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ABSTRACT

Benign paroxysmal positional vertigo (BPPV) is a short-lived attack of rotatory vertigo provoked by certain head
movements. The most acceptable theories for its pathogenesis are canalithiasis and cupulolithiasis as a result of the
detachment of otoconia from the otolithic membrane. Although canal repositioning maneuvers resolve BPPV, recurrence
is a common feature. During the last two decades, there is a revolution in research in understanding many aspects of this
disorder. The advanced age, female gender, migraine, Meniere’s disease, trauma, and infection are recognized examples
of the BPPV causes. Vitamin D deficiency or insufficiency is considered a risk factor for the occurrence and recurrence
of the disease as indicated by many investigations. Therefore, estimation of vitamin D serum level in all subjects with
BPPV is highly recommended. In addition to canal repositioning procedures such as the Epley maneuver, vitamin D
supplementation in patients with deficient or insufficient vitamin D is the best treatment for primary BPPV. In this
review, we discussed the updating knowledge of the risk factors of BPPV as an initiator for the disease or a risk factor for
its recurrence.
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INTRODUCTIONB enign paroxysmal positional vertigo (BPPV) is
considered the most common cause of rotatory
vertigo with a prevalence of 10% of individuals
during their lifetime [1]. It can be defined as

short-lived vertiginous attacks provoked by movement of
the head in certain positions such as looking upward. BPPV
usually runs in a benign course, however, 86% of sufferers
complain of reduced daily activities and might lose certain
days from work [1].
The symptoms of BPPV appear when the otoconia detached
from the utricle and saccule and pass through the semicircular
duct (canalithiasis) or is attached to the cupula (cupulolithia-
sis) [2].
The components of the otoconia are calcium carbonate
(CaCO3) and glycoproteins which are connected to the hair
cells by protein fibers. Active calcium inside the vestibular or-
gan is responsible for the formation, maturation, and degener-
ation mechanisms of the otoconia. A prior study by Lundberg
et al. reported that vitamin D has a role in the metabolism of
calcium inside the vestibular organ [3].
All the three semicircular canals might be involved in BPPV,
however, the posterior canal is commonly involved, followed
by the horizontal or lateral canal, and the least superior canal
[4]. Posterior BPPV is usually treated with canal repositioning
techniques (Epley or Semont maneuvers or their modifica-
tions) with a successful result reaching 100% following 2 or
several maneuvers [5, 6]. Recurrence might happen follow-
ing these maneuvers. A recent study from Korea reported
a recurrence rate of 22.1% following 5 years after the initial
treatment [7].
In the past, it is believed that female gender, head injury, dia-
betes mellitus, hypertension, hyperlipidemia, Ménière’s dis-
ease, and migraine were considered risk factors for BPPV re-
currence [8, 9]. A recent meta-analysis of 14 studies with
3060 patients with BPPV reported that vitamin D deficiency
is considered a risk factor for BPPV recurrence [10].
Knowing the risk factors for the occurrence and recurrence
of BPPV is an essential step to reducing the frequency of the
disease and preventing its recurrence. Vitamin D deficiency
is one of these risk factors that need to be taken into consid-
eration among physicians dealing with this condition. Hence,
this review was conducted to explore the association between
vitamin D deficiency and the state of the disease regarding its
occurrence and recurrence.

• Epidemiology

BPPV is considered the most common type of vestibular
vertigo reaching about 20–30% of diagnoses in specialized
vertigo clinics. The disease has a great impact on the health
system with an annual cost of $ 2 billion [1]. BPPV is the
most prevalent cause of dizziness with approximately 10%
among the general population [11]. Besides, the prevalence
per year is 1.6%, and the incidence per year is 0.6% [1].
BPPV is diagnosed in around 24.1% of the patients attend-
ing the hospital with vertigo or dizziness [12] .
Although BPPV could occur at any age, it exhibited to be
more in the 6th and 7th decades . The disease is affected
women more than men with a male-to-female ratio of 1:
2.4 [12]. Recurrence is a common feature of the BPPV with
a recurrence rate per year of 15-20% [13, 14].
Elderly females with no regular physical activity have a
higher incidence of 2.6 times than those with regular phys-
ical exercise [15]. Furthermore, vitamin D deficiency (< 10
ng/ml) or insufficiency (10–20 ng/ml) have more risk to
develop BPPV (odds ratios of 23.0 and 3.8 respectively) [16].
Therefore, vitamin D supplement is useful for treating a
recurrent form of BPPV.

• Pathophysiology

Maintained body balance depends on three peripheral in-
puts, namely the eye (70%), the vestibular system of the
inner ear (15%), and proprioception from the neck and an-
kle (15%). The organelles of the vestibular system consist
of the macula (in the utricle and saccule) and crista am-
pullaris (in the ampulla of each semicircular duct). These
organelles are responsible for detecting any abnormalities
in the position of the head and body. The macula detects
linear acceleration and crista ampullaris for angular ac-
celeration. The vertiginous attack of BPPV is due to an
abnormal signaling from the involved semicircular duct
which results in an illusion sense of movement [17].
There are two possible mechanisms of BPPV: Canalithiasis
and cupulolithiasis (Figure 1).
Cupulolithiasis is defined as the adherence of the otoconia
debris or masses to the cupula which renders the gravity
to be sensitive. However, there is no evidence that otoconia
attach persistently or strongly to the cupula [18].
Owing to the deposition of otoconia in the cupula, there
is an increment in the cupular load resulting in changes
in cupular deflection which causes an abnormal sense of
movement. This theoretical mechanism is behind the
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Figure 1. The left semicircular canals and vestibule demonstrate the most accepted theories of benign paroxysmal positional vertigo pathogenesis (canalithiasis and
cupulolithiasis). PSC = posterior semicircular canal, LSC = lateral semicircular canal, and SSC = superior semicircular canal.

chronic type of BPPV [19].
Canalithiasis is due to the floating of free particles inside
the semicircular duct and is considered a causal effect of
the vertiginous attack of the BPPV. This theoretical mech-
anism was described in vivo firstly by Parnes and McClure
(1992) [20]. The abnormal signal occurs when gravity
pulls these particles (otoconia) through the involved semi-
circular duct creating a plunger-like effect that leads to
displacement of the ipsilateral cupula.
Canalithiasis is the most common form of BPPV during
clinical practice [21, 22]. A previous study supported the
theory which said that the canaliths’ source came from
the detachment of otoconia from the utricular otolithic
membrane [23]. Utricular otoconia is responsible for the
majority of BPPV cases. However, saccular otoconia is less
likely to be the cause of the BPPV because it is relatively far
away from the semicircular ducts [24].

• Causes

There are several possible causes of BPPV (Table 1). We
discussed briefly these causes below:
Many studies indicated that advanced age might be a risk
factor for BPPV [11, 24, 25]. The mean age of patients with
BPPV ranged from 44.39 – 67 years (Table 2). An experi-
mental study on rats by Jang et al. reported that otoconial

degeneration occurs mostly in older ones [26]. Krieger et al.
indicated that BPPV should be put on the top of the differ-
ential diagnosis list of dizziness and falls in geriatric indi-
viduals [27]. However, a recent systematic review revealed
that age is not considered a risk factor for the recurrence
of BPPV [10]. While, a recent study from Iraq reported that
the age might be a risk factor for BPPV recurrence [28].
BPPV due to migraine occurs in the young age group. Be-
sides, migraine is associated with a high incidence of falls
in subjects with lateral semicircular canal BPPV [29]. This
indicates that migraine may determine the type of BPPV.
Furthermore, a large cohort study from Taiwan reported
that BPPV has a higher risk of a migraine diagnosis [30]. A
recent study from Italy reported that migraine is one of the
risk factors for the recurrence of BPPV following success-
ful canalith repositioning procedures (CRPs) [31]. Other
risk factors for recurrence reported by the same study in-
clude female gender, age, hyperlipidemia, diabetes melli-
tus, hypertension, osteoporosis, vitamin D deficiency, and
vascular diseases [31].
There is a recognized association between BPPV and Me-
niere’s disease. According to a recent systematic study,
the frequency of BPPV in Meniere’s disease is 14%. BPPV
occurs mostly in the ipsilateral side of hydrops, in the fe-
male gender, and in more advanced stages of the disease.
Canalithiasis of the lateral or horizontal canal is more seen
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Table 1. Risk factors for occurrence and recurrence of benign paroxysmal positional vertigo.

Risk factors for occurrence Risk factors for recurrence

Female gender Advanced ageElderly Female genderTrauma Ménière’s diseaseMigraine HypertensionInfection MigraineMeniere’s disease HyperlipemiaOsteoporosis Vitamin D deficiencyVitamin D insufficiency OsteoporosisSleeping habits Diabetes mellitusSudden sensorineural hearing loss of unknown cause Head traumaDiabetes mellitus OsteoporosisChronic neck and head pain Multiple canal involvementInner ear abnormalities Delayed BPPV treatment using CRPPigmentation abnormalities Vascular diseasesEstrogen deficiency Number of previous vertigo attacksNeurological disorders

in Meniere’s disease than idiopathic BPPV. Meniere’s dis-
ease causes a recurrence rate of BPPV and needs more CRPs
[32].
Different viruses might be implicated as causative agents
of BPPV. A previous study indicated that serological
levels of certain viruses (adenovirus, herpesvirus, cy-
tomegalovirus, and Epstein– Barr virus) are higher in sub-
jects with BPPV than in healthy individuals [33]. In the era
of COVID-19, BPPV might occur following COVID-19, this
may be due to direct damage by the virus on the otolitic
membrane of the peripheral vestibular system as a result
of the inflammatory response [34].
Trauma whether accidental or surgical is a well-known
cause of BPPV [35]. Head injury is considered a risk factor
for BPPV [7].
Other factors that they mentioned in Table 1 are risk fac-
tors for the occurrence and or recurrence of BPPV [31, 35].

• Effect of Vitamin D on benign paroxysmal positional
vertigo

A recent global investigation over 20 years (2002-2021)
analyzed the trends of scientific research on BPPV. The
study found that there is a significant improvement in the
understanding of BPPV. Besides, the association between
BPPV and osteoporosis and vitamin D are the main hot
topics that were studied in these years [36].
The composition of otoconia consists of inorganic calcium
carbonate crystallites deposited on a framework of an or-
ganic matrix of glycoproteins (otoconin 90 is the main
source). Many investigations indicated that vitamin D is
important for the normal development of otoconia and
the maintenance of its integrity, which subsequently pre-

serves the normal otolith function [24, 37]. The clinical
features of BPPV appear following the dislodgment of oto-
conia from its membrane inside the semicircular ducts.
There is a significant correlation between osteoporosis and
BPPV. In osteoporosis, there is abnormal metabolism of
calcium and vitamin D and this is considered the principal
factor in the occurrence of BPPV [38].
ELISA method is used for the assessment of serum levels
of 25-hydroxy vitamin D. According to the published En-
docrine Society’s Practice Guidelines on Vitamin D, the
reference ranges of serum vitamin D were low if less than
20 ng/mL, insufficient 21-29 ng/mL, and sufficient if it is
above 30 ng/mL [39].
Many studies reported that there is insufficient or deficient
vitamin D in patients with BPPV (Table 2).
Recurrent BPPV is defined when the patients mentioned 2
or more histories of episodic vertigo which were the same
as the presenting symptom (positional vertigo) at the time
of the diagnosis, for at least one month between the attacks
[40]. Many researchers reported that vitamin D deficiency
is a risk for the recurrence of BPPV (Table 2).
It is advisable to screen all subjects with BPPV for vitamin
D deficiency as well as treat them with CRPs depending
on the involved semicircular canal. If there is the detec-
tion of insufficient vitamin D, it is recommended to add a
daily dose of 800 IU of vitamin D and 1000 mg of calcium
carbonate as a supplementary treatment [41]. Addition-
ally, patients with serum vitamin D levels of 20-30 ng/mL
might get benefit from vitamin D supplementation in pre-
venting the recurrence of BPPV [42].
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CONCLUSION

Vitamin D insufficiency or deficiency might be a recognized
cause of the occurrence and recurrence of BPPV. Many re-
searchers advocate adding vitamin D and calcium supplemen-
tation to the standard CRPs in patients with BPPV and low
vitamin D serum levels.
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