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SAZETAK

Celokupno zvucno okruzenje oznacava se pojmom ,zvucni pejzaz” (engl. sound-
scape). Ovaj rad opisuje razlicite reakcije ljudi na zvuke u njihovoj okolini i prezen-
tuje razvoj karakteristika tih reakcija, njihovu zastupljenost, simptome, komorbi-
ditete, metode za procenu i moguce uzroke.

Interpretacija zvukova iz okoline zavisi, ne samo od karakteristika samog zvuka,
ve¢ i od osobina slusalaca, njihovog odnosa prema zvuku i izvoru zvuka, njihove
motivacije, psiholoskih i emocionalnih reakcija. Tipicne reakcije na zvuk predsta-
vljene su iz dva ugla: populacione reakcije, iz ugla istrazivanja u zajednici, i poje-
dinalne reakcije, iz ugla klinicki znacajnih prezentacija. Uznemirenje bukom je
specificna, tipicna i jedinstvena psihofizioloska reakcija na buku u Zivotnoj sredini
koja se procenjuje na nivou populacije. U osnovi uznemirenja bukom lezi, izme-
du ostalog, i osetljivost na buku kao stabilna psiholoska osobina. | uznemirenje
bukom i osetljivost na buku igraju znacajnu ulogu u razvoju drugih poremecaja
zdravlja vezanih za izlaganje buci. U Klinickoj praksi pojavljuju se hiperakuzis i
mizofonija kao najizraZeniji nacini reagovanja pojedinca na specificne zvuke u
okolini. Oni mogu postati toliko izrazeni da narusavaju fizicko i mentalno zdravlje
individue i njeno ponasanje i funkcionisanje.

RazliCite reakcije ljudi na zvuke u njihovoj okolini su Siroko rasprostranjene i
dobro proucene. Ovaj pregled literature nije samo puko definisanje pojmova u
domenu psihoakustike, ve¢ moze pomoci lekarima i psiholozima da ih bolje ra-
zumeju. Bududa istraZivanja treba usmeriti ka razvoju metoda za ublazavanje
ili lecenje opisanih reakcija, kao i ka stvaranju prijatnije akusticke sredine u cilju
oCuvanja javnog zdravlja.
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ABSTRACT

Soundscape is defined as the entire acoustic environment and the human re-
sponses to it. This review summarizes different human reactions to sound expo-
sure, their development, prevalence, symptoms, comorbidities, methods for their
assessment, and possible origins.

The interpretation of sounds from the environment depends, not only on the
characteristics of the sound itself, but also on the characteristics of the listener,
their judgments, preferences, motivations, and emotional reactions to the sound
or its source. Typical sound-related reactions are presented from two stand-
points: population reactions, from the community perspective, and individual
reactions, from the clinical perspective. Noise annoyance is a specific, unique,
and typical psychological and physiological reaction to noise, which is assessed
from the community perspective. Noise sensitivity, a stable personality trait, is
at the basis of noise annoyance. Both noise annoyance and noise sensitivity play
important roles in the development of other noise-related health disturbances.
From the clinical perspective, hyperacusis and misophonia are the most distinc-
tive individual responses to specific sounds. They may become so pronounced
that they disturb one’s physical and mental health, behavior, and functioning.
Human reactions to sounds in the environment are widespread and well-inves-
tigated. This review goes beyond merely defining terminology in the domain of
psychoacoustics; it may help health professionals understand human reactions to
sound better. Further studies need to be directed towards developing methods
for alleviating or treating the described reactions, but also towards creating a
more pleasant acoustic environment for the purpose of protecting public health.
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UvoD

Ljudi su izloZeni razli¢itim zvuc¢nim podsticajima iz
okruzenja, koji se kre¢u od zvukova iz prirode (zvu-
ci koje proizvode biljke, zivotinje, vetar, grom, kisa)
do zvukova koje proizvode drugi ljudi i drustvo uop-
Ste, u Sta spadaju: muzika, masine i elektri¢ni aparati,
saobracaj, industrija, gradilista, i drugo. Zvucni pejzaz
(engl. soundscape) jeste pojam koji obuhvata celo-
kupno zvucno okruzenje, kao i reakcije ljudi na njega
[1,2]. Sam engleski termin soundscape nastao je od redi
zvuk (sound) i sufiksa -scape, koji znaci ,vidik”, odno-
sno ,pogled na nesto”, ¢ime se ovaj termin odnosi na
celokupno videnje ili percepciju zvukova u okruzenju.
Psihoakustika proucava izvore, kvalitet i karakteristike
zvukova iz okruzenja u odnosu na ljudske reakcije, pre-
ference, stavove i ocekivanja [3].

Kvalitet zvu¢nog pejzaza zavisi od karakteristika
zvukova koji se emituju u okviru samog okruzenja, nji-
hovog broja i frekvencije, njihove konsonance ili diso-
nance (u zavisnosti kako ih dozivljava slusalac), osec¢a-
nja i kognitivnhog suda koje zvuk evocira kod slusaoca,
kao i od promenljivosti odnosno monotonosti zvu¢nog
pejzaza [1]. Ravnoteza izmedu prirodnih zvukova i sao-
bracajne buke mogla bi se uzeti kao indikator kvaliteta
zvuénog pejzaza, kako bi se istakao nesklad izmedu
onih zvucnih izvora koji se percipiraju kao prijatni, pozi-
tivni i blagotvorni nasuprot onih koji se smatraju nepo-
voljnim, negativnim, i Stetnim po zvu¢ni pejzaz [4]. Ovo
je podsticaj za arhitekte i urbaniste da kreiraju prijatnije
i zdravije zvucne pejzaze uklanjanjem nepozeljnih zvu-
kova (smanjenjem saobracaja i postavljanjem zvucnih
barijera), maskiranjem nezeljenih zvukova prijatnijim
zvucima (npr. crvrkutom ptica ili muzikom), i uvode-
njem prijatnih zvucnih i vizuelnih podsticaja u zvucni
pejzaz (npr. fontana). Jo$ uvek se trazi najodrzivije i naj-
pragmati¢nije reSenje za osmisljavanje zvu¢nog pejza-
za koje bi moglo biti integrisano u dugorocno planira-
nje urbanih sredina [2,4].

Zvuk je mehanicki oscilirajuci talas koji putuje od
zvucnog izvora kroz vazduh, gasovitu, te¢nu i ¢vrstu
materiju, izuzimajudi vakuum [5]. Percepcija zvuka pre-
vashodno zavisi od njegovih fizickih karakteristika, koje
uklju€uju: zvucni pritisak (koji se izraZzava u paskalima -
Pa), intenzitet zvuka (izrazava se u decibelima - dB), fre-
kvenciju (izrazenu u hercima - Hz), i frekventni spektar.
Ove osobine koreliraju sa psihoakustickim karakteristi-
kama zvuka. Na primer, percepcija glasnosti zvuka za-
visi od njegovog intenziteta; ostrina zvuka je povezana
sa frekvencijom; kvalitet zvuka (boja) vezana je za kop-
mleksnost tog zvuka, itd. Stoga, iz akusticke perspekti-
ve, ljudi dozivljavaju zvukove kao glasne ili tihe, ostre ili
duboke, harmonicne ili disharmonicne [6]. Iz psiholoske
perspektive, medutim, ljudi tumace zvuk kao prijatan

INTRODUCTION

Humans are exposed to various auditory stimuli from
the environment, ranging from the sounds of nature
(sounds made by plants, animals, wind, thunder, rain)
to sounds made by other humans and society in gen-
eral, which include music, mechanical and electrical
equipment, traffic, industry, construction, etc. The en-
tire acoustic environment and human responses to it
are defined by the concept of soundscape [1,2]. The
term soundscape is coined from the word sound and
the suffix -scape, meaning “a view of something”, thus
referring to the overall view or the perception of sound
in the environment. Psychoacoustics examines the
sources, quality, and characteristics of environmental
sounds in relation to human reactions, preferences,
opinions, and expectations [3].

The quality of the soundscape depends on the
characteristics of the sounds emitted in the environ-
ment, their number and frequencies, their consonance
or dissonance (as perceived by the listener), the emo-
tions and cognitive judgment evoked in the listener,
as well as on the changeability vs. monotony of the
soundscape [1]. Balance between natural sounds and
traffic noise could be used as an indicator of the quality
of soundscape to highlight the discrepancy between
those sound sources that are perceived as favorable,
positive, and restorative vs. those that are viewed as un-
favorable, negative, and damaging to the soundscape
[4]. This encourages architects and urban planners to
create more pleasant and healthier soundscapes by
eliminating unwanted sounds (i.e. reducing traffic and
installing noise barriers), by masking unwanted sounds
with more pleasant ones (e.g. birdsong or music), and
by introducing pleasant acoustic and visual stimuli into
the soundscape (e.g. water fountains). The search is
still ongoing for the most sustainable and pragmatic
soundscape design intervention that can be integrated
into the long-term planning of urban areas [2,4].

Sound is a mechanical oscillating wave travelling
from the sound source through air, gas, liquid and solid
matter, with the exception of vacuum [5]. The perception
of sound primarily depends on its physical characteristics,
which include: sound pressure (expressed in pascals - Pa),
sound intensity (expressed in decibels - dB), frequency
(expressed in hertz - Hz), and the spectrum of frequen-
cies. These qualities correlate with the psychoacoustic
properties of sound. For example, the perception of
sound loudness depends on sound intensity; sound
sharpness is related to its frequency; the quality of the
sound (timbre) is related to its complexity, etc. Therefore,
from the acoustic point of view, humans perceive sounds
as loud or quiet, sharp or deep, harmonious or disharmo-
nious [6]. From the psychological perspective, however,
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ili neprijatan, pozeljan ili nepozeljan, pozitivan ili nega-
tivan, emotivno neutralan ili emotivno provokativan,
znacajan ili beznacajan. Sveukupna percepcija zvukova
iz okruzenja zavisi ne samo od osobina samih zvukova,
vec i od njihovog afektivnog znacenja [6], kao i od su-
dova, preferenci i poriva slusaoca [7]. Gore navedene
veze izmedu zvuka, slusaoca i zvuénog okruzenja pred-
stavljaju predmet izu¢avanja nau¢ne discipline pod na-
zivom psihoakustika [8].

Kako bi se pomoglo slusaocu da razume zvuéni pej-
zaz u kontekstu svakodnevnog Zivota, ovaj rad sazeto
prikazuje razli¢ite ljudske reakcije na zvuk, njihov ra-
zvoj, zastupljenost, simptome, komorbiditete, i njihovu
procenu. Negativne reakcije na zvuk su stoga prikazane
iz dve perspektive: iz ugla istrazivanja u zajednici, gde
se uzimaju u obzir populacione reakcije na nepozeljne
zvuke; i, iz ugla klini¢ki znagajnih prezentacija, gde je
fokus na pojedinac¢nim reakcijama, koje mogu narusiti
fizicko ili mentalno zdravlje pojedinca. Ovaj pregled li-
terature moze koristiti svim zdravstvenim stru¢njacima
kao sveobuhvatni vodic¢ za razli¢ite prakse i naucna is-
trazivanja u ovoj oblasti, te mogu pomodi u osmisljava-
nju modela za le¢enje pojedinacnih pacijenata, ali i za
reavanje situacija na nivou zajednice.

NEGATIVNE REAKCIJE NA ZVUK IZ UGLA
ISTRAZIVANJA U ZAJEDNICI

Zvuc¢no okruzenje neke zajednice sastoji se prevas-
hodno od zvukova koje emituju: saobracaj, gradilista,
industrijska postrojenja, objekti za zabavu, sami ljudi,
i Zivotinje. Imajudi u vidu negativnu percepciju takvog
zvucnog pejzaza, ovi zvukovi se nacelno definisu kao
buka, odnosno nepozeljni zvuk [5]. Ova definicija je da-
leko kompleksnija nego $to to izgleda na prvi pogled,
zato Sto se oslanja isklju¢ivo na negativnu afektivnu
percepciju zvuka. Ovo nadalje implicira da karakterisa-
nje nekog zvuka kao buke zavisi, ne od samog zvuka,
vec od slusaoca.

Uznemirenje bukom je tipi¢na psiholoska i fiziolo-
Ska reakcija na buku. Obi¢no se opisuje kao osecanje
nezadovoljstva, razdrazljivosti, anksioznosti, frustracije,
ili ljutine, izazvanog zvukovima iz okruzenja [9]. Medu
svim Stetnim faktorima iz okruzenja, buka je jedini
faktor koji izaziva uznemirenje. Opste je poznato da
uznemirenje bukom zavisi od: vrste izvora buke, karak-
teristika zvuka kojeg emituje izvor (intenzitet, frekven-
cija, boja, broj zvu¢nih dogadaja) [9,10] i od prostiranja
zvuka (3to zavisi od gradevinskog materijala, prisustva
zelenila, zvu¢ne izolacije, itd.) [9,10,11,12]. Uznemirenje
bukom proizilazi pre svega iz osobina li¢nosti, osetljivo-
sti na buku i stavova prema konkretnim izvorima buke
[9,11]. Uz to, uznemirenje bukom povezano je i sa kon-
tekstom u kojem je neko izlozen buci, ukljucujuci tu i:

A REVIEW OF HUMAN REACTIONS TO ENVIRONMENTAL SOUNDS

humans interpret sound as pleasant or unpleasant, want-
ed or unwanted, positive or negative, emotionally neu-
tral or emotionally provocative, meaningful or meaning-
less. The overall perception of the surrounding sounds
depends, not only on their characteristics, but also on
their affective meaning [6], as well as on the judgments,
preferences, and the motivations of the listener [7]. The
above-mentioned associations between the sound, the
listener, and the acoustic environment present the focus
of the scientific discipline called psychoacoustics [8].

In order to help readers understand soundscape
in everyday life, this paper summarizes several human
reactions related to sound exposure, their develop-
ment, prevalence, symptoms, comorbidities, and their
assessment. The adverse reactions to sound are thus
presented from two standpoints: from the community
perspective, which takes into account the population
reactions to unwanted sounds; and from the clinical
perspective, which deals with individual responses that
may disturb a person’s physical or mental health. This
review may benefit all health professionals, as a com-
prehensive guide to practices and research in this field,
and may help in the development of models for indi-
vidual treatment and community intervention.

ADVERSE REACTIONS TO SOUND FROM THE
COMMUNITY PERSPECTIVE

The sound environment of a community consists
predominantly of the sounds emitted by road traffic,
construction work, industrial facilities, entertainment
venues, humans, and animals. Given the negative per-
ception of such a soundscape, these sounds are gen-
erally defined as noise, i.e. unwanted sound [5]. This
definition is far more complex than it seems because
it relies only on negative affective perception of the
sound. This further implies that the designation of a
particular sound as noise depends on the listener, not
on the sound itself.

Noise annoyance is a typical psychological and phys-
iological reaction to noise. It is usually described as a feel-
ing of displeasure, irritation, anxiety, frustration, or anger
caused by environmental sounds [9]. Among all the haz-
ardous environmental factors, noise is the only one that
provokes annoyance. It is well-established that noise
annoyance depends on the type of noise source, on the
characteristics of the sound emitted by the source (in-
tensity, frequency, timbre, the number of noise events)
[9,10], and on the propagation of the sound (which de-
pends on construction material, presence of greenery,
insulation barriers, etc.) [9,10,11,12]. Noise annoyance
arises primarily from personality traits, noise sensitivity,
and the attitudes toward particular noise sources [9,11].
In addition, it is related to the context of noise exposure,
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mesto gde se buka javlja (kod kuée, na poslu, u Skoli,
itd.), uslove stanovanja (orijentacija dnevne ili spava-
Ce sobe, spratnost, broj ¢lanova domacdinstva), vreme
izlozenosti buci (dnevni naspram no¢nog perioda), du-
zinu izlaganja buci (kratkotrajno naspram dugotrajnog;
kontinuirano naspram isprekidanog), kao i mere zastite
(zvucna izolacija zgrada, vrata i prozora) [9,12].

Mehanizmi koji povezuju buku iz okruzenja i pojavu
uznemirenja dobro su utvrdeni. Buka izaziva uznemire-
nje time $to maskira druge zvuke, remeti paznju i kon-
centraciju slusaoca, povecava stepen fizioloske pobu-
denosti, ili izaziva strah, a samim tim i ,bori-se-ili-bezi”
reakcije [13,14]. Nevezano od toga koji je proces uklju-
Cen u njih, ovi mehanizmi leze u osnovi i kratkotrajnih i
dugotrajnih efekata buke [14]. Nadalje, unemirenje bu-
kom, igra ulogu u razvoju drugih zdravstvenih ishoda
povezanih sa stresom, ukljucujudi tu i poremecaje sna,
povecani krvni pritisak, glavobolje, i narusenost men-
talnog zdravlja i kvaliteta zivota [9,13,15].

Srbija je, pre deset godina, usvojila niz zakona i
amandmana o zastiti od buke u Zivotnoj sredini, koji su
obavezali vlasti da mere stepen izloZzenosti buci, kreiraju
mape buke, te da procenjuju zastupljenost uznemirenja
bukom i druge negativne efekte prisutne u populacija-
ma izloZzenim buci [16]. U pilot studiji, koju je sprovela op-
Stina Stari grad u Beogradu, vise od trecine svih odraslih
ispitanika iskazala je visok stepen uznemirenja saobra-
¢ajnom bukom [17]. Iznenaduje to 5to je procenat ljudi
koji su pokazali visoki stepen uznemirenja bukom, a koji
je zabelezen u ovom terenskom istrazivanju, prevazisao
teorijske procene za 10 do 20%, za sve nivoe buke [17].
Ovaj fenomen poznat je kao tolerancija na nivou zajed-
nice, i on opisuje raskorak izmedu epidemioloskih i teo-
rijskih procena uznemirenja bukom u populaciji [18]. To-
lerancija na nivou zajednice prepoznaje uticaj gore na-
vedenih ne-akustickih faktora koji izazivaju uznemirenje
bukom iz razlicitih izvora i kod razli¢itih populacija [18].

Evropska agencija za zivotnu sredinu je nedavno
procenila da 22 miliona ljudi Sirom Evrope pati od hro-
ni¢nog visokog uznemirenja usled dugotrajne izloZzeno-
sti buci [19]. Najnovije meta-analize takode potvrduju
vezu: izlozenost - reakcija, izmedu buke iz razlicitih sa-
obracajnih izvora i procenta ljudi sa visokim stepenom
uznemirenja bukom, 3to je utvrdeno u vise razlicitih stu-
dija [20]. Imajudi u vidu sve Stetne efekte buke, Svetska
zdravstvena organizacija rangirala je saobracajnu buku
kao drugi po redu faktor rizika po ljudsko zdravlje u Za-
padnoj Evropi, iza zagadenosti vazduha [19].

Uznemirenje bukom moze se lako proceniti prime-
nom dva standardizovana upitnika sa standardizovanim
skalama odgovora (tzv. verbalne i numericke skale), koje
preporucuje Medunarodna komisija o bioloskim efek-
tima buke (engl. International Commission on Biological

including the place of exposure (home, work, school,
etc.), housing conditions (orientation of the living room
or bedroom, floor level, crowding), the time of exposure
(daytime vs. nighttime), the duration of exposure (short-
term vs. long-term; continuous vs. intermittent), and
protective measures (insulation of the buildings, doors,
and windows) [9,12].

The mechanisms linking environmental noise and
the occurrence of annoyance are well known. Noise
causes annoyance by masking other sounds, interrupt-
ing the attention and focus of the listener, increasing
the level of physiological arousal, or by provoking fear
and consequent fight-or-flight reactions [13,14]. Re-
gardless of the process involved, these mechanisms ac-
count for both the short-term and the long-term effects
of noise [14]. Furthermore, noise annoyance plays a role
in the development of other stress-related health out-
comes, including sleep disturbances, increased blood
pressure, headaches, and impaired mental health and
quality of life [9,13,15].

A decade ago, Serbia adopted a set of laws and
amendments on the protection from environmental
noise, which required authorities to measure noise ex-
posure, create noise maps, and assess the prevalence
of noise annoyance and other adverse effects in the
exposed populations [16]. In a pilot study carried out in
the municipality of Stari Grad, in Belgrade, more than
a third of all adult responders were highly annoyed by
road traffic noise [17]. Surprisingly, the proportion of
highly annoyed persons reported in this field research
exceeded theoretical estimations by 10 - 20%, for all
noise levels [17]. This phenomenon is known as the
community tolerance level, depicting the discrepancy
between the epidemiological and the theoretical as-
sessments of noise annoyance in the community [18].
The community tolerance level recognizes the impact
of the above-mentioned non-acoustic factors that
cause noise annoyance from different sources and in
different populations [18].

The European Environment Agency recently esti-
mated that 22 million people across Europe suffer from
chronic high annoyance due to prolonged noise expo-
sure [19]. The latest meta-analyses also confirm the expo-
sure - response association between noise from different
traffic sources and the proportion of highly annoyed per-
sons, across studies [20]. Bearing in mind all the harmful
effects of noise, the World Health Organization ranked
traffic noise as the second risk factor for human health in
Western Europe, after outdoor air pollution [19].

Noise annoyance can easily be assessed using two
standardized questionnaires with standardized re-
sponse scales (so-called verbal and numerical scales),
as recommended by the International Commission on
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Effects of Noise — ICBEN) [21], a koje je usvojila Medunar-
dona organizacija za standardizaciju (engl. International
Standardization Organization-1SO) (ISO/TS 15666) [22]. Od
ispitanika se trazi da iskazu u kojoj meri su bili uznemireni
(onespokojeni, iznervirani) bukom u svojem domu, koja
je dopirala iz odredenog izvora, tokom prethodnih 12
meseci. Obe skale su uspesno primenjene prilikom teren-
skih istrazivanja sprovedenih u Beogradu [11,12].

Medutim, ljudske reakcije na buku iz okruzenja
obi¢no prevazilaze prosto uznemirenje. Umesto ,tihe
patnje” ili sklanjanja u tiSe okruzenje, neki ljudi su iz-
razavali svoje stavove prema buci u formi besa, agre-
sije, verbalnih prigovora, pa cak i fizickog konflikta.
Javni prigovori na buku se shvataju ozbiljno u mnogim
zemljama i ukljucuju se u zakonsku regulativu o buci,
kako bi lokalne vlasti mogle da primene odgovarajuce
mere u reSavanju problema sa bukom. Jedna anketa o
prigovorima na buku, objavljena na drustvenim mreza-
ma, ukazuje na to da Zitelji najces¢e protestuju protiv
komsijske buke, saobracajne buke sa ulice, buke koja
dopire iz objekata za zabavu, i buke sa gradilista [23].
Namece se zakljucak da su gradani koji se zale uznemi-
reniji bukom nego oni koji se ne zale, ali, potrebno je
dalje istraziti povezanost izmedu pojedinacnih prituzbi
i stepena uznemirenja na nivou zajednice [24].

Kao $to je vec¢ objasnjeno, uznemirenje bukom
proistice iz akustickih i ne-akustickih faktora. Jedan od
potonjih jeste osetljivost pojedinca na buku. Osetljivost
na buku moze se razumeti kao skup fizioloskih, psiho-
loskih ili osobina li¢nosti vezanih za nacin Zivota, koje
odslikavaju opste stavove pojedinca prema buci u sva-
kodnevnim zivotnim situacijama [25,26]. Osetljivost na
buku igra znagajnu ulogu u pojavi uznemirenja bukom
[12,27]. Nadalje, visoka osetljivost na buku povezana je
sa kardiovaskularnim oboljenjima [28], losim fizickim i
mentalnim zdravljem [29], kao i visokim stepenom per-
cepirane anksioznosti i depresije [30].

Jos uvek se istrazuje neuroloska, anatomska i fizio-
loska osnova osetljivosti na buku; rezultati bi trebalo, ne
samo da pomognu naucnicima da je razumeju, vec i da
ukazu na mogucnosti objektivnog merenja ove osobine
licnosti [31]. U ovom trenutku, subjektivna osetljivost na
zvuk se procenjuje uz pomo¢ Vajnstajnove skale ose-
tljivosti na buku (engl. Weinstein’s Noise Sensitivity Sca-
le) [32]. Ovo je najstarija (osmisljena je 1978.), najduza i
najkompleksnija skala u ovoj disciplini, koja se sastoji od
21 pitanja. Svako pitanje iziskuje od ispitanika da iskaze
svoje stavove o buci, u raznim situacijama, kao i da razu-
me svoje emocionalne reakcije na niz razli¢itih zvukova
[32]. Uprkos pokusajima da se skala redukuje, kako bi od-
uzimala manje vremena ispitanicima i bila jednostavnija
za obradu istrazivacima, jo$ uvek je u Sirokoj upotrebi,
ukljucujudi tu i studije sprovedene u Beogradu [11,12,30].
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Biological Effects of Noise (ICBEN) [21], and adopted by
the International Standardization Organization (ISO/TS
15666) [22]. The respondents are asked to report the
extent to which they have been annoyed (disturbed,
bothered) by noise from a specific source in their home,
in the previous 12 months. Both scales were successful-
ly applied in field studies conducted in Belgrade [11,12].

However, human reactions to environmental noise
often go further than mere annoyance. Rather than
“suffering in silence” or seeking quieter acoustical sur-
roundings, some persons expressed their attitudes
toward noise in the form of anger, aggression, verbal
complaints, and even physical conflict. Public com-
plaints of noise are taken seriously in many countries
and are included in noise legislation, so that the local
authorities can apply adequate measures to resolve the
noise problem. A survey of noise complaints reported
on online social networks indicates that residents most
often protest against neighborhood noise, traffic noise
in the streets, noise from entertainment venues, and
noise from construction sites [23]. It seems reasonable
to conclude that the residents who complain are more
annoyed than the non-complainers, but the link be-
tween individual complaints and the community an-
noyance level deserves to be explored further [24].

As explained above, noise annoyance arises from
acoustic and non-acoustic factors. One of the latter is
the individual’s sensitivity to noise. Noise sensitivity
can be understood as a cluster of physiological, psy-
chological, or lifestyle-related personality traits, which
portray one’s general attitudes toward noise in every-
day situations [25,26]. Noise sensitivity plays an import-
ant role in the occurrence of noise annoyance [12,27].
Furthermore, high noise sensitivity is associated with
cardiovascular diseases [28], poor physical and mental
health [29], and high perceived anxiety and depression
[30].

The neurological, anatomical, and physiological
basis of noise sensitivity is currently under investiga-
tion; the findings should not merely help researchers
better understand it, but also suggest the possibilities
for objective measurement of this personality trait [31].
Currently, subjective noise sensitivity is assessed with
Weinstein's Noise Sensitivity Scale [32]. This is the old-
est (developed in 1978), the longest and the most com-
plex scale in this discipline, consisting of 21 items. Each
item requires the respondents to report their attitudes
toward noise in various situations, and to understand
their emotional reactions to a variety of sounds [32].
In spite of the attempts to reduce this scale, to make it
less time-consuming for the participants and simpler
to process for the researches, it is still widely in use, in-
cluding the studies performed in Belgrade [11,12,30].
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NEGATIVNE REAKCLJE NA ZVUK IZ UGLA
KLINICKI ZNACAJNIH PREZENTACIJA

Negativna reakcija na zvuke iz okruzenja se generalno
definise kao smanjena tolerancija na zvuk, odnosno ne-
gativna reakcija na zvucne podsticaje koji ne bi izazvali
istu reakciju kod prose¢nog slusaoca [33]. Naj¢esca vrsta
smanjene tolerancije na zvuk u klinickom okruzenju je-
ste hiperakuzis. Hiperakuzis (engl. hyperacusis) se odnosi
na negativne reakcije na fizicke karakteristike zvuka, kao
$to su intenzitet (glasnost) ili frekvencija (ostrina) zvuka,
nezavisno od izvora, konteksta, ili znacenja zvu¢nog pod-
sticaja [33]. Ovaj naziv potice od prefiksa hiper-, $to znaci
Jprevise”, i grekog korena reci -akuzis, $to znadi ,slusna
sposobnost”, odnosno ,Cujenje”. Osoba sa hiperakuzi-
som obi¢no ima problema sa obavljanjem misaonih ak-
tivnosti (¢itanje, koncentracija) u glasnim okruzenjima, ne
moze lako da zanemari zvukove u svakodnevnim situaci-
jama, i ne oseca se prijatno u drustvenim situacijama gde
je izlozena glasnoj muzici i ljudskim glasovima (objekti za
zabavu, drustvena okupljanja, i sl.) [34].

Svi ovi emocionalni, kognitivni i bihejvioralni aspekti
inkorporirani su u upitnik o hiperakuzisu, koji je osmi-
Sljen 2002. godine [34]. Zastupljenost hiperakuzisa krece
se u opsegu od 8% do 17% u razli¢itim populacijama, u
zavisnosti od uzrasta ucesnika i primenjenih kriterijuma
[35]. Etiologija hiperakuzisa je i dalje nepoznata. Ipak,
moze se povezati sa nekoliko oboljenja, uklju¢ujuci tini-
tus, glavobolje, povrede glave, autizam, mijasteniju gra-
vis, lajmsku bolest, Adisonovu bolest, i dr. [36]. Takode je
poznato da osobe sa hiperakuzisom mogu pokazati visi
nivo neuroticizma, depresije, anksioznosti, impulsivno-
sti, agresije, i drugih osobina li¢nosti [35].

Jo$ jedan psiholoski fenomen uocen u klinickoj
praksi jeste mizofonija, koja se definie kao abnormal-
no snazna emocionalna i ponasajna reakcija na vrlo
konkretne zvuke, nevezano od njihovih fizickih karak-
teristika [33]. Re¢ mizofonija potice od prefiksa mizo-,
$to znaci ,mrzeti”, i reci fonija, $to znaci ,zvuk”. Stoga
se ona pravilno prevodi kao ,mrznja prema zvuku”. Ka-
rakteristi¢na slika mizofonije jeste da osoba koja od nje
pati iskazuje snaznu uznemirenost, iritaciju ili ljutinu
kada je izlozena zvucima - okidac¢ima, kao $to su zvuci
disanja, Zvakanja, gutanja, coktanja, prociscavanja grla,
pljuvanja, i sl. [37]. Ovi provocirajuci zvuci obavezno
moraju poticati od druge osobe (ne i od same osobe
koja pati od mizofonije), moraju izazivati izrazenu nela-
godnost i neprijatnost, moraju uzrokovati agresivnu re-
akciju kod osobe sa ovim poremecajem, moraju osobu
dovesti do toga da verbalno i fizicki protestuje protiv
izvora zvuka, ili je naterati da se povuce iz date socijal-
ne situacije [33,37,38].

Simptomi mizofonije procenjuju se primenom Am-
sterdamske skale mizofonije (Amsterdam Misophonia

ADVERSE REACTIONS TO SOUND FROM THE
CLINICAL PERSPECTIVE

A negative reaction to environmental sounds is gener-
ally defined as decreased sound tolerance, i.e. an ad-
verse reaction to auditory stimuli that would not evoke
the same response in an average listener [33]. The most
common type of decreased sound tolerance in a clini-
cal setting is hyperacusis. Hyperacusis refers to nega-
tive reactions to the physical characteristics of sound,
such as intensity (loudness) or sound frequency (sharp-
ness), independently of the source, the context, or the
meaning of the stimulus [33]. The term comes from the
prefix hyper-, meaning “excessive”, and the Greek root
acusis, meaning “ability to hear”. Typically, a person
with hyperacusis has trouble performing mental ac-
tivities (reading, concentrating) in loud environments,
cannot easily ignore sounds in everyday situations, and
does not feel at ease in social situations where he or
she is exposed to loud music and voices (entertain-
ment venues, social receptions, etc.) [34].

All these emotional, cognitive and behavioral as-
pects are incorporated into a hyperacusis questionnaire
constructed in 2002 [34]. The prevalence of hyperacusis
ranges from 8% to 17 % in different populations, de-
pending on the age of the participants and the criteria
applied [35]. The etiology of hyperacusis remains un-
known. Yet, it can be associated with several diseases,
including tinnitus, headache, head injury, autism, myas-
thenia gravis, Lyme disease, Addison’s disease, etc. [36]. It
is also known that persons with hyperacusis may exhibit
higher levels of neuroticism, depression, anxiety, impul-
siveness, aggression, and other personality traits [35].

Another psychological phenomenon observed
in clinical practice is misophonia, defined as an ab-
normally strong emotional and behavioral reaction
to very specific sounds, independent of their physical
characteristics [33]. Misophonia comes from the prefix
miso-, meaning “to hate”, and the word phonia, mean-
ing “sound”. It is, therefore, correctly translated as the
“hatred of sound”. Typically, a person with misopho-
nia expresses strong distress, irritation or anger when
exposed to triggering sounds, such as the sounds of
breathing, chewing, swallowing, lip smacking, throat
clearing, spitting, etc. [37]. These provoking sounds
must come from other humans (not from the suffering
persons themselves), must cause excessive discomfort
and distress, must cause an aggressive reaction by the
suffering person, must cause them to verbally or phys-
ically protest against the source of the sounds, or force
them to withdraw from the social situation [33,37,38].

Misophonia symptoms are assessed using the
Amsterdam Misophonia Scale (A-MISO-S), developed
in 2013 [38]. This questionnaire requires an interview
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Scale - A-MISO-S) koja je nastala 2013. godine [38]. Ovaj
upitnik iziskuje intervju koji sprovodi obuceni profe-
sionalac, koji ne samo da mora da postavlja pitanja o
konkretnim simptomima, ve¢ mora i da proceni njihov
intenzitet kod ispitanika. Zastupljenost mizofonije u
opstoj populaciji je oko 3%, ali bi mogla biti znacajno
veca medu pacijentima sa hiperakuzisom [37]. Ba$ kao
i hiperakuzis, mizofonija je cesto povezana sa anksio-
znos¢u, depresijom, i drugim psiholoskim poremecaji-
ma [33]. Stoga postoje sukobljena misljenja oko toga da
li je opravdano da se mizofonija prepoznaje, dijagnosti-
kuje i le¢i kao odvojen psihijatrijski poremecaj [37,38].

VISE OD TERMINOLOGIJE

Ukratko, razlikujemo nekoliko negativnih reakcija na
zvuke iz okoline. Medutim, opisi nekih od ovih reakcija
se medusobno preklapaju i mogu navoditi na pogreSne
zakljucke u svakodnevnoj komunikaciji, ne samo medu
laicima, ve¢ i medu zdravstvenim stru¢njacima. Na pri-
mer, postoji intenzivna rasprava o terminologiji koja se
koristi da se opisu hiperakuzis, fonofobija, mizofonija, i
uznemirenje bukom [36]. Istrazivaci su stavili primedbe
da se isti termini Cesto koriste da opisu razli¢ite senzaci-
je, te da se razliciti termini Cesto koriste da opisu sli¢ne
senzacije. Stoga je neophodno da se gleda Sire od same
terminologije u ovoj disciplini, i da se pruze jednostavne,
nedvosmislene i sveobuhvatne definicije za sve zdrav-
stvene ishode vezane za zvuk, koje mogu razumeti, tu-
maciti, i shvatiti i stru¢njaci ali i opSta populacija [36].

Negativne reakcije na zvuk, medutim, mozda
predstavljaju samo vrh ledenog brega u ovoj nau¢noj
oblasti. Negativne reakcije na svakodnevne faktore iz
zivotne sredine sezu Sire od osetljivosti na zvuk, i uklju-
Cuju i osetljivost na taktilne podsticaje, hemikalije sa
snaznim mirisom, kao i osetljivost na elektromagnetna
polja [39]. Nevezano od vrste osetljivosti, osoba koja
pati od datog poremecaja dozivljava ¢itav niz nespeci-
ficnih simptoma koji nemaju medicinsku podlogu [40].
Imajuci u vidu sli¢nosti medu simptomima i njihovu
psihofiziolosku podlogu, predlozeni zajednicki termin
za sve ove osetljivosti jeste idiopatska netolerancija na
okruZenje [39,40]. Buduca istrazivanja trebalo bi da se
usredsrede na dijagnosticke kriterijume i alate za pro-
cenu razli¢itih tipova netolerancija na okruzenje, kao i
na izucavanje njihove etiologije, posledica, i moguéno-
sti leenja. Ovo bi trebalo da dovede do kreiranja pozi-
tivnijih i prijatnijih Zivotnih sredina, kao i do unaprede-
nja javnog zdravlja uopste.

ZAKLJUCAK

Ovaj pregled opisuje karakteristike nekoliko reakcija
vezanih za izlaganje zvuku. One uklju¢uju uznemirenje
zvukom, kao najizrazeniju reakciju, iz ugla istrazivanja u

A REVIEW OF HUMAN REACTIONS TO ENVIRONMENTAL SOUNDS

with a trained professional, who not only has to make
inquiries about the specific symptoms, but also assess
their intensity in the respondent. The prevalence of
misophonia in the general population is about 3%,
but it could be much higher among patients with
hyperacusis [37]. Just like hyperacusis, misophonia is
often associated with anxiety, depression, and other
psychological disorders [33]. Therefore, there is much
debate whether misophonia should be recognized,
diagnosed, and treated as a separate psychiatric dis-
order [37,38].

BEYOND THE TERMINOLOGY

To summarize, several adverse reactions to environ-
mental sounds can be distinguished. However, the de-
scriptions of some of these reactions overlap and are
possibly misleading in everyday communication, not
only among laypersons, but among health profession-
als as well. For example, there is a wide discussion on
the terminology used to describe hyperacusis, pho-
nophobia, misophonia, and noise annoyance [36]. Re-
searchers have commented on the fact that the same
terms tend to be used to describe different sensations,
and that different terms are often used to describe
similar sensations. Thus, it is necessary to look beyond
the vocabulary in this discipline, and to provide simple,
unambiguous and comprehensive definitions of all
sound-related health outcomes, which can be under-
stood, interpreted and appreciated by both profession-
als and the general public [36].

Adverse reactions to sound, however, may only
represent the tip of the iceberg in this scientific area.
Adverse reactions to everyday environmental factors
go beyond sensitivity to sounds, and include sensi-
tivity to tactile stimuli, odorous chemicals, and elec-
tromagnetic fields [39]. Regardless of the type of sen-
sitivity, the suffering person presents with a series of
non-specific symptoms, without medical justification
[40]. Given the similarities in the symptoms and their
psychophysiological background, the proposed com-
mon term for all these sensitivities is idiopathic environ-
mental intolerance [39,40]. Future research should focus
on the diagnostic criteria and the assessment tools for
various types of environmental intolerances, and the
exploration of their etiology, consequences, and treat-
ment possibilities. This should lead to the development
of more positive and friendly environments, and to the
improvement of public health in general.

CONCLUSION

This review elaborates the characteristics of several re-
actions related to sound exposure. They include noise
annoyance, as the most prominent reaction from the
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zajednici, i hiperakuzis i mizofoniju, kao jedinstvene fe-
nomene, iz ugla klini¢ki znacajnih prezentacija. Ove re-
akcije predstavljene su i analizirane zajedno sa osetljivo-
$¢u na zvuk, Sto je osobina li¢nosti klju¢na za reakcije uz-
nemirenja zvukom. Zdravstveni stru¢njaci trebalo bi da
se usredsrede na osmisljavanje mogucih nacina lec¢enja
ljudi koji pate od ovih reakcija vezanih za zvuk. Svi koji
deluju u oblasti javnog zdravlja suoceni su sa izazovom
uvodenja trajnih mera u zajednici koje ¢e promovisati i
garantovati zvuc¢na okruzenja visokog kvaliteta.
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