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Abstract: Background: To analyze the risk factors for benign paroxysmal positional vertigo (BPPV) and to construct 
a predictive nomogram model. Methods: In this retrospective study, 312 participants were enrolled, including 164 
BPPV patients and 148 healthy subjects without BPPV. Risk predictors for BPPV were identified using univariate 
and multivariate analyses, and a clinical nomogram was constructed. The predictive accuracy was assessed by un-
adjusted concordance index (C-index) and calibration plot. Results: Univariate and multivariate regression analysis 
identified stroke (95% CI, 0.575-5.954; P=0.022), hyperlipidemia (95% CI, 0.471-4.647; P=0.003), chronic sup-
purative otitis media (95% CI, 1.222-45.528; P=0.005), cervical spondylosis (95% CI, 1.232-3.017; P=0.005), and 
osteoporosis (95% CI, 1.130-3.071; P=0.001) were the independent risk factors for BPPV. These risk factors were 
used to construct a clinical predictive nomogram. The regression equation was: logit (P) = -6.820 + 0.450 * stroke + 
hyperlipidemia * 0.312 + chronic suppurative otitis media * 0.499 + cervical spondylosis * 0.916 + osteoporosis * 
0.628. The calibration curves demonstrated excellent accuracy of the predictive nomogram. Decision curve analysis 
showed that the predictive model is clinically applicable when the threshold probability was between 20% and 60%. 
Conclusions: Stroke, hyperlipidemia, chronic suppurative otitis media, cervical spondylosis and osteoporosis are 
independent risk predictors for BPPV. The developed nomogram is useful in predicting the risk of BPPV. 
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Introduction 

Benign paroxysmal positional vertigo (BPPV) is 
the most prevalent vertigo disease in the emer-
gency center [1], and also the most common 
peripheral vestibular disease in the Department 
of Neurology, accounting for about 20%-30%  
of all vestibular complaints [2]. However, the 
complexity of accurately differentiating BPPV 
from other vertigo-inducing conditions within 
the “benign fatal” disease spectrum, combined 
with variable patient perceptions and descrip-
tions of “dizziness” suggests that these figures 
are significantly underestimated. A prospective 
study conducted in South Korea in 2020 fore-
casted a 52% increase in hospital visits due  
to dizziness/vertigo over the next 30 years  
[3]. BPPV is particularly debilitating in elderly 
patients, severely impairing daily functions [4] 
and substantially increasing the risk of falls [5]. 
The total expenditure related to BPPV in the 
United States is nearly 2 billion dollars per year 

[6]. At present, the per capita cost of diagnosis 
and treatment of BPPV in China has reached 
4165 yuan, figures that are projected to rise in 
conjunction with an aging population [7]. The 
primary treatment for BPPV, canalith reposition-
ing maneuvers (CRM), has shown effectiveness 
in symptom amelioration. The high recurrence 
rate after treatment contributes to ongoing 
patient anxiety and diminished quality of life. 
Given that vertigo and dizziness can lead to 
falls due to impaired movement and spatial ori-
entation. Therefore, identifying the risk factors 
for BPPV is imperative for better symptom and 
relapse prevention.

The risk factors for BPPV have attracted sig- 
nificant clinical research interest globally. Von 
Brevern et al. indicated that the incidence of 
BPPV increased with age. The average age for 
BPPV onset is 49.4 years, with individuals over 
60 experiencing a prevalence rate approximate-
ly seven times higher than those aged 18-39 
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years [8]. Age contributes to BPPV in a multifac-
eted manner, enhancing the interaction of vari-
ous risk factors that influence disease onset. 
Age-related morphologic changes in the ear, 
particularly the degeneration of ear cone cells, 
have been implicated in BPPV pathogenesis 
[9]. Many factors can lead to poor blood supply 
to the inner ear and microcirculation disorders. 
Elevated blood lipids, blood glucose and other 
vascular factors have been identified as vascu-
lar contributors to BPPV risk [10-12]. The het-
erogeneity and complex interplay of these fac-
tors make understanding BPPV’s etiology chal-
lenging, underscoring the need for further 
research.

This retrospective study aims to dissect the 
multifactorial risks associated with BPPV, iden-
tify independent risk factors, evaluate their pre-
dictive value, and construct a nomogram. Our 
goal is to furnish a theoretical framework that 
aids in the improved prevention of BPPV in clini-
cal settings.

Methods and materials

Study design and ethics

This retrospective study was conducted Zibo 
Central Hospital between January 2020 and 
December 2023. A total of 312 participants 
were fitted into this study, including 164 BPPV 
patients and 148 healthy subjects without 
BPPV. The medical ethics committee of Zibo 
Central Hospital reviewed and approved the 
study protocol.

Inclusion criteria

(1) Age >18 years; (2) Diagnosis of BPPV align-
ing with the criteria set by the Otolaryngology 
Head and Neck Surgery Branch of the Chinese 
Medical Association [13]; (3) Patients without 
other obvious signs of nervous system and 
hearing impairment; (4) Presence of vertigo 
triggered by head position changes, confirm- 
ed by a positive Dix-Hallpike or Roll test; (5) 
Availability of complete clinical information.

Exclusion criteria

(1) Patients with central vertigo; (2) Patients 
with vertigo caused by Meniere’s disease, inter-
nal auditory artery syndrome, vestibular neuri-
tis, migraine, vertebrobasilar ischemia, cervi-

cal-related vertigo, or epilepsy; (3) Patients with 
severe cervical spondylosis, severe heart dis-
ease, and postural hypotension that cannot 
cooperate with the examination and postural 
test; (4) Patients with moderate to severe cog-
nitive or visual impairment; (5) Incomplete clini-
cal information.

Diagnosis and grouping

The diagnosis of benign paroxysmal positional 
vertigo (BPPV) adhered to the criteria estab-
lished by the Otolaryngology Head and Neck 
Surgery Branch of the Chinese Medical As- 
sociation [14]: ① Typical history of transient 
vertigo induced by head movement to a speci- 
fic position; ② Characteristic nystagmus on the 
affected side observed during the Dix-Hallpike 
test or Roll test, accompanied by a vertigo 
attack. Nystagmus typically presents with a 
1-30 second latency period and can show signs 
of fatigue; ③ Brain CT or MRI examinations 
focused on the cochlea, along with consulta-
tions from relevant departments, to rule out 
inner ear or central nervous system disorders. 

From January 2020 to December 2023, 164 
BPPV cases were diagnosed in the Otolaryn- 
gology Head and Neck Surgery outpatient 
department of our hospital. Concurrently, 148 
healthy subjects without BPPV were randomly 
selected from the physical examination center 
to serve as the control group.

Data collection and measurement

Data collection was guided by the criteria sug-
gested by Worster et al. for retrospective chart 
reviews [15]. Two research fellows (Wenping 
Cao and Yang Geng) systematically reviewed 
medical charts to collect data. For each partici-
pant, we collected general characteristics, 
such as age and gender, as well as comprehen-
sive clinical data. The clinical data encom-
passed onset and accompanying symptoms; 
detailed past medical history including stroke, 
hypertension, diabetes, abnormal uric acid, 
internal carotid artery thickening, sudden deaf-
ness, osteoporosis, chronic suppurative otitis 
media, vestibular neuritis, cervical spondylosis, 
migraine, hyperthyroidism, Meniere’s disease, 
and coronary atherosclerotic heart disease; 
lifestyle factors, such as smoking and alcohol 
history; and other relevant factors, including 
ototoxic drug exposure history, medication his-
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tory, head injury history, nasal cavity and para-
nasal sinus surgery history, cochlear surgery 
history, temporal bone surgery history, and 
maxillofacial dental surgery history. 

All patients underwent a detailed otological 
examination, vestibular function examination, 
pure tone hearing threshold examination and 
head MRI. Similar data on general characteris-
tics and clinical features were also collected 
from the normal control group.

Statistical analysis 

IBM SPSS 17.0 was used for statistical analy-
sis. K-S (Kolmogorov Smirnov test) was used to 
test the normality of data. Data with normal dis-
tribution were expressed as mean ± standard 
deviation. Differences among multiple groups 
were analyzed using one-way ANOVA with post-
hoc comparisons by the Least Significant 
Difference (LSD) test. Data with a non-normal 
distribution were represented by median (P25, 
P75) and analyzed using nonparametric test, 
with the Kruskal-Wallis test applied for compar-
isons between two groups. Categorical vari-
ables were expressed as cases (%) and ana-
lyzed using chi-square test. 

The sample size was calculated by power analy-
sis and estimated as: corrected sample size = 
sample size/(1 - [% attrition/100]). Finally, we 
settled on a sample size of around 300. The 
risk factors were introduced into R software (R 
3.6.3) to construct a nomogram model to  
predict the risk of BPPV. The model incorporat-
ed identified variables and their regression 
coefficients, and the validity of the model was 
evaluated by plotting the Receiver Operating 
Characteristic (ROC) curve.

Result

Clinical characteristics

No significant differences were observed in 
age, BMI, gender, involved site, sleep disorders, 
coronary atherosclerotic heart disease, dia- 
betes mellitus, Meniere disease, migraine, or 
head trauma between the two groups (all 
P>0.05). However, significant differences were 
observed regarding stroke, hyperlipidemia, ch- 
ronic suppurative otitis media (CSOM), cervical 
spondylosis, osteoporosis, and hypertension 
between the two groups showed (all P <0.05) 
(Table 1). 

Comparison of biochemical indexes

As shown in Table 2, compared with the con- 
trol group, the BPPV group exhibited significant-
ly higher blood uric acid level (P<0.05). There 
were no significant differences in levels of cys-
tatin C, total cholesterol, low-density lipopro-
tein (LDL), and high-density lipoprotein (HDL) 
between the two groups (all P>0.05).

Univariate and multivariate analysis 

Univariate and multivariate analysis identified 
several risk factors associated with BPPV 
(Tables 3 and 4): stroke (95% CI: 0.575-5.954; 
P=0.022), hyperlipidemia (95% CI: 0.471-4.647; 
P=0.003), CSOM (95% CI: 1.222-45.528; P= 
0.005), cervical spondylosis (95% CI: 1.232-
3.017; P=0.005), and osteoporosis (95% CI: 
1.130-3.071; P=0.001).

Development of a nomogram model

The nomogram prediction model (Figure 1) for 
BPPV was established by R software 3.6.3. The 
model calculates the probability of BPPV by 
summing the integrals of each risk factor, which 
are then converted into a risk score. The regres-
sion equation for the model is: logit (P) = -6.820 
+ 0.450 * stroke + hyperlipidemia * 0.312 + 
CSOM * 0.499 + cervical spondylosis * 0.916 
+ osteoporosis * 0.628.

Validation of a nomogram model

The nomogram’s accuracy was assessed using 
the unadjusted concordance index (C-index), 
which was 0.892 [95% CI, 0.715-0.984], indi-
cating high predictive accuracy. The calibration 
plot of the nomogram is shown in Figure 2. The 
Area Under the Curve (AUC) for the nomogram 
was 0.8355882 (Figure 3), indicating good dis-
crimination and consistency in predicting BPPV 
risk.

Decision curve analysis 

Decision curve analysis (DCA), illustrated in 
Figure 4, suggests that using the nomogram for 
predicting BPPV risk is clinically advantageous 
when the predicted probability of occurrence 
ranges from 20% to 80%.  

Discussion

In our study, stroke (95% CI, 0.575-5.954; 
P=0.022), hyperlipidemia (95% CI, 0.471-4.647; 
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P=0.003), chronic suppurative otitis media 
(95% CI, 1.222-45.528; P=0.005), cervical 
spondylosis (95% CI, 1.232-3.017; P=0.005), 
and osteoporosis (95% CI, 1.130-3.071; P= 
0.001) were identified as independent risk fac-
tors for BPPV. Furthermore, we constructed a 
predictive nomogram model to predict the risk 
of developing BPPV. This nomogram model 
demonstrated good accuracy and clinical appli-
cability, with a high C-index and AUC for the 
nomogram. DCA highlighted the model’s practi-
cal value in clinical settings, particularly in aid-
ing the early identification of individuals at 
heightened risk for BPPV.  

This study identified stroke as an independent 
risk factor of BPPV. A stroke occurs due to an 

acute neurological deficit caused by a distur-
bance in cerebral blood circulation. The blood 
supply to the brain comes from the internal 
carotid artery system and the vertebral basilar 
artery system. The labyrinthine artery, a crucial 
branch of the basilar artery - predominantly 
originating from the anterior inferior cerebellar 
artery and the posterior inferior cerebellar 
artery - plays a significant role in this context. 
This artery, with limited collateral circulation, is 
particularly sensitive to changes in blood flow 
[16]. During a stroke, especially one impacting 
the vertebral-basilar system, the labyrinthine 
artery may undergo spasms due to disrupted 
cerebral circulation. This can damage the ves-
tibular system’s oval cysts, leading to physiolog-

Table 1. Comparison of clinical characteristics between two groups
BPPV group (n=164) Control group (n=148) t/χ2 P

Age (years) 48.9 ± 6.3 49 4 ± 5.8 1.658 0.278
BMI 23.89 ± 4.01 22.89 ± 3.77 0.606 0.373
Gender 2.199 0.132
    Male 84 (51.2%) 86 (58.1%)
    Female 80 (48.8%) 62 (41.9%)
Sites 0.022 0.997
    Posterior semicircular canal 72 (43.9%) 66 (44.6%)
    Horizontal semicircular canal 32 (19.5%) 32 (21.6%)
    Anterior semicircular canal 46 (28%) 38 (25.7%)
    Mixed type 14 (8.5%) 12 (8.1%)
Sleep disorders 132 (80.5%) 118 (79.7%) 0.247 0.619
Coronary atherosclerotic heart disease 99 (60.4%) 99 (66.9%) 2.206 0.137
Stroke 129 (78.7%) 63 (42.6%) 8.756 0.009
Hyperlipidemia 80 (48.8%) 53 (35.8%) 12.697 0.002
Chronic suppurative otitis media 122 (74.4%) 60 (40.5%) 10.986 0.006
Cervical spondylosis 100 (61.0%) 50 (33.8%) 10.916 0.005
Osteoporosis 120 (73.2%) 85 (57.4%) 8.474 0.010
Hypertension 83 (50.6%) 10 (6.8%) 10.285 0.003
Diabetes mellitus 78 (47.6%) 62 (41.9%) 0.381 0.537
Meniere 83 (50.6%) 71 (48%) 0.628 0.428
Migraine 85 (51.8%) 73 (49.3%) 0.186 0.666
Head trauma 32 (19.5%) 30 (20.3%) 0.562 0.757

Table 2. Comparison of biochemical indexes
BPPV group (n=164) Control group (n=148) t/χ2 P

Blood uric acid 395.43 ± 14.98 277.6 ± 10.5 8.756 0.001
Cystatin C 0.998 ± 0.211 0.432 ± 0.315 0.562 0.757
Total cholesterol 19.6 ± 4.5 16.9 ± 3.5 2.697 0.102
Low density lipoprotein 3.9 ± 1.1 3.5 ± 1.0 2.984 0.095
High density lipoprotein 1.6 ± 0.9 1.9 ± 0.7 1.983 0.983
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Table 3. Univariate analysis
BPPV group (n=164) Control group (n=148) t/χ2 P

Age 3.316 0.069
    <35 years 114 (69.5%) 124 (83.8%)
    ≥35 years 50 (30.5%) 24 (16.2%)
BMI  2.695 0.058
    ≥22 129 (78.7%) 124 (83.8%)
    <22 35 (21.3%) 24 (16.2%)
Sites 0.022 0.997
    Posterior semicircular canal 72 (43.9%) 66 (44.6%)
    Horizontal semicircular canal 32 (19.5%) 32 (21.6%)
    Anterior semicircular canal 46 (28%) 38 (25.7%)
    Mixed type 14 (8.5%) 12 (8.1%)
Stroke 0.342 0.036
    Yes 129 (78.7%) 63 (42.6%)
    No 35 (21.3%) 85 (57.4%)
Sleep disorders 0.247 0.619
    Yes 132 (80.5%) 118 (79.7%)
    No 32 (19.5%) 30 (20.3%)
Hyperlipidemia  11.286 0.007
    Yes 80 (48.8%) 53 (35.8%)
    No 84 (51.2%) 95 (64.2%)
Chronic suppurative otitis media 10.607 0.016
    Yes 122 (74.4%) 60 (40.5%)
    No 44 (26.8%) 48 (32.4%)
Coronary atherosclerotic heart disease 2.206 0.137
    Yes 99 (60.4%) 99 (66.9%)
    No 65 (39.6%) 49 (33.1%)
Cervical spondylosis 6.697 0.011
    Yes 100 (61.0%) 50 (33.8%)
    No 64 (39.0%) 98 (66.2%)
Osteoporosis 8.474 0.010
    Yes 120 (73.2%) 85 (57.4%)
    No 44 (25.6%) 63 (42.6%)
Hypertension 10.285 0.003
    Yes 83 (50.6%) 10 (6.8%)
    No 81 (49.4%) 138 (93.2%)
Anemia 0.381 0.537
    Yes 78 (47.6%) 62 (41.9%)
    No 86 (52.4%) 86 (58.1%)
Hypoproteinemia 0.628 0.428
    Yes 83 (50.6%) 71 (48%)
    No 81 (49.4%) 77 (52%)
Diabetes mellitus  0.381 0.537
    Yes 78 (47.6%) 66 (44.6%)
    No 86 (52.4%) 82 (55.4%)
Meniere 0.628 0.428
    Yes 83 (50.6%) 71 (48%)
    No 81 (49.4%) 77 (52%)
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ic and pathologic changes that may cause oto-
liths to dislodge, subsequently triggering BPPV. 

Multivariate logistic regression analysis showed 
that hypertension was also an independent risk 
factor for BPPV. For patients with long-term 
hypertension, the high aortic pressure and the 
heart’s impaired ability to pump blood lead to 
diminished blood flow to various body organs, 
including the vestibular organs. The vestibule, 
particularly sensitive to ischemia, may suffer 
from an insufficient blood supply, triggering 
vasospasm and other pathologic changes that 
affect the oval sac and balloon, potentially 
leading to otolith shedding [17, 18]. 

This study found that the prevalence of BPPV  
in patients with hyperlipidemia was significan- 
tly higher than those without. Lipid plaques 

forming on the vascular walls may cause nar-
rowing, which over time can result in vaso-
spasm and ischemic conditions conducive  
to otolith shedding [19]. De Stefano et al. 
reported that the occurrence of BPPV was sig-
nificantly correlated with hypertension and 
hyperlipidemia and may be associated with 
stroke [20].

Chronic suppurative otitis media (CSOM) has 
been identified as another independent risk 
factor for BPPV. The association likely stems 
from the alterations in the inner ear’s lymphatic 
environment resulting from otological infec-
tions. Such infections can disrupt the microcir-
culation perfusion within the inner ear, leading 
to metabolic imbalances and epithelial degen-
eration. These physiologic changes can impact 
the oval sac, potentially causing otoliths to dis-

Migraine 0.186 0.666
    Yes 85 (51.8%) 73 (49.3%)
    No 79 (51.2%) 75 (54.1%)
Head trauma 0.562 0.757
    Yes 32 (19.5%) 30 (20.3%)
    No 132 (80.5%) 118 (79.7%)
Blood uric acid 395.43 ± 14.98 277.6 ± 10.5 8.756 0.001
Cystatin C 0.998 ± 0.211 0.432 ± 0.315 0.562 0.757
Total cholesterol 19.6 ± 4.5 16.9 ± 3.5 2.697 0.102
Low density lipoprotein 3.9 ± 1.1 3.5 ± 1.0 2.984 0.095
High density lipoprotein 1.6 ± 0.9 1.9 ± 0.7 1.983 0.983
BMI: body mass index.

Table 4. Multivariate regression analysis
Factor β SE Wals P OR 95% CI
Stroke
    No - - 3.546 0.059 1
    Yes 0.515 0.296 15.064 0.022 2.450 0.575-5.954
Hyperlipidemia
    No - - 1.981 0.104 1
    Yes 0.891 0.484 10.149 0.003 2.499 0.471-4.647
Chronic suppurative otitis media
    No - - 3.981 0.304 1
    Yes 2.037 0.909 15.024 0.005 1.916 1.222-45.528
Cervical spondylosis
    No - - 4.981 0.354 1
    Yes 0.661 0.226 13.514 0.005 0.628 1.232-3.017
Osteoporosis
    No - - 14.379 0.0001 1
    Yes -0.459 0.801 0.324 0.001 0.632 1.130-3.071
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lodge and precipitate episodes of BPPV 
[21-24].

This study found that the prevalence of BPPV  
in patients with previous cervical spondylosis 
was higher than those without. The potential 
pathogenesis linking cervical spondylosis to 

and single-center study might limit the general-
izability of the findings. Whether the prediction 
model can be applied to other populations is 
still uncertain. Therefore, a multi-center study 
with a large sample size is needed for further 
verification. Besides, the potential mechanism 
underlying the prognostic effect of nomogram 

Figure 1. Nomogram for predicting the risk of BPPV. CSOM: chronic suppura-
tive otitis media; CS: cervical spondylosis.

Figure 2. Calibration curves for nomogram in predicting BPPV risk. BPPV: 
Benign paroxysmal positional vertigo.

BPPV may involve several 
degenerative changes in the 
cervical spine, such as ver- 
tebral instability, loosening, 
nucleus pulposus prolapse, 
bone spur formation, ligament 
hypertrophy and secondary 
spinal canal stenosis. Such 
pathologic changes may irri-
tate or compress the verte-
bral artery and cervical sym-
pathetic nerve. Chronic recur-
rence of these conditions can 
lead to ischemia and spasm 
in the vertebral-basilar sys-
tem, subsequently reducing 
blood flow to the vestibular 
system. This reduction in 
blood supply may cause oto-
liths to dislodge, triggering 
BPPV [25-28]. However, fur-
ther research is required to 
substantiate this hypothesis 
and clarify the underlying me- 
chanisms.

This study found that the pr- 
evalence of BPPV in patients 
with osteoporosis was signifi-
cantly higher than those with-
out. Vibert et al. [29] suggest-
ed that the occurrence of 
BPPV in elderly female pa- 
tients may be re-lated to 
osteoporosis and bone loss. 
Osteoporosis leads to distur-
bances in calcium metabo-
lism, a critical factor since the 
primary component of otoliths 
is calcium. Disruptions in cal-
cium metabolism could alter 
the composition of otoliths, 
making them more likely to 
detach from the oval sac 
[30-32].

This study has some limita-
tions. Its retrospective nature 
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still needs more detailed 
investigation to better under-
stand and verify these initial 
findings.

In conclusion, stroke, hyper-
lipidemia, chronic suppurative 
otitis media, cervical spondy-
losis and osteoporosis are 
independent risk predictors 
for BPPV. Furthermore, the 
developed predictive nomo-
gram model demonstrates 
good accuracy and clinical 
applicability, providing valu-
able insights for clinical de- 
cision-making and patient 
management.
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