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Purpose: Benzodiazepine receptor agonists (BZRAs), including benzodiazepines (BZDs) and Z drugs, are widely prescribed for 
anxiety and sleep. Therefore, issues of tolerance, dependence and adverse effects are of concern. Recent studies suggested a potential 
link between BZRAs and hearing problems. However, the actual relationship was still unclear. Accordingly, this study aims to 
investigate the actual association between BZRA use and risk of sudden sensorineural hearing loss (SSNHL) using population data.
Patients and Methods: This study used the Taiwan Longitudinal Health Insurance Database. 137,277 BZRA users and 1,328,554 
nonusers were identified for relevant analyses. We used cohort design with inverse-probability treatment weighting (IPTW) strategy to 
balance the baseline differences of demographics and comorbidities between two groups. The 5-year incidence of SSNHL was 
followed. Cox proportional-hazard regression analyses were used to estimate the hazard ratios (HRs).
Results: BZRA users showed an increased 5-year SSNHL risk (adjusted HR: 1.244) after weighting. Subgroup and sensitivity 
analyses produced consistent results. Notably, SSNHL risk was higher among young BZRA users (adjusted HR: 1.397). BZRA users 
had the highest SSNHL risk in the first year (adjusted HR: 2.037) after IPTW.
Conclusion: BZRA use elevated the risk of SSNHL, particularly in young adults and in the first year. This emphasises the importance 
for physicians and policymakers should be aware of the potential hearing difficulties among BZRA users and take necessary 
examinations.
Keywords: benzodiazepine receptor agonists, drug safety, hearing, sudden sensorineural hearing loss, sedative-hypnotics

Introduction
Benzodiazepine receptor agonists (BZRAs), including benzodiazepines (BZDs) and non-BZDs (Z drugs), are commonly 
prescribed for anxiety disorders, sleep disorders and epilepsy.1,2 They are widely used as common psychotropic 
medications in clinical practice, with 5.2% of adults in the United States aged 18 to 80 being prescribed BZDs.3 In 
Switzerland, more females than males use BZRAs and most of them are long-term users (>90 days), with approximately 
1.6% taking high doses of BZRAs for a long time.4 BZRAs mainly act on the γ-aminobutyric acid A (GABAA) receptor, 
enhancing the inhibitory effect of GABA to produce anxiolytic and sedative effects.5 Despite their therapeutic benefits, 
concerns emerge about potential drawbacks such as tolerance, dependence, withdrawal phenomena, cognitive decline and 
an increased risk of falls and fractures in older populations.6,7 Consequently, the safety profile of BZRAs has garnered 
increasing attention. In recent years, increasing reports have highlighted potential neurological dysfunction among BZRA 
users.8

Sudden sensorineural hearing loss (SSNHL) is characterised by a rapid onset of unilateral hearing loss within 72 
hours.9 It can occur at any age but is most common between 43 and 53 years old,10 with similar incidence rates in men 
and women.11 In the United States, the annual incidence of SSNHL is 27 per 100,000, ranging from 11 to 77 per 100,000 
across different age groups.12 Although SSNHL has a significant impact on patients’ social and interpersonal lives, its 
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exact etiologies remain unclear, but factors such as metabolic disorders, vascular diseases, trauma, tumours and certain 
medications may contribute to its development.13,14 Recent studies have suggested a potential link between medication 
exposure, including bupropion, nortriptyline, and antidepressants, and an increased risk of SSNHL.15–17 Accordingly, 
understanding the role of medications in hearing loss is crucial for effectively managing this condition.

Recent basic research has highlighted the crucial role of the GABA receptor in the auditory system and suggested 
a link between GABA alterations and hearing issues.18–21 Several clinical studies have also hinted at the potential impact 
of BZRA on hearing.22,23 However, conflicting reports exist, with some suggesting that drug abuse, including BZRAs, 
could contribute to hearing loss or SSNHL.24–26 Furthermore, a recent systematic review has revealed inconsistent 
evidence regarding the clinical efficacy of these agents in treating related conditions. Given the close relationship 
between BZRAs and auditory function, the lack of consensus and the limited large-scale epidemiological studies, this 
study aimed to investigate the actual relationship between BZRA use and the subsequent risk of SSNHL using 
a population-based database and a propensity score weighting strategy.

Materials and Methods
Data Source
The data for this population-based study was obtained from the Taiwan Longitudinal Health Insurance Database 2005 
(LHID2005), which includes claims data for 2 million randomly selected individuals enrolled in the 2005 National 
Health Insurance (NHI) program in Taiwan. The NHI program, launched in 1995, is a mandatory health insurance system 
that covers over 99% of Taiwan’s residents and reimburses a wide range of healthcare expenses. The NHI database 
includes claims data and comprehensive details on both outpatient and inpatient services, encompassing medical history, 
prescriptions, diagnoses, and personal characteristics such as sex, date of birth, residence, monthly insured salary, and 
insurance information. The NHI program is considered representative of the Taiwanese community. This study was 
approved by the Institutional Review Board of the Taiwan Tri-Services General Hospital (TSGHIRB C202205001). 
Given the anonymised and de-identified nature of the data, the requirement for informed consent was waived in 
accordance with ethical guidelines for secondary data analysis.

Study Sample Selection and BZRA Exposure Definition
The study initially included 1,465,831 residents who had healthcare records between January 1, 2001, and December 31, 
2008. To ensure the study focused on an adult population, individuals under 20 years of age were excluded. Additionally, 
patients with any history of BZRA use or SSNHL prior to the index date were removed to eliminate pre-existing cases 
that might confound the results. After these exclusions, 137,277 patients with BZRA exposure were identified as the 
BZRA user group, and 1,328,554 patients without BZRA exposure were categorized as the comparative nonuser group. 
BZRA exposure was defined based on Anatomical Therapeutic Chemical (ATC) codes for benzodiazepine (N05BA and 
N05CD) and Z-drugs (N05CF), commonly prescribed for sedative-hypnotic purposes. For BZRA users, the index date 
was assigned as the date of their first ambulatory care visit involving BZRA treatment. For nonusers, an index date was 
randomly assigned based on their ambulatory care visits during the study period to establish a comparable timeframe for 
follow-up.

To address potential confounding due to differences in demographic and health-related factors between BZRA users 
and nonusers, an inverse probability of treatment weighting (IPTW) approach based on propensity scores was applied. 
The propensity score model accounted for a range of factors, including age, gender, index year, and specific comorbid
ities that could influence SSNHL risk: chronic otitis media, hypertension, diabetes mellitus, hyperlipidemia, depression, 
anxiety, sleep disorders, and head injury. To develop the propensity score model, we used a logistic regression to estimate 
the likelihood of receiving BZRA. For BZRA users, the weights were calculated as the inverse of the propensity score (1/ 
PS), and for non-users, the weights were calculated as 1/(1-PS).27 These weights were applied in subsequent analyses to 
balance the baseline characteristics among groups. This adjustment aimed to balance baseline characteristics and reduce 
potential biases. The sample selection flowchart is displayed in Figure 1.
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Outcome Measures
The aim of this study was to investigate the association between BZRA use and the risk of SSNHL. All patients in the 
study were followed up for five years from the index date to detect SSNHL occurrence. SSNHL was defined by the 
International Classification of Diseases, Ninth Revision, Clinical Modification Code 388.2, a standard definition in the 
research literature.17,28 Additional analyses were conducted to assess the association between BZRA use and SSNHL risk 
over varying follow-up periods. Subgroup analyses were also performed in this study.

Statistical Analysis
All statistical analyses in this study were conducted using SAS software (version 9.4; SAS Institute, Cary, NC, USA). 
Standardised differences were used to compare baseline variables, including demographics and comorbidities, between 
BZRA users and nonusers. The survival rates were analysed using the Kaplan–Meier method and compared between the 
two groups using the Log rank test. Cox proportional-hazards regression models were used in both the full cohort 
analysis and the IPTW cohort analysis to calculate crude and adjusted hazard ratios (HRs) for SSNHL in BZRAs users 
compared to nonusers. The results were presented as HRs with corresponding 95% confidence intervals (CIs) and a two- 
sided p-value of 0.05 was considered statistically significant. In this study, after considering effect size, sample size, 
alpha value and two-tailed detection, the statistical power > 0.9.

Results
The baseline characteristics of the study population are summarised in Table 1. In the full cohort analysis, the average 
age of BZRA users was higher than that of nonusers (47.89 years vs 44.22 years). BZRA users also had a higher 
prevalence of hypertension (26.51% vs 19.79%), hyperlipidemia (45.89% vs 34.84%), depression (14.63% vs 4.57%), 
anxiety (23.84% vs 9.93%) and sleep disorders (32.07% vs 14.33%), with all standardised differences above 0.1. 
However, after IPTW, no significant differences were found between the two groups in terms of gender, age, chronic 
otitis media, hypertension, diabetes mellitus, hyperlipidemia, depression, anxiety, sleep disorders and head injury (all 

Figure 1 Selection of BZRAs users and nonusers.
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standardised differences <0.1). The demographics and comorbidities between BZRA users and nonusers were 
comparable.

Table 2 summarises the risk of developing SSNHL in the study cohort after a 5-year follow-up. In the 5-year study 
period, the incidence rates of SSNHL per 1000 person-years in the full cohort were 0.87 and 0.65 among BZRA users 
and nonusers, respectively. Figure 2 illustrates the SSNHL-free survival curve for BZRA users and nonusers (Log rank 
test p < 0.001). The primary analysis in the full cohort revealed that BZRA users had a significantly higher risk of 
developing SSNHL over the 5-year follow-up period than nonusers (HR: 1.335, 95% CI: 1.225–1.454). This increased 
risk persisted even after adjusting for characteristics and comorbidities (adjusted HR: 1.136, 95% CI: 1.041–1.240). 
Similar results were observed in the IPTW cohort, where BZRA users had a higher risk of SSNHL than nonusers after 
weighting and adjustment (adjusted HR: 1.244, 95% CI: 1.139–1.358). Additionally, when analyzing BZD and Z-drug 
users separately, it was found that BZD users had a higher risk of SSNHL than nonusers in the IPTW cohort after 
adjustments (adjusted HR: 1.307, 95% CI: 1.194–1.431). On the other hand, the risk of SSNHL among Z-drug users was 
lower than that among nonusers, although this difference was not statistically significant (adjusted HR: 0.725, 95% CI: 
0.523–1.004). In the full cohort analysis, low-dose BZRA use was associated with a 30.8% higher crude hazard of 5-year 
SSNHL events (HR: 1.308, 95% CI: 1.112–1.431), which remained significant after adjustment (adjusted HR: 1.135, 
95% CI: 1.052–1.262). Similarly, high-dose BZRA use showed an even greater risk, with a 35.4% increase in crude 
hazard (HR: 1.354, 95% CI: 1.250–1.516) and an adjusted HR of 1.246 (95% CI: 1.105–1.351). In IPTW cohort analysis, 
consistent findings were observed, with significant associations between both high and low dose levels and SSNHL risk.

Table 3 presents the results of subgroup analyses. After adjusting for confounders in the IPTW cohort, it was found 
that BZRA users had a higher risk of SSNHL than nonusers in various subgroups, including men, women, patients under 
64 years old, patients with and without diabetes and hyperlipidemia and patients without hypertension, chronic otitis 
media, depression, anxiety, sleep disorders and head injury. Notably, in the younger population, BZRA users had an 
increased risk of SSNHL compared to nonusers (adjusted HR: 1.397 for patients aged 39 years or younger and adjusted 
HR: 1.162 for those aged 40–64 years). However, there was no significant association between BZRA use and SSNHL in 

Table 1 Demographics and Comorbidities of Study Population

Variables Full Cohort (N=1,465,831) Inverse-Probability Treatment-Weighting 
(IPTW) Cohort

BZRAs Users 
(n=137,277)

Nonusers 
(n=1,328,554)

Standardised 
Differencea

BZRAs 
Users

Nonusers Standardised 
Differencea

n % n % %

Age (mean ± SD) 47.89 ±16.23 44.22±16.41 0.2481 45.11±15.89 44.24±16.49 0.0534

Sex −0.0148 −0.0188

Men 62,318 45.40 654,746 49.28 50.76 49.82
Women 74,959 54.60 673,808 50.72 49.24 50.18

Comorbidities

Chronic otitis media 870 0.63 7987 0.60 0.0042 0.66 0.61 0.0075
Hypertension 36,387 26.51 262,906 19.79 0.1598 22.26 20.48 0.0435

Diabetes 15,921 11.60 140,377 10.57 0.0329 11.57 10.68 0.0282

Hyperlipidemia 62,995 45.89 462,927 34.84 0.2265 37.52 35.94 0.0329
Depression 20,080 14.63 60,758 4.57 0.3464 6.42 5.59 0.0349

Anxiety 32,733 23.84 131,926 9.93 0.3780 12.70 11.32 0.0423

Sleep disorders 44,031 32.07 190,406 14.33 0.4299 17.48 16.08 0.0375
Head injury 7811 5.69 80,206 6.04 −0.0148 6.19 6.01 0.0077

Notes: acovariates were considered to be balanced between groups if standardised difference < 0.1. 
Abbreviations: IPTW, inverse probability of treatment weighting; SD, standard deviation.
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the elderly population. Furthermore, among patients without chronic otitis media, depression, anxiety, sleep disorders or 
head injuries, BZRA use was found to potentially increase the risk of SSNHL. Nevertheless, there was a trend toward 
a lower risk of SSNHL with BZRA use in patients with these conditions, although the results did not reach statistical 
significance.

Figure 2 Sudden sensorineural hearing loss-free survival curve between BZRA users and nonusers.

Table 2 Incidence and Hazard Ratio for the 5-Year Risk of Sudden Sensorineural Hearing Loss (SSNHL) Incidence Between BZRA 
Users and Nonusers

BZRA Use 5-year SSNHL Events Occurrence Full Cohort Analysis Inverse-Probability 
Treatment-Weighting 

(IPTW) Cohort Analysis

n % Person- 
year

Incidence rate 
per 1000  

person-years

Crude HR 
(95% CI)

Adjusted 
HRa 

(95% CI)

Crude HR 
(95% CI)

Adjusted 
HRa 

(95% CI)

BZRA users 595 0.43 684,781 0.87 1.335*** 

(1.225–1.454)

1.136** 

(1.041–1.240)

1.262*** 

(1.156–1.377)

1.244*** 

(1.139–1.358)

Nonusers 4320 0.33 6,632,688 0.65 Reference Reference

Different types of BZRAs

Benzodiazepines (BZD) 542 0.45 595,634 0.91 1.398*** 

(1.278–1.528)

1.209*** 

(1.105–1.134)

1.324*** 

(1.204–1.446)

1.307*** 

(1.194–1.431)
Z-drugs 53 0.30 89,147 0.59 0.916 

(0.699–1.201)

0.655** 

(0.498–0.861)

0.815 

(0.653–1.051)

0.725 

(0.523–1.004)

BZRA dosageb

Low-dose BZRA use 252 0.38 298,009 0.85 1.308*** 

(1.112–1.431)

1.135** 

(1.052–1.262)

1.298*** 

(1.054–1.357)

1.258** 

(1.023–1.287)

High-dose BZRA use 343 0.48 389,772 0.88 1.354*** 
(1.250–1.516)

1.246** 
(1.105–1.351)

1.305*** 
(1.204–1.450)

1.295*** 
(1.184–1.367)

Notes: aadjustment for sex, age, chronic otitis media, hypertension, diabetes mellitus, hyperlipidemia, depression, anxiety, sleep disorders, head injury. bThe cumulative dose 
of BZRA was calculated, and the median was used to divide it into two groups for analysis. **P<0.01 ***P<0.001. 
Abbreviations: IPTW, inverse probability of treatment weighting; HR, hazard ratio; CI, confidence intervals.
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Table 3 Association Between BZRAs and Following Sudden Sensorineural Hearing Loss (SSNHL) Incidence According to Different Subgroups

Subgroups Full Cohort Analysis Inverse-Probability Treatment-Weighting 
(IPTW) Cohort Analysis

n (%) Person-Year Incidence  
Rate per 1,000 person-years

Crude HR (95% CI) Adjusted HRa (95% CI) Crude HR (95% CI) Adjusted HRa (95% CI)

BZRA Users vs Nonusers BZRA Users vs Nonusers

Sex

Men 2563 (0.35) 3,674,362 0.70 1.344*** (1.188–1.521) 1.156* (1.019–1.312) 1.259*** (1.114–1.424) 1.244*** (1.100–1.407)
Women 2352 (0.32) 3,642,807 0.65 1.337*** (1.187–1.507) 1.125 (0.997–1.271) 1.266*** (1.117–1.435) 1.250*** (1.103–1.417)

Age group

≤ 39 years old 1328 (0.21) 3,226,472 0.41 1.402** (1.169–1.681) 1.264* (1.049–1.524) 1.442*** (1.222–1.701) 1.397*** (1.184–1.649)
40–64 years old 2560 (0.41) 3,096,709 0.83 1.190** (1.059–1.339) 1.070 (0.950–1.206) 1.176** (1.042–1.328) 1.162* (1.029–1.312)

≥ 65 years old 1027 (0.52) 993,988 1.00 1.180 (0.990–1.406) 1.138 (0.953–1.359) 1.147 (0.942–1.397) 1.509 (0.991–2.298)

Hypertension
Yes 1637 (0.55) 1,492,357 1.10 1.006 (0.868–1.166) 0.982 (0.845–1.141) 0.984 (0.837–1.156) 1.024 (0.871–1.204)

No 3278 (0.28) 5,824,812 0.56 1.448*** (1.304–1.609) 1.214*** (1.089–1.352) 1.393*** (1.255–1.547) 1.340*** (1.207–1.488)

Diabetes
Yes 1005 (0.64) 779,027 1.29 1.151 (0.949–1.397) 1.169 (0.961–1.423) 1.214* (1.003–1.469) 1.249** (1.032–1.511)

No 3910 (0.30) 6,538,142 0.60 1.369*** (1.244–1.506) 1.117* (1.012–1.231) 1.261*** (1.142–1.391) 1.233*** (1.117–1.361)

Hyperlipidemia
Yes 2567 (0.49) 2,623,518 0.98 1.119 (0.998–1.254) 1.073 (0.956–1.205) 1.141* (1.008–1.291) 1.173* (1.036–1.327)

No 2348 (0.25) 4,693,651 0.50 1.427*** (1.254–1.625) 1.225** (1.073–1.400) 1.375*** (1.214–1.557) 1.316*** (1.162–1.490)

Chronic otitis media
Yes 66 (0.75) 44,123 1.50 0.753 (0.303–1.874) 0.677 (0.270–1.700) 0.514 (0.177–1.490) 0.534 (0.184–1.551)

No 4849 (0.33) 7,273,046 0.67 1.343*** (1.232–1.464) 1.144** (1.048–1.249) 1.273*** (1.165–1.390) 1.254*** (1.148 −1.369)

Depression
Yes 393 (0.49) 403,200 0.97 0.860 (0.678–1.091) 0.855 (0.673–1.087) 0.776 (0.551–1.094) 0.930 (0.658–1.315)

No 4522 (0.33) 6,913,969 0.65 1.371*** (1.250–1.504) 1.187*** (1.081–1.303) 1.310*** (1.196–1.434) 1.271*** (1.161–1.392)

Anxiety
Yes 900 (0.55) 821,003 1.10 0.812* (0.682–0.967) 0.818* (0.686–0.976) 0.814 (0.648–1.023) 0.871 (0.692–1.096)

No 4015 (0.31) 6,496,166 0.62 1.424*** (1.291–1.572) 1.268*** (1.147–1.401) 1.369*** (1.245–1.505) 1.322*** (1.202–1.454)

Sleep disorders
Yes 1171 (0.50) 1,169,227 1.00 0.827* (0.707–0.966) 0.817* (0.698–0.956) 0.833 (0.681–1.020) 0.879 (0.718–1.076)

No 3744 (0.30) 6,147,942 0.61 1.490*** (1.344–1.652) 1.327*** (1.196–1.473) 1.408*** (1.277–1.552) 1.352*** (1.226–1.490)

Head injury
Yes 348 (0.40) 439,260 0.79 1.149 (0.81–1.629) 0.973 (0.682–1.39) 1.193 (0.859–1.657) 1.203 (0.865–1.671)

No 4567 (0.33) 6,877,908 0.66 1.349*** (1.235–1.474) 1.148** (1.049–1.257) 1.267*** (1.157–1.387) 1.245*** (1.137–1.364)

Notes: aadjustment for sex, age, chronic otitis media, hypertension, diabetes mellitus, hyperlipidemia, depression, anxiety, sleep disorders, head injury. *P<0.05 **P<0.01 ***P<0.001. 
Abbreviations: IPTW, inverse probability of treatment weighting; HR, hazard ratio; CI, confidence intervals.
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Table 4 shows the association between BZRA use and SSNHL risk over different follow-up periods. The results show 
that after controlling for confounders in the IPTW cohort, the highest risk of SSNHL was detected in the 1-year study 
period (adjusted HR: 2.037). Additionally, the SSNHL risk remained significant over 2 to 5 follow-up periods (adjusted 
HR: 1.592 for 2-year study period, adjusted HR: 1.338 for 3-year study period, adjusted HR: 1.299 for 4-year study 
period and adjusted HR: 1.244 for 4-year study period).

Discussion
This study found that BZRA use was associated with a higher risk of SSNHL after adjusting and weighting for 
confounders. Subgroup analyses also showed consistent findings across most subgroups, including men, women and 
patients with or without certain comorbidities. Few human studies have focused on the relationship between BZRA use 
and the risk of SSNHL and the existing findings are inconsistent.

To date, some case reports have suggested that drug abuse, including BZRAs, may contribute to hearing loss or 
SSNHL.24–26 For instance, a case report in Philadelphia described a patient aged 18 years who experienced bilateral, 
moderately severe SSNHL after two days of polysubstance abuse, including BZDs, alcohol, heroin, etc.24 In addition, 
a systematic review has revealed hearing loss and abnormal auditory function were observed in individuals using illicit 
drugs or their combinations with other substances.25 Nevertheless, some researchers have suggested that BZD may play 
a role in managing hearing problems and have conducted studies on the topic. For example, several clinical studies with 
small sample sizes have shown that BZDs or related combinations could alleviate tinnitus symptoms.29,30 However, 
a crossover randomised clinical trial involving 36 patients with tinnitus found that daily alprazolam did not significantly 
improve tinnitus compared to a placebo.31 Overall, there is no consistent evidence supporting the use of BZRAs in 
treating auditory disorders. Accordingly, the American Academy of Otolaryngology-Head and Neck Surgery guidelines 
do not recommend the use of antianxiety medications for treating tinnitus, as clinical trials have not demonstrated 
positive effects.32

Our study found an increased risk of SSNHL in BZRA users. The exact mechanism behind this association remains 
unclear, as there is limited research on the topic. However, growing evidence suggests that GABA in the human auditory 
cortex may play a role in hearing.19,33–35 Previous study have suggested that alterations in GABAergic systems, such as 

Table 4 BZRA Use and Following Risk of Sudden Sensorineural Hearing Loss (SSNHL) According to 
Different Follow-Up Periods

SSNHL Events Full Cohort Analysis Inverse-Probability  
Treatment-Weighting (IPTW) Cohort Analysis

BZRAs Users vs Nonusers

1-year study period
Crude HR (95% CI) 2.061*** (1.740–2.442) 2.063*** (1.742–2.442)

Adjusted HRa (95% CI) 1.754*** (1.473–2.088) 2.037*** (1.720–2.411)
2-year study period

Crude HR (95% CI) 1.624*** (1.427–1.848) 1.614*** (1.418–1.836)

Adjusted HRa (95% CI) 1.374*** (1.203–1.569) 1.592*** (1.399–1.811)
3-year study period

Crude HR (95% CI) 1.425*** (1.278–1.590) 1.357*** (1.214–1.517)

Adjusted HRa (95% CI) 1.189** (1.063–1.330) 1.338*** (1.197–1.496)
4-year study period

Crude HR (95% CI) 1.389*** (1.263–1.528) 1.318*** (1.195–1.453)

Adjusted HRa (95% CI) 1.172** (1.063–1.292) 1.299*** (1.178–1.432)
5-year study period

Crude HR (95% CI) 1.335*** (1.225–1.454) 1.262*** (1.156–1.377)

Adjusted HRa (95% CI) 1.136** (1.041–1.240) 1.244*** (1.139–1.358)

Notes: aadjustment for sex, age, chronic otitis media, hypertension, diabetes mellitus, hyperlipidemia, depression, anxiety, sleep 
disorders, head injury. **P<0.01 ***P<0.001.
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down-regulation of K + –Cl– co-transporter isoform 2 (KCC2), may lead to central auditory dysfunction after auditory 
trauma.36 According to studies, BZRA activates GABA A receptors, which are widely distributed throughout the central 
nervous system (CNS), mainly in the cerebral cortex, resulting in a widespread suppression of neuronal activity.37–40 

Therefore, it is possible that alterations in GABA receptors in the auditory system could be a potential mechanism for the 
increased risk of SSNHL in BZRA users.18–21 Accordingly, BZRAs are known to enhance the inhibitory neurotransmitter 
in the central nervous system,41 which can be beneficial for anxiety and sleep disorders. However, this modulation may 
lead to neurotransmitter imbalances in the auditory pathway, further disrupting the transmission of auditory signals and 
potentially leading to SSNHL. Additionally, sleep’s role in cognition and IADLs may also influence our findings, as sleep 
disturbances impact cognitive function and could affect cooperation in assessments, including auditory tests.42,43 Without 
detailed cognitive testing, the observed auditory loss might stem from cognitive changes affecting participant engage
ment, rather than directly from BZRA use, suggesting an area for future research.

Our study found that BZD use may increase the risk of SSNHL, while Z drugs were not associated with SSNHL. This 
difference could be attributed to the pharmacological differences between the two types of medications. BZDs bind non- 
selectively to GABAA receptors containing a γ2 subunit, while Z drugs bind with higher relative affinity to α1-containing 
receptors.44 These different pharmacological pathways may influence neurotransmitter balance and impact the transmission 
of auditory signals. Additionally, it is noteworthy that BZRA users in the young population had a higher risk of SSNHL than 
nonusers. However, there was no association between BZRA use and SSNHL in the elderly population. Although the exact 
reason remains unclear, a recent study has suggested that the auditory system undergoes changes in response to the gradual 
loss of input with increasing age.34 This could explain the differing incidence of SSNHL between young and elderly 
populations. The observed variation in SSNHL risk associated with BZRA use between different subgroups may reflect 
underlying physiological and behavioral differences. For example, in participants without stroke-related risk factors (eg, 
hypertension, diabetes),45,46 the effects of BZRAs on auditory health may be more apparent due to the absence of competing 
vascular risks that could confound SSNHL incidence. This study found that BZRA users with anxiety or sleep issues had 
a decreased risk of SSNHL than users without these conditions. However, the results were not statistically significant, 
limiting the capacity to extrapolate the findings. A likely explanation for this finding is that increased sleep quality among 
BZRA users with sleep disorders may have a preventive impact, as poor sleep has been linked to detrimental effects on 
vascular and neurological health, potentially raising the incidence of SSNHL. This is congruent with the existing literature, 
which emphasizes the negative impact of sleep disturbances on general health, particularly in auditory and brain networks. 
However, because the observed differences are not statistically significant, this hypothesis remains uncertain. Additionally, 
age-related differences might stem from variations in drug metabolism, cumulative exposure, or baseline susceptibility to 
auditory damage.47 For younger individuals, lifestyle factors or lower baseline SSNHL risk may amplify the relative 
contribution of BZRAs, while older adults may have other dominant risk factors that mask the BZRA effect. These findings 
highlight the importance of considering age and comorbidities when assessing medication risks and emphasize the need for 
further research to elucidate the mechanisms linking BZRAs, comorbidities, and SSNHL risk.

This study has several strengths. First, it is the first cohort study to use a large health database to investigate the 
relationship between BZRA use and the risk of SSNHL, thereby reducing selection bias in observational studies. Second, 
by focusing on new users, the study minimised the impact of prior drug exposure, establishing a causal relationship 
between BZRA use and SSNHL occurrence. Third, the study employed the IPTW analysis method to mitigate the impact 
of confounding factors. However, there are several limitations to consider. First, the NHI database lacks lifestyle 
information (eg alcohol consumption and smoking), laboratory data and family history, which could influence SSNHL 
occurrence. Additionally, environmental factors, such as noise exposure, were not considered in this study. This may 
result in residual confounding. Second, this study did not consider other medications that may affect hearing, but we 
identified potential comorbidities in relevant analyses to reduce potential bias. This study further used the IPTW approach 
to eliminate potential impacts. Third, this study was conducted using data from Taiwan’s NHI database, which may limit 
the generalizability of our findings to other populations and healthcare systems. Finally, the NHI database cannot specify 
whether SSNHL is unilateral or bilateral.
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Conclusion
This is the first epidemiological study to find an association between BZRA use and an increased risk of SSNHL, even 
after adjusting and weighting for confounders. Notably, young adults who used BZRA had a higher risk of SSNHL than 
nonusers, while such an association was not observed in older adults. The highest risk of SSNHL was detected in the 
1-year follow-up period. Medical professionals and policymakers should be aware of the potential hearing issues among 
BZRA users and ensure appropriate care. Further studies are warranted to explore the potential mechanisms linking 
BZRA use to SSNHL risk.

Abbreviations
BZRA, benzodiazepine receptor agonists; SSNHL, sudden sensorineural hearing loss; aORs, adjusted hazard ratios; CI, 
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National Health Insurance; ORs, crude odds ratios; SDiff, standardized difference.

Data Sharing Statement
The data analyzed in this study was obtained from the Health and Welfare Data Science Center. Requests to access these 
datasets should be directed to the Health and Welfare Data Science Center, Department of Statistics, Ministry of Health 
and Welfare, Taiwan, http://dep.mohw.gov.tw/DOS/np-2497-113.htm.

Ethics Approval
This study was approved by the Institutional Review Board of the Taiwan Tri-Services General Hospital (TSGHIRB 
C202205001). This study complies with the Declaration of Helsinki.

Author Contributions
All authors made a significant contribution to the work reported, whether that is in the conception, study design, 
execution, acquisition of data, analysis and interpretation, or in all these areas; took part in drafting, revising or critically 
reviewing the article; gave final approval of the version to be published; have agreed on the journal to which the article 
has been submitted; and agree to be accountable for all aspects of the work.

Funding
The research was funded by grants from the Ministry of National Defense-Medical Affairs Bureau, Taiwan (MND-MAB- 
C03-113007) and the Ministry of Science and Technology, Taiwan (MOST 111-2314-B-016-047-MY3).

Disclosure
L.T-K reports research funding outside the submitted work from IQVIA. The authors report no other conflicts of interest 
in this work.

References
1. Davies J, Rae TC, Montagu L. Long-term benzodiazepine and Z-drugs use in England: a survey of general practice [corrected]. Br J Gen Pract. 

2017;67(662):e609–e13. doi:10.3399/bjgp17X691865
2. Lou G, Yu Z, Chen L, Zhou Y, Zhang L. Trends in prescriptions for insomnia in a Province in China between 2015 and 2019. Front Psychiatry. 

2022;13:915823. doi:10.3389/fpsyt.2022.915823
3. Olfson M, King M, Schoenbaum M. Benzodiazepine use in the United States. JAMA Psychiatry. 2015;72(2):136–142. doi:10.1001/ 

jamapsychiatry.2014.1763
4. Petitjean S, Ladewig D, Meier CR, Amrein R, Wiesbeck GA. Benzodiazepine prescribing to the Swiss adult population: results from a national 

survey of community pharmacies. Int Clin Psychopharmacol. 2007;22(5):292–298. doi:10.1097/YIC.0b013e328105e0f2
5. Guina J, Merrill B. Benzodiazepines I: upping the care on downers: the evidence of risks, benefits and alternatives. J Clin Med. 2018;7(2):17. 

doi:10.3390/jcm7020017
6. Colman L, Delaruelle K, Bracke P, Ceuterick M. Trends in the use of benzodiazepine receptor agonists among working-age adults in Belgium from 

2004 to 2018. Front Public Health. 2023;11:1191151. doi:10.3389/fpubh.2023.1191151
7. Petrovic M, Mariman A, Warie H, Afschrift M, Pevernagie D. Is there a rationale for prescription of benzodiazepines in the elderly? Review of the 

literature. Acta Clin Belg. 2003;58(1):27–36. doi:10.1179/acb.2003.58.1.004

Nature and Science of Sleep 2024:16                                                                                               https://doi.org/10.2147/NSS.S491544                                                                                                                                                                                                                       

DovePress                                                                                                                       
2239

Dovepress                                                                                                                                                      Yang et al

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)

http://dep.mohw.gov.tw/DOS/np-2497-113.htm
https://doi.org/10.3399/bjgp17X691865
https://doi.org/10.3389/fpsyt.2022.915823
https://doi.org/10.1001/jamapsychiatry.2014.1763
https://doi.org/10.1001/jamapsychiatry.2014.1763
https://doi.org/10.1097/YIC.0b013e328105e0f2
https://doi.org/10.3390/jcm7020017
https://doi.org/10.3389/fpubh.2023.1191151
https://doi.org/10.1179/acb.2003.58.1.004
https://www.dovepress.com
https://www.dovepress.com


8. Ritvo AD, Foster DE, Huff C, Finlayson AJR, Silvernail B, Martin PR. Long-term consequences of benzodiazepine-induced neurological 
dysfunction: a survey. PLoS One. 2023;18(6):e0285584. doi:10.1371/journal.pone.0285584

9. Tripathi P, Deshmukh P. Sudden sensorineural hearing loss: a review. Cureus. 2022;14(9):e29458. doi:10.7759/cureus.29458
10. Chandrasekhar SS, Tsai Do BS, Schwartz SR, et al. Clinical practice guideline: sudden hearing loss (Update). Otolaryngol Head Neck Surg. 

2019;161(1_suppl):S1–s45. doi:10.1177/0194599819859885
11. Fetterman BL, Luxford WM, Saunders JE. Sudden bilateral sensorineural hearing loss. Laryngoscope. 1996;106(11):1347–1350. doi:10.1097/ 

00005537-199611000-00008
12. Alexander TH, Harris JP. Incidence of sudden sensorineural hearing loss. Otol Neurotol. 2013;34(9):1586–1589. doi:10.1097/ 

MAO.0000000000000222
13. Chau JK, Lin JR, Atashband S, Irvine RA, Westerberg BD. Systematic review of the evidence for the etiology of adult sudden sensorineural hearing 

loss. Laryngoscope. 2010;120(5):1011–1021. doi:10.1002/lary.20873
14. Nieman CL, Oh ES. Hearing Loss. Ann Intern Med. 2020;173(11):Itc81–itc96. doi:10.7326/AITC202012010
15. Carratola Grant M, Valovska T, Guarisco JL. Sensorineural hearing loss associated with bupropion use. Clin Pediatr. 2018;57(9):1114–1119. 

doi:10.1177/0009922817738344
16. Smith EE, Reece CA, Kauffman R. Ototoxic reaction associated with use of nortriptyline hydrochloride: case report. J Pediatr. 1972;80 

(6):1046–1048. doi:10.1016/S0022-3476(72)80027-1
17. Zhong PX, Li IH, Shih JH, Yeh CB, Chiang KW, Kao LT. Antidepressants and risk of sudden sensorineural hearing loss: a population-based cohort 

study. Int J Epidemiol. 2021;50(5):1686–1697. doi:10.1093/ije/dyab023
18. Tang X, Zhu X, Ding B, Walton JP, Frisina RD, Su J. Age-related hearing loss: GABA, nicotinic acetylcholine and NMDA receptor expression 

changes in spiral ganglion neurons of the mouse. Neuroscience. 2014;259:184–193. doi:10.1016/j.neuroscience.2013.11.058
19. Dobri SGJ, Ross B. Total GABA level in human auditory cortex is associated with speech-in-noise understanding in older age. Neuroimage. 

2021;225:117474. doi:10.1016/j.neuroimage.2020.117474
20. Isler B, von Burg N, Kleinjung T, et al. Lower glutamate and GABA levels in auditory cortex of tinnitus patients: a 2D-JPRESS MR spectroscopy 

study. Sci Rep. 2022;12(1):4068. doi:10.1038/s41598-022-07835-8
21. Caspary DM, Milbrandt JC, Helfert RH. Central auditory aging: GABA changes in the inferior colliculus. Exp Gerontol. 1995;30(3):349–360. 

doi:10.1016/0531-5565(94)00052-5
22. Bonnet U. Decompensated chronic tinnitus and high-dose benzodiazepine dependence. between Scylla and Charybdis. Nervenarzt. 2014;85 

(7):865–869. doi:10.1007/s00115-012-3670-y
23. Jufas NE, Wood R. The use of benzodiazepines for tinnitus: systematic review. J Laryngol Otol. 2015;129(Suppl 3):S14–22. doi:10.1017/ 

S0022215115000808
24. Schweitzer VG, Darrat I, Stach BA, Gray E. Sudden bilateral sensorineural hearing loss following polysubstance narcotic overdose. J Am Acad 

Audiol. 2011;22(4):208–214. doi:10.3766/jaaa.22.4.3
25. Chiao A, Hughes ML, Karimuddanahalli Premkumar P, Zoucha K. The effects of substance misuse on auditory and vestibular function: 

a systematic review. Ear Hear. 2024;45(2):276–296. doi:10.1097/AUD.0000000000001425
26. Lopez I, Ishiyama A, Ishiyama G. Sudden sensorineural hearing loss due to drug abuse. Seminars Hearing. 2012;33(03):251–260. doi:10.1055/ 

s-0032-1315724
27. Rosenbaum PR, Rubin DB. The central role of the propensity score in observational studies for causal effects. Biometrika. 1983;70(1):41–55. 

doi:10.1093/biomet/70.1.41
28. Tzong-Hann Y, Sudha X, Yen-Fu C, Chin-Shyan C, Herng-Ching L. Increased prevalence of hearing loss, tinnitus and sudden deafness among 

patients with Sjögren’s syndrome. RMD Open. 2024;10(1):e003308. doi:10.1136/rmdopen-2023-003308
29. Bahmad FM, Venosa AR, Oliveira CA. Benzodiazepines and GABAergics in treating severe disabling tinnitus of predominantly cochlear origin. 

Int Tinnitus J. 2006;12(2):140–144.
30. Han SS, Nam EC, Won JY, et al. Clonazepam quiets tinnitus: a randomised crossover study with Ginkgo biloba. J Neurol Neurosurg Psychiatry. 

2012;83(8):821–827. doi:10.1136/jnnp-2012-302273
31. Jalali MM, Kousha A, Naghavi SE, Soleimani R, Banan R. The effects of alprazolam on tinnitus: a cross-over randomized clinical trial. Med Sci 

Monit. 2009;15(11):Pi55–60.
32. Tunkel DE, Bauer CA, Sun GH, et al. Clinical practice guideline: tinnitus. Otolaryngol Head Neck Surg. 2014;151(2 Suppl):S1–s40. doi:10.1177/ 

0194599814545325
33. Sarro EC, Kotak VC, Sanes DH, Aoki C. Hearing loss alters the subcellular distribution of presynaptic GAD and postsynaptic GABAA receptors in 

the auditory cortex. Cereb Cortex. 2008;18(12):2855–2867. doi:10.1093/cercor/bhn044
34. Harris KC, Dias JW, McClaskey CM, Rumschlag J, Prisciandaro J, Dubno JR. Afferent loss, GABA, and central gain in older adults: associations 

with speech recognition in noise. J Neurosci. 2022;42(38):7201–7212. doi:10.1523/JNEUROSCI.0242-22.2022
35. Cerrah Gunes M, Gunes MS, Vural A, et al. Change in gene expression levels of GABA, glutamate and neurosteroid pathways due to acoustic 

trauma in the cochlea. J Neurogenetics. 2021;35(1):45–57. doi:10.1080/01677063.2021.1904922
36. Parameshwarappa V, Siponen MI, Watabe I, Karkaba A, Galazyuk A, Noreña AJ. Noise-induced hearing loss alters potassium-chloride cotran

sporter KCC2 and GABA inhibition in the auditory centers. Sci Rep. 2024;14(1):10689. doi:10.1038/s41598-024-60858-1
37. Möhler H, Fritschy JM, Rudolph U. A new benzodiazepine pharmacology. J Pharmacol Exp Ther. 2002;300(1):2–8. doi:10.1124/jpet.300.1.2
38. Neylan TC, Richards A, Metzler TJ, et al. Acute cognitive effects of the hypocretin receptor antagonist almorexant relative to zolpidem and 

placebo: a randomized clinical trial. Sleep. 2020;43(10). doi:10.1093/sleep/zsaa080
39. Tannenbaum PL, Tye SJ, Stevens J, et al. Inhibition of orexin signaling promotes sleep yet preserves salient arousability in monkeys. Sleep. 

2016;39(3):603–612. doi:10.5665/sleep.5536
40. Uslaner JM, Tye SJ, Eddins DM, et al. Orexin receptor antagonists differ from standard sleep drugs by promoting sleep at doses that do not disrupt 

cognition. Sci Transl Med. 2013;5(179):179ra44. doi:10.1126/scitranslmed.3005213
41. Harrison NL. Mechanisms of sleep induction by GABA. J Clin Psychiatry. 2007;68:6–12.
42. Giannouli V. Insomnia-related sleep disruptions, cognition and detailed concurrent anxiety testing during the inter-episode phase of bipolar 

disorder: a Herculean task or a necessity? J Psychiatr Res. 2017;95:76–77. doi:10.1016/j.jpsychires.2017.08.005

https://doi.org/10.2147/NSS.S491544                                                                                                                                                                                                                                  

DovePress                                                                                                                                                        

Nature and Science of Sleep 2024:16 2240

Yang et al                                                                                                                                                       Dovepress

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)

https://doi.org/10.1371/journal.pone.0285584
https://doi.org/10.7759/cureus.29458
https://doi.org/10.1177/0194599819859885
https://doi.org/10.1097/00005537-199611000-00008
https://doi.org/10.1097/00005537-199611000-00008
https://doi.org/10.1097/MAO.0000000000000222
https://doi.org/10.1097/MAO.0000000000000222
https://doi.org/10.1002/lary.20873
https://doi.org/10.7326/AITC202012010
https://doi.org/10.1177/0009922817738344
https://doi.org/10.1016/S0022-3476(72)80027-1
https://doi.org/10.1093/ije/dyab023
https://doi.org/10.1016/j.neuroscience.2013.11.058
https://doi.org/10.1016/j.neuroimage.2020.117474
https://doi.org/10.1038/s41598-022-07835-8
https://doi.org/10.1016/0531-5565(94)00052-5
https://doi.org/10.1007/s00115-012-3670-y
https://doi.org/10.1017/S0022215115000808
https://doi.org/10.1017/S0022215115000808
https://doi.org/10.3766/jaaa.22.4.3
https://doi.org/10.1097/AUD.0000000000001425
https://doi.org/10.1055/s-0032-1315724
https://doi.org/10.1055/s-0032-1315724
https://doi.org/10.1093/biomet/70.1.41
https://doi.org/10.1136/rmdopen-2023-003308
https://doi.org/10.1136/jnnp-2012-302273
https://doi.org/10.1177/0194599814545325
https://doi.org/10.1177/0194599814545325
https://doi.org/10.1093/cercor/bhn044
https://doi.org/10.1523/JNEUROSCI.0242-22.2022
https://doi.org/10.1080/01677063.2021.1904922
https://doi.org/10.1038/s41598-024-60858-1
https://doi.org/10.1124/jpet.300.1.2
https://doi.org/10.1093/sleep/zsaa080
https://doi.org/10.5665/sleep.5536
https://doi.org/10.1126/scitranslmed.3005213
https://doi.org/10.1016/j.jpsychires.2017.08.005
https://www.dovepress.com
https://www.dovepress.com


43. Giannouli V, Tsolaki M. In the hands of hypnos: associations between sleep, cognitive performance and financial capacity in aMCI and mild AD. 
Sleep Sci. 2023;16(2):231–236. doi:10.1055/s-0043-1770796

44. Ebert B, Wafford KA, Deacon S. Treating insomnia: current and investigational pharmacological approaches. Pharmacol Ther. 2006;112 
(3):612–629. doi:10.1016/j.pharmthera.2005.04.014

45. Deng Y, Chen S, Hu J. Diabetes mellitus and hearing loss. Mol Med. 2023;29(1):141. doi:10.1186/s10020-023-00737-z
46. Toyama K, Mogi M. Hypertension and the development of hearing loss. Hypertens Res. 2022;45(1):172–174. doi:10.1038/s41440-021-00789-w
47. Jafari Z, Kolb BE, Mohajerani MH. Age-related hearing loss and cognitive decline: MRI and cellular evidence. Ann N Y Acad Sci. 2021;1500 

(1):17–33. doi:10.1111/nyas.14617

Nature and Science of Sleep                                                                                                             Dovepress 

Publish your work in this journal 
Nature and Science of Sleep is an international, peer-reviewed, open access journal covering all aspects of sleep science and sleep medicine, 
including the neurophysiology and functions of sleep, the genetics of sleep, sleep and society, biological rhythms, dreaming, sleep disorders 
and therapy, and strategies to optimize healthy sleep. The manuscript management system is completely online and includes a very quick and fair 
peer-review system, which is all easy to use. Visit http://www.dovepress.com/testimonials.php to read real quotes from published authors.  

Submit your manuscript here: https://www.dovepress.com/nature-and-science-of-sleep-journal

Nature and Science of Sleep 2024:16                                                                                         DovePress                                                                                                                       2241

Dovepress                                                                                                                                                      Yang et al

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)

https://doi.org/10.1055/s-0043-1770796
https://doi.org/10.1016/j.pharmthera.2005.04.014
https://doi.org/10.1186/s10020-023-00737-z
https://doi.org/10.1038/s41440-021-00789-w
https://doi.org/10.1111/nyas.14617
https://www.dovepress.com
http://www.dovepress.com/testimonials.php
https://www.facebook.com/DoveMedicalPress/
https://twitter.com/dovepress
https://www.linkedin.com/company/dove-medical-press
https://www.youtube.com/user/dovepress
https://www.dovepress.com
https://www.dovepress.com

	Introduction
	Materials and Methods
	Data Source
	Study Sample Selection and BZRA Exposure Definition
	Outcome Measures
	Statistical Analysis

	Results
	Discussion
	Conclusion
	Abbreviations
	Data Sharing Statement
	Ethics Approval
	Author Contributions
	Funding
	Disclosure

