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Abstract: Benign paroxysmal positional vertigo (BPPV) usually has a favorable course, although it 44 
is possible to observe BPPV with a high recurrence rate. Previous studies suggested that vitamin D 45 
deficiency might affect BPPV recurrences and oxidative stress might play a complementary role in 46 
BPPV pathogenesis. This multicentric trial aimed to evaluate the effectiveness of oral nutritional 47 
supplementation with a compound of alpha-lipoic acid, Carnosine and Zinc (LICA®), vitamins of 48 
group B and vitamin D in preventing BPPV recurrences. 128 patients with high recurrence-BPPV 49 
were randomized in 3 arms: Arm 1 consisted of subjects with "insufficient" or "deficient" vitamin D 50 
blood level, treated with daily oral supplementation of LICA®, vitamins of group B and vitamin D3 51 
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(800 UI), Arm 2 included BPPV subjects with "sufficient" vitamin D who did not receive any 52 
nutritional support, and Arm 3 included subjects with a "sufficient" serum concentration of vitamin 53 
D who received supplementation with a compound of LICA® and Curcumin. Over 6 months follow 54 
up, a significant reduction of BPPV relapses compared to the baseline was found only in Arm 1 (- 55 
2.32, 95% CI: 3.41-1.62, p-value <0.0001). Study results suggested that oral nutritional 56 
supplementation with vitamin D3 plus antioxidants can prevent relapses in patients suffering from 57 
high recurrence-BPPV. 58 

Keywords: Vitamin D; BPPV; High recurrence BPPV; BPPV relapses; LICA®; antioxidants; otoconia; 59 
Otoliths  60 
 61 

1. Introduction 62 
Benign paroxysmal positional vertigo (BPPV) is characterized by recurrent vertigo 63 

spells triggered by head movements and it is considered the most common peripheral 64 
vestibular disorders [1,2].  65 
According to the most accredited theory, BPPV is an otoconia-linked disorder due to 66 
otoconial debris detached from the utricular macula and displaced within the semicircular 67 
canals. The most common pathophysiological mechanisms proposed for BPPV are the 68 
canalolithiasis and the cupulolithiasis. In the first one, the free-floating otolithic mass 69 
gravitates along the canal lumen as a consequence of the position assumed by the head 70 
with respect to the axis of gravity, in so doing it pushes the endolymphatic column like a 71 
leaky piston [3], leading to a transient cupular deflection. The cupulolithiasis theory 72 
claims that otoliths are attached to the ampullary cupula surface, thus making it heavier 73 
and gravity sensitive [4,5]. 74 

BPPV can be classified according to the affected semicircular canal (SC) and the 75 
involved arm, as follows [1-8]:  76 

• Posterior Semicircular Canal (PSC) BPPV: Geotropic and Apogeotropic variant 77 
• Horizontal Semicircular Canal (HSC) BPPV: Geotropic and Apogeotropic 78 

variant 79 
• Anterior Semicircular Canal (ASC) BPPV 80 
• Multicanal BPPV 81 
The involvement of a single semicircular canal represents the most frequent 82 

condition, although BPPV might simultaneously affect more semicircular canals on one 83 
or both sides. PSC BPPV is the most frequent variant (75-80%), followed by HSC BPPV [1- 84 
8].  85 
The diagnosis of the involved canal and its variant, apogeotropic or geotropic, is based on 86 
the detection of the typical positional paroxysmal nystagmus induced by performing the 87 
diagnostic maneuvers and should always be based on the monitoring step-by-step of the 88 
evoked nystagmus [8-9]. A nystagmus-based approach strategy allows us to perform the 89 
repositioning maneuvers by monitoring in real-time the movement of the canaliths within 90 
the involved canal and in each of its arms [1-3-4]. However, BPPV can be a severely 91 
disabling condition due to either an inadequate response to the physical therapy, or high 92 
recurrence rate, both resulting in a considerable individual and socio-economic burden 93 
[1-7]. 94 

Although BPPV is considered idiopathic in nearly 80% of cases, in selected cases it 95 
might be a consequence of either triggering events or general conditions inducing 96 
otoconial detachment, such as head trauma, recent ear surgery, dental implant, inner ear 97 
disorders, Menière disease, Migraine. Furthermore, although the natural history of 98 
idiopathic BPPV has usually a favorable course, including spontaneous remissions within 99 
days or weeks, it is possible to observe BPPV with a high recurrence rate, with a lifetime 100 
relapse of 2.4% [1-4]. 101 
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These data stimulated a growing interest of researchers in the otoconial processes of 102 
formation, degradation, and disposal: it is currently known that otoconia are prone to 103 
damage by drugs intake, inflammation, trauma, and decalcification due to the elder age, 104 
this last one induces a progressive demineralization leading to degradation and 105 
fragmentation of otoconia and, consequently, to balance disorders [10,11]. 106 

Otoconia in mammals’ inner ear are composed of calcium carbonate crystals and 107 
glycoproteins. In recent years, several studies suggested that calcium metabolism 108 
disorders related to vitamin D deficiency might affect otoconia homeostasis, increasing 109 
the BPPV recurrence and the incidence of complicated forms [12-17]. An increasing 110 
number of studies investigated the efficacy of 1,25-dihydroxyvitamin D (or vitamin D3) 111 
supplementation in reducing the BPPV recurrence [13, 18-21].  112 

Calcium metabolism also appears closely linked with oxidative stress. The 113 
endoplasmic reticulum, the cellular organelle responsible for calcium storage, can increase 114 
the influx of calcium under stress conditions, which in turn triggers the cascade reaction 115 
of reactive oxygen species (ROS) formation in mitochondria. Furthermore, some findings 116 
suggested that oxidative stress may have a synergistic or complementary role in the 117 
pathogenesis of BPPV [22,23]. 118 

This work aims to evaluate the effectiveness of an oral nutritional supplementation 119 
with a compound of alpha-lipoic acid (ALA), L-carnosine and zinc (LICA®), vitamins of 120 
group B and vitamin D3 in preventing recurrence of BPPV over six months follow up. 121 
Other secondary endpoints are to evaluate the incidence of vitamin D deficiency in 122 
patients diagnosed with recurrent BPPV and to assess the post-maneuver residual 123 
dizziness and its improvement correlated to the correction of oxidative stress with LICA®, 124 
in patients with and without vitamin D deficiency. 125 

2. Materials and Methods 126 
Fifteen referral centers conducted this interventional multicenter randomized 3-arm 127 

clinical trial after the approval of the Institutional Review Board. Patient enrollment and 128 
data collection was conducted from January 2017 to June 2020. 129 

The study included patients of both sexes, aged between 18 and 85 years and 130 
diagnosed with unilateral or bilateral idiopathic BPPV with high recurrence rate, 131 
involving the posterior semicircular canal or the lateral semicircular canal (both in 132 
geotropic and apogeotropic form). The BPPV recurrence rate was evaluated according to 133 
the following enrollment criterion: patients with two or more episodes of BPPV within the 134 
previous six months or with at least three episodes in the previous 12 months, with a 135 
symptom-free interval of at least 3 weeks between two consecutive episodes. 136 

Patients under 18 y.o., pregnant or lactating women and patients with vitamin D 137 
values over 100 ng / mL (> 250 nmol / L) were not eligible for the study. Secondary BPPV 138 
was considered as an additional exclusion criterion. Patients with conditions associated 139 
to high BPPV recurrence or massive otolithic detachment, such as craniofacial surgery in 140 
the previous three months, head injury within the last 30 days and clinical history of 141 
otoneurological pathology other than BPPV (migraine, vestibular neuritis, Menière's 142 
disease) were excluded from the study. 143 

All enrolled patients were subjected to evaluation of positional nystagmus by 144 
performing the diagnostic tests commonly used for each semicircular canal under 145 
monitoring with video-Frenzel goggles. 146 

 147 
2.1. Study Design 148 

       The enrolled patients were divided into the following three arms: 149 
• Arm 1: Including patients with "insufficient" (between 20 and 30 ng / mL) or 150 
"deficient" (less than 20 ng / mL) serum concentration of 25-hydroxyvitamin D or 25   151 
(OH) D, who were given food supplementation with LICA®, vitamin D3, and 152 
vitamins of group B composed as follows: LICA® (ALA 600 mg, L-carnosine 165 mg, 153 
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zinc 7.5 mg), vitamin B2 0.8 mg, vitamin B6 1 mg, vitamin D3 800UI (Vertistop® D, 1 154 
tablet/day before meals). 155 
• Arm 2: Including patients with “sufficient” serum concentration of 25 (OH) D 156 
(between 31 and 100 ng / mL) and no treated 157 
• Arm 3: Including patients with “sufficient” serum level of 25 (OH) D (between 158 
31 and 100 ng / mL) who were given food supplementation with LICA® and  159 
Curcumin composed as follows: LICA® (ALA 600 mg, L-carnosine 165 mg, zinc 7.5  160 
mg), Curcumin 100 mg, Piperine 1mg (Vertistop® L, 2 tablets/day, b.i.d. before  161 
meals). 162 

The trial was organized according to the following study design in 5 visits over six 163 
months, with four subsequent 25 (OH) D serum levels assessments. During the enrollment 164 
visit (Visit 0), BPPV was diagnosed, searching for the typical nystagmus evoked by the 165 
positioning diagnostic tests, and treated with liberatory techniques suitable for each BPPV 166 
variant. Then, the criteria for inclusion in the study were verified. The randomization visit 167 
(Visit 1) was performed 3-7 days after Visit 0. After verifying the previously diagnosed 168 
BPPV resolution, patients were assigned to arm 1 in case of serum vitamin D3 values 169 
below 30 ng/ml, and randomly assigned to arm 2 or 3 in case of serum vitamin D values 170 
above 30 ng/ml. During the following three bimonthly visits (Visit 2-4), the occurrence of 171 
any relapses in the previous two months was assessed and in case of compensation of the 172 
vitamin D3 deficit, the patients were randomly assigned to Arm 2 or Arm 3, conversely, 173 
subjects who found lowering of the serum 25 (OH) D concentration, below the 174 
"sufficiency" threshold, switched in Arm 1. 175 

Patients were asked to contact the referral center in case of relapse of symptoms 176 
during the follow-up. In this case the patient was re-evaluated within 48/72 hours after 177 
symptoms onset and, if the diagnostic tests were positive, they were subjected to a new 178 
suitable treatment with liberatory maneuvers. The number of relapses at the end of the 179 
six months of study (186 ± 5 days) and the total number of maneuvers necessary to resolve 180 
each episode of BPPV was recorded. A qualitative and quantitative assessment of post- 181 
maneuver residual dizziness was also carried out for each treatment. The details of the 182 
diagnostic protocol are listed below. 183 

 184 
2.2. Diagnostic protocol and vestibular symptoms assessment 185 
All patients with clinical history of positional vertigo underwent a bedside 186 

neurotologic evaluation, including examinations for ocular alignment, spontaneous and 187 
gaze-evoked nystagmus, vestibulo-ocular reflex, saccades, smooth pursuit, and diagnostic 188 
positional tests for BPPV assessment. BPPV assessment was achieved using Upright BPPV 189 
Protocol [8,24-26] and/or using traditional positioning test: Semont diagnostic maneuver 190 
and Dix-Hallpike Test for PSC BPPV and Supine Head Yaw Test (also known as Pagnini- 191 
McLure or Supine Head Roll Test) for HSC BPPV [1].  192 

Once the diagnosis of BPPV was reached and other vestibular pathologies were 193 
excluded, patients were treated with the appropriate physical treatment, according to the 194 
involved semicircular canal. PSC BPPV was treated using Epley canalith repositioning 195 
procedure or Semont therapeutic maneuver whereas HSC BPPV was managed with 196 
Gufoni maneuver or barbecue-roll techniques [1-5]. 197 

All the enrolled patients were asked for the following clinical additional information: 198 
sun exposure (high, moderate, absent), intake of milk and dairy products in the diet, 199 
diagnosis of osteoporosis and implementation of vitamin D plus calcium, concomitant 200 
pathologies. 201 

The Italian validated version of Dizziness Handicap Inventory (DHI) [27] was 202 
submitted to all patients at the diagnosis and at every follow-up visit with VNS (Verbal 203 
Numerical Scale) and VAS (Visual Analogue Scale) scales to evaluate positional vertigo 204 
and residual dizziness (RD). 205 

 206 
2.3. Statistical Analysis 207 
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Continuous variables were expressed as mean ± standard deviation, categorical ones 208 
as absolute numbers and proportions. The clinical and demographic features of patients 209 
were compared into the three treatment groups through the Kruskal-Wallis and Chi- 210 
square test, based on the nature of the variables. In many cases it was appropriate to use 211 
Fisher's exact test. The Spearman’s rank coefficient of correlation was instead calculated 212 
to verify linear correlations between scales. Linear and generalized linear mixed effects 213 
models for repeated measures were used to compare in the three treatment groups the 214 
variation of the number of relapses (primary outcome) and of the values of evaluation 215 
scales (secondary outcomes) between the baseline visit and the last clinical visit of the 216 
study. The results were expressed as estimated means, estimated mean differences from 217 
baseline visit and relative confidence intervals at 95%. Multivariate analyzes were 218 
conducted in order to evaluate the same outcomes in case of confusing variables. The 219 
choice of factors to be included in the models was guided by statistical and clinical criteria. 220 
The different outcomes were subjected both to Intention To Treat (ITT) and Per Protocol 221 
(PP) analysis.  222 

For all statistical analysis, pvalue <0.05 was considered significant and it was used 223 
SAS software (version 9.4). 224 

3. Results 225 
128 patients were enrolled in the study. A different distribution of subjects was 226 

observed across the three arms of the trial: based on serum 25 (OH) D values at the time 227 
of the randomization visit, 93 patients (72.65%) were assigned to Arm 1. Among the three 228 
groups, however, no statistically significant differences were observed concerning age, 229 
sex, number of relapses, and baseline DHI, VNS, and VAS values (p> 0.05). Statistically 230 
significant differences were instead observed in the prevalence of osteoporosis. 231 
Demographic characteristics are shown in Table 1. 232 

 233 
Table 1. Demographic data 234 

 235 
  Arm 1 

(Vitamin D3 + 

LICA®) 

Arm 2 
(no treatment) 

Arm 3 
(LICA®) 

p-value 

N  93 16 19  

Age  59.7±14.0 62.0±9.4 62.7±12.6 .6517 

Sex M 62 (66.7%) 13 (81.3%) 14 (73.7%) .4602 
 F 31 (33.3%) 3 (18.8%) 5 (26.3%)  
Serum 25(OH)D (ng/mL)  18,2±6.6 36.9±5.7  <.0001 

BPPV recurrences   3.0±4.6 2.5±0.9 2.5±0.9  

Osteoporosis No 85 (91.4%) 11 (68.8%) 15 (83.3%) .0288 

 Yes 8 (8.6%) 5 (31.3%) 3 (16.7%)  

DHI   23.5±20.5 32.0±21.3 28.4±21.3 .137 

VAS dizziness  3.6±2.3 3.0±1.9 2.5±1.7 .1427 

VAS vertigo  3.4±2.8 2.9±2.0 3.3±3.0 .9443 

VNS dizziness  3.8±2.4 3.6±2.1 3.2±2.4 .6383 

VNS vertigo  3.7±3.1 2.9±2.1 3.5±3.1 .8412 
 236 
The distribution of patients across the three treatment arms varied during the study 237 

according to treatment dropouts and switches determined by changes in serum 238 
concentration of 25 (OH) D recorded during follow-up visits. Table 2 reported the 239 
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distribution of patients at randomization, after each follow-up visit, and at the end of the 240 
trial. 241 

 242 
Table 2. Composition of the study population in absolute numbers and percentages of 243 
patients at the time of randomization, during the two follow-up visits, and at the final 244 
evaluation. The table shows the patients who dropped out of the study from time to time 245 
and the treatment switches. The colorimetric legend indicates the patients who have been 246 
reassigned: in green are the subjects whose 25 (OH) D values have gone from "insufficient" 247 
or "deficient" to "sufficient" and who switched into Arms 2 and 3; in red, subjects who 248 
switched in Arm 1 due to the lowering of the serum 25 (OH) D concentration (below the 249 
"sufficiency" threshold). FU: Follow up visit. 250 

 251 
Timing Arm 

Switch 
 Arm 1 

(Vitamin D3 + 

LICA®) 

Arm 2 
(no treatment) 

Arm 3 
(LICA®) 

Dropouts 

T 1 
Randomization 

(n= 128) 

   
93 

 
16 

 
19 

 

T 2 
1° FU 

(n=109) 

   
83 (76.1%) 

 
10 (9.2%) 

 
16 (14.7%) 

 
19 

 Arm 1 74 (67.88%) 70 (84.33%) 0 4 (25%)  

 Arm 2 13 (11.92%) 3 (3.61%) 10 (100 %) 0  

 Arm 3 22 (20.18%) 10 (12.04%) 0 12 (75%)  

T 3 
2° FU 
(n=96) 

   
67 (69.79%) 

 
11 (11.45%) 

 
18 (18.75%) 

 
13 

 Arm 1 64 (66.66%) 58 (86.56%) 3 (27.27%) 3 (16.66%)  

 Arm 2 12 (12.5%) 4 (5.97 %) 8 (72.72%) 0  

 Arm 3 20 (20.83%) 5 (7.46%) 0 15 (83.33%)  

T 4 
Final Visit 

(n= 89) 

   
60 (67.41%) 

 
12 (13.48%) 

 
17 (19.1%) 

 
7 

 252 
At the end of the study, the ITT multivariate mixed model analysis showed a 253 

statistically significant reduction in the number of BPPV relapses (-2.32, 95% CI: 3.41-1.62, 254 
p-value <.0001) in Arm 1 patients. No statistically significant changes in the number of 255 
relapses were found in the other two treatment groups (Figure 1a).  256 

In arm 1, an improvement was also found in all subjective assessment parameters, as 257 
shown in Table 3. All three treatment arms recorded a statistically significant reduction in 258 
the mean DHI score (Figure 1b). 259 

Results of the ITT multivariate mixed model analysis are reassumed in Table 3. 260 
 261 
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 262 
Figure 1. Variation of BPPV relapses (1a) and DHI score (1b) from randomization visit 263 
(T1) to the end of the study (T4). Red line: Arm 1, blue line: Arm 2, green line: Arm 3.  264 

 265 
Table 3. Outcomes of ITT multivariate mixed model analysis. T1: randomization visit; T4: 266 
end of the study. 267 

 268 

4. Discussion 269 
The vitamin D status depends on the production of vitamin D3 in the skin under the 270 

influence of ultraviolet radiation and vitamin D intake through the diet or vitamin D3 271 
supplements. The production of vitamin D3 in the skin depends on sunshine exposure, 272 
latitude, and skin pigmentation and 25 (OH) D is lower with higher latitudes and darker 273 
skin types, although there are some exceptions. Hypovitaminosis D is a widespread 274 
condition in the general population, and its prevalence is influenced by age and sex [28- 275 
30]. A large-scale study in the United Kingdom, including subjects from 18 to 85 y.o. and 276 
over, involving institutionalized people, revealed 15-25% of vitamin D deficiency (25 (OH) 277 
D serum concentration <25 nmol / l) in adolescents and young subjects and over 35% in 278 
people institutionalized and/or over 85 years [31]. Many studies have been conducted on 279 
specific subpopulations considered at risk. Vitamin D status was studied in 700 women 280 
between 60 and 80 years old in the Italian population: mean serum 25 (OH) D was 27 281 
nmol/l, and serum 25 (OH) D level was below 25 nmol/l in more than 50% [32]. 282 
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In recent literature, serum 25 (OH) D levels were correlated with higher BPPV 283 
occurrence, although some Authors have provided controversial results. [12-21,33]. 284 

One of the endpoints of our study was to evaluate the incidence of vitamin D 285 
deficiency in patients with high-recurrences BPPV enrolled in fifteen Italian centers. Our 286 
results confirmed that the prevalence of hypovitaminosis D in those patients was 287 
significantly higher compared to the general population and that the serum concentration 288 
of 25 (OH) D was lower than in populations considered at risk, such as women over 60 289 
y.o. Our study, confirming the observation reported by a study performed on the north 290 
Sardinia population [34], indicates that patients with complicated BPPV should be 291 
considered patients at high risk of hypovitaminosis D and suggests the opportunity to 292 
perform the vitamin D assessment routinely in patients with relapsed BPPV in addition 293 
to the standard treatment with repositioning maneuvers. 294 

It has long been known otoconia are generated through a dynamic calcium uptake: 295 
such e process requires to maintain calcium concentration locally high to promote the 296 
crystallization of the otoconia and low in the rest of the endolymph to promote the 297 
reabsorption of detached otoconia [35,36]. A complex system of calcium-binding proteins 298 
and an epithelial calcium transport mechanism are involved in inner ear calcium 299 
homeostasis with apical entry channels (TRPV5 and TRPV6), proteins binding 300 
cytoplasmic calcium (cal-bindin-D9K and calbindin-D28K) and pumps extruding calcium 301 
from the basolateral membrane (sodium-calcium and calcium-ATPase exchangers). Such 302 
a calcium transport system is also present in the membranous labyrinth, and vitamin D is 303 
active in up-regulating it [37,38]. Vitamin D deficiency determines a down-regulation of 304 
the calcium-binding protein system and the epithelial calcium transport system, and 305 
consequently, a defect in otoconia production ("otolithoporosis") with increased otolithic 306 
detachment and an increase in calcium concentration free in the rest of the endolymph 307 
with a reduced reawakening of free otoliths in the endolymph [39,40]. 308 

These evidences and the outcomes of some recent trials [17-20,41] and meta-analysis 309 
[22,42] support the therapeutic effectiveness of the correction of hypovitaminosis D in 310 
patients with recurrent BPPV. 311 

In our study, patients with serum concentration of 25 (OH) D <30 ng / mL were 312 
assigned to Arm 1 and subjected to food supplementation with antioxidants (alpha-lipoic 313 
acid, Carnosine, and Zinc, a patented compound known as LICA®), vitamin D3 (800 IU), 314 
and vitamins of group B.  315 

A statistically significant reduction in the number of BPPV relapses was observed in 316 
this group of patients. This data suggested that patients with high recurrence BPPV and 317 
hypovitaminosis D may have an altered calcium metabolism in the inner ear. 318 

Therefore, oral nutritional supplementation with vitamin D3 probably promotes a 319 
positive effect in the prevention of labyrintholithiasis by exerting a direct action on 320 
calcium metabolism in the inner ear which improves otoliths compactness, reducing their 321 
detachment. However, it is likely that vitamin D3 also exerts an "indirect" effect by 322 
modulating oxidative stress in the inner ear, improving microcirculation. The 323 
administration of vitamin D in association with a powerful antioxidant (LICA®) enhances 324 
its effects resulting in an improvement not only of labyrintholithiasis, but also in the 325 
recovery times of the post-maneuver residual dizziness. 326 

Vitamin D3 regulates the expression of numerous target genes via the nuclear 327 
vitamin D receptor (VDR), which controls downstream events, including the protective 328 
role against oxidative stress, regulation of autophagic pathways, and the interaction 329 
between apoptosis and cell survival pathways. Vitamin D deficiency promotes oxidative 330 
damage and increases cell apoptosis through various mechanisms: increased production 331 
of oxygen free radicals, increased expression of apoptosis markers, and alteration of 332 
mitochondrial function. Therefore, low levels of vitamin D3 make the endothelial cells of 333 
the vessel wall susceptible to oxidative damage due to reduced production of nitric oxide, 334 
increase platelet adhesion with the formation of leukocyte micro-aggregates, alteration of 335 
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the glycocalyx, and increased endothelial inflammation leading to atherothrombosis and 336 
ischemia [43]. 337 

The role of oxidative stress in BPPV has been demonstrated with increased 338 
expression of VCAM-1 and d-ROM, which confirms angiitis's existence and supports 339 
vascular involvement in BPPV [44-46]. Furthermore, identifying high levels of d-ROM and 340 
VCAM-1 could suggest the usefulness of a drug treatment aimed at correcting oxidative 341 
stress and activating endothelial cells [22-23]. Oxidative stress causes endothelial damage 342 
and suffering of the macular neuroepithelium and consequent increases in otolithic 343 
detachment due to the fragility of the macular surface. 344 

The oral vitamin D supplementation has been associated in our study with ALA, 345 
which is considered as “universal antioxidant”, in order to preventing "indirect" oxidative 346 
damage caused by calcitriol deficiency [47]. 347 

ALA is a natural compound of thiol enzymatically synthesized in the mitochondrion 348 
from octanoic acid. The antioxidant properties of ALA include its capacity to scavenge 349 
ROS directly and to regenerate endogenous antioxidants, such as glutathione and 350 
vitamins E and C; and its metal-chelating activity. Even in its reduced form, dihydrolipoic 351 
acid (DHLA) is considered an antioxidant compound [48].  352 

Both ALA and vitamin D3 can cross the blood-brain barrier, and several studies have 353 
been conducted to understand their functions within the aging process of the brain. Brain 354 
aging has also been related to inflammation and the mitochondrial theory of "free radicals" 355 
is one of the most studied hypotheses to explain the molecular mechanism of aging. It is 356 
based on the endogenous production of ROS and their damaging effects on mitochondria. 357 
ROS modulate cellular mechanisms for cell proliferation, survival and death, and immune 358 
responses by inducing the production of proinflammatory factors such as the cytokines 359 
that lead to cognitive dysfunction and memory loss [49]. Furthermore, it has been 360 
established that excessive secretion of proinflammatory cytokines is a crucial promoter of 361 
aberrant inflammatory responses in neurodegenerative diseases [50]. ALA is considered 362 
a potential anti-inflammatory agent for neurodegenerative diseases such as Alzheimer's, 363 
showing neuroprotective effects in various neuronal experimental models and 364 
modulating various genes involved in cell survival, inflammation, and oxidative stress. 365 

Clinical studies have shown that the administration of ALA associated with vitamin 366 
D3 is an effective treatment for treating brain aging by acting on astrocytes in conditions 367 
of oxidative stress, with a functional improvement in neurodegenerative diseases, such as 368 
Alzheimer's and Parkinson's. Therefore, the powerful antioxidant effect of vitamin D3 is 369 
greatly enhanced by the association with other antioxidants, such as ALA and curcumin 370 
[49-51].  371 

ALA and vitamin D3 might exert a synergic effect in modulating inner ear oxidative 372 
stress. The results of our study support this hypothesis. In the group of patients treated 373 
with associated supplementation of vitamin D and ALA (Arm 1), better results were 374 
observed regarding BPPV relapses and subjective perception of symptoms compared to 375 
untreated patients or treated with antioxidants only, as demonstrated by the 376 
improvement of both DHI and VNS / VAS for post maneuver residual dizziness in arm 1 377 
patients. 378 

The study has limitations: a central laboratory facility could help to exclude 379 
interlaboratory variations, and the measurement of other parameters related to calcium 380 
metabolism (calcium, phosphoremia, alkaline phosphatase) would likely have provided 381 
valuable data. Body mass index (BMI) and body fat mass (BFM), correlated with serum 25 382 
(OH) D concentration, were not considered among the study parameters, as well as sun 383 
exposure and vitamin D intake with diet, which is difficult to quantify in a large-scale 384 
study. 385 

Further studies are therefore desirable to precisely define the relationships between 386 
calcium metabolism and vestibular disorders and ratify the need for oral nutritional 387 
supplementation targeting these pathways in high recurrence BPPV. 388 
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5. Conclusions 389 
Patients with frequent relapses of BPPV should be considered at high risk for 390 

hypovitaminosis D and routinely screened for this condition following appropriate ther- 391 
apy with repositioning maneuvers. 392 

This study suggested that oral nutritional supplementation with a compound of vit- 393 
amin D3, ALA, Carnosine, and Zinc (LICA®), vitamins of group B can prevent relapses 394 
and reduce symptoms related to high-recurrence BPPV in patients showing insufficient 395 
or deficient serum concentration of 25 (OH) D.  396 

The administration of vitamin D in association with a powerful antioxidant (LICA®) 397 
enhances its effects resulting in reduce the risk of developing new episodes of BPPV and 398 
improve its clinical course after maneuvers. 399 
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