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ABSTRACT
Objective  We aimed to determine the association 
between meteorological factors and sudden sensorineural 
hearing loss (SSNHL) audiogram configurations.
Design  Retrospective review of medical records from 1 
October 2007 to 31 December 2018.
Setting  A tertiary hospital.
Participants  510 patients with SSNHL who had data on 
the exact date of SSNHL onset and underwent audiological 
evaluation within 14 days were included.
Primary and secondary outcome measures  Daily 
values of meteorological factors, including maximum and 
minimum temperature, mean temperature and its day-
to-day change, diurnal temperature range, atmospheric 
pressure, mean and maximum wind speed and relative 
humidity, and seasonal distributions.
Results  Among the 510 patients (259 women (50.8%); 
mean (SD) age, 46.4 (15.5) years), 108 (21.2%) displayed 
ascending patterns, 143 (28.0%) displayed descending 
patterns, 129 (25.3%) displayed flat patterns and 130 
(25.5%) displayed profound patterns of audiograms. The 
diurnal temperature range on the day of SSNHL onset in 
patients with profound patterns was significantly higher 
than that in patient with ascending (mean difference (MD), 
2.2°C; 95% CI, 0.7°C to 3.7°C; p=0.001) and descending 
(MD, 1.5°C; 95% CI, 0.1°C to 2.9°C; p=0.031) patterns. 
The relative humidity was the highest on the day of SSNHL 
onset in patients with ascending patterns and showed a 
significant difference compared with that in patients with 
profound patterns (MD, 8.0%; 95% CI, 0.7% to 15.3%; 
p=0.026). Seasonal distribution did not differ among 
patients with different audiogram configurations.
Conclusions  Profound audiogram patterns correlated 
with high diurnal temperature range, while ascending 
audiogram patterns correlated with high relative humidity 
in patients with SSNHL. No correlation was observed 
between seasons and audiogram configurations.

INTRODUCTION
Sudden sensorineural hearing loss (SSNHL) 
is an otological emergency defined as hearing 
loss occurring over a relatively short period of 
time with no identifiable cause. SSNHL affects 
5–27 individuals per 100 000 people annually, 
with approximately 66 000 new cases per year 
in the USA alone.1 Although various theories 

have been proposed, such as vascular impair-
ment, viral infection, rupture of the labyrinth 
membrane and immune-mediated disorder, 
the aetiology of SSNHL is unclear.2–4

Vascular impairment is a widely accepted 
theoretical mechanism for SSNHL. The 
inner ear is supplied by the labyrinthine 
artery, which is a functional end artery that 
terminates in two branches supplying the 
cochlea and vestibular organ. The cochlea 
is susceptible to ischaemic injury through 
various vascular insults, such as thrombo-
embolism or vasospasm.5 Further, shunting 
from the periphery cannot compensate 
for disturbances in the blood supply to the 
cochlea because the labyrinthine artery is a 
terminal artery and is positioned intraosse-
ously. Animal models have shown that impair-
ment in microcirculation of the cochlea leads 
to immediate loss of function of the organ of 
Corti.6 Moreover, the clinical characteristics 
of SSNHL are similar to those of other isch-
aemic vascular diseases7—symptoms develop 
abruptly without any preceding signs and only 
one side of the ear is affected in general. Many 
studies have reported that diseases of vascular 
origin, such as acute myocardial infarction,8 
stroke9 and migraine,10 are correlated with 
meteorological factors. However, studies have 

Strengths and limitations of this study

►► Meteorological factors are associated with the inci-
dence and prognosis of sudden sensorineural hear-
ing loss (SSNHL); however, there are limited data 
on its correlation with audiogram configurations of 
SSNHL.

►► This study included patients diagnosed with SSNHL 
within 14 days after SSNHL onset to mitigate recall 
bias from the retrospective design.

►► This study was conducted at a single tertiary hospi-
tal that receives patients from all over the country.

http://bmjopen.bmj.com/
http://orcid.org/0000-0003-2611-2409
http://dx.doi.org/10.1136/bmjopen-2020-045768
http://dx.doi.org/10.1136/bmjopen-2020-045768
http://dx.doi.org/10.1136/bmjopen-2020-045768
http://crossmark.crossref.org/dialog/?doi=10.1136/bmjopen-2020-045768&domain=pdf&date_stamp=2021-11-03


2 Zhang J, et al. BMJ Open 2021;11:e045768. doi:10.1136/bmjopen-2020-045768

Open access�

drawn inconsistent conclusions regarding the correlation 
between SSNHL and meteorological factors.

The audiogram configuration of SSNHL can be cate-
gorised into five distinct patterns: ascending, descending, 
flat, profound and others.11 Each audiogram pattern is 
considered to be the result of different pathogenetic 
mechanisms.12 This study aimed to investigate the associ-
ation between meteorological factors and different audio-
gram configurations of SSNHL.

PATIENTS AND METHODS
Study population
This retrospective cross-sectional study included patients 
who were diagnosed with SSNHL at the Otorhinolaryn-
gology Department in our hospital between 1 October 
2007 and 31 December 2018. The diagnostic criteria for 
SSNHL were unexplained hearing loss of ≥30 dB at more 
than three consecutive pure-tone frequencies occurring 
within a 72-hour period. Patients who underwent audi-
ological evaluation within 14 days of SSNHL onset were 
included. Patients with known causes of hearing loss, 
including middle ear disease, Ménière’s disease, acoustic 
neuroma and large vestibular aqueduct syndrome, were 
excluded. The medical records of all patients were thor-
oughly reviewed. Data on demographics, clinical parame-
ters and date and geographical location of SSNHL attacks 
were collected. Laboratory results at the time of hospital 
admission were recorded, including complete blood 
count, coagulation panel and biochemical test results. 
All patients were treated with intravenous steroids (meth-
ylprednisolone 40 mg/day) for 5 days. Patients who did 
not achieve complete recovery received intratympanic 
steroids (methylprednisolone 20 mg every 2 days) on 
days 6, 8, 10, 12 and 14 in different combinations with 
blood flow-promoting drugs, vasodilators, vitamins and 
diuretics. Written informed consent that authorised the 
use of personal medical data in the study was obtained 
from all patients. The study was conducted in accordance 
with the Declaration of Helsinki.

Auditory evaluation
Pure-tone audiometry was performed on the day of inclu-
sion and at the end of treatment on the 14th day. The 
pure-tone average was calculated from the air conduc-
tion thresholds at 500, 1000, 2000 and 4000 Hz in the 
affected ear. Initial audiogram configurations were clas-
sified as ascending (the average threshold of 250–500 Hz 
was 20 dB higher than 4–8 kHz), descending (the average 
threshold of 4–8 kHz was 20 dB higher than 250–500 Hz), 
flat (similar threshold across the entire frequency 
range) and profound (flat configuration with hearing 
threshold >90 dB) patterns. The level of recovery was eval-
uated according to Siegel’s criteria as follows: (1) complete 
recovery: final hearing <25 dB, (2) partial recovery: >15 dB 
gain and final hearing 25–45 dB, (3) slight improvement: 
>15 dB gain and final hearing >45 dB; and (4) no improve-
ment: <15 dB gain and final hearing >75 dB. The overall 

recovery is the sum of complete recovery, partial recovery 
and slight improvement.

Meteorological data
According to the date and geographical location of 
SSNHL attacks, meteorological data on daily maximum 
and minimum temperature, daily mean temperature 
and its day-to-day change, diurnal temperature range, 
atmospheric pressure, mean and maximum wind speed 
and relative humidity were obtained from the National 
Climatic Data Center (http://www.​ncdc.​noaa.​gov/). 
Seasons were defined as spring (1 March–31 May), 
summer (1 June–31 August), autumn (1 September–30 
November) and winter (1 December–28/29 February).

Statistical analysis
Categorical variables are presented as frequencies and 
percentages, and continuous variables are presented 
as mean±SD. Meteorological factors were compared 
between the different audiogram patterns using one-
way analysis of variance with the Scheffé post hoc test. 
Comparisons of clinical characteristics and recovery rate 
between the profound and non-profound groups were 
performed using unpaired t-test and the Pearson Χ2 test 
or Fisher’s exact test, as appropriate. Effective sizes and 
95% CIs were presented to describe the magnitude of the 
differences between the groups. The level of statistical 
significance was set at a two-tailed p value of  <0.05. All 
statistical analyses were performed using SPSS software 
(V.24.0) and GraphPad Prism software V.7.0.

Patient and public involvement
It was not appropriate or possible to involve patients or 
the public in the design, conduct, reporting or dissemi-
nation plans of our research.

RESULTS
Among the 510 patients (259 women (50.8%); mean 
(SD) age, 46.4 (15.5) years) who met the inclusion 
criteria, 108 (21.2%) displayed ascending audiogram 
patterns, 143 (28.0%) displayed descending patterns, 
129 (25.3%) displayed flat patterns and 130 (25.5%) 
displayed profound patterns. Each meteorological factor 
on the day of SSNHL onset was analysed. Only the diurnal 
temperature range and relative humidity showed signifi-
cant correlations with specific audiogram configurations 
(table 1). The average diurnal temperature range on the 
day of SSNHL onset in patients with profound patterns was 
significantly higher than that in patients with ascending 
(mean difference (MD), 2.2°C; 95% CI, 0.7°C to 3.7°C; 
p=0.001) and descending (MD, 1.5°C; 95% CI, 0.1°C to 
2.9°C; p=0.031) patterns. The diurnal temperature range 
on the day of SSNHL onset was higher in patients with 
profound patterns than in those with flat patterns, but the 
difference was not statistically significant (figure 1A). The 
relative humidity was the highest on the day of SSNHL 
onset in patients with ascending patterns and showed a 

http://www.ncdc.noaa.gov/
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significant difference compared with that in patients with 
profound patterns (MD, 8.0%; 95% CI, 0.7% to 15.3%; 
p=0.026; figure  1B). In addition, there was no signifi-
cant difference in seasonal distribution among the four 
pattern groups (table 1).

The percentage of patients aged  >60 years (MD, 
19.6%; 95% CI, 10.5% to 29.2%; p=0.000), those with 
vertigo (MD, 28.0%; 95% CI, 18.1% to 37.3%; p=0.0.000), 
those with diabetes (MD, 8.7%; 95% CI, 1.6% to 17.1%; 
p=0.014), those with stroke (MD, 3.9%; 95% CI, 0.2% to 
9.7%; p=0.047) and those with coronary artery disease 
(MD, 7.3%; 95% CI, 2.3% to 14.1%; p=0.002) was signifi-
cantly higher in the group with profound patterns than 

in the other groups. The mean prothrombin time (MD, 
−0.6 s; 95% CI, −1.2 to −0.1 s; p=0.006) was significantly 
shorter and the mean concentration of fibrinogen (MD, 
19.5 mg/dL; 95% CI, 1.8 to 40.8 mg/dL; p=0.008) was 
significantly higher in the group with profound patterns 
than in the other groups (table 2).

Response to treatment in 373 patients who underwent 
pure-tone audiometry on the 14th day after therapy was 
measured. The overall recovery rate was significantly 
lower in the group with profound patterns than in other 
groups (MD, −11.8%; 95% CI, −21.9% to −1.1%; p=0.031; 
table 3).

Table 1  Comparison of meteorological factors and seasonal distribution between different audiogram configurations

Variables Ascending (n=108) Descending (n=143) Flat (n=129) Profound (n=130) P value

Maximum temperature, 
mean (SD), °C

19.6 (11.2) 18.1 (12.2) 19.5 (11.7) 19.4 (11.8) 0.683

Minimum temperature, 
mean (SD), °C

10.8 (11.3) 8.5 (11.9) 9.4 (10.8) 8.4 (12.0) 0.357

Mean temperature, mean 
(SD), °C

14.8 (11.1) 13.0 (11.8) 14.2 (11.2) 13.7 (11.9) 0.649

Day-to-day change of 
mean temperature, mean 
(SD), °C

1.7 (1.3) 1.8 (1.5) 1.4 (1.3) 1.6 (1.4) 0.111

Diurnal temperature 
range, mean (SD), °C

8.9 (3.7) 9.6 (4.1) 10.1 (4.2) 11.1 (4.1) 0.000

Atmosphere pressure, 
mean (SD), hPa

1006.9 (20.7) 1007.9 (23.1) 1005.2 (30.0) 1006.6 (23.5) 0.841

Mean wind speed, mean 
(SD), m/s

2.1 (0.9) 2.2 (1.1) 2.1 (1.0) 2.3 (1.0) 0.470

Maximum wind speed, 
mean (SD), m/s

4.6 (1.9) 4.9 (1.9) 4.8 (1.8) 4.9 (1.6) 0.569

Relative humidity, mean 
(SD), %

58.9 (21.1) 55.7 (19.9) 54.5 (19.8) 50.9 (19.3) 0.022

Seasons, n (%) 0.161

 � Spring 21 (19.4) 44 (30.8) 32 (24.8) 34 (26.2)

 � Summer 29 (26.9) 22 (15.4) 32 (24.8) 35 (26.9)

 � Autumn 25 (23.1) 30 (21.0) 21 (16.3) 30 (23.1)

 � Winter 33 (30.6) 47 (32.9) 44 (34.1) 31 (23.8)

Figure 1  (A) Comparison of the diurnal temperature range between different audiogram configurations. (B) Comparison of 
relative humidity between different audiogram configurations.
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DISCUSSION
Weather conditions have long been recognised as an 
important factor in the deterioration of physical health 
since the time of Hippocrates (approximately 400 BC).13 
Many studies have evaluated the association between 
SSNHL and weather and seasons. Mees et al14 found that 
the incidence of SSNHL was significantly affected by 
atmospheric pressure. Herbert et al15 also reported that 
the disease occurred more often at times of low pres-
sure. Two retrospective studies from Korea demonstrated 
that the mean and maximum wind speeds were signifi-
cantly and positively correlated with SSNHL onset.16 17 
Concerning the seasonality of SSNHL, the results varied 
largely across studies.17–19 However, some studies have 
failed to establish a correlation between meteorolog-
ical factors and the incidence20–22 and recovery rate of 
SSNHL.23 These studies mainly focused on the incidence 
and prognosis of SSNHL. Moreover, there are limited 

data on the relationship between the audiogram config-
urations of SSNHL and meteorological factors. This 
study showed that profound patterns were correlated 
with a high diurnal temperature range, while ascending 
patterns were correlated with high relative humidity. The 
study results did not indicate any correlation between 
seasons and audiogram configurations.

The positive association between profound patterns 
and the diurnal temperature range suggests that vascular 
factors may play a role in this subtype of SSNHL. The 
correlation between SSNHL and vascular disease is 
described in various studies. A prospective study by Lin 
et al24 reported that the risk of stroke within 5 years was 
1.64 times higher in patients with SSNHL compared 
with those without SSNHL. In another 5-year follow-up 
study, Kuo et al25 collected data from 11 115 patients 
with stroke and 33 345 matched patients without 
stroke and reported that the incidence of SSNHL was 

Table 2  Clinical characteristics of patients with profound and non-profound patterns

Characteristics Non-profound (n=380) Profound (n=130) Effect size (95% CI)* P value

Age ≥60 years, n (%) 60 (15.8) 46 (35.4) 19.6 (10.9 to 28.8) 0.000

Male, n (%) 186 (48.9) 65 (50) 1.1 (−8.8 to 10.9) 0.836

Vertigo, n (%) 115 (30.3) 74 (58.3) 28.0 (18.1 to 37.3) 0.000

Tinnitus, n (%) 342 (90) 109 (85.8) −4.2 (−11.8 to 1.9) 0.194

BMI, mean (SD), kg/m2 23.8 (4.1) 24.3 (3.2) 0.5 (−0.3 to 1.3) 0.053

Smoking, n (%) 51 (13.5) 13 (10.2) −3.3 (−8.9 to 3.9) 0.340

Comorbidities, n (%)

 � Diabetes 44 (11.8) 26 (20.5) 8.7 (1.6 to 17.1) 0.014

 � Hypertension 78 (20.9) 36 (28.3) 7.5 (−0.9 to 16.7) 0.082

 � Stroke 9 (2.4) 8 (6.3) 3.9 (0.2 to 9.7) 0.047

 � Coronary artery disease 14 (3.7) 14 (11) 7.3 (2.3 to 14.1) 0.002

Laboratory test, mean (SD)

 � WBC,×109/L 7.6 (2.8) 8.2 (2.7) 0.6 (−0.1 to 1.2) 0.763

 � Neutrophils, % 63.8 (13.6) 69.7 (12.7) 5.9 (3.0 to 8.8) 0.780

 � PT, s 12.1 (2.8) 11.5 (1.1) −0.6 (−1.2 to −0.1) 0.006

 � APTT, s 30.1 (4.9) 30.5 (4.1) 0.4 (−0.7 to 1.6) 0.095

 � Fibrinogen, mg/dL 240.0 (107.3) 259.5 (93.9) 19.5 (1.8 to 40.8) 0.008

 � TG, mmol/L 1.2 (0.9) 1.3 (1.0) 0.1 (−0.2 to 0.3) 0.441

 � TC, mmol/L 5.0 (1.3) 5.1 (1.2) 0.1 (−0.2 to 0.4) 0.702

 � LDL-C, mmol/L 3.0 (1.1) 3.2 (1.0) 0.2 (−0.1 to 0.4) 0.571

*Indicates mean difference for continuous variables and percentage difference for categorical variables.
APTT, activated partial thromboplastin time; BMI, body mass index; LDL-C, low-density lipoprotein cholesterol; PT, prothrombin time; 
TC, total cholesterol; TG, triglyceride; WBC, white blood cell.

Table 3  Response to treatment in patients with profound and non-profound patterns

Response to treatment, n (%) Non-profound (n=250) Profound (n=123) Effect size (95% CI)

Complete recovery 53 (21.2) 6 (4.9) −16.3 (−22.4 to −9.2)

Partial recovery 43 (17.2) 13 (10.6) −6.6 (−13.3 to 1.2)

Slight improvement 25 (10) 26 (21.1) 11.1 (3.5 to 19.8)

No improvement 129 (51.6) 78 (63.4) 11.8 (1.1 to 21.9)
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approximately twice as high among patients with stroke 
than among those without stroke. In a previous study, 
the rapid change in ambient temperature had an effect 
on the overall stroke risk, and the effect was more imme-
diate on ischaemic stroke than on intracerebral haemor-
rhage and subarachnoid haemorrhage.9 The change in 
temperature was also observed to be associated with an 
increased risk of overall and non-ST-elevation myocar-
dial infarction.8 The effects of temperature change on 
SSNHL with a profound pattern and vascular-related 
diseases were similar. This similarity provides comple-
mentary evidence supporting that sudden hearing loss 
with a profound pattern is most likely of vascular origin, 
and the change in temperature may serve as a trig-
gering factor for the interruption of microcirculation 
in the inner ear. When the temperature change over-
whelms the adaptive capacity of the body, the sympa-
thetic nervous system and renin–angiotensin system are 
activated, thereby resulting in vasoconstriction of the 
inner ear, accompanied by hyperviscosity, and leading 
to thromboembolism in some cases.

In addition, to vascular factors, the association 
between recent viral infection and SSNHL is established 
in a study.26 The seasonal pattern of viral infection is 
usually the result of its transmission under favour-
able meteorological conditions. Therefore, the virus-
inducing SSNHL theory cannot be ruled out. Recent 
studies have reported that severe acute respiratory 
syndrome coronavirus 2 (SARS-CoV-2) is a possible 
trigger of SSNHL. SARS-CoV-2 infection can promote 
microthrombosis in the inner ear by endotheliitis and 
cytokine activation.27

In addition, endolymph hydrops may be involved 
in the pathophysiology of SSNHL with an ascending 
pattern. The audiogram configurations mimic those 
observed in Ménière’s disease. Schmidt et al reported 
that high humidity was strongly associated with a higher 
prevalence of initial attack and symptom exacerba-
tion in Ménière’s disease.28 In this study, the relative 
humidity was significantly higher on the day of onset in 
patients with ascending patterns. These findings further 
support the fact that SSNHL with an ascending pattern 
and Ménière’s disease have a shared pathophysiology of 
endolymphatic hydrops.

This study also found that the risk factors of vascular-
related diseases overlap with the characteristics of 
patients with profound patterns, including older age; 
presence of vertigo; and history of diabetes mellitus, 
stroke and coronary artery disease. Moreover, a shorter 
prothrombin time and higher concentration of fibrin-
ogen were observed in the group with profound 
patterns, which is associated with higher coagulation 
activity and blood viscosity.29 These results reinforce the 
presence of an underlying vascular problem in patients 
with SSNHL with profound patterns. SSNHL with a 
profound pattern can be disabling and has a consider-
able negative impact on the patient’s quality of life. In 
this study, the recovery rate in the group with profound 

patterns was significantly lower than that in the other 
groups; therefore, there is a demand for an optimised 
treatment strategy. Given that vascular compromise may 
be the aetiology of SSNHL with a profound pattern, 
vasoactive and rheologic agents may be effective in 
the management of this particular group rather than 
of overall SSNHL. Some treatments based on vascular 
theory, such as fibrinogen/low-density lipoprotein 
apheresis29 and local hypothermia,30 have been tested 
and have shown positive results. Further clinical trials 
are required to provide higher quality evidence.

This study has several limitations. First, as a retrospec-
tive study, data on onset time were primarily extracted 
from the medical records, which is based on the 
patients’ self-report and may have introduced a recall 
bias. This study attempted to mitigate this limitation by 
including only those patients who were diagnosed with 
SSNHL within 14 days after SSNHL onset. Second, this 
study was conducted at only one hospital; therefore, 
more extensive multicentre studies are required.

CONCLUSION
The diurnal temperature range and relative humidity 
were associated with the audiogram configuration of 
SSNHL. A high diurnal temperature range on the day 
of SSNHL onset correlated with profound patterns, 
while high relative humidity on the day of SSNHL onset 
correlated with ascending patterns. However, there 
was no correlation between seasons and audiogram 
configurations.
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