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Abstract

Objective

Whether dysrhythmia is a risk factor of sudden sensorineural hearing loss (SSNHL) remains

unclear. In this study, we aimed to investigate the risk of developing SSNHL among patients

with dysrhythmia in different age and gender groups by using population-based data in

Taiwan.

Methods

We conducted a matched cohort study by analyzing data between January 2000 and

December 2013 obtained from the Taiwan National Health Insurance Research Database.

41,842 newly diagnosed dysrhythmia patients and 83,684 comparison subjects without dys-

rhythmia were selected from claims. The incidence of sudden sensorineural hearing loss at

the end of 2013 was determined in both groups. Univariate and multivariate logistic regres-

sion analyses were used to investigate the risk of SSNHL among patients with dysrhythmia.

Results

The incidence of SSNHL was 1.30-fold higher in the dysrhythmia group compared with the

control group (53.2 versus 40.9 per 100,000 person-years), and using Cox proportional haz-

ard regressions, the adjusted hazard ratio (HR) was 1.40 (95% confidence interval [CI],

1.15–1.70). Gender-stratified analysis revealed a significantly higher risk of SSNHL in

patients with dysrhythmia than in those without dysrhythmia for both men and women (HR =

1.34, 95% CI = 1.02–1.76, P = 0.039, HR = 1.35, 95% CI = 1.02–1.78, P = 0.035, respec-

tively). Age-stratified analysis revealed remarkable associations between dysrhythmia and

SSNHL among those aged less than 40 years and more than 65 years (HR = 2.18, 95% CI =

1.03–4.64, P = 0.043 and HR = 1.54, 95% CI = 1.14–2.09, P = 0.006, respectively).
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Conclusions

Our findings support dysrhythmia as an independent risk factor for SSNHL. Based on

the study results, clinicians managing patients with dysrhythmia should be aware of the

increased risk of developing SSNHL, especially among patients aged <40 and >65 years,

and counsel patients to seek medical advice immediately if they experience any acute

change in their hearing ability.

Introduction

Sudden sensorineural hearing loss (SSNHL) is an otologic emergency and defined as an acute

loss of 30 dB or more in at least three contiguous audiometric frequencies over a period of less

than 3 days [1]. The incidence of SSNHL was reported to range from 5 to 20 per 100,000 indi-

viduals and increase with age [2]. Predominant occurrence of left-side SSNHL has been

observed, and vertebrobasilar curvature may explain the laterality of this disease [3,4]. Previous

studies have reported increased risk of developing SSNHL among patients with diabetes melli-

tus, systemic lupus erythematosus, chronic kidney disease, chronic otitis media, osteoporosis,

psoriasis, iron deficiency anemia, and human immunodeficiency virus [5–12]. Despite the

great advances in otology over the past decades, the causes of SSNHL remain controversial,

and SSNHL seems to be a multifactorial disease. Chau et al. conducted a systematic review of

23 articles and determined that the likely etiologies for SSNHL were 71.0% idiopathic, 12.8%

from infection, 4.7% otologic, 4.2% from trauma, 2.8% from vascular or hematologic disor-

ders, 2.3% from neoplasm, and 2.2% from other causes [13]. Four major pathogenetic mecha-

nisms have been proposed to explain SSNHL: vascular compromise, viral infection, rupture of

the intracochlear membrane, and autoimmune inner ear disease. Among these, impairment of

cochlear perfusion appears to be the most crucial event [14,15].

Dysrhythmia is associated with higher risks of several severe adverse effects on various

body systems, such as higher risk of hypertension, stroke, myocardial infarction, and increased

mortality from both congestive heart failure and stroke [16–19]. Dysrhythmia not only leads

to systemic hemodynamic instability but also is associated with increased risks of thromboem-

bolism and atherosclerosis, both of which have been reported to be related to SSNHL and

chronic hearing impairment [20–26]. Previous studies have also found that patients with

SSNHL exhibit autonomic alterations presenting as dysregulation in heart rhythm and blood

pressure [27–29].

Given a possible link between dysrhythmia and SSNHL, it is rational to hypothesize an

interrelationship between the clinical profiles of SSNHL and patients with dysrhythmia. The

theoretical expectation, however, has yet to be fully elucidated, and a lack of relevant evidence

precludes the formation of clear recommendations regarding the clinical practice. Deeper

comprehension of SSNHL risk in patients with dysrhythmia is needed; therefore, we con-

ducted the first study investigating the association between dysrhythmia and SSNHL using a

large-scale population-based cohort in Taiwan to test our hypothesis.

Material and methods

Ethics statement

The study protocol was reviewed and approved by the Institutional Review Board (IRB) of

Chang Gung Memorial Hospital (approval no. 201801568B1).
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Data source

The Taiwanese government implemented a compulsory National Health Insurance (NHI)

program in March 1995, which is a nationwide health care system and provides medical ser-

vices for the country’s 23.5 million residents. It covers over 99% of the population in Taiwan

and records clinical diagnoses based on the International Classification of Diseases, Ninth

Revision, Clinical Modification (ICD-9-CM) codes [30,31]. The high-coverage rate of the NHI

enables studies based on the NHI Research Database (NHIRD) to be nationwide and popula-

tion based. The NHIRD contains comprehensive information on prescription details, clinic

visits, surgical procedures, and diagnostic codes. The personal information of all patients

included in the NHIRD is encrypted to ensure their privacy.

This study retrieved data from the Longitudinal Health Insurance Database 2000 (LHID

2000), which is a representative database of the NHIRD. The LHID 2000 includes all medical

claims (from 1996 to 2013) of one million individuals randomly selected from the 2000 Regis-

try of Beneficiaries of the NHIRD using a systematic sampling method, representing approxi-

mately 5% of people in Taiwan. According to the Taiwan National Health Research Institutes

reports, no statistically significant differences exist in age, gender, or health care costs between

the sample group and all enrollees in the LHID 2000 [32].

This study was reviewed and approved by the institutional review board of Chang Gung

Memorial Hospital.

Study design and participants

The flowchart of the patient enrollment for the study group is showned in the Fig 1. The study

group was identified from the LHID 2000 and included patients aged�18 years who were

newly diagnosed with dysrhythmia (ICD-9-CM codes 427.xx and 426.xx) between January 1,

2000, and December 31, 2010 [33,34].

We only included patients with dysrhythmia if the ICD-9-CM was coded by a cardiologist

in either an inpatient setting or in three or more ambulatory care claims. These strict criteria

enhanced the accuracy of the diagnosis of dysrhythmia. The date of enrollment was defined

as the date of the initial diagnosis of dysrhythmia. The comparison cohort included patients

without dysrhythmia who were matched in a 1:2 ratio by age, gender, urbanization level of

the patient’s residence, and monthly income, and was randomly selected from the same data

sets. For the comparison group, the start of the follow-up was defined as the date of the first

visit to a medical facility in the year of enrollment. In both groups, patients diagnosed with

cardiac arrest (ICD-9-CM codes 427.5), Meniere disease, or acoustic neuroma before enroll-

ment or sudden hearing loss before the diagnosis of dysrhythmia were excluded from the

study.

Outcome and covariate measurements

Patients were followed up to the end of the study period (December 31, 2013) or death. Death

was defined as until the end of the study period, withdrawal from the NHI program, or death

[31].

The primary outcome was SSNHL (ICD-9-CM code 388.2). Patients’ sociodemographic

data, including age, gender, urbanization level of residence, and monthly income, were

obtained from initial enrollment data in the NHIRD. Data regarding the following comorbidi-

ties associated with SSNHL were retrieved from ambulatory and inpatient claims data: coro-

nary artery disease (ICD-9-CM codes 410–414, A270, A279), diabetes mellitus (ICD-9-CM

code 250.xx and A-code A-181), hyperlipidemia (ICD-9-CM codes 272.0–272.4), otitis media
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(ICD-9-CM codes 381.1–381.3; 382.1–382.3), hypertension (ICD-9-CM codes 401–405),

chronic kidney disease (ICD-9-CM codes 582–588), systemic lupus erythematosus (ICD-

9-CM codes 710.0), and stroke (ICD-9-CM codes 430–438). We included these comorbidities

if they occurred either in the inpatient setting or were found in three or more ambulatory care

claims. Each comorbid condition was analyzed as a binary variable.

Fig 1. Flow diagram of the study. LHID, Longitudinal Health Insurance Database.

https://doi.org/10.1371/journal.pone.0218964.g001
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Statistical analysis

The descriptive statistics and continuous variables were analyzed using the Pearson chi-

squared test and independent Student’s t test, respectively, to compare the sociodemographic

characteristics and comorbidities between the dysrhythmia group and comparison group.

The incidence rate was calculated as the number of SSNHL cases diagnosed in the follow-

up period divided by the total person–years for each group by gender, age, and number of

follow-up years. The risk of developing SSNHL was compared between the dysrhythmia

group and the control group by estimating the incidence rate ratio through Poisson

regression.

Kaplan–Meier methods were used to calculate the cumulative incidence rates of SSNHL

between the two groups, and the logrank test was used to analyze the differences in the inci-

dence curves between the two groups. The adjusted hazard ratio (HR) for SSNHL occurrence

was estimated using Cox proportional hazard models. All statistical analyses were performed

using SAS version 9.4 (SAS Institute, Cary, NC, USA), and the statistical significance was set at

two-sided P< 0.05.

Results

The study cohorts comprised 41,842 patients with dysrhythmia and 83,684 comparison

patients without dysrhythmia. After patients were matched by gender, age, and socioeconomic

status, the dysrhythmia group appeared more prone to comorbid coronary artery disease, dia-

betes mellitus, hyperlipidemia, otitis media, hypertension, chronic kidney disease, systemic

lupus erythematosus, and stroke than the comparison group (Table 1). In this study setting,

the mean (standard deviation) observation duration was 7.8 (3.7) years for the dysrhythmia

group and 8.3 (3.4) years for the control group.

Using the Kaplan–Meier approach, the cumulative incidence of SSNHL was found to

be significantly higher in patients with dysrhythmia than in those without dysrhythmia

(P = 0.006; Fig 2). The incidence of SSNHL in the dysrhythmia group was 1.30-fold that in the

comparison group (53.2 vs. 40.9 per 100,000 person–years; Table 2). A stratified analysis of the

duration of follow-up showed a significantly higher incidence of developing SSNHL in the dys-

rhythmia group compared with the control group when stratified by 1–5 follow-up years (P =

0.002; Table 2).

Table 3 presents the results of multivariate analysis comparing the risk of SSNHL between

the dysrhythmia group and control group. Patients with dysrhythmia showed a significantly

higher risk of SSNHL (adjusted HR [95% confidence interval, CI]: 1.40 [1.15–1.70] for the

full model and 1.30 [1.07–1.57] for the main model) than those without dysrhythmia. The

main model was adjusted for gender, age group, urbanization level, and monthly income,

whereas the full model was adjusted for gender, age group, urbanization level, income, and

all comorbidities. Table 3 also demonstrated that the effect was similar in the sensitivity

analyses of other potential confounding variables, including coronary artery disease, diabe-

tes mellitus, hyperlipidemia, otitis media, hypertension, chronic kidney disease, systemic

lupus erythematosus, and stroke. The HRs remained stable between 1.29 and 1.34 (all P
value < 0.05).

Gender-stratified analysis revealed a significantly higher risk of SSNHL in patients with

dysrhythmia than in those without dysrhythmia for both men and women (HR = 1.34, 95%

CI = 1.02–1.76, P = 0.039, HR = 1.35, 95% CI = 1.02–1.78, P = 0.035, respectively). Age-strati-

fied analysis revealed remarkable associations between dysrhythmia and SSNHL among those

aged less than 40 years and more than 65 years (HR = 2.18, 95% CI = 1.03–4.64, P = 0.043 and

HR = 1.54, 95% CI = 1.14–2.09, P = 0.006, respectively).
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Discussion

To the best of our knowledge, this is the first study to investigate the risk of SSNHL in patients

with dysrhythmia. The results showed that the risk of SSNHL was significantly higher in

patients with dysrhythmia than in those without dysrhythmia, independent of confounding

variables including coronary artery disease, diabetes mellitus, hyperlipidemia, and otitis

media, hypertension, chronic kidney disease, systemic lupus erythematosus, and stroke. The

adjusted HR for SSNHL was 1.40 for the dysrhythmia group in comparison with the non-dys-

rhythmia group after adjustment for confounding variables. It would be difficult for a single

medical institute to collect samples of adequate size with sufficient follow-up time to investi-

gate the long-term incidence of SSNHL after diagnosis of dysrhythmia. Using the nationwide

population-based database in Taiwan, we were able to trace nearly all cases of dysrhythmia

and SSNHL with minimized selection bias because all health care services are covered by the

NHI program. Based on the power of a large sample size, our study also found strong evidence

Table 1. Demographic characteristics and comorbidities of dysrhythmia patients and patients of the control group.

Variable Dysrhythmia (N = 41842) Non- Dysrhythmia (N = 83684) p-value

Gender

Men 20098 (48.0) 40196 (48.0) 1.000

Women 21744 (52.0) 43488 (52.0)

Age (years)

<40 5245 (12.5) 10490 (12.5) 1.000

40–65 17114 (40.9) 34228 (40.9)

≧65 19483 (46.6) 38966 (46.6)

SSNHL

Yes 174 (0.4) 284 (0.4) 0.034

No 41668 (99.6) 83400 (99.7)

Baseline comorbidities

CAD 10462 (25.0) 7543 (9.0) <0.0001

DM 5972 (14.3) 8138 (9.7) <0.0001

Hyperlipidemia 8491 (20.3) 11424 (13.7) <0.0001

Otitis media 325 (0.8) 463 (0.6) <0.0001

Hypertension 8192 (19.6) 14139 (16.9) <0.0001

CKD 5021 (12.0) 5673 (6.8) <0.0001

SLE 72 (0.2) 87 (0.1) 0.0014

Stroke 7008 (16.8) 7778 (9.3) <0.0001

Urbanized level

1 (City) 12009 (28.7) 24018 (28.7) 1.000

2 17845 (42.7) 35690 (42.7)

3 7722 (18.5) 15444 (18.5)

4 (Villages) 4266 (10.2) 8532 (10.2)

Monthly income

NT < 15,840 16236 (38.8) 32472 (38.8) 1.000

NT 15,841~25,000 18719 (44.7) 37438 (44.7)

NT > 25,001 6887 (16.5) 13774 (16.5)

Note. Numbers in parentheses represent percentages.

SSNHL = Sudden sensorineural hearing loss; CAD = Coronary artery disease;

DM = Diabetes mellitus; CKD = chronic kidney disease; SLE = systemic lupus erythematosus

NT = New Taiwan dollar

https://doi.org/10.1371/journal.pone.0218964.t001
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for the higher occurrence of SSNHL in patients with dysrhythmia. The logrank test indicated a

significantly higher incidence rate of SSNHL in patients with dysrhythmia than in the compar-

ison cohort. In our study, the mean observation duration was 7.8 ± 3.7 years in the dysrhyth-

mia group and 8.3 ± 3.4 years in the control group. This duration was sufficient to observe the

trends and changes in the risk of SSNHL between these two groups.

To define the sequence of events, we excluded patients who had been diagnosed with

SSNHL before dysrhythmia. To reduce the effects of potential confounders, we used HRs

Fig 2. SSNHL incidence in the dysrhythmia group and the non- dysrhythmia control group in Taiwan (2000–2013).

https://doi.org/10.1371/journal.pone.0218964.g002

Table 2. Risk of SSNHL for dysrhythmia group and control group.

Dysrhythmia Controls IRR(95% CI) p-value

n SSNHL Person-yeras Rate† n SSNHL Person-years Rate†

Overall 41841 174 327094.2 53.2 83684 284 694662.0 40.9 1.30(1.08–1.57) 0.006

Years of follow-up

<1 41842 27 40552.4 66.6 83684 34 83237.2 40.8 1.63(0.98–2.70) 0.058

1–5 39904 86 146876.4 58.6 82806 117 310640.1 37.7 1.55(1.18–2.05) 0.002

>5 30707 61 131637.7 46.3 65800 133 300784.6 44.2 1.05(0.77–1.42) 0.762

†Rate: per 100,000 person-years; IRR = Incidence rate ratio; incidence rate ratio was compared using Poisson regression.

https://doi.org/10.1371/journal.pone.0218964.t002
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(after adjustment for coronary artery disease, diabetes mellitus, hyperlipidemia, otitis media,

hypertension, chronic kidney disease, systemic lupus erythematosus, and stroke) to compare

the outcomes of the study and control groups. Moreover, sensitivity and subgroup analyses

were performed to confirm the constant effect of dysrhythmia in all subgroups. Accordingly,

our study results provide robust evidence supporting dysrhythmia as an independent risk fac-

tor for SSNHL.

The link between inner ear disorders and hemodynamic instability has been widely out-

lined and observed clinically in both children and adult patients [35–38]. Our study elucidated

that the risk for SSNHL is higher in patients with dysrhythmia than in the general population,

even after adjustment of confounders, suggesting the involvement of other factors intrinsically

linked to dysrhythmia and independent of the development of middle ear disease (e.g., otitis

media) [11]. Although the pathophysiological mechanism underlying the association between

dysrhythmia and SSNHL remains uncertain, impaired blood perfusion to the inner ear,

which is particularly sensitive to circulatory alterations because of a lack of sufficient collateral

circulation, may contribute to this observation [39]. Previous studies have suggested that

thromboembolism formation, atherosclerosis, and consequences of ischemia resulting from

dysrhythmia may change the supply of blood to the inner ear and may carry increased risk of

hearing impairment and SSNHL [3,21,22,40–43]. The effectiveness of anticoagulant treatment

in low-sloping SSNHL further supports the importance of thromboembolism in the pathogen-

esis of sudden deafness [44]. Another possible mechanism for the involvement of dysrhythmia

Table 3. Risk of sudden sensorineural hearing loss was compared by multivariable Cox regression model.

Variable Adjusted HR 95% CI p-value

Main model� 1.30 1.07 1.57 0.007

Full model 1.40 1.15 1.70 0.001

Additional covariates†

Main model + CAD 1.32 1.09 1.60 0.005

Main model + DM 1.32 1.10 1.60 0.004

Main model + Hyperlipidemia 1.33 1.10 1.61 0.004

Main model + Otitis media 1.29 1.07 1.56 0.008

Main model + Hypertension 1.30 1.08 1.58 0.006

Main model + CKD 1.33 1.10 1.61 0.003

Main model + SLE 1.30 1.07 1.57 0.007

Main model + Stroke 1.34 1.11 1.62 0.002

Subgroup effects ‡

Gender

Men 1.34 1.02 1.76 0.0039

Women 1.35 1.02 1.78 0.0035

Age

<40 2.18 1.03 4.64 0.043

40–65 1.15 0.88 1.51 0.315

≧65 1.54 1.14 2.09 0.006

Abbreviations: HR, hazard ratio; CI, confidence incidence; CAD, coronary artery disease;

DM, diabetes mellitus; CKD = chronic kidney disease; SLE = systemic lupus erythematosus

�Main model was adjusted by gender, age, urbanization level and income.

Full model was adjusted by gender, age, urbanization level, income and comorbidities.
†The models were adjusted for comorbidities in the main model as well as each additional listed comorbidity.
‡Subgroup effects were adjusted by gender, age, urbanization, income and comorbidities.

https://doi.org/10.1371/journal.pone.0218964.t003
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with SSNHL is through its association with systemic inflammation, which has been found to

be related to SSNHL. Studies suggest that dysrhythmia is associated with chronic inflamma-

tion, which plays a critical role in the pathogenesis and prognosis of SSNHL [45–48]. There is

also evidence that the oxidative stress resulting from the atherosclerosis is related to SSNHL

[49]. The neutrophil to lymphocyte ratio, an inflammatory marker of systemic inflammation,

has been reported to be significantly higher in patients with dysrhythmia than in controls and

is a novel diagnostic and prognostic indicator of SSNHL [50–53]. Other indicators of inflam-

mation, such as platelet to lymphocyte ratio, C-reactive protein, and procalcitonin, have also

been reported to be useful prognostic markers for SSNHL [47, 54–56]. All the aforementioned

studies have supported the associations among dysrhythmia, systemic inflammation, and

SSNHL.

The gender-stratified analysis showed a significantly higher risk of SSNHL in patients with

dysrhythmia than in those without dysrhythmia for both men and women. Several studies

have suggested that the incidence of SSNHL was higher in men than in women [57,58]. How-

ever, when gender was used as a factor that resulted in SSNHL, we found both genders were

significant for patients with dysrhythmia when compared with patients without dysrhythmia.

Our study also demonstrated that the contribution of dysrhythmia to the risk of SSNHL was

higher among those aged less than 40 years and older than 65 years. Patients aged less than 40

years are generally accepted to be relatively healthy with few comorbidities, and the effect of

dysrhythmia on the risk of SSNHL may be more apparent in this age group. Pirodda et al. ana-

lyzed 36 patients with SSNHL aged 40 years or younger and suggested that cochlear damage in

these young patients may be caused by a perfusion deficit caused by cardiovascular instability;

our study supports this argument [38]. By contrast, in patients with dysrhythmia aged older

than 65 years, aging and increases in cardiovascular comorbidity may worsen the perfusion

deficit to the inner ear and, therefore, strengthen the contribution of dysrhythmia to the risk

of SSNHL [59, 60].

The present study, with the strength of its large sample size, indicates an elevated risk

among patients with dysrhythmia of developing SSNHL. The large, population-based data set

from Taiwan allowed us to examine the risk factors for developing SSNHL with a low chance

of selection bias. However, our study has some limitations. First, the diagnosis of SSNHL

was based on secondary claims data rather than audiology examinations. Detailed audiometry

data were not available; therefore, we could not correlate dysrhythmia with the severity of

SSNHL. Second, more frequent hospital visits by patients with dysrhythmia than the general

population may result in potential surveillance bias because they would have easier access to

audiology examinations. Although this would overestimate the risk of SSNHL related to dys-

rhythmia, audiology examination is not a routine procedure during the therapeutic monitor-

ing of dysrhythmia [61]. Third, some degrees of bias may occur because data regarding some

suspected contributing risk factors of SSNHL were not available from the insurance data, such

as personal history of alcohol and cigarette consumption and previous occupational or recrea-

tional noise exposure [62]. This resulted in a confounding covariate for which it is difficult to

adjust. Fourth, this population-based study has its inherent limitation in exploring the under-

lying mechanism by which dysrhythmia was related to SSNHL. Although we proposed possi-

ble pathogenesis, such as hemodynamic change, to correlate dysrhythmia and SSNHL, not all

kinds of dysrhythmia will lead to the systemic hemodynamic instability. Besides, correlation of

the effect of anti-arrhythmic agents on the following occurrence of SSNHL is of interest. How-

ever, there are a variety of treatments of different types of dysrhythmia, including catheter

ablation, anti-arrhythmic agents, as well as conservative treatment, and such investigations are

beyond the scope of this study. Finally, our study was retrospective. Prospective clinical trials

are mandatory to elucidate the causal relationship between dysrhythmia and SSNHL and to
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determine whether treatment of dysrhythmia affects the onset rate of SSNHL. Although the

results of our study reached statistical significance and further explored the pathogenesis of

SSNHL, we remind our readers to consider these limitations when interpreting the results of

this study.

In conclusion, this study was the first to elucidate the association between dysrhythmia and

SSNHL using a population-based database in Taiwan. Our findings support dysrhythmia as an

independent risk factor for SSNHL. Based on the study results, clinicians managing patients

with dysrhythmia should be aware of the increased risk of developing SSNHL, especially

among patients aged<40 and>65 years, and counsel patients to seek medical advice immedi-

ately if they experience any acute change in their hearing ability.

Acknowledgments

This manuscript was edited by Wallace Academic Editing.

Author Contributions

Conceptualization: Chih-Wei Luan.

Data curation: Jung-Jung Chang.

Formal analysis: Ku-Hao Fang.

Investigation: Ku-Hao Fang, Chia-Yen Liu.

Methodology: Ming-Shao Tsai, Geng-He Chang.

Resources: Jung-Jung Chang.

Software: Meng-Hung Lin, Chia-Yen Liu.

Supervision: Cheng-Ming Hsu, Ethan I. Huang, Yao-Hsu Yang.

Validation: Ming-Shao Tsai, Yao-Te Tsai.

Writing – original draft: Chih-Wei Luan.

Writing – review & editing: Yao-Te Tsai.

References
1. Stachler RJ, Chandrasekhar SS, Archer SM, Rosenfeld RM, Schwartz SR, Barrs DM, et al. Clinical

practice guideline: sudden hearing loss. Otolaryngology—head and neck surgery: official journal of

American Academy of Otolaryngology-Head and Neck Surgery 2012; 146(3 Suppl): S1–35.

2. Wei BP, Stathopoulos D, O’Leary S. Steroids for idiopathic sudden sensorineural hearing loss. The

Cochrane database of systematic reviews 2013; (7): CD003998. https://doi.org/10.1002/14651858.

CD003998.pub3 PMID: 23818120

3. Kim C, Sohn JH, Jang MU, Hong SK, Lee JS, Kim HJ, et al. Ischemia as a potential etiologic factor in idi-

opathic unilateral sudden sensorineural hearing loss: Analysis of posterior circulation arteries. Hearing

research 2016; 331: 144–51. https://doi.org/10.1016/j.heares.2015.09.003 PMID: 26368028

4. Reiss M, Reiss G. Laterality of sudden sensorineural hearing loss. Ear, nose, & throat journal 2014; 93

(8): 318–20.

5. Chung SD, Chen PY, Lin HC, Hung SH. Sudden sensorineural hearing loss associated with iron-defi-

ciency anemia: a population-based study. JAMA otolaryngology—head & neck surgery 2014; 140(5):

417–22.

6. Lin C, Hsu HT, Lin YS, Weng SF. Increased risk of getting sudden sensorineural hearing loss in patients

with chronic kidney disease: a population-based cohort study. The Laryngoscope 2013; 123(3): 767–

73. https://doi.org/10.1002/lary.23669 PMID: 22927011

Dysrhythmia and the risk of sudden sensorineural hearing loss

PLOS ONE | https://doi.org/10.1371/journal.pone.0218964 June 26, 2019 10 / 13

https://doi.org/10.1002/14651858.CD003998.pub3
https://doi.org/10.1002/14651858.CD003998.pub3
http://www.ncbi.nlm.nih.gov/pubmed/23818120
https://doi.org/10.1016/j.heares.2015.09.003
http://www.ncbi.nlm.nih.gov/pubmed/26368028
https://doi.org/10.1002/lary.23669
http://www.ncbi.nlm.nih.gov/pubmed/22927011
https://doi.org/10.1371/journal.pone.0218964


7. Lin C, Lin SW, Weng SF, Lin YS. Risk of sudden sensorineural hearing loss in patients with systemic

lupus erythematosus: a population-based cohort study. Audiology & neuro-otology 2013; 18(2): 95–

100.

8. Lin C, Lin SW, Weng SF, Lin YS. Increased risk of sudden sensorineural hearing loss in patients with

human immunodeficiency virus aged 18 to 35 years: a population-based cohort study. JAMA otolaryn-

gology—head & neck surgery 2013; 139(3): 251–5.

9. Lin SW, Lin YS, Weng SF, Chou CW. Risk of developing sudden sensorineural hearing loss in diabetic

patients: a population-based cohort study. Otology & neurotology: official publication of the American

Otological Society, American Neurotology Society [and] European Academy of Otology and Neurotol-

ogy 2012; 33(9): 1482–8.

10. Yeh MC, Weng SF, Shen YC, Chou CW, Yang CY, Wang JJ, et al. Increased Risk of Sudden Sensori-

neural Hearing Loss in Patients With Osteoporosis: A Population-based, Propensity Score-matched,

Longitudinal Follow-Up Study. The Journal of clinical endocrinology and metabolism 2015; 100(6):

2413–9. https://doi.org/10.1210/jc.2014-4316 PMID: 25879512

11. Yen YC, Lin C, Weng SF, Lin YS. Higher risk of developing sudden sensorineural hearing loss in

patients with chronic otitis media. JAMA otolaryngology—head & neck surgery 2015; 141(5): 429–35.

12. Yen YC, Lin YS, Weng SF, Lai FJ. Risk of sudden sensorineural hearing loss in patients with psoriasis:

a retrospective cohort study. American journal of clinical dermatology 2015; 16(3): 213–20. https://doi.

org/10.1007/s40257-015-0117-9 PMID: 25687690

13. Chau JK, Lin JR, Atashband S, Irvine RA, Westerberg BD. Systematic review of the evidence for the eti-

ology of adult sudden sensorineural hearing loss. The Laryngoscope 2010; 120(5): 1011–21. https://

doi.org/10.1002/lary.20873 PMID: 20422698

14. Capaccio P, Ottaviani F, Cuccarini V, Bottero A, Schindler A, Cesana BM, et al. Genetic and acquired

prothrombotic risk factors and sudden hearing loss. The Laryngoscope 2007; 117(3): 547–51. https://

doi.org/10.1097/MLG.0b013e31802f3c6a PMID: 17334320

15. Kuhn M, Heman-Ackah SE, Shaikh JA, Roehm PC. Sudden sensorineural hearing loss: a review of

diagnosis, treatment, and prognosis. Trends in amplification 2011; 15(3): 91–105. https://doi.org/10.

1177/1084713811408349 PMID: 21606048

16. Chakko S, de Marchena E, Kessler KM, Myerburg RJ. Ventricular arrhythmias in congestive heart fail-

ure. Clinical cardiology 1989; 12(9): 525–30. https://doi.org/10.1002/clc.4960120910 PMID: 2571440

17. Dahlin AA, Parsons CC, Barengo NC, Ruiz JG, Ward-Peterson M, Zevallos JC. Association of ventricu-

lar arrhythmia and in-hospital mortality in stroke patients in Florida: A nonconcurrent prospective study.

Medicine 2017; 96(28): e7403. https://doi.org/10.1097/MD.0000000000007403 PMID: 28700475

18. Larsen BS, Kumarathurai P, Falkenberg J, Nielsen OW, Sajadieh A. Excessive Atrial Ectopy and

Short Atrial Runs Increase the Risk of Stroke Beyond Incident Atrial Fibrillation. Journal of the American

College of Cardiology 2015; 66(3): 232–41. https://doi.org/10.1016/j.jacc.2015.05.018 PMID:

26184616

19. Violi F, Soliman EZ, Pignatelli P, Pastori D. Atrial Fibrillation and Myocardial Infarction: A Systematic

Review and Appraisal of Pathophysiologic Mechanisms. Journal of the American Heart Association

2016; 5(5).

20. Agmon Y, Khandheria BK, Meissner I, Schwartz GL, Petterson TM, O’Fallon WM, et al. Association of

atrial fibrillation and aortic atherosclerosis: a population-based study. Mayo Clinic proceedings 2001;

76(3): 252–9. https://doi.org/10.4065/76.3.252 PMID: 11243271

21. Fischer ME, Schubert CR, Nondahl DM, Dalton DS, Huang GH, Keating BJ, et al. Subclinical athero-

sclerosis and increased risk of hearing impairment. Atherosclerosis 2015; 238(2): 344–9. https://doi.

org/10.1016/j.atherosclerosis.2014.12.031 PMID: 25555266

22. Marcucci R, Alessandrello Liotta A, Cellai AP, Rogolino A, Berloco P, Leprini E, et al. Cardiovascular

and thrombophilic risk factors for idiopathic sudden sensorineural hearing loss. Journal of thrombosis

and haemostasis: JTH 2005; 3(5): 929–34. https://doi.org/10.1111/j.1538-7836.2005.01310.x PMID:

15869586

23. Menke J, Luthje L, Kastrup A, Larsen J. Thromboembolism in atrial fibrillation. The American journal of

cardiology 2010; 105(4): 502–10. https://doi.org/10.1016/j.amjcard.2009.10.018 PMID: 20152245

24. Mosnier I, Stepanian A, Baron G, Bodenez C, Robier A, Meyer B, et al. Cardiovascular and thromboem-

bolic risk factors in idiopathic sudden sensorineural hearing loss: a case-control study. Audiology &

neuro-otology 2011; 16(1): 55–66.

25. Violi F, Pastori D, Pignatelli P. Mechanisms And Management Of Thrombo-Embolism In Atrial Fibrilla-

tion. Journal of atrial fibrillation 2014; 7(3): 1112. PMID: 27957114

26. Willeit K, Kiechl S. Atherosclerosis and atrial fibrillation—two closely intertwined diseases. Atheroscle-

rosis 2014; 233(2): 679–81. https://doi.org/10.1016/j.atherosclerosis.2013.11.082 PMID: 24569021

Dysrhythmia and the risk of sudden sensorineural hearing loss

PLOS ONE | https://doi.org/10.1371/journal.pone.0218964 June 26, 2019 11 / 13

https://doi.org/10.1210/jc.2014-4316
http://www.ncbi.nlm.nih.gov/pubmed/25879512
https://doi.org/10.1007/s40257-015-0117-9
https://doi.org/10.1007/s40257-015-0117-9
http://www.ncbi.nlm.nih.gov/pubmed/25687690
https://doi.org/10.1002/lary.20873
https://doi.org/10.1002/lary.20873
http://www.ncbi.nlm.nih.gov/pubmed/20422698
https://doi.org/10.1097/MLG.0b013e31802f3c6a
https://doi.org/10.1097/MLG.0b013e31802f3c6a
http://www.ncbi.nlm.nih.gov/pubmed/17334320
https://doi.org/10.1177/1084713811408349
https://doi.org/10.1177/1084713811408349
http://www.ncbi.nlm.nih.gov/pubmed/21606048
https://doi.org/10.1002/clc.4960120910
http://www.ncbi.nlm.nih.gov/pubmed/2571440
https://doi.org/10.1097/MD.0000000000007403
http://www.ncbi.nlm.nih.gov/pubmed/28700475
https://doi.org/10.1016/j.jacc.2015.05.018
http://www.ncbi.nlm.nih.gov/pubmed/26184616
https://doi.org/10.4065/76.3.252
http://www.ncbi.nlm.nih.gov/pubmed/11243271
https://doi.org/10.1016/j.atherosclerosis.2014.12.031
https://doi.org/10.1016/j.atherosclerosis.2014.12.031
http://www.ncbi.nlm.nih.gov/pubmed/25555266
https://doi.org/10.1111/j.1538-7836.2005.01310.x
http://www.ncbi.nlm.nih.gov/pubmed/15869586
https://doi.org/10.1016/j.amjcard.2009.10.018
http://www.ncbi.nlm.nih.gov/pubmed/20152245
http://www.ncbi.nlm.nih.gov/pubmed/27957114
https://doi.org/10.1016/j.atherosclerosis.2013.11.082
http://www.ncbi.nlm.nih.gov/pubmed/24569021
https://doi.org/10.1371/journal.pone.0218964


27. Schulz S, Ritter J, Oertel K, Witt K, Bar KJ, Guntinas-Lichius O, et al. Quantification of autonomic regu-

lation in patients with sudden sensorineural hearing loss. Autonomic neuroscience: basic & clinical

2013; 178(1–2): 9–14.

28. Schulz S, Ritter J, Oertel K, Witt K, Bar KJ, Guntinas-Lichius O, et al. Altered autonomic regulation as a

cardiovascular risk marker for patients with sudden sensorineural hearing loss. Otology & neurotology:

official publication of the American Otological Society, American Neurotology Society [and] European

Academy of Otology and Neurotology 2014; 35(10): 1720–9.

29. Schulz S, Witt K, Fischer C, Bar KJ, Ritter J, Guntinas-Lichius O, et al. Altered cardiovascular coupling

in patients with sudden sensorineural hearing loss in comparison to healthy subjects. Conference pro-

ceedings: Annual International Conference of the IEEE Engineering in Medicine and Biology Society

IEEE Engineering in Medicine and Biology Society Annual Conference 2013; 2013: 3933–6.

30. Chang CH, Chen SJ, Liu CY. Risk of Developing Depressive Disorders following Hepatocellular Carci-

noma: A Nationwide Population-Based Study. PloS one 2015; 10(8): e0135417. https://doi.org/10.

1371/journal.pone.0135417 PMID: 26295711

31. Wu CY, Chen YJ, Ho HJ, Hsu YC, Kuo KN, Wu MS, et al. Association between nucleoside analogues

and risk of hepatitis B virus-related hepatocellular carcinoma recurrence following liver resection. Jama

2012; 308(18): 1906–14. PMID: 23162861

32. Yang YH, Chen WC, Tsan YT, Chen MJ, Shih WT, Tsai YH, et al. Statin use and the risk of cirrhosis

development in patients with hepatitis C virus infection. Journal of hepatology 2015; 63(5): 1111–7.

https://doi.org/10.1016/j.jhep.2015.07.006 PMID: 26196278

33. Andersen K, Farahmand B, Ahlbom A, Held C, Ljunghall S, Michaelsson K, et al. Risk of arrhythmias in

52 755 long-distance cross-country skiers: a cohort study. European heart journal 2013; 34(47): 3624–

31. https://doi.org/10.1093/eurheartj/eht188 PMID: 23756332

34. Chiu HY, Chang WL, Huang WF, Wen YW, Tsai YW, Tsai TF. Increased risk of arrhythmia in patients with

psoriatic disease: A nationwide population-based matched cohort study. Journal of the American Acad-

emy of Dermatology 2015; 73(3): 429–38. https://doi.org/10.1016/j.jaad.2015.06.023 PMID: 26188627

35. Agarwal S, Mishra A, Jagade M, Kasbekar V, Nagle SK. Effects of hypertension on hearing. Indian jour-

nal of otolaryngology and head and neck surgery: official publication of the Association of Otolaryngolo-

gists of India 2013; 65(Suppl 3): 614–8.

36. Pirodda A, Ferri GG, Modugno GC, Borghi C. Systemic hypotension and the development of acute sen-

sorineural hearing loss in young healthy subjects. Archives of otolaryngology—head & neck surgery

2001; 127(9): 1049–52.

37. Pirodda A, Ferri GG, Montana T, Riggio R, Innocenti G, Di Nino G. Hypotension as an isolated factor

may not be sufficient to provoke hearing impairment. The Journal of laryngology and otology 2004; 118

(12): 941–5. PMID: 15667680

38. Pirodda A, Saggese D, Ferri GG, Giausa G, Grippo MC, Gaddi A. The role of hypotension in the patho-

genesis of sudden hearing loss. Audiology: official organ of the International Society of Audiology 1997;

36(2): 98–108.

39. Lazarini PR, Camargo AC. Idiopathic sudden sensorineural hearing loss: etiopathogenic aspects. Bra-

zilian journal of otorhinolaryngology 2006; 72(4): 554–61. PMID: 17143437

40. Gattringer T, Enzinger C, Birner A, Wunsch G, Niederkorn K, Walch C, et al. Acute unilateral hearing

loss as an early symptom of lateral cerebral sinus venous thrombosis. Archives of neurology 2012; 69

(11): 1508–11. https://doi.org/10.1001/archneurol.2012.346 PMID: 22869230

41. Hallberg OE. Sudden deafness and its relation to atherosclerosis. Journal of the American Medical

Association 1957; 165(13): 1649–52. PMID: 13475072

42. Passamonti SM, Di Berardino F, Bucciarelli P, Berto V, Artoni A, Gianniello F, et al. Risk factors for idio-

pathic sudden sensorineural hearing loss and their association with clinical outcome. Thrombosis

research 2015; 135(3): 508–12. https://doi.org/10.1016/j.thromres.2015.01.001 PMID: 25619439

43. Rajati M, Azarpajooh MR, Mouhebati M, Nasrollahi M, Salehi M, Khadivi E, et al. Is Sudden Hearing

Loss Associated with Atherosclerosis? Iranian journal of otorhinolaryngology 2016; 28(86): 189–95.

PMID: 27429947

44. Kallinen J, Laurikainen E, Laippala P, Grenman R. Sudden deafness: a comparison of anticoagulant

therapy and carbogen inhalation therapy. The Annals of otology, rhinology, and laryngology 1997; 106

(1): 22–6. https://doi.org/10.1177/000348949710600104 PMID: 9006356

45. da Silva RM. Influence of Inflammation and Atherosclerosis in Atrial Fibrillation. Current atherosclerosis

reports 2017; 19(1): 2. https://doi.org/10.1007/s11883-017-0639-0 PMID: 28102478

46. Lazzerini PE, Capecchi PL, Laghi-Pasini F. Systemic inflammation and arrhythmic risk: lessons from

rheumatoid arthritis. European heart journal 2017; 38(22): 1717–27. https://doi.org/10.1093/eurheartj/

ehw208 PMID: 27252448

Dysrhythmia and the risk of sudden sensorineural hearing loss

PLOS ONE | https://doi.org/10.1371/journal.pone.0218964 June 26, 2019 12 / 13

https://doi.org/10.1371/journal.pone.0135417
https://doi.org/10.1371/journal.pone.0135417
http://www.ncbi.nlm.nih.gov/pubmed/26295711
http://www.ncbi.nlm.nih.gov/pubmed/23162861
https://doi.org/10.1016/j.jhep.2015.07.006
http://www.ncbi.nlm.nih.gov/pubmed/26196278
https://doi.org/10.1093/eurheartj/eht188
http://www.ncbi.nlm.nih.gov/pubmed/23756332
https://doi.org/10.1016/j.jaad.2015.06.023
http://www.ncbi.nlm.nih.gov/pubmed/26188627
http://www.ncbi.nlm.nih.gov/pubmed/15667680
http://www.ncbi.nlm.nih.gov/pubmed/17143437
https://doi.org/10.1001/archneurol.2012.346
http://www.ncbi.nlm.nih.gov/pubmed/22869230
http://www.ncbi.nlm.nih.gov/pubmed/13475072
https://doi.org/10.1016/j.thromres.2015.01.001
http://www.ncbi.nlm.nih.gov/pubmed/25619439
http://www.ncbi.nlm.nih.gov/pubmed/27429947
https://doi.org/10.1177/000348949710600104
http://www.ncbi.nlm.nih.gov/pubmed/9006356
https://doi.org/10.1007/s11883-017-0639-0
http://www.ncbi.nlm.nih.gov/pubmed/28102478
https://doi.org/10.1093/eurheartj/ehw208
https://doi.org/10.1093/eurheartj/ehw208
http://www.ncbi.nlm.nih.gov/pubmed/27252448
https://doi.org/10.1371/journal.pone.0218964


47. Masuda M, Kanzaki S, Minami S, Kikuchi J, Kanzaki J, Sato H, et al. Correlations of inflammatory bio-

markers with the onset and prognosis of idiopathic sudden sensorineural hearing loss. Otology & neuro-

tology: official publication of the American Otological Society, American Neurotology Society [and]

European Academy of Otology and Neurotology 2012; 33(7): 1142–50.

48. Yalta T, Yalta K. Systemic Inflammation and Arrhythmogenesis: A Review of Mechanistic and Clinical

Perspectives. Angiology 2018; 69(4): 288–96. https://doi.org/10.1177/0003319717709380 PMID:

28539056

49. Gul F, Muderris T, Yalciner G, Sevil E, Bercin S, Ergin M, et al. A comprehensive study of oxidative

stress in sudden hearing loss. European archives of oto-rhino-laryngology: official journal of the Euro-

pean Federation of Oto-Rhino-Laryngological Societies 2017; 274(3): 1301–8.

50. Aydin M, Yildiz A, Yuksel M, Polat N, Aktan A, Islamoglu Y. Assessment of the neutrophil/lymphocyte

ratio in patients with supraventricular tachycardia. Anatolian journal of cardiology 2016; 16(1): 29–33.

https://doi.org/10.5152/akd.2015.5927 PMID: 26467360

51. Seo YJ, Park YA, Bong JP, Park DJ, Park SY. Predictive value of neutrophil to lymphocyte ratio in first-

time and recurrent idiopathic sudden sensorineural hearing loss. Auris, nasus, larynx 2015; 42(6): 438–

42. https://doi.org/10.1016/j.anl.2015.04.011 PMID: 26013767

52. Shao Q, Chen K, Rha SW, Lim HE, Li G, Liu T. Usefulness of Neutrophil/Lymphocyte Ratio as a Predic-

tor of Atrial Fibrillation: A Meta-analysis. Archives of medical research 2015; 46(3): 199–206. https://

doi.org/10.1016/j.arcmed.2015.03.011 PMID: 25980945

53. Ulu S, Ulu MS, Bucak A, Ahsen A, Yucedag F, Aycicek A. Neutrophil-to-lymphocyte ratio as a new,

quick, and reliable indicator for predicting diagnosis and prognosis of idiopathic sudden sensorineural

hearing loss. Otology & neurotology: official publication of the American Otological Society, American

Neurotology Society [and] European Academy of Otology and Neurotology 2013; 34(8): 1400–4.

54. Gode S, Turhal G, Kaya I, Mavili HI, Kirazli T. Evaluation of Procalcitonin and hs-CRP Levels in Sudden

Sensorineural Hearing Loss. The journal of international advanced otology 2018; 14(1): 44–7. https://

doi.org/10.5152/iao.2017.2780 PMID: 28639554

55. Ozler GS. Increased neutrophil-lymphocyte ratio in patients with idiopathic sudden sensorineural hear-

ing loss. The Journal of craniofacial surgery 2014; 25(3): e260–3. https://doi.org/10.1097/SCS.

0000000000000565 PMID: 24785752

56. Seo YJ, Jeong JH, Choi JY, Moon IS. Neutrophil-to-lymphocyte ratio and platelet-to-lymphocyte ratio:

novel markers for diagnosis and prognosis in patients with idiopathic sudden sensorineural hearing

loss. Disease markers 2014; 2014: 702807. https://doi.org/10.1155/2014/702807 PMID: 24891755

57. Wu CS, Lin HC, Chao PZ. Sudden sensorineural hearing loss: evidence from Taiwan. Audiol Neurootol

2006; 11(3): 151–6. https://doi.org/10.1159/000091198 PMID: 16449805

58. Alexander TH, Harris JP. Incidence of sudden sensorineural hearing loss. Otol Neurotol 2013; 34(9):

1586–9. https://doi.org/10.1097/MAO.0000000000000222 PMID: 24232060

59. Carrasco VN, Prazma J, Faber JE, Triana RJ, Pillsbury HC. Cochlear microcirculation. Effect of adren-

ergic agonists on arteriole diameter. Archives of otolaryngology—head & neck surgery 1990; 116(4):

411–7.

60. Gates GA, Cobb JL, D’Agostino RB, Wolf PA. The relation of hearing in the elderly to the presence of

cardiovascular disease and cardiovascular risk factors. Archives of otolaryngology—head & neck sur-

gery 1993; 119(2): 156–61.

61. Al-Khatib SM, Stevenson WG, Ackerman MJ, Bryant WJ, Callans DJ, Curtis AB, et al. 2017 AHA/ACC/

HRS Guideline for Management of Patients With Ventricular Arrhythmias and the Prevention of Sudden

Cardiac Death: Executive Summary: A Report of the American College of Cardiology/American Heart

Association Task Force on Clinical Practice Guidelines and the Heart Rhythm Society. Heart rhythm

2018; 15(10):e190–e252. https://doi.org/10.1016/j.hrthm.2017.10.035 PMID: 29097320

62. Umesawa M, Kobashi G, Kitoh R, Nishio SY, Ogawa K, Hato N, et al. Relationships among drinking and

smoking habits, history of diseases, body mass index and idiopathic sudden sensorineural hearing loss

in Japanese patients. Acta oto-laryngologica 2017; 137(sup565): S17–S23. https://doi.org/10.1080/

00016489.2017.1297898 PMID: 28366076

Dysrhythmia and the risk of sudden sensorineural hearing loss

PLOS ONE | https://doi.org/10.1371/journal.pone.0218964 June 26, 2019 13 / 13

https://doi.org/10.1177/0003319717709380
http://www.ncbi.nlm.nih.gov/pubmed/28539056
https://doi.org/10.5152/akd.2015.5927
http://www.ncbi.nlm.nih.gov/pubmed/26467360
https://doi.org/10.1016/j.anl.2015.04.011
http://www.ncbi.nlm.nih.gov/pubmed/26013767
https://doi.org/10.1016/j.arcmed.2015.03.011
https://doi.org/10.1016/j.arcmed.2015.03.011
http://www.ncbi.nlm.nih.gov/pubmed/25980945
https://doi.org/10.5152/iao.2017.2780
https://doi.org/10.5152/iao.2017.2780
http://www.ncbi.nlm.nih.gov/pubmed/28639554
https://doi.org/10.1097/SCS.0000000000000565
https://doi.org/10.1097/SCS.0000000000000565
http://www.ncbi.nlm.nih.gov/pubmed/24785752
https://doi.org/10.1155/2014/702807
http://www.ncbi.nlm.nih.gov/pubmed/24891755
https://doi.org/10.1159/000091198
http://www.ncbi.nlm.nih.gov/pubmed/16449805
https://doi.org/10.1097/MAO.0000000000000222
http://www.ncbi.nlm.nih.gov/pubmed/24232060
https://doi.org/10.1016/j.hrthm.2017.10.035
http://www.ncbi.nlm.nih.gov/pubmed/29097320
https://doi.org/10.1080/00016489.2017.1297898
https://doi.org/10.1080/00016489.2017.1297898
http://www.ncbi.nlm.nih.gov/pubmed/28366076
https://doi.org/10.1371/journal.pone.0218964

