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Abstract
Background: This study aimed to evaluate the association of chronic rhinosinusitis with sudden sensorineural
hearing loss using a population-based database.

Methods: Sampled subject data were obtained from the Taiwan Longitudinal Health Insurance Database 2000. A
total of 3325 patients with sudden sensorineural hearing loss were identified and 9975 controls were randomly
selected. A conditional logistic regression was used to calculate the odds ratio for having been previously
diagnosed with chronic rhinosinusitis, for cases and controls.

Results and conclusion: The adjusted odds ratio of having prior chronic rhinosinusitis among cases compared to
controls was 1.36 (95 per cent confidence interval = 1.16—1.60). The significant relationship between sudden
sensorineural hearing loss and chronic rhinosinusitis was most pronounced among those patients aged 44 years
or less (compared to controls) (odds ratio = 2.18; 95 per cent confidence interval = 1.63-2.92). However, the
significant relationship between sudden sensorineural hearing loss and prior chronic rhinosinusitis was not
sustained for patients older than 60 years compared to controls.
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Introduction

Sudden sensorineural hearing loss (SNHL) is an acute
insult of the cochlea and/or retrocochlear structures.
The annual incidence of sudden SNHL ranges from 5
to 20 per 100 000 people worldwide.! Most cases of
sudden sensory hearing loss are idiopathic; however,
many theories have been proposed to explain the condi-
tion.? Currently, there are four major theories to explain
the cause of sudden SNHL: viral infection, vascular com-
promise, intracochlear membrane rupture and auto-
immune inner-ear disease.>

In addition to systemic factors, it has been reported
that local inflammation or an infection adjacent to the
hearing systems can contribute to the pathogenesis of
sudden SNHL. Park et al. reported that sudden SNHL
might be associated with acute otitis media.” Despite
the close anatomical and physiological relationships
between the nose and ears, chronic rhinosinusitis, a rela-
tively common disease, is seldom regarded as a signifi-
cant risk factor for sudden SNHL.

Chronic rhinosinusitis is a prevalent chronic illness,
affecting at least 14 per cent of adults in the US
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population.® Preseptal cellulitis, orbital cellulitis, sub-
periosteal abscess, orbital abscess and cavernous
sinus thrombophlebitis have previously been reported
to be common local complications of rhinosinusitis.’
Chronic rhinosinusitis has also been associated with
the development of nasopharyngeal cancer, implying
that chronic rhinosinusitis might do more harm to adja-
cent structures than expected.®

Although it is possible that inflammatory processes or
specific viral infections may elevate the risk of sudden
SNHL, there is no evidence that inflammation or infec-
tion of the nasal cavity or sinuses could damage the
inner ear. Thus, to date, the association between sudden
SNHL and chronic rhinosinusitis remains unclear. This
study aimed to investigate the association between
chronic rhinosinusitis and sudden SNHL by evaluating
a population-based database.

Materials and methods
Database

The data for the subjects sampled in this case—control
study were obtained from the Longitudinal Health
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Insurance Database (‘LHID 2000’). Taiwan began
implementing its National Health Insurance pro-
gramme in 1995. The Longitudinal Health Insurance
Database 2000 consists of all the original medical
claims and registration files for 1 000 000 enrollees
under the National Health Insurance programme.
These selected 1 000 000 enrollees were randomly
retrieved from all enrollees listed in the 2000 Registry
of Beneficiaries (n =23.72 million). Therefore, the
Longitudinal Health Insurance Database 2000 enables
researchers to follow up all medical care utilisations
for these 1 000 000 enrollees since the initiation of the
National Health Insurance programme. Several research-
ers have demonstrated the high validity of the data from
the National Health Insurance programme. In addition,
hundreds of papers employing the Longitudinal Health
Insurance Database 2000 have been published in inter-
nationally peer-reviewed journals.’

This study was exempt from full review by the
Institutional Review Board of the National Defense
Medical Center because the Longitudinal Health
Insurance Database 2000 consists of de-identified sec-
ondary data released to the public for research purposes.

Study sample

We selected cases by first including 3420 patients aged
18 years or older who had received a first-time diagnosis
of sudden SNHL (International Classification of
Diseases, Ninth Revision, Clinical Modification
(‘ICD-9-CM’) code 388.2) in an ambulatory care visit
(including out-patient departments of hospitals and
clinics) or during hospitalisation between 1 January
2002 and 31 December 2011, and we only included
sudden SNHL cases diagnosed by a certified otorhino-
laryngologist. Furthermore, this study only included
patients who had at least two sudden SNHL diagnoses
in ambulatory care settings or one sudden SNHL diag-
nosis while hospitalised (n = 3325), in order to increase
the diagnostic validity of sudden SNHL. We only
included those patients who had at least two sudden
SNHL diagnoses in ambulatory care settings because
the diagnosis of sudden SNHL was always confirmed
on subsequent follow-up visits within the same
‘episode’ of sudden SNHL in Taiwan. We defined the
first ambulatory care visit or hospitalisation for treat-
ment of sudden SNHL as the index date for cases.

We likewise retrieved control data from the remain-
ing enrollees of the Longitudinal Health Insurance
Database 2000. We randomly selected 9975 controls
(3 controls per case) to match the cases in terms of
sex, age group (less than 40, 40—44, 45-49, 50-54,
55-59, 60—64, 65-69 and over 69 years) and index
year. For cases, the year of the index date was the
year in which patients had received their first diagnosis
of sudden SNHL. For controls, the year of the index
date was simply a matched year in which the controls
utilised medical care. Thereafter, we further designated
the first utilisation of medical care occurring in the
index year as the index date for controls. We also
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ensured that no controls had a history of sudden
SNHL before their index date.

Chronic rhinosinusitis diagnosis

This study identified subjects with a principal diagnosis
of chronic rhinosinusitis (International Classification of
Diseases, Ninth Revision, Clinical Modification code
473). As administrative datasets are criticised for poor
diagnostic validity, we only included subjects diagnosed
with chronic rhinosinusitis by a certified otorhinolaryn-
gologist, in order to increase the diagnostic validity. In
addition, we only selected subjects who had received a
chronic rhinosinusitis diagnosis before the index date.

Statistical analysis

We utilised SAS software (SAS, Cary, North Carolina,
USA) to perform all statistical analyses in this study.
Chi-square tests were used to explore statistical differ-
ences between cases and controls in terms of geographic-
al location (northern, central, eastern and southern
Taiwan) and selected medical co-morbidities (diabetes,
hypertension, coronary heart disease, hyperlipidaemia,
renal disease, bacterial or cryptococcal meningitis, otitis
media, theumatoid arthritis, mumps, systemic lupus ery-
thematosus, human immunodeficiency virus or acquired
immunodeficiency syndrome, and syphilis). We also per-
formed conditional logistic regression analyses (condi-
tioned on sex, age group and index year) to calculate
the odds ratio and the corresponding 95 per cent confi-
dence interval (CI) for having previously been diagnosed
with chronic rhinosinusitis, for cases and controls.

Results

The mean age of the total study sample was 51.3
17.0 years; respective ages for cases and controls
were 52 and 51.5 years (p = 0.242). Table I shows
the distributions of demographic characteristics of
sudden SNHL patients and controls, after matching
for sex, age group and index year. In order to counteract
the problem of multiple comparisons, we applied the
Bonferroni correction to test each individual hypothesis
at a significance level of 0.003 (i.e. 0.05 / 16).

We found that cases had consistently higher preva-
lence rates of various selected co-morbidities than con-
trols; these included diabetes (24.9 vs 18.9 per cent,
p <0.001), hypertension (41.0 vs 35.8 per cent, p <
0.001), coronary heart disease (24.0 vs 19.6 per cent,
p <0.001), hyperlipidaemia (33.3 vs 29.4 per cent,
p <0.001), renal disease (9.6 vs 7.2 per cent, p <
0.001) and otitis media (11.3 vs 5.3 per cent, p < 0.001).

Table II presents the prevalence of prior chronic rhi-
nosinusitis in cases and controls. In total, 742 of the
sampled subjects (5.58 per cent) had a history of
chronic rhinosinusitis prior to the index date; 236
(7.10 per cent) were cases and 506 (5.07 per cent)
were controls. A chi-square test indicated that there
was a significant difference in the prevalence of prior
chronic rhinosinusitis between cases and controls
(p <0.001).


https://doi.org/10.1017/S0022215116000906

SUDDEN SENSORINEURAL HEARING LOSS AND CHRONIC RHINOSINUSITIS

TABLE I
CHARACTERISTICS OF SUDDEN SNHL PATIENTS AND
CONTROLS*
Characteristic Sudden SNHL  Controls* P
patients
Sex (male) 1738 (52.3) 5214 (52.3) >0.999
Age (years) >0.999
— <40 875 (26.3) 2625 (26.3)
—40-44 276 (8.3) 828 (8.3)
—45-49 295 (8.9) 885 (8.9)
—50-54 367 (11.0) 1101 (11.0)
- 55-59 379 (11.4) 1137 (11.4)
— 60-64 326 (9.8) 978 (9.8)
— 65-69 311 (94) 933 (9.4)
- =70 496 (14.9) 1488 (14.9)
Geographical region 0.028
of Taiwan
— Northern 1607 (48.3) 4784 (48.0)
— Central 827 (24.9) 2294 (23.0)
— Eastern 832 (25.0) 2678 (26.9)
— Southern 59 (1.8) 219 (2.2)
Diabetes 829 (24.9) 1872 (18.9) <0.001
Hypertension 1363 (41.0) 3568 (35.8) <0.001
Coronary heart 797 (24.0) 1952 (19.6) <0.001
disease
Hyperlipidaemia 1106 (33.3) 2930 (29.4) <0.001
Renal disease 319 (9.6) 718 (7.2)  <0.001
Bacterial or 6 (0.2) 9 (0.1) 0.180
cryptococcal
meningitis
Rheumatoid arthritis 75 (2.3) 208 (2.1) 0.555
Otitis media 377 (11.3) 532 (5.3) <0.001
Syphilis 25 (0.8) 36 (0.4) 0.004
Mumps 5(0.2) 18 (0.2) 0.718
HIV or AIDS 3(0.1) 2 (0.0) 0.071
Systemic lupus 5(0.2) 6 (0.1) 0.117
erythematosus

Data represent numbers (and percentages) of subjects, unless indi-
cated otherwise. *Total n =14 088; 'n=3325; *n=9975.
SNHL = sensorineural hearing loss; HIV = human immunodefi-
ciency virus; AIDS = acquired immunodeficiency syndrome

Table II also shows the odds ratios and correspond-
ing 95 per cent Cls for prior chronic rhinosinusitis for
cases and controls. The conditional logistic regression
(conditioned on sex, age group and index year)
showed that the crude odds ratio of prior chronic rhino-
sinusitis for cases compared to controls was 1.43 (95
per cent CI = 1.22-1.68, p < 0.001). After adjusting
for geographical region, hypertension, diabetes, hyper-
lipidaemia, renal disease, coronary heart disease, otitis
media and syphilis, the odds ratio of having prior
chronic rhinosinusitis among cases compared to con-
trols was 1.36 (95 per cent CI = 1.16—1.60, p < 0.001).
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We further performed analyses of the odds ratio for
prior chronic rhinosinusitis by age group. Table III
shows that the significant relationship between
sudden SNHL and prior chronic rhinosinusitis was
most pronounced among those aged 44 years or less,
with an adjusted odds ratio of 2.18 (95 per cent CI =
1.63-2.92, p < 0.001) for cases compared to controls.
However, it is noteworthy that for those aged 60
years or older, the significant relationship between
sudden SNHL and prior chronic rhinosinusitis was
not sustained (odds ratio = 1.00; 95 per cent CI =
0.74-1.36), after adjusting for geographical region,
hypertension, diabetes, hyperlipidaemia, renal disease,
coronary heart disease, otitis media and syphilis.

Discussion

In this study, we demonstrated that sudden SNHL was
associated with chronic rhinosinusitis in patients of a
younger age (less than 60 years). Most cases of sudden
SNHL remain idiopathic; however, many theories have
been proposed to explain the development of sudden
SNHL.? Aetiological theories of idiopathic sudden
SNHL include viral infection, autoimmune disease, vas-
cular insult and labyrinthine membrane rupture.®** There
is considerable evidence implicating viral infections as a
cause of sudden SNHL. A non-controlled study reported
that 17-33 per cent of patients recalled a predisposing
viral illness event after they were diagnosed with
sudden SNHL.'® Another study found that rates of sero-
conversion for the herpesvirus family were significantly
higher in the sudden hearing loss population, indicating
a viral element for this disease.'' Furthermore, temporal
bone histopathological studies have shown damage to the
cochlea consistent with viral injuries in patients with
sudden SNHL.'” While it appears that infections were
responsible for the inner-ear damage in some sudden
SNHL patients, the route of infection and explanation
as to how they affected the inner ear remain unknown.
Being a neighbouring structure, it is possible that infec-
tions in the sinuses could contribute to the pathogenesis
of sudden SNHL.

However, currently, there are no reports of possible
relations between chronic rhinosinusitis and sudden
SNHL. In our previous study, we found that the
chronic rhinosinusitis might contribute to the develop-
ment of nasopharyngeal carcinoma.® This association
may be mediated by many local inflammatory

TABLE II
PREVALENCE AND ODDS RATIOS FOR PRIOR CHRONIC RHINOSINUSITIS

Prior chronic rhinosinusitis? ~ Sudden SNHL patients™ (n (%))

Controls’ (n (%)) Crude OR (95% CI)*  Adjusted OR** (95% CI)*

Yes 236 (7.1)

506 (5.1)

1.43% (1.22-1.68) 1.36% (1.16-1.60)
1.00 1.00

Odds ratios calculated using a conditional logistic regression which was conditioned on sex, age group and year of the index date. *n = 3325;
T = 9975. *For sudden sensorineural hearing loss. **Adjusted for geographical region, hypertension, diabetes, hyperlipidaemia, renal
disease, coronary heart disease, otitis media and syphilis. ’Indicates p < 0.001. SNHL = sensorineural hearing loss; OR = odds ratio;

CI = confidence interval
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TABLE III
PREVALENCE AND ODDS RATIOS FOR PRIOR CHRONIC RHINOSINUSITIS BY AGE GROUP

Prior chronic rhinosinusitis? ~ Sudden SNHL patients (n (%))

Controls (n (%))

Crude OR (95% CI)*  Adjusted OR' (95% CI)*

In 18—44 year olds

— Yes 86 (7.5)
In 45-59 year olds

— Yes 89 (8.6)
In 60 year olds or older

— Yes 41 (6.4)

119 (3.5) 2.24% (1.68-2.98) 2.18% (1.63-2.92)
1.00 1.00

211 (6.6) 1.32% (1.02-1.71) 1.28% (1.01-1.68)
1.00 1.00

104 (5.5) 1.18 (0.81-1.71) 1.00 (0.74—1.36)

1.00 1.00

Odds ratios calculated using a conditional logistic regression which was conditioned on sex, age group and year of the index date. *For sudden sen-
sorineural hearing loss. " Adjusted for geographical region, hypertension, diabetes, hyperlipidaemia, renal disease, coronary heart disease, otitis media
and syphilis. *Indicates p < 0.001; Sindicates p < 0.05. SNHL = sensorineural hearing loss; OR = odds ratio; CI = confidence interval

factors, including tumour necrosis factor (TNF)-a, an
important proinflammatory cytokine expressed during
the sinusitis process.'? In a recent study, Demirhan
et al. found evidence that supports the role of TNF-a
in the pathophysiology of sudden SNHL."? It is pos-
sible that inflammatory mediators induced by the rhi-
nosinusitis process can spread locally to adjacent
auditory structures and affect the inner ear.

The increased oxidative stress that occurs during sinus-
itis attacks might also be responsible for ‘para-
rhinosinusitis’ involvement.'* Researchers have found
that genes involved in nitric oxide and reactive oxygen
species regulation in patients with chronic rhinosinusitis
were altered.'® Noise-induced hearing loss is known to be
highly associated with oxidative stress.'® Capaccio ez al.
reported that oxidative stress can be arisk factor for devel-
oping sudden SNHL.'” Findings of these studies provide
some evidence to support the possible association
between chronic rhinosinusitis and sudden SNHL
found in our study.

It is interesting that this association seems to be found
only in chronic rhinosinusitis patients aged less than 60
years. This finding is difficult to explain. However, if
one considers the above-mentioned immune-mediated
mechanisms linking chronic rhinosinusitis to sudden
SNHL, our finding may be reasonable. Indeed, it has
been proven that human immune responses are attenu-
ated by ageing, and many inflammatory cytokines are
expected to be less activated in older compared to
younger chronic rhinosinusitis patients.'®

The major limitation of this study is the potential sur-
veillance bias. It is possible that patients with rhinosinu-
sitis visited doctors more often, and thus their disease
was more easily detected once the sudden SNHL
event had occurred. Chronic rhinosinusitis patients
were more likely to have aural symptoms due to eusta-
chian tube dysfunction, and thus may have received
hearing tests more frequently. However, it is also pos-
sible that the diagnosis of sudden SNHL was underesti-
mated, as patients with chronic rhinosinusitis may have
considered their hearing-related symptoms to be
common eustachian tube dysfunction events and hence
did not aggressively seek immediate evaluation.
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Another limitation is the lack of information on treat-
ment for the rhinosinusitis group. In this database
study, it is difficult to evaluate how these subjects
were treated, and therefore there might be some sub-
jects who had been adequately treated for their rhinosi-
nusitis, but were still included in the rhinosinusitis
group. This could potentially affect the accuracy of
our data interpretation. Moreover, limited by our insur-
ance-based database, the information regarding the use
and the dosages of the potentially ototoxic medications
was not complete. This results in a confounding covari-
ate which is difficult to adjust for. Some antibiotics that
may have been used in the treatment of chronic rhino-
sinusitis, including the macrolide family and even peni-
cillin, are known for their potential ototoxicity.'*
Although the results of our study reached statistical sig-
nificance, we remind readers to keep in mind these lim-
itations in the interpretation of our results.

Finally, the determination of the time period between
the diagnosis of rhinosinusitis and sudden SNHL is
especially difficult and controversial. The time it
takes for nasal infection or inflammation to reasonably
result in an inflammatory or immunogenic insult to the
inner ear is unknown. The cause and effect relationship
between chronic rhinosinusitis and the development of
sudden SNHL remains difficult to establish.
Nevertheless, the results of our study are statistically
significant, and we believe this limitation would have
little impact on interpretations of the data.

o Inflammatory processes may elevate the risk
of sensorineural hearing loss (SNHL)

e An infection adjacent to hearing systems can
contribute to SNHL pathogenesis

e There was an association between SNHL and
chronic rhinosinusitis

e This association was most pronounced in
those younger than 44 years

This study can enhance our understanding of rhinosi-
nusitis co-morbidities. It should be emphasised that
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the ‘association’ between chronic rhinosinusitis and
sudden SNHL presented in this study should not be
interpreted as a ‘cause and effect’ relationship, as
both conditions might be the result of a common causa-
tive factor. More research including epidemiological
studies in other regions or countries is encouraged to
confirm the findings of the present study. We suggest
that physicians be aware of the possible association
between chronic rhinosinusitis and sudden SNHL
when dealing with rhinosinusitis cases.

References

1 Byl FM Jr. Sudden hearing loss: eight years’ experience and
suggested prognostic table. Laryngoscope 1984;94:647—61

2 Hughes GB, Freedman MA, Haberkamp TJ, Guay ME. Sudden

sensorineural hearing loss. Otolaryngol Clin North Am 1996;29:

393-405

Simmons F. Theory of membrane breaks in sudden hearing loss.

Arch Otolaryngol 1968;88:41-8

4 Kuhn M, Heman-Ackah SE, Shaikh JA, Roehm PC. Sudden

sensorineural hearing loss: a review of diagnosis, treatment,

and prognosis. Trends Amplif 2011;15:91-105

Park JH, Park SJ, Kim YH, Park MH. Sensorineural hearing

loss: a complication of acute otitis media in adults. Eur Arch

Otorhinolaryngol 2014;271:1879-84

6 Van Cauwenberge P, Watelet JB. Epidemiology of chronic rhi-

nosinusitis. Thorax 2000;55:S20—1

Sultész M, Csékanyi Z, Majoros T, Farkas Z, Katona G. Acute

bacterial rhinosinusitis and its complications in our pediatric

otolaryngological department between 1997 and 2006. Int J

Pediatr Otorhinolaryngol 2009;73:1507-12

Hung SH, Chen PY, Lin HC, Ting J, Chung SD. Association of

rhinosinusitis with nasopharyngeal carcinoma: a population-

based study. Laryngoscope 2014;124:1515-20

9 Chen YC, Yeh HY, Wu JC. Taiwan’s National Health Insurance
Research Database: administrative health care database as study
object in bibliometrics. Scientometrics 2011;86:365—80

10 Vasama JP, Linthicum FH Jr. Idiopathic sudden sensorineural

hearing loss: temporal bone histopathologic study. Ann Otol

Rhinol Laryngol 2000;109:527-32

Wilson WR. The relationship of the herpesvirus family to

sudden hearing loss: a prospective clinical study and literature

review. Laryngoscope 1986;96:870—7

12 Oyer SL, Mulligan JK, Psaltis AJ, Henriquez OA, Schlosser RJ.
Cytokine correlation between sinus tissue and nasal secretions

W

W

~

e}

1

—_

https://doi.org/10.1017/50022215116000906 Published online by Cambridge University Press

525

among chronic rhinosinusitis and controls. Laryngoscope
2013;123:E72-8

13 Demirhan E, Eskut NP, Zorlu Y, Cukurova I, Tuna G, Kirkali
FG. Blood levels of TNF-alpha, IL-10, and IL-12 in idiopathic
sudden sensorineural hearing loss. Laryngoscope 2013;123:
1778-81

14 Braskett M, Riedl MA. Novel antioxidant approaches to the
treatment of upper airway inflammation. Curr Opin Allergy
Clin Immunol 2010;10:34-41

15 Jardeleza C, Jones D, Baker L, Miljkovic D, Boase S, Tan NC
et al. Gene expression differences in nitric oxide and reactive
oxygen species regulation point to an altered innate immune
response in chronic rhinosinusitis. /nt Forum Allergy Rhinol
2013;3:193-8

16 Rewerska A, Pawelczyk M, Rajkowska E, Politanski P,
Sliwinska-Kowalska M. Evaluating D-methionine dose to
attenuate oxidative stress-mediated hearing loss following over-
exposure to noise. Eur Arch Otorhinolaryngol 2013;270:
1513-20

17 Capaccio P, Pignataro L, Gaini LM, Sigismund PE, Novembrino
C, De Giuseppe R ef al. Unbalanced oxidative status in idiopath-
ic sudden sensorineural hearing loss. Eur Arch
Otorhinolaryngol 2012;269:449—-53

18 Wu D, Meydani SN. Age-associated changes in immune and
inflammatory responses: impact of vitamin E intervention.
J Leukoc Biol 2008;84:900—14

19 Escada PA, Capucho C, Madeira da Silva JF. Sudden sensori-
neural hearing loss following intramuscular administration of
penicillin. J Laryngol Otol 2004;118:143-5

20 Schweitzer VG, Olson NR. Ototoxic effect of erythromycin
therapy. Arch Otorhinolaryngol 1984;110:258—60

Address for correspondence:
Dr Shiu-Dong Chung,
Department of Surgery,

Far Eastern Memorial Hospital,
No. 21, Section 2,

Nanya South Rd,

Banciao District,

New Taipei City 220, Taiwan

E-mail: chungshiudong@gmail.com

Dr S-D Chung takes responsibility for the integrity of the content of
the paper
Competing interests: None declared



mailto:chungshiudong@gmail.com
https://doi.org/10.1017/S0022215116000906

	Sudden sensorineural hearing loss is associated with chronic rhinosinusitis: population-based study
	Introduction
	Materials and methods
	Database
	Study sample
	Chronic rhinosinusitis diagnosis
	Statistical analysis

	Results
	Discussion
	References


