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Abstract

Background: Diabetes mellitus (DM) is increasingly recognized as an independent risk factor for falls and balance disorders in
elderly populations. While diabetic neuropathy and retinopathy are well-established complications, the role of vestibular system
dysfunction has been underappreciated. Benign paroxysmal positional vertigo (BPPV), the most common peripheral vestibular
disorder, demonstrates markedly increased prevalence and recurrence in diabetic patients, yet the underlying mechanisms remain
incompletely understood. Therefore, the aim of the present review was to investigate the mechanism and pathophysiology of vestibular
system damage in diabetes and its association with increased risk of BPPV recurrence.

Methods: We conducted a narrative review by searching PubMed, Scopus, and Web of Science databases using keywords related to
diabetes mellitus, hyperglycemia, vestibular system, and BPPV. Our initial search yielded 847 articles; after screening and manual
reference review, 12 studies (4,937 total participants) meeting inclusion criteria were selected for detailed analysis. Study designs
included histopathological analyses, cross-sectional studies, retrospective cohorts, and one randomized controlled trial.

Results: Evidence identifies four convergent mechanisms: selective saccular hair cell loss, nerve demyelination, disrupted
calcium/vitamin D metabolism causing otoconia fragility, and microangiopathy. DM independently predicts BPPV onset (OR 1.5-2.1)
and recurrence (>50% vs. 27%), with VEMP latencies correlating with HbAlc levels.

Conclusion: Diabetes induces multifactorial vestibular damage, significantly increasing BPPV occurrence and recurrence.
Management requires metabolic optimization, vestibular screening with VEMP, vitamin D supplementation, and integration of
vestibular rehabilitation.

Keywords: Diabetes mellitus, Hyperglycemia, Vestibular system, Benign paroxysmal positional vertigo, Vestibular evoked myogenic
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Introduction

Diabetes mellitus (DM) is a global health crisis affect-
ing over 500 million people, with type 2 (T2DM) account-
ing for 90% of cases; beyond classic complications, it
significantly impairs balance and increases fall risk (1)
and increases fall risk through both neuropathy and un-
derappreciated vestibular dysfunction (2). Benign parox-
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ysmal positional vertigo (BPPV) arises from pathological
displacement of calcium carbonate crystals (otoconia)
from the utricular macula into the semicircular canals (3).
Although BPPV is mechanically treatable using canalith
repositioning procedures (CRP) (4), its high recurrence
rate poses a significant challenge. Growing evidence

Key Messages:

1What is “already known” in this topic:

Diabetes mellitus is associated with falls and balance disorders in older
adults. While neuropathy and retinopathy are well-recognized
complications, vestibular dysfunction has received less attention. Benign
paroxysmal positional vertigo (BPPV) appears more frequent in diabetic
patients, but its underlying mechanisms and clinical implications remain
unclear.

— What this article adds:

This review clarifies multifactorial mechanisms linking diabetes to
vestibular  damage, including hair cell loss, microangiopathy,
demyelination, and calcium dysregulation. It confirms diabetes as an
independent predictor of BPPV onset and recurrence, underscoring the
need for metabolic control, vestibular screening, and preventive strategies.
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shows markedly elevated BPPV prevalence and recur-
rence in diabetic patients (5-9) , suggesting a direct link
between metabolic dysfunction and vestibular pathology.

Systematic reviews identify DM as an independent risk
factor for BPPV (OR 1.5-2.1) (10, 11). These reviews
have largely focused on epidemiological associations ra-
ther than mechanistic understanding. The precise cellular
and molecular mechanisms by which chronic hypergly-
cemia and hyperinsulinemia damage the inner ear remain
incompletely characterized (12, 13). Furthermore, while
diabetic patients demonstrate dramatically higher BPPV
recurrence rates (>50%) compared to non-diabetic indi-
viduals (approximately 27%) (6, 9), the optimal manage-
ment strategies for this high-risk population have not been
systematically evaluated. Critical questions remain:
Which specific vestibular structures are most vulnerable to
diabetic damage? Can subclinical vestibular dysfunction
be detected before symptomatic BPPV develops? What
role do comorbid conditions such as hypertension, hyper-
lipidemia, and vitamin D deficiency play in modulating
this risk (5, 14-16)?

This narrative review synthesizes evidence on the
mechanisms of diabetic vestibular damage, focusing on
BPPV pathogenesis and recurrence. This review advances
beyond previous work by: (1) integrating histopathologi-
cal evidence (13,17-19) with electrophysiological find-
ings (20-22) and clinical outcomes (6, 9); (2) highlighting
the underappreciated role of hyperinsulinemia mediated
through insulin receptors in the endolymphatic sac (9, 13);
(3) synthesizing evidence on vestibular evoked myogenic
potentials (VEMP) testing for early detection of subclini-
cal vestibular neuropathy (20, 21); (4) critically evaluating
multimodal management strategies including vestibular
rehabilitation therapy (23); and (5) systematically address-
ing contributions of comorbid conditions as modulating
factors (5, 14—16, 24). Our specific aims are to: (1) eluci-
date cellular, molecular, and vascular mechanisms under-
lying diabetic vestibulopathy; (2) evaluate electrophysio-
logical and clinical assessment modalities; (3) analyze risk
factors specific to diabetic populations; and (4) propose
evidence-based, multimodal management strategies.

Methods

Study Design and Rationale

A narrative approach was adopted to integrate diverse
evidence ranging from histopathological to clinical data.
This design was chosen due to significant study heteroge-
neity, which precluded a formal meta-analysis.

Search Strategy

We conducted a systematic literature search in three
major bibliographic databases (PubMed/MEDLINE, Sco-
pus, and Web of Science) from January 2000 to January
2025. The search strategy combined MeSH terms and
keywords: (“diabetes mellitus” OR “hyperglycemia”)
AND (“vestibular system” OR “vestibular dysfunction”)
AND (“benign paroxysmal positional vertigo” OR
“BPPV”) AND (“vestibular evoked myogenic potentials”
OR “VEMP”).
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Screening and Selection Process

Our initial database search identified 847 articles. After
removal of 312 duplicates, 535 unique articles underwent
title and abstract screening performed independently by
two reviewers. Of these, 487 were excluded as not rele-
vant, leaving 48 articles for full-text review. An additional
36 articles were excluded after full-text review for the
following reasons: not focused on DM and vestibular dys-
function (n=18), review articles without primary data
(n=8), insufficient methodological detail (n=6), and non-
English language (n=4). This resulted in 12 studies meet-
ing all inclusion criteria. Figure 1 shows the flow diagram
of the study selection process.

Inclusion Criteria

(1) Original research (observational, clinical trials, or
histopathology), (2) Human participants with diagnosed
DM (Type 1 or 2), (3) Evaluation of vestibular function or
BPPV, (4) Peer-reviewed, English-language articles.

Exclusion Criteria

(1) Reviews, editorials, or case reports (n < 5), (2) Ges-
tational or secondary diabetes, (3) Animal-only studies,
(4) Unpublished data or abstracts.

Data Extraction

Two reviewers independently extracted data using a
standardized form, including study design, sample charac-
teristics, assessment methods, BPPV criteria, main out-
comes, and limitations.

Quality Assessment

While no formal risk-of-bias tools were used due to
study heterogeneity, we qualitatively assessed methodo-
logical rigor. Criteria included sample size adequacy, use
of control groups, adjustment for confounders, and report-
ing transparency.

Results

Study Characteristics

Table 1 summarizes 12 studies (4,937 participants), in-
cluding histopathological (13, 18), 6 cross-sectional (8,
21, 22, 25-27), 3 retrospective cohort (6, 9, 14), and 1
randomized controlled trial (23). While ten studies evalu-
ated DM-BPPV prevalence and treatment outcomes
(6,8,9,14,23),two specifically analyzed saccular histo-
pathology in diabetic temporal bones (13, 18).

PRIMARY OUTCOME: Mechanisms of Vestibular Sys-
tem Damage

Epidemiological Profile and Diabetes as a Key Risk
Factor

Type 2 diabetes affects 9.3% of the US population and
by 2050 is predicted to affect 1 in 3 persons (28). Animal
models demonstrate that diabetes predominantly affects
the saccule, causing type 1 hair cell loss (17). Clinical
evidence confirms that utricular and saccular function is
markedly disturbed in diabetic individuals compared to
healthy controls (21). Potentially facilitating otoconia de-


http://dx.doi.org/10.47176/mjiri.40.75
https://mjiri.iums.ac.ir/article-1-10111-en.html

[ Downloaded from mjiri.iums.ac.ir on 2026-08-17 ]

[ DOI: 10.47176/mjiri.40.75]

SN. Hajjari, et al.

PRISMA Flow Diagram

Records identified through
database searching

(n =847
L J
Duplicates Records after duplicates removed
removed (n = 535
(n =312)

\ i

| l

(n = 487) (n =535

& :

Excluded Records screened

| l

for eligibility

(n = 48)

Excluded (n=36):

Full-text articles assessed

* Not relevant: 18
* Reviews: 8
« Insufficient detail: 6

* Non-English: 4

-

(n=12)

Studies included in
narrative synthesis

> ¥

Study Designs:

.

 Histopathological: 2
* Cross-sectional: 6 « Cohort: 3 +RCT: 1

J

Figure 1. PRISMA flow diagram shows study selection process. From 847 initial records, 12 studies (4,937
participants) were included after removing duplicates and applying inclusion/exclusion criteria. This figure is

original.

tachment and BPPV (4,29). Consequently, diabetes serves
as a significant independent factor in BPPV pathology
rather than a mere comorbidity (7).

Increased Prevalence and Risk of Onset

Large retrospective studies confirm that BPPV preva-
lence is higher in T2DM patients than in non-diabetic
counterparts (7). establishing diabetes as an independent
predictor regardless of age. One study reported BPPV in
46% of T2DM patients compared to 37% in non-diabetics
(14), significantly exceeding general population rates (8).
Hyperinsulinemia and hyperglycemia are significant risk
factors;specifically, high insulin receptor density in the

endolymphatic sac makes the inner ear highly sensitive to
plasma insulin fluctuations (9). Moreover, diabetes rarely
occurs alone; it frequently coexists with other metabolic
and cardiovascular risk factors including hypertension
(HTN), hyperlipidemia (HLD), and obesity. These condi-
tions—themselves known as risk factors for BPPV—are
very common in the diabetic population (15).

Diabetes as a Major Determinant of BPPV Recurrence
Clinical evidence identifies diabetes as a strong, inde-
pendent predictor of BPPV recurrence following success-
ful initial treatment. Systematic reviews and meta-
analyses consistently report high odds ratios (ORs) for
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Table 1. Summary of 12 included studies (2 histopathological, 6 cross-sectional, 3 cohort, 1 RCT) examining vestibular dysfunction in diabetes

mellitus. Abbreviations defined in table footnote.

Study Study Design

Participants (N)

Age Range Key Findings

Bazoni et al. 2020 Cross-sectional

Elderly with DM (109) >65 years

Association between BPPV, bone
mineral density, and vitamin D defi-
ciency in elderly with DM

Cohen et al. 2004 Cross-sectional BPPV patients (176) 20-88 years Prevalence of DM unusually high in
BPPV patients (14% vs 4% general
population)
D'Silva et al. 2017 Cross-sectional DM, BPPV, controls (71) 40-65 years BPPV and DM independently affect
otolith function without cumulative
effect
D'Silva et al. 2016 Cohort Type 2 DM with HTN (3933) >18 years Hypertension mediates pathway by
which diabetes affects vestibular
system
D'Silva et al. 2017 Cohort BPPV with/without DM (50) 40-80 years No difference in CRP efficacy be-
tween diabetic and non-diabetic
BPPV patients
Kocdor et al. 2016 Histopathology Type 2 DM vs controls (63) 18-95 years Selective type I hair cell loss in sac-
cule, vestibulocochlear nerve demye-
lination
Konukseven et al. 2014 Cross-sectional Diabetic, prediabetic, controls Mean 43.9-46.4 Prolonged VEMP latencies indicating
91) years subclinical vestibular neuropathy
Degerman et al. 2013 Histopathology Human saccule analysis Adult Type I hair cell vulnerability to glu-
cose toxicity due to glucose uptake
differences
Ward et al. 2015 Cross-sectional Type 2 DM vs controls (50) >50 years Poorer vestibular function in both
SCC and otolith organs in diabetes
Webster et al. 2015 Cohort Idiopathic BPPV (72) 18-65 years Both hyperglycemia and hyperinsu-
linemia are risk factors for BPPV
recurrence.
Jeong et al. 2013 Cross-sectional BPPV vs controls (292) Mean 60-61 years Association between BPPV and de-

creased serum vitamin D levels

Abu Shaphe et al. 2023 RCT

Type 2 DM with BPPV (30) 40-65 years

VRT showed a trend toward greater
improvement compared to the Epley
maneuver in diabetic BPPV

Abbreviations: DM = Diabetes Mellitus; BPPV = Benign Paroxysmal Positional Vertigo; VEMP = Vestibular Evoked Myogenic Potentials; VRT = Vestibular Rehabili-
tation Therapy; CRP = Canalith Repositioning Procedure; SCC = Semicircular Canal; HTN = Hypertension; RCT = Randomized Controlled Trial; HbAlc = Hemoglo-

bin Alc

recurrence in diabetic patients (10, 11). Long-term follow-
up studies showed that the recurrence rate of BPPV in
patients with coexisting BPPV and DM may be higher
than 50 percent (6). This suggests that while CRP resolves
mechanical detachment, they do not address the underly-
ing metabolic factors. Consequently, persistent otoconia
instability creates a continuous risk for repeated detach-
ment and recurrence. Importantly, this risk is not fixed but
dynamically differs based on the quality of metabolic con-
trol. In particular, elevated hemoglobin Alc (HbAlc), an
established indicator of long-term glycemic control, as
well as hyperinsulinemia, have been independently corre-
lated with an increased probability of disease recurrence

9).

Molecular and cellular pathophysiology of diabetic
vestibulopathy

While the precise pathophysiology is not fully under-
stood, the vestibular organs are vulnerable due to high
metabolic demands and dependence on endolymphatic
fluid balance. So, the vestibular system is highly suscepti-
ble to the vascular and neuropathic complications of dia-
betes (12, 14). While microangiopathy affects broader
labyrinthine circulation (7, 10, 30), direct vascular chang-
es in sensory maculae remain unobserved in human mod-
els (13, 18). Instead, pathology is characterized by selec-
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tive degeneration of saccular type I hair cells, likely due to
cell-specific glucose toxicity and inadequate metabolic
regulation rather than direct microvascular obstruction
(13, 18). In other words, cells that are unable to limit glu-
cose influx under hyperglycemic conditions appear to be
partly prone to glucose toxicity and damage. Glucose up-
take in most tissues is regulated through cell surface glu-
cose transporters (31). There are multiple glucose
isoforms, each of which exhibits distinct kinetic character-
istics. However, the specific glucose transporter isoforms
expressed in vestibular neuroepithelial cells have not been
fully elucidated, although existing evidence indicates that
the saccule is a target of insulin-mediated signaling path-
ways (13). The increased susceptibility of the inner ear in
diabetes is thought to be because of multiple factors in-
cluding labyrinth-specific microangiopathic, neuropathic,
and metabolic-osteogenic insults. Experimental animal
studies have shown that metabolic stress induced by hy-
perglycemia can lead to the loss of type 1 hair cells in the
saccule (7) and demyelination of the vestibulocochlear
nerve (19). Additionally, structural changes, such as the
excessive production of extracellular matrix and increased
lysosome activity and lipid droplets in the connective tis-
sue of the utricle and saccule, have been documented
(32). In accordance with these findings, Yoda et al. ana-
lyzed 28 temporal bones from 14 patients with type 2 dia-
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betes and compared them with 56 normal temporal bones
using histopathology. Their results indicated an increased
frequency of cup-shaped and free-floating deposits within
the lateral and posterior semicircular canals among pa-
tients with type 2 diabetes relative to healthy control tem-
poral bones (33).

Diabetic Microangiopathy and Ischemic Vestibular
Neuropathy

The inner ear's blood supply, derived from the labyrin-
thine artery, lacks collateral support, making its microcir-
culation uniquely susceptible to diabetic microvascular
pathology where local damage remains uncompensated.
The molecular mechanisms underlying diabetic microan-
giopathy—the core of the pathologic process—is well
characterized: 1: Increased oxidative stress: Chronic hy-
perglycemia saturates metabolic pathways, increasing
polyol pathway activity andthe generation of reactive ox-
ygen species (ROS), leading to oxidative damage to cellu-
lar DNA and lipid membranes (30). 2: formation and ac-
cumulation of advanced glycation end-products (AGEs)-
non-enzymatic glycation of proteins results in the for-
mation of AGEs, which accumulate in the basilar mem-
branes of cochlear and vestibular capillaries. This process
causes thickening and stiffness of the microvascular walls
and restricts the exchange of nutrients and oxygen and
promotes chronic inflammatory activity through the recep-
tor for AGE (RAGE) (10). These microvascular altera-
tions produce ischemia in critical structures of the inner
ear. The dark cellular region - responsible for endolymph
generation and maintenance of ionic balance (K+ gradi-
ent)- undergoes metabolic dysfunction and ultimately dis-
rupts the ionic composition of the endolymph (7).

Metabolic Bone Disorders and Otoconia: The Role of
Calcium Homeostasis

Otoconia are composed of calcium carbonate biocrystals
and play a main role in the pathophysiology of BPPV
(34). The integrity and maintenance of otoconia are intrin-
sically linked to systemic calcium homeostasis and bone
metabolism. This regulatory system is significantly com-
promised by diabetes mellitus. A central element of this
impairment is the co-occurrence of severe vitamin D defi-
ciency with both diabetes and BPPV (16, 35). Vitamin D
is not only essential for calcium absorption at the systemic
level but is also critical for the local homeostatic regula-
tion of Ca2+ ions in the endolymphatic sac (36). Vitamin
D deficiency leads to defective or incomplete organic ma-
trix synthesis, compromising otoconia mineralization.
This results in the formation of fragile crystals prone to
detachment from the utricle (24). This pathology is further
exacerbated by the association of diabetes with osteoporo-
sis and high bone turnover (5), as otoconiashare structural
and biochemical similarities with bone tissue (37). Elevat-
ed serum Otolin-1 (sensitivity 78%, specificity 82% at
>2.5 ng/mL) provides molecular evidence of ongoing oto-
conia degeneration in BPPV patients (25). However, data
on its diagnostic performance specifically within diabetic
populations are still limited and require further investiga-

tion. The relationship between insulin resistance and vit-
amin D deficiency is bidirectional: insulin resistance im-
pairs hepatic 25-hydroxyvitamin D synthesis and increas-
es vitamin D sequestration in adipose tissue, while vitamin
D deficiency worsens insulin sensitivity by reducing insu-
lin secretion from pancreatic B-cells (38). This creates a
vicious cycle that further compromises calcium homeosta-
sis and otoconia integrity in diabetic patients.

Hypertension as a Precipitating and Mediating Factor

The elevated prevalence of BPPV in individuals with
diabetes is not merely due to the coexistence of two com-
mon chronic diseases. In fact, the co-presence of hyper-
tension acts as a synergistic mediator, making this associa-
tion statistically stronger and more significant. When a
patient presents with both diabetes and hypertension, the
two diseases concurrently affect the inner ear and can ul-
timately precipitate or exacerbate BPPV. Vascular damage
from hypertension acts synergistically with diabetic mi-
croangiopathy. That is, both are more deleterious when
they occur simultaneously. Diabetic microangiopathy oc-
curs due to the accumulation of AGEs and oxidative stress
in diabetes (39). The combination of these two factors
results in a severe and rapid reduction in perfusion to the
inner ear, which causes ischemic damage to the utricle
epithelium and its nerve fibers (37). Emerging literature
indicates that hypertension is a significant determinant in
the recurrence of BPPV. In patients with hypertension, the
recurrence rate of this disease has been reported to exceed
55 percent (5). Figure 2 shows a schematic representation
of the multifactorial pathways linking chronic hypergly-
cemia to vestibular structural defects and BPPV recur-
rence.

The Role of Hyperlipidemia and Metabolic Syndrome
While diabetes and hypertension have been well-
characterized as risk factors for BPPV, the contribution of
hyperlipidemia and broader metabolic syndrome requires
attention. Recent studies indicate that the prevalence of
hyperlipidemia among BPPV patients is significantly ele-
vated compared to the general population. Meta-analyses
show hyperlipidemia doubles BPPV recurrence risk (OR
2.347) (40),with recurrence rates reaching 67.80%—the
highest among metabolic comorbidities (6). This disparity
may be attributed to microvascular damage linked to
dyslipidemia, which can result in displacement or dys-
function of otoliths. Elevated serum lipids can alter endo-
lymph viscosity and ionic composition, disrupting the
delicate biomechanical properties required for normal
otolith function. Additionally, lipid peroxidation products
generated under conditions of dyslipidemia can damage
the organic matrix of otoconia, compromising their struc-
tural integrity and increasing susceptibility to detachment
(41). Metabolic syndrome—the constellation of insulin
resistance, obesity, hypertension, and dyslipidemia—
creates a synergistic pro-inflammatory and pro-oxidative
milieu that amplifies vestibular damage beyond the effects
of any single component (10, 15). Patients with metabolic
syndrome demonstrate higher BPPV recurrence rates
compared to those with diabetes alone, suggesting that
http://mjiri.iums.ac.ir
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Figure 2. Schematic representation of three convergent pathways linking chronic hyperglycemia to BPPV recurrence: vascular/neural, cellu-
lar/histopathological, and calcium homeostasis pathways. Thisfigure is original.

comprehensive metabolic management addressing all
components may be necessary to optimize outcomes.

Auditory and Vestibular Assessment

Objective electrophysiological tests provide quantitative
and rigorous evidence of vestibular pathology associated
with diabetes. Videonystagmography (VNG) represents a
comprehensive battery of tests used to evaluate the vestib-
ular system and central pathways controlling eye move-
ments. VNG employs infrared cameras mounted in gog-
gles to precisely record eye movements, eliminating the
artifacts associated with traditional electronystagmogra-
phy (ENG) (25). The VNG battery typically consists of
several components: (1) oculomotor testing, which assess-
es saccades, smooth pursuit, and optokinetic nystagmus to
evaluate central vestibular pathways and cerebellar func-
tion; (2) positional testing, which involves placing the
patient in various head and body positions to provoke nys-
tagmus characteristic of BPPV or central lesions; and (3)
caloric testing, which involves irrigating each ear with
warm and cool air or water to assess horizontal semicircu-
lar canal function and detect unilateral weakness (26). In
diabetic populations, VNG abnormalities may include
impaired smooth pursuit (suggesting cerebellar involve-
ment), spontaneous or positional nystagmus (indicating
peripheral vestibular dysfunction), or unilateral caloric
weakness (reflecting damage to the lateral canal or superi-
or vestibular nerve) (25, 26).

Although diabetic hearing loss is well-documented, ves-
tibular studies remain limited. Gawron et al. reported cen-
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tral ENG abnormalities, including impaired optokinetic
responses and positional nystagmus, in 95 T2DM patients
(25). Conversely, Klagenberg et al. identified peripheral
vestibular dysfunction in 60% of their cohort (18/30 cas-
es), suggesting a significant peripheral involvement in
diabetes (26). Furthermore, Rigon et al., in their analysis
of a cohort of 19 individuals with type 2diabetes, observed
some ENG changes in 7 cases (37%), all of whom exhib-
ited definite manifestations of peripheral vestibular dys-
function. These initial findings suggested the need for
more precise tools such as VEMP (27).

Electrophysiological Assessment of Otolith Neuropathy

VEMPs are the most sensitive modality for detecting
subclinical diabetic vestibular neuropathy. (Ocular
VEMP)oVEMP assesses the utricle/superior nerve, while
(cervical VEMP) cVEMP evaluates the saccule/inferior
nerve. The evaluation of otolith function in the saccule
with cVEMP and in the utricle with oVEMP is a major
advancement, analogous to the advent of the caloric test,
because the findings of these tests can render the diagnosis
and prognosis of many vestibular disorders more accurate
and reliable (42).

BPPV diagnosis relies on provocative maneuvers to in-
duce canal-specific nystagmus. The Dix-Hallpike maneu-
ver, the gold standard for posterior canal BPPV, involves
moving the patient to a supine-head-extended position to
elicit torsional upbeat nystagmus (3, 4). Similarly, the
supine roll test identifies horizontal canal involvement,
with nystagmus characteristics differentiating canalithiasis
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from cupulolithiasis (3). Systemic assessment is crucial in
diabetic patients to detect subclinical multi-canal in-
volvement (4).

Consistently, diabetic patients show prolonged cVEMP
(P13, N23) and oVEMP (N10, P15) latencies compared to
controls (36,43). Konukseven et al. reported significantly
longer latencies in T2DM versus prediabetic and control
groups (P<0.001) (21). The authors further observed that
the latencies of both cVEMP and oVEMP waves exhibited
a positive correlation with glycosylated hemoglobin
(HbAlc) levels. In a similar vein, Kamali and colleagues
documented prolonged p1 and n2 latencies among patients
with diabetic neuropathycompared to normal subjects.
These latencies indicate a deceleration in nerve conduc-
tion velocity, which is a hallmark of vestibulopa-
thy/diabetic neuropathy (20). Moreover, D'Silva et al. re-
ported a significant association between longer pl and nl
latencies and higher HbAlc levels (P<0.03) (22). Kalkan
et al. also reported that there was a statistically significant
difference in the amplitudes of cVEMPs and oVEMPs
between polyneuropathy patients (lower amplitudes) and
control groups (higher amplitudes) (44). This finding sug-
gests a decrease in excitability or complete degeneration
of saccule hair cells or nerve terminals (45).

In the context of diabetic vestibulopathy, VEMP emerg-
es as the primary electrophysiological assessment modali-
ty for several reasons. First, VEMP specifically evaluates
otolith organ function (saccule via cVEMP, utricle via
oVEMP), which are the structures most vulnerable to dia-
betic damage and most directly relevant to BPPV patho-
genesis (13, 17, 21). Second, VEMP testing can detect
subclinical abnormalities (prolonged latencies, reduced
amplitudes) in asymptomatic diabetic patients, enabling
early detection before symptomatic BPPV develops (20,
21). Third, VEMP parameters—particularly wave laten-
cies—show strong correlation with metabolic control
markers (HbA 1c), providing both diagnostic and prognos-
tic information (21, 22). Fourth, VEMP is relatively quick,
non-invasive, and well-tolerated compared to rotational
chair testing or other comprehensive vestibular batteries
(42).

However, VEMP should not be used in isolation. Com-
prehensive vestibular assessment in diabetic patients
should employ a tiered approach: (1) clinical examination
including Dix-Hallpike and positional tests (essential for
BPPV diagnosis) (3); (2) VEMP testing (primary electro-
physiological tool for otolith assessment) (42); (3) caloric
testing or VHIT (to evaluate semicircular canal function,
particularly in symptomatic patients or when central pa-
thology is suspected) (46, 47); and (4) VNG with oculo-
motor battery (when central vestibular or cerebellar in-
volvement is suspected based on atypical nystagmus pat-
terns or neurological symptoms) (25, 26). This hierar-
chical approach balances diagnostic yield with practical
constraints of time and resources in clinical settings.

Semicircular Canal Function and Vestibular-Ocular Re-
flex Integration

Assessing semicircular canals and the vestibulo-ocular
reflex (VOR) complements VEMP metrics by utilizing

high-acceleration Video Head Impulse Tests (VHIT) and
low-frequency Caloric irrigation (46, 47). In diabetes,
these interpretations are complex as otolith damage often
precedes or exceeds semicircular canal impairment (48,
49). Consequently, VHIT function and lateral canal VOR
gain often remain normal in asymptomatic diabetic pa-
tients (50, 51). This finding was corroboratedby Ward et
al.; they observed that the susceptibility to impairment
was higher for the superior and lateral semicircular canals,
as well as the utricle and saccule, while the posterior sem-
icircular canal remained relatively unaffected. The authors
further hypothesized that this observation might be at-
tributable to the longer and more narrow bony canal trav-
ersed by the superior vestibular nerve in contrast to the
innervation pathway of the posterior semicircular canal
(17). In addition, in a recent study, Jauregui-Renaud et al.
reported that the utricle response to unilateral centrifugal
stimulation was reduced in type 2 diabetic patients. This
reduction was observed compared to controls. Interesting-
ly, horizontal canal function was still preserved in these
patients (P=0.01). They argued that the discrepancy in the
response of the otoliths and semicircular canals in the ear-
ly stages of diabetes may be related to their distinct meta-
bolic and vascular characteristics (12). On the other hand,
the Caloric test, which is sensitive to low-frequency dam-
age and an indicator of vestibular tonic function, often
exhibits abnormal results in symptomatic diabetic patients.
Unilateral weakness (UW) indicates hypofunction of the
horizontal canal and possibly the vestibular nerve (21).

The vVHIT-Caloric dissociation pattern (normal
vHIT/abnormal caloric) typically reflects incomplete pe-
ripheral compensation or central adaptation deficits in
these patients (52, 53).

In some diabetic persons, oculomotor abnormalities
could be caused by persistent hyperglycemia, impaired
microvascular circulation and neural conduction. Oculo-
motor abnormalities may manifest as reduced saccadic
accuracy, increased latency of saccadic eye movements, or
reduced smooth pursuit performance, even in the absence
of clear ophthalmic complications. Such findings suggest
that oculomotor abnormalities may be an early indicator
of central and peripheral neurodegenerative processes
associated with type 2 diabetes, emphasizing the need for
a comprehensive assessment of neuro-ophthalmological
evaluation in this population (1).

Functional Balance Deficits and Fall Risk

Diabetic sensory deficits impair postural stability; ves-
tibular dysfunction alone doubles fall risk (54). Posturog-
raphy studies have reported that diabetic patients fail to
maintain control of balance when the vestibular or visual
system is challenged. This confirms that the central nerv-
ous system of diabetic patients has difficulty in effectively
reweighting and integrating impaired sensory inputs (es-
pecially vestibular and proprioceptive) (22, 55). Even mild
vestibular dysfunction in these individuals can elevate the
risk of falls, suggesting an important functional relevance.
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Targeted Clinical Management and Tailored Treat-
ment Strategies

Diabetic BPPV management requires a paradigm be-
yond mechanical maneuvers, addressing systemic abnor-
malities and neurological damage alongside particle dis-
placement (56). Given the high recurrence and treatment
resistance, multidisciplinary care is essential, as simple
mechanical stabilization is insufficient long-term.

The Vital Role of Vestibular Rehabilitation Therapy

While the Epley maneuver (CRP) is the gold-standard
first-line treatment for acute BPPV (3, 4), emerging evi-
dence suggests that vestibular rehabilitation therapy
(VRT) may offer additional benefits for diabetic patients,
particularly those with recurrence or underlying neuropa-
thy. Evidence for VRT in diabetic BPPV, however, re-
mains extremely limited. In the only randomized trial for
diabetic BPPV (n=30), Abu Shaphe et al. (2023) found
that VRT significantly improved vertigo scores (VSS-sf,
P=0.03) with a positive trend in balance (Berg Balance
Scale, P=0.51) compared to CRP alone (23). However,
critical limitations include the small sample (n=15 per
group), short 4-week follow-up, and lack of long-term
recurrence or objective VEMP data. The theoretical ra-
tionale for VRT in diabetic patients is sound. Based on
neural adaptation and sensory substitution, VRT addresses
VOR and postural deficits exacerbated by diabetic neu-
ropathy, enhancing central neuroplasticity to compensate
for weakened peripheral signals.Given the current state of
evidence, we propose that VRT should not replace CRP as
primary treatment, but rather should be considered as a
complementary therapy in specific clinical contexts: (1)
patients with persistent balance deficits after successful
CRP; (2) patients with recurrent BPPV despite optimal
metabolic control (9); (3) patients with evidence of pe-
ripheral vestibular neuropathy on VEMP testing (20,21);
and (4) patients with coexisting diabetic peripheral neu-
ropathy affecting proprioception (2). The question of
whether VRT provides superior outcomes compared to
CRP in diabetic populations remains open and requires
larger, well-designed randomized controlled trials with
adequate sample sizes, extended follow-up periods (=6
months), and standardized outcome measures including
both subjective symptoms and objective vestibular func-
tion parameters.

Modifying Systemic Risk Factors

Reducing BPPV recurrence rates is contingent upon
controlling the physical and systemic factors that cause
otoconia instability. Strong glycemic control and achiev-
ing an optimal HbAlc level are the paramount treatment
(57). Precise control of high blood glucose attenuates the
progression of microangiopathy, thereby protecting the
inner ear from damage. This slows the rate of progressive
otoconia loss (58). Vitamin D and calcium supplementa-
tion are a critical preventive measure. In patients with
BPPV who are vitamin D deficient (<30 ng/mL), these
supplements significantly reduce the recurrence rate (24,
59). This helps strengthen the structure of the otoconia
and promotes the formation of more stable calcium crys-
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tals. Rigorous management of comorbid hypertension and
hyperlipidemia is also essential. By stabilizing and con-
trolling blood pressure, synergistic vascular damage to the
labyrinth is reduced, and one of the main mediators of
BPPV in diabetes is mitigated (14, 60).

Proposed Clinical Algorithm for Management of BPPV
in Diabetic Patients

We propose the following stepwise clinical approach for
the management of BPPV in diabetic patients, integrating
both mechanical and systemic interventions:

Initial Presentation (First Episode): 1. Confirm BPPV
diagnosis with Dix-Hallpike or supine roll test (3). 2. Per-
form standard CRP (Epley or Semont maneuver) (4). 3.
Assess metabolic parameters: HbAlc, fasting glucose,
insulin levels, vitamin D, calcium (9,35). 4. Initiate meta-
bolic optimization: target HbAlc <7%, vitamin D >30
ng/mL 5. Provide patient education on recurrence risk and
preventive strategies (57, 61).

Early Recurrence (within 3 months): 1. Repeat CRP
(4). 2. Perform comprehensive vestibular assessment in-
cluding VEMP testing (21, 42). 3. If VEMP abnormalities
are present (prolonged latencies >2.5 SD above normal,
reduced amplitudes <50% of control values), consider
early initiation of VRT (20, 21). 4. Optimize vitamin D
and calcium supplementation if deficient (24, 57). 5. In-
tensify glycemic control efforts in consultation with endo-
crinology (61).

Persistent or Frequent Recurrence (>2 episodes within 6
months): 1. Initiate formal VRT program (minimum 6
weeks, 2-3 sessions per week) (23). 2. Prescribe home
exercise program for gaze stabilization and balance (62,
63). 3. Consider referral to endocrinology for advanced
metabolic management (61). 4. Re-evaluate for other ves-
tibular pathology (Méniére’s disease, vestibular migraine,
bilateral vestibulopathy). 5. Address comorbidities aggres-
sively (hypertension, hyperlipidemia) (15, 58).

Chronic/Refractory Cases: 1. Multidisciplinary man-
agement involving otology, neurology, and endocrinology
(54). 2. Long-term VRT with periodic reassessment (23).
3. Consider emerging therapies or clinical trial enrollment.
4. Regular monitoring of vestibular function with serial
VEMP testing (21, 42).5. Fall prevention strategies and
assistive devices as needed (1).

This algorithm is based on synthesis of available evi-
dence and expert opinion, and should be validated in fu-
ture prospective studies. Individual patient factors, prefer-
ences, and local resource availability should guide clinical
decision-making within this framework.

Limitations and Future Directions: The Need for Ad-
vanced Imaging

Current imaging modalities have significant limitations
in visualizing the fine structures of the inner ear and de-
tecting subtle vascular or cellular pathology. Standard
MRI (1.5T or 3T) can visualize gross anatomical abnor-
malities such as endolymphatic hydrops or vestibular
schwannomas, but lacks the resolution to detect microan-
giopathic changes in labyrinthine vessels (diameter <100
um) or cellular-level alterations in the macula. Histopatho-
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logical studies remain the gold standard for detecting type
I hair cell loss and nerve demyelination (13, 19), but these
are only feasible post-mortem. This diagnostic gap means
that much of diabetic vestibulopathy remains subclinical
and is only detected through functional testing (VEMP)
rather than structural imaging (20, 21).

Emerging technologies such as ultra-high-field MRI (7
Tesla), which offers superior spatial resolution, and opti-
cal coherence tomography (OCT) adapted for inner ear
imaging, hold promise for non-invasive in vivo visualiza-
tion of labyrinthine microstructure. Such advances could
enable earlier detection of diabetic vestibular damage and
monitoring of disease progression or treatment response.
These imaging capabilities would complement electro-
physiological assessment and could potentially identify
patients at highest risk for BPPV before symptomatic epi-
sodes occur.

Discussion

Our review reveals that diabetes affects the vestibular
system through mechanisms that extend beyond simple
metabolic dysregulation. The finding that type I hair cells
in the sacculeare selectively vulnerable to glucose toxicity
(13, 18) helps explain why BPPV occurs more frequently
in diabetic patients. Unlike type II hair cells, type I cells
appear to lack effectiveglucose regulation mechanisms,
making them particularly susceptible to hyperglycemic
damage. This selective vulnerabilityhas important clinical
implications, as it suggests that even well-controlled dia-
betes may still pose risks to vestibular function over time.
The strong correlation between VEMP latency prolonga-
tion and HbAlc levels (21, 22) provides a valuable clini-
cal tool. VEMP testing could identify at-risk patients be-
fore symptomatic BPPV develops, potentially allowing
earlier intervention. However, the lack of standardized
VEMP protocols across different laboratories remains a
significant limitation. Establishing universal cut-off values
for diabetic populations should be a research priority. The
recurrence rate exceeding 50% in diabetics (6, 9) com-
pared to 27% in non-diabetics cannot be attributed solely
to otoconia fragility; hyperinsulinemia acts as an inde-
pendent risk factor affecting the endolymphatic sac be-
yond glucose metabolism alone (9). This finding chal-
lenges the traditional focus on glycemic control and indi-
cates that comprehensive metabolic management address-
ing both glucose and insulin levels may be necessary. The
role of vitamin D deficiency deserves particular attention.
While vitamin D supplementation has shown promise in
reducing BPPV recurrence in the general population (24,
57), its specific efficacy in diabetic patients remains un-
derstudied. Given the high prevalence of vitamin D defi-
ciency in diabetes (16, 35), thisrepresents a relatively sim-
ple intervention that warrants investigation in randomized
controlled trials specifically targeting diabetic BPPV pa-
tients. The evidence for VRT in diabetic BPPV is limited
to a single small trial (23), yet the theoretical rationale is
compelling. Diabetic patients often have impaired central
vestibular compensation mechanisms (55, 56), which may
explain why standard repositioning maneuvers provide
only temporary relief. Larger studies comparing VRT with

standard care in diabetic populations are needed before
definitive clinical recommendations can be made. Several
limitations must be acknowledged. First, most included
studies were observational rather than interventional, lim-
iting causal inferences. Second, the heterogeneity in dia-
betes severity, duration, and treatment across studies
makes it difficult to identify which diabetic patients are at
highest risk. Third, the two histopathological studies (13,
18) examined only small numbers of temporal bones, and
findings may not generalize to all diabetic patients. Final-
ly, most studies focused on type 2 diabetes, and whether
similar mechanisms apply to type 1 diabetes remains un-
clear. Despite these limitations, the evidence consistently
points to diabetes as an independent and modifiable risk
factor for BPPV. The practical implication is clear: diabet-
ic patients with balance complaints warrant thorough ves-
tibular evaluation, and those with recurrent BPPV may
benefit from interventions beyond mechanical reposition-
ing maneuvers.

Conclusion

Diabetes mellitus represents a significant and independ-
ent risk factor for both BPPV occurrence and recurrence
through convergent pathophysiological mechanisms in-
cluding selective type I hair cell loss, vestibular nerve
demyelination, and otoconia fragility secondary to im-
paired calcium homeostasis. The dramatically elevated
recurrence rate in diabetic patients reflects persistent met-
abolic disruption that mechanical repositioning alone can-
not address. Clinical management should integrate VEMP
screening for subclinical neuropathy, rigorous glycemic
control, vitamin D supplementation, and consideration of
vestibular rehabilitation therapy as complementary treat-
ment. Future research priorities include identifying mo-
lecular biomarkers of otoconia degeneration, developing
standardized VEMP protocols, and conducting adequately
powered trials of multimodal interventions specifically in
diabetic populations. A proactive approach addressing
systemic metabolic factors alongside vestibular rehabilita-
tion may reduce the substantial burden of recurrent BPPV
and fall risk in diabetic patients.
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