 0.0 1.1 0.0 0.9 7.7* 0.8 1.3 23 1.8
Painkiller 0 ref
|

Abbreviations: PPIs, proton pump inhibitors; SOHL, suspected ototoxicity hearing loss.
*P<.05 and **P <.0001.
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was intended to enable clearer identification of patients
with OHL and to provide a basis for clinical guidelines.

According to existing research on OHL, aminoglycoside
antibiotics, painkillers, and anticancer drugs are the major
causes of OHL. In particular, aminoglycoside antibiotics
show a high OHL occurrence rate of approximately 63% in
patients with kidney disease or severe infections. The
anticancer drug cisplatin is reported to have an incidence
rate exceeding 50% in adults and more than 60% in children.
Additionally, furosemide, a painkiller, has been observed to
cause OHL in approximately 6% to 7% of patients. The risk
of OHL associated with these drugs is significantly
influenced by factors such as patient age, dosage, route of
administration, and comorbidities.'

This study also confirmed that these drugs pose a risk
of SOHL, highlighting the importance of age-dependent
drug prescriptions. In the group aged 265 years, a
significant HR was observed for antibiotics, whereas in
the group <65 years, anticancer drugs presented notable
risks. The prescription of anticancer drugs typically aligns
with the treatment cycles, suggesting that the sample used
in this study may not fully reflect all treatment cycles.
Furthermore, this study introduced PPIs and antihista-
mines, which have not been extensively studied in prior
research. The literature presents conflicting findings
regarding PPIs, with some studies suggesting that they
can induce ototoxicity and others proposing a protective
effect. The proposed mechanisms include reduced inner
ear blood flow, electrolyte imbalance, cytotoxicity, drug
interactions, and increased ROS levels.”!! The analysis
based on the data in this study found evidence supporting
the possibility that PPIs induce ototoxicity, particularly in
patients <65 years of age, indicating a need for caution
regarding potential drug misuse in younger populations.
Although antihistamines are frequently used to treat
patients with OHL, there is no definitive evidence that
they directly induce OHL. However, the analysis revealed
that patients in the SOHL group consumed more
antihistamines, suggesting the need for further research
into the relationship between antihistamines and ototoxi-
city, as well as the reasons for their use.

This study enhances the reliability of the findings by
establishing a precise operational definition of OHL and
utilizing big data from South Korea. Many existing OHL
studies have defined ototoxic drug-induced HL based on
the registration of hearing impairment, simple HL,
sensorineural HL, or tinnitus.”*>* However, such ap-
proaches may not adequately consider the detailed
mechanisms and processes of OHL, potentially increasing
the likelihood of errors and data omissions in the
diagnostic process, thereby lowering the credibility of
the research outcomes. In contrast, this study considered
various HL mechanisms when defining OHL operation-
ally. It utilized ICD-10 classification to distinguish
between conductive, sensorineural, mixed, ototoxic,
presbycusis, sudden, noise-induced, and other types of
HL. Among these, data analysis focused on sensorineural

HL and sudden HL, which directly impact the inner ear
and share similar mechanisms with OHL. Patients with
conductive HL, mixed HL, and presbycusis HL caused by
aging were excluded from the study. By employing a more
detailed operational definition, this research effectively
selected patients with OHL, minimizing data omissions
and enhancing the reliability of the study results.

Limitation

The HIRA-NPS data were randomly sampled each year,
making it difficult to track the patients' continuous medical
records.?® As a result, only up to 1 year of medical records
could be followed, which likely had a negative impact on the
outcomes of anticancer medications due to insufficient
consideration of the medication usage cycle. Age adjustment
by TYPE was not possible in SAS for combinations of the
five TYPES, and the lack of consideration for the
pharmacological mechanisms of ingredients resulted in
weaker outcomes for painkillers. Future research should
focus on reclassifying the TYPE of medications based on
their specific mechanisms of action. Additionally, this study
was retrospective and could not confirm a causal relation-
ship between medication use and HL. Future studies should
utilize the entire HIRA data set to focus on factors such as
duration of use and defined daily dose to establish useful
medication usage guidelines. This research is expected to
enhance the understanding of ototoxic mechanisms and
develop strategies for preventing HL.

Conclusion

This study demonstrated that factors such as gender, age,
underlying diseases, and medication use are risk factors
for SOHL, providing important information for the
establishment of prevention and treatment strategies.
PPIs, antihistamines, antibiotics, and anticancer drugs
significantly increased the risk of SOHL, whereas
painkillers decreased this risk. Notably, the risk asso-
ciated with PPIs and antibiotics was higher in the group
aged >65 years, whereas the risk from PPI drugs was
elevated in the group aged <65 years. This finding
suggests a strong association between the use of specific
drug groups and SOHL, indicating the need for caution.
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