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ABSTRACT
Aim: This study examined the association between serum trace el-
ement concentrations (copper, magnesium, and zinc) and benign 
paroxysmal positional vertigo (BPPV), a common cause of vertigo.

Materials and Methods: This retrospective study was conducted 
by reviewing laboratory data recorded in the hospital automa-
tion system for patients who presented with vertigo at the Kafkas 
University Health Practice and Research Center between January 
1, 2022, and April 1, 2024. A total of 119 individuals were includ-
ed, comprising 81 (68.07%) patients diagnosed with BPPV and 
38 (31.93%) in the control group. Participants had a mean age of 
52 years; females accounted for 60.5% of the cohort, while males 
comprised 39.5%.

Results: Comparative analyses revealed distinct serum copper, 
magnesium, and zinc profiles between the BPPV and control 
groups (p<0.05). Higher copper and magnesium concentrations 
were observed in individuals with BPPV, whereas zinc levels were 
greater in the control group. Among the trace elements examined, 
magnesium demonstrated the strongest association with BPPV, 
with higher levels corresponding to a 9,709-fold increase in the 
odds of the disorder.

Conclusion: Alterations in serum trace element levels, particularly 
increased magnesium levels, may be related to the presence of 
BPPV. These findings suggest that mineral metabolism may play a 
contributory role in vestibular disorders and provide a foundation 
for further research in this field.
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ÖZET
Amaç: Bu çalışmada, serum eser element düzeyleri (bakır, mag-
nezyum ve çinko) ile vertigonun en yaygın nedenlerinden biri olan 
benign Paroksismal Pozisyonel Vertigo (BPPV) varlığı arasındaki 
ilişkinin değerlendirilmesi amaçlanmıştır.

Materyal ve Metot: Bu retrospektif çalışma, 1 Ocak 2022 ile 1 
Nisan 2024 tarihleri arasında Kafkas Üniversitesi Sağlık Uygulama 
ve Araştırma Merkezi’ne vertigo şikâyetiyle başvuran hastaların 
hastane otomasyon sisteminde kayıtlı laboratuvar verilerinin in-
celenmesiyle gerçekleştirildi. Çalışmaya BPPV tanısı konulan 81 
(%68,07) hasta ile kontrol grubu olarak 38 (%31,93) kişi olmak 
üzere toplam 119 olgu dâhil edildi. Katılımcıların yaş ortalaması 52 
olup, %60,5’i kadın ve %39,5’i erkekti.

Bulgular: BPPV ve kontrol grupları karşılaştırıldığında, serum bakır, 
magnezyum ve çinko düzeylerinin gruplar arasında farklı dağılım 
gösterdiği izlendi (p<0,05). Bakır ve magnezyum düzeylerinin BPPV 
grubunda daha yüksek olduğu, buna karşılık çinko düzeylerinin 
kontrol grubunda daha yüksek seyrettiği belirlendi. Değerlendirilen 
parametreler arasında magnezyumun BPPV ile daha belirgin bir 
ilişki gösterdiği ve magnezyum düzeylerindeki artışın BPPV olası-
lığını 9.709 kat artırdığı saptandı.

Sonuç: Serum eser element düzeylerindeki değişikliklerin, özellikle 
magnezyum düzeylerindeki artışın, BPPV varlığı ile ilişkili olabilece-
ği düşünülmektedir. Bu bulgular, vestibüler bozukluklarda mineral 
metabolizmasının olası rolüne işaret etmekte olup, bu alanda yapı-
lacak ileri çalışmalar için yol gösterici olabilir.
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Introduction
Benign paroxysmal positional vertigo (BPPV) is a 
common peripheral vestibular disorder that presents 
with brief episodes of vertigo induced by positional 
head movements and is accompanied by characteristic 
nystagmus (1). Due to its clinical impact, BPPV sig-
nificantly negatively affects daily living activities and 
quality of life, accounting for a significant proportion 
of patients presenting with vertigo complaints (2). 
Epidemiological evidence indicates that BPPV occurs 
more frequently with advancing age and is observed 
more often in women than in men (3).

The basic pathophysiological mechanism of BPPV is 
the abnormal stimulation of the vestibular system dur-
ing head movements, due to the migration of calcium 
carbonate particles (otoconia) from the utricle into the 
semicircular canals (4). This process is explained by two 
main mechanisms: canalithiasis, in which free-floating 
otoconia affect endolymph flow, and cupulolithiasis, 
in which otoconia adhere to the cupula, causing con-
tinuous stimulation (5). Clinical evidence indicates 
that a large proportion of cases of BPPV have no iden-
tifiable cause. In contrast, secondary forms are most 
often reported in association with conditions such as 
head trauma, vestibular neuritis, Ménière’s disease, mi-
graine, and prior surgical interventions (6–8).

Although BPPV is primarily defined as a mechanistic 
vestibular disease, it is known that the structural integ-
rity and function of the vestibular system are closely 
related to cellular ion balance, energy metabolism, and 
oxidative stress response (9). Elements such as mag-
nesium play critical roles in neurotransmission, ion 
channel functions, and antioxidant defense mecha-
nisms (10). It has been shown to have an important 
role in processes associated with oxidative stress (11). 
Furthermore, magnesium is reported to have clinical 
and prognostic importance in various systemic diseases 
and to be associated with cellular stress responses (12).

Emerging clinical evidence suggests reduced serum 
magnesium levels in patients with BPPV. It has raised 
the possibility that disturbances in trace element bal-
ance may be involved in the disease process (13). 
Nevertheless, the evidence linking serum copper, mag-
nesium, and zinc levels to BPPV remains sparse, and 
existing results do not allow definitive conclusions.

This study compared serum copper, magnesium, and zinc 
levels between patients diagnosed with BPPV and indi-
viduals presenting with vertigo without a BPPV diagnosis.

Material and Method

Study Design

This retrospective observational study was conducted 
at Kafkas University Health Practice and Research 
Center in accordance with the Declaration of Helsinki. 
Ethical approval was obtained from the Kafkas 
University Faculty of Medicine Clinical Research 
Ethics Committee (Approval No: 80576354-050-
99/447; May 29, 2024). Patients presenting to the Ear, 
Nose, and Throat Clinic with vertigo between January 
1, 2022, and April 1, 2024, were included. Laboratory 
data of patients with and without BPPV were retrieved 
from the hospital database and analyzed.

The control group consisted of patients with vertigo 
unrelated to BPPV, as obtaining biochemical data 
from asymptomatic individuals is not feasible or ethi-
cally justified in routine practice. This design ensured 
clinical comparability and minimized selection bias. 
Patients with vestibular, neurological, or systemic dis-
orders affecting mineral metabolism were excluded 
from the control group.

Inclusion Criteria

The study population consisted of adults aged 18 years 
or older who presented with vertigo during the defined 
study period. Patients diagnosed with BPPV based 
on clinical assessment and positional testing were in-
cluded, along with a control group of vertigo patients 
in whom BPPV was excluded.

Exclusion Criteria

Individuals under 18 years of age, those not evaluated 
at Kafkas University Health Practice and Research 
Center, and patients with Ménière’s disease, vestibular 
neuritis, acoustic neuroma, sudden sensorineural hear-
ing loss, head trauma, or prior otologic surgery were 
excluded.

Data Collection

Sociodemographic data and serum copper, magne-
sium, and zinc levels of all patients who did not meet 
the exclusion criteria were obtained from the hospital 
automation system. In addition, the patients’ clinical 
diagnoses and records regarding BPPV were reviewed.
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Statistical Analysis

Statistical analyses were performed using IBM Statistical 
Package for Social Sciences (SPSS) program software. 
Continuous variables were expressed as mean ± standard 
deviation or median (range), depending on distribution, 
assessed by the Shapiro-Wilk test. Between-group com-
parisons were conducted using the independent-sam-
ples t-test or the Mann-Whitney U-test, as appropriate. 
Categorical variables were analyzed with the chi-square 
or Fisher’s exact test. Receiver operating characteristic 
(ROC) curve analysis evaluated the discriminatory per-
formance of serum copper, magnesium, and zinc levels 
for BPPV (Fig. 1). Logistic regression analysis was used 
to identify factors associated with BPPV. A p-value 
<0.05 was considered statistically significant.

Results
A total of 119 patients were included, comprising 81 
with BPPV and 38 controls. Demographic character-
istics and serum trace element levels are presented in 
Table 1. Serum copper, magnesium, and zinc levels dif-
fered significantly between groups (p<0.05).

Receiver operating characteristic analysis identified 
optimal cutoffs of >159.08 for copper (sensitivity 
54.88%, specificity 71.05%), ≤109.6 for zinc (sensitiv-
ity 84.15%, specificity 44.74%), and >1.8 for magne-
sium (sensitivity 90.24%, specificity 47.37%). Cutoff 
values are summarized in Table 2.

Table 1. Comparison of the study group with age, copper, zinc, and magnesium variables

Variable Total (n=119)

BPPV (n=81)
Mean ± S. D.

Median (min-max)

Control (n=38)
Mean ± S. D.

Median (min-max) Test Stat. p value

Gender. n (%) 4.058 0.044*

Female 72 (60.5) 44 (54.3) 28 (73.7)

Male 47 (39.5) 37 (45.7) 10 (26.3)

Age (years) 51.9±14.02 52.96±14.02
53(21–80)

49.61±13.92
51(23–79)

1.223 0.224‡

Copper (µg/dL) 160.39±34.32 163.98±32.87
161.64(94.93–260.72)

152.66±36.5 -2.212 0.027†

Zinc (µg/dL) 100.93±21.77 96.07±17.58
94(56.7–151.9)

111.41±26.12
104.55(63.3–167.95)

-3.001 0.003†

Magnesium (mg/dL) 1.94±0.2 1.98±0.16
1.96(1.65–2.66)

1.85±0.25
1.84 (1.38–2.48)

-3.124 0.002†

p<0.05; chi-square test; ‡: independent samples t-test; †: Mann-Whitney U test.

Table 2. Cutoff scores, AUC values, sensitivities, specificities, and statistical significance of copper, zinc, and magnesium parameters by study group

Variables AUC-ROC (95% CI) p Cut-off Sensitivity Specificity +LR -LR PP NP

Copper 0.626(0.532–0.712) 0.026 >159.08 54.88 71.05 1.90 0.64 80.4 42.2

Zinc 0.70(0.579–0.753) 0.002 ≤109.6 84.15 44.74 1.52 0.35 76.7 56.7

Magnesium 0.677(0.586–0.760) 0.003 >1.8 90.24 47.37 1.71 0.21 78.7 47.8

AUC: area under the curve; CI: confidence interval.

Figure 1. The ROC curves for copper, zinc, and magnesium.
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Discussion
In this study, the clinical characteristics and serum 
trace element levels of patients diagnosed with BPPV 
were evaluated. Posterior semicircular canal involve-
ment was predominantly detected in our study. It has 
been reported that otoconia are more prone to accu-
mulate in this canal due to the posterior canal’s gravi-
ty-sensitive anatomical location, and that BPPV most 
frequently occurs in this form (13,14). The high rate of 
posterior canal involvement found in our study is con-
sistent with the literature and supports the determin-
ing role of anatomical factors in the pathophysiology 
of BPPV.

Right-sided BPPV was observed more frequently com-
pared to the left side. Predominant involvement of the 
right labyrinth has been previously reported, and it 
has been suggested that this may be related to sleeping 
position habits (15,16). The lateralization findings ob-
tained in our study suggest that behavioral factors may 
influence otoconial displacement.

The average age of the patients was concentrated in the 
middle– and advanced-age groups. It is known that 
the incidence of BPPV increases with age and that age-
related otoconial demineralization, weakening of con-
nective tissue fibers, and changes in calcium metabo-
lism contribute to this condition (17,18). Our findings 
support the negative effects of aging on the vestibular 
system.

Auditory symptoms accompanying BPPV have been 
observed infrequently. Tinnitus has been reported to 
be only weakly associated with BPPV and is therefore 
not a typical symptom of BPPV (19). The low incidence 
of tinnitus in our study supports this view. A feeling of 
fullness in the ear was also rarely detected. Although 
BPPV has been reported to occur in conjunction with 
other inner ear pathologies, such as Ménière’s disease, 

Logistic regression analysis assessed the association be-
tween serum copper, magnesium, and zinc levels and 
BPPV. Magnesium and zinc were significantly associ-
ated with BPPV, whereas copper showed a borderline, 
non-significant association. Odds ratios and confi-
dence intervals are presented in Table 3.

In the BPPV group, no significant associations were 
found between otological findings and canal involve-
ment, affected side, or comorbidities. Spearman corre-
lation coefficients are shown in Table 4.

In the BPPV group, 54.32% were female, and 45.68% 
were male. Most patients (87.65%) had no otological 
findings; tinnitus and aural fullness were present in 
9.88% and 2.47%, respectively (Table 5). No signifi-
cant associations were found between BPPV and canal 
involvement, affected side, or comorbidities, whereas 
gender was significantly associated.

Table 3. Evaluation of factors affecting BPPV using binary logistic regression analysis

Regression coefficients

 
 β Standard error Wald statistics p Odds ratio

Odds ratio for 95% CI

Lower limit Upper limit

Constant -2.095 0.627 11.177 0.001 0.123 0.958 6.808

Copper 0.938 0.500 3.512 0.061 2.554 0.999 7.373

Zinc 0.998 0.510 3.836 0.050 2.714 2.187 29.581

Magnesium 2.273 0.568 15.994 0.001 9.709

Variables included in the model: copper, zinc, magnesium; β: regression coefficient; CI: confidence intervals.

Table 4. Correlations between copper, zinc, and magnesium levels 
according to study groups

Groups Variables Statistics Copper Zinc

Total (n=119) Zinc r -0.103

p 0.263

Magnesium r 0.066 -0.078

p 0.473 0.398

Control (n=38) Zinc r 0.286

p 0.082

Magnesium r 0.089 -0.056

p 0.596 0.740

–- –- –- –- –-

BPPV (n=81) Zinc r -0.205

p 0.064

Magnesium r -0.096 -0.005

p 0.389 0.968

r: Spearman’s correlation coefficient.
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disorders. Variations in zinc levels may reflect differ-
ences in population characteristics, dietary habits, and 
methodological approaches, as well as potential inter-
actions between zinc and copper that could influence 
vestibular function. Together, these factors underscore 
the need for a cautious interpretation of serum zinc al-
terations in the context of BPPV.

Magnesium is a fundamental mineral involved in hun-
dreds of biochemical processes, contributing to neu-
romuscular function, cellular energy generation, and 
overall mineral homeostasis (23). Physiological oto-
conial function relies on a tightly regulated ionic en-
vironment within the endolymph, particularly on the 
balance between calcium and carbonate ions, main-
tained by calcium-channel–mediated transport in the 
inner ear. Ultrastructural analyses of human otoconia 
have demonstrated that both magnesium and calcium 
play critical roles in shaping otoconial size and struc-
tural properties (24). Earlier clinical investigations 
have noted higher average serum magnesium levels in 
individuals with BPPV than in control populations, al-
though these differences have not consistently reached 
statistical significance (25,26).

When interpreted within standard reference ranges, 
the identified cut-off values for magnesium (1.8 mg/
dL), copper (159.08 mcg/dL), and zinc (109.6 mcg/
dL) fall within low-normal, upper-limit, and mildly 
elevated levels, respectively (27–29). These findings 
suggest that subtle variations within conventional ref-
erence intervals, rather than overt deficiencies or tox-
icities, may be associated with BPPV and highlight 

this association is limited (20,21). The low incidence 
of ear fullness observed in our study indicates that this 
symptom is not specific to BPPV.

Copper is an essential trace element for central nervous 
system function and plays a key role in fundamental 
biological processes such as iron metabolism and neu-
rotransmitter synthesis. A previous study reported 
lower serum copper levels in patients with BPPV, sug-
gesting that reduced copper levels may contribute to 
disease pathogenesis through mechanisms involving 
oxidative stress and calcium metabolism (22). In con-
trast, our findings showed higher serum copper concen-
trations in the patient group than in the control group. 
This discrepancy may be due to differences in popula-
tion characteristics, methodological approaches, and 
study design, as well as to the complex, multifactorial 
interactions among trace elements within the vestibu-
lar system. Moreover, these findings suggest that altera-
tions in copper levels, rather than absolute deficiency 
alone, may be relevant to vestibular dysfunction.

Zinc plays a key role in a wide range of biological func-
tions, including enzymatic reactions, immune regula-
tion, and antioxidant defense mechanisms. Elevated 
serum zinc levels in patients with BPPV have been re-
ported previously; however, this observation has been 
considered contradictory to certain pathophysiologi-
cal hypotheses suggesting a protective role of zinc in 
inner ear homeostasis (22). The discrepancy between 
the findings of the present study and those reported in 
the literature underscores the complex, tightly regu-
lated nature of trace element metabolism in vestibular 

Table 5. Comparison of gender, canal, side, and comorbidities in the BPPV group

Variable Total (n=81) None (n=71) Tinnitus (n=8) Ear Fullness (n=2) p value

Gender. n (%) 0.024 ƞ
Female 44 (54.32) 35 (49.3) 8 (100) 1 (50.0)

Male 37 (45.68) 36 (50.7) 0 (0) 1 (50.0)

Canal. n (%) 0.374 ƞ
Posterior 78 (96.3) 69 (97.2) 7 (87.5) 2 (100)

Horizontal 3 (3.7) 2 (2.8) 1 (12.5) 0 (0)

Side. n (%) 0.397 ƞ
Right 51 (62.96) 43 (60.6) 6 (75.0) 2 (100)

Left 30 (37.04) 28 (39.4) 2 (25.0) 0 (0)

Comorbidity. n (%) 0.205 ƞ
None 57 (70.37) 51 (71.8) 4 (50.0) 2 (100)

Hypertension 14 (17.28) 13 (18.3) 1 (12.5) 0 (0)

Diabetes 2 (2.47) 2 (2.8) 0 (0) 0 (0)

HT + DM 8 (9.88) 5 (7.0) 3 (37.5) 0 (0)

n: number of patients; %: column percentage; &: chi-square analysis; ƞ: Fisher’s exact test; HT: Hypertension; DM: Diabetes Mellitus
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BPPV, which may introduce potential confounding ef-
fects related to other vestibular conditions. Second, the 
retrospective and single-center design limits causal in-
ference and generalizability. Third, only serum copper, 
zinc, and magnesium levels were evaluated, without 
assessment of inner ear fluid composition, which may 
more directly influence otoconial stability. Finally, the 
lack of serial measurements prevented evaluation of 
temporal changes in trace element levels. Prospective, 
multicenter studies are needed to clarify these associa-
tions further.

Acknowledgments

This article, No. 959659, is derived from the thesis 
conducted at the Kafkas Health Sciences Institute. 
The authors would like to thank Prof. Dr. Mahmut 
Karapehlivan for his valuable contributions to the 
acquisition of laboratory data, and Assoc. Prof. Dr. 
Mustafa Mert Başaran for his support in patient re-
cruitment and coordination throughout the clinically 
approved procedures carried out under the relevant 
ethical approval.

References
	 1.	 Korres S, Luxon L, Vannucchi P, Gibson B. Benign paroxysmal 

positional vertigo. Int J Otolaryngol. 2011;2011:353865. 
https://doi.org/10.1155/2011/353865

	 2.	 Lawson J, Johnson I, Bamiou DE, Newton JL. Benign 
paroxysmal positional vertigo: clinical characteristics of 
dizzy patients referred to a Falls and Syncope Unit. QJM. 
2005;98(5):357–364. https://doi.org/10.1093/qjmed/hci057

	 3.	 Von Brevern M, Seelig T, Neuhauser H, Lempert T. Benign 
paroxysmal positional vertigo predominantly affects the right 
labyrinth. J Neurol Neurosurg Psychiatry. 2004;75(10):1487–
1488. https://doi.org/10.1136/jnnp.2003.031500

	 4.	 Von Brevern M, Bertholon P, Brandt T, Fife T, Imai T, Nuti D, 
et al. Benign paroxysmal positional vertigo: diagnostic criteria. 
J Vestib Res. 2015;25(3-4):105–117. https://doi.org/10.3233/
VES-150553

	 5.	 Imai T, Ito M, Takeda N, Uno A, Matsunaga T, Sekine K, et al. 
Natural course of the remission of vertigo in patients with benign 
paroxysmal positional vertigo. Neurology. 2005;64(5):920–
921. https://doi.org/10.1212/01.WNL.0000152890.00170.
DA

	 6.	 Alolayet H, Murdin L. Benign paroxysmal positional 
vertigo: a systematic review of the effects of comorbidities. 
Front Neurol. 2025;16:1595693. https://doi.org/10.3389/
fneur.2025.1595693

the potential role of mineral homeostasis in vestibular 
function.

From a clinical perspective, assessment of serum trace 
elements may provide additional supportive informa-
tion in selected patients with recurrent, bilateral, or 
treatment-resistant BPPV. Although canalith repo-
sitioning maneuvers remain the cornerstone of man-
agement (30), variability in recurrence and treatment 
response suggests that underlying metabolic or miner-
al-related factors may contribute to disease behavior. 
Evaluation of serum magnesium, copper, and zinc levels 
could therefore be considered as part of a broader clini-
cal assessment in carefully selected cases. Nevertheless, 
current evidence does not justify routine screening or 
supplementation in all patients with BPPV. The poten-
tial diagnostic, prognostic, and preventive implications 
of trace element imbalance require confirmation in 
larger prospective studies before integration into rou-
tine clinical practice.

In our study, we found that higher serum magnesium 
levels significantly increased the incidence of BPPV, 
even though mean values were within the normal refer-
ence range. This finding suggests that even small, clini-
cally insignificant changes in serum magnesium may 
affect inner ear physiology and BPPV pathogenesis. 
Furthermore, our results indicate that the ionic com-
position of the endolymph within which the otoconia 
are located may be more decisive for vestibular func-
tion than systemic serum levels, highlighting the need 
for more detailed studies in this area.

Conclusion
This study suggests that serum copper, zinc, and mag-
nesium levels in patients presenting with vertigo may 
be associated with BPPV. The findings indicate that 
changes in mineral and trace element homeostasis, in 
particular, may affect the vestibular system. Even if se-
rum levels are within normal reference ranges, relative 
differences in these elements should be considered po-
tentially contributing to the pathophysiology of BPPV. 
From this perspective, the evaluation of serum trace el-
ements can contribute to a better understanding of the 
clinical features of BPPV. Nonetheless, confirmation 
in larger, prospectively designed cohorts is required be-
fore this association can be translated into a diagnostic 
or predictive application in routine clinical settings.

Several limitations should be acknowledged. First, the 
control group consisted of vertigo patients without 



Kafkas J Med Sci 2026; 16(1):74–80

80

	 20.	 Yetiser S. Review of the pathology underlying 
benign paroxysmal positional vertigo. J Int Med 
Res. 2020;48(4):0300060519892370. https://doi.
org/10.1177/0300060519892370

	 21.	 Karlberg M, Hall K, Quickert N, Hinson J, Halmagyi GM. 
What inner ear diseases cause benign paroxysmal positional 
vertigo? Acta Otolaryngol. 2000;120(3):380–385. https://doi.
org/10.1080/000164800750000603

	 22.	 Günizi H, Savaş HB. An evaluation of trace elements and 
oxidative stress in patients with benign paroxysmal positional 
vertigo. PLoS One. 2023;18(2):e0277960. https://doi.
org/10.1371/journal.pone.0277960

	 23.	 Fatima G, Dzupina A, Alhmadi HB, Magomedova A, Siddiqui 
Z, Mehdi A, et al. Magnesium matters: a comprehensive 
review of its vital role in health and diseases. Cureus. 
2024;16(10):e71392. https://doi.org/10.7759/cureus.71392

	 24.	 Walther LE, Wulfes J, Blödow A, Kniep R. Magnesium as an 
intrinsic component of human otoconia. Acta Otolaryngol. 
2018;138(9):775–778. https://doi.org/10.1080/00016489.20
18.1467572

	 25.	 Kaya H, Gokdemir MT, Sogut O, Ayan M, Bozkus F, Iynen I, et 
al. Evaluation of oxidative status and trace elements in patients 
with benign paroxysmal positional vertigo. HealthMED. 
2013;7(1):72–79.

	 26.	 Akbarpour M, Jalali MM, Sadeghzadeh N. Blood serum levels 
of magnesium in patients with benign paroxysmal positional 
vertigo. Aud Vestib Res. 2024;33(1):40–46. https://doi.
org/10.18502/avr.v33i1.14273

	 27.	 Rosanoff A, West C, Elin RJ, Micke O, Baniasadi S, Barbagallo M, 
et al. Recommendation on an updated standardization of serum 
magnesium reference ranges. Eur J Nutr. 2022;61(7):3697–
3706. https://doi.org/10.1007/s00394-022-02916-w

	 28.	 Subcommittee on Upper Reference Levels of Nutrients, 
Standing Committee on the Scientific Evaluation of Dietary 
Reference Intakes, Panel on Folate, Other B Vitamins, and 
Choline. Dietary reference intakes for thiamin, riboflavin, 
niacin, vitamin B6, folate, vitamin B12, pantothenic acid, 
biotin, and choline. Washington (DC): National Academies 
Press; 2000.

	 29.	 Alves CX, de Brito NJ, Vermeulen KM, Dantas Lopes MM, 
França MC, Bruno SS, et al. Serum zinc reference intervals and 
their relationship with dietary, functional, and biochemical 
indicators in 6- to 9-year-old healthy children. Food Nutr Res. 
2016;60:30157. https://doi.org/10.3402/fnr.v60.30157

	 30.	 Cox H, Frith J. Best practice assessment and management 
of benign paroxysmal positional vertigo in older adults. Age 
Ageing. 2025;54(8):afaf225. https://doi.org/10.1093/ageing/
afaf225

	 7.	 Zang J, Jiang X, Feng S, Zhang H. The influence of cerebral 
small vessel diseases on the efficacy of repositioning therapy 
and prognosis of benign paroxysmal positional vertigo. Int J 
Med Sci. 2022;19(8):1227–1234. https://doi.org/10.7150/
ijms.73080

	 8.	 Lee JM, Lee HJ. Different clinical courses of BPPV according 
to the medical conditions. Sci Rep. 2024;14(1):12941. https://
doi.org/10.1038/s41598-024-63882-3

	 9.	 Pham PC, Pham PA, Pham SV, Pham PT, Pham PM, Pham PT, 
et al. Hypomagnesemia: a clinical perspective. Int J Nephrol 
Renovasc Dis. 2014;7:219–230. https://doi.org/10.2147/
IJNRD.S42054

	 10.	 Al Alawi AM, Majoni SW, Falhammar H. Magnesium and human 
health: perspectives and research directions. Int J Endocrinol. 
2018;2018:9041694. https://doi.org/10.1155/2018/9041694

	 11.	 Kükürt A, Gelen V, Başer ÖF, Deveci HA, Karapehlivan 
M. Thiols: role in oxidative stress-related disorders. In: 
Accenting Lipid Peroxidation. IntechOpen; 2021. https://doi.
org/10.5772/intechopen.96682

	 12.	 Kaya İ, Marım F, Parspur ŞE, Tekin ÖF, Erbay ÜT. Can 
laboratory parameters predict intensive care unit admission 
in COVID-19?. A focus on magnesium levels. Kafkas J 
Med Sci. 2026;15(3):288–292. https://doi.org/10.5505/
kjms.2025.92603

	 13.	 Swain S, Behera IC, Sahu MC. Prevalence of benign paroxysmal 
positional vertigo: our experiences at a tertiary care hospital of 
India. Egypt J Ear Nose Throat Allied Sci. 2018;19(3):87–92. 
https://doi.org/10.21608/ejentas.2018.5246.1040

	 14.	 Soto-Varela A, Santos-Perez S, Rossi-Izquierdo M, Sanchez-
Sellero I. Are the three canals equally susceptible to 
benign paroxysmal positional vertigo? Audiol Neurootol. 
2013;18(5):327–334. https://doi.org/10.1159/000354649

	 15.	 Parnes LS, Agrawal SK, Atlas J. Diagnosis and management 
of benign paroxysmal positional vertigo (BPPV). CMAJ. 
2003;169(7):681–693.

	 16.	 Lopez-Escámez JA, Gámiz MJ, Fiñana MG, Perez AF, Canet IS. 
Position in bed is associated with left or right location in benign 
paroxysmal positional vertigo of the posterior semicircular 
canal. Am J Otolaryngol. 2002;23(5):263–266. https://doi.
org/10.1053/ajot.2002.124199

	 17.	 Fu W, He F, Bai Y, An X, Shi Y, Han J, et al. Risk factors of 
residual dizziness after successful treatment for benign 
paroxysmal positional vertigo in middle-aged and older adults. 
Front Neurol. 2022;13:850088. https://doi.org/10.3389/
fneur.2022.850088

	 18.	 Oh SR, Min SJ, Kim CE, Chang M, Mun SK. The effects of 
climate on the incidence of benign paroxysmal positional 
vertigo. Int J Biometeorol. 2020;64(12):2119–2125. https://
doi.org/10.1007/s00484-020-02002-y

	 19.	 Barozzi S, Socci M, Ginocchio D, Filipponi E, Martinazzoli 
MG, Cesarani A. Benign paroxysmal positional vertigo and 
tinnitus. Int Tinnitus J. 2013;18(1):16–19. https://doi.
org/10.5935/0946-5448.20130003


