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The role of weather in idiopathic sudden sensorineural
hearing loss

Idiyopatik ani sensérinéral isitme kaybinda hava durumunun rolii

Volkan Sunter, Ela Araz Server(®, C)zgiir Yigic(®, Ali Riza Gokduman

Department of Otolaryngology, Istanbul Training and Research Hospital, Istanbul, Turkey

ABSTRACT

Objectives: This study aims to investigate the role of
meteorological conditions in the etiology of idiopathic sudden
sensorineural hearing loss (ISSHL) in patients living in Istanbul.

Patients and Methods: In the study, between January 1, 2008
and May 31, 2015, records of 670 patients (379 males, 291 females;
mean age 45.3+15.6 years; range, 10 to 98 years) with a referring
diagnosis of ISSHL were examined retrospectively. Weather
parameters used in the comparison were mean daily temperature
(°C), mean humidity (%), mean wind speed (meter/second), and
mean atmospheric pressure (hectopascal).

Results: Idiopathic sudden sensorineural hearing loss was
most frequently seen in the months of March, April, May,
and June. The mean atmospheric pressures were statistically
lower (p=0.005) on ISSHL-related (positive) days than on
ISSHL-unrelated (negative) days. Humidity was significantly
higher on positive days (p=0.002). The mean temperature was
significantly higher on positive days than on negative days
(p<0.001).

Conclusion: Idiopathic sudden sensorineural hearing loss is
more frequently seen in the spring. Low atmospheric pressure,

high temperature, and high humidity are associated with ISSHL.

Keywords: Etiology, idiopathic sudden sensorineural hearing loss,
meteorological condition, weather.

Sudden hearing loss is defined as a rapid onset (within
72 hours) of sensorineural hearing loss (more than 30 dB
hearing loss in at least three consecutive frequencies) that
can affect one or both ears. Sudden hearing loss affects five
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Amag: Bu calismada Istanbul’da yasayan hastalarda idiyopatik
ani sensorinoral isitme kaybinin (IASNIK) etiyolojisinde
meteorolojik kosullarin rolii aragtirildi.

Hastalar ve Yoéntemler: Calismada 1 Ocak 2008 ve 31
Mayis 2015 tarihleri arasinda IASNIK tansst ile bagvuran
670 hastanin (379 erkek, 291 kadin; ort. yas 45.3+15.6 yil;
dagilim, 10-98 yil) kayitlari retrospektif olarak incelendi.
Kargilagtirmada kullanilan hava parametreleri ortalama giinlitk
sicaklik (°C), ortalama nem (%), ortalama riizgar hizi (metre/
saniye) ve ortalama atmosfer basinci (hektopaskal) idi.

Bulgular: Idiyopatik ani sensérinéral isitme kaybt en sik
Mart, Nisan, Mayis ve Haziran aylarinda goriildii. Ortalama
atmosferik basinglar TASNIK ile iliskili (pozitif) giinlerde
[ASNIK ile iliskili olmayan (negatif) giinlere gore istatistiksel
olarak daha diisiiktii (p=0.005). Nem pozitif giinlerde anlamls
derecede daha yiiksekti (p=0.002). Ortalama sicaklik pozitif
giinlerde negatif giinlere gore anlamli derecede daha yiiksekti
(p<0.001).

Sonug: Idiyopatik ani sensérindral isitme kaybi ilkbaharda
daha sik gériiliir. Diisitk atmosfer basinei, yiiksek sicaklik ve
yiiksek nem TASNIK ile iligkilidir.

Anabhtar sézciikler: Etiyoloji, idiyopatik ani sensérinéral isitme kaybs,
meteorolojik kosul, hava.

to 20 people in a population of 100,000 people.™ Vascular
problems, viral infections, trauma, and tumors are common
causes; however, in 85% of patients, no underlying cause
can be identified, despite adequate investigation.!?
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Sudden changes in climatic conditions lead to various
changes in human metabolism and can therefore play an
important role in the etiology of various diseases. Viral
infections, allergies, and some vascular diseases can
also be affected by meteorological conditions. The most
frequently studied meteorological parameters are air
temperature, humidity, wind speed, and atmospheric
pressure, and the relationship between meteorological
conditions and diseases has been the topic of several
studies.?® Nevertheless, few studies have examined
the relationship between meteorological changes and
idiopathic sudden sensorineural hearing loss (ISSHL),
and the results have been controversial.®®1 Some
studies have reported that weather conditions affect
the occurrence of ISSHL, whereas others have found
no correlation.’! The most likely reason for this
controversy is that these studies included populations
living in different regions of the world and in different
climates.

Turkey is located at the junction of Asia and Europe,
and three of its borders are surrounded by the sea. It is
under the influence of many different climates, including
Mediterranean, Black Sea, Balkan, and Anatolian
continental climates. Two studies have evaluated the
people living in this region; however, the study by
Danielides et al.'"? had a limited size, whereas the study
by Gergeker et al.l'y included the population living in
Ankara, which has a non-seaside continental climate.
Neither of these studies examined the population
living in Istanbul, which is a seaside city and under the
influence predominantly of a Mediterranean climate.
Therefore, in this study, we aimed to investigate the role
of meteorological conditions in the etiology of ISSHL in
patients living in Istanbul.

PATIENTS AND METHODS

Between January 1, 2008 and May 31, 2015, the
medical records of 670 patients (379 males, 291 females;
mean age 45.3%15.6 years; range, 10 to 98 years) who were

KBB Uygulamalart

admitted to Istanbul Training and Research Hospital and
diagnosed with ISSHL were evaluated retrospectively. All
patients included in the study resided on the European
side of Istanbul. Medical and demographic characteristics
of all patients were noted. Diagnosis of ISSHL was
established after the exclusion of all other possible causes
of sudden hearing loss. Patients with acute or chronic otitis
media, diabetes mellitus, autoimmune disease, or a history
of ototoxic drug usage, head trauma, and barotrauma were
excluded. The study protocol was approved by the Istanbul
Training and Research Hospital Ethics Committee.
A written informed consent was obtained from each
patient. The study was conducted in accordance with the
principles of the Declaration of Helsinki.

All days between January 1, 2008 and May 31, 2015
were classified as positive (ISSHL-related) or negative
(ISSHL-unrelated) days. Because of the delayed impact
of meteorological conditions, the first day of hearing
loss and the seven days before that day were identified
as positive days on the calendar. The remaining days
other than the positive days were identified as negative
days. This classification was conducted separately for
all patients.

All meteorological data were obtained from the local
meteorological service. The nearest station to the place
of residence of the patients was the Istanbul-Florya
meteorological station, so data from that station were
used. The weather parameters used in the comparison
were the mean daily temperature (°C), mean humidity
(%), mean wind speed (meter/second), and mean
atmospheric pressure (hectopascal). We compared the
positive and negative days for each patient using these
parameters. The relationship between the seasons and
ISSHL was also investigated.

Statistical analysis

The SPSS version 15.0 for Windows (SPSS Inc.,
Chicago, IL, USA) was used for statistical analysis.
The descriptive statistics, the quantity and percentage
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Figure 1. Monthly distributions of cases of idiopathic sudden sensorineural hearing loss.

ISSHL: Idiopathic sudden sensorineural hearing loss.
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for categorical variables, and the numeric variables
are presented as the mean and standard deviation.
Independent two-group comparisons were performed
using the Mann-Whitney U test because the numerical
variables did not have a normal distribution. The
proportions between groups for categorical variables
were tested by chi-square analysis. An alpha level of
p<0.05 was considered statistically significant.

RESULTS

No statistically significant difference was found
for gender or age among the patients (p=0.287). The
affected ears were the left ear in 201 (43.6%) patients,
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the right ear in 222 (48.2%) patients, and bilateral ears
in 38 (8.2%) patients.

Idiopathic sudden sensorineural hearing loss was
most commonly diagnosed in March, April, May, and
June (Figure 1) and in the years between 2010 and
2013. The mean atmospheric pressure was statistically
significantly lower (p=0.005) on positive days than
on negative days (Table 1, Figure 2). Humidity
was statistically significantly higher on positive days
(p=0.002) (Table 2 and Figure 3). No difference was
detected in mean wind speed between positive and
negative days (p=0.105) (Table 3 and Figure 4). The

mean temperature was statistically significantly higher

ISSHL: Idiopathic sudden sensorineural hearing loss; SD: Standard deviation.
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Figure 2. Pressure means of positive and negative days of
idiopathic sudden sensorineural hearing loss.
CI: Confidence interval; hPa: Hectopascal; ISSHL: Idiopathic sudden

sensorineural hearing loss.

Table 1 Table 2
Pressure means of idiopathic sudden sensorineural hearing Humidity means of idiopathic sudden sensorineural hearing
loss positive and negative days loss positive and negative days
ISSHL+ ISSHL- ISSHL+ ISSHL-
Mean+SD Mean+SD ? Mean+SD Mean+SD ?
Atmospheric Humidity
pressure Total 75.0+10.3 73.4+10.6  0.002
Total 1011.4+6.4  1012.0£6.4  0.005 2008 72.5+9 6 7014105  0.043
2008 1013.8#.8.1  1012.5£6.5  0.366 2009 72.8+11.3 72.0+11.8 0517
2009 1011.0+5.1 1011.0+6.4  0.962 2010 74.0+10.7 73 748 6 0.824
2010 1009.7+6.2 1010.6+4.8  0.178 2011 74.1+9.4 73 7486 0.990
2011 1013.0+6.5  1013.4+5.6  0.585 2012 75 3+10.0 76.7+10.5 0.266
2012 1011.4+6.3 1011.7+7.0 0.766 2013 76.5+11.2 77 9+9.9 0.175
2013 10111264 1017.2:6.7  <0.001 i T T Iy
2014 1010.6:59  1011.9+5.7  0.031 G L I
2015 1013.6+6.3  1012.9¢79  0.923 ISSHL: Idiopathic sudden sensorineural hearing loss; SD: Standard deviation.
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Figure 3. Humidity means of positive and negative days of
idiopathic sudden sensorineural hearing loss.

CI: Confidence interval; ISSHL: Idiopathic sudden sensorineural
hearing loss.
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Table 3 Table 4
Wind speed means of idiopathic sudden sensorineural Temperature means of idiopathic sudden sensorineural
hearing loss positive and negative days hearing loss positive and negative days
ISSHL+ ISSHL- ISSHL+ ISSHL-
Mean+SD Mean+SD ? Mean+SD Mean+SD ?
Wind speed Temperature
Total 2.56+1.01 2.63+1.05  0.105 Total 15.7+7.3 14.4£7.5 <0.001
2008 2.52+1.11 2.75£1.08  0.038 2008 12.847.1 16.2+7.3  <0.001
2009 2.59+1.05 2.66+0.97 0.276 2009 15.6+6.3 15.5£7.3 0.878
2010 2.56+1.03 2.75+1.20 0.339 2010 16.0+7.5 15.4+7.3 0.489
2011 2.76x1.00 2.72+1.09 0.638 2011 14.8+7.3 11.4+7.4 0.001
2012 2.56+1.02 2.85+0.94 0.008 2012 16.5+7.6 11.9+9.8 <0.001
2013 2.470.95 2.19+0.76 0.269 2013 15.8+7.2 8.9+3.6 <0.001
2014 2.41+0.89 2.25+0.93 0.043 2014 18.5+6.5 14.1+6.2 <0.001
2015 2.42+1.11 2.74x1.28 0.226 2015 6.0+4.7 8.7+5.4 0.085
ISSHL: Idiopathic sudden sensorineural hearing loss; SD: Standard deviation. ISSHL: Idiopathic sudden sensorineural hearing loss; SD: Standard deviation.
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Figure 4. Wind speed means of positive and negative days of
idiopathic sudden sensorineural hearing loss.

CI: Confidence interval; ISSHL: Idiopathic sudden sensorineural
hearing loss; m: Meter; sec: Second.
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on positive days than on negative days (p<0.001)
(Table 4, Figure 5).

DISCUSSION

In the present study, we evaluated whether the
meteorological conditions affect the etiology of ISSHL
in a seaside community. Our results indicated an
increased frequency of ISSHL on humid and hot
days, which are days associated with high atmospheric
pressure, between the years of 2008 and 2015 in
Istanbul. Furthermore, an increase in the incidence of
ISSHL was detected during the spring months. These
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Figure 5. Temperature means of positive and negative days of
idiopathic sudden sensorineural hearing loss.

CI: Confidence interval; ISSHL: Idiopathic sudden sensorineural
hearing loss.

findings suggest that climate change and seasons may be
important etiologic factors of ISSHL.

Hippocrates first reported a relationship between
weather and several diseases.”? Since those ancient
times, many studies have investigated the relationship
between the climate and disorders such as stroke,
myocardial infarction, migraine, and many infectious
diseases.'’71 Some studies have demonstrated the effects
of changes in the weather on ISSHL.[-15]

The etiology of idiopathic hearing loss is quite
complicated and full of unknowns. The most widely

accepted theories regarding the etiology of ISSHL involve
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viral and vascular causes.? Invasion of herpes simplex
or neurotropic viruses, such as cytomegalovirus, into the
cochlea and the cochlear nerve is proposed to explain
the theory of a viral etiology of ISSHL.!¥ In accordance
with the viral cause theory, the occurrence of upper
respiratory tract infections caused by viral infections is
closely related to the meteorological parameters.>”) For
example, du Prel et al.'”) reported that the incidences
of influenza virus, respiratory syncytial virus, and
adenovirus infections were correlated with temperature,
and that rhinovirus infection was relatively humidity
related. In our study, we observed that ISSHL was more
frequent in hot weather and that humidity promoted the
occurrence of ISSHL. From this point of view, although
a viral etiology has not been widely approved, the fact
that viral infections are commonly linked to weather
conditions hence, an increase in viral infections could
explain an increased incidence of ISSHL.

The vascular theory of hearing loss etiology is
supported by the observation that obstructions in the
cochlear blood flow can lead to hearing loss; thereby,
confirming a relationship between cardiovascular risk
factors and sudden hearing loss.'®! Other studies have
suggested a relationship between cardiovascular disease
and meteorological conditions.*'”) For example, a
large-scale study by Schwartz et al.b! determined that
mortality rates due to circulatory failure were closely
related to influenza incidence, dew point temperature,
and barometric pressure. In our study, the observed
relationship between a change in atmospheric pressure
and an increase in ISSHL supports both the vascular
and the viral etiologic factor theories.

Several studies have demonstrated the effects of
weather changes on ISSHL, but weather conditions
have not been identified as an etiological factor in
diagnostic guidelines.? Some of these studies focused
on seasonal changes, whereas others centered on climate
change; hence, different and contradictory results were
reported. Similar to our findings, Herbert et al.® and
Mees et al.”! showed that low atmospheric pressure
might play a role in the etiology of ISSHL. By contrast,
Danielides et al.,'? in a series of 82 cases, found no
significant relationship between weather parameters
and ISSHL. Lin et al.,™ in a series of 8,712 cases, failed
to find any significant relationship between monthly
weather parameters and ISSHL.

Seo et al.,’” in a series of 607 cases, showed a
relationship between ISSHL and strong wind speeds
five days before ISSHL onset, while no relationship
was detected between other parameters, such as
temperature, humidity, and atmospheric pressure.
Unlike these studies, in our study, the wind speed had
no significant effect on ISSHL. However, the study
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by Seo at al.,'% which was based on the monthly mean
values of weather parameters during the assessment,
ignored the variability in daily weather parameters.
Many meteorological parameters, such as temperature,
humidity, wind speed, and atmospheric pressure, may
fluctuate daily. In our study, meteorological data were
received on a daily basis. The daily changes indicated
a low mean pressure (p=0.005), a high mean humidity
(p=0.002), and a high mean temperature (p<0.001).

Among the studies that have investigated the
relationship between climate changes and diseases,
Schwartz et al.;} evaluated the relationship between
cardiovascular mortality and climate factors in a
very crowded sample of 71,354,000 people scattered
over a very large geographical region. The authors
concluded that temperature had a variable effect
depending upon the location and indicated that people
become accustomed to their local temperature cycles.
Istanbul is under the influence of the Mediterranean,
Black Sea, and Terrestrial climates, with a mean
monthly temperature that ranges from 5.7°C (January)
to 23.1°C (August). Among similar studies, the study
by Danielides et al.l'"?) was performed in a climate most
similar to that of Istanbul. They reported no seasonal
or climatic effects in their study; however, they
included only a limited number of patients. A study
from Turkey by Gergeker et al.'! investigated the
relationship of hearing loss with seasons. Their series
of 164 cases living in Ankara, which is dominated
by a continental climate, revealed that a relationship
was most frequently evident in the spring, similar to
our findings. These increases in the spring can be
associated with low atmospheric pressure that, in turn,
is associated with an increased incidence of vascular
disease. These findings support the role of vascular
events due to pressure changes in the etiology of
ISSHL, although they do not completely exclude the
viral theory.

Our study is important in terms of having the largest
population to date to show a relationship between
ISSHL and meteorological effects on people living
on the seashore. The most important limitations of
our study were that the presence of any possible upper
respiratory tract infections was disregarded within the
study population, additional studies on viral pathogens
were lacking in this population, and the patients’
healing outcomes were not assessed.

In conclusion, we found that low atmospheric
pressure, high temperature, and high humidity were
correlated with ISSHL and that ISSHL was most
frequently seen in spring. Further studies are needed to
determine the direct or indirect roles of meteorological

conditions in the etiology of ISSHL.
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