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A B S T R A C T

Purpose: Specific meteorological factors, including air pollution in the form of particulate matter (PM), affect the
development of otologic disease and have adverse effects on the cardiovascular and respiratory systems. This
study investigated relationships between the development of sudden sensorineural hearing loss(SSNHL) and
meteorological factor with air pollution including PM.
Materials and methods: The daily patient number in 2015 admitted to the hospital with SSNHL were extracted
from the Health Insurance Review and Assessment Service Bigdata in Busan. The meteorological factors and air
pollution data of Busan area were obtained from meteorological stations in Busan. The relationship between the
number of hospitalizations and the climatic factors was checked.
Results: SSNHL patient group showed more common in women, and the highest rates were observed in patients
in their 50s. The daily mean patient numbers were 2.27. The number of SSNHL patients in spring was statistically
significantly higher than that in summer. The mean daily PM10 and PM2.5 concentrations were 48.0 and
29.4 μg/m3, respectively. The mean wind speed, maximum wind speed and daily atmospheric pressure range
was weakly positively associated with SSNHL patient number. There were weak negative correlations between
maximum PM2.5 and SSNHL admissions. The mean temperature and wind chill index showed non-significantly
negative relationships with SSNHL admissions.
Conclusions: In Busan area, statistically significant weak relationships were detected between the daily numbers
of patients admitted to the hospital with SSNHL and meteorological data, including PM level. Further in-
vestigation of these associations is required.

1. Introduction

Emergency otologic conditions such as sudden sensorineural
hearing loss (SSNHL) require urgent evaluation, followed by appro-
priate treatment [1]. Viral infection, vascular occlusion, neoplasm, and
immunologic factors have been suggested as potential causes of SSNHL,
but the evidence to date remains unclear [2].

The global trend of urbanization and industrialization is increasing
the problem of air pollution worldwide, and there is increasing concern
about it. Recently, there have been many studies on the health effects of
particulate matter (PM). PM is a widespread air pollutant, consisting of
a mixture of solid and liquid particles suspended in the air [3]. It is

usually measured and managed in two ways, depending on whether the
diameter of the particles is< 2.5 μm (PM2.5) or< 10.0 μm (PM10).
Exposure to PM has been identified as a cause of various health pro-
blems including increased hospital admissions, emergency room visits,
exacerbation of chronic respiratory and cardiovascular diseases, de-
creased lung function, and premature mortality [4].

Busan is the second largest city in South Korea. Located at the
southeast end of the country, facing the sea and surrounded by
mountains in the north, the climate is warm and humid. This me-
tropolitan city has the largest port in South Korea and has a lot of au-
tomobile exhaust due to its large population. In addition, mid-level
industry is relatively well developed in the region. Therefore, the PM
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level in Busan is relatively high.
Associations between meteorological factors and the onset of SSNHL

have been investigated, but no studies have demonstrated significant
relationships between them and air pollution parameters such as PM. In
the current Busan-based study, we investigated whether the onset of
SSNHL was associated with meteorological factors and air pollution
including PM levels.

2. Materials and methods

Daily hospital admission numbers for SSNHL in Busan from January
2015 to December 2015 were retrospectively extracted using the Health
Insurance Review and Assessment Service (HIRA) Bigdata database. In
the Republic of Korea, the entire population, including resident aliens,
is enrolled in the Korean National Health Insurance Service (NHIS), and
HIRA is an organization that reviews and evaluates the appropriateness
of the claimed NHIS medical activities. The Bigdata database managed
by this organization includes patient demographics, medical service
use, and medication information, among other things. Within this da-
tabase, patients who were admitted to the hospital via an outpatient
clinic or emergency room, with an International Classification of
Diseases code of H91.2(SSNHL), were identified as patients with SSNHL
patient. To rule out duplicate hospitalizations in the calculation of
patient numbers, we counted only one case of re-admission with the
same diagnosis within 2 weeks after discharge. This study was approved
by the institutional review board of the Pusan National University
Yangsan Hospital (PNUYH IRB, number 05-2016-175).

Meteorological factor data were measured by the Busan Regional
Meteorological Administration located in Jung-gu, Busan, and obtained
from the Korea Meteorological Administration website (www.kma.go.
kr). The meteorological factors analyzed were mean temperature, daily
temperature range, mean wind speed, maximum wind speed, mean sea
level atmospheric pressure, daily sea level atmospheric pressure range,
mean dew point and wind chill index. The wind chill index was cal-
culated using the daily mean temperature and mean wind speed ac-
cording to the formula suggested by the Joint Action Group for
Temperature Indices (2001) as follows:

= + − +
+ +Twc Ta V TaV13.12 0.6215 11.37 0.39650.16 0.16

where Twc is the wind chill index(°C), Ta is the air temperature (°C),
and V is the wind speed(km/h).

Air pollution parameters are mean sulfur dioxide(SO2), mean
carbon monoxide(CO), mean ozone(O3), mean nitrogen dioxide(NO2)
and PM levels. Air pollution data were measured at the same location
and recorded hourly based on the levels reported on the Korea
Environment Corporation website (www.airkorea.or.kr). PM data con-
sisted of daily mean PM2.5 and PM10 levels and daily maximum PM2.5
and PM10 levels.

Statistical analyses were performed using SAS software version 9.2
(SAS Institute, Cary, NC). The total number of health insurance bene-
ficiaries in the HIRA database and the prevalence rates of SSNHL were
determined. To analyze the seasonal trend of SSNHL, the average
number of patients per season was compared by ANOVA analysis. The
distribution of SSNHL patients was regarded as the Poisson distribution
and the log linear model was used to estimate the seasonal odds ratio.
To investigate the effects of meteorological factors including air pol-
lution on SSNHL, mean daily temperature range, mean wind speed,
maximum wind speed, mean atmospheric pressure, daily pressure
range, mean dew point and wind chill index, mean SO2, mean CO,
Mean O3, mean NO2, daily mean PM2.5 and PM10, and daily maximum
PM2.5 and PM10 were compared with the daily number of SSNHL
patients admitted on the same day. Pearson's correlation coefficient
analysis was used to analyze associations. In such analyses, the closer
the R value is to 1 the stronger the correlation, and a negative value
indicates a negative correlation. p < 0.05 was considered statistically
significant.

3. Results

The characteristics of patients with SSNHL are shown in Table 1. In
the case of SSNHL, the total number of patients was 817 (mean age
51.0 ± 16.5 years), and prevalence was 23.4 per 100,000 population.
The proportion of female patients was higher, the daily mean number of
patients was 2.27 ± 2.0, and the mean hospital stay was
7.1 ± 2.7 days. Of the age-groups analyzed, the highest numbers of
patients were in their 50s, but the prevalence increased with age

Table 1
Summary of the sudden sensorineural hearing loss patient data.

Variables Number

Number of patients (prevalencea) 817 (23.4)
Male (prevalencea) 350 (20.5)
Female (prevalencea) 467 (26.5)
Mean age 51.0 ± 16.5
Mean number of patients daily 2.27 ± 2.0
Mean duration of admission 7.1 ± 2.7

a Per 100,000 population.
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Fig. 1. Sex and age specific patient numbers and prevalence of sudden sen-
sorineural hearing loss in 2015. In the sudden sensorineural hearing loss patient
group, the highest numbers of patients were aged in their 50s, and prevalence
increased with age.
SSNHL, sudden sensorineural hearing loss.

Table 2
Summary of meteorological factor and air pollution including particulate
matter data derived from Busan, South Korea.

Variables Mean ± SD Maximum Minimum

Meteorological data
Mean temperature (°C) 15.48 ± 7.51 29.1 −2.2
Daily temperature range (°C) 7.33 ± 2.39 17.2 1.3
Mean wind speed (m/s) 3.10 ± 1.15 8.9 1.1
Maximum wind speed (m/s) 10.39 ± 3.26 25.3 4
Mean atmospheric pressure (hPa) 1015.93 ± 7.52 1034.4 995.4
Daily pressure range (hPa) 5.12 ± 2.95 21.3 1.3
Mean dew point (°C) 8.81 ± 10.23 24.9 −17.4
Wind chill index (°C) 15.08 ± 9.13 31.44 −7.36

Air pollution data
Mean sulfur dioxide (ppm) 0.0085 ± 0.0046 0.0254 0.0011
Mean carbon monoxide (ppm) 0.431 ± 0.096 0.770 0.208
Mean ozone (ppm) 0.024 ± 0.009 0.060 0.004
Mean nitrogen dioxide (ppm) 0.027 ± 0.010 0.060 0.008
Mean PM10 (μg/m3) 48.01 ± 24.10 240.50 12.96
Maximum PM10 (μg/m3) 74.80 ± 35.79 352 21
Mean PM2.5 (μg/m3) 29.40 ± 13.65 81.23 4.88
Maximum PM2.5 (μg/m3) 46.59 ± 19.10 107 7

SD, standard deviation; ppm, parts per million; PM, particulate matter.
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(Fig. 1).
Meteorological factors and air pollution including PM levels in 2015

are summarized in Table 2. Fig. 2 shows monthly data pertaining to the
numbers of patients with SSNHL. The mean temperature, mean

atmospheric pressure, mean dew point, and wind chill index showed a
clear seasonal variation. Mean SO2, Mean O3, Mean NO2, PM10 and
PM2.5 showed a tendency to increase between February and June, and
mean CO increased in winter season. With regard to SSNHL, the highest
number of patients were admitted in April, and the lowest, in August. In
the ANOVA analysis, there was no significant difference in the mean
number of patients between the four seasons. The analysis of the odds
ratio revealed that the number of patients decreased statistically sig-
nificantly in the summer than in the spring (Table 3).

Statistical analyses were performed to assess correlations between
changes in patient numbers and meteorological factors and air pollution
including PM levels. In the SSNHL group, there were weak negative
correlations between the mean numbers admitted to the hospital and
both temperature and daily temperature range, but neither correlation
was not statistically significant. The mean wind speed and maximum
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Fig. 2. Monthly distribution of sudden sensorineural hearing loss patients in conjunction with meteorological factor and air pollution including particulate matter
levels. The SSNHL group had the largest number of patients in April and the smallest number in August. (A) The monthly distribution of mean temperature and daily
temperature range showed seasonal variation. (B) Mean wind speed and maximum wind speed were higher in winter. (C) The monthly distribution of mean
atmospheric pressure showed seasonal variation. (D) The monthly distribution of mean dew point and wind chill index showed similar trend with mean temperature
(E, F) The level of air pollution showed seasonal variation. (G, H) Monthly mean and maximum PM10 and PM2.5 were higher in late winter and spring.
SSNHL, sudden sensorineural hearing loss; CO, carbon monoxide; SO2, sulfur dioxide; O3, ozone; NO2, nitrogen dioxide; PM, particulate matter.

Table 3
Seasonal trend of the sudden sensorineural hearing loss patients.

Number of patient Mean ± SD Odds ratio (95% CI) p Value

Spring 230 2.5 ± 0.2 1 –
Summer 172 1.9 ± 0.2 0.75 (0.61, 0.91) 0.004
Fall 204 2.2 ± 0.2 0.89 (0.73, 1.07) 0.212
Winter 211 2.3 ± 0.2 0.92 (0.76, 1.11) 0.366

SD, standard deviation; CI, confidence interval.
Bolded data means "statistically significant"
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wind speed were weakly but statistically significantly positively cor-
related with the number of patients admitted. Mean sea level atmo-
spheric pressure and wind chill index were not correlated with the
number of patients. However, daily pressure range showed weakly
positive correlation with number of SSNHL patient (Fig. 3).

Air pollution parameters including mean SO2, mean CO, mean O3,
mean NO2, mean PM10, maximum PM10 and mean PM2.5 showed no
significant relationship with number of SSNHL patient. However,
Maximum PM2.5 level was weakly but statistically significantly nega-
tively correlated with the number of SSNHL patients admitted (Fig. 4).

4. Discussion

SSNHL is characterized by rapid onset, occurring over a 72-hour
period, and a subjective sensation of hearing impairment in unilateral
or bilateral ears. Audiologically, SSNHL is defined as a decrease in
hearing of ≥30 decibels (dB), affecting at least 3 consecutive fre-
quencies [1]. Various potential causes of SSNHL have been suggested,

but to date no definitive cause has been identified. In studies in-
vestigating viral infection in this context, 65% of patients had a history
of upper respiratory tract infections before the onset of SSNHL [5,6],
and in one case series, mumps virus was associated with approximately
7% of all cases of SSNHL [7]. Measles and rubella have also been re-
ported to be serologically associated with SSNHL [2,6,8]. Westmore
et al. [9] detected live mumps virus in the perilymph of SSNHL patients
after mumps parotitis. Notably, however, the prevalence of these in-
fectious diseases have decreased in recent decades following wide-
spread vaccination, but there has been no significant corresponding
change in the number of SSNHL patients [10]. In addition, there is no
test for confirming reactivation of the herpesviridae family (herpes
simplex types 1 and 2, varicella-zoster virus, cytomegalovirus, Epstein-
Barr virus, human herpes virus 6, 7, and 8) viruses.

The cochlea is an organ that is supplied with blood by an end artery.
There have been many studies investigating whether a vascular pro-
blem is the cause of SSNHL. Various mechanisms, including athero-
sclerosis, hypotension, and vasospasm have been studied but no

R=-0.087 p=0.098 R=-0.03 p=0.573 R=0.107 p=0.042

R=0.147 p=0.005 R=0.02 p=0.764 R=0.11 p=0.039

R=-0.08 p=0.144 R=-0.09 p=0.083

Fig. 3. Relationships between daily numbers of sudden sensorineural hearing loss patient admissions and meteorological factors. Mean wind speed (R= 0.107,
p= 0.042) and maximum wind speed (R= 0.147, p= 0.005) exhibited a statistically significant weakly positive correlation with the number of admissions. Daily
sea level atmospheric pressure range (R=0.11, p=0.039) showed a statistically significant weakly positive correlation with the number of admissions.
SSNHL, sudden sensorineural hearing loss.
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definitive histologic evidence has emerged indicating that vascular
problems are the cause of SSNHL [10,11]. In the presence of diabetes
mellitus, a risk factor for vascular related disease, SSNHL is more
common and has been reported to be more severe [12]. However, in
that study there was no significant correlation between smoking and
hypertension. In a study conducted in Taiwan, it was reported that the
risk of stroke within 5 years increased in SSNHL patients [13]. Vascular
problems play a role in the development of SSNHL; however, there is no
substantial evidence on this and thus vascular problems cannot be
considered a common cause of SSNHL [2].

Many studies have investigated associations between meteor-
ological factors and SSNHL. In a previous SSNHL study conducted in the
Republic of Korea, the occurrence of SSNHL was significantly higher in
March and April, and it was correlated with daily temperature range,
wind velocity, and PM10 level [14]. In that report, it was suggested that
the occurrence of SSNHL is associated with upper respiratory infection.
Seo et al. [15] reported that SSNHL onset was significantly associated
with the mean and maximum wind speed in a study investigating me-
teorological factors and SSNHL onset. In a SSNHL study in Taiwan that

included 9267 patients, the incidence of disease was found to be sea-
sonal, and it occurred most frequently in autumn [16]. Conversely, in
another study investigating the effects of meteorological factors on
SSNHL including 8712 people in Taiwan, no significant relationship
between monthly SSNHL incidence rates and weather conditions was
found [17]. Other studies have reported that the occurrence of SSNHL
and meteorological factors were not significantly associated [18,19]. In
a tertiary care center in New York, there was no significant difference in
the monthly incidence of SSNHL during the 3-year period, and there
was no significant seasonal distribution in the patient group with upper
respiratory infection before their SSNHL episode [20].

In addition to studies on SSNHL and meteorological factors, there
are indications that meteorological factors may affect various other
diseases. In research conducted in the UK, atmospheric pressure and
humidity were found to be associated with symptom exacerbation in
Meniere's disease [21]. There are reports that there may be changes in
viral infection owing to differences in climate [22–24], and the onset of
ischemic stroke [25] and acute myocardial infarction have been re-
ported to be associated with low temperature and low atmospheric

R=0.020 p=0.700 R=0.020 p=0.701

R=-0.088 p=0.092 R=-0.122 p=0.020

R=-0.04 p=0.408 R=-0.05 p=0.360 R=-0.05 p=0.368

R=0.03 p=0.571

Fig. 4. Relationships between daily numbers of sudden sensorineural hearing loss patient admissions and air pollution including particulate matter levels. Maximum
PM2.5 was negatively correlated with the number of patient admissions (R=−0.122, p=0.020).
SSNHL, sudden sensorineural hearing loss; PM, particulate matter.
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pressure [26].
Research on the relationship between air pollution(especially PM)

and various diseases is now actively being conducted in many fields. In
a study investigating the occurrence of respiratory diseases, including
acute bronchitis, allergic rhinitis, and asthma, and the associated effects
of PM and meteorological factors conducted in the same area as the
current study from 2007 to 2010, hospital admission rates for re-
spiratory diseases increased with increasing PM and temperature and
with decreasing relative humidity, especially in children and elderly
individuals [27]. In a study conducted in Hefei in China, the risk of
pediatric upper respiratory tract infection increased by 0.15%, with a
95% confidence interval (CI) of 0.07%–0.23% when PM10 increased by
10 μg/m3, and for PM2.5 the increase was 0.38% (95% CI
0.17%–0.60%) [28]. In another region in China (Shenzhen), it was
reported that increased PM was associated with an increased incidence
of children aged<14 years presenting with acute respiratory infection
[29]. In vitro studies reported by Chen et al. [30] suggest that PM may
increase susceptibility to infection by increasing bacterial invasion of
airway epithelial cells. In an observational study conducted in an urban
region in Italy, respiratory syncytial virus bronchiolitis was negatively
correlated with temperature and positively correlated with relative
humidity, PM10, and PM2.5 [31]. In another report, long-term ex-
posure to PM2.5 reduced resistance to influenza virus, caused injury to
lung tissue cells, and downregulated immune defense mechanisms in
the lung [32]. Short-term exposure to PM, especially PM2.5, reportedly
increases the likelihood of cardiac arrest [33].

The current study was based on the hypothesis that viral infection
and microcirculatory problems are involved in the development of
SSNHL. Therefore, we hypothesized that increases in PM would be as-
sociated with increased numbers of SSNHL patients given the known
health effects of PM. According to the report of Korean centers for
disease control and prevention, the trend of influenza virus infection in
2015 was similar to that of the previous one, and the trend of other
respiratory viral infection was not significantly different from that of
the previous one. Therefore, there is no evidence of outbreak of a viral
illness that could overwhelm the data [34]. However, in statistical
analysis, SSNHL only exhibited weak positive correlations with mean
wind speed, maximum wind speed and daily sea level atmospheric
pressure range. And number of SSNHL patients were negatively corre-
lated with only maximum PM2.5 value. The correlation between wind
speed and PM level was also investigated, because PM level may have
decreased when wind speed increased. However, there was no such
negative correlation.

The current study has few limitations. First, further statistical ana-
lysis is required in the form of a new model that excludes interference
between each meteorological factor. The analysis of climate requires
various parameters to be considered. In this study, the effects of each
factor were analyzed together without any compensation. Second, the
duration of the study period was relatively short. The analysis only
included 1 year because public disclosure of PM2.5 levels began in
2015, and when extracting raw data pertaining to the patients, only
1 year of data could be extracted due to a data capacity consideration.
Therefore, further studies with longer duration should be needed after
this study. Third, because the patients were included on the basis of a
diagnostic code, there was a possibility of underestimation. Patients
who were not hospitalized were also excluded from the analysis. Only
hospitalized patients were analyzed because it was possible to hospi-
talize via the emergency room, so as to minimize the bias that might
otherwise occur because of missing patient admission information
pertaining to weekends or public holidays.

5. Conclusions

Whereas SSNHL admissions were weakly positively correlated with
the mean wind speed and maximum wind speed, unexpectedly, there
was a weak negative correlation with such admissions and the PM2.5

levels. This differed from the initial hypothesis of the study, that in-
creases in PM levels would be associated with increases in the in-
cidences of SSNHL admissions. Thus, further research incorporating an
extended study period and additional statistical analyses is required.
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