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ORIGINAL ARTICLE

Profiling intermittent tinnitus: a retrospective review

Elouise A Koopsa,b, Fatima T Husainc,d and Pim van Dijka,b

aDepartment of Otorhinolaryngology, University of Groningen, University Medical Center Groningen, Groningen, Netherlands; bGraduate School
of Medical Sciences, Cognitive Neurosciences Center, University of Groningen, Groningen, Netherlands; cDepartment of Speech and Hearing
Science, University of Illinois at Urbana-Champaign, Champaign, IL, USA; dBeckman Institute of Advanced Science and Technology, University
of Illinois at Urbana-Champaign, Champaign, IL, USA

ABSTRACT
Objective: We conducted a retrospective review of medical records of tinnitus patients at a tertiary
ENT clinic in Groningen, Netherlands. Our goal was to identify factors that differentiated the intermittent
subgroup from the larger continuous group with chronic tinnitus.
Design: Tinnitus-related factors such as hearing loss, emotional aspects, and demographics were used to
advance our understanding of the subgroups. We analysed the data using descriptive statistics and bino-
mial logistic regression, supplemented by random forests classification.
Study sample: Patients presenting with tinnitus visiting the tinnitus clinic. We examined 1575 medical
intake records obtained at a tertiary ENT hospital.
Results: Duration, total Tinnitus Handicap Inventory (THI), and THI Functional subscale scores differed
significantly between the two groups. Increasing age and higher THI Emotional subscale scores were
associated with an increased likelihood of intermittent tinnitus. Increases in duration, depressive scores
and THI Functional and Catastrophic subscale scores, decreased the likelihood of intermittent tinnitus.
Conclusions: Results from this study dissociate the factors affecting those with intermittent and those
with continuous tinnitus and point to potentially different mechanisms underlying the two conditions.
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Introduction

Tinnitus is the perception of sound in the absence of an external
source. It is a common and potentially debilitating condition.
Similar to epidemiological surveys in other countries, a recent
Dutch study estimated that the prevalence of tinnitus is 10% in
the general population, of which 60% report having mild to
moderate complaints and 40% have severe complaints (Maes
et al. 2013). When severe, tinnitus is related to a profound
reduction in the quality of life (Erlandsson and Hallberg 2000).
The aetiology of tinnitus is largely unknown. However, a major-
ity of tinnitus patients have some amount of hearing loss (Tan
et al. 2013). A key hypothesis is that tinnitus is caused by mal-
adaptive neural plasticity as a result of hearing loss (Shore,
Roberts, and Langguth 2016). Clinical evidence suggests that,
despite this common trait, tinnitus may not be homogeneous.
Instead, the umbrella term tinnitus includes several subgroups.
The neurophysiological underpinnings of these different types of
tinnitus are currently unknown. Tinnitus can be categorised as
continuous, intermittent or temporary. Both continuous and
intermittent tinnitus are chronic conditions, whereas an acute
episode of tinnitus that does not recur is considered to be tem-
porary (Henry et al. 2016). In intermittent tinnitus, periods of
presence and absence of the tinnitus alternate, and occur in a

more or less periodic fashion (Humphriss, Hall, and Baguley
2016; Oiticica and Bittar 2015). This contrasts with patients who
perceive tinnitus constantly.

Currently there is no established definition of intermittent tin-
nitus. Tinnitus tends to vary within an individual over the course
of a day or over several days. Differences in pitch, loudness, sound
quality and the bothersome nature of the sound are reported. In
contrast, those with intermittent tinnitus report that at times they
experience complete relief of their symptoms, i.e. that it is simply
not perceived or is absent for a certain period of time.

The prevalence of intermittent tinnitus is not well described
in the literature and estimates vary. A PubMed search [Search
keywords: intermittent tinnitus and prevalence] produced nine
English articles, of which three were about tinnitus as a symptom
of other disorders and two were related to comorbid effects or
interventions. Of the remaining five studies, one reported the
prevalence of tinnitus in children (Humphriss et al. 2016) and
the other four described adult populations. Of 100 veterans, 25%
reported intermittent tinnitus compared to 42% reporting con-
tinuous tinnitus (Henry et al. 2016). Another study from Brazil
reported that of individuals with tinnitus, 68% reported having
intermittent tinnitus and 32% reported having continuous tin-
nitus (Oiticica and Bittar 2015). A study conducted at a Nigerian
University Hospital showed that of the patients who reported
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tinnitus, 76% had intermittent tinnitus whereas 24% reported
having continuous tinnitus (Sogebi 2013). Despite the large pro-
portion of people with intermittent tinnitus, the characteristics of
this population are not well described.

The limited and variable information about intermittent tin-
nitus makes treating it a challenge. Further, this subtype may
offer a window into the possible mechanisms of tinnitus by the
contrasting periods of “on” and “off” tinnitus. Greater knowledge
of factors that mediate the switching on or off of the tinnitus
periods in individuals with intermittent tinnitus may allow us to
better understand the mechanisms that make tinnitus chronic.
This, in turn, will help us understand the risk factors influencing
the presence of tinnitus and potential protective factors present
during a period the tinnitus is off. The non-specificity of current
treatment methods is due to our incomplete understanding of
the neural mechanisms of tinnitus. Better understanding of the
risk factors associated with intermittent tinnitus and dissociating
it from continuous tinnitus may lead to better treatment options
for both groups.

The question about whether an individual’s tinnitus is inter-
mittent or continuous is routinely asked in clinics. In this study,
we investigated if there are consistent differences across the two
categories with regard to perceptual characteristics, e.g. the pres-
ence of tinnitus, and emotional responses, e.g. the bothersome-
ness of the tinnitus.

Records maintained at a tertiary Ear, Nose and Throat (ENT)
clinic in the northern Netherlands provided an excellent oppor-
tunity for investigating the intermittent subgroup and its distin-
guishing characteristics. At the University Medical Centre in
Groningen, a tinnitus-specific consultation is set up and patients
from all over the country attend the clinic. As a result, a large
database has been developed over the last 10 years that contains
a large array of tinnitus-related measurements, including a spe-
cific question on whether the tinnitus is continuous or intermit-
tent. It is unlikely that the patients included have temporary
tinnitus, due to the tertiary nature of the clinic and consequent
time that has elapsed between the first visit to a physician and
admittance to the tinnitus consultation. This database provided
us with robust means to study the prevalence of intermittent tin-
nitus within the larger tinnitus population and to investigate the
characteristics of this subgroup. Thus, the aim of the present
study was to investigate the prevalence rate of intermittent tin-
nitus and to identify the risk factors associated with intermittent
tinnitus compared to continuous tinnitus.

Materials and methods

A retrospective review was conducted on anonymized data col-
lected during the tinnitus consultation at the ENT department of
the University Medical Centre Groningen. Patients referred to
this consultation had visited other health professionals first and
needed a referral. In addition to this, they typically underwent a
wait time of 6–12weeks before being seen. The data were col-
lected in the period between 2007 and 2015. During this tertiary
consultation, medical information and data on physical and psy-
chological well-being were collected. Patients were asked to com-
plete several questionnaires during the initial visit. One of the
questions asked was: “Is your tinnitus continuous or inter-
mittent?” Patients who ticked the box “Intermittent” were classi-
fied as such in the database constructed for the purpose of this
study. Of the 1575 patients who attended, 161 reported having
symptoms of intermittent tinnitus while the remainder reported
continuous tinnitus.

Procedure

The data included in our review were scores on the Tinnitus
Handicap Inventory, scores on the Hospital Anxiety and
Depression Scale, age, sex and hearing thresholds of the patients
and the duration of their tinnitus. Patients with missing data on
any of the aforementioned variables were excluded from the ana-
lysis. This resulted in a total of 1189 records, with 139 cases of
intermittent tinnitus and 1050 cases of continuous tinnitus.

Statistical analysis

A Chi-Square test was performed to test the relationship between
intermittence and reported fluctuations in tinnitus loudness. This
was done to confirm that patients did not interpret intermittent
to mean moderate fluctuations in loudness, but instead tinnitus
the alternating between absent and present.

A two-sample Kolmogorov Smirnov test (MATLAB 2017b,
(The MathWorks)) was used to investigate if the outcome values
on the different variables originated from the same distribution
for the two groups. The Kolmogorov Smirnov test returns a “D”
statistic, a decision on the null-hypothesis (i.e. h-statistic) and a
p-value on which it based the decision on the null-hypothesis
that the data of the two groups were from the same continuous
distribution.

The variables tested were divided over two principal groups:
(a) factors relevant to the perception of the sound and epidemio-
logical factors: duration, age, and the High Pure Tone Average
index for the right and left ear separately, (b) factors related to
the psychological reaction: THI Total, THI Functional (THI-F),
Emotional (THI-E) and Catastrophic (THI-C) subscales, and
HADS Anxiety (HADS-A) and Depression (HADS-D) subscales.
The Kolmogorov Smirnov test does not provide information on
the direction of any potential group differences between the dis-
tributions of values on the aforementioned outcome values;
therefore, a regression model was used to examine any differen-
ces more carefully.

We used binary logistic regression to investigate if having
either intermittent or continuous tinnitus could be predicted
based on any of the variables included in the Kolmogorov
Smirnov test, along with the categorical variable of sex.
Bootstrapping was performed to estimate the sampling distribu-
tion of the regression coefficients. In order to run this regression
analysis, up-sampling was used to equate the uneven sample
sizes. Linear interpolation was conducted to generate new sam-
ples, while maintaining the range and standard deviation from
the original database.

We used the method of random forest to classify a composite
dataset generated by combining the original chronic-tinnitus and
the original intermittent-tinnitus datasets. “Random forest” is a
classification method that builds multiple uncorrelated decision
trees and corrects for over fitting of data while allowing for
unbalanced groups. The more votes a particular variable receives
from the individual decision trees in terms of parsing the dataset,
the greater its importance (see Supplementary Digital Content
for more information).

Results

Descriptive statistics

In both the intermittent and continuous group, there were slightly
more male than female patients (59% and 61% respectively), but
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this difference did not reach significance according to a Pearson
Chi-Square test of independence (v2(1)¼1.070, p¼ 0.3).

Perceptual and epidemiological factors

There was a statistically significant difference in the mean dur-
ation of tinnitus between the groups (p¼ 0.005 Independent-
Samples Median Test or p< 0.001 Mann–Whitney U). Patients
with intermittent tinnitus had on average a shorter duration
since onset of having tinnitus than the continuous group (see
Figure 1). The continuous group has greater frequency of dura-
tions over the modus of 6 years compared to the intermittent
group. There was no statistically significant difference in hear-
ing thresholds.

Psychological factors

A Pairwise Mann–Whitney test showed that the intermittent tin-
nitus group had lower THI scores then the continuous group
(p¼ 0.068) and lower HADS-D scores. However, HADS-A
(p¼ 0.761) and HADS-D (p¼ 0.083) scores did not differ signifi-
cantly. Disregarding the statistical significance, the mean differ-
ence on the HADS-D was not clinically relevant in any case, as
it was only 0.43 points on a 42-point scale. For the THI sub-
scales, a Mann-Whitney test showed that the difference between
the two groups was mainly due to the THI-F (p¼ 0.003), with a
difference of 3.2 points. There was no significant difference in
mean scores on the THI-C (p¼ 0.133) or THI-E (p¼ 0.923)
between the intermittent and continuous tinnitus groups; see
Table 1.

A Chi-Square test was performed to test the relationship
between intermittence and reported fluctuations in tinnitus loud-
ness. There was no association between intermittence and vari-
able loudness reports, Chi-Square (1)¼ 2.249, p¼ 0.134. Seventy-

one percent of patients in the continuous group reported varying
loudness of their tinnitus versus 77% in the intermittent group.
This makes it unlikely that intermittence was interpreted as var-
iations in loudness, especially since the majority of patients in
the continuous group reported fluctuations in loudness of their
tinnitus at similar rates to those in the intermittent group.

The Kolmogorov Smirnov test indicated if the data of the two
groups originated from the same population distribution. The
results of the Kolmogorov Smirnov test were positive for tinnitus
duration, total THI and THI-F (see Table 2), indicating that the
distributions of these factors were different for the two groups.

To further understand the contribution of the different factors
to the presence of intermittent and continuous tinnitus, we con-
ducted a binary logistic regression analysis. The variables
included in the logistic regression model were sex, age, duration,
high Fletcher index scores right, high Fletcher index scores left,
THI Functional scores, THI Emotional scores, THI catastrophic
scores, HADS Depression scores and HADS Anxiety scores. A
high Fletcher index score is the mean of the hearing thresholds
at 1, 2 and 4 kHz of one participant, a clinical measure com-
monly used in the Netherlands. The model was statistically sig-
nificant (v2(10)¼ 217.295, p< 0.0001). The model explained
13.5% (Nagelkerke R2) of the variance in tinnitus type and cor-
rectly classified 63% of cases. The variables age, duration, THI
subscale scores and HADS-D scores all contributed significantly
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Figure 1. Distribution of duration for the continuous and intermittent tin-
nitus group.

Table 1. Demographics, questionnaire scores and tinnitus characteristics of
patients in sample.

Continuous Tinnitus
(N¼ 1050)

Intermittent Tinnitus
(N¼ 139)

Age
Mean (SD) 53.7 (13) 55.9 (14)
Median
Range 16–89 18–85

Sex
Male (%) 652 (62%) 80 (58%)
Female (%) 398 (38%) 59 (42%)

Duration
Mean (SD) 6.9 (9) 4.5 (7)
Range 0–60 0–55

THI Score
Total score (SD) 42.1 (23) 38.6 (24)
Functional Subscale (SD) 23.3 (12) 20.1 (12)
Emotional Subscale (SD) 11.4 (8) 11.7 (9)
Catastrophic Subscale (SD) 7.5 (5) 6.9 (5)

HADS
Depression Subscale (SD) 9.5 (2) 9.1 (3)
Anxiety Subscale (SD) 12 (3) 11.9 (3)

High Fletcher Index
AD (SD) 27.0 (19) 27.9 (20)
AS (SD) 28.8 (20) 29.9 (22)

Table 2. Kolmogorov Smirnov test Decisions on Continuous and Intermittent
Tinnitus coming from the same continuous population distribution.

H p

Duration 1 <0.001�
THI_Total 1 0.0217�
THI_Functional 1 0.0025�
THI_Emotional 0 0.9859
THI_Catastrophic 0 0.2426
Age 0 0.3658
HADS dep 0 0.7034
HADS anx 0 0.8709
AD HF 0 0.9575
AS HF 0 0.9323

Kolmogorov Smirnov: H¼ 1 rejects H0 @ 0.05. H¼ 0 means that data comes
from same distribution. H¼ 1 means data do not come from same distribution.�significant difference found.
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to the model. Increase in age and in scores on THI-E were asso-
ciated with an increased likelihood of intermittent tinnitus.
Increases in duration, THI-F, and THI-C scores, and HADS-D
scores were associated with a reduction in the likelihood of hav-
ing intermittent tinnitus; see Table 3.

The random forest classification model was generated with
the original intermittent data set (i.e. without the up-sampling).
Classification accuracy and precision were 92% (see Figure 2).
The model accuracy describes the proportion of correct classifi-
cations overall, i.e. the total number of correct predictions over
the total number of observations. The model precision indicates
the correct number of positive predictions out of the total num-
ber of positive predictions, i.e. how many intermittent predic-
tions are correct from total number of intermittent predictions.
The final model also ranked the relative importance of the varia-
bles that contributed to this classification, with age being ranked
as the highest in terms of importance. The next four features
were high Fletcher index scores left and right, THI-E, THI-F,
and Duration; see Figure 3. Except for the high Fletcher index
scores, this echoed the findings from the logistic regres-
sion model.

Discussion

The main findings of our retrospective review were related to the
differences in distribution and the significance of the factors
affecting the intermittent and continuous tinnitus groups. The
distribution of duration of tinnitus but not the hearing thresh-
olds varied between the groups. The psychological reaction to
the tinnitus differed between the groups and scores on the total
THI and the THI-F differed significantly between the two

groups. Increased duration, higher scores on the THI-F and
THI-C and higher scores on the HADS-D were associated with a
reduction in the likelihood of having intermittent tinnitus. The
Random Forest model classified age, high Fletcher index, the
THI-E, THI-F, and duration as the variables that differentiated
best between continuous and intermittent tinnitus.

Prevalence of intermittent tinnitus

The prevalence of intermittent tinnitus in our sample was 10%.
Prevalence rates of intermittent tinnitus have varied considerably
in the reported literature. In a recent survey of the general popu-
lation in Sao Paulo, Brazil, of those with tinnitus 68% reported
intermittent tinnitus (defined as not being perceived daily), and
32% had continuous tinnitus (Oiticica and Bittar 2015). In the
young adult age group, 85% presented with intermittent tinnitus
compared to 59% in the older adult group, implying that inter-
mittent tinnitus is more common in younger adults. In contrast,
in a pilot study (Henry et al. 2016) the prevalence of intermittent
tinnitus was 25% compared to 42% reporting continuous tin-
nitus, with the remaining participants not reporting tinnitus. The
prevalence of intermittent tinnitus in our dataset is much lower
than that of other studies. It must be noted that our dataset is
based on a tertiary clinic and it might not be reflective of the
general population. If intermittent tinnitus is less bothersome,
for instance because it is infrequent, then a relatively small por-
tion of people with intermittent tinnitus will approach our clinic.

Factors affecting the likelihood of intermittent tinnitus

As has been noted in the literature, hearing loss occurs with tin-
nitus in about 90% of cases (e.g. Hazell and Jastreboff 1990). In
our study, hearing loss did not dissociate the two groups. Factors
associated with intermittent rather than continuous tinnitus were
a lower score on the THI-F, and a shorter duration of tinnitus.
Based on the distribution of Figure 1, duration of tinnitus mainly
differentiates between the intermittent and the continuous group
if the tinnitus duration is long (i.e. >6 years). A surprising find-
ing is that there was no difference between groups in scores on
the emotional subscale of the THI. It appears that having inter-
mittent tinnitus is as emotionally disruptive as having continuous
tinnitus, for those seeking care at the clinic. Scores on the differ-
ent subscales of the THI had different associations with intermit-
tent tinnitus – higher scores on the emotional subscale increased
the likelihood whereas higher functional and catastrophic sub-
scale scores decreased the likelihood. The THI total and THI-F
scores were significantly lower for the intermittent group. Even
though the emotional impact of intermittent tinnitus was as large

Table 3. Prediction of Intermittent vs Continuous Tinnitus based on Binary Logistic Regression.

95% Confidence Interval

B S.E. Wald Sig. Exp(B) Lower Upper

Sex 0.043 0.095 0.205 0.650 1.044 0.866 1.258
Age� 0.015 0.004 11.733 0.001 1.015 1.006 1.023
Duration� �0.045 0.007 39.548 0.000 0.956 0.943 0.970
High Fletcher AD 0.005 0.003 2.535 0.111 1.005 0.999 1.012
High Fletcher AS 0.002 0.003 0.659 0.417 1.002 0.997 1.008
THI Functional� �0.065 0.007 80.003 0.000 0.937 0.924 0.950
THI Emotional� 0.099 0.011 84.838 0.000 1.104 1.081 1.128
THI Catastrophic� �0.055 0.012 20.560 0.000 0.947 0.925 0.969
HADS Depression� �0.062 0.025 6.142 0.013 0.940 0.894 0.987
HADS Anxiety 0.019 0.020 0.896 0.344 1.019 0.980 1.060
�Statistically significant contribution to model prediction.

Figure 2. Prediction accuracy of the random forest model (n¼ 100 trees).
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as for continuous tinnitus, it did not appear to interfere with
functionality as much. This might be explained by the “recovery”
periods that occur for intermittent tinnitus. In intermittent tin-
nitus, individuals do not have to live with their tinnitus every
day, but it occurs from time to time. This is in keeping with a
recent study, where the tinnitus handicap scores, as measured by
Tinnitus Functional Index, were significantly lower for an inter-
mittent group than for a continuous group (Henry et al. 2016).
Of the 100 adults included in this preliminary study of a tinnitus
screener, 25% reported intermittent tinnitus, 42% reported con-
tinuous tinnitus and 33% reported no tinnitus symptoms. Henry
et al. (2016) did not report on scores for the various subscales of
the TFI.

Of the perceptual factors, duration was the most significant;
tinnitus perception may start with a fluctuating percept of tin-
nitus and progress to become stable and thus labelled continu-
ous. For the psychological factors, the groups differed primarily
on the THI-F score. The THI-F gives an indication of the impact
the tinnitus has on daily life functioning, with the implication
that intermittent tinnitus has a lower impact on daily functioning
than continuous tinnitus.

It appears that fewer of those that have intermittent tinnitus
seek help in a tertiary clinical setting, probably because intermit-
tent tinnitus is generally less bothersome than continuous tin-
nitus. However, of those that suffer sufficiently to seek help in a
tertiary clinic, it appears that the emotional burden of intermit-
tent tinnitus is equal to that of people with continuous tinnitus.
Intermittent tinnitus appears to interfere less with day to day
functioning than continuous tinnitus; due to the periods of relief,
when people are temporarily free from tinnitus. On the other
hand, it could be argued that the presence of continuous tinnitus
has a certainty to it, whereas some people find intermittent tin-
nitus a difficult condition to habituate to because of its irregular-
ity. This uncertainty might increase feelings of anxiousness,
depression, and worrying and feelings of frustration, as is
reflected in the scores on the THI-E and the HADS-A. Taken
together, the experienced burden on daily life functioning dir-
ectly related to tinnitus in general might lead people to be per-
sistent about seeking help. However, the secondary effect of the
emotional burden of the tinnitus is not enough for people to
seek out a tinnitus specific consultation, as reflected in the preva-
lence rates and data of our tertiary clinic. This warrants the
modification of models of burden as applied to continuous tin-
nitus, where the focus is on emotional impact of tinnitus
(McKenna et al. 2014). The distress caused by intermittent

tinnitus alone is apparently not enough to motivate people to
seek help. This implies that not the emotional distress but the
functional impairment drives the need for medical help
in tinnitus.

Possible models explaining intermittent tinnitus

There are not many studies of intermittent tinnitus and little is
known about its possible mechanisms. Neurophysiological mod-
els offer several possible explanations for the occurrence of inter-
mittent tinnitus, one of which focuses on a gating mechanism at
the thalamic level allowing the tinnitus signal to reach the cortex
and become a percept, and another one focuses on the conscious
awareness of the percept.

Rauschecker et al. (2010) alluded to this subject in their paper
on limbic-auditory interactions in tinnitus. They proposed that
in the event of a cochlear lesion, due to noise exposure or age-
ing, plastic reorganisation occurs. This reorganisation is involved
in the generation of hyperactivity in the ascending auditory path-
ways. In a normal functioning limbic system, the hyperactivity is
identified and a noise cancellation mechanism is employed to
cancel it out. This cancelling out is hypothesised to occur by
subtraction of the hyperactivity (i.e. the tinnitus signal) from the
afferent signal via feedback to the inhibitory thalamic reticular
nucleus. In an earlier paper, Jastreboff (2000) had theorised that
the deviating activity in the limbic system of tinnitus patients
reflects the emotional reaction to tinnitus and is an indicator of
the consequences of having tinnitus. In contrast, Rauschecker
et al. argued that the role of the limbic system in tinnitus is an
active one opposed to a reactive one. In their proposed circuit,
the limbic and para-limbic structures around subcallosal areas
act as a self-regulating gating mechanism that prevents the tin-
nitus signal from reaching the cortex. When a break-down of
this gating system occurs, the tinnitus signal is perceived.
Chronic tinnitus is explained by the constant depletion of sero-
tonin, which causes excitotoxicity due to the constant firing of
serotonergic neurons that have to signal that the tinnitus sound
needs to be filtered out (Rauschecker, Leaver, and M€uhlau 2010).
Intermittent tinnitus can then be explained by hypothesising that
serotonin levels fluctuate rather than being depleted.

Another explanation regarding the origin of intermittent tin-
nitus is that the percept only sometimes rises to the level of con-
sciousness. Cognitive neuroscience literature has implicated
global changes in connectivity of several brain regions, including

Figure 3. Feature importance for the random forest analysis.
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sensory cortices, association cortices, and a posterior parietal
hub, as sub-serving the conscious awareness of external stimuli,
including sounds (Dehaene et al. 2014; Godwin, Barry, and
Marois 2015). Extending this to the internally generated tinnitus
sound, several candidate brain regions and networks may be
involved. According to Vanneste and De Ridder (2012), these
candidate regions, including the auditory cortex (which may be
necessary but not a sufficient conduit) and the supplementary
motor area, are implicated in conscious perception of tinnitus. A
possible mechanism is due to the binding of events into a single
percept via synchronised gamma band activity (e.g. Joliot,
Ribary, and Llin�as 1994; Llinas et al. 1998), which becomes a
conscious percept only when the salience or self-awareness net-
work is simultaneously activated (De Ridder et al. 2011). Resting
state functional connectivity studies of tinnitus have implicated
the role of the default mode network and its nodes, principally
the posterior cingulate and the precuneus as the other major
players in conscious awareness of tinnitus (De Ridder et al. 2014;
Husain, Carpenter-Thompson, and Schmidt 2014; Lanting et al.
2016). The default mode network is a network measurable with
fMRI that is most active during rest and is deactivated during
task-oriented behaviour (Raichle et al. 2001).

Because the current data are not cross-sectional, it is difficult
to make any predictions on the evolution of intermittent tin-
nitus. Interesting is that whereas longer duration of tinnitus was
classified as a factor that increased the likelihood of continuous
tinnitus, increasing age was classified as a factor increasing the
likelihood of intermittent tinnitus. Intermittent tinnitus appears
to be related to a shorter duration of tinnitus, regardless of the
age at which the tinnitus occurs. It could be that the difference
in duration between intermittent and continuous tinnitus implies
that tinnitus sometimes progresses from intermittent to continu-
ous tinnitus. If this is the case, it has implications for treatment.
On the one hand it will be important to intervene when the tin-
nitus is still perceived intermittently, systems might not have
reorganised and the pathways have not yet reshaped into a dys-
functional state. On the other hand, as continuous tinnitus can-
not yet be abolished, converting it to intermittent tinnitus may
be something to strive for since this might increase the function-
ality of patients. Some neuromodulation techniques appear
promising in this respect, as temporary decreases in the tinnitus
percept and suffering are reported (Peter and Kleinjung 2019).

Caveats

It is largely unknown how the patients in the different studies
referred to in this article defined “intermittent” tinnitus. One
possible definition of intermittent tinnitus is that the tinnitus
ceases to be perceived for hours or days at a time. Another def-
inition is that the tinnitus loudness fluctuates while the internal
sound is always perceived. This classification problem might be
the cause of the large variation in prevalence reports and the dif-
ficulty in understanding the subgroups of tinnitus. In our study
we did not find an association between self-reported fluctuations
of the tinnitus loudness and self-reported classification of inter-
mittent tinnitus. We therefore conclude that, in our dataset at
least, intermittence is interpreted as fluctuating periods of pres-
ence and absence of the tinnitus percept. However, there is little
information available on the classification of intermittence in the
literature. Thus, a follow-up study may be helpful where patients
are asked to rate not only the occurrence of the tinnitus itself
but also the associated states, e.g. stress-levels, wakefulness and
mood, to better understand the difference between intermittent

and continuous tinnitus. With modern techniques available to
us, such as mobile phone applications, we can now better investi-
gate how individuals determine that they have continuous or
intermittent tinnitus. As a follow-up step, neuroimaging techni-
ques such as MRI scanners can help us identify what neuro-
physiological differences underlie this distinction.

Conclusions

Continuous tinnitus was more prevalent than intermittent tin-
nitus (90% versus 10%, respectively) for people attending at a
tertiary tinnitus clinic. Those with intermittent tinnitus had
shorter durations of tinnitus and lower tinnitus-related handicap
scores, suggesting that continuous tinnitus leads to a more severe
psychological reaction. Sex and hearing loss did not affect the
likelihood of having continuous versus intermittent tinnitus.
Although our analysis did not include longitudinal data, taking
into account the variable of duration, the results can be inter-
preted as reflecting that some cases of tinnitus may begin as
intermittent and progress into continuous after several years,
regardless of the age of onset. Models of chronic tinnitus and
those that seek to explain changes in tinnitus over time should
take this finding into account. Intervention studies can also
leverage the initial intermittent aspect, when present, of chronic
tinnitus for better success of treatment.
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