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Abstract

Objective: Statins have been reported to improve vascular endothelial function and

microcirculation, reduce oxidative stress, and exert anti-inflammatory and protective

effects against inner ear damage. Therefore, this study aimed to investigate the effect

of statins on hearing prognosis in patients with idiopathic sudden sensorineural

hearing loss (ISSNHL).

Methods: We reviewed the medical records of 149 patients diagnosed with ISSNHL.

Clinical characteristics, hearing thresholds, statin medications, and hematological

findings were investigated. First, patients with ISSNHL were assigned to the good

and poor outcome groups, and factors influencing their prognosis were analyzed.

Furthermore, patients with dyslipidemia were investigated to determine whether

statins have therapeutic effects on ISSNHL.

Results: Significant differences in age (p = .011), days from the onset of ISSNHL to

the initiation of treatment (p = .04), and hematological total cholesterol (TC;

p = .015) between the good and poor outcome groups were observed. Furthermore,

when hearing outcomes were investigated in patients with dyslipidemia, TC was

significantly lower in the good outcome group (p = .03). Although no significant ther-

apeutic effects of statins were observed in participants with dyslipidemia, patients in

the statin-treated group were significantly older and experienced more diabetic

complications than those in the non-statin-treated group.

Conclusion: Although our study showed that dyslipidemia is a poor prognostic factor

for ISSNHL, statins had no significant therapeutic effects on hearing recovery in

ISSNHL patients with dyslipidemia. The patients that received statin medications

were significantly older and experienced more diabetic complications, which may

have affected their hearing prognosis.

Level of Evidence: Level 4.
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1 | INTRODUCTION

Sudden sensorineural hearing loss is a sudden onset (within 72 h)

hearing loss (HL) that affects 5–27 people per 100,000 in the

United States annually.1 The etiology of idiopathic sudden sensorineu-

ral HL (ISSNHL) remains unknown, and various etiologies have been

proposed, including microcirculation disorders, viral infections, and

autoimmunity. Approximately 1% of sudden sensorineural HL cases are

reportedly caused by central intracranial lesions, 10% to 15% are

caused by trauma, autoimmune diseases, and infection, whereas others

are idiopathic.2 The American Academy of Otolaryngology-Head and

Neck Surgery guidelines recommend systemic corticosteroids as an

adjunctive therapy within 2 weeks of ISSNHL onset, followed by intra-

tympanic steroid therapy (ITS) as salvage treatment within 2–6 weeks

of ISSNHL onset.3 However, there is insufficient evidence for the effec-

tiveness of using both systemic corticosteroids and ITS. To date, no

effective treatment for ISSNHL exists, and there is a need to establish

new promising treatments.

Statins were originally developed as 3-hydroxy-3-methylglutaryl

coenzyme A (HMG-CoA) reductase inhibitors, and are administered in

clinical practice to reduce the risk of complications, such as myocardial

infarction and cerebrovascular disease in patients with dyslipidemia.

Statins improve vascular endothelial function and microcirculation, have

anti-inflammatory effects, and reduce oxidative stress, in addition to

their inhibitory effects on HMG-CoA reductase.4 Recently, statins were

reported to exert neuroprotective effects against cerebral ischemia and

stroke by targeting cell signaling pathways that control cell prolifera-

tion, adhesion, and migration; cytokine production; and reactive oxygen

species generation.5 Since various etiologies, including circulatory dis-

turbances, inflammation, oxidative stress, and apoptosis, are involved in

inner ear damage, statins may be potentially useful in treating inner ear

dysfunction. Several animal studies have reported that statins protect

against inner ear damage by inhibiting apoptosis and via the generation

of reactive oxygen species, both of which cause inner ear damage.6,7

However, reports on the effects of statins on human inner ear function

are few, and it remains unclear whether statins are effective in treating

HL due to inner ear damage. In this study, we hypothesized that statins

would improve hearing in patients with ISSNHL, where inner ear dam-

age is the main pathophysiology. This study aimed to investigate the

effect of statins on hearing prognosis in patients with ISSNHL.

2 | MATERIALS AND METHODS

2.1 | Study design and materials

The Institutional Review Board of Kitasato University Hospital

approved this observational retrospective study (B22-077). The need

for informed consent was waived owing to the retrospective nature

of the study. The clinical records of the patients who visited the out-

patient clinic of the Department of Otorhinolaryngology and Head

and Neck Surgery at Kitasato University Hospital between January

2015 and December 2019, and were diagnosed with ISSNHL, were

examined. The inclusion criteria were patients with (1) unknown

etiologies, (2) sudden onset of the disease, (3) sensorineural HL of

≥30 dB after at least three consecutive frequencies, and (4) follow-up

duration longer than 3 months.8 The exclusion criteria were as

follows: (1) middle ear or retrocochlear pathology, (2) low-tone senso-

rineural HL, and (3) history of genetic HL or otologic surgery. The

survey variables were as follows: age at onset, affected side, sex,

mean hearing threshold, grade of HL, presence or absence of vertigo,

history of hypertension, presence or absence of statin medication,

body mass index, initiation of treatment, presence or absence of ITS,

and hematological findings (HbA1c, Glucose [Glu], total cholesterol

[TC], and high-density lipoprotein). Patients with TC ≥220 mg/dL or

taking statins were classified as having dyslipidemia.

2.2 | Assessment of hearing function

Pure-tone audiometry was performed in a soundproof room using an

audiometer (AA-78; Rion, Tokyo, Japan). Hearing thresholds were

obtained through air and bone conduction measurements at frequen-

cies of 0.25, 0.5, 1, 2, and 4 kHz. To prevent cross-hearing, sound

masking was used for the non-test ear, while the other ear was tested

as required. The HL grade, defined according to the Japanese Ministry

of Health and Welfare guidelines,9 was determined using the initial

audiogram data (Table 1). Treatment outcome based on the criteria of

the Japanese Ministry of Health and Welfare Research Group10 was

determined using audiogram data 3 months after the commencement

of treatment (Table 2). A good outcome was defined as complete

TABLE 1 Criteria for the grading of HL in ISSHL.

Grade Criteria

1 PTA <40 dB

2 40 dB ≤PTA <60 dB

3 60 dB ≤PTA <90 dB

4 90 dB ≤PTA

Note: PTA: arithmetic mean of the five frequencies. The five frequencies

used were 250, 500, 1000, 2000, and 4000 Hz.

Abbreviations: HL, hearing loss; ISSHL, idiopathic sudden sensorineural

hearing loss.

TABLE 2 Hearing improvement as defined by the Ministry of
Health and Welfare in Japan.

Complete recovery All five frequencies of the final audiogram

were ≤20 dB or an improvement to the

same degree of hearing as in the

unaffected ear

Marked improvement PTA improvement > 30 dB

Slight improvement 10 dB < PTA improvement < 30 dB

No change PTA improvement < 10 dB

Note: PTA: arithmetic mean of the five frequencies. The five frequencies

used were 250, 500, 1000, 2000, and 4000 Hz.
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recovery or marked improvement, whereas a poor outcome was

defined as slight improvement or no change (Table 2).

2.3 | Treatment

Patients were treated with systemic corticosteroids for 10 days (beta-

methasone 8 mg via intramuscular injection on the first day followed by

betamethasone 4 mg via oral administration for the first 3 days, tapered

to 2 mg for another 3 days, and finally to 1 mg for the last 3 days). Oral

administration of vitamin B12 (1.5 mg daily) and adenosine triphosphate

(300 mg daily) was initiated concurrently with the corticosteroids on the

first day of treatment. Forty one patients underwent ITS as salvage ther-

apy after systemic corticosteroids. Patients with HL of ≥grade 3 under-

went ITS as salvage therapy for the initial steroid therapy. Local xylocaine

(lidocaine hydrochloride, 40 mg/mL; Sandoz, Japan) was administered as

local anesthesia after observing the tympanic membrane of the partici-

pant's ear at a sitting position. One puncture was made in the anterior

tympanic membrane using a 26-gauge needle, and 0.3–0.4 mL of dexa-

methasone disodium phosphate (3.3 mg/mL, Sandoz, Japan) was injected

while the participant was in the sitting position. After the injection, the

patients were instructed not to make swallowing movements, and their

heads were tilted 45� to the healthy side for 30 min in the supine posi-

tion. ITS was administered once daily for three consecutive days.

2.4 | Statistical analyses

For statistical analysis of the prognostic factors, univariate analysis

was performed using Fisher's exact test or Mann–Whitney U test. We

used the chi-squared test to evaluate the clinical characteristics and

possible prognostic factors. Parameters that were statistically signifi-

cant in the univariate analysis were entered into a binary logistic

regression model for multivariate analysis. All statistical analyses were

performed using the JMP PRO 16 software (SAS Institute, Cary, NC,

USA). All data are presented as standard errors, and the significance

level was set at p < .05.

3 | RESULTS

3.1 | Prognostic factors for ISSNHL

Overall, 149 participants (83 men and 66 women) were enrolled in

this study, of which 41 underwent ITS as salvage therapy after sys-

temic corticosteroids. The mean age of the participants was 57.5

± 16.4 years, and none of the patients discontinued corticosteroid

treatment owing to serious complications. Of the 149 patients,

29 (19.5%) were taking statins, including atorvastatin, rosuvastatin,

pitavastatin, and pravastatin, as shown in the Table S1. Statin type did

not significantly affect therapeutic outcomes (p = .028).

First, to investigate the prognostic factors for ISSNHL, the

patients were assigned to good (65 patients) and poor (84 patients)

outcome groups, and univariate analyses were performed for each

variable (Table 3). Univariate analysis showed that age (p = .0068),

days from onset to start of treatment (p = .028), and TC (p = .0054)

were significantly different between the two groups; however, no sig-

nificant difference in the statin medication (p = .84) was observed

between the two groups. Multivariate analysis showed significant dif-

ferences in age (p = .011) and TC (p = .015), suggesting that being

older and having dyslipidemia with high TC were independent poor

prognostic factors for ISSNHL.

TABLE 3 Prognostic factors for
ISSHL. Good outcomes Poor outcomes

p

(n = 65) (n = 84) Univariate Multivariate

Age (years) 53.4 ± 16.7 60.7 ± 15.5 .0068 .011

Affected side (right/left) 31/34 48/36 .32

Sex (male/female) 27/38 39/45 .62

Initial grade of HL (1,2,3/4) 42/23 57/27 .73

Vertigo (+/�) 29/36 35/49 0.74

Hypertension (+/�) 18/47 29/55 .48

Statin use (+/�) 12/53 17/67 .84

BMI (kg/m2) 24.3 ± 4.5 23.4 ± 4.1 .28

ITS (+/�) 20/45 21/63 .46

Initiation of treatment (days) 3.6 ± 2.3 5.4 ± 7.0 .028 .26

Hematological findings

HbA1c (%) 6.01 ± 0.93 5.94 ± 0.77 .36

Glu (mg/dL) 130 ± 50.6 120 ± 26.4 .13

TC (mg/dL) 203 ± 32.4 222 ± 42.4 .0054 .015

HDL (mg/dL) 63.9 ± 18.1 66.0 ± 18.6 .53

Abbreviations: BMI: body mass index; Glu: glucose; HDL: high-density lipoprotein; ISSHL, idiopathic

sudden sensorineural hearing loss; ITS: intratympanic steroid therapy; TC: total cholesterol.
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3.2 | Prognostic factors for ISSNHL in patients
with dyslipidemia

As our results indicate that dyslipidemia may be a poor prognostic fac-

tor for ISSNHL, the hearing outcome in the statin-treated group may

be poorer than that in the non-statin-treated group due to the effect

of dyslipidemia. Sixty eight patients with dyslipidemia, including those

with TC ≥220 mg/dL or those taking statin medication, were assigned

to good (26 patients) and poor (42 patients) outcome groups, and uni-

variate analysis was performed for each variable (Table 4). Only TC

differed significantly between the two groups (p = .029), suggesting

that high TC may be a poor prognostic factor for ISSNHL in patients

with dyslipidemia. However, no significant difference in statin medica-

tion was observed between the two groups.

3.3 | Effect of statins on hearing outcomes in
patients with ISSNHL

The 68 patients with dyslipidemia were further assigned to the

statin-treated (29 patients) and non-statin-treated (39 patients)

groups, and univariate analyses were performed for each variable.

Although there were significant differences in age (p = .0010),

HbA1c (p = .0045), Glu (p = .0033), and TC (p < .0001), no signifi-

cant difference was observed in hearing outcome (p = .80)

between the two groups (Table 5).

4 | DISCUSSION

In this study, we investigated the effect of statins on hearing progno-

sis in patients with ISSNHL. Summarily, dyslipidemia may be a poor

prognostic factor for ISSNHL. However, no significant therapeutic

effect of statins was observed. If dyslipidemia can be improved by

statin therapy, it may indirectly improve hearing prognosis.

The cause and pathophysiology of ISSNHL remain unknown, and

no standard treatment has been established. Impaired blood circula-

tion is an important pathophysiological feature of ISSNHL. This is

because the cochlea is supplied with blood from the labyrinthine

artery, which does not have a collateral blood supply,11 and any inter-

ruption of blood supply due to thrombosis or bleeding may easily

cause inner ear ischemic damage, resulting in irreversible sensorineu-

ral HL. Diabetes, hyperlipidemia, and aging are well-known factors

contributing to microvascular and circulatory disturbances, and

contribute to the incidence and prognosis of ISSNHL.12 In addition,

inflammatory cytokines may be involved in the pathophysiology of

ISSNHL, indicating that corticosteroid therapy could inhibit the

inflammatory-induced cell death cascade in the cochlea.13 Drug ther-

apy with vasodilators, steroids, plasma expanders, and anticoagulants

improves blood circulation, increases oxygen supply to the inner ear,

and controls inner ear inflammation.14 Steroid therapy is a standard

treatment used worldwide, and there are increasing reports on the

effectiveness of ITS as a salvage treatment.15,16 The therapeutic

effects of steroids are limited in clinical settings, and there is a need

to develop new treatment methods.

In this study, the analysis of prognostic factors for ISSNHL

showed that age, treatment initiation time, and TC level were poten-

tially useful prognostic factors. Consistent with our results, prognostic

factors for ISSNHL have been previously reported to include age,

concomitant dizziness, degree of HL, diabetic complications, and time

from the onset of ISSNHL to treatment initiation.17

Regarding age, a study comparing 55 elderly and 55 younger

patients with ISSNHL reported that the recovery rate among elderly

patients was significantly lower than that among younger patients.18

Furthermore, elderly patients with normal hearing in the healthy ear

had a higher recovery rate than those with HL. Elderly patients are

TABLE 4 Prognostic factors for
ISSHL in patients with dyslipidemia.

Good outcomes (n = 26) Poor outcomes (n = 42) p

Age (years) 58.5 ± 12.7 63.1 ± 12.5 .15

Affected side (Right/Left) 16/10 17/25 .13

Sex (male/female) 14/12 14/28 .13

Initial grade of HL (1,2,3/4) 20/6 30/12 .78

Vertigo (+/�) 10/16 15/27 1.00

Hypertension (+/�) 8/18 17/25 .45

Statin use (+/�) 12/14 17/25 .80

BMI (kg/m2) 24.5 ± 4.7 24.4 ± 4.8 .91

ITS (+/�) 6/20 12/30 .78

Hematological findings

HbA1c (%) 5.95 ± 0.83 6.15 ± 0.82 .32

Glu (mg/dL) 124 ± 23.5 123 ± 26.8 .90

TC (mg/dL) 222.9 ± 35.7 243.5 ± 39.0 .029

HDL (mg/dL) 65.1 ± 18.7 70.0 ± 16.1 .25

Abbreviations: BMI: body mass index; Glu: glucose; HDL: high-density lipoprotein; ISSHL, idiopathic

sudden sensorineural hearing loss; ITS: intratympanic steroid therapy; TC: total cholesterol.
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more likely to have systemic diseases, such as diabetes, hypertension,

and dyslipidemia, than younger patients,19,20 and microcirculatory dis-

turbances may worsen the recovery rate of ISSNHL.

Regarding TC, plasma cholesterol and low-density lipoprotein

(LDL) levels were significantly higher in patients with ISSNHL than in

participants with normal hearing.21 In addition, a study that compared

39 patients with ISSNHL to 44 healthy individuals reported that

patients with metabolic syndrome were more likely to have ISSNHL

and that the recovery rate of ISSNHL correlated negatively with meta-

bolic syndrome.22 Furthermore, a study comparing fibrinogen/LDL

apheresis to standard therapy in patients with ISSNHL and high

plasma fibrinogen levels reported a significant improvement in speech

discrimination in the fibrinogen/LDL apheresis group.23 Endothelial

function is impaired in the peripheral arteries in patients with dyslipi-

demia, which may result in impaired blood perfusion in the cochlea. In

the cochlea without a collateral blood supply, impaired blood circula-

tion may worsen ISSNHL prognosis by preventing oxygenation to the

inner ear and therapeutic agents from reaching the damaged tissue.

In animal and human models, statins exert therapeutic effects on

cerebral and heart ischemic diseases by improving vascular endothelial

function, microcirculation, and inflammation, and reducing oxidative

stress. In addition, an animal study reported that aminoglycoside-induced

cochlear hair cell death was prevented by treatment with statins, which

enhanced the phosphorylation of the phosphatidylinositol 3-kinase/Akt

signal pathway, an intracellular signal that promotes cell survival.24

In addition, statins protect against cochlear damage, including cochlear

hair cells and spiral ganglion neurons, by inhibiting the generation of

poly ADP-ribose polymerase, poly ADP-ribose, caspase 3, and reactive

oxygen species in the cochlea.6,7 Furthermore, mice with age-related

HL fed with a diet containing statins for 2 months showed significantly

improved response thresholds in distortion-product otoacoustic emis-

sion compared to non-treated mice, indicating the preserved function

of the outer hair cells.25 In humans, a recent study demonstrated that

statins can reduce cisplatin ototoxicity, resulting in improved hearing

thresholds after cisplatin treatment.7 In addition, in a cohort study of a

population aged ≥40 years (514,866 individuals), patients with a history

of statin treatment showed a significant decrease in the prevalence of

hearing impairment among the elderly compared to the non-statin

treatment group.26 However, the therapeutic effects of statins on

ISSNHL in humans have not been investigated. To our knowledge, this

is the first study to investigate the effects of statins on hearing progno-

sis in patients with ISSNHL. Our results showed that a high TC level

was a poor prognostic factor for ISSNHL; however, hearing outcomes

were not significantly different between the statin-and non-

statin-treated groups (Table 5). Patients in the statin-treated group

were significantly older and experienced more diabetic complications

than those in the non-statin-treated group. As diabetes worsens the

prognosis of ISSNHL,27 it may have influenced hearing outcomes in the

patients in the statin-treated group.

The results of this study provide important information on the

prognosis, treatment, and prevention of ISSNHL in patients with

dyslipidemia. However, this study had some limitations. It was diffi-

cult to investigate the severity of dyslipidemia, circumstances that

led to the use of statins, and duration of the disease based on clini-

cal records; therefore, it was impossible to consider the effects of

the above factors. Furthermore, the effects of statins on partici-

pants with normal lipid levels remain unclear. It is also unclear

whether oral statins can prevent the onset of ISSNHL. Further

detailed large-scale studies on the effects of statins in patients with

ISSNHL are needed.

TABLE 5 Effect of statins on hearing
prognosis in ISSHL.

Statin user group No statin user group p
(n = 29) (n = 39)

Age (years) 67.0 ± 10.5 57.2 ± 12.6 .0010

Affected side (Right/Left) 15/14 18/21 .81

Sex (male/female) 11/18 17/22 .81

Initial grade of HL (1,2,3/4) 21/8 29/10 1.00

Vertigo (+/�) 13/16 12/27 .31

Initiation of treatment (days) 4.4 ± 3.9 4.4 ± 6.9 .98

Hearing prognosis (good/poor) 12/17 14/25 .80

BMI (kg/m2) 24 ± 5.1 24.9 ± 4.4 .52

ITS (+/�) 9/20 9/30 .58

Healthy hearing level (dB) 26.0 ± 20.0 19.6 ± 12.6 .10

Hematological findings

HbA1c (%) 6.4 ± 1.0 5.8 ± 0.57 .0045

Glu (mg/dL) 134.0 ± 32.4 116.2 ± 15.4 .0033

TC (mg/dL) 210.2 ± 35.6 253.7 ± 30.2 <.0001

HDL (mg/dL) 68.1 ± 14.1 68.1 ± 19.3 .10

Abbreviations: BMI, body mass index; Glu, glucose; HDL, high-density lipoprotein; HL, hearing loss;

ISSNHL, idiopathic sudden sensorineural hearing loss; ITS, intratympanic steroid therapy; TC, total

cholesterol.
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5 | CONCLUSION

In this study, a high TC level was a poor prognostic factor for ISSNHL,

suggesting that the prevention and treatment of dyslipidemia may

contribute to improved prognosis. In addition, TC levels were signifi-

cantly lower in patients with dyslipidemia treated with statins than in

those not treated with statins; however, significant improvement

in hearing outcome was observed between the two groups. Partici-

pants in the statin-treated group were significantly older and experi-

enced more diabetic complications, which may have affected hearing

prognosis and should be further investigated.
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