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Fluctuations in emergency
department visits related to acute
otitis media are associated with
extreme meteorological
conditions

Michael Nieratschker, Markus Haas, Mateo Lucic,

Franziska Pichler, Faris F. Brkic, Thomas Parzefall, Dominik Riss*

and David T. Liu

Department of Otorhinolaryngology, Head and Neck Surgery, Medical University of Vienna, Vienna,

Austria

Background: Climate change has been associated with a higher frequency of

extremeweather events, resulting in an overall increase in morbidity andmortality.

Acute otitis media (AOM) is one of the most common otolaryngological infections

and accounts for 1.5% of emergency department visits. This study aimed to identify

associations between extreme weather events and the immediate and delayed

risks for AOM-related emergency department visits (EV).

Methods: A total of 1,465 AOM-related EVs were identified in the Vienna General

Hospital between 2015 and 2018. A distributed lag non-linear model was applied

to evaluate the relationship between extreme weather conditions and the total

number of AOM-related EVs per day. The relative risk (RR) and cumulative RR (cRR)

of single-day events and extended weather events over three days were analyzed

over a lag period of 14 days.

Results: AOM-related EVs showed a pronounced seasonality, with the highest

occurrence during winter. Single-day weather events a�ected AOM-related EVs

only at high relative humidity. Prolonged extreme weather conditions over three

days, however, significantly increased the cRR for AOM-related EVs to 3.15 [1.26–

7.88; p = 0.014] and 2.14 [1.14–4.04; p = 0.018] at mean temperatures of −4◦C

(1st-percentile - p1) and 0◦C (p5) on the same day. Relative humidity of 37%

(p1) decreased RR to 0.94 [0.88–0.99; p = 0.032] on day 7, while extremely high

humidity of 89% (p99) led to an increased cRR of 1.43 [1.03–2.00; p= 0.034] on day

7. Heavy prolonged precipitation of 24mm (p95) reduced cRR beginning day 4 up

until day 14 to 0.52 [0.31–0.86; p = 0.012]. Prolonged low atmospheric pressure

events of 985hPa (p5) reduced the RR to 0.95 [0.91–1.00; p = 0.03], whereas

extremely high atmospheric pressure events of 1013hPa (p99) increased the RR

to 1.11 [1.03–1.20; p= 0.008]. Extremely low wind speeds significantly diminished

the RR of AOM-related EVs.

Conclusions: While single-day extreme weather events had little impact

on the occurrence of AOM-related EVs, extended periods of extreme

temperatures, relative humidity, precipitation, wind speeds and atmospheric

pressure significantly impacted the RR for AOM-related EVs. These findings

could help improve healthcare resource allocation in similar climates and aid in

educating patients about the role of environmental factors in AOM.
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Introduction

Extreme weather events are one of the main consequences of

the global rise in temperature associated with climate change, which

negatively impacts various health conditions such as cardiovascular

risk, pneumonia, and infectious disease transmission (1–3). Acute

otitis media (AOM) is one of the most frequent otolaryngologic

diagnoses among emergency department visits (EV) (4, 5), and

represents a significant burden to healthcare systems worldwide

(6, 7). Identifying environmental factors and the impact of extreme

weather events on the risk for AOM-related EVs might facilitate

optimal allocation of healthcare resources and improve overall

patient outcomes. Previous studies have shown an effect of

temperature and relative humidity on AOM-related EVs (8, 9).

However, it is currently unclear how extreme weather conditions

influence AOM-related EVs over time.

AOM is one of the most common infections in

otolaryngological and pediatric practice and accounts for

1.5% of all emergency department visits (10). Etiologically,

AOM is a multifactorial disease in which infectious, allergic,

and environmental causes contribute to the onset of the disease

(11). AOM is routinely preceded by viral upper respiratory

infections (URI), most commonly respiratory syncytial virus

(RSV), coronaviruses, influenza viruses, and adenoviruses (12, 13).

Inflammation causes dysfunction of the Eustachian tube (ETD),

resulting in negative pressure in the middle ear, which facilitates

the influx of viruses and bacteria into the middle ear (14).

This potentially induces a secondary bacterial infection by the

naturally residing pathogens of the nasopharynx, S. pneumoniae,

H. influenzae, and M. catarrhalis (11). Clinically, most common

AOM symptoms are otalgia, dull and diminished hearing, and may

be accompanied by otic discharge.

The primary age of onset of AOM is in newborns and

children between 4 months and 3 years. It is assumed that an

anatomically shorter and more horizontally oriented eustachian

tube promotes easier migration of pathogens into the middle ear

(15). Previous studies on the influence of meteorologic factors

on AOM occurrence have, therefore, focused on the pediatric

population, neglecting AOM-related EVs in adults (8, 9, 16).

However, a study by Ren et al. showed that of all patients who

developed complications related to AOM, 76% occurred in adults

(10). Complications result from pus formation in the middle

ear and a subsequent spread to adjacent anatomic structures,

manifesting as bacterial meningitis, venous sinus thrombosis,

labyrinthitis, mastoiditis, and facial nerve paralysis (10).

Environmentally, AOM has been shown to be more frequent

during winter months (8, 9). Meteorological factors such as

temperature, humidity, and atmospheric pressure have been shown

to influence AOM-related EVs, with an increased relative risk

observed at low temperatures and relative humidity as well as

during high atmospheric pressure events (8, 17, 18). Viral URI,

which are associated with a significant number of AOM cases,

Abbreviations: AOM, Acute otitis media; cRR, cumulative relative risk; df,

degrees of freedom; DLNM, distributed lag non-linear model; EV, emergency

department visit; GP, general practitioner; RR, relative risk; RSV, respiratory

syncytial virus; URI, upper respiratory infection.

are similarly correlated with temperature and humidity (19, 20).

To the best of our knowledge, currently, no data exists on the

effects of extreme weather events on AOM-related EVs in a

predominantly adult patient population. Furthermore, previous

studies have focused on the same-day effects on disease occurrence,

which might simplify weather’s effects on the occurrence of disease

(18, 21).

Therefore, this study aimed to evaluate the immediate and

delayed effects of extreme weather events on the occurrence

of AOM-related EVs in a tertiary hospital in Vienna, Austria.

We utilized a distributed lag non-linear model (DLNM) and

analyzed single-day and prolonged effects of mean temperature,

relative humidity, meanwind speed, precipitation, and atmospheric

pressure over 14 days.

Methods

Study population and meteorological data

In this study, all emergency department visits related to AOM,

from January 1, 2015, to December 31, 2018, were extracted from

the digital medical record system of the Vienna General Hospital.

Basic demographics such as age, sex, visit date, referral status, and

clinical information such as affected ear and complications were

evaluated. This study was approved by the ethics committee of the

Medical University of Vienna (#2136/2019 and #2121/2019).

Meteorological data from January 1, 2015, to December

31, 2018, was provided by Austria’s national meteorological

and geophysical service – “Zentralanstalt für Meteorologie und

Geodynamik” (ZAMG) and included daily mean temperature,

relative humidity, precipitation,meanwind speed, and atmospheric

pressure. All weather data was collected at the central Vienna

weather station (latitude: 48.198◦; longitude: 16.3669◦) at an

elevation of 177m above sea level. Due to the homogeneity of the

Viennese weather, a single weather station was chosen to represent

whole federal state of Vienna with a catchment area of 414.6 km²

and a population of 1.9M (22, 23).

Statistical analysis

Immediate and delayed effects of extreme weather on the

frequency of AOM-related EVs were assessed by fitting a DLNM to

the dataset (24). DLNMs have previously been utilized to describe

the delayed effects of air pollution andmeteorological events on the

occurrence of AOM and general morbidity and mortality (18, 25).

In this study, the following independent variables were defined:

mean temperature, relative humidity, precipitation, mean wind

speed, and atmospheric pressure. For each meteorological variable,

a separate model was calculated. The response variable was defined

as the number of daily EVs related to AOM. Two bases of each

model were chosen to describe the relationship between weather

data and lag-days (lags). Lags are the days following the initial

exposure to a weather condition. For the daily weather variables,

natural cubic splines with five degrees of freedom (df) at equally

spaced percentiles and equal intervals on the logarithmic scale were
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selected (26). The maximum lag was set to 14 days to account for

potential harvesting effects (27).

To control for long-time trends and seasonality, natural cubic

splines of time with seven df per year were used. Indicator variables

for each day of the week were added to account for varying demand

during the week, such as closed private practices on weekends.

Additionally, public holidays were controlled using a dummy

variable, as an increase in EVs is expected on these days. On public

holidays, hospital outpatient departments and private practices

such as general practitioners (GP) and otorhinolaryngologists are

closed in Austria, making emergency departments the only point of

contact for acutemedical conditions, possibly resulting in increased

visitation rates. Since holidays may also fall on weekend days which

might reduce their effect on EVs, an interaction between the day

of the week and the public holiday dummy was added. Coefficient

estimates indicate fluctuating EV rates between weekdays and

a significant increase of EVs on weekends and public holidays.

Furthermore, the negative interaction between weekend days and

public holidays was statistically significant. Therefore, EV rates are

not expected to increase when public holidays occur on weekend

days. An additional dummy variable was added to control for a

major policy change in the EVs admission practice in December

2016, at which a screening station of GPs was implemented prior

to the emergency department. This procedural change did not

significantly alter EVs for AOM.

Extreme weather events were defined as each independent

weather variable’s 1st, 5th, 95th, and 99th percentile. The relative

risk (RR) of AOM-related EVs was calculated for each lag-day

of each extreme weather event using the median of each weather

variable as a reference. The cumulative RR (cRR) is defined as the

risk of an EV after an extreme weather condition compared to

the risk of an EV at the median value of that weather condition

within the stated period, calculated by cumulating the RR from

lag0 up to lag14. RR values, including confidence interval and p-

values, were extracted for lag0, lag1, lag4, lag7, and lag14 (Table 2)

and in case of cRR for lag0–1, lag0–4, lag0–7, and lag0–14

(Supplementary Table 1). Additionally, we accounted for sustained

extreme weather conditions by calculating the RR and cRR for

events lasting three days. The three-day mean was used for mean

temperature, relative humidity, mean wind speed, and atmospheric

pressure. For precipitation, the sum over three days was used.

Extended events were calculated using a rolling time window in

which the total number of AOM-related EVs in the previous three

days served as the outcome variable. The values for RR (Table 3)

and cRR (Supplementary Table 2) are stated similarly to those of

the one-day model.

To further account for seasonal differences in the effects of

extreme weather events, a stratified analysis was conducted by

using a separate summer and winter model. The summer model

included a time span from 1 of April to 30 of September, while

the winter model was calculated from 1 of October to 31 of March

of the following year. Similar to the whole-year model, RR for

the 1st, 5th, 95th and 99th percentile of each weather variable

was calculated for the summer and winter model, respectively

(Supplementary Tables 3–6).

Statistical testing, model fitting and plotting of contour plots

were performed using R software (version 4.1.3) (28). DLNMs were

TABLE 1 Patient characteristics of the study cohort presenting with acute

otitis media in the emergency department.

Characteristics Study cohort, N (%)

Total 1,465 (100%)

Age at presentation

0–17 297 (20.3%)

18–45 916 (62.5%)

46–64 197 (13.4%)

65+ 55 (3.8%)

Gender

Male 731 (49.9%)

Female 734 (50.1%)

A�ected Ear

Left 682 (46.5%)

Right 680 (46.4%)

Bilateral 103 (7%)

Complications

TM perforation 28 (1.9%)

Mastoiditis 83 (5.7%)

None 1,354 (92.4%)

Referral from external provider

Yes 236 (16.1%)

No 1,226 (83.7%)

Unknown 3 (0.2%)

fitted using the “dlnm” package (29). Contour plots were drawn

using the “ggplot2” package. Graphs were plotted using GraphPad

Prism 9.5 software. Data is presented as RR or cRR [95% confidence

interval (CI)].

Results

Study population and weather

Overall, at the Vienna General Hospital, Austria, 1465 AOM-

related emergency visits occurred between January 1, 2015, and

December 31, 2018. Patient characteristics of the patient cohort are

described in detail in Table 1. Of the patient cohort, 79.7% were

over 18 years of age. On average, more than one AOM-related EV

occurred daily. AOM-related EVs followed a clear seasonal trend

in 2015, 2016 and 2017, with the highest rates in the winter months

between January and March and the lowest occurrence in August

and September (Figure 1A). The mean temperature and relative

humidity followed an expected seasonal trend with the lowest

temperatures and highest humidity in winter months (Figures 1B,

C). However, precipitation, atmospheric pressure and mean wind

speed did not show a relevant seasonal pattern (Figures 1D–F).
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FIGURE 1

Total number of acute otitis media-related EVs (A), and daily mean temperature in ◦C (B), relative humidity in % (C), mean precipitation in mm (D),

atmospheric pressure in hPa (E) and mean wind speed in m/s (F) from 2015 to 2018 are plotted as smoothed cubic splines.

Mean temperature

In the first step, we evaluated the effect of mean temperature

on AOM-related EVs (Figure 2A). Low temperatures resulted

in a RR ranging from 1.13 [0.49–2.61] at −5◦C and 1.15

[0.70–1.90] at 0◦C on the same day, up to 0.96 [0.73–

1.26] and 0.85 [0.69–1.03] 14 days after the weather event.

Extremely high temperatures of 27◦C and 30◦C resulted in

RRs ranging from 1.33 [0.77–2.30] and 1.52 [0.74–3.11] on

the same day to 0.86 [0.70–1.06] and 0.76 [0.58–1.01] 14 days

following the weather event. Overall, neither extremely low

temperatures of −5◦C and 0◦C (p1 and p5) nor extremely

high temperatures of 27◦C and 30◦C (p95 and p99) showed a

significant change in the RR for AOM-related EVs (p > 0.05,

Table 2). Similarly, no significant difference in cRR was noticed

at any lag interval over 14 days at low and high temperatures

(Supplementary Table 1).

At prolonged low temperatures of −4◦C and 0◦C (p1 and p5)

over three days, a significant increase in the RR on the same day,

with 3.15 [1.26–7.88; p = 0.014] and 2.14 [1.14–4.04; p = 0.018],

respectively, was observed (Figure 3A). One day after prolonged

low temperatures, the RR was significantly decreased to 0.15 [0.02–

0.92; p = 0.04] and 0.27 [0.08–0.89; p = 0.03] at −4◦C and 0◦C

(p1 and p5), respectively. Subsequently, the RR of AOM-related

EVs at −4◦C (p1) ranged from 0.73 from lag-day 4 to 0.96 at

lag-day 14, without being significantly different (p > 0.05). At

0◦C, the RR ranged from 0.80 at lag-day 14 (p > 0.05) to a

significantly decreased RR of 0.88 [0.78–0.99] (p= 0.036) at lag-day

14. Similarly, at prolonged high temperatures events of 26◦C and

30◦C (p95 and p99) over three days, a non-significant increase in RR

with 2.00 [1.00–4.00] and 2.51 [0.96–6.56] on day 0 was observed

(p > 0.05). On the other time points, no significant difference was

observed at any timepoints (Table 3). In addition to the increased

cRR for AOM-related EVs after a cold spell of 3 days, a significant

increase in cRR to 2.00 (p = 0.002) and 1.69 (p = 0.014) within 4

to 7 days after prolonged extremely high temperatures of 30◦C was

observed (Supplementary Table 2).

In summary, the data highlights that prolonged cold spells

of 3 days increase the risk of AOM-related EVs within one

day of the temperature event. Prolonged heat waves showed a

cumulative increased risk for AOM-related EVs 4 to 7 days after

the weather event.
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FIGURE 2

Contour-plots of relative risk for acute otitis media-related EVs of mean temperature in ◦C (A), relative humidity in % (B), precipitation in mm (C),

atmospheric pressure in hPa (D) and mean wind speed (m/s) (E) from lag0 to lag14.
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TABLE 2 Relative risk for acute otitis media-related EVs under extreme weather conditions (1st, 5th, 95th, and 99th percentile) compared to median

conditions.

Relative risk (RR) of AOM–related EVs

Mean temperature −5 ◦C (p1) 0 ◦C (p5) 27 ◦C (p95) 30 ◦C (p99)

Lag0 1.13 [0.49–2.61]; p= 0.78 1.15 [0.7–1.9]; p= 0.58 1.33 [0.77–2.3]; p= 0.306 1.52 [0.74–3.11]; p= 0.252

Lag1 0.78 [0.23–2.62]; p= 0.688 0.68 [0.34–1.35]; p= 0.268 0.92 [0.44–1.95]; p= 0.828 0.89 [0.33–2.41]; p= 0.818

Lag4 0.81 [0.59–1.1]; p= 0.18 0.85 [0.7–1.03]; p= 0.102 0.91 [0.74–1.11]; p= 0.344 1.04 [0.79–1.36]; p= 0.804

Lag7 1.08 [0.91–1.27]; p= 0.366 1.05 [0.94–1.17]; p= 0.362 1.02 [0.91–1.15]; p= 0.694 1.05 [0.9–1.21]; p= 0.54

Lag14 0.96 [0.73–1.26]; p= 0.766 0.85 [0.69–1.03]; p= 0.098 0.86 [0.7–1.06]; p= 0.162 0.76 [0.58–1.01]; p= 0.062

Relative humidity 34 % (p1) 39 % (p5) 86 % (p95) 92 % (p99)

Lag0 1.14 [0.79–1.65]; p= 0.484 1.09 [0.86–1.37]; p= 0.488 0.88 [0.7–1.11]; p= 0.28 1.03 [0.71–1.5]; p= 0.878

Lag1 0.99 [0.64–1.53]; p= 0.972 1 [0.77–1.3]; p= 0.998 1.16 [0.91–1.49]; p= 0.234 0.99 [0.65–1.5]; p= 0.956

Lag4 1.2 [0.93–1.55]; p= 0.156 1.02 [0.85–1.22]; p= 0.864 0.92 [0.76–1.11]; p= 0.394 0.93 [0.68–1.25]; p= 0.612

Lag7 0.89 [0.78–1]; p= 0.058 0.99 [0.91–1.07]; p= 0.8 1.05 [0.98–1.14]; p= 0.188 1.14 [1.01–1.28]; p = 0.028

Lag14 0.94 [0.75–1.17]; p= 0.568 1.04 [0.9–1.2]; p= 0.58 0.96 [0.84–1.1]; p= 0.562 0.88 [0.71–1.1]; p= 0.268

Precipitation – – 10mm (p95) 24mm (p99)

Lag0 – – 0.97 [0.79–1.21]; p= 0.804 0.8 [0.47–1.36]; p= 0.408

Lag1 – – 0.98 [0.79–1.22]; p= 0.844 0.79 [0.45–1.37]; p= 0.402

Lag4 – – 0.91 [0.82–1.02]; p= 0.118 0.95 [0.7–1.31]; p= 0.77

Lag7 – – 0.92 [0.84–1]; p= 0.058 1.16 [0.91–1.48]; p= 0.222

Lag14 – – 0.98 [0.85–1.13]; p= 0.772 0.88 [0.6–1.29]; p= 0.51

Mean wind speed 1.0 m/s (p1) 1.5 m/s (p5) 5.9 m/s (p95) 7.5 m/s (p99)

Lag0 0.84 [0.64–1.11]; p= 0.218 0.97 [0.89–1.06]; p= 0.536 1.06 [0.84–1.33]; p= 0.638 0.75 [0.39–1.45]; p= 0.396

Lag1 0.91 [0.69–1.19]; p= 0.482 0.94 [0.86–1.02]; p= 0.13 0.84 [0.66–1.07]; p= 0.168 1.17 [0.6–2.27]; p= 0.642

Lag4 1 [0.86–1.17]; p= 0.988 1 [0.96–1.05]; p= 0.956 1.01 [0.89–1.16]; p= 0.846 1.01 [0.73–1.41]; p= 0.936

Lag7 0.94 [0.82–1.07]; p= 0.342 0.99 [0.95–1.03]; p= 0.496 0.99 [0.89–1.1]; p= 0.812 0.83 [0.63–1.09]; p= 0.176

Lag14 0.93 [0.77–1.13]; p= 0.472 0.97 [0.91–1.02]; p= 0.246 0.95 [0.8–1.14]; p= 0.6 1.22 [0.82–1.82]; p= 0.326

Atmospheric pressure 976 hPa (p1) 983 hPa (p5) 1009 hPa (p95) 1014 hPa (p99)

Lag0 1.19 [0.77–1.84]; p= 0.446 1.02 [0.78–1.34]; p= 0.868 1.06 [0.8–1.41]; p= 0.674 1.06 [0.62–1.8]; p= 0.836

Lag1 1 [0.6–1.66]; p= 1 0.91 [0.66–1.25]; p= 0.558 0.78 [0.54–1.12]; p= 0.182 0.64 [0.33–1.25]; p= 0.19

Lag4 0.83 [0.66–1.05]; p= 0.118 0.91 [0.81–1.03]; p= 0.134 0.9 [0.81–1.01]; p= 0.078 0.92 [0.77–1.1]; p= 0.356

Lag7 0.96 [0.82–1.13]; p= 0.63 0.98 [0.91–1.07]; p= 0.72 1.04 [0.97–1.11]; p= 0.308 1.08 [0.96–1.22]; p= 0.19

Lag14 0.96 [0.76–1.22]; p= 0.754 0.98 [0.85–1.13]; p= 0.744 1.01 [0.89–1.14]; p= 0.882 0.85 [0.69–1.05]; p= 0.136

Brackets contain confidence intervals (95%); Significant results (p ≤ 0.05) are highlighted.

Relative humidity

Subsequently, we were interested in the effects of extreme

relative humidity conditions on AOM-related EVs (Figure 2B). At

low humidity of 34% (p1) and 39% (p5), no significant immediate

nor delayed effect was noticed for 14 days after the weather event,

with the RR ranging from 1.14 [0.79–1.65] and 1.09 [0.86–1.37] on

the same day to 0.94 [0.75–1.17] and 1.04 [0.90–1.20] on day 14,

respectively (p > 0.05). High relative humidity events of 86% (p95)

showed no significant change in RR and ranged from 0.88 [0.70–

1.11] on the same day to 0.96 [0.84–1.10] 14 days after the event

(p > 0.05). Extremely high humidity events of 92% (p99) showed

a significantly increased RR of 1.14 [1.01−1.28; p = 0.028] 7 days

after the weather event (Table 2). No significant effect on the cRR

was noticed for either low-humidity or high-humidity events (p >

0.05, Supplementary Table 1).

Prolonged low humidity of 37% (p1) over three consecutive

days resulted in a minor but significant decrease of RR to 0.94

[0.88–0.99; p = 0.032] 7 days after the weather event (Figure 3B).

Prolonged high humidity events at 89% (p99) showed a significant

increase in RR to 1.12 [1.05–1.19; p < 0.001] 7 days after the

event (Table 3). The cRR after prolonged humidity events followed

the same trend, being significantly decreased to 0.60 at lag-

day 14 after 37% humidity (p1), and significantly increased to
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FIGURE 3

Line-plots (confidence interval 95%) of relative risk (RR) after sustained extreme weather events (1st, 5th, 95th and 99th percentile) of three days from

lag0 to lag14 of mean temperature in ◦C (A), mean relative humidity in % (B), sum of precipitation in mm (C), mean atmospheric pressure in hPa (D)

and mean wind speed in m/s (E).
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TABLE 3 Relative risk for acute otitis media-related EVs after prolonged extreme weather conditions compared to median conditions.

Relative risk (RR) of AOM-related EVs

after prolonged extreme weather conditions over 3 days

Mean temperature −4 ◦C (p1) 0 ◦C (p5) 26 ◦C (p95) 30 ◦C (p99)

over 3 days (mean)

Lag0 3.15 [1.26–7.88]; p = 0.014 2.14 [1.14–4.04]; p = 0.018 2 [1–4]; p= 0.052 2.51 [0.96–6.56]; p= 0.06

Lag1 0.15 [0.02–0.92]; p = 0.04 0.27 [0.08–0.89]; p = 0.032 0.68 [0.19–2.48]; p= 0.564 0.54 [0.09–3.38]; p= 0.512

Lag4 0.73 [0.51–1.03]; p= 0.072 0.8 [0.63–1]; p= 0.05 1.03 [0.81–1.31]; p= 0.792 1.17 [0.83–1.65]; p= 0.366

Lag7 1.11 [0.98–1.26]; p= 0.088 1.07 [0.99–1.17]; p= 0.106 0.97 [0.89–1.06]; p= 0.494 0.99 [0.87–1.12]; p= 0.89

Lag14 0.96 [0.82–1.13]; p= 0.624 0.88 [0.78–0.99]; p = 0.036 0.9 [0.79–1.03]; p= 0.138 0.79 [0.66–0.95]; p = 0.012

Relative humidity

over 3 days (mean)

37 % (p1) 41 % (p5) 82 % (p95) 89 % (p99)

Lag0 1.01 [0.76–1.35]; p= 0.936 1.02 [0.82–1.27]; p= 0.862 1.02 [0.81–1.27]; p= 0.872 1.04 [0.74–1.47]; p= 0.81

Lag1 1.18 [0.77–1.83]; p= 0.45 1.14 [0.82–1.58]; p= 0.426 0.91 [0.65–1.27]; p= 0.56 0.87 [0.52–1.44]; p= 0.584

Lag4 1.03 [0.92–1.14]; p= 0.61 1.15 [0.63–1.57]; p= 0.826 0.97 [0.89–1.06]; p= 0.55 1.04 [0.92–1.18]; p= 0.52

Lag7 0.94 [0.88–0.99]; p = 0.032 1.01 [0.97–1.05]; p= 0.634 1.05 [1–1.1]; p= 0.034 1.12 [1.05–1.19]; p < 0.001

Lag14 0.91 [0.82–1.01]; p= 0.084 1 [0.93–1.08]; p= 0.924 0.95 [0.89–1.03]; p= 0.206 0.95 [0.85–1.07]; p= 0.416

Precipitation

over 3 days (sum)

– – 24mm (p95) 40mm (p99)

Lag0 – – 0.97 [0.8–1.17]; p= 0.732 0.82 [0.57–1.19]; p= 0.304

Lag1 – – 0.9 [0.7–1.14]; p= 0.368 0.92 [0.58–1.46]; p= 0.726

Lag4 – – 0.91 [0.84–0.99]; p = 0.028 1.06 [0.92–1.23]; p= 0.394

Lag7 – – 0.98 [0.93–1.04]; p= 0.506 0.94 [0.85–1.04]; p= 0.244

Lag14 – – 0.95 [0.87–1.05]; p= 0.316 0.98 [0.81–1.18]; p= 0.808

Mean wind speed

over 3 days (mean)

1.4 m/s (p1) 1.9 m/s (p5) 5.1 m/s (p95) 6.2 m/s (p99)

Lag0 0.95 [0.63–1.44]; p= 0.824 1 [0.89–1.11]; p= 0.966 0.96 [0.82–1.13]; p= 0.632 1.04 [0.78–1.37]; p= 0.806

Lag1 0.9 [0.55–1.45]; p= 0.65 0.91 [0.79–1.04]; p= 0.158 0.99 [0.8–1.23]; p= 0.932 1.07 [0.75–1.53]; p= 0.704

Lag4 1.02 [0.86–1.2]; p= 0.84 0.98 [0.94–1.02]; p= 0.402 0.98 [0.92–1.05]; p= 0.642 1.02 [0.91–1.14]; p= 0.77

Lag7 1.03 [0.92–1.15]; p= 0.574 0.98 [0.95–1.01]; p= 0.16 0.98 [0.93–1.04]; p= 0.506 0.93 [0.85–1.01]; p= 0.076

Lag14 0.71 [0.57–0.88]; p = 0.002 0.91 [0.87–0.96]; p<0.001 0.97 [0.9–1.04]; p= 0.42 1.01 [0.89–1.15]; p= 0.856

Atmospheric pressure over 3

days (mean)

980 hPa (p1) 985 hPa (p5) 1008 hPa (p95) 1013 hPa (p99)

Lag0 1.18 [0.81–1.71]; p= 0.402 1.17 [0.91–1.5]; p= 0.23 1.13 [0.84–1.53]; p= 0.42 1.05 [0.61–1.81]; p= 0.852

Lag1 0.93 [0.49–1.76]; p= 0.826 0.89 [0.58–1.38]; p= 0.614 0.78 [0.46–1.32]; p= 0.354 0.69 [0.28–1.72]; p= 0.428

Lag4 0.95 [0.83–1.09]; p= 0.494 0.99 [0.9–1.08]; p= 0.796 0.93 [0.84–1.03]; p= 0.16 0.95 [0.8–1.13]; p= 0.59

Lag7 0.97 [0.9–1.03]; p= 0.32 0.95 [0.91–1]; p = 0.03 1.03 [0.99–1.08]; p= 0.186 1.11 [1.03–1.2]; p = 0.008

Lag14 0.96 [0.86–1.07]; p= 0.474 0.97 [0.9–1.04]; p= 0.356 1.03 [0.96–1.1]; p= 0.48 0.91 [0.81–1.03]; p= 0.146

Percentiles (1st, 5th, 95th and 99th) for extreme weather conditions were calculated by three-day averaging of mean temperature, relative humidity mean wind-speed or atmospheric pressure

or three-day sum in case of precipitation. Brackets contain confidence intervals (95%); Significant results (p ≤ 0.05) are highlighted.

1.43 at 89% (p99) humidity on lag-day 7 (p = 0.012 and 0.034,

Supplementary Table 2).

Taken together, the data suggest that prolonged humidity

events have a significant effect on the occurrence of AOM-related

EVs.While low humidity decreases the occurrence of AOM-related

EVs, high humidity results in an increased rate of EVs 7 days after

the weather event.

Precipitation

We have shown that extreme temperatures and humidity

were associated with AOM-related EVs, so we next investigated

precipitation as a potential influencing factor (Figure 2C). Same day

RR were 0.97 [0.79–1.21] at 10mm (p95) and 0.80 [0.47–1.36] at

24mm (p99), respectively. No significant effect on RR or cRR was
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noted at any lag-day over the 14-day observation period (Table 2

and Supplementary Table 1). Prolonged heavy precipitation of

24mm (p95) resulted in a significant reduction of RR to 0.91 [0.84–

0.99; p = 0.0284] after four days (Table 3). The cRR for AOM-

related EVs following prolonged heavy precipitation was similarly

significantly decreased from 0.70 to 0.52 (p = 0.01 – 0.008) from

days 4 to 14 at 24mm (p95) and 0.31 (p= 0.026) on day 14 at 40mm

(p99, Figure 3C, Supplementary Table 2).

These data point toward a mitigating effect of prolonged heavy

precipitation on AOM-related EVs over 14 days, whereas no

immediate effect was noticed after one-day-long events.

Atmospheric pressure

Next, we investigated the association between AOM-related

EVs and atmospheric pressure (Figure 2D). Very low atmospheric

pressure resulted in a same-day RR of 1.19 [0.77–1.84] to 1.02

[0.78–1.34] at 976hPa (p1) and 983hPa (p5), respectively. Very

high atmospheric pressure resulted in a same-day RR of 1.06,

both at 1009hPa (p95) and 1014hPa (p99) (p > 0.05). No

significant change in RR or cRR at extremely low or extremely

high atmospheric pressure was noticed at any lag-day over the

14-day observation period (Table 2 and Supplementary Table 1).

Prolonged low atmospheric pressure of 985hPa (p5) over three

days showed a significantly decreased RR to 0.95 [0.91–1.00; p

= 0.03] seven days after the weather event (Figure 3D). High

atmospheric pressure of 1008hPa (p95) over three days resulted in

a significantly increased RR of 1.11 [1.03–1.20; p = 0.008] 7 days

after the weather event (Table 3). Prolonged atmospheric pressure

events did not significantly alter the cRR at any lag period over 14

days (Supplementary Table 2).

Prolonged atmospheric pressure events therefore showed a

significant impact on the RR of AOM-related EVs, decreasing at

low pressure events and increasing at high pressure events.

Mean wind speed

Finally, we investigated the impact of mean wind speed as

a potential factor in AOM-related EVs (Figure 2E). Low mean

wind speeds of 1.0 m/s (p1) and 1.5 m/s (p5) from the same

day up to day 14 ranged from 0.84 to 0.93 and 0.97 to 0.97,

respectively (p > 0.05). At wind speeds of 5.9 m/s (p95) and

7.5 m/s (p99) the RR ranged from 1.06 to 0.95 and 0.75 to

1.22 over the 14-day observation period (p > 0.05, Table 2). cRR

similarly showed no significant change over the 14-day lag period

(Supplementary Table 1). Prolonged low wind speeds over three

days showed a significant decrease in RR to 0.71 [0.57–0.88; p =

0.002] at 1.4m/s (p1) and 0.91 [0.87–0.96; p< 0.001] at 1.9m/s (p5),

14 days after the weather event (Figure 3E, Table 3). High average

wind speeds of 5.1 m/s (p95) over three days showed a significant

decrease in cRR to 0.51 [0.32–0.79; p = 0.002] within 14 days after

the event (Supplementary Table 2).

Taken together, mean wind speeds did not significantly affect

the risk for AOM-related EVs after a single-day event. Prolonged

low wind speeds and high wind speeds, however, were associated

with a lower risk of EVs within 14 days after the weather event.

Seasonal di�erences

Overall, the data, stratified by summer and winter months,

followed a similar pattern to the whole-year data. In contrast

to the annual model, in the summer months, events with high

temperatures significantly increased the occurrence of AOM-

related EVs 4 days after the event. Relative humidity followed the

same trend in both summer andwinter, with low humidity events in

summer significantly decreasing the RR for AOM-related EVs after

both 1-day and 3-day events. In contrast, high humidity in winter

significantly increased the occurrence of AOM-related EVs 7 days

after the event. Heavy precipitation over 3 days, both in summer

and winter, significantly decreased the RR for AOM-related EVS

for up to 14 days after the weather event. Concerning wind speeds,

AOM-related EVs in summer and winter showed a similar pattern

in RR compared to year-round results. In addition, low-pressure

events significantly reduced AOM-related EVs in both summer and

winter, similar to the year-round data. For a detailed overview, see

Supplementary Tables 3–6.

Discussion

In this study, we investigated immediate and delayed effects

of extreme weather conditions on AOM-related EVs in Vienna,

Austria. Austria features a temperate continental climate with cold

winters and warm summers. AOM-related EVs were occurring in

higher frequency in winter and spring (Dec-May) compared to

summer and autumn (June – Nov). In line with our results, the

seasonality of AOM occurrence is well documented in children and

adults (5, 8, 10, 18). Moreover, web-based search queries for middle

ear infection and possible treatment options have shown a similar

seasonality with a peak-interest in winter months (30).

Despite its seasonality, the relationship of AOM-related EVs

to meteorological variables needs to be clarified. Overall, mean

temperature and relative humidity followed a clear seasonal

character, featuring high temperatures and low humidity in

summer months, and vice versa in winter months. Precipitation,

atmospheric pressure, and mean wind speed were more

heterogenous with considerable variation between the years.

In previous studies, the occurrence of AOM-related EVs showed

a weak, but significant, negative association with temperature

and relative humidity (8, 17, 18). However, these studies either

correlated mean monthly weather variables to AOM-related

EVs, thus ignoring daily weather variations within each month,

or focused their investigation on AOM-related EVs in children

and adolescents. Limiting the study cohort, however, neglects

the 20–30% of adult patients with AOM-related symptoms who

visit the emergency department, presenting a significant burden

on healthcare (6, 10, 31). Additionally, of all patients presenting

with complications due to AOM, 76% have been shown to be

adults, wo might require potentially invasive surgical management

for disease control (10). In this study, we, therefore, evaluated

the risk for AOM-related EVs following extreme weather events
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in a heterogeneous patient cohort over 14 days. We applied

a DLNM model to account for the complexity of weather on

disease incidence and assessed its effects after single-day and

prolonged events over three days. By stratifying our data into

summer and winter months, we further elucidated on possible

seasonal differences in the impact of extreme weather events on

AOM-related EVs. Interestingly, for most weather events, the RR

of AOM-related EVs followed a similar pattern to the annual data.

We provided evidence that one-day events of extremely high

or low temperatures did not significantly affect the occurrence

of AOM-related EVs. However, following prolonged cold spells

of three days, very low and low mean temperatures significantly

and markedly increased the RR of AOM-related EVs on the

same day, suggesting that AOM symptoms require prolonged

low temperature conditions to develop. These results add to the

previous body of literature, describing an increased risk of AOM-

related EVs with low temperatures. Tian et al. showed a correlation

between low temperatures and AOM-related EVs in a large cohort

of over 10000 patients in Lanzhou, China (18). Similarly, Gestro

et al. (8) found a significant correlation between low temperatures

and AOM-related EVs over three days in children and adolescents

in Cuneo, Italy (8).

The mechanism of cold temperatures increasing AOM

occurrence likely stems from its relation to URIs, which follow

seasonal patterns as well (32). Viral pathogens that cause URI play

a critical role in the etiology of AOM and are regularly detected

in middle ear fluid during infection (13). The negative correlation

between temperature and common viruses, such as the RSV, or the

common cold has previously been described in the literature (33).

Cold air cools the nasal mucosa and has been shown to compromise

mucociliary clearance, one of the leading defense mechanisms

of the upper respiratory system (34) which results in decreased

evacuation of pathogens from the nasal mucosa and facilitates

possible invasion and infection. The activity of phagocytes and

leucocytes, presenting the non-specific local immune response

to pathogens, is similarly decreased by low temperatures (35,

36). After infection with RSV and influenza viruses, a striking

occurrence of ETD was observed in healthy subjects, promoting a

significant risk factor for developing AOM (14, 37). Furthermore,

the temporal development of AOM has been noticed 3–4 days after

URI (12). The significantly increased RR for AOM-related EVs

only after a three-day cold spell may, therefore, be indicative of the

required duration for the development of AOM after URI.

Interestingly, seven days after prolonged heat waves of 30◦C,

we also observed a minor but significant increase in AOM-related

EVs. In the presented study, based on the patient’s digital medical

charts during EVs, we could not distinguish between acute otitis

media and chronic suppurative otitis media exacerbation. Chronic

suppurative otitis media presents similar symptoms and results

from middle-ear infection through a persistent perforation of the

eardrum of residing bacteria of the outer ear canal or surrounding

environment. Warmer temperatures and increased humidity are

both associated with an increase in infections originating from

the outer ear canal over seven days following the weather event,

which might explain our significant finding (38). This finding was

reconfirmed in summermonths after stratification into the seasonal

models, with an increased RR 4 days after high temperature events.

Similar to the data regarding temperature, one-day low

humidity events had no impact on AOM-related EVs, while

prolonged low humidity over three days significantly decreased

EVs one week after. Also, a significantly higher EV rate after

prolonged high humidity events was observed, suggesting a positive

correlation between humidity and AOM-related EVs. In a similar

climate to Vienna, in Cuneo, Italy, no correlation was found

between daily relative humidity and AOM-related EVs (8). In

contrast to our results, Jiang et al. found an inverse correlation

between relative humidity and AOM-related EVs in Shanghai,

which, unlike Austria, features an annual high relative humidity

between 78 and 84% (17). In Austria’s continental climate, low

humidity events occur in summer at high temperatures and the

lowest annual rate AOM-related EVs. Prolonged high-humidity

events, therefore, occur in winter and may not be causal for the

increase in AOM-related events. Indoor heating reduces relative

indoor humidity, which has been shown to increase the risk

for AOM during the heating season in pediatric patients (39).

Therefore, the high relative humidity may not directly affect the

occurrence of AOM, but may be a reflection of cold temperatures

and the heating season in the winter months, increasing the risk

for AOM.

In the case of precipitation, AOM-related EVs on the same day

showed a non-significant trend toward lower EVs. At the same

time a significant decrease was noticed four days after continuous

heavy rainfalls over three days. In Vienna, snow accounts for

a significant portion of precipitation during winter. Based on

the available weather data, we could not differentiate between

snowfall and rain. The effect of precipitation in the form of

rain may, therefore, be underrepresented in our study. While the

effect of heavy precipitation on AOM-related EVs has not yet

been described, previous studies showed a mild but significant

reduction in the overall risk of EVs in children and adults after

heavy rain and snowstorms (40, 41). Precipitation may, therefore,

directly influence the incidence of AOM-related EVs or could be a

consequence of human behavioral patterns, as people may be more

reluctant to seek medical attention during rain or snow.

The effects of atmospheric pressure and wind speed on

AOM-related EVs have, so far, been sparsely investigated. Similar

to previous results, low atmospheric pressure in our study

significantly decreased AOM-related EVs 7 days after prolonged

events. In contrast, high pressure increased the rate of AOM-

related EVs during the same period (18). The middle ear space is a

tightly regulated pressure system. Under physiological conditions,

gas diffusion across the mucosa allows for a steady pressure state

between themiddle ear and atmospheric pressure. Rapid changes in

pressure are compensated by the reflexive opening of the eustachian

tube (42). It is possible that ETD, caused bymucosal swelling during

URI, causes a failure in pressure-equalization during pressure

changes, resulting in pain and AOM-like symptoms. Consistent

with this reasoning, infectious diseases such as URI and asthma

exacerbation are similarly positively correlated to atmospheric

pressure changes (43, 44). A different possibility for this significant

finding could be the interaction between atmospheric pressure

and air temperature, which are tightly correlated. During hot

temperatures, air density is reduced, which results in a decrease

in local atmospheric pressure. Similarly, at cold temperatures,
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an increase in atmospheric pressure is noted as the air density

accumulates. It is, therefore, unclear whether atmospheric pressure

is correlative or causative for the occurrence of AOM-related EVs,

which warrants further investigation.

Regarding wind speed, our data does not show any significant

effect of very low or high mean wind speeds on AOM-related

EVs for single-day events. Similarly, Tian et al. and Gestro et al.

did not find a significant correlation with wind speed after single-

day events (8, 18). Prolonged low wind speeds, however, were

associated with a moderately reduced risk of EVs, being significant

14 days after the weather event. Prolonged periods of low wind

speeds might reduce the dispersion of particular matter, which

is a significant risk factor for URI and AOM (45, 46). Calm

wind conditions could reduce inhaled irritants, thereby reducing

upper respiratory tract inflammation. In line with this argument,

Wenfang et al. found a strong correlation between wind-speed and

URI, suggesting an increased infection rate during high winds (44).

Our study has several limitations. Firstly, despite featuring a

heterogenous patient cohort, the single-center and retrospective

study design poses a limiting factor on translation into other

study populations. Our results stem from a tertiary care center

with a separate pediatric emergency care unit. This might pose

a selection bias toward adult patients and more severe cases of

AOM, explaining the relatively high occurrence of mastoiditis in

our patient cohort. Also, it must be acknowledged that this study

examined the overall relative risk for AOM-related EVs of an entire

population, so interpretation of the individual risk is not possible.

Next, we used the data from a single weather station to represent

the weather effects in our population, which could potentially

introduce exposure misclassification on the individual level due to

spatial weather differences across the entire Viennese urban area.

Also, Vienna features a dry continental climate with cold winters.

Care must be taken when translating our results into regions with

different climates. Additionally, this study only examined the effects

of extreme weather events, making the results not applicable to the

effects of moderate weather conditions. In addition, other time-

varying variables such as air pollution were not considered in the

study. Previously, in urban areas with heavy air pollution, a clear

correlation between particulate matter, gaseous pollutants, and the

occurrence of AOM could be established (18). In less polluted areas

however, only negligible effects of NO2, O3 and PM10 could be

observed (8). Given the low emission rates in Vienna compared

to other large cities, we suspect that these confounders would

therefore only insignificantly affect the measured outcomes, even

though they cannot be disregarded (47). Finally, the DLNM used

in this study is designed for time series data of single variables. As

such, our study investigated the effects of each individual weather

variable on AOM-related EVs along the time domain, which could

possibly omit combined effects of different weather variables.

Taken together, to the best of our knowledge, this is the first

study to investigate the effects of single-day and prolonged extreme

weather events on AOM-related EVs.While only a minor impact of

one-day long weather events on the rate of AOM-related EVs was

noticed by relative humidity, we discovered that prolonged mean

temperature, humidity precipitation, wind speed and atmospheric

pressure all significantly influence the occurrence of AOM-related

EVs. Additionally, a same-day effect was observed only after

prolonged low temperatures, underscoring the importance of

delayed effects of extreme weather events on AOM.

Conclusions

Single-day extreme weather events had no significant effects

on AOM-related EVs. On the other hand, prolonged extremely

low temperatures, high relative humidity and high atmospheric

pressure increased the risk for EVs. Low relative humidity, heavy

precipitation, low wind-speed and low atmospheric pressure events

further diminished EV risk. A same-day effect was only noticed

for prolonged extremely low temperatures, while the impact of the

other meteorological conditions was observed over 14 subsequent

days. These results could aid in optimally allocating resources

in healthcare management of similar climates and contribute

to educating patients on the underlying environmental factors

responsible for AOM.Our results warrant further investigation into

the immediate and delayed meteorological effects on acute otitis

media within a larger study population and different climates.

Data availability statement

The raw data supporting the conclusions of this article will be

made available by the authors, without undue reservation.

Author contributions

MN: concept of study, analysis of results, write up of

manuscript, and critical review of all contents. ML and FP: concept

of study, collection of data, and critical review of all contents. MH,

FB, TP, and DR: concept of study, analysis of results, and critical

review of all contents. DL: concept of study, collection of data,

analysis of results, write up of manuscript, and critical review of

all contents. All authors contributed to the article and approved the

submitted version.

Acknowledgments

We want to thank Marc Olefs, PhD, from the ZAMG -

Zentralanstalt für Meteorologie und Geodynamik, Vienna for

providing the weather data.

Conflict of interest

The authors declare that the research was conducted in the

absence of any commercial or financial relationships that could be

construed as a potential conflict of interest.

Publisher’s note

All claims expressed in this article are solely those

of the authors and do not necessarily represent those of

Frontiers in PublicHealth 11 frontiersin.org

https://doi.org/10.3389/fpubh.2023.1153111
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org


Nieratschker et al. 10.3389/fpubh.2023.1153111

their affiliated organizations, or those of the publisher,

the editors and the reviewers. Any product that may be

evaluated in this article, or claim that may be made by

its manufacturer, is not guaranteed or endorsed by the

publisher.

Supplementary material

The Supplementary Material for this article can be found

online at: https://www.frontiersin.org/articles/10.3389/fpubh.2023.

1153111/full#supplementary-material

References

1. Romanello M, van Daalen K, Anto JM, Dasandi N, Drummond P, Hamilton IG,
et al. Tracking progress on health and climate change in Europe. The Lancet Public
Health. (2021) 6:e858–e65. doi: 10.1016/S2468-2667(21)00207-3

2. Ebi KL, Vanos J, Baldwin JW, Bell JE, Hondula DM, Errett NA,
et al. Extreme weather and climate change: population health and
health system implications. Annu Rev Public Health. (2021) 42:293–
315. doi: 10.1146/annurev-publhealth-012420-105026

3. Weilnhammer V, Schmid J, Mittermeier I, Schreiber F, Jiang L, Pastuhovic V, et al.
Extreme weather events in europe and their health consequences - a systematic review.
Int J Hyg Environ Health. (2021) 233:113688. doi: 10.1016/j.ijheh.2021.113688

4. Garneau JC, Wasserman I, Konuthula N, Malkin BD. Referral patterns from
emergency department to otolaryngology clinic. Laryngoscope. (2018) 128:1062–
7. doi: 10.1002/lary.26868

5. Lochbaum R, Tewes S, Hoffmann TK, Greve J, Hahn J. [Typical emergencies
in otorhinolaryngology-a monocentric analysis of the seasonal course]. HNO. (2022)
70:601–8. doi: 10.1007/s00106-022-01185-7

6. Taylor PS, Faeth I, Marks MK, Del Mar CB, Skull SA, Pezzullo ML, et al. Cost
of treating otitis media in Australia. Expert Rev Pharmacoecon Outcomes Res. (2009)
9:133–41. doi: 10.1586/erp.09.6

7. Gates GA. Cost-effectiveness considerations in otitis media treatment.Otolaryngol
Head Neck Surg. (1996) 114:525–30. doi: 10.1016/S0194-59989670243-7

8. Gestro M, Condemi V, Bardi L, Fantino C, Solimene U. Meteorological factors, air
pollutants, and emergency department visits for otitis media: a time series study. Int J
Biometeorol. (2017) 61:1749–64. doi: 10.1007/s00484-017-1356-7

9. Zemek R, Szyszkowicz M, Rowe BH. Air pollution and emergency department
visits for otitis media: a case-crossover study in Edmonton, Canada. Environ Health
Perspect. (2010) 118:1631–6. doi: 10.1289/ehp.0901675

10. Ren Y, Sethi RKV, Stankovic KM. Acute otitis media and associated
complications in united states emergency departments. Otol Neurotol. (2018) 39:1005–
11. doi: 10.1097/MAO.0000000000001929

11. Schilder AG, Chonmaitree T, Cripps AW, Rosenfeld RM, Casselbrant
ML, Haggard MP, et al. Otitis media. Nat Rev Dis Primers. (2016)
2:16063. doi: 10.1038/nrdp.2016.63

12. Heikkinen T, Chonmaitree T. Importance of respiratory viruses in acute otitis
media. Clin Microbiol Rev. (2003) 16:230–41. doi: 10.1128/CMR.16.2.230-241.2003

13. Heikkinen T, Thint M, Chonmaitree T. Prevalence of various respiratory
viruses in the middle ear during acute otitis media. N Engl J Med. (1999) 340:260–
4. doi: 10.1056/NEJM199901283400402

14. Doyle WJ, Skoner DP, Hayden F, Buchman CA, Seroky JT, Fireman P. Nasal and
otologic effects of experimental influenza A virus infection. Ann Otol Rhinol Laryngol.
(1994) 103:59–69. doi: 10.1177/000348949410300111

15. Nasreen S, Wang J, Sadarangani M, Kwong JC, Quach C, Crowcroft NS,
et al. Estimating population-based incidence of community-acquired pneumonia and
acute otitis media in children and adults in Ontario and British Columbia using
health administrative data, 2005-2018: a Canadian Immunisation Research Network
(CIRN) study. BMJ Open Respir Res. (2022) 9:218. doi: 10.1136/bmjresp-2022-00
1218

16. Kousha T, Castner J. The air quality health index and emergency department
visits for otitis media. J Nurs Scholarsh. (2016) 48:163–71. doi: 10.1111/jnu.12195

17. Jiang YF, LuoWW, Zhang X, Ren DD, Huang YB. Relative humidity affects acute
otitis media visits of preschool children to the emergency department. Ear Nose Throat
J. (2021) 5:1455613211009151. doi: 10.1177/01455613211009151

18. Tian H, Xu B, Wang X, Wang J, Zhong C. Study on the correlation between
ambient environment-meteorological factors and the number of visits of acute otitis
media, Lanzhou, China. J Otol. (2020) 15:86–94. doi: 10.1016/j.joto.2020.01.002

19. Fleming DM, Taylor RJ, Haguinet F, Schuck-Paim C, Logie J, Webb DJ, et al.
Influenza-attributable burden in United Kingdom primary care. Epidemiol Infect.
(2016) 144:537–47. doi: 10.1017/S0950268815001119

20. Makinen TM, Juvonen R, Jokelainen J, Harju TH, Peitso A, Bloigu A, et al. Cold
temperature and low humidity are associated with increased occurrence of respiratory
tract infections. Respir Med. (2009) 103:456–62. doi: 10.1016/j.rmed.2008.09.011

21. Wang YC, Lin YK. Association between temperature and emergency room visits
for cardiorespiratory diseases, metabolic syndrome-related diseases, and accidents in
metropolitan Taipei. PLoS ONE. (2014) 9:e99599. doi: 10.1371/journal.pone.0099599

22. Kienbacher CL, Kaltenberger R, Schreiber W, Tscherny K, Fuhrmann V, Roth D,
et al. Extreme weather conditions as a gender-specific risk factor for acute myocardial
infarction. Am J Emerg Med. (2021) 43:50–3. doi: 10.1016/j.ajem.2021.01.045

23. Muthers S, Matzarakis A, Koch E. Climate change and mortality in Vienna–a
human biometeorological analysis based on regional climate modeling. Int J Environ
Res Public Health. (2010) 7:2965–77. doi: 10.3390/ijerph7072965

24. Gasparrini A, Armstrong B, Kenward MG. Distributed lag non-linear models.
Stat Med. (2010) 29:2224–34. doi: 10.1002/sim.3940

25. Goldberg MS, Burnett RT, Stieb DM, Brophy JM, Daskalopoulou SS,
Valois MF, et al. Associations between ambient air pollution and daily mortality
among elderly persons in Montreal, Quebec. Sci Total Environ. (2013) 464:931–
42. doi: 10.1016/j.scitotenv.2013.06.095

26. Bai L. Cirendunzhu, Woodward A, Dawa, Zhaxisangmu, Chen B,
et al. Temperature, hospital admissions and emergency room visits in
Lhasa, Tibet: a time-series analysis. Sci Total Environ. (2014) 490:838–
48. doi: 10.1016/j.scitotenv.2014.05.024

27. Zhou H, Geng H, Dong C, Bai T. The short-term harvesting effects of ambient
particulate matter on mortality in Taiyuan elderly residents: a time-series analysis
with a generalized additive distributed lag model. Ecotoxicol Environ Saf. (2021)
207:111235. doi: 10.1016/j.ecoenv.2020.111235

28. R Core Team. R: A Language and Environment for Statistical Computing. R
Foundation for Statistical Computing. Vienna, Austria (2022).

29. Gasparrini A. Distributed lag linear and non-linear models in R: The Package
dlnm. J Stat Softw. (2011) 43:1–20. doi: 10.18637/jss.v043.i08

30. Brkic FF, Besser G, Schally M, Schmid EM, Parzefall T, Riss D, et al.
Biannual differences in interest peaks for web inquiries into ear pain and ear drops:
infodemiology study. J Med Internet Res. (2021) 23:e28328. doi: 10.2196/28328

31. Speets AM, Wolleswinkel JH, Forsgren A, Sobocki PA. Use of medical resources
and indirect costs of otitis media in Sweden. Scand J Public Health. (2011) 39:137–
46. doi: 10.1177/1403494810393553

32. Brkic FF, Besser G, Janik S, Gadenstaetter AJ, Parzefall T, Riss
D, et al. Peaks in online inquiries into pharyngitis-related symptoms
correspond with annual incidence rates. Eur Arch Otorhinolaryngol. (2021)
278:1653–60. doi: 10.1007/s00405-020-06362-4

33. Eccles R, Wilkinson JE. Exposure to cold and acute upper respiratory tract
infection. Rhinology. (2015) 53:99–106. doi: 10.4193/Rhin14.239

34. Smith CM, Hirst RA, Bankart MJ, Jones DW, Easton AJ, Andrew PW, et al.
Cooling of cilia allows functional analysis of the beat pattern for diagnostic testing.
Chest. (2011) 140:186–90. doi: 10.1378/chest.10-1920

35. Djaldetti M, Salman H, Bergman M, Djaldetti R, Bessler H. Phagocytosis–
the mighty weapon of the silent warriors. Microsc Res Tech. (2002) 57:421–
31. doi: 10.1002/jemt.10096

36. Salman H, Bergman M, Bessler H, Alexandrova S, Beilin B, Djaldetti M.
Hypothermia affects the phagocytic activity of rat peritoneal macrophages.Acta Physiol
Scand. (2000) 168:431–6. doi: 10.1046/j.1365-201x.2000.00686.x

37. Buchman CA, Doyle WJ, Pilcher O, Gentile DA, Skoner DP. Nasal and otologic
effects of experimental respiratory syncytial virus infection in adults. Am J Otolaryngol.
(2002) 23:70–5. doi: 10.1053/ajot.2002.30634

38. Yildirim A, Erdem H, Kilic S, Yetiser S, Pahsa A. Effect of climate on the
bacteriology of chronic suppurative otitis media. Ann Otol Rhinol Laryngol. (2005)
114:652–5. doi: 10.1177/000348940511400812

39. Veivers D, Williams GM, Toelle BG, Waterman AMC, Guo Y, Denison
L, et al. The indoor environment and otitis media among australian children:
a national cross-sectional study. Int J Environ Res Public Health. (2022)
19:1551. doi: 10.3390/ijerph19031551

40. Giamello JD, Melchio R, Bertolaccini L, Caraccio P, Rendina C, Lauria G.
Climatic factors influence on emergency department visits. Hong Kong J Emer Med.
(2022) 29:323–4. doi: 10.1177/10249079221092897

Frontiers in PublicHealth 12 frontiersin.org

https://doi.org/10.3389/fpubh.2023.1153111
https://www.frontiersin.org/articles/10.3389/fpubh.2023.1153111/full#supplementary-material
https://doi.org/10.1016/S2468-2667(21)00207-3
https://doi.org/10.1146/annurev-publhealth-012420-105026
https://doi.org/10.1016/j.ijheh.2021.113688
https://doi.org/10.1002/lary.26868
https://doi.org/10.1007/s00106-022-01185-7
https://doi.org/10.1586/erp.09.6
https://doi.org/10.1016/S0194-59989670243-7
https://doi.org/10.1007/s00484-017-1356-7
https://doi.org/10.1289/ehp.0901675
https://doi.org/10.1097/MAO.0000000000001929
https://doi.org/10.1038/nrdp.2016.63
https://doi.org/10.1128/CMR.16.2.230-241.2003
https://doi.org/10.1056/NEJM199901283400402
https://doi.org/10.1177/000348949410300111
https://doi.org/10.1136/bmjresp-2022-001218
https://doi.org/10.1111/jnu.12195
https://doi.org/10.1177/01455613211009151
https://doi.org/10.1016/j.joto.2020.01.002
https://doi.org/10.1017/S0950268815001119
https://doi.org/10.1016/j.rmed.2008.09.011
https://doi.org/10.1371/journal.pone.0099599
https://doi.org/10.1016/j.ajem.2021.01.045
https://doi.org/10.3390/ijerph7072965
https://doi.org/10.1002/sim.3940
https://doi.org/10.1016/j.scitotenv.2013.06.095
https://doi.org/10.1016/j.scitotenv.2014.05.024
https://doi.org/10.1016/j.ecoenv.2020.111235
https://doi.org/10.18637/jss.v043.i08
https://doi.org/10.2196/28328
https://doi.org/10.1177/1403494810393553
https://doi.org/10.1007/s00405-020-06362-4
https://doi.org/10.4193/Rhin14.239
https://doi.org/10.1378/chest.10-1920
https://doi.org/10.1002/jemt.10096
https://doi.org/10.1046/j.1365-201x.2000.00686.x
https://doi.org/10.1053/ajot.2002.30634
https://doi.org/10.1177/000348940511400812
https://doi.org/10.3390/ijerph19031551
https://doi.org/10.1177/10249079221092897
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org


Nieratschker et al. 10.3389/fpubh.2023.1153111

41. Christoffel KK. Effect of season and weather on pediatric emergency department
use. Am J Emerg Med. (1985) 3:327–30. doi: 10.1016/0735-6757(85)90058-0

42. Martin C, Karkas A, Prades JM. Tubotympanic system functioning. Eur Ann
Otorhinolaryngol Head Neck Dis. (2017) 134:177–84. doi: 10.1016/j.anorl.2017.03.010

43. Zhang H, Liu S, Chen Z, Zu B, Zhao Y. Effects of variations in meteorological
factors on daily hospital visits for asthma: a time-series study. Environ Res. (2020)
182:109115. doi: 10.1016/j.envres.2020.109115

44. Wenfang G, Yi L, Wang P, Wang B, Li M. Assessing the effects of meteorological
factors on daily children’s respiratory disease hospitalizations: a retrospective study.
Heliyon. (2020) 6:e04657. doi: 10.1016/j.heliyon.2020.e04657

45. Park M, Han J, Park J, Jang MJ, Park MK. Particular
matter influences the incidence of acute otitis media in
children. Sci Rep. (2021) 11:19730. doi: 10.1038/s41598-021-
99247-3

46. Ziou M, Tham R, Wheeler AJ, Zosky GR, Stephens N, Johnston
FH. Outdoor particulate matter exposure and upper respiratory tract
infections in children and adolescents: a systematic review and meta-
analysis. Environ Res. (2022) 210:112969. doi: 10.1016/j.envres.2022.
112969

47. Agency EE. Air quality in Europe - 2020 Report. (2020).

Frontiers in PublicHealth 13 frontiersin.org

https://doi.org/10.3389/fpubh.2023.1153111
https://doi.org/10.1016/0735-6757(85)90058-0
https://doi.org/10.1016/j.anorl.2017.03.010
https://doi.org/10.1016/j.envres.2020.109115
https://doi.org/10.1016/j.heliyon.2020.e04657
https://doi.org/10.1038/s41598-021-99247-3
https://doi.org/10.1016/j.envres.2022.112969
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org

	Fluctuations in emergency department visits related to acute otitis media are associated with extreme meteorological conditions
	Introduction
	Methods
	Study population and meteorological data
	Statistical analysis

	Results
	Study population and weather
	Mean temperature
	Relative humidity
	Precipitation
	Atmospheric pressure
	Mean wind speed
	Seasonal differences

	Discussion
	Conclusions
	Data availability statement
	Author contributions
	Acknowledgments
	Conflict of interest
	Publisher's note
	Supplementary material
	References


