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Abstract: (1) Background: Poor sleep and fragmented sleep are associated with several chronic con- 13 

ditions. Tinnitus is an auditory symptom that often negatively combines with poor sleep, and has 14 

been associated with sleep impairment and sleep apnea. The relationship between tinnitus psycho- 15 

acoustic characteristics and sleep is still poorly explored, notably for a particular subgroup of pa- 16 

tients, for whom tinnitus perceived loudness is highly modulated by sleep. (2) Methods: For this 17 

observational prospective study, 30 subjects with tinnitus were recruited, including 15 “sleep inter- 18 

mittent tinnitus” subjects, who reported significant modulations of tinnitus loudness related to 19 

night sleep and naps, and a control group of 15 subjects displaying a constant non-sleep-modulated 20 

tinnitus. The control group was matched by age, gender, self-reported hearing loss grade and tinni- 21 

tus impact on quality of life with the study group. All patients underwent a polysomnography (PSG) 22 

assessment for one complete night and were asked to fill a case report form and report tinnitus 23 

loudness before and after the PSG. (3) Results: The “sleep Intermittent tinnitus” group subjects had 24 

less Stage 3 sleep (p< 0.01), less Rapid-Eye Movement (REM) Sleep (p< 0.05) and more Stage 2 sleep 25 

(p< 0.05) in proportion and duration compared to the control group subjects. In addition, in the 26 

“sleep Intermittent tinnitus” sample, a correlation was found between REM sleep duration and tin- 27 

nitus overnight modulation (p< 0.05) as well as tinnitus impact on quality of life (p< 0.05). These 28 

correlations were not present in the control group. (4) Conclusions: This study suggests that among 29 

the tinnitus population, patients displaying a sleep-modulated tinnitus have a deteriorated sleep 30 

quality and that REM sleep characteristics may play a role in the overnight tinnitus modulation. 31 

Potential pathophysiological explanations accounting for this observation are hypothesized and 32 

discussed. 33 

Keywords: Sleep Intermittent tinnitus, sleep, REM, polysomnography, sleep apnea 34 

 35 

1. Introduction 36 

 Poor sleep has been associated with the onset or the worsening of several chronic 37 

conditions [1–4]. Notably, too short sleep and poor sleep quality often seem to interact 38 

with the chronic condition creating an aggravating vicious circle, as described for instance 39 

in the case of type 2 diabetes [5], obesity and cardiovascular diseases [6]. Such a mutually 40 

reinforcing negative dynamic has also been described for poor sleep quality and tinnitus 41 

[7–10]. Tinnitus is defined as “the conscious awareness of a tonal or composite noise for 42 

which there is no identifiable corresponding external acoustic source” [11]. This chronic 43 
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condition is highly prevalent, affecting approximately 14% of the world population, 2% of 44 

which in an intrusive and debilitating fashion [12]. 45 

Regarding sleep and tinnitus, several authors have shown an association between 46 

subjective insomnia and tinnitus [13–16]. In a specific review [17], Asnis and al highlight 47 

that although insomnia is undoubtedly strongly co-prevalent with tinnitus, only few stud- 48 

ies give details on which sleep characteristics (difficulty falling asleep, awakenings during 49 

the night and early morning awakening) are more typically associated [14,18–23]. Two of 50 

them reported only that all aspects of insomnia were present in tinnitus patients, and most 51 

severely the difficulty to fall asleep [18,19].  52 

Several studies have also analyzed objectively the sleep of tinnitus patients through 53 

polysomnography (PSG) [24–30]. These studies converged on the fact that objective sleep 54 

is impacted in tinnitus patients [26]. Two of them found that Rapid-Eye Movement (REM) 55 

sleep of tinnitus patients was significantly reduced [25,27]. One study performed on a se- 56 

lected tinnitus patient population that concomitantly suffered from Post-Traumatic Stress 57 

Disorder (PTSD) found that REM sleep proportion and duration was inversely correlated 58 

with Tinnitus Functionnal Index (TFI) scores [30]. Another found that the electroenceph- 59 

alography (EEG) delta-band power of tinnitus patients was reduced as compared to con- 60 

trols [24]. One other found that in tinnitus patients sleep efficiency and total sleep time 61 

were significantly reduced and the number of awakenings significantly increased [29]. In 62 

order to explain this multiform phenomena, two publications theorized that sleep impair- 63 

ment and tinnitus could share a common mechanism based on the hyperarousal theory 64 

[10,31]. 65 

Besides, several studies have tried to evaluate the co-prevalence of tinnitus with 66 

known sleep disorders, such as bruxism [32,33], sleep apnea [34,35], periodic limb move- 67 

ments during sleep [36], snoring [28], night terrors [37]. These studies highlighted the 68 

strong co-prevalence between tinnitus, bruxism and sleep apnea.  69 

A vast majority of these publications, whether they were focusing on sleep impair- 70 

ment or sleep disorders and tinnitus, analyzed these sleep characteristics in the tinnitus 71 

population without selecting restrictively a specifically homogeneous population, alt- 72 

hough it has been repeatedly suggested that tinnitus is a very heterogeneous symptom 73 

[38–41]. Yet, keeping in mind that tinnitus is a highly heterogenous condition, it is very 74 

unlikely that its interactions with sleep are consistent in all subgroups of tinnitus patients, 75 

as it is similarly unlikely that a one-size-fits-all solution can be expected for such a highly 76 

heterogeneous symptom [42–44]. This is why studies aiming at understanding how sleep 77 

is impacted for some specific homogeneous tinnitus subpopulation may yield more deci- 78 

sive results. 79 

Within the tinnitus population, there are two overlapping groups of patients in which 80 

sleep plays a key role in their symptomatology. A first group describes significative and 81 

durable elevations of the tinnitus perceived loudness upon awakening from naps [45,46]. 82 

This fact has been quite noticeable in the clinical practice, as demonstrated by the fact that 83 

multiple studies have included this feature in their questionnaires [47–49]. A second group 84 

of patients, less numerous, that has been described in the literature by [50,51] as “intermit- 85 

tent tinnitus” are patients that display very significative modulation of tinnitus loudness 86 

after night sleep. In this paper, this group is referred to as Sleep Intermittent Tinnitus (SIT), 87 

so as to specifically differentiate them from patients exhibiting intermittent tinnitus where 88 

the onset and offset of tinnitus is not linked to sleep occurrences. Such patients report that 89 

each day, upon awakening, the loudness of their tinnitus is assigned to a high or a low 90 

level, in a pseudo-cyclic pattern of 2 to 7 days or even a month in rare cases, and that this 91 

level of tinnitus loudness remains stable until the following sleep occurrence (night or 92 

nap), after which it may change again. In some cases, these patients report complete dis- 93 

appearance of their tinnitus on certain days. This tinnitus subgroup also reports that if they 94 

do a nap on days where they have a low (or absent) tinnitus, there is a high probability 95 

that their tinnitus activates or increases in loudness upon awakening. Sleep fragmentation 96 
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is also a common complaint in this subgroup of patients, which complains of frequent 97 

awakenings caused by their tinnitus onset. 98 

In this second subgroup of SIT patients, sleep and its alteration seem to play a signif- 99 

icant role in the modulation of the tinnitus loudness, yet it has been poorly described and 100 

even more less explored quantitatively. Therefore, the aim of our study is to assess the PSG 101 

sleep characteristics of this SIT population compared to subjects with a stable tinnitus and 102 

to explore links between PSG characteristics and tinnitus sleep-induced modulations. 103 

  104 

2. Materials and Methods: 105 

2.1. Participants : 106 

Two cohorts of respectively 15 SIT patients (mean ± standard deviation age: 50.67 ± 107 

10.83, 10 men, 5 women) and 15 stable permanent chronic tinnitus control patients (48.67 108 

± 13.26, 9 men, 6 women) were recruited to participate for a one-night polysomnography 109 

examination at Hôtel-Dieu hospital sleep department (VIFASOM) in Paris, France. Most 110 

of these patients were recruited by ENT doctor A. L., whereas some enrolled in the study 111 

spontaneously after a communication was made to social media platforms with the help 112 

of French patient tinnitus association France-Acouphènes and the mutual help digital 113 

community Siopi [52]. 114 

In both cohorts, patients had a chronic tinnitus (over 6 months duration) and had 115 

either no tinnitus treatment or a stable treatment since at least 3 months. Patients with 116 

Menière disease, acoustic schwannoma or pulsatile tinnitus were excluded from the 117 

study, as well as patients who reported epilepsy seizures, non-stabilized metabolic or car- 118 

diovascular conditions. 119 

The SIT patients were all selected after thorough anamnesis with the investigators, 120 

the core distinctive trait of their tinnitus being that they all described strong modulations 121 

of their tinnitus loudness in relation to their sleep. Conversely, control patients displayed 122 

a stable non fluctuating tinnitus without any modulation induced by night sleep or naps.  123 

 124 

 125 

 126 
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 128 
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 133 

 134 

 135 

 136 
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 139 

 140 

 141 

 142 
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 144 

 145 

 146 

 147 

 148 

On-Off tinnitus (N=15) Control (N =15)
Mean  (Std) Mean  (Std)

0.33  (0.47) 0.4  (0.49) 0.73

50.67  (10.83) 48.67  (13.26) 0.71

54.4  (18.59) 47.87  (25.61) 0.38

6.29  (1.67) 6.6  (1.54) 0.47

7.5  (1.64) 6.47  (2.31) 0.33

 0.43  (0.32) 0.3  (0.4) 0.27

0.73  (0.68) 0.87  (0.96) 0.95

0.47  (0.5) 0.53  (0.5) 0.74

0.87  (0.29) 0.07  (0.17) < 0.01** 3.499

0.47  (0.5) 0.47  (0.5) 1.0

0.47  (0.5) 0.8  (0.4) 0.07 -0.712

0.23  (0.36) 0.37  (0.43) 0.41

0.1  (0.2) 0.43  (0.44) 0.03* -0.938

0.53  (0.5) 0.6  (0.49) 0.74

 0.47  (0.5) 0.6  (0.49) 0.49

0.47  (0.81) 0.53  (0.88) 0.94

1.0  (1.32) 0.4  (0.8) 0.2 0.532

0.73  (1.0) 0.4  (0.8) 0.29

0.6  (0.88) 0.13  (0.5) 0.08 0.631

0.67  (1.14) 0.67  (1.01) 0.88

0.6  (0.95) 1.0  (1.15) 0.37

1.47  (1.54) 1.6  (1.08) 0.79

0.27  (0.77) 1.27  (1.24) < 0.01** -0.937

1.07  (1.06) 0.87  (1.2) 0.62

0.13  (0.5) 0.4  (0.8) 0.31

0.6  (1.14) 0.73  (1.34) 0.94

0.07  (0.57) -0.07  (0.57) 0.55

0.4  (0.49) 0.13  (0.34) 0.11 0.611

0.6  (0.49) 0.6  (0.49) 1.0

0.27  (0.44) 0.47  (0.5) 0.27

0.73  (0.44) 0.4  (0.49) 0.07 0.69

Jaw popping ( Frequency gradation )

Abbreviations : Std : standard deviation, Frequency gradation : (Always : 4, Often : 3, Sometimes : 2, Rarely : 1, Never : 0 ) 

Headaches / migraine ( Frequency gradation )

Neck pain ( Frequency gradation )

Neck stiffness / hypomobility ( Frequency gradation )

Ear fullness ( Frequency gradation )

Autophony ( Frequency gradation )

Otalgia ( Frequency gradation )

Sleep duration ( < 6h : -1 , 6-8 h : 0, > 8h : 1 )  

Self reported insomnia ( Yes : 1, No : 0 )

Hard to stay asleep ( Yes : 1, No : 0 )

Hard to fall asleep ( Yes : 1, No : 0 )

Snoring ( Yes : 1, No : 0 )

VAS score on tinnitus intensity ( 0, 10 )

VAS score on tinnitus annoyance ( 0, 10 )

Are daily noises inconfortable ? ( Yes : 1, No : 0 )

Jaw stiffness in the morning ( Frequency gradation )

Jaw clenching during the day ( Frequency gradation )

Facial pain or jaw pain ( Frequency gradation )

Facial or jaw muscle fatigue ( Frequency gradation )

Is powerful noise exposure painful ? ( Yes : 1, No : 0 )

Effect sizeP-value

Table 1, Sample characteristics 

Tinnitus lateralisation ( Bilateral : 0, Partly lateral : 0.5, Unilateral : 1 )

Tinnitus raises with loud noise ( Yes : 1, No : 0 )

Tinnitus raises with long noise exposure ( Yes : 1, No : 0 )

Gender ratio (W = 1; M = 0)

THI score ( 0 - 100 )

Age (years)

Hearing loss grade ( No : 0, Mild : 1, Medium : 2; Severe : 3 )

Tinnitus increases after naps ( Strongly : 1, Mildly : 0.5, No : 0 )

Masked by noisy environment ? ( Yes : 1, No : 0 )

Masked by white noise ? ( Yes : 1, No : 0 )

Have used or are using hearing aids ( Yes : 1, No : 0 )
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To the best of our ability, gender, age, tinnitus intrusiveness measured by the THI 150 

and self-declared hearing loss grade were matched between groups. The etiological char- 151 

acteristics of each arm is presented in Table 1.  152 

All patients gave their informed consent to participate to the present clinical trial, 153 

which received approval from the ethical committee on insomnia and artificial intelli- 154 

gence (CPP Idf2 2018 A01034-51).  155 

One subject manifested the desire to go deeper in the exploration of his sleep, and 156 

volunteered to perform six additional nights of polysomnographic measurements. The 157 

longitudinal exploration of this subject sleep and associated tinnitus modulation is pre- 158 

sented as a case report in Appendix A.   159 

2.2. Clinical assessment : 160 

2.2.1. Anamnesis case report form: 161 

The participants of both arms completed an exhaustive Case Report Form (CRF). 162 

This CRF included questions over tinnitus modulations over time, its somatosensory 163 

modulations, history of comorbidities and associated pain symptoms (jaw, cervical area 164 

and headaches). It also contained screening questions on sleep disorders and how tinni- 165 

tus was modulated by night sleep and naps. Last, this CRF included as well the Tinnitus 166 

Handicap Inventory (THI). The THI is a 25-item questionnaire yielding a score between 167 

0 and 100 classically used in tinnitus clinical studies to assess the impact of tinnitus on 168 

quality of life [53]. The main clinical characteristics of both samples are presented in Ta- 169 

ble 1. 170 

 171 

2.2.2. Overnight tinnitus variation assessment: 172 

All participants filled two short questionnaires the night of their polysomnographic 173 

recording before going to bed and shortly after awakening. These two questionnaires 174 

assessed tinnitus loudness and its associated intrusiveness using a visual analog scale 175 

(respectively VAS-L and VAS-I), as well as the measures of the Minimum Masking Lev- 176 

els (MML) of their tinnitus. MML was assessed with a MP3 device (Portable HD audio 177 

player, HIFI WALKER HX) and intra-auricular AGPTEK sleep headphones. The mask- 178 

ing stimulation was a broadband white noise (20 Hz to 10 kHz). MML procedure start- 179 

ing without any stimulation and then rising progressively the masking stimulation in- 180 

tensity up to the level tinnitus was masked. The exact direction given to the participants 181 

was : “stop at the volume where you cannot discriminate your tinnitus perception from 182 

the sound stimulus, without actively focusing to do so”. This procedure for MML assess- 183 

ment was performed and reported three consecutive times in order to ensure stability of 184 

the measurement. 185 

In addition to these questionnaires, the morning short questionnaire included a 186 

sleep agenda set of questions. Patient were asked to estimate the time of sleep onset and 187 

awakening as well as whether during the night there were nocturnal awakenings or any 188 

other noteworthy events.  189 

 190 

2.2.3. Polysomnography recording: 191 

Polysomnographic recordings were performed using two Nox A1 devices (Resmed, 192 

San Diego, California, United-States). The sampling rates of the two devices were 200 Hz 193 

and 250 Hz. EEG channels were positioned as usual at  scalp locations F3, F4, C3, C4, O1, 194 

O2, M1, M2 according to the 10-20 system for electroencephalography (EEG) positioning 195 

[54]. Two EOG channels were positioned diagonally: one externally above one eye and 196 

the other externally under the other eye.  as well as three EMG sensors, two placed on 197 

the right and left suprahyoid muscles and one on the chin as reference. 198 
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All EEG, EMG and EOG electrodes were gold cup electrodes filled with conductive 199 

paste (Weaver and Company - Ten20 Conductive Neurodiagnostic, Aurora, Colorado, 200 

United States). Epiderm was initially cleaned with alcoholic solution (Alcohol 70% vol.) 201 

and then dried before conductive paste application and electrode positioning. Electrodes 202 

were held in place using adhesive conductive cream (Natus Genuine Grass EC2 elec- 203 

trode cream, Middleton, Wisconsin, United States) on the top and adhesive band (Möln- 204 

lycke - Mefix - Self-adhesive fabric Gothenburg, Sweden). 205 

Two ECG sensors were placed in left arm/right leg positions. Single-use humid 206 

electrodes were used as reference (on the forehead) and for ECG measurement (Med- 207 

tronics - Kendall - hydrogel ECG electrodes H92SG, Watford, United Kingdom). 208 

The Nox A1 units are equipped with additional sensors: accelerometers in the 3 209 

dimensions, activity measurement, angular position of the device, dB audio measure- 210 

ment. 211 

Sleep apnea was assessed by means of two plethysmography belts on the thorax 212 

and abdominal regions. Furthermore, oximetry and pulse were measured continuously 213 

by NONIN 3150 bluetooth oximeter (Nonin: Plymouth, Minnesota, United States) and 214 

nasal airflow was measured by a nasal cannula connected to the pressure sensor of the 215 

polysomnographic NOX A1 device.  216 

2.3. Analyses : 217 

2.3.1. Polysomnography scoring: 218 

Polysomnographic recordings were scored for sleep stages and sleep apnea follow- 219 

ing the ASSM recommendations by two experimented PSG technologists. For bruxism 220 

scoring, automatic scoring was first performed with the Tinnitus-n-sleep toolbox 221 

(https://github.com/lkorczowski/Tinnitus-n-Sleep) and then reviewed manually. This 222 

toolbox enables to automatically label EMG jaw muscles signals for EMG bursts and 223 

scores bruxism events accordingly, following the recommendations given in [55,56]. This 224 

task was performed while rejecting artifacts provoked by body movements (measured 225 

by the accelerometer embedded on the NOX A1), and faulty electrode contact with the 226 

skin (measured by electrode impedance).  It is important to acknowledge that due to the 227 

Covid-19 pandemic, the use of a nasal cannula was not always possible. During this 228 

event, sleep apnea was not assessed, resulting in a restricted sample size for the analysis 229 

of this syndrome. 230 

 231 

2.3.2. Statistical analyses: 232 

Data were centralized on a common anonymized CSV (Comma Separated Value) 233 

file and analyzed using Python and Scipy library [57]. The Mann-Whitney U test and 234 

Cohen D effect size were used to compare samples between groups. Spearman correla- 235 

tion tests were performed for each group between these sleep characteristics that exhib- 236 

ited significant differences between groups and overnight variation of tinnitus measured 237 

by MML, VAS-L and VAS-I scales. 238 

3. Results 239 

3.1. Etiological group comparison : 240 

Although the groups were matched by age, gender, self-declared hearing loss grade 241 

and tinnitus impact over one’s quality of life, as measured by the THI, differences were 242 

identified between groups on several CRF items, as presented in Table 1. The identified 243 

differences between groups were: 244 

• The proportion of patients experiencing rises of tinnitus after naps was significantly 245 

higher in the SIT group as compared to the control group (p < 0.01) 246 

https://github.com/lkorczowski/Tinnitus-n-Sleep
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• The proportion of patients complaining of neck stiffness and/or lack of cervical mo- 247 

bility was significantly lower in the SIT group as compared to the control group (p < 248 

0.01) 249 

• The proportion of patients experiencing rises of tinnitus after loud noise exposition 250 

was significantly lower in the SIT group as compared to the control group (p < 0.05) 251 

Also, according to our expectations, overnight absolute variations of tinnitus level, 252 

measured by MML and VAS-L and VAS-I scales, were all three significantly higher in the 253 

SIT group compared to the matched sleep-stable tinnitus control group (p < 0.05 for MML 254 

and VAS-I, p < 0.01 for VAS-L), as highlighted in Figure 1. 255 

 256 

 257 

 258 

 259 

 260 

 261 

 262 

 263 

 264 

 265 

 266 

 267 

Figure 1: Comparison of absolute overnight tinnitus variation between groups, MML: Minimum Masking Level, VAS-L: Visual 268 

analog scale on tinnitus loudness, VAS-I : Visual analog scale on tinnitus intrusiveness 269 

 270 

During clinical interactions with SIT patients, at least one third of them spontane- 271 

ously reported a noteworthy phenomenon: whenever they woke up early in the morning 272 

with a low or absent tinnitus, if by chance they went back to sleep even for a short period 273 

of time after this first awakening, then their tinnitus would almost systematically increase 274 

upon their second awakening. None of the patients in the control group reported such 275 

phenomenon. 276 

 277 

3.2. Sleep characteristics group comparison : 278 

 Among the control group, one subject underwent the complete one-night poly- 279 

somnography procedure, yet slept less than three hours. Consequently, this subject’s 280 

recording was excluded for the analyses. Due to the covid-19 pandemic sanitary prerog- 281 

atives, air flow cannulas could not be used for five recordings (two of the SIT group and 282 

three of the control group). As a consequence, for the group comparison over sleep ap- 283 

nea criterion, these recordings were excluded from analyses. 284 

 Polysomnographic sleep characteristics of the SIT group and the control group are 285 

presented in Table 2. Significant differences in percentages of total sleep time of N2 stage 286 

(SIT: 53.87 ± 10.79, Control: 44.74 ± 6.5, p < 0.05, Cohen D: 0.98), N3 stage (SIT: 22.93 ± 287 

10.97, Control: 28.52 ± 5.88, p < 0.01, Cohen D: 0.61) and REM stage (SIT: 15.93 ± 5.84, 288 

Control: 21.08 ± 4.66, p < 0.05, Cohen D: 0.94) were identified between the SIT group and 289 

the control group. Similarly, significant differences between sleep duration (in min) of 290 

N3 stage (SIT: 86,45 ± 35,18, Control: 114.89 ± 22.8, p < 0.01, Cohen D: 0.92) and REM 291 

stage (SIT: 62.13 ± 25.46, Control: 87.18 ± 26.5, p < 0.05, Cohen D: 0.93) were identified 292 

between the SIT group and the control group. 293 

A overall view of the group differences is displayed graphically in Figure 2. 294 
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 297 

 298 

 299 

 300 

 301 

 302 

 303 

 304 

 305 

 306 

 307 

 308 

 309 

 310 

 311 

 312 

 313 

 314 

 315 

 316 

 317 

 318 

 319 

 320 

 321 

 322 

% TST Duration (min) % TST Duration (min) For % TST Duration (min) For % TST Duration (min)

7.2  (2.79) 27.55  (9.71) 5.68  (2.74) 22.05  (7.85) 0.13 0.1 0.53 0.6

 53.87  (10.79) 209.04  (53.31) 44.74  (6.5) 184.34  (44.87) 0.01* 0.2 0.98

22.93  (10.97) 86.45  (35.18) 28.52  (5.88) 114.89  (22.8) < 0.01** < 0.01** -0.61 -0.92

15.93  (5.84) 62.13  (25.46) 21.08  (4.66) 87.18  (26.5) 0.04* 0.04* -0.94 -0.93

20.23  (15.45) 74.75  (54.26) 19.08  (19.19) 72.46  (72.29) 0.66 0.65

45.33  (33.81) 185.18  (149.91) 30.86  (24.89) 127.4  (105.41) 0.25 0.37

48.47  (31.79) 178.9  (114.28) 56.29  (27.42) 223.7  (108.22) 0.53 0.31

4.46  (8.82) 18.61  (36.32) 10.43  (18.07) 45.95  (81.85) 0.16 0.15

0.93  (0.39)Mixed Bruxism (number of episodes per hour)

3.02  (1.81)

0.77  (0.44)

Supine position (%, min)

Lateral position (%, min)

Apnea Hypopnea Index (AHI) 14.19  (10.58) 14.0  (10.1) 0.91

Tonic Bruxism (number of episodes per hour) 4.53  (2.17) 0.06 -0.733

0.31

13.37  (8.71)

P-value Effect size

0.23

0.6

0.33

0.66

0.14

0.61

0.79

-0.571

68.79  (38.72)

18.45  (16.83)

118.68  (54.67)

15.85  (5.29)

1.88  (0.85)

On-Off tinnitus (N=15)

Total Bruxism (number of episodes per hour)

Phasic Bruxism (number of episodes per hour)

Oxygen Desaturation Index (ODI)

Mean  (Std)

385.63  (46.37)

59.31  (35.32)

16.13  (18.71)

120.87  (44.89)

13.05  (4.14)

1.72  (0.69)

12.77  (10.16)

Control (N =14)

Table 2, Sleep characteristics comparison

N2 sleep (%, min)

Snoring (%, min)

Total sleep time (TST, in min)

Sleep latency (min)

Wake time after sleep onset (WASO, in min)

N3 sleep (%, min)

REM sleep (%, min)

Mean  (Std)

408.35  (61.11)

Abbreviations : Std : standard deviation, REM : Rapid Eye Movement, TST : total sleep time

Prone position (%, min)

REM sleep latency (min)

N1 sleep (%, min)
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Figure 2 : General overview of sleep characteristics main difference between SIT group and matched control group. Tinnitus dy- 323 

namic display figure extracted with authorization from [50]. *: p <  0.05, ** : p < 0.01  324 

3.3. Correlations between tinnitus modulation and sleep characteristics : 325 

 Correlation tests were performed between N2, N3 and REM sleep stages percent- 326 

ages of total sleep time and duration (in min) and overnight tinnitus variation measured 327 

by MML, VAS-L and VAS-I. Significative correlations were found only in the SIT group 328 

between REM sleep duration and overnight MML (p < 0.05) and VAS-L (p < 0.05) varia- 329 

tion. These correlations are displayed in Figure 3. A similar significant correlation was 330 

found between REM stage percentage of total sleep time and overnight VAS-L variation 331 

(p < 0.05) for the longitudinal case report presented as Supplementary Material. A signif- 332 

icant correlation was also found between the THI scores and the REM sleep duration (in 333 

min) in the SIT group (p < 0.05). 334 

 335 

 336 

 337 

 338 

 339 

 340 

 341 

Figure 3 – Anticorrelations between REM sleep duration (in min) and overnight tinnitus variations measured by Minimum 342 

Masking Level (MML), Visual Analog Scales on Tinnitus Loudness (VAS-L) and Intrusiveness (VAS-I) 343 

4. Discussion 344 

This study aimed at understanding the sleep characteristics of a specific subgroup of 345 

tinnitus patients presenting important sleep-driven modulations of their tinnitus percept, 346 

referred to as SIT patients. It had been repeatedly reported that tinnitus patients are often 347 

sleep deprived and/or suffer from impaired quality of sleep [13–15,17,29]. These studies 348 

have analyzed heterogeneous samples of the tinnitus population, neglecting de facto its 349 

reported intrinsic heterogeneity [44,58,59]. To the best of the authors’ knowledge, the pre- 350 

sent study is the first to analyze the interactions between sleep and tinnitus in two homo- 351 

geneous subgroups of tinnitus patients matched for gender, age, tinnitus intrusiveness 352 

and self-declared hearing loss grade. 353 

In the present study 15 SIT patients and 15 matched sleep-stable tinnitus control pa- 354 

tients participated to a one-night polysomnography assessment. Comparative analyses of 355 

the sleep characteristics of each groups confirmed specificities in the sleep characteristics 356 

of SIT patients. The latter exhibited deteriorated sleep compared to controls as they pre- 357 

sented more N2 stage (light sleep), less N3 stage (deep sleep) and less REM stage sleep. 358 

On the other hand, no significative differences were found between groups for sleep la- 359 

tency or wake time after sleep onset. This tends to highlight that the differences between 360 

groups does not seem to be linked to an underlying difference in sleep quantity, but to 361 

sleep quality. Moreover, as no significative differences were identified between groups 362 

for sleep apnea (measured by Apnea-Hypopnea Index and Oxygen Desaturation Index), 363 

this comorbidity does not seem to account for the SIT specificities. Besides, it is important 364 

to mention that although not significative, a difference between groups on sleep bruxism 365 
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was highlighted, with a medium Cohen-D effect size. However, this difference high- 366 

lighted that SIT patients had actually less sleep bruxism episodes per hour as compared 367 

to controls. One possible explanation could be that SIT patients experience more intense 368 

Temporo-Mandibular Joint (TMJ) and/or facial pain than patients from the control group. 369 

In fact, in their study, Rompré and al showed that such pain is associated with lower fre- 370 

quencies of orofacial activities [60]. In the present study, this hypothesis seems to be com- 371 

forted by the fact that etiological items group comparison shows that SIT group experi- 372 

enced slightly more facial and/or TMJ pain compared to controls (yet not significative), 373 

and more TMJ muscle fatigue (p = 0.08, medium effect size of 0,63). Future research at a 374 

larger scale should test this hypothesis further. 375 

4.1. REM sleep seems to be specifically implicated in SIT sleep-driven modulations : 376 

 377 

Before starting this prospective study, A.L. and R.G. collected over the years poly- 378 

somnography reports of several SIT patients that spontaneously performed such assess- 379 

ment to try to understand why their tinnitus was influenced by their sleep. These prelim- 380 

inaries aggregation of sleep reports (not published) pointed to an impairment of REM 381 

sleep. 382 

The present study confirmed that this specific tinnitus subgroup had less REM sleep 383 

proportion and duration (p < 0.05) than matched controls. It is important to mention that 384 

according to Ohayon and al [61], for a healthy sample of the population of mean age 50 385 

years old, REM sleep proportion of total sleep time should be around 20%. Yet, the SIT 386 

sample of the present study had 15,9% of REM sleep, which appears sensibly lower. In 387 

comparison, the control group had a normal 21% of REM-sleep on average. 388 

It is also important to mention that two past publications on polysomnographic anal- 389 

yses on tinnitus patients [25,27] found congruent findings that REM sleep appeared quan- 390 

titatively deteriorated in the tinnitus population compared to healthy controls, although 391 

these authors did not select specifically SIT patients, nor reported their representative pro- 392 

portion in their samples.  393 

Another interesting finding is the correlation observed between the duration of REM 394 

sleep during the polysomnographic assessment and the variation of tinnitus overnight, 395 

measured by MML and VAS-L in the SIT group. Likewise, the same significative correla- 396 

tion was found across seven nights in the same subject in the longitudinal case report 397 

presented in Appendix A. It is interesting to note that such correlation was found for 398 

measurements accounting for psychoacoustics characteristics of the tinnitus percept only 399 

and not for the VAS-I, which is accounting for intrusiveness and hence the psychological 400 

reaction to the percept.   401 

However, the additional fact that a significative correlation was found between THI 402 

scores of SIT patients and their REM sleep duration is puzzling and harder to interpret. In 403 

fact, by its definition, people affected by SIT have very different experiences depending 404 

on days (both perceptually and emotionally), and yet the THI asks general questions, 405 

which are addressing tinnitus “on the average of time”. This questionnaire is hence prob- 406 

ably not fit to account for the tinnitus inter-day variability of this specific tinnitus sub- 407 

group. One could hypothesize that SIT patients answer the THI questionnaire picturing 408 

themselves on days where their tinnitus is present and bothers them. Taking this hypoth- 409 

esis as granted, the observed correlation could then suggest that the more REM sleep is 410 

deteriorated in SIT patients, the more tinnitus impacts the quality of life of these patients 411 

on loud tinnitus days. 412 

The observed correlation between THI scores and REM duration in the SIT group is 413 

quite similar to the recently reported significant correlation between Tinnitus Functional 414 

Index (TFI) scores and REM sleep duration and proportion in total sleep time in Post- 415 

Traumatic Stress Disorder (PTSD) patients experiencing tinnitus [30]. This correlation is 416 

all the more interesting considering the parallels that can be drawn between PTSD and 417 

tinnitus. The co-prevalence and associations between tinnitus and PTSD is notorious 418 
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[30,62–64]. Additionally, it is noteworthy that most tinnitus patients maintain a precise 419 

memory of the moment they first experienced their tinnitus, which can be thus assimilated 420 

to a traumatic and stressful event. This could explain why treatments like Eye Movement 421 

Desensitization and Reprocessing (EMDR) therapy have been suggested repeatedly as a 422 

potential good approach to help tinnitus patients [65,66]. Two reviews on EMDR can be 423 

found here : [67,68].  Although PTSD relation to REM sleep polysomnographic character- 424 

ization yields conflicting results, recent findings in human sleep and, above all, rodents 425 

sleep identified that REM sleep could be somehow maladaptive in PTSD cases, with ab- 426 

normal levels of noradrenaline during sleep and early after awakening, resulting in ab- 427 

normally elevated locus coeruleus firing during REM sleep [69]. It is currently postulated 428 

that locus coeruleus firing during REM sleep impedes the loosening of the emotional 429 

schema associated with the traumatic memory [70]. Whether or not the SIT patients have 430 

similar pathophysiological responses as PTSD patients remains an open question for fu- 431 

ture research as the CRF in the present study has not explored the psychological charac- 432 

teristics of the sample. It could also be interesting to test EMDR procedures on this specific 433 

population to see if it proves specifically effective. 434 

The correlation between impairment of REM sleep and SIT modulation poses the 435 

question of any causal relationship.  436 

Indeed, some studies have suggested that REM sleep could be impaired in healthy 437 

individuals exposed to continuous noise during their sleep [71–73]. In the SIT population, 438 

the onset of tinnitus during the night could damage REM sleep similarly to such continu- 439 

ous noise.  440 

Conversely, the present results could suggest that REM impairment could cause the 441 

modulation of tinnitus. Such hypothesis is undermined by two other observations. In fact, 442 

the SIT group reports significantly more frequent tinnitus nap modulations as compared 443 

to the control group. Still, REM sleep is uncommon during naps, except during morning 444 

naps [74,75] or at the end of long afternoon naps of more than 45 min duration [76]. How- 445 

ever, SIT patients report rises of their tinnitus even after short duration naps, and anytime 446 

in the day. Another important point is that after nights SIT patients displayed important 447 

rises or decreases of their tinnitus, whereas after naps or after morning sleep prolongations, 448 

they only report rises. Somehow, it seems there is a dissymmetry in the way sleep interacts 449 

with tinnitus during nights and during naps, and suggests a potential circadian role. Such 450 

clinical observations from aggregated case reports need to be confirmed by prospective 451 

rigorous measurements. Yet, if proven right, it could be thus deduced that tinnitus sleep 452 

intermittent modulations can happen without occurrence of REM sleep, during naps.  453 

Besides, an underlying root pathophysiological phenomenon could both modulate 454 

tinnitus and impair REM sleep explaining this correlation. Such phenomenon would also 455 

occur during naps’ sleep and provoke in these cases only rises of the tinnitus percept. Such 456 

putative pathophysiological mechanism could be facial muscle atonia modulations (neck 457 

and or jaw potentially linked to sleep position), sleep apnea or sleep bruxism, and also 458 

more interestingly REM middle-ear muscle activity (MEMA) of the Tensor tympani 459 

and/or Tensor Veli Palatini reported by [77–80]. 460 

4.2. Merits : 461 

The present study has the merit to be the first to the authors’ knowledge to take 462 

into account tinnitus intrinsic heterogeneity for the exploration of polysomnographic 463 

characteristics of the tinnitus population. It is also the first to have objectivized through 464 

polysomnography assessment the sleep characteristics of tinnitus patients reporting im- 465 

portant sleep-driven modulation of their tinnitus, referred here as SIT patients. Another 466 

merit compared to past studies of the domain is that the present study reported pre- 467 

cisely both the etiological characteristics of each recruited groups while also presenting 468 

not only their polysomnographic characteristics but also their sleep apnea and bruxism 469 

assessments.  470 
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4.3. Limits : 471 

A first limitation of this study is its small sample size. It proved difficult to recruit 472 

SIT patients in the time span of the study, above all, because the study was monocentric. 473 

It seems the target subgroup of tinnitus patient represents only a small minority of tinnitus 474 

patients. This first limitation induced another one: due to the small sample sizes in this 475 

study, statistical rigorous and conservative corrections (as for instance, Bonferroni correc- 476 

tion) could not be applied to account for the multiple tests performed in the analyses. 477 

Hence, only limited credit can be given to the conclusion of the present study and its sta- 478 

tistical methodology. Future research should definitely try to reproduce the present work 479 

independently to try to confirm its results.  480 

The fact that polysomnography was only assessed during one night without a pre- 481 

liminary habituation night was another limitation to this study. As a potential conse- 482 

quence, one control group subject slept less than three hours and his/her night had to be 483 

excluded.  484 

Moreover, SIT patients describe diverging variations of their tinnitus across nights, 485 

only one of them being sampled in this study. Although an important variance of over- 486 

night tinnitus percept variation was captured in this study, it appears valuable in such 487 

circumstances to perform longitudinal measurements of each patient. The longitudinal 488 

measurement of one patient presented in case report in Appendix A is a first step in this 489 

direction. Future research should try to generalize these longitudinal observations to the 490 

totality of their cohorts.  491 

Another methodological limitation lies in the measurement of overnight tinnitus var- 492 

iation. In fact, by measuring only MML, VAS-L and VAS-I at only two time points, once 493 

before and once after the polysomnographic recording, one cannot know if the observed 494 

variation was important or a small one relatively to the subject daily experience of tinnitus 495 

variations. It would bring additional value to track in each subject the variation of their 496 

tinnitus percept over several days to have insight on their individual tinnitus variance and 497 

dynamic. Such individual longitudinal normalization would provide more validity to 498 

group correlations and effect size computations between physiological objective assess- 499 

ments and such overnight tinnitus variation measurements. 500 

Likewise, in this study, groups were only matched on self-reported hearing loss 501 

grade. Such subjective criteria could be advantageously replaced in future research by 502 

objective audiological assessments such as at least an audiogram and perhaps more elab- 503 

orated hearing tests.  504 

4.4. Suggestions for future research: 505 

In addition to previously mentioned suggestions for future research, it should be ad- 506 

vised for future studies to define more objective selection criteria to discriminate SIT pa- 507 

tients. Defining a threshold on the degree of variability of tinnitus loudness across several 508 

morning and evening measurements of MML or VAS-L appears a good approach to de- 509 

fine such a discriminative criterion. 510 

Another suggestion in order to better understand the underlying pathophysiological 511 

mechanism provoking these sleep Intermittent variations would be to switch from a night 512 

polysomnography paradigm to a short nap observation paradigm. In fact, as it could be 513 

observed in the etiological analyses, the prevalence of nap-related modulations of tinnitus 514 

in the SIT population is striking. A protocol following a similar design yet organized for 515 

naps would enable to narrow down more effectively the key mechanisms at play behind 516 

these modulations. Such short naps (15 min or less) would constitute a more focal ap- 517 

proach to enable better control over adverse events and biases compared to 7 or 8 hours 518 

night sleep recordings. 519 
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Similarly, following the latter discussion that a potential root pathophysiological 520 

mechanism modulating tinnitus affect both REM sleep and naps sleep, in such a nap con- 521 

dition new protocol, it could be interesting to multiply objective physiological and func- 522 

tional measurements before, during and after each nap.  523 

5. Conclusions 524 

The present study presented for the first time the specific sleep characteristics of pa- 525 

tients exhibiting important sleep-driven modulations of their tinnitus, referred here as SIT 526 

patients, compared to matched controls. It shows that while there are not differences in 527 

sleep quantity, nor in sleep apnea syndrome prevalence between groups, the SIT group’s 528 

sleep appeared more deteriorated than the sleep of the matched control group. REM sleep 529 

deterioration potentially plays an important role in these modulations as suggested by 530 

several observed correlations. Future research should further investigate these modula- 531 

tions on larger cohorts and in more longitudinal modalities to confirm these preliminary 532 

results. 533 
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 760 
  761 
 762 

Appendix A : Longitudinal 7 days polysomnography assess- 763 

ment of an sleep intermittent tinnitus patient – a case report  764 

 765 

1. Subject presentation : 766 

 767 

This appendix presents a case report of seven nights longitudinal polysomnographic recordings of a 50-years-old 768 

1,78m man reporting sleep Intermittent tinnitus (SIT). The subject had started presenting sleep Intermittent modulations 769 

of tinnitus six month before his first polysomnographic participation. He presented a right unilateral high pitch (around 770 

10 kHz) tinnitus that was continuous when present and yet that could totally disappear upon awakening and stay 771 

absent until a subsequent sleep occurrence. He described pseudo-cyclic though random alternances of 2 to 4 days “on” 772 

and “off” periods of tinnitus. The subject presented notable retrognathism without temporo-mandibular nor headache 773 

complaint. According to his description, tinnitus could also sometimes rise after lunch spontaneously during the post- 774 

prandial period. He presented only slight somatosensory modulations of his tinnitus as he described being able to re- 775 

duce the tinnitus when advancing slightly the jaw. No other maneuver of the jaw or neck elicited any change in his 776 

tinnitus percept. The patient described important rises of his tinnitus after short naps, notably in the evening while his 777 
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television remained on. He described his tinnitus as very bothersome in the first months after its onset and was pre- 778 

scribed 10 mg of mianserin per day to cope with his tinnitus. This treatment gradually helped him, yet without success- 779 

fully suppressing tinnitus. When he applied to participate to the present study, his treatment was stable for more than 780 

three month and his THI score was of 36. The patient’s audiogram was normal for both ears, with a slight hearing loss 781 

on 8 kHz on both ears.  782 

 783 

2. Polysomnographic recordings and methodology : 784 

 785 

The subject participated to the present clinical study and subsequently manifested the will to participate to further 786 

longitudinal explorations of his sleep, in order to understand better why his tinnitus was such drastically influenced by 787 

sleep. He thus participated to two additional nights of polysomnography at the hospital in the same experimental con- 788 

ditions as the study. He was then lent one Nox A1 and all necessary material to continue polysomnographic measure- 789 

ments at home. He was advised how to minimally install the material by himself to perform the polysomnographic 790 

recordings in autonomy. Consequently, for his recordings at home, C3, C4, O1 and O2 electrodes were not recorded, he 791 

didn’t use air-flow cannula for these recordings either. Five recordings were performed by the patient in autonomy 792 

with this setup. 793 

 Out of the eight recordings cumulated, seven were exploitable (a battery issue occurred in one of them) and were 794 

analyzed following the same methodology as in the observational group study. To score recordings when C3, C4, O1 795 

and O2 were not available, the experimenters used bipolar channels F3-M2 and F4-M1 to assess sleep stages. 796 

The subject did not record his MML levels during his polysomnographic recordings at home and hence only re- 797 

ported VAS-L and VAS-I measurements before and after each recording. In his opinion, VAS-L and VAS-I measure- 798 

ments were always identifiable and scored them always equally. 799 

To try to evaluate the potential link between sleep characteristics and the overnight modulation of tinnitus, spear- 800 

man correlation tests were performed. 801 

 802 

3. Results : 803 

 804 

The sleep characteristics of the seven exploitable recordings are presented in Table A1. As can be seen, one night 805 

with consequent rise of tinnitus was recorded (night 2), as well with 2 nights where tinnitus disappeared at the end 806 

(nights 4 and 5) and 4 nights where the loudness of tinnitus remained approximately the same. It could yet be pointed 807 

out that situations are maybe dissimilar between night 3 where tinnitus was absent before and after, and in night 6 808 

where it was present with loudness scored 3 on the VAS-L before and after the night. 809 

It was observed an important variability in almost all sleep characteristics. While testing for correlations between 810 

sleep characteristics and overnight VAS-L variation, overnight VAS-L variation displayed a significative correlation 811 

with REM sleep percentage of total sleep time (anticorrelation, p < 0.05, illustrated in Figure A1) and with percentage 812 

of snoring (correlation, p < 0.05).  813 

 814 

 815 

 816 

 817 

 818 

 819 

 820 

 821 

 822 

 823 

 824 

 825 

 826 

 827 

 828 

VAS-L Evening VAS-L Morning TST WASO Sleep latency REM Latency %N1 %N2 %N3 %REM %Snoring %Supine
2 1 421 8,3 5,3 71,5 4,9 38,8 32,7 23,6 10,7 97,4

1 5 514,5 21,2 6,6 80 11 54,8 14,9 19,3 17,5 94,2

0 0 423 22,6 7,7 70,7 6,4 39,4 38 16,2 6,1 78,9

3 0 358 22,5 2,4 44,4 6 39 23,3 31,7 2,8 72,8

4 0 464 27 8 70 5,6 37,4 29,3 27,7 3,6 75,9

 3 3 339 7,2 15,9 96,9 5,7 29,6 40,6 24 30,1 82,7

0 1 297 2,9 2,4 91,4 3,5 32,3 55,4 8,8 30,6 75,6

Table A1, Longitudinal sleep characteristics 

Night 6

Night 1

Night 3

Night 2

Night 7

Abbreviations : TST : total sleep time, WASO : wake time after sleep onset

Night 4

Night 5
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 841 

 842 

 843 

 844 

 845 

 846 

 847 

 848 

 849 

 850 

Figure A1 : Anticorrelation between REM sleep percentage of total sleep time and overnight VAS-L variation, TST : total sleep 851 

time. 852 

4. Discussion : 853 

 854 

The present case report displays the longitudinal evolution of tinnitus across days in a patient identified to have 855 

SIT. As it could be observed, on 5 out of the 14 VAS-L measurements occasions, tinnitus was completely absent. On the 856 

other hand, when present, tinnitus loudness was scored by the subject between 1 and 5. The subject described that 857 

historically, his tinnitus could go louder than during the present recordings.  858 

Polysomnographic characteristics of the patient revealed important (yet potentially normal) variability. Correla- 859 

tions were identified between the overnight tinnitus loudness variation measured by the VAS-L and the REM-sleep 860 

percentage of total sleep time. This result matches the similar anti-correlation observed over the whole group of SIT 861 

patients and is comforting the hypothesis that REM sleep may play a role in the observed tinnitus loudness variation. 862 

On the contrary, the observed correlation between percentage of time snoring and overnight VAS-L variation has not 863 

been found for the group analysis. 864 

Such longitudinal measurements appear all the more essential to carry out knowing the day-to-day variability of 865 

this specific type of tinnitus described by patients.  866 

 867 

 868 


