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Sleep Disturbance and Gene Alterations: 
Potential Insights for Differentiating 

Meniere's Disease from Vestibular Migraine

楊昭輝醫師

長庚大學醫學系高雄長庚醫院耳鼻喉部
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Meniere's Disease 

• Proposed by French doctor, Prosper Meniere 

• Triad:

• Vestibular symptoms (recurrent vertigo attack)

• Auditory symptoms (tinnitus and fluctuate hearing loss)

• Aural fullness

• Pathogenesis: endolymphatic hydrops in the cochlea and vestibule

2



Variable symptoms and course
3
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Similarity between MD and VM

• Migraine occurs more often in patients with MD related to the 
general population

• VM patients may also experience tinnitus, auditory fullness and 
changeable sensorineural hearing loss

• Sex: both female predominant

• Age: middle age (40-50s)

6
Neff et al., Otol Neurotol . 2012



history, history, history….





9
Leeuwen et al. Front Neurol. 2024 



Sleep disturbance

10



Sleep disturbance in dizziness patients

• National Health Interview Survey for the US adult (Albathi et al., J Vestib Res. 
2017):

• Individuals with vestibular vertigo had a higher relative risk ratio for abnormally short or long sleep 
duration

• Japan : the prevalence of sleep disturbance (i.e., Pittsburgh Sleep Quality Index 
(PSQI) -J global score > 6) was 65.1% (Sugaya et al, Acta Otolaryngol 2017)

• South Korea: sleep disturbance was associated with psychogenic dizziness, BPPV, 
MD and VM (Kim et al. PLOS one 2018)

11



Sleep disturbance in MD

• UK-based Clinical Practice Research Datalink (Bruderer et al. Audiol
Neurootol. 2017)

• Depression, other affective disorders, sleeping disorders, anxiety, and 
migraine were more prevalent among MD cases than among controls

• Impaired Quality of Sleep in Ménière‘s Disease Patients (Nakayama et 
al, J Clin Sleep Med. 2010)

• Total sleeping time in MD was significantly higher than in controls. 

• Stage 2 sleep was significantly longer and stage 3+4 shorter in MD than 
control

• Arousal index was significantly higher in MD than in controls

12



Sleep disturbance in MD

• Risk factors for Meniere disease: a systematic review and 
meta-analysis

13
Hu et al. Eur Arch Otorhinolaryngol. 2022 



Sleep disturbance in VM

• VM group 
• reduced sleep efficiency, lower REM and slow‐wave sleep, and prolonged 

sleep latency (Wu et al. Sleep Breath. 2020)

• lower sleep efficiency, higher wake time after sleep onset, and a higher 
incidence of severe OSA and periodic leg movements (Xue et al. Front 
Psychiatry, 2021)

• poor sleep quality, thalamic-cortical hyperfunction and active arousal system 
(Zhou et al. Sleep Med 2023)

• Patients tended to experienced more severe VM attacks in early 
hours of a day, especially for those sufferers with longer duration of 
illness or poor sleep quality (Liu et al., Front Neurol. 2020)

14



Does sleep disturbance in 
MD differ from VM? 



Our study

• Enrolled patients from the Kaohsiung CGMH otolaryngology 
department 

• VM: probable or definite VM

• MD: definite MD

• Only VM and MD patients who had experienced recent vertigo 
attacks within the past month were enrolled

• Mini Sleep Questionnaire (MSQ), a validated tool for assessing sleep 
quality by Zomer 

• 1 to 7 (1 = never; 4=sometimes; 7=always) 

16 Yang et al. Otolaryngology-Head and Neck Surgery 2025 Jan;172(1):346-352.
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• A scale of 1 (never) as no (score = 1) 
• A scale of 4  (sometimes) and 7 (always) as yes (score = 2)

Yang et al. Otolaryngology-Head and Neck Surgery 2025 Jan;172(1):346-352.
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Yang et al. Otolaryngology-Head 
and Neck Surgery 2025 
Jan;172(1):346-352.



19 Yang et al. Otolaryngology-Head and Neck Surgery 2025 Jan;172(1):346-352.



20 Yang et al. Otolaryngology-Head and Neck Surgery 2025 Jan;172(1):346-352.



Discussion

• Association between lower sleep efficiency and MD

• Decreased deep sleep and an elevated arousal index in MD patients may 

related to abnormal nocturnal blood pressure regulation (nondippers), which 

can lead to hypoxia (Huart et al., Hypertension. 2023)

• Disturbances in circulation may affect inner ear function, leading to abnormal 

endolymph homeostasis in MD (Byun et al. J Vestib Res. 2022)

21 Yang et al. Otolaryngology-Head and Neck Surgery 2025 Jan;172(1):346-352.



Discussion

• Association between lower sleep efficiency and VM

• Patients with migraine have consistently reported poor sleep both precipitating and 

during attacks (Vgontzas et al. Headache, 2019)

• During the onset of migraine, the synthesis of orexin‐A and orexin‐B in the 

hypothalamus promotes arousal and consequently affects sleep efficiency (Schulte et 

al. Neurology. 2017)

• Sleep disturbance, which is a strong precipitating factor for migraine, also affects the 

vestibular nuclei and nociceptive system, contributing to trigeminovascular reflex 

activation in VM (Espinosa‐Sanchez et al Front Neurol. 2015)

22 Yang et al. Otolaryngology-Head and Neck Surgery 2025 Jan;172(1):346-352.



Roberts et al., Otol Neurotol. 2021 



• Getting restful sleep is the most important way to improve dizziness 
and headache symptoms

24 Roberts et al., Otol Neurotol. 2021 
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Precision medicine: a new era  for inner ear diseases

26 Tavazzani et a; Front Pharmacol. 2024 



27 Yang et al. Int J Mol Sci. 2023 Jan 28;24(3):2504.



The inner ear research of our group

• Sudden hearing loss (Yang et al., Laryngoscope, 2015)

• Aminoglycoside ototoxicity (Yang et al., Hearing Research, 2021)

• Meniere's disease (Yang et al., Otolaryngology-Head and Neck Surgery 2025)

Innate immunity 

• Sudden hearing loss (Yang et al., Medicine, 2015)

• Noise-induced hearing loss (Yang et al., International Journal of Molecular Sciences, 2020)

• Meniere’s disease (Yang et al., Laryngoscope Investigative Otolaryngology, 2022)

• Vestibular migraine (Yang et al., Otolaryngology-Head and Neck Surgery 2025)

Circadian clock 

28
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Circadian clock genes

31



Circadian disruption and diseases

32
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High-salt diet

Alcohol

Caffeine

Life stress

Meniere’s disease

• Are there any association between circadian disturbance and MD? 

• Are circadian clock genes suitable markers for MD?

Circadian disturbance

?
MD precipitating factors



Temporal expression of cochlear circadian clock genes

34 Yang et al. Int J Mol Sci. 2020 Oct 13;21(20):7535. 



Constant light (LL) and constant dark (DD) 
disturb the cochlear circadian clock

Yang et al. Int J Mol Sci. 2020 Oct 13;21(20):7535. 

CircWave software

35



Methods

• In humans, the expression of PER1/PER2 peaked at 8:00 am in peripheral blood 

leukocytes (Yang et al, 2001; Fukuya et al, 2007)

• Peripheral blood (PB) samples were collected from unilateral MD patients and 

controls in the morning (around 8:00 am)

• MD patients: acute vertigo episode within one week, without steroid treatment

• Controls: healthy subjects

• mRNA was obtained from leukocytes of each subject for qRT-PCR analysis

Yang et al. Laryngoscope Investigative Otolaryngology. 2022;1-8. doi:10.1002/lio2.75736



Decreased PER1 and increased CLOCK expression in MD

Yang et al. Laryngoscope Investigative Otolaryngology. 2022;1-8. doi:10.1002/lio2.75737



Gene expression did not differ between 
different dizziness handicap groups

Yang et al. Laryngoscope Investigative Otolaryngology. 2022;1-8. doi:10.1002/lio2.75738



Yang et al. Laryngoscope Investigative Otolaryngology. 2022;1-8. doi:10.1002/lio2.757

Decreased PER1 expression in MD patients with 
higher hearing thresholds and staging

39

PER1 expression was significantly correlated to the PTA (r = 0.397, p = 0.03) and SRT (r = 0.371, p = 0.043).



PER1 immunocytochemistry

Yang et al. Laryngoscope Investigative Otolaryngology. 2022;1-8. doi:10.1002/lio2.75740



Could the CCG expression 
differentiate MD from VM?



Decreased PER1 expression in VM compared to MD

42 Yang et al. Otolaryngology-Head and Neck Surgery 2025.doi: 10.1002/ohn.1085



Association of Circadian clock genes with DHI in VM

• Significant negative correlations 
were observed between the 
expression of several circadian clock 
genes and DHI total scores, including 
PER2 (r = −0.637), PER3 (r = −0.568), 
CRY1 (r = −0.667), CRY2 (r = −0.654), 
BMAL1 (r = −0.577), and CK1ε (r = 
−0.717) (all P < .05).

43 Yang et al. Otolaryngology-Head and Neck Surgery 2025.doi: 10.1002/ohn.1085



Hypotheses of MD: multifactorial

EH MD

Decreased 
endolymph 
clearance

Endolymph 
secretion 

disruption

Hormonal 
mechanisms

Allergy & 
autoimmune

Viral 
infection

Genetic 
predisposition

Hemodynamic 
disequilibrium

Reissner
membrane 

rupture

(Oberman et al, 2017)

44



Toll-like receptors (TLRs) and inflammation

45
https://www.invivogen.com/review-tlr-viral-infection



Increased TLR9 expression in MD compared to VM

46 Yang et al. Otolaryngology-Head and Neck Surgery 2025.doi: 10.1002/ohn.1085



Discussion

• Circadian clock may play a more significant role in the pathogenesis of

migraine‐related conditions.

• Circadian features have been well‐documented in patients with 
cluster headaches and migraines. (Benkli et al. Neurology. 2023)

• VM patients are more likely to experience severe vertigo and 
headache attacks in the early hours of the day, particularly in those 
with a longer duration of illness or poor sleep quality (Liu et al. Front 
Neurol. 2020)

47 Yang et al. Otolaryngology-Head and Neck Surgery 2025.doi: 10.1002/ohn.1085



Take home message

• Sleep disturbance is prevalent in MD and VM

• VM patient may have more prevalent of sleep disturbance than MD
• difficulty falling asleep

• headaches upon awakening

• Sleep disturbance is correlated to severe dizziness handicap in VM

• Lower expression of PER1 gene in MD and VM, while the expression is 
lower in VM compared to MD

• Higher expression of TLR9 in MD than VM and control

48



Clinical implication

• The complaint of “Difficulty falling asleep” and “headaches upon 

awakening” may help to differentiate VM and MD

• PER1 and TLR9 are potential markers to differentiate VM and MD 

• For therapeutic aspect

• VM: restful sleep and keep regular circadian clock

• MD: anti-inflammation treatment and avoid hypoxia (OSA?) 

49



Thanks for your attention! 

Chao-Hui Yang

Kaohsiung Chang Gung Memorial 
Hospital

chouwhay@gmail.com
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