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Study Objectives: To investigate the association between non-apnea sleep disorders (NSD) and subsequent benign paroxysmal positional vertigo 
(BPPV) risk.
Methods: This retrospective cohort study was conducted using the Taiwan National Health Insurance Research Database from 2000 to 2013. We established 
an NSD group (n = 24,624) and an age-, sex- and index year-matched comparison group (n = 98,496). The primary outcome was the occurrence of BPPV. 
The incidence rates of BPPV in the two cohorts were compared with a 14-year follow-up. Cox proportional hazard regression analysis was used to evaluate 
the effects of NSD on BPPV risk.
Results: The incidence rate of BPPV was 43.33 per 100,000 person-years for the NSD cohort and 29.33 per 100,000 person-years for the comparison 
cohort. NSD significantly increased the risk of BPPV (adjusted hazard ratio [HR] = 2.487; 95% confidence interval = 1.996–3.099, P < .001). Subgroup 
analysis revealed that NSD increase the risk of development of BPPV by 2.357- to 3.658-fold in patients with hypertension, diabetes mellitus, chronic 
obstructive pulmonary disease, and hyperlipidemia. Furthermore, when comparing different types of NSD, chronic insomnia carries the highest risk of 
BPPV (adjusted HR = 3.563), followed by organic sleep disorders (adjusted HR = 2.763), sleep disturbance (adjusted HR = 2.506), and acute insomnia 
(adjusted HR = 2.237).
Conclusions: We demonstrate that NSD are associated with an increased risk of BPPV. Relative to other types of NSD, patients with chronic insomnia are 
at the highest risk for development of BPPV.
Keywords: benign paroxysmal positional vertigo, insomnia, non-apnea sleep disorders, vestibular system
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INTRODUCTION

Benign paroxysmal positional vertigo (BPPV) is the most 
common cause of vertigo and is characterized by experienc-
ing a spinning sensation for periods from a few seconds to 1 
minute; these episodes are generally triggered by an abrupt 
change in head position with respect to gravity.1 The condi-
tion mostly occurs in females between 50 and 60 years of 
age. The prevalence of this condition is between 10.7 and 64.0 
per 100,000 population, with a lifetime prevalence of 2.4%.1,2 
The pathophysiologic mechanism underlying BPPV involves 
dislodged otoconia from the utricular macula that enter the 
semicircular canals. When one or more semicircular canals 
are inappropriately stimulated by the otoconia moving within 
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the semicircular canals upon a change in head position, epi-
sodes of vertigo are induced.1 Another theory explaining the 
pathophysiology of BPPV is cupulolithiasis.3 Spontaneous re-
mission occurs in some cases; however, the annual rate of re-
currence is approximately 15%.1,4 Most cases can be effectively 
treated with canalith reposition maneuvers. After the treat-
ment, 7% to 23% of cases still show relapse at 1-year follow-
up, and long-term relapse may approach 50%.5 The etiology 
of BPPV in most patients is unclear. Previous studies report 
that patients with BPPV have higher rates of hearing loss, head 
trauma, diabetes, hypercholesterolemia, thyroid disease, and 
allergies than the general population.6,7 Head trauma has been 
identified to be a mechanical cause of BPPV.8 Aging, osteo-
porosis, Meniere disease, labyrinthitis, migraine, and sudden 

BRIEF SUMMARY
Current Knowledge/Study Rationale: Insomnia and sleep disturbance have negative effects on physiology and daytime function. A link between 
dizziness and sleep disorders has been reported. Nonetheless, no studies have explored the relationship between benign paroxysmal positional 
vertigo (BPPV) and non-apnea sleep disorders (NSD). This study is the first population-based cohort study to delineate the association between NSD 
and subsequent risk of BPPV.
Study Impact: This study revealed that the patients with NSD had higher risk of development of BPPV. Among different types of NSD, chronic 
insomnia conferred the highest BPPV risk, followed by organic sleep disorders, sleep disturbance, and acute insomnia.
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sensorineural hearing loss are associated with BPPV.3,5,8 Al-
though benign in its disease course, BPPV can cause physical 
and psychological distress. Patients with BPPV experience a 
decrease in health-related quality of life and are at increased 
risk for falls and impairment of daily activities.8,9 Therefore, 
the disease has negative effect on social performance and men-
tal health, especially in older patients.

Sleep disturbance can adversely affect physiology, behav-
ior, and daily abilities.10 Non-apnea sleep disorders (NSD) have 
been recognized to promote the development and exacerbate 
the severity of several diseases, including diabetes mellitus, 
hypertension, ischemic stroke, peripheral arterial disease, and 
kidney injury.11–13 Insomnia is the most common sleep disor-
der and has been shown to have a detrimental effect on health-
related quality of life and to increase the risk of death.10,14 
Previous studies report a link between dizziness and sleep dis-
turbance.15,16 The prevalence of sleep disturbance is approxi-
mately 65% in patients with chronic dizziness.16 However, 
no studies investigating the involvement of NSD in increas-
ing subsequent BPPV risk have been conducted. Therefore, 
this study aimed to determine the risk of subsequent BPPV in 
patients with NSD by enrolling a NSD cohort from Taiwan’s 
nationwide population-based database. This retrospective co-
hort study might provide valuable information regarding the 
demographic risk factors and comorbidities of NSD and their 
association with BPPV.

METHODS

Data Sources
In this study, we used data from the Taiwan National Health 
Insurance Research Database (NHIRD) to investigate the risk 
of having BPPV in patients with NSD over a 14-year period. We 
reviewed records from the Longitudinal Health Insurance Data-
base (2000–2013), which is a valid representative sample of the 
total population of 23,000,000 in Taiwan and which includes 
claims data for 1 million enrollees randomly selected from all 
beneficiaries of the National Health Insurance (NHI) program. 
To ensure confidentiality, the enrollees’ personal information is 
scrambled using anonymous identification numbers. The NHI 
Program was launched in Taiwan in 1995, and as of June 2009, 
it included contracts with 97% of the medical providers in Tai-
wan with approximately 23 million beneficiaries, that is, more 
than 99% of the entire population of Taiwan.17 The NHIRD uses 
the International Classification of Diseases, 9th Revision, Clini-
cal Modification (ICD-9-CM) codes to record diagnoses. The 
Bureau of NHI randomly reviews the records of 1 in 100 ambu-
latory care visits and 1 in 20 in-patient claims to verify the ac-
curacy of the diagnoses. Several studies have demonstrated the 
accuracy and validity of the diagnoses in the NHIRD.11,18,19 The 
Institutional Review Board of Tri-Service General Hospital ap-
proved this study and waived the need for individual written 
informed consent (TSGH IRB No. 2-105-05-082).

Study Design and Sample Participants
This study was a retrospective matched-cohort design. Among 
the 1,685,500 individuals recorded in the outpatient and inpatient 

data from January 1, 2000 to December 31, 2013, 27,498 in-
dividuals, including outpatients with at least three diagnoses 
of NSD (ICD-9-CM codes: 307.4, 327, 347, 780.50, 780.52, 
780.54–780.56, 780.58, and 780.59) made at different times 
and inpatients with diagnoses of NSD were collected. The pa-
tients were excluded if they fit into one of the following criteria: 
NSD diagnosed before 2000, having BPPV (ICD-9-CM code: 
386.11) before tracking, having other vertigo-related diagnoses 
(ICD-9-CM codes: 078.81, 255.1, 386.0–386.10, 386.12–386.9, 
388.2, and 780.4), having head injury (ICD-9-CM codes: 310.2, 
800–804, 850–854, 870–873, 907.0, 907.1, 959.0, and V15.52), 
age younger than 18 years, and sex unknown. The final study 
group included 24,624 individuals. The comparison group 
was based on the same exclusion criteria as the study group 
but excluded cases of NSD during the study period. We then 
used propensity score-matching analysis to select four times as 
many cases matched by index year, sex, and age; that is, the 
comparison group comprised 98,496 individuals. The study and 
comparison cohorts were tracked until December 31, 2013 for 
the occurrence of BPPV. Board-certified otolaryngologists or 
neurologists who were competent at performing Dix-Hallpike 
or rollover tests (diagnostic maneuvers of BPPV) confirmed the 
diagnosis. To increase the diagnostic accuracy, the individuals 
in whom BPPV was diagnosed in outpatient department visits or 
who were hospitalized with BPPV as the primary diagnosis by 
otolaryngologists or neurologists were defined as having BPPV 
develop (Figure 1). To compare the effects of different types 
of NSD on subsequent BPPV risk, we further classified NSD 
into insomnia (ICD-9-CM codes: 307.41, 307.42, and 780.52), 
sleep disturbance (ICD-9-CM codes: 780.50, 780.54–780.56, 
780.58, and 780.59), organic sleep disorders (ICD-9-CM codes: 
327), narcolepsy (ICD-9-CM codes: 347), and other sleep dis-
orders (ICD-9-CM code: 307.40, 307.43–307.49). According to 
the International Classification of Sleep Disorders, Third Edi-
tion (ICSD-3), chronic insomnia is defined as insomnia lasting 
longer than 3 months

We extracted the demographic information for each individ-
ual, including sex, age group (18–29, 30–39, 40–49, 50–59, 60 
years or older), geographical area of residence (the north, center, 
south, and east of Taiwan, and outlying islands), urbanization 
level of residence (level 1 to 4), and monthly income (consis-
tent with insured premium; in New Taiwan Dollars; < 18,000, 
18,000–34,999, ≥ 35,000). The urbanization level of residence 
was defined according to the population and various indicators 
of the level of development. Level 1 was defined as a popula-
tion > 1,250,000 with a specific designation as a center of polit-
ical, economic, cultural, and metropolitan development. Level 
2 was defined as a population between 500,000 and 1,249,999 
playing an important role in the political system, economy, and 
culture. Urbanization levels 3 and 4 were defined as popula-
tions from 149,999 to 499,999 and < 149,999, respectively.

Baseline comorbidities including hypertension (ICD-9-CM 
codes: 401–405), diabetes mellitus (ICD-9-CM code: 250), 
congestive heart failure (ICD-9-CM code: 428), stroke (ICD-
9-CM codes: 430–438), chronic obstructive pulmonary disease 
(COPD) (ICD-9-CM codes: 490–496), liver cirrhosis (ICD-
9-CM code: 571), chronic kidney disease (ICD-9-CM codes: 
585–586), migraine (ICD-9-CM code: 346), osteoporosis 
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(ICD-9-CM code: 733.0), and hyperlipidemia (ICD-9-CM 
codes: 272.0–272.4) were collected. The Charlson Comorbid-
ity Index (CCI) and the Charlson Comorbidity Index after re-
moval of the aforementioned comorbidities (CCI_R) were used 
to demonstrate the extent of the comorbidities.

Statistical Analysis
Data management and statistical analysis were performed us-
ing SPSS software version 22 (SPSS Inc., Chicago, Illinois, 
United States). χ2 and t tests were used to evaluate the distri-
butions of categorical and continuous variables, respectively. 
Multivariate Cox proportional hazards regression analysis was 
used to determine the risk of BPPV, and the results are pre-
sented as hazard ratio (HR) with 95% confidence interval (CI). 
The difference in the risk of BPPV between the study and com-
parison groups was estimated using the Kaplan-Meier method 
and the log-rank test. A two-tailed value of P < .05 was consid-
ered to indicate statistical significance.

RESULTS

Demographic Characteristics of the Study Population
During the 14-year study period, a total of 123,120 individu-
als including 24,624 patients with NSD and 98,496 compari-
son individuals were examined in this study. The demographic 
characteristics of the NSD cohort and the matched compari-
son cohort are presented in Table 1. The mean age ± standard 
deviation (SD) of the NSD cohort was 56.39 ± 17.52 years, 
and 51.85% were male. The mean age ± SD of the matched 

comparison cohort was 56.37 ± 17.01 years, and 51.85% were 
male. Because age and sex were matched between the cohorts, 
no significant difference in age or sex was found. Compared to 
the comparison cohort, the NSD cohort had higher rates of hy-
pertension, COPD, liver cirrhosis, migraine, osteoporosis, and 
hyperlipidemia and lower rates of diabetes mellitus, congestive 
heart failure, and chronic kidney disease. The level of CCI was 
higher in the NSD cohort than in the comparison cohort. Pa-
tients with NSD lived more frequently in less urbanized areas 
than did the comparison individuals. In addition, patients with 
NSD were more frequently located in the middle and eastern 
areas of Taiwan than were the comparison individuals. The 
median follow-up duration was 10.42 years for the NSD cohort 
and 11.25 years for the comparison cohort.

Incidence of BPPV Among Patients With NSD
During the follow-up, the cumulative incidence of developing 
BPPV was 0.46% (113/24,624 individuals) in the NSD cohort and 
0.33% (322/98,496 individuals) in the comparison cohort. The 
incidence of BPPV was 43.33 per 100,000 person-years for the 
NSD cohort and 29.33 per 100,000 person-years for the compari-
son cohort. The Kaplan-Meier analysis presented the difference 
in cumulative risk of the development of BPPV between two co-
horts in 14-year follow-up and indicated that patients with NSD 
were at significantly higher risk of the development of BPPV 
than were the comparison individuals (log-rank test P < .001) 
(Figure 2). We analyzed the risk of the development of BPPV 
among the patients with NSD. The Cox regression analysis of 
the factors associated with the risk of BPPV showed that the 
crude HR in the NSD cohort was 2.685 (95% CI = 2.158–3.34) 

Figure 1—Flowchart of the study sample selection from the National Health Insurance Research Database in Taiwan.

BPPV = benign paroxysmal positional vertigo, NSD = non-apnea sleep disorders.
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(Table 2). After adjusting for age, sex, comorbidities, geo-
graphical area of residence, urbanization level of residence, and 
monthly income, the adjusted HR in the NSD cohort was 2.487 
(95% CI = 1.996–3.099), indicating that patients with NSD had 
a 2.487-fold higher risk of the development of BPPV than the 
individuals without NSD. In addition, hypertension (adjusted 
HR = 1.354; 95% CI = 1.093–1.677) and liver cirrhosis (adjusted 
HR = 1.925; 95% CI = 1.362–2.721) were independent risk fac-
tors that were significantly associated with BPPV.

Subgroup Analysis
We analyzed the association between NSD and the risk of 
BPPV as stratified by sex, age, and comorbidities; both the 
male subgroup with NSD and the female subgroup with NSD 
had higher incidences of BPPV than the matched subgroup 
without NSD (47.95 versus 26.07 per 100,000 person-years, 
and 38.16 versus 32.71 per 100,000 person-years, respectively) 
(Table 3). The adjusted HR of BPPV related to NSD was 2.654 
(95% CI = 1.967–3.581) in the male subgroup and 2.085 (95% 

Table 1—Demographic characteristics of the study cohort at baseline.
Demographic Characteristics With NSD (n = 24,624) Without NSD (n = 98,496) P

Sex .999
Male 12,768 (51.85) 51,072 (51.85)
Female 11,856 (48.15) 47,424 (48.15)

Age (years), mean ± SD 56.39 ± 17.52 56.37 ± 17.01 .870
Age group (years) .999

18–29 1,798 (7.30) 7,192 (7.30)
30–39 3,045 (12.37) 12,180 (12.37)
40–49 4,245 (17.24) 16,980 (17.24)
50–59 4,883 (19.83) 19,532 (19.83)
≥ 60 10,653 (43.26) 42,612 (43.26)

Comorbidities
HTN 5,638 (22.90) 15,853 (16.10)  < .001
DM 3,556 (14.44) 15,293 (15.53)  < .001
CHF 911 (3.70) 4,554 (4.62)  < .001
Stroke 2,182 (8.86) 8,801 (8.94) .726
COPD 2,553 (10.37) 7,904 (8.02)  < .001
Liver cirrhosis 1,644 (6.68) 5,967 (6.06)  < .001
CKD 609 (2.47) 4,254 (4.32)  < .001
Migraine 101 (0.41) 57 (0.06)  < .001
Osteoporosis 490 (1.99) 1,409 (1.43)  < .001
Hyperlipidemia 889 (3.61) 2,204 (2.24)  < .001

CCI, mean ± SD 1.54 ± 2.90 1.53 ± 2.85 .002
CCI_R, mean ± SD 1.00 ± 2.81 0.93 ± 2.67  < .001
Location  < .001

Northern Taiwan 7,941 (32.25) 40,082 (40.69)
Middle Taiwan 8,355 (33.93) 26,322 (26.72)
Southern Taiwan 6,088 (24.72) 25,693 (26.09)
Eastern Taiwan 2,058 (8.36) 5,902 (5.99)
Outlying islands 182 (0.74) 497 (0.51)

Urbanization level  < .001
1 (highest) 6,565 (26.66) 33,914 (34.43)
2 10,434 (42.37) 43,126 (43.78)
3 2,496 (10.14) 6,729 (6.84)
4 (lowest) 5,129 (20.83) 14,727 (14.95)

Insured premium (NT$) .003
< 18,000 24,241 (98.44) 97,064 (98.54)
18,000–34,999 325 (1.32) 1,109 (1.13)
≥ 35,000 58 (0.24) 323 (0.33)

Values are presented as n (%) or mean ± SD as indicated. P values determined by chi-square or Fisher exact test on category variables and t test on 
continued variables. CCI = Charlson Comorbidity Index, CCI_R = CCI with removal of comorbidities, CHF = congestive heart failure, CKD = chronic kidney 
disease, COPD = chronic obstructive pulmonary disease, NSD = non-apnea sleep disorders, HTN = hypertension, DM = diabetes mellitus, NSD = non-
sleep apnea disorder, NT$ = New Taiwan dollar, SD = standard deviation.
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CI = 1.495–2.908) in the female subgroup. The effect of NSD on 
the risk of subsequent BPPV varied among the age subgroups. 
In all age subgroups (18–29, 40–49 and 60 years or older), NSD 
increased the risk of developing BPPV more than 2.24-fold. 
The association between NSD and the risk of BPPV as strati-
fied by comorbidity is shown in Table 3. The adjusted HR was 
2.357 (95% CI = 1.613–3.443) in the NSD subgroup with hyper-
tension, 2.587 (95% CI = 1.646–4.066) in those with diabetes 
mellitus, 3.658 (95% CI = 2.251–5.977) in those with COPD, 
and 2.86 (95% CI = 1.028–7.959) in those with hyperlipidemia. 
Therefore, among the patients with hypertension, diabetes mel-
litus, COPD, and hyperlipidemia, NSD increases the risk of the 
development of BPPV 2.357- to 3.658-fold. In another subgroup 
analysis, the relationships between the different types of NSD 
and BPPV were examined (Table 4). The adjusted HRs were 
2.237 (95% CI = 1.792–2.706) for acute insomnia; 3.563 (95% 
CI = 2.855–4.311) for chronic insomnia; 2.506 (95% CI = 2.008–
3.032) for sleep disturbance; 2.763 (95% CI = 2.214–3.342) for 
organic sleep disorders; and 1.916 (95% CI = 1.536–2.319) for 
other NSD, indicating that chronic insomnia presented a higher 
risk of the development of BPPV than the other types of NSD.

DISCUSSION

This nationwide, population-based, cohort study demon-
strates that NSD are associated with an increased risk of the 

development of BPPV that is 2.487 times higher than that of 
matched comparison cohort. This research is the first study 
to confirm that NSD are a significant risk factor for BPPV. 

Figure 2—Kaplan-Meier for the cumulative risk of benign 
paroxysmal positional vertigo among patients aged 18 and 
older stratified by NSD based on the log-rank test.

BPPV = benign paroxysmal positional vertigo, NSD = non-apnea sleep 
disorders.

Table 2—Cox regression analysis of risk factors for BPPV.
Model 0 Model 1 Model 2

Crude HR 95% CI P Adjusted HR 95% CI P Adjusted HR 95% CI P
NSD (reference: without) 2.685 2.158–3.340  < .001 2.487 1.996–3.099  < .001 2.393 1.919–2.985  < .001
Male (reference: female) 0.904 0.749–1.091 .293 0.915 0.757–1.106 .359 0.900 0.743–1.091 .284
Age group (reference: 18–29 years)

30–39 years 0.408 0.152–1.095 .075 0.453 0.169–1.216 .116 0.400 0.164–1.183 .104
40–49 years 1.142 0.512–2.547 .746 1.433 0.642–3.201 .380 1.324 0.592–2.960 .494
50–59 years 0.902 0.408–1.994 .799 1.224 0.553–2.711 .618 1.095 0.493–2.432 .823
≥ 60 years 1.450 0.685–3.069 .332 2.064 0.971–4.385 .060 1.860 0.871–3.975 .109

Comorbidities (reference: without)
HTN 1.590 1.300–1.943  < .001 N/A N/A N/A 1.354 1.093–1.677 .006
DM 1.289 1.037–1.602 .022 N/A N/A N/A 1.107 0.883–1.387 .377
CHF 0.506 0.285–0.898 .020 N/A N/A N/A 0.429 0.241–0.764 .004
Stroke 1.120 0.827–1.516 .484 N/A N/A N/A 0.829 0.609–1.130 .235
COPD 1.766 1.368–2.281  < .001 N/A N/A N/A 1.175 0.901–1.532 .234
Liver cirrhosis 1.476 1.054–2.067 .024 N/A N/A N/A 1.925 1.362–2.721  < .001
CKD 0.202 0.075–0.540 .001 N/A N/A N/A 0.197 0.073–0.527 .001
Migraine 2.642 0.371–18.797 .332 2.162 0.303–15.435 .442 2.222 0.311–15.869 .426
Osteoporosis 0.522 0.195–1.398 .196 0.447 0.167–1.200 .110 0.458 0.171–1.230 .122
Hyperlipidemia 1.641 1.058–2.545 .027 1.808 0.985–2.808 .058 1.525 0.974–2.386 .065

CCI 0.892 0.844–0.943  < .001 0.880 0.825–0.938  < .001 N/A N/A N/A
CCI_R 0.802 0.728–0.883  < .001 N/A N/A N/A 0.809 0.730–0.897  < .001

Model 0 = univariable, Model 1 = multivariable, and CCI in the model, Model 2 = multivariable, and CCI_R in the model. Adjusted HR adjusted variables 
listed in Table 1. BPPV = benign paroxysmal positional vertigo, CCI = Charlson Comorbidity Index, CCI_R = CCI with removal of comorbidities, 
CHF = congestive heart failure, CI = confidence interval, CKD = chronic kidney disease, COPD = chronic obstructive pulmonary disease, DM = diabetes 
mellitus, HTN = hypertension, HR = hazard ratio, N/A = not applicable, NSD = non-apnea sleep disorders.
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In addition, the association between NSDs and the risk of 
subsequent BPPV remained when considering underlying 
comorbidities, including hypertension, diabetes mellitus, 
COPD, and hyperlipidemia. Among the patients with these 
comorbidities, NSD increase the risk of the development of 
BPPV by 2.357- to 3.658-fold. Patients of both sexes with 
NSD, but especially males, are at increased risk of the devel-
opment of BPPV. The incidence was 47.95 per 100,000 per-
son-years in the male patients with NSD as compared with 
26.07 in the male individuals without NSD and was 38.16 
per 100,000 person-years in the female patients with NSD 
as compared with 32.71 in the female individuals without 
NSD. Based on the analysis of NSD subgroups, we found 
that the effect on subsequent BPPV risk differed among the 
NSD types. Chronic insomnia conferred the highest BPPV 
risk (adjusted HR = 3.563; 95% CI = 2.855–4.311), fol-
lowed by organic sleep disorders (adjusted HR = 2.763; 95% 
CI = 2.214–3.342), sleep disturbance (adjusted HR = 2.506; 

95% CI = 2.008–3.032), and acute insomnia (adjusted 
HR = 2.237; 95% CI = 1.792–2.706).

BPPV more commonly affects females.1,2,20 A German pop-
ulation study reports that the lifetime prevalence is 3.2% in 
females, 1.6% in males, and 2.4% overall.2 The sex distribu-
tion has a female to male ratio of 2:1.2 Another epidemiologi-
cal study reveals that the incidence of Japan is about 10.7 per 
100,000 persons, and the female to male ratio is 1.46:1.20 In 
NHIRD, our general population has 20,991 BPPV cases with a 
female to male ratio of 1.34:1 (see Table S1 in the supplemen-
tal material). The sex distribution of our general population is 
similar to that of previous studies. Interestingly, the number of 
male BPPV cases was higher than that of female cases in the 
NSD cohort. The subgroup analysis showed that male patients 
with NSD were at increased risk of development of BPPV of 
2.654-fold, and female patients with NSD had a 2.085-fold 
higher risk of BPPV. It suggests that males with NSD present 
with a higher risk of the development of BPPV than females 

Table 3—Risk of BPPV at the end of follow-up as stratified by the variables listed in the table.

Stratified
With NSD (n = 24,624) Without NSD (n = 98,496) With Versus Without NSD (reference)

BPPV 
Events Person-Years Rate BPPV 

Events Person-Years Rate Adjusted 
HR 95% CI P

Overall 113 260,815.79 43.33 322 1,097,998.57 29.33 2.393 1.919–2.985  < .001

Sex
Male 66 137,651.04 47.95 146 559,935.13 26.07 2.654 1.967–3.581  < .001
Female 47 123,164.75 38.16 176 538,063.44 32.71 2.085 1.495–2.908  < .001

Age group 
(years)

18–29 5 7,968.55 62.75 2 20,062.02 9.97 24.116 2.299–252.928 .008
30–39 4 21,247.21 18.83 5 66,972.31 7.47 2.680 0.651–11.026 .172
40–49 18 34,954.13 51.50 23 109,133.74 21.08 3.308 1.734–8.309  < .001
50–59 9 41,948.17 21.46 40 172,760.73 23.15 1.427 0.678–3.000 .349
≥ 60 77 154,697.73 49.77 252 729,069.77 34.56 2.240 1.723–2.912  < .001

HTN
With 40 66,441.25 60.20 103 256,907.56 40.09 2.357 1.613–3.443  < .001
Without 73 194,374.54 37.56 219 841,091.01 26.04 2.418 1.842–3.175  < .001

DM
With 27 49,713.85 54.31 82 227,479.75 36.05 2.587 1.646–4.066  < .001
Without 86 211,101.94 40.74 240 870,518.82 27.57 2.334 1.812–3.007  < .001

CHF
With 4 13,349.36 29.96 8 58,111.94 13.77 3.611 0.998–13.072 .052
Without 109 247,466.43 44.05 314 1,039,886.63 30.20 2.360 1.890–2.961  < .001

Stroke
With 8 24,890.92 32.14 39 107,344.15 36.33 1.473 0.679–3.195 .327
Without 105 235,924.87 44.51 283 990,654.42 28.57 2.523 2.002–3.180  < .001

COPD
With 32 33,059.06 96.80 38 102,274.09 37.16 3.658 2.251–5.977  < .001
Without 81 227,756.73 35.56 284 995,724.48 28.52 2.089 1.621–2.692  < .001

Liver cirrhosis
With 9 18,320.17 49.13 28 62,591.00 44.73 1.691 0.764–3.742 .195
Without 104 242,495.62 42.89 294 1,035,407.57 28.39 2.474 1.964–3.115  < .001

CKD
With 1 7,974.51 12.54 3 50,028.98 6.00 3.441 0.252–47.016 .354
Without 112 252,841.28 44.30 319 1,047,969.59 30.44 2.387 1.912–2.980  < .001

Migraine
With 0 508.03 0.00 1 803.31 124.49 0.000 N/A .999
Without 113 260,307.75 43.41 321 1,097,195.26 29.26 2.407 1.930–3.002  < .001

Osteoporosis
With 2 5,627.86 35.54 2 18,589.25 10.76 4.971 0.481–51.330 .178
Without 111 255,187.93 43.50 320 1,079,409.32 29.65 2.370 1.898–2.961  < .001

Hyperlipidemia
With 6 8,299.58 72.29 15 32,862.50 45.64 2.860 1.028–7.959 .044
Without 107 252,516.21 42.37 307 1,065,136.07 28.82 2.368 1.888–2.970  < .001

Rate = incidence (per 105 person-years). Adjusted HR adjusted variables listed in Table 1. BPPV = benign paroxysmal positional vertigo, CCI = Charlson 
Comorbidity Index, CCI_R = CCI with removal of comorbidities, CHF = congestive heart failure, CI = confidence interval, CKD = chronic kidney disease, 
COPD = chronic obstructive pulmonary disease, DM = diabetes mellitus, HR = hazard ratio, HTN = hypertension, N/A = not applicable, NSD = non-apnea 
sleep disorders.
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with NSD. This finding can clarify the difference in sex distri-
bution between the NSD cohort and general population.

Fifty percent to 70% of BPPV is idiopathic, and the sec-
ondary causes can be identified in the remaining cases.21 Head 
trauma can displace otoliths due to mechanical stress to the 
vestibular organ and is regarded as the most common cause 
of secondary BPPV. Inner ear surgery and dental procedures, 
two other mechanical factors, have been demonstrated to carry 
the risk of loosening otoliths and are associated with the oc-
currence of BPPV.21,22 Other potential factors linked to the 
etiology of BPPV include previous or preexisting labyrinthine 
disease, vascular pathology, neural inflammation and degen-
eration, and neuroendocrine dysfunction.3,8,21,23,24 BPPV can 
occur following labyrinthine disease resulting from viral in-
fection or ischemia.8 The development of BPPV in patients 
with Meniere disease may result from hydropically induced 
damage to the macula of the utricle or partial obstruction of 
the membranous labyrinth.21 A previous study reported neu-
ral pathologic findings in the temporal bone of BPPV cases.23 
The major pathological changes in the temporal bone are de-
generation of vestibular neuron and significant loss of superior 
and inferior vestibular ganglion cells.23 Loss of the inhibitory 
action of otolith organs on canal activation caused by inflam-
mation and the degeneration of otolith neurons is a possible 
pathophysiological mechanism. Neuroendocrine dysfunction 
due to the abnormal activation of the hypothalamus-pituitary-
adrenal axis can result in inner ear blood flow imbalance, thus 
influencing otoconial homeostasis, which has been considered 
part of the pathogenesis of BPPV.24

No direct pathophysiological link between NSD and BPPV 
has yet been established. Herein, we inferred several poten-
tial mechanisms from previous studies that may provide pos-
sible explanations. First, sleep deprivation is associated with 
an increase in vestibulo-ocular reflex asymmetry.25 Thus, NSD 
may impair the vestibular system. Vestibular dysfunction is re-
garded as one of the pathogeneses for BPPV.8,21 Second, sleep 
disturbance and insomnia can induce neuroendocrine dysfunc-
tion that is characterized by increased cortisol levels resulting 

from hypothalamic-pituitary-adrenal axis activation and in-
creased sympathetic activity.26 Neuroendocrine dysfunction is 
one of the proposed mechanisms for the effect of NSD on the 
occurrence of BPPV. Third, chronic sleep disturbance triggers 
an activation of inflammation that influences neural processes 
and brain function.26 Accordingly, NSD may lead to the in-
flammation of vestibular neurons, which are suggested to play 
a crucial role in the pathophysiology of BPPV.23,27

Sleep disorders are known to be associated with medical 
and psychiatric comorbidities.28 About 40% of individuals 
with insomnia have a comorbid psychiatric condition.10 Psy-
chiatric diseases, including depressive and anxiety disorders, 
can lead to insomnia and sleep disturbance.10,28,29 Occupational 
and environmental problems and stress of lifestyle can be the 
cause of sleeplessness and inadequate sleep.30 The correlation 
between insomnia and a variety of medical conditions has been 
disclosed in the literature.10,31 Individuals with the following 
medical conditions experience more chronic insomnia than do 
those without those medical problems: coronary heart disease, 
congestive heart failure, cancer, high blood pressure, neuro-
logic disease, breathing problems, urinary problems, chronic 
pain, and various forms of arthritis.10,31,32 Because this study 
shows that NSD are related to the subsequent development 
of BPPV, the psychological and emotional stress and medical 
problems that disturb sleep are potentially cofactors to trigger 
the development of BPPV.

The strengths of this study are its population-based research, 
use of well-established cohort data with a large sample size 
and extended follow-up period to identify NSD as a risk factor 
of the development of BPPV. Nevertheless, there are several 
limitations to this study. First, the NHIRD does not provide de-
tailed information on several factors that may have been con-
founding variables in this study, such as tobacco use, alcohol 
consumption, favored sleeping position, and physical activity. 
Serum laboratory data are also unavailable because the data in 
the NHIRD are anonymous. Second, the effect of NSD on the 
prognosis of BPPV cannot be assessed because detailed clini-
cal data on the severity and outcome of BPPV are unavailable 

Table 4—Comparison of BPPV occurrence between patients with different types of NSD and the comparison cohort.

Types of NSD
BPPV 

Events
Person-
Years Rate

Model 1 Model 2
Adjusted HR 95% CI P Adjusted HR 95% CI P

Without NSD (comparison cohort) 322 1,097,998.57 29.33 Reference Reference
With NSD (study cohort) 113 260,815.79 43.33 2.487 1.996–3.099  < .001 2.393 1.919–2.985  < .001

Insomnia 48 105,986.45 45.29 2.599 2.083–3.145  < .001 2.501 2.006–3.120  < .001
Chronic insomnia 18 28,995.11 62.08 3.563 2.855–4.311  < .001 3.429 2.749–4.277  < .001
Acute insomnia 30 76,991.34 38.97 2.237 1.792–2.706  < .001 2.152 1.726–2.685  < .001

Sleep disturbance 28 64,131.29 43.66 2.506 2.008–3.032  < .001 2.411 1.934–3.008  < .001
Narcolepsy 0 987.41 0.00 0.000 N/A .995 0.000 N/A .994
Organic sleep disorders 23 47,784.10 48.13 2.763 2.214–3.342  < .001 2.658 2.132–3.316  < .001
Others 14 41,926.54 33.39 1.916 1.536–2.319  < .001 1.844 1.479–2.300  < .001

Chronic insomnia was defined according to the International Classification of Sleep Disorders, 3rd edition as insomnia lasting more than 3 months. Model 
1 = multivariable, and CCI in the model, Model 2 = multivariable, and CCI_R in the model. Rate = incidence (per 105 person-years). Adjusted HR = adjusted 
variables listed in Table 1. BPPV = benign paroxysmal positional vertigo, CCI = Charlson Comorbidity Index, CCI_R = CCI with removal of comorbidities, 
CI = confidence interval, HR = hazard ratio, N/A = not applicable, NSD = non-apnea sleep disorders.
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in this database. Third, the presentation of the involved canals 
in BPPV cases of the NSD cohort cannot be investigated be-
cause the information about the involvement of semicircular 
canals in BPPV patients is unavailable in this database.

In conclusion, this study demonstrates that NSD are a signif-
icant and independent risk factor for BPPV. The patients with 
NSD had a 2.487-fold higher risk of the development of BPPV 
than the age-, sex- and index year-matched comparison cohort. 
Furthermore, the patients with chronic insomnia carried the 
highest risk of incident BPPV. Future studies are needed to 
clarify the mechanism underlying the effect of NSD on the de-
velopment of BPPV. Because increasing numbers of patients 
have NSD, clinicians should be aware of the association be-
tween NSD and the subsequent BPPV risk and provide health 
education regarding vertigo to individuals with sleep disorders.

ABBRE VI ATIONS

BPPV, benign paroxysmal positional vertigo
CCI, Charlson Comorbidity Index
CI, confidence interval
COPD, chronic obstructive pulmonary disease
HR, hazard ratio
ICD, International Classification of Diseases
ICSD, International Classification of Sleep Disorders
NHI, National Health Insurance
NHIRD, National Health Insurance Research Database
NSD, non-apnea sleep disorders
SD, standard deviation
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