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Objective: Vitamin D (Vit D) regulates calcium and phosphate metabolism and helps

to maintain otolith organ function. Residual dizziness (RD) is one of the most common

complications after the successful treatment of benign paroxysmal positional vertigo

(BPPV). Various theories have been suggested to explain the cause of RD, and otolith

organ disorder is the most evident cause of RD. This study aimed to investigate the

association between serum levels of Vit D and the occurrence of RD after the successful

treatment of BPPV.

Methods: A prospective study including patients who were diagnosed with de novo

posterior semicircular canal-type BPPV (PC-BPPV) was conducted at our institution from

May 2017 to May 2019. All the patients underwent canalith repositioning procedures and

were followed up. Univariate and multivariate analyses were performed to investigate the

relationship between serum 25-hydroxy vitamin D (25(OH)D) levels and RD occurrence

after successful BPPV treatment.

Results: In total, 123 patients with PC-BPPV were enrolled, and 41.5% (51/123)

experienced RD. The serum level of 25(OH)D was significantly lower in PC-BPPV patients

with RD [median 16.2 ng/ml (IQR 12.9–22.1)] than in patients without RD [median

20.5 ng/ml (IQR 16.5–26.5)] (P= 0.001). In multivariatemodels comparing the prevalence

of RD in the insufficient group [25(OH)D ≥ 20 to <30 ng/ml], deficient group [25(OH)D

< 20 ng/ml] and normal group [25(OH)D ≥ 30 ng/ml], the 25(OH)D levels in the deficient

group were associated with the occurrence of RD (odds ratio = 5.48, 95% confidence

interval = 1.08–27.71; P = 0.04).

Conclusion: Low 25(OH)D levels are associated with the development of RD in patients

with PC-BPPV after successful treatment. Further efforts to validate and elucidate the

mechanism are needed.

Keywords: benign paroxysmal positional vertigo, 25-hydroxy vitamin D, residual dizziness, canalith repositioning

procedure, risk factor
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INTRODUCTION

Human vestibular dysfunction is a common problem in the
clinic. Among vestibular disorders, benign paroxysmal positional
vertigo (BPPV) is the most common cause of recurrent vertigo,
accounting for∼20% of vestibular complaints (1). This condition
is characterized by brief repeated episodes of vertigo that
are triggered by changes in head position, and it is often
accompanied by nausea and vomiting. It is widely accepted that
the pathophysiology of BPPV is caused by dislodged otoconia
floating freely into the semicircular canals or adhering to the
cupula of the semicircular canals (2). Canalith repositioning
procedures (CRPs) can place the dislodged otoconia in the utricle
and are effective and simple to perform. Indeed, nearly 90% of
patients can be cured after one or two sessions of such treatments
(1, 2).

However, 38–61% of patients with BPPV may experience a
series of non-specific symptoms, such as dizziness, imbalance, or
light-headedness, after the successful treatment of BPPV, which
is called residual dizziness (RD). RD not only seriously interferes
with daily activities but also results in anxiety, depression
and falling, especially in elderly individuals (3). Although the
pathogenesis of RD remains unclear, otolith organ dysfunction
is the primary pathological factor (4, 5). By measuring cervical
and ocular vestibular evoked myogenic potentials (c/oVEMP) in
patients with BPPV, the results of previous studies support the
above theory (6).

Vitamin D (Vit D) is a fat-soluble vitamin, and its main
function is the regulation of calcium and phosphate metabolism.
As otoconia in the otolith organ are composed of calcium
carbonate and protein, alterations in calcium metabolism may
induce changes in the otoconial structure and otolith organ
status (7). Therefore, Vit D may be closely associated with the
maintenance of otolith organ function. Vit D receptor-mutant
mice exhibit a series of vestibular dysfunctions (8). The size
of otoconia is increased, whereas the density is decreased in
ovariectomized osteopenic/osteoporotic female adult rats (9).
The diameter and density of the globular substance in Vit D-
deficient mice are increased, but supplementation with Vit D
mitigates these changes (10). Similarly, a clinical study reported
that 66% of people with Vit D deficiency/insufficiency have
abnormal VEMP results (11). Additionally, Vit D deficiency is
closely related to BPPV occurrence and recurrence, and Vit
D supplementation has beneficial effects in the treatment and
prevention of BPPV (12, 13).

Animal experiments and clinical studies have suggested that
Vit D-mediated effects on otolith function may be involved
in the maintenance of calcium homeostasis in the inner ear.
Based on these findings, we hypothesized that low serum Vit D
levels may be associated with the development of RD after the
successful treatment of BPPV. This study explores and validates
this hypothesis.

METHODS

This single-center, prospective study was performed at the
Department of Neurology and Emergency, Hwa Mei Hospital,

University of Chinese Academy, from May 2017 to May 2019.
Approval was obtained from our institutional review board
(protocol numbers KY-2017-014 and KY-2020-038). Written
informed consent was obtained from all participants and
the study was conducted in accordance with the Declaration
of Helsinki.

All patients who were admitted to the Department of
Neurology and Emergency and complained of acute-onset
vertigo or dizziness were recruited. The BPPV diagnosis was
based on the presence of recurrent vertigo and characterized
nystagmus during provocative maneuvers. Patients who were
previously diagnosed with BPPV and had secondary factors, such
as head trauma, vestibular neuritis, Meniere’s disease, migraines,
or history of ear surgery, who received long-term steroid therapy
or vitamin D supplementation, and who had parathyroid disease
or serious liver and kidney diseases that affect vitamin D
levels were excluded. To exclude confounding factors, we only
included patients who were diagnosed with unilateral posterior
semicircular canal-type BPPV (PC-BPPV).

Once the BPPV diagnosis was confirmed, patients were
treated with appropriate CRP. After execution of the maneuver,
the patients were re-evaluated with the same diagnostic session
every 7 days; if nystagmus was still present, the CRP was
repeated up to a maximum of two times in the same session.
Patients who failed to achieve a clinical cure after two sessions
of CRP were excluded. Once successful treatment of BPPV was
confirmed, patients were assessed for whether they experienced
RD and were asked to complete the Chinese version of the
Dizziness Handicap Inventory (DHI) (14). We performed a
structured interview consisting of two dichotomous questions,
to which the only possible answers were “YES” or “NO”. The
first question, which aimed to identify the persistent dizziness
symptoms, was “Do you feel as unsteady as you were before
the onset of BPPV in recent days?”. If the answer was “YES”,
we further asked the next question. The second question, which
aimed to verify the onset of RD, was “Are these symptoms
significantly relieved after CRP?”. If the answer was “No”, the
patient was considered to have RD after excluding other disorders
using caloric test, pure-tone audiometry, video head impulse
test or imaging exam. We recorded data, such as the time of
onset and duration, demographics, clinical characteristics, and
laboratory indicators. RD was defined as a feeling of unsteadiness
and/or light-headedness and/or dizziness in the absence of true
vertigo and nystagmus. Patients who complained of RD were
evaluated every 7 days until the symptoms disappeared. Then,
we performed telephone interviews or outpatient visits at 1, 3,
6 12, and 24 months. The flowchart of the study is presented
in Figure 1.

Measurement of Serum
25-Hydroxyvitamin D
Fasting early-morning venous blood was collected and stored
at −80◦C for analysis. Serum 25(OH)D was measured using
an API3200 liquid chromatography mass spectrometer/mass
spectrometer system (Applied Biosystems, Foster City, CA).

Frontiers in Neurology | www.frontiersin.org 2 June 2022 | Volume 13 | Article 915239

https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org
https://www.frontiersin.org/journals/neurology#articles


Wu et al. 25-Hydroxyvitamin D and Residual Dizziness

FIGURE 1 | Study flow diagram demonstrating patient enrollment and

progress.

Statistical Analysis
Continuous variables following normal distributions are
expressed as the mean ± standard deviation; those that did not
follow a normal distribution are expressed as the median and
interquartile range (IQR). Categorical variables are presented
as the number of patients and percentage. Differences between
the two groups were analyzed using a t-test, chi-square test, or
Mann–Whitney U-test. Binary logistic regression analysis was
adjusted to evaluate the risk factors for RD in BPPV patients.
In addition, multivariate analysis models were used to assess
the occurrence of RD after the successful treatment of BPPV
according to the international classification of vitamin D (the
sufficient group was used as the reference). All the analyses were
performed using SPSS (version 22.0, Chicago, IL, USA), and P <

0.05 was considered significant.

RESULTS

Demographics and Clinical Characteristics
of the Participants
A total of 165 patients diagnosed with de novo idiopathic PC-
BPPV were recruited; 42 patients were eliminated from the
study for the following reasons: 11 patients required more than
four CRP session; for five patients, the symptoms were not
ameliorated after CRP; six patients refused to participate in this
study; 13 patients lost to follow-up; and seven patients developed
other medical conditions. Ultimately, 123 patients participated
in this study: 83 females (67.5%, mean age: 58.01 ± 12.88)
and 40 males (32.5%, mean age: 59.6 ± 12.21). For recovery,
70 (56.9%) patients required a single CRP session, 25 (20.3%)
patients required two CRP sessions, 18 (14.6%) patients required
three CRP sessions, and 10 (8.1%) patients required up to 4 CRP
sessions. During follow-up, 49 (39.8%) patients reported one or
more episodes of relapse of vertigo. The demographic data are
summarized in Table 1.

Serum 25(OH)D Levels and the Risk
Factors for RD
A total of 123 PC-BPPV patients were included in the study, and
51 patients complained of RD after the successful treatment of
BPPV. The results of univariate analysis are displayed in Table 1;
the level of serum 25(OH)D in patients with RD was significantly
lower than that in patients without RD [median 16.2 ng/ml (IQR
12.9–22.1) vs. median 20.5 ng/ml (IQR 16.5–26.5), P = 0.001]. A
multivariate logistic regression model showed that a low 25(OH)
D level was a risk factor for RD (P= 0.003, odds ratio= 1.11, 95%
confidence interval 1.03–1.19) (Table 2). Furthermore, according
to the international classification criteria for vitamin D values
(15), the prevalence of RD among subgroups ranged from 15.4%
(2/13) to 52.2% (35/67). In multivariate analysis comparing the
insufficient group and the deficient group with the 25(OH)
D normal group, increased risk of experiencing RD after the
successful treatment of BPPV associated with the lower 25(OH)
D levels in the deficient group (OR 5.48, 95% CI: 1.08–27.71; P=

0.04) after adjusting for possible confounders (Table 3).

DISCUSSION

Several studies have reported that Vit D is closely related to
BPPV; however, no studies have explored serum Vit D levels in
BPPV patients with RD. In this study, we compared the serum
levels of 25(OH)D in patients with BPPV with or without RD
after successful treatment and found that a low level of 25(OH)D
may be a risk factor for the development of RD in patients with
BPPV after successful treatment.

BPPV is a benign disease; most patients have a good
recovery, and vertigo symptoms disappear shortly, even when
patients receive no treatment (1, 2). However, some patients
report a non-specific sensation of unsteadiness, light-headedness,
disorientation, or drowsiness after successful treatment. This
condition is referred to as RD and can last up to several months.
RD is common in patients who have undergone successful
treatment of BPPV, with a reported incidence ranging from 38
to 61% due to different inclusion criteria and inconsistencies
in the definition of RD duration. Overall, RD results in a
significant negative impact on daily function and quality of life
(3, 4). Nonetheless, the origin of RD is not yet clear, and no
guidelines recommend any drugs for this condition. Therefore,
exploring potential risk factors for the occurrence of RD is of
great significance for follow-up studies on its pathogenesis and
drug development.

Several hypotheses have been proposed to explain the
occurrence of RD, such as the persistence of debris in the canal,
otolith dysfunction, coexisting vestibular disease, incomplete
central nervous system adaptation, mental health, or autonomic
dysfunction, but the exact causes are still unclear (3, 5). Among
these hypotheses, otolith dysfunction is considered the most
persuasive. CRPs can bring dislodged otoconia back to the utricle,
but otolith dysfunction remains. Yetiser et al. compared cVEMP
parameters among subgroups of patients with BPPV and found
that patients with a long period of symptoms had longer p1
latency than those with a shorter duration of symptoms (16).
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TABLE 1 | Demographical and clinical features of PC-BPPV patients with and without RD.

RD NRD P

Number 51 72

Age (years) 60.94 ± 13.29 58.50 ± 11.21 0.246

Sex (F/M) 38/13 45/27 0.161

Side (R/L) 24/27 31/41 0.660

BMI (kg/m2 ) 23.3 ± 2.88 23.7 ± 3.32 0.485

Hypertension n (%) 20 (39.2%) 24 (33.3%) 0.503

Diabetes mellitus n (%) 12 (23.5%) 14 (19.4%) 0.585

Duration of symptoms before CRP (day) 3.0 (1.0–7.0) 3 (1.0–5.0) −0.401

Number of CRP 1.84 ± 1.04 1.67 ± 0.94 0.311

1 27 43

2 10 15

3 9 9

4 5 5

DHI scores 28.67 ± 12.05 25.69 ± 9.51 0.110

Recurrence BPPV 2 2(43.1%) 27 (37.5%) 0.529

Albumin (g/l) 42.44 ± 3.81 42.59 ± 3.51 0.294

Creatinine (µmol/l) 55.6 (48.4–68.6) 59.7 (51.65–68.7) 0.105

Blood urea nitrogen (mmol/l) 4.60 (4.07–5.23) 4.64 (3.88–5.62) 0.401

Uric acid (µmol/l) 279.3 [(234.9–317.6) 5.23] 278.4 (249.3–335.0) 0.488

Total cholesterol (mmol/l) 4.56 ± 1.16 4.65 ±0.93 0.133

HDL-C (mmol/l) 1.37 (1.10–1.58) 1.31 (1.06–1.57) 0.606

LDL-C (mmol/l) 2.56 (1.72–3.2) 2.70 (2.08–3.07) 0.558

Triglycerides (mmol/l) 1.23 (0.90–1.78) 1.25 (0.84–1.80) 0.888

25(OH)D (ng/ml) 16.2 (12.9–22.1) 20.5 (16.5–26.5) 0.001

PC-BPPV, posterior semicircular canal benign paroxysmal positional vertigo; RD, residual dizziness; BMI, body mass index is the weight in kilograms divided by the square of the height

in meters; CRP, canalith repositioning procedure; DHI, dizziness handicap inventory; HDL, high-density lipoprotein; LDL, low-density lipoprotein. Values are expressed as n (%), mean

± SD or median (interquartile range). P-values were calculated using an independent samples t-test or the nonparametric Mann-Whitney U-test. P < 0.05 was considered significant.

TABLE 2 | Multiple logistic regression analysis to identify independent risk factors

for residual dizziness after successful treatment of BPPV.

Variables OR (95% CI) P

25(OH)D 1.041–1.186 0.002

Adjusted for age, sex, duration of symptoms before CRP, number of CRPs, DHI score,

albumin, creatinine, and total cholesterol.

Similarly, a study conducted by Oh et al. reported that in BPPV,
an increased cVEMP modified interaural amplitude difference
ratio on the affected side was associated with RD after recovery
from BPPV (17). According to Seo et al. (18), RD is related to
the results of a second oVEMP test performed after successful
treatment, suggesting that the origin of RD is persistent utricular
dysfunction even after successful CRP.

Otoconia are biocrystals anchored to the macular sensory
epithelium of the utricle and saccule for motion sensing
and balance, and they undergo degeneration, absorption, and
regeneration in vivo (19). The capacity of otoconium dissolution
depends on the concentration of Ca2+ in the endolymph (20).
A variety of calcium channel-related proteins are expressed in
the epithelia of semicircular canal ducts, and these proteins
participate in spatiotemporal modulation of Ca2+ levels and
maintain the homeostasis of Ca2+ levels in the endolymph. Vit

D may affect the maintenance of calcium homeostasis in vivo by
regulating the expression of calcium-related proteins (21, 22). In

addition, 1,25-dihydroxyvitamin D3 can significantly upregulate

the expression of calcium channel-related proteins, such as

transient receptor potential vanilloid 5, calbindin-D9K and

calbindin-D28K, in rat semicircular canal epithelial-derived cells

(23). Vit D receptor mutant mice display vestibular dysfunctions,

and the morphology and density of otoconia change in animal

models of vitamin D deficiency. Furthermore, a clinical study

found that 66% of people with Vit D deficiency/insufficiency have
abnormal VEMP results (8–10). These data suggest that Vit D is
important for maintaining vestibular function.

Calcium metabolism is involved in the synthesis and
absorption of otoconia, and thus, defects in systemic calcium
metabolism may induce changes in the otoconial structure
and otolith organ status, leading to otolith organ disorder
(18, 24). Some investigations have confirmed that BPPV is
closely related to otolith dysfunction (25, 26). The amplitude of
oVEMP transiently increases in the affected ear after a successful
liberating maneuver, suggesting utricular dysfunction caused by
a possible deficit of the matrix that embeds the otoconia on the
macula (27). Another study conducted by Von Brevern et al. (28)
found that patients with BPPV showed a reduced otolith-ocular
reflex and that the change persisted for 1 month after successful
treatment of BPPV. Hence, otolith dysfunction can persist and
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TABLE 3 | Multivariate analyses for the occurrence of RD after successful treatment of BPPV according to the 25-hydroxyvitamin D classification criteria.

25-hydroxyvitamin D RD (n/%) Crude OR (95% CI), P Adjusted OR (95% CI), P

Normal (n = 13) 2 (15.4%) Reference Reference

Insufficiency (n =43) 14 (32.5%) 2.66 (0.52–13.64), 0.242 2.61 (0.48–14.23), 0.268

Deficiency (n = 67) 35 (52.2%) 6.01 (1.24–29.24), 0.026 5.41 (1.06–27.61), 0.042

Adjusted for age, sex, BMI, duration of symptoms before CRP, number of CRPs, albumin, creatinine, and total cholesterol.

remain in the form of RD after successful BPPV treatment. Suh et
al. reported that BPPV patients with osteopenia more frequently
suffer from RD after successful treatment of BPPV than those
without osteopenia (29). Similarly, Jiang et al. confirmed that a
reduction in bone mineral density is independently associated
with the occurrence of RD in patients after successful treatment
of PC-BPPV (30).

CRPs can move dislodged otoconia to the utricle, but some
fragments of otoconia may remain in the semicircular canal.
The Vit D endocrine system is crucial for maintaining calcium
homeostasis in the endolymph, and disturbances in calcium
metabolism may affect the ability of the endolymph to dissolve
exfoliated otoconia debris (18, 19). Therefore, we hypothesize
that abnormal serum Vit D levels may be closely related to the
development of RD. In this study, we enrolled 123 patients with
PC-BPPV who had been successfully treated, and 41.5% (51/123)
of them experienced RD, which was similar to previous research.
To date, no studies have investigated the relationship between
serum levels of 25(OH)D and the occurrence of RD. Regardless,
we found that the serum level of 25(OH)D in BPPV patients
with RD was significantly lower than that in patients without RD,
and multivariate analysis suggested that a lower serum level of
25(OH)D was associated with the occurrence of RD in patients
with PC-BPPV after successful treatment.

Betahistine is widely used to ameliorate dizziness in patients

due to its effects of increasing labyrinthine microcirculation as

well as regulating intracellular Ca2+ by acting on histamine

receptors located in the vestibular periphery (31, 32). However,

conflicting data exist regarding the efficacy of betahistine for

preventing or treating RD. To date, there is no relevant drug

recommendation for the management of the very common RD

after successful treatment of BPPV. This study showed that serum

25(OH)D levels in BPPV patients with RD were significantly

lower than those in patients without RD, and a lower serum

level of 25(OH)D was associated with the occurrence of RD

in patients with PC-BPPV after successful treatment. Several
reports on vitamin D supplementation and a variety of health
outcomes include improved cardiovascular health, bone health,
fall and fracture risk, and even colorectal cancer prevention.
Similarly, recent studies have found that Vit D supplementation
not only reduces the recurrence rate of BPPV but also relieves the
intensity of vertigo. Therefore, supplementation with vitamin D
and calcium would help restore the healthy condition of otoconia
in patients with vitamin D deficiency and may have potential
health benefits in the treatment of vestibular disorders. Whether
Vit D supplementation can improve RD in patients with BPPV
is unclear. It is at least reasonable that Vit D supplementation

can improve RD in patients with BPPV who complain of RD
after successful treatment, when serum Vit D levels are lower
than normal. RD is so common after successful treatment of
BPPV that even if the supplementation of vitamin D could relieve
symptoms in only a small percentage of cases, many patients will
experience improvement.

The present study had a few limitations. First, it was a single-
center small sample observational study, which only recruited
de novo PC-BPPV patients, and whether these findings are
consistent with other subtypes or patients with recurrent BPPV
is unclear. Second, patients with BPPV did not undergo a
systematical vestibular assessment, using caloric test, pure-tone
audiometry, video head impulse test or VEMP, the influence
of coexisting vestibular diseases such as vestibular neuritis
and Meniere’s disease on the development of RD cannot be
completely excluded. Finally, we did not investigate vestibular
function instrumentally, such as with c/o VEMP or caloric
tests, during the evaluation period. Therefore, further studies
should be carried out to explore the probable mechanism, which
may offer new ideas or directions for addressing and coping
these symptoms.

CONCLUSION

Low 25(OH) D levels are associated with the development of RD
after successful treatment of BPPV.
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