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Effects of short- and long-term
exposure to air pollution

and meteorological factors

on Meniere’s disease

Hyo Geun Choi%%*3, Chang Ho Lee*, Dae Myoung Yoo?, Chanyang Min'*>, Bumjung Park? &
So Young Kim***

The association between air pollutants and Meniere’s disease has not been explored. The present
study investigated the relationship between meteorological factors and air pollutants on Meniere’s
disease. Participants, aged = 40 years, of the Korean National Health Insurance Service-Health
Screening Cohort were included in this study. The 7725 patients with Meniere’s disease were matched
with 30,900 control participants. The moving average meteorological and air pollution data of the
previous 7 days, 1 month, 3 months, and 6 months before the onset of Meniere’s disease were
compared between the Meniere's disease and control groups using conditional logistic regression
analyses. Additional analyses were conducted according to age, sex, income, and residential area.
Temperature range; ambient atmospheric pressure; sunshine duration; and levels of SO,, NO,, O3,
CO, and PM,, for 1 month and 6 months were associated with Meniere’s disease. Adjusted ORs (odds
ratios with 95% confidence interval [CI]) for 1 and 6 months of O; concentration were 1.29 (95% ClI
1.23-1.35) and 1.31 (95% Cl 1.22-1.42), respectively; that for the 1 and 6 months of CO concentration
were 3.34 (95% Cl 2.39-4.68) and 4.19 (95% Cl 2.79-6.30), respectively. Subgroup analyses indicated a
steady relationship of O; and CO concentrations with Meniere’s disease. Meteorological factors and air
pollutants were associated with the rate of Meniere’s disease. In particular, CO and O; concentrations
were positively related to the occurrence of Meniere’s disease.

Abbreviations

NHIS-HEALS Korean National Health Insurance Service-Health Screening Cohort
BMI Body mass index

CCI Charlson Comorbidity Index

OR Odds ratio

CI Confidence intervals

SD Standard deviation

Air pollutants have diverse impacts on health conditions'?. In addition to respiratory® or cardiovascular
diseases?, research has suggested associations between air pollutants and the nervous systems®. Exposure to
particulate matter has been suggested to be associated with the incidence of central nervous system diseases,
including Alzheimer’s and Parkinson’s disease because it is related to an increase in reactive oxygen species and
neuroinflammation®®. Oxidative stress and neuroinflammation may also impact the peripheral nervous sys-
tem. Thus, in addition to the central nervous system, air pollution has been reported to be related to the risk of
peripheral nervous system diseases, such as autonomic nervous dysfunction’, vestibular diseases of paroxysmal
positional vertigo®, and Meniere’s disease’.

Meniere’s disease causes dizziness and has a prevalence of about 0.27% in the United Kingdom study in
2006-2010 and 0.50% in the Finland study in 2005'>!1. It is characterized by recurrent vertigo and cochlear
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symptoms, such as hearing loss, tinnitus, and ear fullness'®!>!*. Endolymphatic hydrops has been acknowledged
as a pathology of Meniere’s disease, although the etiology of Meniere’s disease remains controversial'?. The asso-
ciation of ambient particulate matter exposure with the occurrence of Meniere’s disease has been demonstrated
in a time-series analysis study using the Poisson generalized additive model’. Moreover, meteorological factors
of atmospheric pressure and humidity have been presumed to be associated with vertigo or Meniere’s disease'*">.
Low atmospheric pressure and high humidity were associated with the severity of the symptom and attack of
Meniere’s disease in a longitudinal study in UK. However, the relationship between Meniere’s disease and
multiple air pollutants, while also considering the meteorological factors, has not been investigated.

We hypothesized that meteorological factors and air pollutants might influence the occurrence of Meniere’s
disease. Because the concentration of and exposure to air pollutants are influenced by meteorological factors,
air pollutants should be analyzed in the context of meteorological factors. For instance, the solubility of gaseous
pollutants in the atmosphere is determined by numerous meteorological factors, such as atmospheric pressure,
duration of sunshine, and temperature'®'”. Thus, this study concurrently investigated both meteorological fac-
tors and air pollutants to identify their association with Meniere’s disease. In addition, to elucidate the tempo-
ral relationship between air pollutants and Meniere’s disease, various exposure durations—1 week, 1 month,
3 months, and 6 months—to air pollutants were analyzed to evaluate their association with the occurrence of
Meniere’s disease.

Materials and methods

Ethics. The ethics committee of Hallym University (2019-10-023) approved this study. The requirement for
informed consent was waived by the Institutional Review Board of Hallym University, and all analyses complied
with the regulation of the ethics committee of Hallym University.

Study population and participant selection. We have described the Korean National Health Insurance
Service-Health Screening Cohort (NHIS-HEALS), meteorological, and air pollution data in the supplement
(S1 description) and in our previous studies'®-?. The meteorological and air pollution data were assigned to
the participants based on the residential address. The meteorological and air pollution data were measured by
automated synoptic observing system (ASOS) in 273 place over the country hourly and manually in 94 places
hourly?'. ASOS is an automated sensor which monitored the meteorological and aviation observations in the
designated area?.

Participants who were diagnosed with Meniere’s disease (ICD-10 codes: H810) between 2002 and 2015 were
selected from 514,866 patients with 615,488,428 medical claim codes (n=9032). To select participants who
were diagnosed with Meniere’s disease for the first time, we excluded those who were diagnosed with Meniere’s
disease between 2002 and 2003 (n=963). The control group included patients who were not diagnosed with
Meniere’s disease between 2002 and 2015 from the original population (n=505,834). The participants who had
no record since 2004 including the participants who died before 2004 (n=1518) were excluded. Participants
without audiometric examination findings (n=16,549) were also excluded.

Participants with histories of and were treated for head trauma (S00-S09); those with available head and neck
computed tomography evaluations (n=275; n=12,607); and those who were treated for brain tumors (C70-C72,
n=14; n=_820), disorders of the acoustic nerve (H933, n=22; n=120), and benign neoplasm of cranial nerves
(D333, n=23; n=191) were excluded from the Meniere’s disease and control participants groups. A Meniere’s
disease patient who did not have a record of total cholesterol was excluded (n=1).

The Meniere’s disease group was matched with the control group in a 1:4 ratio for age, sex, income, and region
of residence. The date of diagnosis of Meniere’s disease was set as the index date. Using the cross-over study
design with the index date, a random day in the 1-year period before the index date of the matched Meniere’s
disease group was defined as the index date for the control group. Patients with Meniere’s disease who did
not have enough matched control participants were excluded (n=9); thus, 443,129 control participants were
excluded during matching. In total, 7725 participants with Meniere’s disease and 30,900 control participants
were included (Fig. 1).

We analyzed the meteorological and air pollution data over an average of 7 days, 1 month (30 days), 3 months
(90 days), and 6 months (180 days) before the date of diagnosis of Meniere’s disease (index date, fixed exposure
windows).

Variables. Independent variable. Daily mean temperature (°C), daily highest temperature (°C), daily lowest
temperature (°C), daily temperature range (°C) (difference between daily highest temperature and daily low-
est temperature), relative humidity (%), ambient atmospheric pressure (hPa), duration of sunshine (h), rainfall
(mm), SO, (ppm), NO, (ppm), O; (ppm), CO (ppm), and PM;, (ug/m?) for a moving average of 7 days, 1 month
(30 days), 3 months (90 days), and 6 months (180 days) before the index data were collected®. These data were
gathered from Air Korea, which is managed by the Ministry of Environment in Korea®.

Covariate. Age groups with 5-year intervals (40-44, 45-49, 50-54..., and 70-74 years old; 7 age groups),
income groups (class 1, lowest income; to class 5, highest income), and the region of residence (urban [Seoul,
Busan, Daegu, Incheon, Gwangju, Daejeon, and Ulsan] and rural [Gyeonggi, Gangwon, Chungcheongbuk,
Chungcheongnam, Jeollabuk, Jeollanam, Gyeongsangbuk, Gyeongsangnam, and Jeju]) were collected?. Tobacco
smoking (nonsmoker, past smoker, and current smoker), alcohol consumption (<times a week and>1 times
a week), and obesity using body mass index (BMI; kg/m?) (underweight for <18.5, normal for>18.5 to<23,
overweight for>23 to <25, obese I for > 25 to <30, and obese II for > 30)* were classified based on the survey?.
Systolic/diastolic blood pressure, fasting blood glucose, and total cholesterol levels were measured. Benign par-
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Figure 1. A schematic illustration of the participants’ selection process that was used in the present study.

Of a total of 514,866 participants, 6050 of Meniere’s disease participants were matched with 24,200 control
participants for age, sex, income, and region of residence. Thereafter, the participants with Meniere’s disease and
control participants were matched for the same meteorological and air pollution data before the index date.

oxysmal vertigo (H811), vestibular neuronitis (H812), and other peripheral vertigo (H813) were assigned based
on the diagnostic code and clinical visits for > 2 times. Comorbidities were evaluated using the Charlson Comor-
bidity Index (CCI) (score: 0, no comorbidities; to 29, multiple comorbidities)?’.

Dependent variable. Meniere’s disease was diagnosed using ICD-10 codes (H810). Only participants who vis-
ited clinics>2 times and with available audiometric examination results (claim code: E6931-E6937, F6341-
F6348) were enrolled”®*. The diagnostic histories of Meniere’s disease was analyzed for the associations with
meteorological and air pollutant factors.

Statistical analyses. The Meniere’s disease and control groups were compared for discrete variables using
chi-square tests. The mean meteorological and air pollution data for 30 days and 180 days were compared using
independent ¢-tests.

The odds ratio (OR) with 95% confidence intervals (CI) of meteorological and air pollution data for Meniere’s
disease participants were calculated using crude (simple model), model 1 (adjusted for total cholesterol, SBP,
DBBP, fasting blood glucose, obesity, smoking status, alcohol consumption, and CCI score), and model 2 (adjusted
for model 1 plus benign paroxysmal vertigo, vestibular neuronitis, other peripheral vertigo, temperature range,
relative humidity, pressure, sunshine duration, SO,, NO,, O;, CO, and PM,; using the forward selection method)
of conditional logistic regression. The matched variables were stratified. The results of the other days of exposure
are presented in the supplement file (Table S2-S7).

Subgroup analyses were conducted according to age, sex, income, and region of residence (< 60 years old
and > 60 years old; men and women; low income and high income; urban and rural).
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Two-tailed analyses were conducted using SAS version 9.4 (SAS Institute Inc., Cary, NC, USA). P-values <0.05
were defined as statistically significant.

Results

Among the meteorological and air pollution data for 30 days, mean temperature, the lowest temperature, rela-
tive humidity, ambient atmospheric pressure, rainfall, concentrations of SO, (ppb), NO, (ppb), O; (ppb), CO
(ppb), and PM,, (ug/m?) were different between Meniere’s disease and control groups (all P <0.05, Tables 1 and
Table S8). For the meteorological and air pollution data for 180 days, mean temperature, the highest tempera-
ture, the lowest temperature, sunshine duration, rainfall, and the concentrations of SO, (ppb), NO, (ppb), O,
(ppb), CO (ppb), and PM,, (ug/m?®) were different between the Meniere’s disease group and the control group
(all P<0.05, Table 1). The distributions of BMI, smoking, CCI, benign paroxysmal vertigo, vestibular neuronitis,
other peripheral vertigo, SBP, DBP, and fasting blood glucose were different between the Meniere’s disease and
control groups (all P <0.05, Table 1).

The Meniere’s disease group showed higher OR values for relative humidity, ambient atmospheric pres-
sure, sunshine duration, and air pollutants of O; and CO for 30 days than the control group. Adjusted OR was
1.01 (95% CI 1.00-1.01) for relative humidity; 1.01 (95% CI 1.01-1.02) for ambient atmospheric pressure; 1.08
(95% CI 1.04-1.11) for sunshine duration, 1.29 (95% CI 1.23-1.35) for O, and 3.34 (95% CI 2.39-4.68) for CO
(Table 2). The temperature range, SO,, and PM, for 30 days in Meniere’s disease group were associated with
lower OR values than those in the control group. Adjusted OR was 0.94 (95% CI 0.92-0.97) for temperature
range, 0.57 (95% CI=0.45-0.74) for SO,, and 0.94 (95% CI 0.92-0.97) for PM,,,.

The positive associations of Meniere’s disease with ambient atmospheric pressure, sunshine duration, O, and
CO, and the negative associations of temperature range, SO,, and PM,, with Meniere’s disease, were consist-
ent for the 180 days of exposure (Table 3). Adjusted OR was 1.02 (95% CI 1.01-1.03) for ambient atmospheric
pressure, 1.16 (95% CI 1.10-1.23) for sunshine duration, 2.03 (95% CI 1.09-3.77) for NO, concentration, 1.31
(95% CI 1.22-1.42) for O concentration, and 4.19 (95% CI 2.79-6.30) for CO concentration. In contrast, the
adjusted OR was 0.95 (95% CI 0.92-0.98) for temperature range, 0.50 (95% CI 0.37-0.67) for SO,, and 0.84 (95%
CI 0.80-0.88) for PM,,.

These relationships between meteorological factors and air pollutants with Meniere’s disease were valid in
the subgroups of age, sex, income, and region of residence for both 30 and 180 days of exposure (Figs. 2, 3,
Tables S2 and S3). The 7 days and 90 days exposure also showed a relationship between relative humidity, ambient
atmospheric pressure, sunshine duration, O;, and CO, with an overall higher OR values for Meniere’s disease;
this association was also observed in the age, sex, income, and region of residence subgroups (Tables S4-S7).

Discussion

Higher exposures to CO and O; were associated with the occurrence of Meniere’s disease. Among the meteoro-
logical factors, ambient atmospheric pressure and relative humidity were positively related with the occurrence
of Meniere’s disease, whereas temperature range showed a negative association. These associations between air
pollutants and meteorological factors were maintained for 7, 30, 90, and 180 days of exposure.

Exposure to CO had the highest OR values for the histories (incidence) of Meniere’s disease in the present
study. A few previous studies have reported the risk of hearing loss and vertigo to be associated with chronic
CO exposure®*-32, The main source of CO is the incomplete combustion of hydrocarbons from carbon-based
fuels®. The increase in free radical synthesis and the decrease in blood oxygen levels due to the high affinity of
CO to hemoglobin (carboxyhemoglobin) were presumed to be the pathophysiology of inner ear dysfunction
following prolonged CO exposure in animal studies****. Although the exposure concentration of CO was not as
high as to occur carboxyhemoglobin in animal studies, since the inner ear is supplied by the end artery and is
vulnerable to ischemic injury, reduced blood supply due to carboxyhemoglobin may induce inner ear dysfunc-
tion. Elevated levels of oxidative stress may result in neuroinflammation and neuronal necrosis>®. Moreover, it
has been reported that CO can function as a neurotransmitter and induce neurotoxicity in conditions of high
exposure’®¥. In summary, the oxidative stress and neurotoxic effects could contribute to the increased rate of
Meniere’s disease related to CO exposure.

Exposure to O; was associated with a high rate of Meniere’s disease in this study. A few studies have reported
the association between O; and Meniere’s disease, vertigo, or other inner ear diseases. O; exposure was associ-
ated with the risk of respiratory diseases, such as acute respiratory distress syndrome”; cardiovascular diseases,
such as hypertension®’; and mortality in the elderly*’. Moreover, because the inner ear is vulnerable to ischemic
injury, the cardiovascular compromise related to O; exposure could influence the risk of Meniere’s disease. In
addition, the increased risk of autoimmunity by air pollutants could mediate the occurrence of Meniere’s disease.
Through binding with aryl hydrocarbon reports, air pollutants can modulate activities of T helper 17 cells and
regulatory T cells, in that cause autoimmune responses*'. Autoimmune diseases have been known to contribute
to the development of Meniere’s disease*?~*4. Compared to general population, the patients with Meniere’s disease
showed higher prevalence for rheumatoid arthritis, systemic lupus erythematosus, and ankylosing spondylitis
(1.39%, 0.87%, and 0.70%, respectively)*’. A case-control study demonstrated the higher prevalence of immune
genotype associated with autoimmune diseases in the patients with Meniere’s disease*’. Thus, the common
pathophysiology of autoimmune could link the association between air pollution and Meniere’s disease.

Meteorological factors, including ambient atmospheric pressure, relative humidity, and temperature range,
were related to the risk of Meniere’s disease in this study. Two previous studies have also demonstrated the
associations between meteorological factors of atmospheric pressure and humidity with the risk of Meniere’s
disease!***. The risk of Meniere’s disease attack was 1.30 times higher at an atmospheric pressure below 1013
hectopascals (95% CI 1.10-1.54)™. In addition, a high humidity (above 90%) was related to a 1.26-fold higher
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Total participants
Characteristics Meniere’s disease | Control P-value
Age (years old, n, %) 1.000
40-44 72 (0.9) 288 (0.9)
45-49 470 (6.1) 1880 (6.1)
50-54 1130 (14.6) 4520 (14.6)
55-59 1335 (17.3) 5340 (17.3)
60-64 1254 (16.2) 5016 (16.2)
65-69 1231 (15.9) 4924 (15.9)
70-74 1114 (14.4) 4456 (14.4)
75-79 722 (9.4) 2888 (9.4)
80-84 318 (4.1) 1272 (4.1)
85+ 79 (1.0) 316 (1.0)
Sex (n, %) 1.000
Male 2748 (35.6) 10,992 (35.6)
Female 4977 (64.4) 19,908 (64.4)
Income (n, %) 1.000
1 (lowest) 1340 (17.4) 5360 (17.4)
2 965 (12.5) 3860 (12.5)
3 1193 (15.4) 4772 (15.4)
4 1603 (20.8) 6412 (20.8)
5 (highest) 2624 (34.0) 10,496 (34.0)
Region of residence (n, %) 1.000
Urban 3258 (42.2) 13,032 (42.2)
Rural 4467 (57.8) 17,868 (57.8)
Obesity (BMI, kg/m?, n, %) <0.001*
<18.5 (underweight) 151 (2.0) 808 (2.6)
>18.5 to <23 (normal) 2638 (34.2) 11,050 (35.8)
>23 to <25 (overweight) 2164 (28.0) 8210 (26.6)
>25 to <30 (obese I) 2537 (32.8) 9796 (31.7)
>30 (obese II) 235 (3.0) 1036 (3.4)
Smoking status (n, %) <0.001*
Nonsmoker 6241 (80.8) 24,418 (79.0)
Past smoker 812 (10.5) 2890 (9.4)
Current smoker 672 (8.7) 3592 (11.6)
Alcohol consumption (n, %) 0.574
<1 time a week 5797 (75.0) 23,092 (74.7)
>1 time a week 1928 (25.0) 7,808 (25.3)
Charlson comorbidity index (n, %) <0.001*
0 5160 (66.8) 22,324 (72.3)
1 1592 (20.6) 5189 (16.8)
2 552 (7.2) 1858 (6.0)
3 220 (2.9) 855 (2.8)
>4 201 (2.6) 674 (2.2)
Benign paroxysmal vertigo 2626 (34.0) 1953 (6.3) <0.001*
Vestibular neuronitis 841 (10.9) 441 (1.4) <0.001*
Other peripheral vertigo 1808 (23.4) 1400 (4.5) <0.001*
Total cholesterol (mg/dL, mean, SD) 200.3 (38.3) 200.0 (38.8) 0.476
SBP (mmHg, mean, SD) 126.2 (16.2) 127.0 (17.0) <0.001*
DBP (mmHg, mean, SD) 77.6 (10.3) 78.0 (10.7) 0.001*
fﬁ;}g%}’jg:i’gls'g;’“ 99.7 (25.4) 101.1 (31.2) <0.001*
Meteorological factors
Mean temperature for 30 days (°C) 13.1 (9.4) 12.8 (9.5) 0.046*
Highest temperature for 30 days (°C) 18.2 (9.3) 18.0 (9.4) 0.057
Lowest temperature for 30 days (°C) 8.7 (9.8) 8.4 (9.9) 0.040*
Temperature range for 30 days (°C) 9.6 (2.1) 9.6 (2.1) 0.222
Relative humidity for 30 days (%) 66.1 (9.8) 65.7 (9.9) 0.005*
Continued
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Total participants

Characteristics Meniere’s disease | Control P-value

Ambient atmospheric pressure for 30 days (hPa) 1005.7 (7.8) 1005.9 (7.8) 0.036*
Sunshine duration for 30 days (h) 6.0 (1.3) 06.0 (1.3) 0.001*
Rainfall for 30 days (mm) 8.2(3.7) 8.3 (4.0) 0.043*
SO, for 30 days (ppb) 5.1(1.8) 5.2(1.8) <0.001*
NO, for 30 days (ppb) 22.2(9.6) 23.2(10.0) <0.001*
0, for 30 days (ppb) 256 (9.2) 24.4(9.1) <0.001*
CO for 30 days (ppb) 514.9 (142.3) 522.7 (147.0) <0.001*
PM,, for 30 days (pg/m?) 50.2 (14.4) 51.2 (14.5) <0.001*
Mean temperature for 180 days (°C) 12.6 (6.2) 12.8 (6.2) 0.018%
Highest temperature for 180 days (°C) 17.8 (6.0) 18.0 (6.0) 0.012%
Lowest temperature for 180 days (°C) 8.3 (6.5) 8.4 (6.5) 0.032*
Temperature range for 180 days (°C) 9.6 (1.5) 9.6 (1.5) 0.424

Relative humidity for 180 days (%) 65.9 (6.9) 65.8 (6.9) 0.312

Ambient atmospheric pressure for 180 days (hPa) 1006.1 (6.2) 1005.9 (6.1) 0.086

Sunshine duration for 180 days (h) 6.0 (0.7) 5.9 (0.7) <0.001*
Rainfall for 180 days (mm) 8.2(2.0) 8.4(2.1) <0.001*
SO, for 180 days (ppb) 5.1(1.4) 52(1.4) <0.001*
NO, for 180 days (ppb) 22.4(8.9) 23.2(9.2) <0.001*
0, for 180 days (ppb) 25.0 (6.8) 243 (6.7) <0.001*
CO for 180 days (ppb) 520.5 (110.7) 525.1 (113.6) 0.001*
PM,, for 180 days (ug/m?) 50.3 (9.6) 51.5(9.8) <0.001*

Table 1. General characteristics of participants. BMI body mass index (kg/m?), ppb Parts per billion, ppm
Part per million (= 1000 ppb), SD standard deviation. *Chi-square test or independent T-test. Significance at

P<0.05.
Odds ratio for Meniere’s disease (95% CI)

Characteristics Crude® P-value | Model 1"* P-value | Model 2™* P-value
Mean temperature for 30 days (10 °C) 1.03 (1.00-1.06) 0.045% | 1.02 (0.99-1.05) 0.217
Highest temperature for 30 days (10 °C) 1.03 (1.00-1.05) 0.057 1.02 (0.99-1.05) 0.279
Lowest temperature for 30 days (10 °C) 1.03 (1.00-1.05) 0.039* | 1.02 (0.99-1.05) 0.177
Temperature range for 30 days (10 °C) 0.91 (0.79-1.04) 0.164 | 0.88(0.76-1.02) 0.085 | 0.56 (0.44-0.71) <0.001*
Relative humidity for 30 days (10%) 1.04 (1.01-1.07) 0.003* | 1.04 (1.01-1.07) 0.011* | 1.07 (1.02-1.12) 0.003*
EAlr(;lEiIil:)t atmospheric pressure for 30 days 0.97 (0.94-1.00) 0.034* | 0.97 (0.94-1.01) 0.107 | 1.15(1.10-1.21) <0.001*
Sunshine duration for 30 days (h) 1.03 (1.01-1.05) 0.001* | 1.04 (1.02-1.06) <0.001* | 1.08 (1.04-1.11) <0.001*
Rainfall for 30 days (10 mm) 0.94 (0.88-1.00) 0.052 0.91 (0.85-0.98) 0.010*
SO, for 30 days (0.01 ppm) 0.67 (0.58-0.77) | <0.001* | 0.69 (0.59-0.81) <0.001* | 0.57 (0.45-0.74) <0.001*
NO, for 30 days (0.1 ppm) 0.24 (0.17-0.32) | <0.001* | 0.35(0.25-0.50) | <0.001*
O, for 30 days (0.01 ppm) 1.17 (1.13-1.20) | <0.001* | 1.16 (1.13-1.20) <0.001* | 1.29 (1.23-1.35) <0.001*
CO for 30 days (ppm) 0.68 (0.57-0.81) | <0.001* | 0.68 (0.56-0.83) <0.001* | 3.34 (2.39-4.68) <0.001*
PM,, for 30 days (10 pg/ms) 0.95 (0.93-0.97) | <0.001* | 0.95 (0.94-0.97) <0.001* | 0.94 (0.92-0.97) <0.001*

Table 2. Crude and adjusted odd ratios (95% confidence interval, CI) of the meteorological and pollution
matter (mean of 30 days before index date) for Meniere’s disease. CCI Charlson comorbidity index, DBP
diastolic blood pressure, SBP systolic blood pressure. *Conditional logistic regression model, Significance
at P <0.05. TStratified model for age, sex, income, and region of residence. *A model 1 was adjusted for total
cholesterol, SBP, DBP, fasting blood glucose, obesity, smoking status, alcohol consumption, and CCI score.
S A model 2 was adjusted for full insertion using forward selection method. The model was finally adjusted
for temperature range, relative humidity, ambient atmospheric pressure, sunshine duration, SO,, O, CO,
PM,, obesity, smoking status, CCI score, fasting blood glucose, SBP, benign paroxysmal vertigo, vestibular
neuronitis, and other peripheral vertigo.
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Odds ratio for Meniere’s disease (95% CI)
Characteristics Crude’ P-value | Model 1%* P-value | Model 2™° P-value
Mean temperature for 180 days (10 °C) 0.95 (0.91-0.99) 0.018% | 0.94 (0.90-0.98) 0.007*
Highest temperature for 180 days (10 °C) 0.95 (0.91-0.99) 0.012* | 0.93 (0.89-0.98) 0.003*
Lowest temperature for 180 days (10 °C) 0.96 (0.92-1.00) 0.029% | 0.95 (0.91-0.99) 0.015*
Temperature range for 180 days (10 °C) 0.89 (0.71-1.11) 0.283 | 0.79 (0.62-1.01) 0.059 | 0.58 (0.42-0.80) 0.001*
Relative humidity for 180 days (10%) 1.02 (0.98-1.06) 0.264 | 1.02 (0.98-1.07) 0.319
ﬁ’(‘)‘fli;:)t atmospheric pressure for 180 days |} 4 (; 59_1 og) 0.077 | 1.05 (1.00-1.10) 0.035* | 122 (1.15-1.29) | <0.001*
Sunshine duration for 180 days (h) 1.13 (1.09-1.18) <0.001* | 1.15(1.11-1.20) <0.001* | 1.16 (1.10-1.23) <0.001*
Rainfall for 180 days (10 mm) 0.59 (0.52-0.67) <0.001* | 0.58 (0.51-0.67) <0.001*
SO, for 180 days (0.01 ppm) 0.61(0.51-0.74) | <0.001* | 0.62 (0.50-0.77) | <0.001* | 0.50 (0.37-0.67) | <0.001*
NO, for 180 days (0.1 ppm) 0.21 (0.15-0.29) <0.001* | 0.33 (0.22-0.48) <0.001* | 2.03 (1.09-3.77) 0.026*
O; for 180 days (0.01 ppm) 1.21(1.17-1.27) <0.001* | 1.20 (1.15-1.26) <0.001* | 1.31 (1.22-1.42) <0.001*
CO for 180 days (ppm) 0.68 (0.54-0.86) 0.001* | 0.65 (0.51-0.84) 0.001* | 4.19 (2.79-6.30) | <0.001*
PM,, for 180 days (10 pg/ma) 0.88 (0.86-0.91) <0.001* | 0.88 (0.86-0.91) <0.001* | 0.84 (0.80-0.88) <0.001*

Table 3. Crude and adjusted odd ratios (95% confidence interval, CI) of the meteorological and pollution
matter (mean of 180 days before index date) for Meniere’s disease. CCI Charlson comorbidity index, DBP
diastolic blood pressure, SBP systolic blood pressure. *Conditional logistic regression model, Significance

at P <0.05. TStratified model for age, sex, income, and region of residence. *A model 1 was adjusted for total
cholesterol, SBP, DBP, fasting blood glucose, obesity, smoking status, alcohol consumption, and CCI score.
A model 2 was adjusted for full insertion using forward selection method. The model was finally adjusted
for temperature range, ambient atmospheric pressure, sunshine duration, SO,, NO,, O;, CO, PM,,, obesity,
smoking status, CCI score, fasting blood glucose, SBP, benign paroxysmal vertigo, vestibular neuronitis, and
other peripheral vertigo.

incidence of Meniere’s disease (95% CI 1.06-1.49)'*. The potential impacts of changes in atmospheric pressure on
endolymphatic pressure via the middle ear have been postulated*. In addition, an experimental study suggested
the existence of an atmospheric pressure sensor in the vestibular system*”. Temperature changes are associated
with fluctuations in atmospheric pressure and seasons. In addition, the variabilities of temperature or atmospheric
pressure could act as a stressor and induce physiological responses*®.

To the best of our knowledge, this is the largest population data analyzed to identify the impacts of meteoro-
logical and air pollutants factors on Meniere’s disease. Owing to the large study population, we could include
enough control group participants to matched for age, sex, income, and region of residence. Past medical histories
and lifestyle factors, such as obesity, smoking, and alcohol consumption, were different between control and
Meniere’s group, in that these variables were adjusted to attenuate the possible confounding effects. Moreover,
multiple exposure durations were analyzed for their association with Meniere’s disease. However, the results
of vestibular function tests and pure tone audiometry tests were not available because this study was based on
health claims data. In addition, undiagnosed or subclinical cases could not be included. For meteorological and
air pollutants, indoor exposures could not be measured. Although many possible confounders were adjusted, the
impacts of remaining potential confounders, such as sleep time and stress level, could not be totally excluded in
the current study. Because this study was an observation study, the causality between air pollutants and Meniere’s
disease could not be determined. Lastly, because the study population was confined to Korea, ethnic or regional
differences could exist for other populations.

Conclusion
Both meteorological and air pollutants were related to the occurrence of Meniere’s disease. In particular, increased
exposure to O; and CO was associated with a higher incidence of Meniere’s disease.
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Figure 2. Subgroup analyses of odd ratios (95% confidence interval [CI]) of (a) ambient atmospheric pressure
for 30 days (hPa) (high odds ratios in the Meniere’s disease group of all analyzed subgroup except for rural

subgroup), (b) sunshine duration for 30 days (h) (high odds ratios in the Meniere’s disease group of > 60 years

old, high income, and urban subgroups) (c), SO, for 30 days (0.01 ppm) (high odds ratios in the Meniere’s
disease group of > 60 years old and rural subgroups), (d) O; for 30 days (0.01 ppm) (high odds ratios in the

Meniere’s disease group of all subgroups), (e) CO for 30 days (ppm) (high odds ratios in the Meniere’s disease

group of 260 years old, males, females, low income, high income, and urban subgroups), (f) and PM,, for
30 days (10 pg/m?®) (low odds ratios in the Meniere’s disease group of all subgroups except for urban subgroup).
(NA: not available).
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Figure 3. Subgroup analyses of odd ratios (95% confidence interval [CI]) of (a) ambient atmospheric pressure
for 180 days (hPa) (high odds ratios in the Meniere’s disease group of all analyzed subgroup except for rural
subgroup), (b) sunshine duration for 180 days (h) (high odds ratios in the Meniere’s disease group of all
subgroups except for low income subgroup) (c), SO, for 180 days (0.01 ppm) (low odds ratios in the Meniere’s
disease group of all subgroups except for rural subgroup), (d) O; for 180 days (0.01 ppm) (high odds ratios in
the Meniere’s disease group of all subgroups except for rural subgroup), (e) CO for 180 days (ppm) (high odds
ratios in the Meniere’s disease group of all subgroups except for rural subgroup), (f) and PM,, for 180 days

(10 pg/m?®) (low odds ratios in the Meniere’s disease group of all subgroups except for urban subgroup). (NA:
not available).
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