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Objective : This study aims to investigate the incidence of vestibular schwannoma (VS) and demographic characteristics in Korea 
using population-based National Health Insurance Service data.
Methods : This study analyzed Korean National Health Insurance Service data from 2005 to 2020, based on the International 
Classification of Diseases, 10th version, Clinical Modification codes D333 and D431. Only those patients who had undergone 
magnetic resonance imaging and audiologic tests were considered definitive cases. Demographic variables included age, sex, 
treatment modality, hypertension, diabetics, dyslipidemia, smoking history, alcohol history, and income status. 
Results : The total number of VS patients was 5751. The average incidence rate was 0.71 per 100000 from 2005 to 2020, and the 
annual incidence rate increased from 0.33 in 2005 to 1.32 in 2019 but decreased to 0.80 in 2020. Incidence was highest in those aged 
60–69 years (1.791) and lowest in those younger than 20 years (0.041). Incidence was higher in females, and the number of patients 
who received radiosurgery (46.64%) was largest compared to the wait and scan group (37.96%), microsurgery group (12.85%), or 
the group who received both (2.56%). Diabetes, dyslipidemia, and alcohol consumption increased the risk of VS, while cigarette 
smoking reduced the risk of VS. 
Conclusion : The incidence of VS exhibited an increasing trend from 2005 to 2019. Radiosurgery (46.64%) was the most common 
treatment modality. Diabetes, dyslipidemia, and alcohol consumption increased the risk of VS, while cigarette smoking reduced the 
risk of VS.
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INTRODUCTION

Vestibular schwannomas (VS), also known as acoustic neu-

romas, originate from the vestibular branch of the eighth cra-

nial nerve, which is located in the cerebellopontine angle, the 

space between the brainstem, cerebellum, and temporal bone. 

Similar to the characteristics of schwannomas, VSs are be-

nign, well-encapsulated, slow-growing nerve sheath tumors 

that are composed exclusively of Schwann cells1,2). VS may lead 

to asymmetric hearing loss, unilateral tinnitus, and vertigo. A 

VS can expand out of the internal auditory canal and press on 

the adjacent nerves, resulting in severe neurological symptoms 
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such as facial palsy and brainstem compression.

Little information exists on the incidence of VS worldwide, 

but several studies have reported the national incidence rate of 

VS ranging from approximately 0.6 to 3.3 per 100000 popula-

tions1,2,14,15,24). Denmark may possess the most complete data 

set since all VS patients are referred to a single clinic31). Since 

1976, all patients in Denmark diagnosed with a cerebellopon-

tine angle tumor resembling a VS have been referred to Rig-

shospitalet (previously Gentofte Hospital), and the patient 

data were entered prospectively into Denmark’s national data-

base. The estimated incidence increased from 0.26 VS cases 

per 100000 per year in 1976 to 3.07 VS cases per 100000 per 

year in 2011. As in Denmark, the incidence rate tends to in-

crease every year in most countries. In four Nordic countries, 

an overall annual increase of 3% in the incidence rate was ob-

served between 1987 and 200717).

Similar to most other countries, population-based studies of 

VS have not been reported in Korea. The aim of this study is 

to investigate the incidence of VS, the associated demographic 

characteristics in Korea, and the risk factors for VS using pop-

ulation-based National Health Insurance Service data. 

MATERIALS AND METHODS

This study was approved by the Institutional Review Board 

of the Catholic university of Korea, Eunpyeong St. Mary's 

Hospital (No. PC21ZASI0049).

Study design and subjects
The data of this study are from the Korean National Health 

Insurance Service from 2005 to 2020. Patients with vestibular 

schwannoma were identified according to the corresponding 

International Classification of Diseases, 10th version, Clinical 

Modification (ICD-10-CM) diagnostic code D333 (benign 

neoplasm of the brain and other parts of the central nervous 

system or cranial nerves) or D431 (neoplasm of uncertain ori-

gin or unknown behavior of the brain and central nervous 

system, brain, infratentorial). Inclusion criteria for this study 

were as follows : 1) diagnostic code D333 or D431; 2) without 

D32 (benign neoplasm of cerebral meninges), C70 (cerebral 

meningeal cancer), and C71 (brain cancer); 3) underwent 

brain magnetic resonance imaging (MRI) or temporal bone 

MRI within 1 year of diagnosis; and 4) underwent at least one 

audiologic test (pure tone audiometry, speech audiometry, or 

auditory brainstem response).

The control group was established using a propensity-score 

matching method with a fourfold number of the patient 

group. Annual incidence in total and according to age, sex, 

and treatment modality (wait and scan, radiosurgery, micro-

surgery, or both) were analyzed. Chronic metabolic diseases 

such as hypertension, diabetes, dyslipidemia, smoking history, 

and alcohol history were investigated to verify whether they 

were risk factors for VS. 

Statistical analysis
Statistical analyses were performed using SAS version 9.4 

(SAS Institute, Cary, NC, USA). T-test was used for continu-

ous variables and a chi-square test was used for categorical 

variables. The risk factors were analyzed by univariate and 

multivariate Cox proportional hazard regression analyses, 

where p-value <0.05 was considered to be statistically signifi-

cant. 

RESULTS

Annual incidence rate
Overall, from 2005 to 2020, there were 5751 patients with 

VS. Annual incidence rates are shown in Table 1 and Fig. 1. 

The annual incidence rate had an increasing trend from 0.33 

per 100000 in 2005 to 0.80 per 100000 in 2020, with a peak 

annual incidence of 1.32 per 100000 in 2019. The overall an-

nual incidence rate was 0.71 per 100000.

Demographic characteristics of VS and control 
group

The characteristic variables of the VS group (n=5751) and 

the control group (n=23004) are shown in Table 2. The VS 

group included 2456 male patients (42.7%) and 3295 female 

patients (57.3%). Age group was divided by 10 years, from be-

low 20 years-old from above 80 years-old. The patients in the 

50–59 years age group accounted for the largest portion. The 

mean age of VS group was 53.42 and the mean age of control 

group was 53.35.

Age- and sex- specific annual incidence
The annual incidence of VS according to sex and age is 
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shown in Table 3 and Fig. 2. The annual incidence in females 

was higher than in males for all ages except those 80 years of 

age or older (female/male ratio, 0.616). The overall female to 

male incidence ratio was 1.225, and the sex difference in VS 

was statistically significant (p=0.0098).

The incidence of the total population, males, and females 

was highest in the 60–69 years age group (1.791, 1.510, and 

2.050 per 100000, respectively) and all lowest in those younger 

than 20 years (0.041, 0.038, and 0.044 per 100000, respective-

ly). 

Treatment modalities and household income
For treatment modalities, patients who received radiosur-

gery (46.64%) were the most common, followed by the wait 

Table 1. Incidence of vestibular schwannoma according to Korean National Health Insurance service data, 2005 to 2020

Year Incident cases Population* Annual incidence per 100000 (95% CI)

2005 159 48683039.5 0.33 (0.28–0.39)

2006 251 48887026.5 0.51 (0.45–0.58)

2007 216 49130353.5 0.44 (0.39–0.50)

2008 217 49404647.5 0.44 (0.39–0.50)

2009 281 49656756.0 0.57 (0.50–0.63)

2010 329 49879811.5 0.66 (0.59–0.73)

2011 324 50111475.5 0.65 (0.58–0.72)

2012 322 50345324.5 0.64 (0.57–0.71)

2013 346 50558951.5 0.68 (0.61–0.76)

2014 382 50763158.0 0.75 (0.68–0.83)

2015 424 50951719.0 0.83 (0.75–0.91)

2016 447 51112971.5 0.87 (0.79–0.96)

2017 456 51230704.0 0.89 (0.81–0.97)

2018 506 51300879.5 0.99 (0.90–1.07)

2019 679 51337423.5 1.32 (1.22–1.42)

2020 412 51349259.0 0.80 (0.72–0.88)

Total 5751 804703500.5 11.38

Mean 359.44 50293968.8 0.71

*Population in the middle of the year. CI : confidence interval

Fig. 1. Annual incidence per 100000 cases of vestibular schwannoma of Korea.
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and scan group (37.96%), microsurgery group (12.85%), and 

those who received both (2.56%). Household income was di-

vided into four groups. The fourth quartile (the highest in-

come level) accounted for 41.64% of the VS patients, followed 

by the third quartile for 22.85% (Table 2).

Risk factors for VS
The chronic metabolic diseases (hypertension, diabetes, and 

dyslipidemia), smoking history, and alcohol history of VS 

group and control group is shown in Table 2. The univariate 

and multivariate Cox proportional hazard regression analysis 

of risk factors are shown in Table 4. In univariate analysis, VS 

was associated with all of three metabolic diseases; hyperten-

Table 2. Characteristics of the vestibular schwannoma group and the control group

Variable VS group (n=5751) Control group (n=23004) p-value

Sex 0.962

Male 2456 (42.7) 9832 (42.74)

Female 3295 (57.3) 13172 (57.26)

Age (years) 0.7231

<20 72 (1.25) 245 (1.07)

20–29 226 (3.93) 928 (4.03)

30–39 613 (10.66) 2466 (10.72)

40–49 1122 (19.51) 4488 (19.51)

50–59 1736 (30.19) 6944 (30.19)

60–69 1326 (23.06) 5305 (23.06)

70–79 584 (10.15) 2396 (10.42)

≥80 72 (1.25) 232 (1.01)

Mean age 53.42 53.35

Treatment modality <0.001

None 2183 (37.96)

Radiosurgery 2682 (46.64)

Microsurgery 739 (12.85)

Radiosurgery and microsurgery 147 (2.56)

Household income 0.9997

1st quartile, lowermost 1024 (17.81) 4096 (17.81)

2nd quartile 1018 (17.7) 4072 (17.7)

3rd quartile 1314 (22.85) 5269 (22.9)

4th quartile, uppermost 2395 (41.64) 9567 (41.59)

Hypertension 2385 (41.47) 8398 (36.51) <0.001

Diabetes mellitus 1966 (34.19) 6244 (27.14) <0.001

Dyslipidemia 3071 (53.4) 9687 (42.11) <0.001

Smoking <0.001

No 3356 (58.36) 13104 (56.96)

Yes, current or ex-smoker 1245 (21.65) 6185 (26.89)

Alcohol <0.001

No 2657 (46.2) 14672 (63.78)

Yes, mild or heavy 1944 (33.8) 4624 (20.1)

Values are presented as number (%)
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sion (hazard ratio [HR], 1.223; 95% confidence interval [CI], 

1.161–1.289), diabetes mellitus (HR, 1.346; 95% CI, 1.274–

1.421), dyslipidemia (HR, 1.459; 95% CI, 1.385–1.537). Smok-

ing history decreased the risk of VS (HR, 0.806; 95% CI, 

0.755–0.860), and alcohol history increased the risk of VS 

(HR, 2.069; 95% CI, 1.952–2.194).

Table 3. Age- and sex-speci�c annual incidence of vestibular schwannoma per 100000 according to the Korean National Health Insurance Service Data, 
2005 to 2020

Age (years)
Annual Incidence per 100000 Female/male 

incidence ratio
p-value

Total (n=5751) Male (n=2456) Female (n=3295)

<20 0.041 0.038 0.044 1.152 0.0098

20–29 0.204 0.163 0.248 1.527 0.0098

30–39 0.480 0.454 0.507 1.116 0.0098

40–49 0.816 0.725 0.910 1.255 0.0098

50–59 1.497 1.256 1.741 1.386 0.0098

60–69 1.791 1.510 2.050 1.357 0.0098

70–79 1.299 1.199 1.372 1.144 0.0098

≥80 0.389 0.530 0.326 0.616 0.0098

Mean 0.815 0.734 0.900 1.225

Table 4. Risk factors of vestibular schwannoma (results of Cox-regression analysis)

Variable In the VS group
Univariate

p-value
Multivariate

p-value
HR (95% CI) HR (95% CI)

HTN 2385 (41.47) 1.223 (1.161–1.289) <0.0001 0.966 (0.904–1.033) 0.3104

DM 1966 (34.19) 1.346 (1.274–1.421) <0.0001 1.123 (1.048–1.203) 0.001

Dyslipidemia 3071 (53.4) 1.459 (1.385–1.537) <0.0001 1.276 (1.194–1.363) <0.0001

Smoking 1245 (21.65) 0.806 (0.755–0.860) <0.0001 0.557 (0.519–0.597) <0.0001

Alcohol 1944 (33.8) 2.069 (1.952–2.194) <0.0001 2.631 (2.469–2.803) <0.0001

Values are presented as number (%) unless otherwise indicated. VS : vestibular schwannoma, HR : hazard ratio, CI : confidence interval, HTN : 
hypertension, DM : diabetes mellitus

Fig. 2. Age- and sex-specific annual incidence of vestibular schwannoma per 100000 persons according to the Korean National Health Insurance 
Service Data, 2005 to 2020.
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However, in multivariate Cox regression analysis, hyperten-

sion was not a statistically signif icant risk factor of VS 

(p=0.3104). VS was associated with diabetes mellitus (HR, 

1.123; 95% CI, 1.048–1.203) and dyslipidemia (HR, 1.276; 95% 

CI, 1.194–1.363) (Table 4). Alcohol consumption increased the 

risk of VS (HR, 2.631; 95% CI, 2.469–2.803) in highest HR 

among the risk factors. On the contrary, smoking (current or 

ex-smoker) was associated with decreased risk of VS (HR, 

0.557; 95% CI, 0.519–0.597). 

DISCUSSION

This study is an epidemiological study of all Korean patients 

diagnosed with VS using population-based data for the total 

population of Korea. The overall annual incidence from 2005 

to 2020 was 0.71 per 100000, ranging from 0.33 to 1.32. This 

appeared to be lower than the incidences reported previously 

in Taiwan (incidence range from 1.74 to 3.72 per 100000 from 

2001 to 2012), Netherlands (incidence range from 1.03 to 1.55 

per 100000 from 2001 to 2012), and Denmark (incidence 

range from 0.26 to 3.7 per 100000 from 1976 to 2011)14,15,17). 

Compared to the United States with its overall incidence of 

1.14 per 100000 from 2004 to 20168), the overall incidence was 

lower in the present study.

Several studies have reported that the high incidence rate of 

VS was due to high medical utilization, high number of out-

patient visits, or easy accessibility to specialists. However, in 

Korea, there is a greater possibility of utilization of the health 

care system with higher rates of consultation to specialists. 

According to the Organisation for Economic Co-operation 

and Development (OECD) report, Korea had 16.6 hospital vis-

its per population in 2017, which is the highest among OECD 

countries. The average number of doctor consultations per 

person for other member countries was 7.1 in 201721). Remote 

areas that have limited access to medical institutions are rare, 

and MRI examinations are covered by national health insur-

ance. Recently, the knowledge of VS pathology has signifi-

cantly increased due to inactivation of the NF2 gene and its 

product merlin. Different genetic backgrounds and ethnicities 

may account for the variation in incidence rates6,10) but are un-

likely to directly explain the low incidence rates in our study. 

Strict inclusion criteria of our study are believed to be related 

with the low incidence. Patients who did not receive audiolog-

ic test evaluations were omitted from our study.

Although the incidence rate varies by country, they are 

steadily increasing worldwide. In our study, the annual inci-

dence rate gradually increased from 0.33/100000 in 2005 to 

1.32/100000 in 2019. A possible main reason for this increase 

is improved access to sensitive diagnostic tools, especially 

MRI. The size of tumors at diagnosis remarkably decreased 

from 30 mm in the mid-1970s to 10 mm in the 2000s8). In-

creased awareness toward hearing impairment among patients 

is likely to be a contributing factor, leading to frequent audio-

logic screening tests and more accidental findings of VS. The 

finding that the upper 50% of the income group accounts for 

63% of VS patients (Table 1) supports this opinion. However, 

increases in tumor occurrence itself cannot be completely 

ruled out19).

In 2018, the Korean national health insurance coverage for 

temporal bone MRI was expanded to unilateral hearing loss 

worse than 40 dB or tinnitus lasting more than 6 months. 

Therefore, decreases in cost burden may contribute to the 

high increase of VS patients in 2019. In 2020, the annual inci-

dence decreased to 0.80/100000 compared to 1.32/100000 in 

2019. This sudden decrease may be due to the effects of the 

coronavirus disease 2019 (COVID-19). Many other diseases 

such as breast cancer also exhibited a decline of diagnosis in 

2020, which demonstrated a significant statistical difference 

compared to 201912). To our knowledge, ours is the first VS 

study including data from the year 2020. The COVID-19 pan-

demic may have significantly impacted the rates of screening 

and case identification and will likely show a similar decline 

in other countries in 2020.

The annual incidence of VS was highest in the age range of 

60 to 69 years (1.791/100000 persons) and second highest in 

the age range of 50 to 59 years (1.497/100000 persons). This re-

sult is in line with other countries where the incidence rates 

peaked in the sixth15) or seventh decade of age1). The annual 

incidence of VS in female patients (0.900) was higher than in 

male patients (0.734) as seen in Table 3. The overall female to 

male incidence ratio was 1.225, and the sex difference was sta-

tistically significant (p=0.0098). A study in Taiwan reported 

the female to male incidence ratio as 1.31415). Compared to 

Asian countries, Western Europe and North America report-

ed small sex differences. Carlson et al.6) reported a female pro-

portion of 52.1% (year of 1973 to 2012) and Cioffi et al.8) re-

ported it as 52.6% (year of 2004 to 2016). Kleijwegt et al.14) 
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reported Netherland’s female proportion of 50.2%. Denmark 

was the only country that reported a higher male proportion 

(50.3%), but the difference was not statistically significant25).

There are currently three main approaches for diagnosed 

VS patient. In our study, patients who received radiosurgery 

(46.64%) were the majority, followed by the wait and scan 

group (37.96%), microsurgery group (12.85%), and both 

(2.56%). Stereotactic radiosurgery (SRS) has become an im-

portant treatment modality since its introduction in 1969, be-

cause it is less invasive and has been associated with a good 

tumor control rate and low morbidity13). The common indica-

tions for SRS are a lesion with a diameter less than 3 cm, a 

small lesion limited to the internal acoustic canal, or a re-

curred lesion after microsurgery18). Nowadays, the tumor size 

at the time of diagnosis has decreased over time due to easy 

access to MRI and hearing screening tests5). This early diagno-

sis may have contribute to the shift of treatment trend to SRS 

and observation. In addition older patients with VS are more 

likely to undergo radiosurgery in aging society. In the other 

study using United States National Cancer Database from 

2004 to 2011, 48% received primary microsurgery (13.4% with 

postoperative radiation therapy), 24% received radiation ther-

apy alone, and 29% wait and scan5). Compared to this United 

States database from 2004 to 2011, Korea database from 2005 

to 2020 had the treatment trend focused on radiosurgery and 

observation.

The etiology of VS remains largely unknown. In our study, 

diabetes mellitus, dyslipidemia, and alcohol consumption 

were associated with a higher risk of VS but exhibited no sig-

nificant association with hypertension (Table 4). Hyperten-

sion, diabetes mellitus, and dyslipidemia as VS risk factors 

have been rarely studied. In studies of brain tumors, several 

have reported that hypertension and diabetes mellitus were 

positively associated with the incidence of brain tumors27,30), 

while others reported a null4,26) or inverse association3). In an 

earlier study, VS risk was not related to consumption of alco-

hol9). Other possible predisposing factors for VS such as ion-

ized radiation, radio frequency electromagnetic fields, noise 

exposure, and allergic diseases were observed7,23,28).

On the contrary, ever-smokers (current or ex-smoker) 

showed a low risk of VS compared to non-smokers in this 

study. Cigarette smoking has not generally been associated 

with reduction of risk of central nervous system or brain tu-

mors11). However, several studies have reported that smoking 

decreased the risk of VS2,7). An international case-control 

study by Schoemaker et al.29) in the United Kingdom and Nor-

dic countries also reported that current smokers and those 

who had recently stopped smoking showed reduced risk of 

VS. There are some possible mechanisms of cigarettes for the 

low risk of VS. Smoking has hypoxic effects on tissue, and an 

in vitro study demonstrated a significant decrease of Schwann 

cell survival under hypoxic conditions, reducing brain derived 

neurotrophic factor mRNA expression that is significantly up-

regulated in VS16,33). In addition, nicotine is responsible for an-

ti-inf lammatory effects, suppressing the severity of experi-

mental autoimmune encephalomyelitis in both in vitro and in 

vivo animal studies20,22). 

Several limitations of this study should be considered. First, 

misclassification of cases of VS is possible based on the pa-

tient’s diagnostic codes, resulting in the exclusion of patients 

with VS. In addition, VS patients may have been erroneously 

assigned a different diagnostic code such as other brain tu-

mors instead of D333 or D431. Patients with other misdiag-

nosed tumors of the brain or cranial nerves could be errone-

ously included through miscoding of D333 or D431. Second, 

since only patients who had received audiologic tests and 

MRIs within 1 year from the time of diagnosis were consid-

ered as definitive cases to improve accuracy, VS patients with-

out audiologic tests or MRI within 1 year were omitted from 

our data. Third, although the National Health Insurance Ser-

vice database contains abundant claims data of Korea, it does 

not provide accurate data for smoking and alcohol consump-

tion. In addition, smoking status, amount of smoking, type of 

cigarettes, and time of smoking exposure are not collected. 

Therefore, among the risk variables of this study, smoking and 

alcohol should be interpreted with missing value bias consid-

erations32). Nonetheless, this study analyzed population-based 

data including the entire population in Korea and investigated 

the incidence and risk factors for VS. This most recent epide-

miological study of VS could be helpful for clinicians to inves-

tigate and treat the disease.

CONCLUSION

The incidence of VS exhibited an increasing trend from 

2005 to 2019. Radiosurgery (46.64%) had the highest propor-

tion among treatment modalities. Diabetes, dyslipidemia, and 
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alcohol increased the risk of VS, while smoking decreased the 

risk of VS.
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