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Abstract

Objective—Low vitamin D levels have been associated with and could play a role in the 

pathogenesis of idiopathic benign paroxysmal positional vertigo (iBPPV). Since otoconia 

degeneration contributes to iBPPV and a lack of vitamin D may impact otoconia structure and 

integrity, we proposed a negative association between vitamin D levels and levels of a proposed 

circulatory biomarker for otolithic degeneration, otolin-1.

Study design—Cross-sectional clinical study.

Setting—Clinical research center.

Patients—Seventy-nine men and women ranging in age from 22 to 95 years old without known 

vertigo.

Interventions—Diagnostic.

Main outcome measures—Blood levels of 25-OH vitamin D and otolin-1.

Results—Previously, we had reported higher otolin-1 levels in older age groups. The majority of 

the subjects (83%) had vitamin D levels that were below 40ng/mL. Vitamin D level was lowest in 

the young and increased with age before declining in subjects 70 years of age and older (p = 

0.005). There was a negative correlation between vitamin D and otolin-1 levels of subjects over 70 

(r = −0.36, p = 0.036).

Conclusion—Our results demonstrate a relationship between vitamin D and otolin-1. The 

majority of our subjects had abnormally low vitamin D levels, but only those over 70 years of age 

showed a negative correlation with high otolin-1 levels. We postulate that a seasonal drop in 

vitamin D may not be sufficient for otoconia fragmentation and ultimately iBPPV, rather, 

chronically low vitamin D maybe required to induce otoconia degeneration.
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Introduction

Osteoporosis and idiopathic benign paroxysmal positional vertigo (iBPPV) appear to be 

strongly associated with each other1–4. However, observation of a strong association does 

not necessarily imply a causal relationship between two conditions5. To better understand 

etiological factors contributing to the pathogenesis of iBPPV, we have utilized a potential 

circulatory biomarker for otoconia degeneration, otolin-1, and demonstrated its lack of 

correlation with biomarkers of osteoporosis, 3, suggesting that these two conditions are 

unlikely to be directly linked to each other. Instead, it has been proposed that a third 

disorder, namely vitamin D deficiency, may be contributing to the development of both 

conditions6,7 and we have proposed a mechanistic conceptual model for this relationship8. In 

addition to its well-known roles in bone biology and osteoporosis9, decreased vitamin D has 

also been associated with a variety of other conditions9, most recently idiopathic 

BPPV4,6–8,10–14, particularly in the recurrent disease6,10,15,16. It has been argued that the 

prevalence of osteoporosis and vitamin D deficiency in the general population is high and 

therefore that the coexistence of BPPV with osteoporosis and vitamin D deficiency may be 

purely coincidental17. Additional evidence is needed to explore the association between low 

vitamin levels and BPPV. Unfortunately, we currently lack adequate experimental animal 

models of BPPV to accommodate such studies. As noted above, we have proposed the use of 

circulatory biomarkers toward better understanding of BPPV. We recently reported otolin-1 

levels in healthy subjects as a function of age and noted a small but statistically significant 

age-related increase, consistent with degeneration of otoconia with age18. Now we 

hypothesize that if there is causal relationship between BPPV and low vitamin D levels, then 

there should be a relationship between otolin-1 and vitamin D levels in subjects without 

known vertigo.

Methods

Subjects

This study was approved by the Institutional Review Board at UConn Health (#12-188-2; 

15-006-3). Details of subject recruitment and otolin-1 levels for our subjects were reported 

elsewhere18. Briefly, after receiving informed consent, blood samples were obtained from 20 

young (20–30 years old), 20 middle-aged (50–65 years old), and 20 old (66–80 years old) 

individuals, as well as 19 subjects in the oldest-old group (81–95 years old) using services of 

the UConn Center on Aging Recruitment and Community Outreach Research Cores (http://

health.uconn.edu/aging/research/research-cores/). Recruitment criteria were selected to 

identify individuals representative of the mean or typical normal health status of the local 

population within the corresponding age groups, thus increasing the likelihood that findings 

can be translated to the general population19. Therefore, for the first three age groups, 

subjects were excluded if they were frail or reported history of a major systemic illness, 
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were undergoing active cancer treatment, took prednisone above 10 mg daily, took other 

immunosuppressive drugs, took any medications for rheumatoid arthritis other than 

NSAIDs, or had received antibiotics in the previous 6 months. In contrast, given the high 

prevalence of frailty and multi-morbidity in the oldest group, there were no exclusion 

criteria for this group other than an inability to consent.

Data Collection

Non-fasting blood samples were collected from all subjects. The blood samples were 

collected between March and May 2016 with all of those for the oldest group being 

collected in March 2016. Collected specimens were spun at 1,300 G for 10 minutes. Plasma 

was then removed, divided into equal aliquots for subsequent analyses, and frozen at −80° C 

until time of assay. All the samples were thawed at the same time. Otolin-1 measurements 

for these subjects have been previously described18. We measured 25-hydroxy vitamin D 

levels using an enzyme-linked immunosorbent assay (ELISA) kit (detection range 2.5 – 150 

ng/mL, sensitivity 1 ng/mL) (MyBiosource.com, San Diego, Ca) as described in the 

manufacturer’s instruction manual. A 1:5 dilution was prepared. The optical density in the 

wells of the ELISA microplate was measured at 450 nm using a BioTek ELx808 plate 

reader, and data were compiled using the KCJunior software package (BioTek Instruments, 

Winooski, Vermont). According to convention, undetectable values were defined as being 

one-half the minimal detectable concentration for the assay.

Statistics

SPSS v 22 was used for statistical analyses. Normality of distributions was verified with the 

Shapiro-Wilk test. Analyses of variance (ANOVA) were carried out and main effects were 

followed up with Tukey HSD tests. Correlation analysis was carried out using Pearson 

Correlation and one-tailed p values were used to determine statistical significance. Level of 

significance was set at p < 0.05.

Results

Vitamin D

Figure 1 shows vitamin D level in the four age groups. Interestingly, the young group (20–30 

years old) had the lowest vitamin D level and the old group (66–80 years old) had the 

highest. Mean vitamin D level increased with age through the old group and then declined in 

the oldest old (81–95 year old) group. Shapiro-Wilk tests showed that there were no 

significant differences between vitamin D distributions of the four age groups and that of a 

normal distribution. ANOVA showed a main effect of age (p = 0.005). Follow up Tukey 

HSD showed that this was mainly due to the difference between the young and the old 

groups (p = 0.002).

Table 1 shows the vitamin D levels in the four age groups as a function of sex. Statistical 

comparison as a function of sex was not feasible due to the small number of males in each 

group. The trends shown in Figure 1 are seen in both sexes. Therefore, due to unequal and 

smaller male subject numbers, for the remainder of the analyses, sex is excluded as a 
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variable. It is interesting to note, however, that males tended to have lower vitamin D levels 

than females at each age group, except 50–65.

Vitamin D - Otolin-1 Relationship

Figure 2 shows the distribution of vitamin D levels as a function of age. There appeared to 

be a trend toward increased vitamin D levels with age up to about 70 years of age and 

declined thereafter. A 2nd order polynomial trendline confirmed that the reversal of the trend 

occurred around 70 years of age. Based on the age at which the reversal of the trend 

occurred, to investigate the relationship between age, otolin-1 and vitamin D levels, we 

divided our subjects into those younger than 70 years of age and those 70 and older. Six 

subjects had exceedingly high otolin-1 levels. Analysis using a conservative index for 

outliers (g=2.2)20,21 suggested that all values greater than 354 pg/mL were considered 

statistical outliers. The relationship between vitamin D and otolin-1 levels in this group was 

considered separately.

In examining the majority group (n=73), there was a positive relationship between age and 

vitamin D level up to 70 years of age (r = 0.38, p = 0.0015) and for those 70 years of age and 

older, there was a negative relationship between age and vitamin D level (r = −0.31, p = 

0.024). In other words, up to 70 years of age, vitamin D levels and age increased together, 

however, after that age, vitamin D level decreased as subjects grew older.

There was no significant correlation between the otolin-1 and vitamin D in those under 70 

years of age. Figure 3 shows the relationship between otolin-1 and vitamin D levels in those 

70 and older. There was a negative relationship between vitamin D and otolin-1 level (r = 

−0.36, p = 0.036). With the outliers included, the strength of this relationship decreased (r = 

−0.26). When all outliers are considered separately, there was a positive relationship 

between vitamin D and otolin-1 (r = 0.57), but this relationship was not statistically 

significant (p = 0.12), due to the small number of subjects (n=6).

Discussion

We had previously reported that circulating levels of otolin-1 were significantly higher in 

subjects 65 years and older as compared to younger controls18. In extending our earlier 

findings, we now report that levels of 25-OH vitamin D declined with age for subjects 70 

years and older, with evidence of a negative correlation between vitamin D and otolin-1 

levels. This latter finding has potential significant implications for inner ear pathology and 

iBPPV.

We have proposed otolin-1 as an otolithic degeneration marker18,22,23. Otolin-1 is a secreted 

glycoprotein whose mRNA expression is restricted to the inner ear, specifically the support 

cells of the vestibular maculae, semicircular canal cristae, organ of Corti and marginal cells 

of the stria vascularis24. Its functions include interaction with other specialized inner ear 

proteins, such as otoconin 90, to form and maintain otoconia24–26. The age-related increase 

in otolin-1 in healthy individuals is consistent with the age-related increase in prevalence of 

BPPV8 and previous research showing degenerative changes in otoconia with age26,27.
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A strong association exists between BPPV and osteopenia/osteoporosis 1–3,7,10,12,28. 

However, although otolin-1 level correlates negatively with T-score, it demonstrates no 

correlation with biomarkers of bone turnover23. Therefore, the relationship between 

disorders of bone turnover and BPPV is not likely to be causal. We have argued that the 

strong association between iBPPV and disorders of bone turnover implies otoconia are 

subject to the same systemic regulatory mechanisms whose disruption leads to osteopenia/

osteoporosis3. One potential candidate is vitamin D. We have proposed a conceptual model 

whereby low vitamin D levels result in disruption of the calcium absorptive system in the 

inner ear, increasing receptor activator of nuclear factor-kappa B ligand (RANKL) with 

decreased osteoprotegrin in the bone, causing resorption of calcium carbonate in the 

otoconia and increased osteoclast differentiation and calcium phosphate resorption, 

respectively8. Resorption of calcium (demineralization) results in fragmentation of otoconia 

and increased vulnerability to BPPV, as well as, osteomalacia and decreased bone density. If 

we accept otolin-1 as a biomarker29 or surrogate for otolithic degeneration, then the negative 

correlation between otolin-1 and vitamin D levels in those over 70 (Figure 3), supports our 

proposed conceptual model and further implicates low vitamin D levels in the 

pathophysiology of iBPPV1–9. A role for vitamin D in maintaining stability of otoconia may 

also account for the findings of decreased falls in some studies of elderly subjects receiving 

vitamin D supplementation and is perhaps a more biologically plausible explanation than 

improved muscle strength30.

Otolin-1 as a biomarker for otolithic degeneration has the potential to greatly facilitate our 

ability to better understand BPPV, which is typically thought to be episodic. Since most 

patients are relatively asymptomatic in between episodes, standard clinical assessments 

during these periods do not yield significant insights. The use a circulatory biomarker may 

transform BPPV from an episodic disorder to a progressive disease of otolithic degeneration 

with episodic manifestations of vertigo. Our results highlight the need for a prospective, 

controlled investigation of otolin-1 in BPPV and its relationship with possible etiological 

factors such as vitamin D. Biomarkers may also have a role in clinical management of BPPV 

through identification of patients, particularly older patients, at risk of BPPV and potential 

candidates for vitamin D supplementation.

None of the subjects in this study were being prescribed vitamin D at the time of this study. 

However, one weakness of this study is that it is not known if any were taking vitamin D 

supplements. Vitamin D Council conservatively defines vitamin D deficiency, insufficiency 

and sufficiency as levels <30 ng/mL, 30–40 ng/mL and > 40 ng/mL, respectively31. Using 

these standards, 83% of all of our subjects and 95% of the oldest old subjects were vitamin 

D insufficient or deficient. There is debate on what levels should be used to define abnormal 

vitamin D levels32. If a systematic investigation of vitamin D, otolin-1 and BPPV verify our 

findings, then the present results would support setting the boundary at 40 ng/mL, consistent 

with Vitamin D Council definitions.

Vitamin D levels fluctuate as a function of seasons. In the Northeast USA, vitamin D levels 

fall during winter and reach a low point during early Spring (March – May)33. A strength of 

our study is that, to minimize the influence of seasonal variation on our analyses, all of our 

samples were collected in the early Spring time frame. Given that our data and those of 

Parham et al. Page 5

Otol Neurotol. Author manuscript; available in PMC 2019 April 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



others implicate vitamin D in the pathogenesis of iBPPV, it is not surprising that BPPV 

presentations are greatest when serum vitamin D level is the lowest in the Northeast USA11. 

Since iBPPV presentation is not restricted to early Spring, we believe that the timing of an 

assessment is a crucial factor in evaluating the relationship between vitamin D status and 

iBPPV. Specifically, in the clinical realm, a recent history of vitamin D insufficiency or 

deficiency in the weeks prior to presentation with new or recurrent iBPPV, rather than at the 

time of presentation, should be considered the significant predisposing factor. Since seasonal 

vitamin D levels are not routinely checked and therefore, vitamin D status before 

presentation would not be known, caution is needed in interpretation if blood tests reveal 

sufficient vitamin D levels in a newly diagnosed iBPPV. For example, a low-normal vitamin 

D level in early summer does not exclude low vitamin D as an etiologic factor. Whether an 

otolithic degeneration marker, such as otolin-1, can be used to close a potential temporal gap 

between history of vitamin D and iBPPV presentation remains to be determined.

A key question is why do low vitamin D levels correlate with high otolin-1 levels only in the 

elderly? We suspect the likely explanation is that the older subjects had chronic changes in 

vitamin D levels. Elderly subjects are subject to chronic vitamin D deficiency which is not 

limited to early Spring time frame. This is in part due to decreased production of vitamin D 

in the skin of older subjects34 and partly due to decreased amount of outdoor activities on a 

year round basis35. Therefore, we hypothesize that it is not just low vitamin D levels that is a 

risk factor for otoconia dimeneralization and otolithic degeneration, rather chronically low 

vitamin D levels that precipitate these abnormalities. Moreover, it is well known that 

geriatric diseases, conditions and syndromes are highly multifactorial from the perspective 

of risk factors and pathophysiology, even when similar conditions tend to have less complex 

presentations at younger ages36. Also, aging and associated biological pathways are thought 

to contribute to the fact that aging represents a major risk factor for most chronic diseases in 

adults37. With these considerations in mind, it is possible that low vitamin D predisposes to 

the onset and progression of iBPPV to a far greater extent in the elderly who are subject to 

the effects of not only vitamin D deficiency but also aging and associated chronic diseases. 

Finally, how long vitamin D has to be low for otoconia demineralization to occur and, to 

extend this concept to therapeutic application, for vitamin D supplementation to stabilize 

otoconia structure also remains to be determined. Future BPPV studies will need to assess 

vitamin D status and otolin-1 levels over the course of a year, rather than a single time point.

In conclusion, our results demonstrate a relationship between vitamin D and otolin-1 in 

subjects over 70 with statistical outliers excluded. Since otolin-1 is a key component of 

otoconia and degeneration of otoconia is central to the pathophysiology of iBPPV, the 

present results are consistent with a potential role for vitamin D deficiency in the 

pathogenesis of iBPPVs.
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Figure 1. 
Mean vitamin D levels for the four age groups after removal of outliers. The number of 

subjects in each group was: young (20–30 years) = 20, middle aged (50–65 years) = 20, old 

(66–80 years) = 20 and oldest old (81–95 years) = 19. Error bars represent standard error of 

the mean (SEM).
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Figure 2. 
Scatter plot of vitamin D levels as a function of age. A second degree regression line 

demonstrates the age-related trends.
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Figure 3. 
Scatter plot of the relationship between vitamin D and otolin-1 levels in subjects 70 years of 

age and older. A linear trendline demonstrates graphically illustrates the relationship 

between the two variables. Subjects with otolin-1 levels > 350 ng/ml were determined to be 

statistical outliers are not represented in this figure.
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Table 1

Vitamin D levels as a function of age groups and sex.

Gender Age (years)
Mean ± SEM (n)

20 – 30 50 – 65 66 – 80 81 – 95

Female 25.9 ± 2.9 (15) 29.0 ± 2.7 (16) 39.6 ± 4 (12) 33.0 ± 2.4 (14)

Male 19.1 ± 3.3 (5) 30.3 ± 3.3 (4) 32.9 ± 3.5 (8) 21.6 ± 4.1 (5)
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