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Purpose: The relationship between idiopathic sleep-related phenotypes (SRPs) and sudden sensorineural hearing loss (ISSNHL) 
remains unclear. This study was designed to investigate the link between SRPs and ISSNHL from a genetic perspective through 
Mendelian randomization (MR) analysis.
Methods: ISSNHL trials were downloaded from Finngen database. SRPs were from the UK Biobank and FinnGen database. The 
inverse variance weighted (IVW) method was utilized, followed by confirming the robustness and reliability using the MR Egger, 
weighted median, simple mode, and weighted mode. The heterogeneity was determined using MR Egger and IVW, and pleiotropy by 
MR Egger.
Results: There were 39/27 single nucleotide polymorphisms (SNPs) related to insomnia, 68 SNPs related to sleep duration, 31 SNPs 
related to daytime dozing, 13 SNPs related to sleep disorders, and 20 SNPs related to sleep apnoea. The F statistics exceeded 10, 
suggesting minimal likelihood of weak instrument bias. There were no evidence indicating a potential causal effect of insomnia, sleep 
duration, sleep disorders, sleep apnoea, and on the risk of ISSHNL. However, narcolepsy was an inferred protective factor for 
ISSNHL. Lower risk of ISSNHL was found in relation to daytime dozing/sleeping (narcolepsy)-related SNPs.
Conclusion: This phenomenon may provide a novel and meaningful therapeutic target for ISSNHL based on sleep medicine. 
However, this putative causal relationship requires further experimental validation.
Keywords: ISSNHL, hearing loss, sleep-related phenotypes, Mendelian randomization

Introduction
Sudden hearing loss, medically termed idiopathic sudden sensorineural hearing loss (ISSNHL), refers to a swift and 
unexplained reduction in hearing capacity, typically affecting unilateral ear, and this loss can manifest abruptly or 
gradually over a span of up to three days.1 Recognized as a medical emergency, ISSNHL demands immediate attention 
and intervention. While the estimated incidence stands at around 5 to 20 cases per 100,000 individuals annually, it is 
worth noting that this figure may potentially be underestimated.2–4 The precise cause of sudden hearing loss often 
remains elusive, yet it may be linked to various factors or conditions such as viral infections, abnormal cellular stress 
responses within the cochlea, immune-mediated mechanisms, breakdown of labyrinthine membranes or barriers, and 
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vascular occlusion.5,6 Nevertheless, none of these hypotheses has been conclusively validated. Recently, it has been 
proposed that sudden hearing loss is particularly related to genetics and sleep pattern.7

Sleep-related phenotypes (SRPs) encompass a range of traits or patterns linked to sleep, including sleep quality, 
duration, timing, presence of sleep disorders like insomnia or sleep apnea, and the broader influence of sleep on overall 
health. There are documented significant genetic correlations linking insomnia with psychopathological symptoms,8 sleep 
duration with dementia,9 narcolepsy with neurological disorders,10 sleep disorders with cancer,11 and sleep apnea with 
cognitive decline in mild-to-moderate Alzheimer’s disease.12 In recent times, genome-wide association studies (GWASs) 
have exposed that SRPs are intricate traits influenced by circadian genes, adenosigergic genes, thyroid-specific genes, 
genes associated with cognitive development and functioning, dopaminergic genes, and immune and clearance genes.13 

These findings shed light on the molecular mechanisms underlying SRPs and the symptoms of associated health 
conditions.

Previous studies have linked SRPs (sleep duration, obstructive sleep apnea, disrupted sleep, and insomnia) with 
hearing loss or impairment.14–17 However, there is no established direct link between SPRs and ISSNHL from a genetic 
perspective by Mendelian randomization (MR) analysis. Capitalizing on results from large GWASs, our study extended 
the analysis to characterize the overlapping genetic architecture of SRPs and ISSNHL. Next, we speculated that there 
could be shared underlying genetic factors that predispose individuals to both sleep disturbances and ISSNHL. Research 
into these mechanisms can provide insights into the development of medications that can benefit people with ISSNHL 
through sleep regulation.

Materials and Methods
Data Sources
SRPs were from the UK Biobank (https://ukbiobank.ac.uk/) and FinnGen database. The collected exposure phenotypes 
included sleeplessness, sleep duration, daytime dozing/sleeping, daytime nap, nap during day, sleep disorders, and sleep 
apnoea. Trials of ISSNHL were downloaded from the Finngen database (https://r10.finngen.fi/). The diagnostic criteria 
for ISSNHL are coded as 388.2 in the International Classification of Diseases (ICD)-9, and H91.2 in the ICD-10. 
ISSNHL is characterized by the following criteria: sudden onset: a rapid loss of hearing, typically occurring within 
72 hours; unknown etiology: no apparent pathological factors, such as infection, trauma, or medication effects; unilateral 
occurrence: usually affects one ear, though bilateral hearing loss may also occur; degree of hearing loss: a threshold shift 
of at least 30 decibels (dB) across at least three consecutive frequencies, as determined by pure-tone audiometry. 
A diagnosis of ISSNHL can be made when these criteria are met. All exposure and outcome data were obtained from 
published data, so our study was retrospective. Dataset information was shown in Table 1. It is important to note that the 

Table 1 Phenotypic Information on ISSNHL and SRPs

GWAS ID Year Trait Sample Ethnicity SNPs No.

ISSNHL
finn-b-H8_HL_IDIOP 2021 Sudden idiopathic hearing loss 198,083 European 16,380,424

SRPs
ukb-b-3957 2018 Sleeplessness 462,341 European 9,851,867

ukb-a-13 2017 Sleeplessness 336,965 European 10,894,596
ukb-b-4424 2018 Sleep duration 460,099 European 9,851,867

ukb-b-5776 2018 Daytime dozing/sleeping 460,913 European 9,851,867

ebi-a-GCST011494 2021 Daytime nap 452,633 European 13,024,091
ukb-a-12 2017 Nap during day 452,633 European 13,024,091

finn-b-SLEEP 2021 Sleep disorders (combined) 216,700 European 16,380,458

finn-b-G6_SLEEPAPNO_INCLAVO 2021 Sleep apnoea 218,792 European 16,380,466

Abbreviations: ISSNHL, idiopathic sudden sensorineural hearing loss; SRPs, sleep-related phenotypes; SNPs, single nucleotide 
polymorphisms.
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validity of MR depends on three key assumptions: (1) the instrumental variables (IVs) must be strongly associated with 
SRPs; (2) the IVs must not be associated with any confounding variables that affect both SRPs and ISSNHL; (3) the IVs 
should not directly influence ISSNHL except through its effect on SRPs.

Selection of Genetic Instrumental Variables (GIVs)
Single nucleotide polymorphisms (SNPs) are variations in a single nucleotide base pair of DNA that occur at specific 
positions in the genome. They can be used to infer causal relationships between exposures and outcomes, serving as 
GIVs in MR analysis. The conditions for selecting SNPs related to SRP as GIVs include: (1) a genome-wide significant 
level less than p < 5 × 10−8; (2) linkage disequilibrium r2 less than 0.001, clumping distance of 10,000 kb; (3) effect allele 
frequency (EAF) > 0.01; (4) F-statistics (measuring the weak instrument bias) > 10, and F-statistics were computed 
utilizing the subsequent formula,

In this context, R2 represents the variance of the risk of ISSNHL elucidated by each instrument, while n denotes the 
sample size of the datasets.18 The calculation of R2 was conducted employing the subsequent formula,

MAF signifies the minor allele frequency, the estimated genetic effect on ISSNHL is denoted by the beta value, and the 
standard error of the genetic effect is represented by the SE(beta) value.19

Statistical Analysis
The TwoSampleMR and MRPRESSO of R software version 4.3.2 were used to perform all statistical analysis. The 
effect of SRPs on ISSNHL was estimated using the Inverse Variance Weighted (IVW) as the primary method, with 
p-value less than 0.05 indicating a causal relationship. For sensitivity analysis, Weighted mode, Simple mode, 
Weighted median, and MR Egger methods were used as complementary methods for causal estimation. MR Egger 
and IVW were used for analyzing heterogeneity, with a p-value of more than 0.05 considered as no heterogeneity. MR 
Egger’s intercept indicated pleiotropy, with a p-value more than 0.05 considered as no pleiotropy. A robust result is 
needed to satisfy both the absence of heterogeneity and pleiotropy. Odds ratio (OR) values and 95% confidence 
intervals (CI) were used to represent causal effects between SRPs and ISSNHL. The methods for sensitivity analysis 
could be used as a reference.

Results
In this study, we totally selected 6 different sleep-related cohorts from the Finngen and UK Biobank databases, as the 
exposure factors. To analyze the effects of genetically predicted SRPs causing SSHL, the FinnGen data of ISSNHL 
(outcome) containing 198,083 SNPs was employed. The IVW was used to analyze the causality between SRPs and 
ISSNHL. The MR Egger and IVW analysis was carried out to analyze the heterogeneity. The pleiotropy was indicated by 
the Egger’s intercept.

Characteristics of Instrumental Variables
The number of GIVs for the causality analysis is suggested in Table 1. The analyzed SRPs-related SNPs were from 8 
datasets. There were 39 SNPs related to sleeplessness/insomnia from 462,341 individuals (ukb-b-3957), 27 SNPs related 
to sleeplessness (ukb-a-13) from 336,965 individuals, 68 SNPs related to sleep duration from 460,099 individuals, 31 
SNPs related to daytime dozing/sleeping from 460,913 individuals, 93 SNPs related to daytime nap from 452,633, 48 
SNPs related to nap during day from 452,633, 13 SNPs related to sleep disorders (combined) from 408,074 individuals, 
and 20 SNPs related to sleep apnoea from 412,181 individuals. In forward MR, F statistics ranged between 31.003 and 
44.935, all surpassing 10, suggesting minimal risk of weak instrument bias (Table S1).
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Causal Association of Daytime Dozing/Sleeping (Narcolepsy) and ISSNHL
The MR analysis was carried out using the IVW method and the forest plot showed the detailed results (Figure 1). The 
scatter plot illustrated the effect of each sleepless (39 SNPs and 27 SNPs), sleep duration (68 SNPs), daytime dozing/ 
sleeping (31 SNPs), daytime nap (93 SNPs), nap during day (48 SNPs), sleep disorders (combined) (13 SNPs), and sleep 
apnoea (20 SNPs)-related SNPs on ISSNHL on the log-odds scale (Figure 2).

The results revealed a significant causal relationship between daytime dozing/sleeping and ISSNHL (OR = 0.058; 
95% CI: 0.008–0.417; p = 0.005). As shown in Table S1, simple mode methods demonstrated a similar causal association 
(OR = 0.003; 95% CI: 0.000–0.701; p = 0.045). We further examine whether daytime nap or nap during day-related 
SNPs is a causal genetic factor for ISSNHL. As analyzed by the IVW method, there was no evidence of significant 
association between daytime nap-related SNPs and ISSNHL (OR = 1.009; 95% CI: 0.365–2.79; p = 0.986) or nap 
during day-related SNPs and ISSNHL (OR = 1.212; 95% CI: 0.396–3.707; p = 0.737).

According to risk estimation using two datasets (ukb-b-3957 and ukb-a-13), there were no obvious evidence proving 
a causal relationship between sleeplessness and ISSNHL (ukb-b-3957-IVW: OR = 1.119; 95% CI: 0.344–3.641; p = 
0.852) (ukb-a-13-IVW: OR = 0.830; 95% CI: 0.217–3.173; p = 0.785). As for sleep duration, we found no obvious causal 
relationship to ISSNHL after analysis by IVW method (OR = 0.761; 95% CI: 0.289–1.998; p = 0.579). The obtained 
results did not show a causal effect of sleep disorders on the risk of ISSNHL (OR = 1.055; 95% CI: 0.663–1.679; p = 
0.820). As for sleep apnoea, the IVW results showed that it was also not significant related to the risk of ISSHNL (OR = 
0.923; 95% CI: 0.617–1.379; p = 0.694).

Heterogeneity Analysis
Heterogeneity in MR refers to the variation in the causal effect estimates of SRPs on ISSNHL across different genetic 
variants used as IVs. These variants might not all estimate the same causal effect size. The MR Egger and IVW methods 
were used to analyze the heterogeneity. The visualization of heterogeneity was shown in Funnel plots (Figure 3). There 
was limited evidence of heterogeneity in SRPs-related SNP effect estimates for MR Egger (sleeplessness, p = 0.350 and 
p = 0.269; sleep duration, p = 0.084; daytime dozing/sleeping, p = 0.585; daytime nap, p = 0.194; nap during day, p = 
0.47; sleep disorders, p = 0.846; sleep apnoea, p = 0.227) and IVW methods (sleeplessness, p = 0.388 and p = 0.270; 
sleep duration, p = 0.096; daytime dozing/sleeping, p = 0.636; daytime nap, p = 0.086; nap during day, p = 0.37; sleep 
disorders, p = 0.893; sleep apnoea, p = 0.273) (Table S1).

Pleiotropy Analysis
Pleiotropy analysis was performed to confirm that the SNPs utilized as IVs affect the outcome (ISSNHL) via the 
exposure of interest (SRPs) and not through other phenotypic traits. MR Egger method was utilized, and the pleiotropy 
was indicated by MR Egger’s intercept. MR Egger analysis showed limited evidence of directional pleiotropy for the 
analyzed SRPs-related SNPs (sleeplessness, p = 0.731 and p = 0.348; sleep duration, p = 0.731; daytime dozing/sleeping, 
p = 0.994; daytime nap, p = 0.006; nap during day, p = 0.066; sleep disorders, p = 0.834; sleep apnoea, p = 0.765) (Table 
S1). The leave-one-out plots were produced to assess the influence of individual SNPs on the causal effect of genetically 
predicted SRPs on ISSNHL (Figure S1).

Discussion
Recently, several findings supported that the polygenic liability for SRPs was related to increased risk of cognitive 
impairment, and O’Connell et al provided evidence showcasing significant polygenic overlap between SRPs and 
psychiatric disorders.20 The present study introduced GWAS summary statistics from SRPs (sleeplessness, sleep 
duration, daytime dozing, sleep disorders, daytime napping or nap during day, and sleep apnoea) and ISSNHL to 
illuminate the shared underlying genetic architecture. We found there was limited evidence of effects of sleeplessness, 
sleep duration, daytime napping or nap during day, sleep disorders (combined), and sleep apnoea on ISSNHL risk. 
However, lower risk of ISSNHL was found in relation to daytime dozing/sleeping-related SNPs. It is noteworthy that this 
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Figure 1 Forest plot of the potential impacts of SRPs-related SNPs on ISSNHL. The analyzed SRPs included sleeplessness (ukb-b-3957 and ukb-a-13), sleep duration, 
daytime dozing/sleeping, daytime nap, nap during day, sleep disorders (combined), and sleep apnoea.
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Figure 2 Scatter plot demonstrates the effect of each SRPs-related genetic variant on ISSNHL on the log-odds scale. The analyzed SRPs included sleeplessness (ukb-b-3957 
and ukb-a-13), sleep duration, daytime dozing/sleeping, daytime nap, nap during day, sleep disorders (combined), and sleep apnoea. Each dot represents effect sizes of each 
SNP on ISSNHL (y-axis) and SRPs (x-axis). Regression slopes show the estimated causal effect of SRPs on ISSNHL.
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is the inaugural two-sample MR study examining the causal relation between SRPs and ISSNHL from a genetic 
perspective.

There are several ideas concerning the pathogenesis of ISSNHL that include some of the autoimmune causes such as 
vascular compromise, chronic inflammation, and viral infection. Several studies have examined the association between 
SRPs and hearing loss, as well as hearing impairment.14–17 In adults with severe obstructive sleep apnea–hypopnea 
syndrome (OSA-HS), high-frequency hearing loss was detected.21

Chen et al revealed that ISSNHL could potentially be one of the auditory complications linked to OSA.22 

Subsequently, Li et al found that individuals at high risk for OSA had d 1.64-fold increased risk of hearing impairment 
compared to those at low risk for OSA (95% CI: 1.02–2.69, P < 0.05).23 In two cross-sectional studies, noise exposure is 
related with poorer hearing, and sleep duration ≥8 hours/night was negatively correlated with hearing loss in the Chinese 
participants, especially when exposed to noise.24 In a longitudinal study conducted among a Japanese general population, 
individuals with hearing loss at 4,000 hz at baseline demonstrated a significantly higher risk of longer sleep duration (≥8 
hours) after 8 years.25

A large population-based UK Biobank study reported that a heightened risk of hearing loss may be associated with 
sleep complaints (evening preference, difficulty getting up in the morning, sleeplessness, daytime sleepiness, and snoring 
at night).26 Increased risks of ISSNHL have been observed among participants sleeping fewer than 7 hours per night (OR 
= 1.61, 95% CI = 1.09–2.37), which have been confirmed in a case–control study.27 In addition, 61.8% of patients with 
ISSNHL suffered from insomnia prior to the insult of hearing loss, according to Yang et al.28 Instead, among older adults, 
longer sleep duration (more than 8 hours) is marginally associated with poorer high-frequency hearing.29 As indicated by 
a representative and prospective cohort study, a heightened risk of subjective hearing impairment among middle-aged and 
older adults was linked to insufficient nocturnal sleep, whereas moderate napping may reduce hearing loss risk.30 

Summarily, maintaining stable sleep patterns within the recommended duration may serve as a beneficial strategy for 
averting the onset of hearing loss.

From a genetic perspective, the dysregulation of circadian clock genes may explain why the patients with ISSNHL 
exhibit lower sleep quality and more disruptive modes compared to healthy controls without hearing loss.31 Many 
researchers believe that the initial degree of hearing loss is a crucial factor in determining prognosis.32 A correlation 

Figure 3 Funnel plot of the causal effect of SRPs-related SNPs on ISSNHL. The analyzed SRPs included sleeplessness/insomnia (ukb-b-3957 and ukb-a-13), sleep duration, 
daytime dozing/sleeping, daytime nap, nap during day, sleep disorders (combined), and sleep apnoea (including avohilmo).
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analysis of nine circadian rhythm gene expressions was conducted in 22 patients with severe sudden sensorineural 
hearing loss (SSNHL, hearing threshold >90 dB HL) and 16 patients with non-severe SSNHL (hearing threshold ≤90 dB 
HL).28 However, no significant differences were observed between the two groups. Thus, the sleep phenotype may have 
a weak correlation with the severity of hearing loss, with significant differences only between diseased and healthy 
groups. Additionally, we found no other study regarding the relationship between sleep phenotype and hearing impair
ment severity. However, the genetic basis of the causal relationship between ISSNHL and a broad spectrum of sleep 
behaviors is still warranted. As a genetic technique, MR method utilizes the genetic variants related to the exposure of 
interest to conclude the causal pathways between an outcome and exposure. Previous studies have utilized MR analysis 
to explore the causal relationship between ISSNHL and C-reactive protein,33 free thyroxine,34 triglyceride-glucose, blood 
glucose,35 and high-density lipoprotein cholesterol.36 However, these studies only examined the relationship between 
ISSNHL and biochemical parameters. From our MR results, there was no clear causal relationship between sleep 
disorders (combined) and ISSNHL. More specifically, MR analysis showed no significant causal effects of sleeplessness, 
sleep duration, or sleep apnoea on ISSNHL.

Daytime dozing or sleeping refers to the propensity or tendency to nod off or fall asleep during daylight hours despite 
intending to stay awake. This inclination is distinct from subjective feelings of tiredness or fatigue, which may not 
necessarily result in drowsiness. However, the implicit connotation of the term “daytime nap” extends beyond merely 
occurring during daytime hours; it encompasses sleep that is deliberate, managed, premeditated, and distinctly demar
cated with a clear start and finish. From our results, it should be noted that daytime dozing or sleeping was linked to 
a decreased risk of ISSNHL. On these grounds, we considered that compared to excessive daytime dozing, daytime 
napping may be linked with a favorable consequence of ISSNHL, considering its intentionality and various benefits 
including improved mood, alertness, and cognitive function. Unlike napping, dozing is often unplanned and may occur 
involuntarily during the day.

In modern society, consolidated daytime napping is encouraged in sleep-deprived population, presumably to address 
daytime sleepiness. The benefits of daytime napping remain controversial because of napping duration and frequency for 
instance, in Alzheimer’s disease.37,38 From the genetic perspective, MR results suggested that daytime napping or 
napping during day was not associated with the risk of ISSNHL. This may be attributed to the inherent limitations of 
the study, wherein we encounter unavoidable instances of unspecific or incomplete questionnaire data obtained from the 
GWAS. Here, we were unable to obtain the detailed information about habitual daytime napping, such as duration, 
frequency, or timing. This may contribute to the results that daytime napping showed no genetic effects on ISSNHL risk.

Common treatments for ISSNHL often involve systemic and/or trans-tympanic corticosteroids to mitigate inflamma
tion or vasoactive agents like prostaglandins to improve cochlear blood flow.39 Around 60% of ISSNHL patients undergo 
some level of spontaneous remission.40 Recent studies suggest that prompt intervention for sleep-related phenotypes 
(such as obstructive sleep apnea, insomnia, and sleep disturbances) might effectively enhance the auditory health of 
ISSNHL patients.22,28,41 After a combined analysis of genetic factors based on MR method, we proposed a phenotypic 
relationship between daytime dozing and ISSNHL. Meanwhile, we presented an underlying mechanism of ISSNHL that 
these dysregulated genes may be implicated in central nervous system and neurotransmitters. However, such a putative 
causal mechanism requires further experimental validation. According to the results of this study, ISSNHL may be 
alleviated by moderate daytime napping that may be dependent on napping duration, frequency, or timing.

In any case, although these findings may not encapsulate the complete genetic etiology of these traits, they offer 
valuable insights and lay the groundwork for deep exploration into the shared genetic architecture of SRPs and ISSNHL. 
Here, we found that 31 independent SNPs from daytime dozing suggested potential functions relevant to ISSNHL. 
However, some limitations need to be taken into consideration. First, this study did not collect information on duration, 
frequency and timing of daytime dozing or napping because of the unspecific or incomplete questionnaire data obtained 
from the GWAS. Incorporating this data in future research could facilitate the identification of relevant genetic 
associations. Second, the participants in the GWAS study were predominantly of European descent. Consequently, it is 
uncertain whether these findings can be reliably generalized to individuals from other ethnic backgrounds. Third, this 
study analyzed SNPs-related ISSNHL and several SRPs that may cause the risks of false discovery. Consequently, 
independent replications are necessary, followed by investigation of molecular mechanisms.
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Summarily, this study provided evidence that SRPs (sleeplessness, sleep duration, daytime dozing, daytime napping, 
sleep disorders, and sleep apnoea) shared a genetic basis with ISSNHL. This MR analysis found that daytime napping 
was associated with ISSNHL, and daytime napping might be a protective factor for ISSNHL from a genetic perspective. 
This phenomenon may provide a novel and meaningful therapeutic target for ISSNHL based on sleep medicine. 
However, as most participants in the GWAS studies were of European descent, this assumed causal relationship has 
limitations and requires further experimental validation to assess its applicability across different populations.
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