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Abstract

Objective: This study aims to evaluate the association between autoimmune thyroid-

itis and Sudden Sensorineural Hearing Loss (SSNHL).

Methods: Hundred and five patients with SSNHL were enrolled. Audiometric tests,

serum thyroid autoantibodies (TPOAb, TgAb) were studied. Based on the thyroid

autoantibody results, patients were divided into two groups: thyroid autoantibody-

positive and negative. The relationship between thyroid autoimmunity and audiologi-

cal characteristics was analyzed.

Results: Twenty-six patients (24.8%) of the SSNHL had thyroid autoantibody ele-

vated. The pure tone average (PTA) of patients with and without thyroid autoanti-

body is 60 ± 38.51 and 54.99 ± 33.87 dBHL, respectively. The PTA was significantly

improved in both groups after treatment (p < 0.001), but the hearing gains were simi-

lar in both groups (p = 0.205). Hearing loss of 2000–8000 Hz was worse than 125–

1000 Hz among thyroid autoantibody-positive patients (p < 0.05), but the hearing

improvement of both groups have no significant difference. The hearing improve-

ment of 125–1000 Hz is significantly better than 2000–8000 Hz among patients

with thyroid autoantibody negative (p < 0.05).

Conclusions: We speculate that a potential association between thyroid autoimmu-

nity and SSNHL. Thyroid autoimmunity may be a pathogenesis factor of SSNHL and

associated with more severe hearing loss of high-frequency hearing.
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1 | BACKGROUND

Sudden sensorineural hearing loss (SSNHL) is a common and alarming

complaint that often results in an urgent visit to ENT.1 SSNHL affects

5 to 60.9 per 100,000 people annually, and the incidence is

increasing.2–5 The common symptoms are hearing loss, sometimes
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accompanied by tinnitus, ear fullness, dizziness, vomiting, and/or nau-

sea. The diagnostic audiometric criterion of SSNHL is a decrease in

the hearing of 30 decibels affecting at least three consecutive fre-

quencies.5 The cause of SSNHL is still not clear, it is generally believed

that it is related to viral infection, vascular accident, autoimmunity,

and so on.6–9

Thyroid is the largest endocrine organ in the human body, and it

secretes thyroid hormone, which is necessary to maintain the normal

metabolism of the human body and can promote protein synthesis

and regulate the metabolism of sugar, fat, water, salt, and vitamins. In

addition, thyroid hormones play an important role in the development

and maturation of spiral ganglion cells, hair cells, and hearing, forma-

tion of nerve myelin, oxygenation, and metabolism of Corti and stria

vascularis.10–16 Hyperthyroidism and hypothyroidism both can affect

hearing, such as an increase change in wave V latency in the auditory

brainstem response (ABR) and higher audiometric thresholds and

TOAEs abnormality.17–19

Hashimoto's thyroiditis, with an incidence of 0.3–1.5 cases per

1000 people, is characterized by increased thyroid volume,

lymphocyte infiltration of parenchyma, and antibodies specific to thy-

roid antigens.20 TgAb (antithyroglobulin antibody) and TPOAb (anti-

thyroperoxidase) are the common indicators for the diagnosis of

autoimmune thyroiditis. Thyroid peroxidase can stimulate the body to

produce TPOAb, which destroys thyroid cells through the activation

of complement and antibody-dependent cell-mediated cytotoxicity

and meanwhile causes the activation and infiltration of Th1 cells,

resulting in immune damage.21–23

Several studies reported that Hashimoto's thyroiditis is associated

with BPPV, Meniere's disease.24,25 But few studies have been con-

ducted on the relationship between sudden sensorineural hearing loss

and autoimmune thyroiditis.

This retrospective study aims to investigate the prevalence of

autoimmune thyroiditis in patients with SSNHL, and to evaluate the

possible association between thyroid autoimmunity and sudden sen-

sorineural hearing loss.

2 | MATERIALS AND METHODS

2.1 | Participants

Our study retrospectively analyzed patients diagnosed as SSNHL in

the department of otorhinolaryngology of the sixth Affiliated Hospital

of Sun Yat-Sen University between 2018 and 2020, with the approval

of the Ethics Committee of the Sixth Affiliated Hospital of Sun Yat-

Sen University (No: 2021ZSLYEC-176).

We excluded patients with preexisting thyroid disease and auto-

immune diseases, previous audiological or otology diseases, ototoxic-

ity deafness, trauma, ear surgery, perforated tympanic membrane,

hereditary hearing loss, and central nervous system pathology.

Patients with complete laboratory tests of thyroid function (including

TSH, free T4, and free T3), thyroid autoantibody (ATPO and TgAb),

and pure tone audiometry results were included. Pure tone

audiometry results at onset and 4 weeks after treatment were

adopted. If multiple pure tone audiometry was performed, the final

result will be used to calculate the hearing improvement.

2.2 | Pure tone audiometry

Pure tone audiometry was performed by an Astera Clinical Audiome-

ter (model1066, GN OTOMETRICS, Denmark) with an earphone

(TDH 39) and bone-conduction vibrator (B71) in sound-proof booths

standard. Pure tone air thresholds were tested at 250, 500, 1000,

2000, 4000, 6000, and 8000 Hz, and bone conduction thresholds

were measured at 500, 1000, 2000, and 4000 Hz in each ear. The

hearing condition was assessed by the pure tone average (PTA) at

500, 1000, 2000, and 4000 Hz. The hearing threshold of the fre-

quency with no response to the maximum output was calculated

according to the air conduction output threshold of the machine's

maximum output. The average hearing threshold of the patient with

no response at full frequency was 120 dB HL. The maximum output

of 125, 250, 500, 1 K, 2 K, 4 K, and 8 K Hz is 80, 100, 115, 120,

120, 120, and 105 dB HL. According to the hearing frequency, the

audiogram is divided into the low-frequency region (125, 250,

500, and 1 K Hz) and middle & high frequency region (2 K, 4 K, and

8K Hz), the hearing threshold is calculated separately. Siegel's criteria

were used to evaluate the hearing improvement (complete recovery:

final PTA better than 25 dB; partial recovery: ≥15 dB gain and final

PTA of 25–45 dB; slight recovery: ≥15 dB gain and final PTA < 45 dB;

no improvement: patients who showed <15 dB of gain).26

2.3 | Laboratory assays

Serum samples were obtained within 24 h after admission and sent to

the Laboratory Center of the Sixth Affiliated Hospital of Sun Yat-Sen

University for determination of thyroid function (FT3, FT4, and TSH)

and thyroid autoantibodies (TPOAb, TgAb), by the Abbott Architect

device and chemiluminescence microparticle immunoassay method.

The operation of the instrument was strictly under the reagent

instructions. Serum TPOAb (reference range 0–5.61 IU/ml, TGAb (ref-

erence range 0–4.11 IU/ml), TSH reference range 0.35–4.94 uIU/ml,

FT3 (reference range 2.63–5.7 pmol/L), FT4 (reference range 9.01–

19.05 pmol/L). Positive was defined as the TPOAb, TGAb levels out

of reference range. When the TPOAb level was higher than

1000 IU/ml, it was calculated as 1000 IU/ml.

2.4 | Statistical analysis

The SPSS version 20.0 software package (IBM Corporation, Armonk,

NY) was used for statistical analysis. Continuous variable data are

expressed as the mean ± SD. Data with normal distribution were com-

pared by t-test, while the Wilcoxon rank test was performed among

abnormal distribution data. Categorical data are expressed as
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percentages (%). The relationship between parameters was assessed

by the χ2 test. A p value of <0.05 was considered indicative of statisti-

cal significance.

3 | RESULTS

Hundred and forty-one cases of sudden deafness were identified,

including 105 cases with complete data at the beginning of treatment.

There were 48 males and 57 females, with a mean age of 41.86

± 16.98 years old. Ninety patients had a hearing evaluation at

2 weeks after treatment in our department. The positive incidence of

TPOAb, TGAb was 18.1% (19/105) and 21.9% (23/105), respectively.

And the indicator of immune thyroiditis positive incidence (at least

one abnormal of TPOAb and TGAb) was 24.8% (26/105). According

to the abnormity of thyroid autoantibody status, patients were

divided into two groups for further study and analysis: thyroid

autoantibody-positive and thyroid autoantibody negative. Clinical

characteristics are shown in Table 1.

PTA before and after treatment was compared between thyroid

autoantibody normal and abnormal. The hearing level was significantly

improved in both groups after treatment (p < 0.001), but the degree

of hearing threshold improvement was similar in both groups

(p = 0.205) (Table 2).

Taking 1000 Hz as the boundary, the pure tone audiometry

threshold of patients was defined as low-frequency hearing (125–

1000 Hz) and medium-high frequency hearing (2000–8000 Hz), and

further analysis was carried out. The hearing loss of 125–1000 and

2000–8000 Hz is 54.33 ± 29.03 and 63.08 ± 39.52 dB HL, respec-

tively, when patient's thyroid autoantibody is positive. Meanwhile, the

hearing loss of 125–1000 Hz and 2000–8000 Hz in patients without

thyroid autoantibody is 52.49 ± 26.61 and 55.02 ± 36.39 dB HL,

respectively.

Hearing loss of 2000–8000 Hz was worse than 125–1000 Hz of

thyroid autoantibody-positive patients; (p < 0.05), but the hearing

improvement of both groups has no significant difference. Hearing

loss of 125–1000 Hz was similar to 2000–8000 Hz in patients with-

out thyroid autoantibody abnormal. (p > 0.05). But the 125–1000 Hz

TABLE 1 Clinical features and
thyroid profile of patients

Variables

Thyroid autoantibody

pNegative Positive

N (n = 105) 79 (75.2%) 26 (24.8%)

Age (year old) 42.04 ± 17.69 41.31 ± 14.89 0.837

Sex

Female 35 (61.4%) 22 (38.6%) <0.001a

Male 44 (91.7%) 4 (8.3%)

Thyroid features

TPOAb (IU/ml) 0.67 ± 0.90 171.62 ± 275.71 <0.001b

TGAb (IU/ml) 1.09 ± 0.58 118.99 ± 191.40 <0.001b

TSH (uIU/ml) 1.05 ± 0.73 1.50 ± 1.93 0.563b

FT4 (pmol/L) 12.55 ± 1.83 12.47 ± 1.47 0.834c

FT3 (pmol/L) 4.00 ± 0.72 4.0 ± 0.72 0.999c

Pure tone audiometry (PTA) (dB HL) 54.99 ± 33.87 60 ± 38.51 0.529c

Recovery (n = 90)

Complete recovery (n = 36) 28 8

Partial recovery (n = 5) 4 1

Slight improvement (n = 8) 7 6

No improvement (n = 36) 27 9

aχ2 test. Normal levels: ATPO < 5.61 IU/ml, TGAb < 4.11 IU/ml, TSH 0.35–4.94 uIU/ml, (FT3) 2.63–
5.7 pmol/L, FT4 9.01–19.05 pmol/L.
bWilcoxon rank test.
ct test.

TABLE 2 Comparison of pure tone average between thyroid autoantibody positive and negative patients

Thyroid autoantibody Before treatment(dB HL) After treatment(dB HL) PTA improvement(dB HL) p

Negative (n = 66) 55.84 ± 35.04 44.72 ± 33.85 11.13 + 20.62 <0.001

Positive (n = 24) 63.49 ± 38.03 46.01 ± 29.29 17.40 + 20.58 <0.001

p 0.205
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hearing improvement is significantly better than the 2000–8000 Hz

hearing threshold (p < 0.05). (Figures 1 and 2).

According to the Siegel strategy, the hearing outcomes of all

patients after treatment were divided into four groups, complete

recovery, partial recovery, slight improvement, no improvement. The

characteristics of thyroid function and thyroid autoantibody of each

group were shown in Figures 3 and 4. Patients presenting with complete

recovery and partial recovery were combined into one group for further

analysis. The thyroid function and thyroid autoantibody were compared

pair by pair among complete and partial recovery, slight improvement,

and no improvement patients. The results showed that the TGAb level

of the complete and partial recovery group was significantly higher than

that of the slight improvement group (p < 0.05), while there was no sta-

tistical significance in the other groups (p > 0.05).

4 | DISCUSSION

The etiology and pathophysiological mechanism of sudden deafness

have not been fully elucidated. Both local and systemic factors may

cause sudden deafness. The common causes include vascular disease,

virus infection, autoimmune disease, infectious disease, etc. However,

the relationship between thyroid autoantibody and sudden deafness

has not been determined.

Elevated TPO-Ab can be detected in 5%–20% of euthyroid nor-

mal subjects, 74% of Graves' disease patients, and 99.3% of

Hashimoto's disease patients. In our study, the thyroid autoantibody

abnormality was s 24.8% (TPO-Ab18.1% and TG Ab21.9%, respec-

tively). A retrospective study in Taiwan showed that 5.7% of

3331SSNHL cases had preexisting thyroid diseases including thyroid

goiter, thyroiditis, hypothyroidism, and hyperthyroidism, whereas

4.0% of 13,324 controls had thyroid diseases.27 Our results showed

that the detection rate of thyroid autoantibodies in patients with sud-

den deafness was slightly higher than that in normal subjects reported

in the literature. There was some potential association between thy-

roid autoantibodies and SSNHL.

More and more studies have focused on the population of people

with normal thyroid function and immune thyroiditis.28 In patients with

normal thyroid function, the increased TPO-Ab titer usually indicates

that patients may be accompanied by hypothyroidism, or they may be in

the early stage of thyroid disease. Hypothyroidism has a predictive

effect on coronary heart disease. Elevated TPO-Ab levels are associated

with increased carotid and intimal media thickness, and coronary artery

vessels are impaired in patients with subclinical hypothyroidism.

TPOAb positivity is a major risk factor for oxidative stress in HT

patients with normal thyroid function. TPOAb level was an indepen-

dent influencing factor for insulin resistance (HOMA-IR) and C reac-

tive protein (CRP), independently of thyroid function in nonobese

individuals. And mild deviation of thyroid function within the normal

range, chronic inflammation, and insulin resistance may be the links

between autoimmune thyroiditis (AIT) and atherosclerosis.29

Vascular disease and blood supply of the inner ear are closely

associated with sudden deafness. The labyrinthine artery is a small

branch of the anterior inferior cerebellar artery, which is the terminal

vessel for nourishing cochlea without collateral circulation. Hair cells

consume large amounts of oxygen and are very sensitive to hypoxia,

which can easily lead to hair cell damage.

We compared the PTA between patients with thyroid

autoantibody-positive and negative. Patients both gained significant

F IGURE 1 Hearing threshold of 125–1000 Hz and 2000–
8000 Hz in patients

F IGURE 2 The hearing gains of 125–1000 Hz and 2000–
8000 Hz after treatment
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hearing improvement, and the improvement did not differ in the fre-

quency of 500, 1000, 2000, and 4000 Hz. But when we divide the

pure tone audiometry results of patients into low-frequency hearing

(125–1000 Hz) and medium-high frequency hearing (2000–8000 Hz)

according to frequency. We found that the hearing loss of 2000–

8000 Hz was significantly worse than 125–1000 Hz in thyroid

autoantibody-positive patients (p < 0.05). It suggests that although

the final hearing improvement is similar, the hearing loss degree of

high frequency and low frequency is not proportional in sudden deaf-

ness combined with AIT, and the decrease of high-frequency hearing

loss is more serious. However, patients without thyroid autoimmune

have asymmetric hearing loss. Interestingly, in our results, only this

group of patients showed significantly higher improvement in low-

frequency hearing than in high-frequency hearing threshold. This is

not consistent with the previous view that immune-related hearing

loss is more effective.8,30,31

Serum TPOAb levels are used to predict the incidence of AIT in

healthy individuals since elevated serum TPOAb levels are usually the

first sign of hypothyroidism due to Hashimoto's thyroiditis. Thyroid

status is essential for normal organogenesis of the cerebellum, includ-

ing growth and arborization of the Purkinje neurons, as well as for

myelination and synaptogenesis.32 Thyroid autoantibodies not only

act on thyroid tissue but also recognize cerebrovascular system anti-

gens, cortical neurons, cerebellar and cortical astrocytes. The hearing

loss associated with Hashimoto's thyroiditis may be a manifestation of

Hashimoto's thyroiditis encephalopathy, and the hearing loss has a

unique manifestation.

Hashimoto's thyroiditis also can cause brain damage.33–35 TPOAb

can be found in cerebrospinal fluid.36,37 Previous studies showed that

TPOAb in cerebrospinal fluid can be derived from intrathecal

synthesis or antibodies in the blood crossing the blood–brain bar-

rier.36,38–40 Autoimmunity plays an important role in the injury. Auto-

antibodies can bind to various thyroid antigens (thyroperoxidase,

thyroglobulin, and TSH-receptor) and several extra-thyroid antigens

(alpha-enolase and other enzymes, gangliosides and MOG-protein,

motoneuronal antigens), all of them expressed in the brain.34 Thyroid

antibodies also can result in immune complex deposition and cerebral

vasculitis, including the labyrinthine artery.41 Thyroid autoantibodies

induce cytotoxic effects against a common target of thyroid cells and

endothelial cells. To our knowledge, there is no previous research on

the TPOAb and inner ear. We speculate that thyroid antibodies also

can promote the occurrence of SSNHL through direct immune injury

and immune-related vasculitis. Thyroid autoantibodies may affect the

inner ear, auditory nerve, and even the auditory cortex through the

above pathological damage, resulting in sudden sensory hearing loss

and gradual hearing loss.

Although according to the current efficacy evaluation rules, there

is no significant difference between our two groups of patients after

steroid-based treatment. But the audiological features differed in

another aspect. It is suggested that patients with thyroid autoimmune

states may have other pathogenesis factors and clinical audiology

characteristics. It is necessary to further study the relationship

between thyroid autoantibodies and inner ear antigens, auditory

nerve antigens, auditory cortex antigens.

5 | CONCLUSION

Based on our data we speculate that a potential association between

thyroid autoimmunity and sudden sensorineural hearing loss. SSNHL

F IGURE 3 Thyroid function in patients with
different hearing outcomes

F IGURE 4 Thyroid autoantibody in
patients with different hearing outcomes
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patients with thyroid autoimmunity positive have unique clinical audi-

ological characteristics. Thyroid autoimmunity may be a pathogenesis

factor of SSNHL and is associated with more severe high-frequency

hearing loss.

Clinicians not only audiologists but also internists should pay

attention to the possibility of the cochlea and auditory nerve injury

associated with thyroid disorders. Due to the relatively few clinical

studies on thyroid antibodies and SSNHL, immunotherapy lacks rele-

vant evidence-based knowledge, and large-scale clinical studies are

still needed in the future.
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