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Summary

Introduction: Tinnitus is conscious perception of sound without an
external sound stimulus. The origin of the name has its root in the Lat-
in word tinnire (to ring). The sound can be buzzing, ringing, hissing,
and is rarely heard as voice, music, or several different sounds simul-
taneously. Tinnitus occurs in one-third of people at least once in their
lifetime and is chronic in 10-15% of the adult population. In children
and adolescents aged 5 to 19 years, the range of tinnitus prevalence
is quite wide (from 5% to over 40%), depending on how tinnitus is de-
fined in the study. This article aims to provide an up-to-date overview
of tinnitus risk factors and treatment in adolescents.

Methods: The authors searched PubMed, Embase, and Cochrane Re-
view databases using the following keywords: tinnitus, adolescents,
risk behavior, risk factors, and treatment. The inclusion criterion has an
article published in Serbian or English without time restriction.

Results: Common risk factors for tinnitus among adolescents are
female gender, noise exposure, hearing loss, marijuana and tobacco
smoking, exposure to second-hand smoke, and sleep deprivation.
Recently, some nutritional risk factors have been added: reduced wa-
ter intake, niacin and protein deficit, and consumption of fizzy drinks,
fast food, and white bread. The results of the current tinnitus treat-
ments, including pharmaceutical, surgical, and behavioral ones, are
unsatisfactory, causing frustration both in patients and physicians.
Currently, there is no registered medicine for tinnitus.

Conclusion: Tinnitus is one of the greatest enigmas of modern med-
icine. As tinnitus is still considered incurable, we point out major risk
factors among adolescents that should be targeted in primary pre-
vention.
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INTRODUCTION

Tinnitus is a conscious perception of sound in the ab-
sence of actual sound stimuli (1). The name originates
from the Latin tinnire — to ring (2). It is mainly perceived
as ringing, jingling, wheezing, buzzing, and sometimes
as voice, music, or even multiple sounds simultaneously.
Two main types of tinnitus are subjective tinnitus, where
sound is perceived only by the patient, and objective tin-
nitus, where it can also be heard by the doctor (3). The
pathophysiological mechanism of subjective tinnitus
is still unknown. On the other hand, objective tinnitus
can be caused by carotid or vertebral artery stenosis,
myoclonic contraction of the tensor tympani muscle,
abnormal contraction of nasopharyngeal muscles, etc.
(3) Sound-causing objective tinnitus originates from the
body itself where it is transferred to the ear where the
impulse is generated and then conducted via the acous-
tic nerve to the auditory cortex. Since this sound has its
source, by eliminating it, the perception will be eliminat-
ed (3). On the other hand, with subjective tinnitus, this
can’t be done. In half of all cases, tinnitus presents bilat-
erally. When presented unilaterally, it is more frequently
perceived in the left ear (4). Rarely, the sound is perceived
in the middle part of the head (4).

Every third person reported to have had tinnitus at
least once in a lifetime. The chronic form of tinnitus is
reported in 10-15% of adults (5,6). Data on the prevalence
of tinnitus in children and adolescents are very inconsis-
tent, ranging from 4.7% to 46% (7). This wide range is
caused by differences in the methodology of different
studies as well as characteristics of the pediatric popula-
tion since data collected from preschool and elementary
school children can be unreliable. Low prevalence is ex-
plained by the fact that children rarely report this symp-
tom unless directly asked (8-10). On the other hand, lack
of objectivity in this age group, as well as the tendency
to overestimate the frequency of this symptom is consid-
ered to be the reason for certain studies to have reported
a high frequency of tinnitus in this population.

As opposed to this younger pediatric population, data
on tinnitus prevalence in adolescents are considered to
be somewhat more reliable. In the most recent study con-
ducted among Belgrade adolescents, Tomanic et al. (11)
determined that around 13% of high school students pre-
sented with constant tinnitus, which is significantly more
compared to Swedish adolescents (6%) (12), but much
less compared to their Turkish peers (28.3%) (13).

Earlier, tinnitus was almost always associated with
hearing loss in the elderly. However, due to the contem-
porary lifestyle, individuals are exposed to a more signif-
icant number of potential risk factors which increase the
risk of tinnitus development, especially in healthy young
adults. Nowadays, harmful effects of socioeconomic,
ecological, behavioral, hereditary, and dietary factors are
recognized.

Despite its high prevalence among children, tinnitus
unaccompanied by hearing loss is not recognized enough
in this population. Considering the fact that psychophys-
ical well-being is essential for proper growth and develop-
ment, the issue of tinnitus in this sensitive period can be
considered a public health problem of particular interest.

This review aims to present known risk factors as well
as tinnitus treatment in adolescents.

METHODS
Search Strategy

Two independent authors researched Medline, Embase,
and Cochrane databases without time restriction. Articles
in Serbian and English were considered. Book chapters
found in relevant journal articles were also reviewed. The
following keywords were used: tinnitus, adolescents, risk
behavior, risk factors, and treatment. Due to method het-
erogeneity in the selected studies, only a narrative syn-
thesis of the results was performed.

RESULTS OF THE RELEVANT LITERATURE REVIEW
Risk Factors

Earlier studies have shown a correlation between tinnitus
and ear damage, especially damage related to hearingloss
(14-16). However, in recent decades, studies have proven
that tinnitus occurs in other auditory and non-auditory
diseases as well (17). Also, a more significant number of
risk factors for tinnitus development have been recog-
nized, to which younger population is especially exposed
(Table 1.)

Genetic factors

Studies on the prevalence of the hereditary form of tinni-
tus are very rare. A large study conducted on 198 families
in Europe (18) showed that tinnitus was 1.7 times more
likely to occur in individuals whose brother or sister had
also reported having tinnitus. In a study from 2017 con-
ducted by Maas et al. on twins in Sweden (Swedish Twin
Registry) born between 1900 and 1985, tinnitus cases
were classified into subtypes according to laterality (uni-
lateral versus bilateral); they found that chances of inherit-
ing bilateral tinnitus were 0.56, and for unilateral tinnitus
0.27 (19). In a recent study in Serbia, heredity had a sig-
nificant effect on the probability of tinnitus development
(20). Tinnitus was more common in adolescents whose
close relatives had some form of tinnitus (acute, constant,
intermittent or occasional tinnitus) (p=0.036) (20).
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Table 1. Tinnitus risk factors in adolescence

Auditory factors

Non-auditory factors

Hearing impaired
. Hearingloss
o Presbycusis

Age and gender:
« Older teen ages
« Female gender

Genetic factors (a more frequent occurrence in siblings)

Behavioral factors:

« Noise exposure (being in noisy places, headphone use)
o Active tobacco smoking

« Passive tobacco smoking

. Druguse (primarily marijuana)

«  Gambling

Dietary factors:
. Positive correlation: fizzy drinks, fast food, coffee
. Negative correlation: fruit, vegetables, wholegrain bread

Psycho-emotional factors
. Anxiety or depression
« Insomnia

Specific diseases and pathological conditions associated with tinnitus:

- Highblood pressure

o Thyroid disease

« Head and neckinjuries

- Different types of surgeries

o Multiple sclerosis

« Viralinfections

« Auditory nerve tumors

«  Ototoxic medicines (quinine and aspirin) use
« Anemia

«  Hyper-/hypothyroidism

« Hyperinsulinemia and others

Age and gender

When considering age and gender, recent meta-analyses
and systematic reviews have shown that females of the
pediatric population have a higher risk ratio (1.37) for
tinnitus development compared to males (21). Multiple
publications that studied tinnitus frequency also consid-
ered gender distribution and found that tinnitus preva-
lence in boys was between 20% and 35.6% and in girls be-
tween 17% and 42.4% (22-26). In the first Serbian study
of tinnitus in adolescents, conducted in 2013, it has been
noted that girls suffered from tinnitus more frequently
than boys (15% vs. 9%) (27).

Park et al. found that children aged 12 to 18 years had
a higher tinnitus prevalence than other age groups (28).
In their research of the pediatric population with normal
hearing, Aksoy et al. found that children aged 12 to 14
most often reported tinnitus, while 16-year-olds com-
plained least often (29). In a study by Widen and Erlands-
son on over 1000 adolescents from Sweden, aged 13 to 19
years, the prevalence of tinnitus was found to be about
8%, and this symptom was more frequent in older adoles-
cents compared to younger adolescents (30).

Hearing impaired

Impaired hearing is still considered one of the most im-
portant risk factors associated with tinnitus. According

to Baguley, hearing loss followed by subsequent neuro-
logical compensation along the auditory pathway is the
most probable model of tinnitus development (31). A
number of studies indicate that tinnitus is more common
among children with hearing loss compared to children
with normal hearing (32, 33). In his study from 2018,
Lee found that the prevalence of tinnitus in adolescents
with and without hearing loss differed, with a risk ratio
of 2.39 (34). Other studies also support a higher preva-
lence of tinnitus in children with impaired hearing (be-
tween 23.5% and 62.2%) compared to peers with nor-
mal hearing (7.5% and 46.0%) (35-37). The most recent
meta-analysis by Lee and Kim emphasizes that the most
significant tinnitus risk factors in adolescents were noise
exposure (OR= 11.3), hearing loss (OR=2.4), female gen-
der (OR= 1.4), and older ages (34).

Behavioral factors

Even though numerous studies have shown that noise ex-
posureisa clear risk factor for tinnitus development, as well
as a symptom that impairs quality of life to a large degree,
adolescents do not seem to acknowledge its importance.
During YANS questionnaire validation in Serbia, Tomanic
et al. noted that an extremely high number of responses to
the question about not needing to use earplugs in clubs and
other noisy places indicates that awareness of the harmful
effects of noise is very low among young people (38). The
high prevalence of smoking, alcohol and substance abuse,
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in adolescents with tinnitus, was noted in numerous stud-
ies (12,27,34). Several extensive cohort studies have con-
firmed that apart from active smoking, passive smoking,
i.e. staying in rooms filled with tobacco smoke, is a very sig-
nificant risk factor for tinnitus in the pediatric population
(28,39-40). In their study, Lee and Kim also confirmed a
significant correlation between active smoking and tinni-
tus in adolescents (41). Due to the specific developmental
period, adolescents are more susceptible to the harmful ef-
fects of tobacco smoke and damage to the electromechan-
ical transduction of external auditory cells may be more
severe than in older smokers (42).

In the study by Marmut et al., the most dominant tin-
nitusrisk factorin boys was drug use, primarily marijuana
(OR = 13.1), whereas in girls it was passive smoking (OR
1,3/ per two hours of exposure) (27). Another study con-
ducted six years later in Serbia found a positive correla-
tion between tinnitus and drug use, being in noisy places,
high blood pressure, headphone use, head injury, anxiety
or depression, thyroid disease, and smoking (20). Tinni-
tus was also negatively affected by sedative use, anemia,
sinusitis, noise exposure at home, duration of night sleep
and noise exposure at school, but these correlations were
not statistically significant (20).

Dietary factors

The correlation between nutritional factors and tinnitus
in children and adolescents has not been investigated so
far. In spite of growing interest and numerous studies in
tinnitus, only a few studies researched the correlation
between dietary factors and tinnitus and mostly in adult
population. The study conducted by Tomanic et al. in
2020 was the first publication that examined the connec-
tion between dietary factors and tinnitus in an adolescent
population (11). These authors found that fresh fruit, veg-
etables, and wholegrain bread intake may be negatively
correlated to tinnitus, while fizzy drinks and fast food
may raise the odds of tinnitus in adolescents (11).

Psycho-emotional factors

In one-third of adolescents, tinnitus is associated with
significant psycho-emotional factors (anxiety and depres-
sion), which must be recognized and treated (43).Indeed,
Levi et al. confirmed that psychiatric disorders in adoles-
cence acted as risk factors for tinnitus (43). According to
Nagel, tinnitus may be a cause of anxiety, depression, and
insomnia and can impair life quality in younger people
(44). At the same time, Stallman recognizes tinnitus as a
severe symptom that often leads to a decrease in overall
functionality and aggravates achieving academic results
in the student population (4S). Populational study in Ko-
rea indicated that an additional tinnitus risk factor was
the average length of sleep < 6 hours (AOR = 1.7) com-
pared to > 9 hours (21). The problem of not achieving an

adequate sleep length is recognized in adolescents world-
wide, as well as in Serbia, where it is found that 32.6% of
boys and 27.6% of girls sleep less than recommended for
this age group (46). Tomanic et al. also found a statisti-
cally positive correlation between gambling and tinnitus
development in Belgrade high schoolers (20).

Specific diseases and pathological conditions
associated with tinnitus

Tinnitus in all age categories can be an accompanying
symptom of various diseases, resulting from taking nu-
merous medications after head and neck injuries, differ-
ent types of surgeries, excessive noise exposure, and nu-
merous other causes (2). As mentioned before, tinnitus is
a very significant symptom of hearing loss (47,48). It can
also occur due to specific physiological processes in the
inner ear, such as presbycusis or ototoxicity from various
drugs (49). In rare cases, it can be caused by neurological
diseases such as multiple sclerosis, viral infections, audi-
tory nerve tumors, medicines such as quinine and aspirin
that have ototoxic potential, and other health problems
such as anemia, hyper-/hypothyroidism, hyperinsu-
linemia, and others (2). Research confirms that mental
disorders on the anxiety-depressive spectrum may also
contribute to the occurrence of tinnitus (50). Vice ver-
sa, people with tinnitus may subsequently develop de-
pressive symptoms and severe social limitations (50).
However, the direction of this relationship remains ques-
tionable, as it is not clear whether anxiety and depression
cause tinnitus or occur consequently. In addition, com-
mon causes of tinnitus in young people may be various
stress-inducing factors (50).

Treatment

Despite its widespread presence in the population, the ef-
fects of tinnitus treatment are very unsatisfactory, caus-
ing great frustration among patients and general practi-
tioners, neurologists, and otolaryngologists alike (51).In
most cases, tinnitus is diagnosed based on anamnestic
data. In sporadic cases, pulsating tinnitus can be detected
by auscultation.

There is currently no registered medication for tin-
nitus. To date, tinnitus treatment attempts with antide-
pressants, benzodiazepines, anticonvulsants, glutamate
antagonists, counter-vertigo drugs, vitamins, magne-
sium, and zinc all influenced the comorbidity of tinnitus
but had no significant effect on tinnitus itself (52). As it is
not possible to eliminate etiological factors for subjective
tinnitus, other treatments remain. Sound therapy is per-
formed with either hearing aids (53) or tinnitus-masking
sound generators (53). Relaxation therapy for distress or
cognitive behavioral therapy are also used (54). Tinni-
tus retraining therapy is a combination of tinnitus sound
therapy and cognitive behavioral therapy that, through

30|



Tinnitus risk factors and treatment in adolescents

neural modulation, achieves optimal tinnitus habitua-
tion, reduces stress, and improves the quality of life with
tinnitus (55). Low-frequency magnetic trans-cranial
stimulation of the brain has also been applied with the
aim of producing weak electrical currents in the brain to
reduce neural excitability (56). Attempts have also been
made with laser therapy, in most cases without therapeu-
tic effect on tinnitus (57).

When considering surgical interventions, cochle-
ar implantation produces good results in sensorineural
hearing impairment, which is often accompanied by tin-
nitus. Still, in 9% of the treated patients, there is worsen-
ing of tinnitus, and in 4% of patients tinnitus occurs even
though it did not exist before surgery (58). When com-
pression of the vestibule-cochlear nerve by blood vessels
is present, decompression surgical techniques can reduce
tinnitus (59). Generally speaking, the effects of these tin-
nitus therapies are limited, indicating that preventive ac-
tion on tinnitus risk factors is of primary and paramount
public health importance.

CONCLUSIONS

The prevalence of chronic tinnitus in adolescents is rela-
tively high, but our knowledge of this medical disorder is
still insufficient. There are no approved medications for
tinnitus, and the results of treatments are disappointing.
Therefore, preventing tinnitus in young people should be
a public health focus. This review of tinnitus risk factors
in young people may be helpful for decision-makers to
take urgent countermeasures.
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FAKTORI RIZIKA | LECENJE TINITUSA KOD ADOLESCENATA

Milena Tomanié, Goran Belojevi¢?, Ljiljana Cvorovi¢23, Dugan Mladenovi¢4, Jelena Ili¢-Zivojinovi¢?, Dragana Davidovi¢,

Ana Jovanovict, Katarina Durdevic!

Sazetak

Uvod: Tinitus je svesna percepcija zvuka bez spolja-
$njeg zvucnog stimulusa. Naziv ovog simptoma potice
od latinske reci tinnire (zvoniti). Zvuk se najc¢escée perci-
pira kao zujanje, zvonjenje, SiStanje, a u manjem broju
slucajeva kao glas, muzika ili nekoliko razli¢itih zvukova
istovremeno. Tinitus e se kod svakog tre¢eg ¢oveka ja-
viti bar jednom u Zivotu, a hroni¢no je prisutan kod 10-
15% odraslih. Kod dece i adolescenata, uzrasta od 5 do
19 godina, raspon prevalencije tinitusa je prilicno Sirok
(od 5% do preko 40%), u zavisnosti od toga kako je tini-
tus definisan u studiji. Ovaj rad ima za cilj da pruzi naj-
noviji pregled faktora rizika za nastanak tinitusa i uvid
u dosadasnje terapijske pristupe njegovom lecenju kod
adolescenata.

Metode: Autori su pretrazivali baze podataka PubMed,
Embase, and Cochrane Review koristeci klju¢ne reci: tini-
tus, adolescenti, rizicno ponasanje, faktori rizika i le¢enje.
Kriterijum za ukljucivanje je bio da je ¢lanak objavljen na

srpskom ili engleskom jeziku bez zadatih vremenskih
okvira.

Rezultati: Uobicajeni faktori rizika za tinitus medu ado-
lescentima su Zenski pol, izlozenost buci, gubitak sluha,
pusenje marihuane, duvana i izlozenost pasivnom puse-
nju, kao i nedostatak sna. Nedavno su uoceni i dodatni
faktori rizika povezani sa navikama u ishrani: nedosta-
tak unosa vode, deficit niacina i proteina i konzumacija
zasladenih gaziranih pica, brze hrane i belog umesto
integralnog hleba. Rezultati trenutnog lecenja tinitusa,
bilo farmaceutski, hirurski ili bihejvioralni su nezadovo-
ljavajudi, Sto izaziva frustraciju kod pacijenata, alii lekara.
Trenutno ne postoji registrovani lek za tinitus.
Zakljucak: Tinitus je jedna od najvecih enigmi moder-
ne medicine. S obzirom da se tinitus jos uvek smatra
neizle¢ivim, ukazujemo na glavne faktore rizika medu
adolescentima na koje je znacajno usmeriti primarnu
prevenciju.

Kljucne reci: tinitus, adolescenti, rizicna ponasanja, faktori rizika i lecenje
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