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Purpose: Obstructive sleep apnoea (OSA) is a common disease with significantly related complications. Since a connection between the
vestibular nucleus and sleep regulator pathways has been demonstrated, vestibular evaluation in OSA patients was partially studied and
none used functional head impulse test (fHIT) for this purpose. This paper aimed at evaluating the vestibular function in patients affected
by OSA using fHIT, selecting patients who did not present any other related to cardiovascular, neurological, or metabolic diseases.
Patients and Methods: Patients enrolled had a diagnosis of OSA by polysomnography type III and were cataloged according to
American Association of Sleep Medicine criteria. Each patient underwent fHIT. Statistical significance was set at 0.05.
Results: A total of 85 patients were enrolled in the study of which 50 had a diagnosis of OSA and were included in the case group,
while 35 belonged to the control group. In 88.6% of subjects of the case group was evidenced a vestibular impairment with
a substantial difference between the two study groups (p<0.05).
Conclusion: The results show that the incidence of vestibular lesions in patients with obstructive sleep apnoea is underestimated and
that fHIT can identify these lesions early.
Keywords: obstructive sleep apnea, vestibular system, functional head impulse test, vestibular ocular reflex, sleep regulator pathways

Introduction
Obstructive sleep apnoea (OSA) is a common disease that involves about 9% of women and 24% of men in the general
population with a high economic impact.1 In the last decades, it has become a highly relevant topic in international
literature owing to its significant complications. OSA is characterized by intermittent hypoxia due to upper airways
collapse and consequent cardiovascular, metabolic, and neurological disorders.2

Currently, the main investigations are focused on OSA complications (metabolic, neurological, and cardiovascular),
and on the relationship between the poor quality of sleep and an increased risk of falls, especially in older patients.3 In
contrast, a limited number of studies investigated the relationship with vestibular impairment, since a connection between
the vestibular nucleus (VN) and sleep regulator pathways has been demonstrated.4,5

In the literature, vestibular evaluation in OSA patients was performed only with vHIT (video Head Impulse Test) or
VEMPs (vestibular evoked myogenic potentials) and, to the best of our knowledge, none used fHIT (functional Head
Impulse Test) for this purpose. Moreover, none studied the association between vestibular disorders and OSA patients,
avoiding the bias of other chronic simultaneous comorbidities.6–9

This paper aimed at evaluating the vestibular function in patients affected by OSA using fHIT, selecting patients who
did not present any other related cardiovascular, neurological, or metabolic diseases.
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Patients and Methods
This descriptive cross-sectional study was designed at the Organi di Senso Department of Sapienza University of Rome
between April 2020 and April 2021 using a convenience sampling strategy. It was approved by the local Sapienza
University ethical committee (RIF: 6267) following the principles of the Declaration of Helsinki. Informed consent was
signed by each patient enrolled in the study.

The enrolled subjects were older than 18 years with a suspicion of OSA and did not present any cardiovascular,
metabolic, or neurological disease. They had never previously undergone any ENT surgical procedure and did not refer to
any history of audiological or vestibular disorders or current imbalance symptomatology (Dizziness Inventory Scale
<40).8 Patients who received domiciliary therapy for OSA (continuous positive airway pressure, oral appliance, nose
device) were also excluded.

Data of patients were collected in a database: sex, height, weight, age. Body mass index (BMI) was calculated. All
patients underwent ENT examination by type III sleep study device, according to the 2017 AASM classification.10

Devices was assembled and set by an ENT specialist who tested its functioning.
The device collected the following data: time of sleep, respiratory movement of thorax and abdomen, respiratory

airflow, heart rate, arterial oxygen saturation, and patients’ position.
The data were analyzed following AASM criteria.10 Apnea was defined as a ≥ 10-seconds reduction in the airflow by

at least 90% from baseline.10

Hypopnea was defined as ≥ 10-seconds reduction in the airflow by at least 30% from baseline associated with either
arousal or a 3% O2 saturation drop. AHI score (Apnea-Hypopnea Index)10 was estimated by the mean number of apnea
and hypopnea events in an hour of sleep.

Two different authors (AP e AM) checked and reviewed all recordings and a third author (GM) performed random
quality checks reanalyzing all data codified in the database.

A considerable amount of data was collected from each PSG recording: AHI (supine and not supine); oxygen
desaturation index (ODI; supine and not supine); mean SpO2 (supine and not supine).

Finally, the AHI score (mean between supine and not supine) was considered as the index of severity of OSA disease,
following AASM criteria.10

Healthy patients were considered those with an AHI value <5/h. On the contrary, OSA patients were classified into
three groups: mild OSA (AHI 5/h and <15/h); moderate OSA (AHI 15/h and <30/h); severe OSA (AHI >30/h).

Each patient underwent Functional Head Impulse test (BeOnSolution Society, Zero Branco, Italy) (Figures 1–3). This
test is based on the ability of a patient to recognize an optotype that is presented during impulse head rotations at varying
angular accelerations.11

The patient was located in a dark room seated at a distance of 150 cm from a monitor connected to the fHIT device.
Before the beginning of the test, visual acuity was checked using a distance-scaled white Landolt C Optotypes display on the
screen. Only patients with normal visual acuity of 0.2logMAR or with a correcting value ≤0.5 logMAR were enrolled.

Figure 1 functional Head Impulse Test (fHIT) setting.
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Mounted gyroscope was placed on the head of the patient to measure the angular velocity of movement. One trained
operator (AM) operated the fHIT. He put both hands on the patient’s head dispensing impulses in a specific direction, that
consisted of brief, small rotatory movements in the plane of each semicircular canal pair (left and right horizontal; left
anterior-right posterior; right anterior-left posterior). The patient had a keyboard with 8 Landolt C Optotypes to push
following the one which appeared on the black screen monitor for 80ms. The operator performed 20 head impulses for
each direction for each semicircular canal plane.12

fHIT software identified the percentage of correct response (%CA) for each and a value <80% of correct responses
was considered abnormal.12–14

Numerical variables were summarized as mean and standard deviation or median and interquartile range, respectively,
according to the distribution of the data; categorical variables were represented as frequencies and proportions. A Scatter
plot was used to describe the relationship between AHI and ODI and the strength of the linear relationship was measured
using Pearson’s correlation coefficient. Box plots were used to compare Z scores between healthy and pathological
subjects, followed by Wilcoxon Rank-Sum tests to assess statistical significance.

Logistic regression was used to evaluate the association between the diagnosis of OSA and the AHI classification
adjusted by age and BMI. Statistical significance was set at 0.05. All the analyses were performed using the statistical
software R (version 4.0.4).

Figure 2 Hardware of fHIT. (A) Gyroscope; (B) keyboard with 8 Landolt C Optotypes.

Figure 3 Hardware of fHIT mounted on patient.
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Results
A total of 85 patients were enrolled in the study (53 males and 32 females) of which 50 (28M and 22 F; mean age 45.8)
had a diagnosis of OSA and were included in the “case group”. On the contrary, 35 patients (25M and 10F; mean age
51.2) without OSA diagnosis were enrolled in the “control group”. The data collected about weight, height, and BMI are
reported in Table 1.

Patients belonging to the case group were sub-classified according to AASM: 7 patients (14.0%) had mild OSA; 18
patients (36.0%) had moderate OSA and 25/50 (50.0%) had severe OSA.

fHIT analysis showed an impaired vestibular value in 38/85 patients (44.7%): 4/35 (11.4%) belonging to Control
Group and 34/38 (88.6%) to Case one (Table 1). The Z score allow a good discrimination between healthy and OSA
patients. However, it does not allow a good discrimination between the different levels of OSA. A larger sample may
confirm or deny this evidence.

The box plots in Figure 4 showed a substantial difference between the “Z-score” distributions of the two study groups
(all the p-values were lower than 0.001).

Results from the multiple logistic model showed a significant association between the OSA diagnosis and the AHI
classification (see Table 2). In particular, the adjusted odds ratio showed a positive association between the diagnosis of
OSA and the presence of AHI.

Discussion
OSA is a common chronic disease that involves about 9% of women and 24% of men in the general population1 of the
general population and has a high economic impact. It is characterized by multiple episodes of air-flow reduction due to
a collapse in the upper respiratory airways.

Table 1 Patients Characteristics, Results of PSG and fHIT

All Healthy Mild OSA Moderate OSA Severe OSA

N 85 35 7 18 25

Age 51.2 (14.8) 45.8 (16.0) 40.7 (16.8) 56.0 (9.5) 58.4 (11.1)

Weight (kg) 79.0 (14.7) 73.2 (13.5) 83.1 (14.7) 77.8 (12.6) 86.8 (14.7)

Height (m) 1.73 (0.09) 1.71 (0.10) 1.75 (0.06) 1.72 (0.09) 1.76 (0.07)

BMI 26.0 (5.2) 24.1 (5.9) 27.6 (6.1) 26.2 (2.7) 27.9 (4.5)

Z Score LLSC 0.64 (−0.59; 1.78) −0.59 (−1.39; 0.16) 1.33 (−0.46; 3.40) 1.30 (0.74; 2.6) 1.37 (0.64; 2.38)

Z Score RLSC 0.19 (−1.16; 1.53) −1.16 (−1.39; −0.55) 1.33 (0.83; 2.25) 1.14 (0.49; 4.41) 1.16 (−0.29; 2.87)

Z Score LSCs 0.90 (−0.83; 1.92) −1.39 (−1.96; 0.26) 1.87 (0.58; 3.29) 1.39 (0.94; 5.12) 1.50 (0.90; 2.80)

Z Score RASC 0.29 (−1.20; 1.72) −1.25 (−1.29; −0.42) 2.47 (0.40; 2.74) 1.20 (0.22; 2.36) 0.56 (0.34; 2.04)

Z Score LPSC 1.14 (−1.14; 2.04) −0.52 (−1.29; 0.40) 1.74 (1.36; 5.89) 1.86 (0.74; 3.09) 1.74 (0.41; 2.10)

Z Score RALPSC 0.57 (−1.19; 2.83) −1.24 (−1.81; 0.01) 2.83 (0.98; 5.63) 1.98 (0.59; 4.49) 1.71 (0.19; 3.42)

Z Score LASC 0.25 (−1.36; 1.93) −1.36 (−1.38; −0.98) 1.39 (−0.39; 6.63) 1.79 (0.66; 2.51) 1.31 (−0.30; 2.52)

Z Score RPSC 0.80 (−0.59; 1.93) −0.59 (−1.38; 0.50) 0.80 (−0.16; 5.44) 2.32 (1.16; 3.56) 1.31 (0.34; 2.71)

Z Score LARPSC 0.02 (−1.39; 2.48) −1.39 (−1.96; −1.35) 1.14 (−0.21; 7.61) 2.64 (0.84; 4.44) 1.85 (−0.41; 3.16)

Vestibular impairment 38 (44.7) 4 (11.4) 4 (57.1) 13 (72.2) 17 (68.0)

Abbreviations: LLSC, left lateral semicircular canal; RLSC, right lateral semicircular canal; LSC, lateral semicircular canals; RASC, right anterior semicircular canal; LPSC,
left posterior semicircular canal; RALPSC, right anterior, left posterior semicircular canals; LASC, left anterior semicircular canal; RPSC, right posterior semicircular canal;
LARPSC, left anterior right posterior semicircular canal.
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Many studies conducted between 1998–2008 have reported that OSA produces a chronic inflammatory state related to
cardiovascular, metabolic, and neurological complications.14,15

Nocturnal intermittent hypoxia induces oxidative stress, sympathetic hyperactivity, endothelial dysfunction, and
metabolic impairment. However, although over recent years many studies have examined and reported an association
between OSA and cognitive deficits,16,17 few have focused on the relation with vestibular impairment.

Figure 4 Box plots of the “Z-score” distributions of the two study groups.

Table 2 Logistic Model (Adjusted for Age and BMI)

Beta OR 95% CI p-value

Age 0.050 1.051 1.000–1.109 0.056

BMI 0.072 1.075 0.948–1.251 0.312

AHI - Mild 2.774 16.026 2.018–173.930 0.012

AHI - Moderate 2.772 15.983 3.795–83.613 <0.001

AHI - Severe 2.351 10.492 2.745–48.147 0.001
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This association may be based on the relationship between the vestibular nucleus (VN) and sleep regulator pathways.
Animal and human clinical reports pointed out an interconnection between the suprachiasmatic hypothalamic nucleus
(SCN) and VN through the lateral intergeniculate area.18,19 SCNs are the principal structures for biological circadian
sleep-awakens rhythm control. These nuclei have a cholinergic afferent function that stimulates the cortex to maintain an
awake status. This pathway is strengthened by afferent orexinergic input produced by a small group of neurons placed in
the lateral hypothalamus (perifornical region; posterior nucleus; lateral area),5 while the ventrolateral preoptic nucleus
(VLPO) has a GABAergic connection, maintaining the sleepiness state. Therefore, in rats, an impairment of the
connection between VN and SCNs induced a deficit in the wake-sleep rhythm causing narcolepsy with cataplexy
phenotype. This condition was confirmed in an astronaut population who reported sleep disorders during the mission
in the absence of gravity, possibly due to the lack of vestibular stimulation.5

Another theory was proposed by Gallina et al who suggested a relationship between the vestibular system and OSAS
due to the contiguous position of the VN and the respiratory one (parabrachial). Their results in OSA patients, evaluated
using PSG video-oculo-nystagmography and caloric testing, evidenced a quali-quantitative alteration of vestibular
function worse in patients with elevated AHI. Moreover, they assumed that lack of sleepiness induced an anomalous
posture and consequent dearth of vestibular-proprioceptive balance.7

Currently, the vestibular system is being studied with different methods that test specific portions of the posterior
labyrinth. Many exploit the analysis of the Vestibular Ocular Reflex (VOR). This is an indirect sign of labyrinthine
function since it is a reflex arc that connects the semicircular canals of the labyrinths on both sides with VNs and then
oculomotor muscles.20 The functional head impulse test (fHIT) is one of the most recent instruments introduced for
evaluating VOR function. It is based on the ability of a patient to recognize an optotype presented during impulse head
rotations at varying angular accelerations. In this way, all the semicircular canals are tested and, indirectly also the
superior and inferior vestibular nerve function.

Our results showed a similar incidence of vestibular impairment in comparison to Gallina et al in the case group (68%
vs 65%).7

Moreover, in accordance with Micarelli et al,6 a significant alteration of VOR activity (researched through vHIT) and
posturographic value in OSA patients were observed. However, in their study, the correlation between the severity of
OSA and vestibular disease is not well expressed but these authors preferred to point out the relationship between
vestibular impairment, ESS (Epworth sleepiness scale), and Dizziness Handicap Inventory (DHI).

Our choice to include only patients with a DHI< 40 (not pathological) was adopted to evaluate the latent peripheral
impairment. Moreover, our results showed that there was no correlation between the severity of OSA and vestibular
impairment, which was mainly expressed in moderate OSA. However, the lack of a good discrimination between the
different vestibular damages and OSA severity prompted us to revalue the relationship between these two parameters in
a larger sample to confirm or deny it. Moreover, it should be emphasized a possible explanation for this can be attributed
to the different ability of each patient to adopt a central compensation,7,21,22 which may be inadequate for totally
regulating the reduction of VOR gain while allowing the patient to be asymptomatic.

In the Case and Control groups, the comparison between fHIT results of each semicircular canal always showed
a statistical difference without a defined predominance. Hence, indirectly, it is possible to affirm that intermittent hypoxia
defaces the function of the superior and inferior vestibular nerves and their connection (VN). Therefore, the absence of
other concomitant diseases strengthens the hypothesis that OSA is a favoring cause of dizziness and risk of falls.

Limitation of the Study
One of the limitations was the performer of a type III sleep study and not a type I (polysomnography) since it was easy to
administer. Another limit is represented by the absence of a complete evaluation of the posterior labyrinth. VEMPs are
the most objective method for testing the function of the saccule and utricle. All the authors who tested VEMPs in OSA
patients are unanimous in affirming that these patients have impaired values.21–24

The relatively small sample may be a probable cause of the wide OR range and so all the results should be evaluated
within the framework of these limitations. The study is designed as a first exploratory analysis to investigate the
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relationship between OSA and vestibular impairment. On the basis of these results the authors intend to carry out
a formally dimensioned study with adequate statistical power.

Conclusion
This evaluated the vestibular function in patients affected by OSA using fHIT, in OSA patients without related
cardiovascular, neurological, or metabolic diseases. Results showed that latent vestibular impairment may be presented
in OSA patients and it could be early diagnosed by fHIT. A possible explanation could be addicted to the relationship
between the vestibular nucleus (VN) and sleep regulator pathways. The data found highlight how an early vestibular
diagnosis may give us information about a latent microvascular and neurological deficit in obstructive sleep apnea
patients that increases the risk of falls and altered drive performance. Moreover, vestibular evaluation may represent an
additional method to follow the evolution of OSA disease during treatment.

Abbreviations
OSA, Obstructive Sleep Apnoea; VN, vestibular nucleus; vHIT, video Head Impulse Test; VEMPs, vestibular evoked
myogenic potentials; fHIT, functional Head Impulse Test; ENT, Ear Nose Throat; BMI, body mass index; PSG,
polysomnography; AASM, American Academy sleep medicine; AHI, Apnea-Hypopnea Index; ODI, Oxygen desatura-
tion index; SCN, suprachiasmatic hypothalamic nucleus; VLPO, ventrolateral preoptic nucleus; VOR, Vestibular Ocular
Reflex; ESS, Epworth sleepiness scale; DHI, Dizziness Handicap Inventory.
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