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Dr. Ogr. Uyesi Perihan EREN BANA

istanbul Yeni Ylzyil Universitesi / Istanbul Yeni Yiizyil University

iy Saglik Bilimleri Dergisi olarak yayin hayatimiza
basladigimiz heyecan dolu ilk sayinin ardindan,
sizleri ikinci sayimizla bulusturmanin gururunu
yasiyoruz. llk sayimiza goésterdiginiz yogun ilgi
ve gelen nitelikli geri bildirimler, saglik bilimleri
alaninda yenilik¢i, kanita dayal ve multi disipliner
bir platform olusturma hedefimizde ne kadar dogru
bir yolda oldugumuzu bizlere bir kez daha kanitladi.
Saglik hizmetleri, teknoloji ve dijitallesmenin
etkilerinin daha fazla hissedildigi bir siirecten
gecmektedir. Dergimizin bu sayisinda; odyoloji,
mikrobiyoloji ile agiz ve dis saghg konularina
odaklanildi. Dergimizde yayimlanan her makalenin,
sadece akademik bir cikti olmanin 6tesinde,
daha saglikli bir toplum ve daha etkin bir saglik
sistemi insa etme yolculugunda bir adim olduguna
inanmaktayiz.

Bilimsel bilginin paylasildikca cogaldigina ve
kolektif bir cabanin urini olduguna inaniyoruz.
Bu baglamda, dergimizin yayimlanmasi ve yaygin
etkisinin artmasi icin blyilk bir ézveriyle calisan
yayin kurulu Oyelerimize, calismalarini en seffaf
haliyle bizlerle paylasan yazarlarimiza ve akademik
tarafsizligi ilke edinen hakemlerimize tesekkiri
bir bor¢ biliriz. Sizlerin katkisi, dergimizin bilimsel
niteligini her gecen glin bir Gist seviyeye tagimaktadir.
Ikinci sayimizin, ele alinan konular baglaminda
akademik diinyaya yeni bakis acgilari kazandirmasini
ve sahadaki uygulamalara isik tutmasini temenni
ediyoruz. Saglk bilimlerinin her alaninda gelisimi
desteklemeye ve nitelikli aragtirmalarin sesi olmaya
devam edecegiz.

Davetli derleme talebimizi geri cevirmeyerek bu
sayimiza katki saglayan Sayin Prof.Dr. Ayse Sanem
SAHLI'ya tesekkdurlerimizi sunarken, bir sonraki
sayimizda, yeni arastirmalar, kesifler ve yayinlarla
tekrar bulusmak dilegiyle...

Following the exciting launch of our first issue,
we are now proud to present our second issue of
the lyu Journal of Health Sciences. The intense
interest shown in our first issue and the high-
quality feedback we received have once again
proven to us that we are on the right track in our
goal of creating an innovative, evidence-based,
and multidisciplinary platform in the field of health
sciences.

Healthcare services are going through a period
where the effects of technology and digitalization
are felt more than ever before. the new issue of
our journal focuses on audiology, microbiology,
and oral and dental health. We believe that every
article published in our journal is more than just an
academic output; it is, in effect, a leap forward in
the journey of building a more effective healthcare
system which, in turn, leads to a healthier society.
We believe that scientific knowledge multiplies
when shared and that itis the product of a collective
endeavor. In this context, we owe a debt of
gratitude to our editorial board members who work
with great dedication to ensure the publication
and widespread impact of our journal, to our
authors who share their work with us in the most
transparent way, and to our reviewers who uphold
academic impartiality. Your contributions elevate
the scientific quality of our journal to a higher level
every day. We hope that our second issue will
provide new perspectives to the academic world
in the context of the topics covered and shed light
on field applications. We will continue to support
development in all areas of health sciences and be
the voice of high-quality research.

We would like to express our gratitude to Prof. Dr.
Ayse Sanem SAHLI for accepting our request for
an invited review and for contributing to this issue.
We look forward to meeting again in our next issue
with new research, discoveries, and publications...
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1. Giris

Sensdr bir kayip olan isitme kaybi, sesin kulaktan
beyine kadar olan isitsel yol boyunca ilerlemesine
engel olan 6nemli bir problemdir. Isitme kaybinin
kendisinden c¢ok sekonder etkileri, bebek ve
cocuklarin gelisimini olumsuz yonde etkilemektedir.
Isitme kaybr1 ile dogmus olup erken yasta tanilanarak
(1-3 ay), cihazlandirilan ve egitime baslayan bebekler
(06 ay), yasitlariyla benzer dil, konusma, kognitif
(biligsel) ve sosyal becerilere sahip olmaktadir

(Calderon, 2001; Nittrouer & Burton, 2001; Sahli,
2017). Konjenital igitme kayiplari, yasamin ilk 6
ay1 icerisinde miidahale edilmediginde ¢cocugun tiim
gelisim alanlarini olumsuz yonde etkileyebilmekte
ve basta dil ve konusma olmak iizere bircok alanda
yagitlarinin gerisinde birakabilmektedir.

farkl
Isitme

sekillerde
kaybina neden

Isitme
siniflandirilabilmektedir.
olan patolojinin yerine gore (isitme kaybinin tipi),
kronolojik olarak meydana geldigi zamana gore,

kayiplari,




tek veya cift tarafli olmasina gore ve igitme kaybinin derecesine gore ¢esitli sekillerde siniflandirilmaktadir.
Patolojinin yerine gore iletim, sensorindral, mikst, fonksiyonel (non-organik) ve santral isitme kayiplari
olarak smiflandirilan isitme kayiplari, meydana geldigi zamana gore dil gelisimi temel alinarak prelingual,
perilingual ve postlingual olarak ayrilabilmektedir (Sahli, 2017).

2. Gere¢ ve Yontem

Bu calismada, WHO (World Health Organization), JCIH (Joint Committee on Infant Hearing), AAA (American
Academy of Audiology), AAP (American Academy of Pediatrics) ve ASHA (American Speech-Language-
Hearing Association) gibi uluslararast kurum ve kuruluslarin raporlari ile isitme kayiplartyla ilgili son yillarda
yapilan bilimsel ¢alisma sonuglar1 arastirilmistir.

3. Bulgular
Isitme Kaybinin Yaygin Nedenlerinin Cogu Onlenebilir!

Diinya Saghk Orgiitii'ne gére (WHO, 2016), isitme kayiplarmin yaklasik %60°1 6nlenebilir nedenler ile
meydana gelmektedir. Onlenebilir nedenlere bagl olan isitme kaybi orani, geliri diisiik ve orta olan iilkelerde
(%75), geliri daha yiiksek olan iilkelere (%49) gore ¢cok daha yiiksektir. Bunun nedeni genel olarak geliri
diistik ve orta olan iilkelerde yliksek enfeksiyon olusumunun varligi iken, yiliksek gelirli iilkelerde daha iyi
anne ve ¢ocuk sagligi bakimidir (WHO, 2016; Sahli, 2021).

2024 Diinya Saglik Orgiitii Raporu’'nda (WHO, 2024) benzer sekilde isitme kaybinin yaygin nedenlerinin
cogunun Onlenebilir oldugu bildirilmis ve 6zellikle asagidaki faktorler tizerinde durulmustur:

* Genetik faktorler

* Hipoksi veya dogum asfiksisi
* Diisiik dogum agirligt

* Hiperbilirubinemi

» Perinatal enfeksiyonlar

* Menenjit

* Ototoksik kimyasallar ve ilaglar
» Sigara kullanimi

* Beslenme yetersizlikleri

* Kulak veya kafa travmasi

* Orta kulak enfeksiyonlar1

* Yiiksek seslere maruz kalma
* Yaslanma

Bebek ve cocuklarda gebelik ve dogumsal birgok faktdr isitme kaybina neden olabilmektedir. Cocugun
asagidaki faktorlerden iki tanesinden etkilenmesi durumunda isitme kaybi riski %90’1n iizerindedir (Sahli,
2021).

Isitme kaybi risk faktorleri:

* Cocukluk doneminde gelisen igitme kaybi1 hikayesi
* Erken dogum, diisiik dogum agirlig1 (1500 g ve alt1)
» Isitme kaybu ile birlikte goriilen sendromlar



* Bakteriyel menenyjit, ensefalit, kabakulak gibi enfeksiyonlar

* CMV, herpes, rubella, sifiliz, toksoplazmozis vb. enfeksiyonlar

* Hiperbilirubinemi, mekanik ventilasyona bagli persistan pulmoner hipertansiyon

* Norofibromatozis, osteopetrozis, Usher’s sendromu

» Kafa travmalari

* Norodejeneratif hastaliklar

« Ug aydan uzun siiren rekiirrent persistan otit (Belgin, 1992; Sahl1, 2021; WHO, 2024).

Cocukluk ¢aginda goriilen isitme kayiplarinin %30’undan fazlasi1 kizamikgik (rubella), CMV, kabakulak vb.
enfeksiyonlardan kaynaklanmaktadir. Menenjit ve kizamikgik ise birlikte goriildiigiinde ¢ocukluk cagi isitme
kaybinin %19’undan sorumludur. Bu enfeksiyonlarin ¢ogu asilama ve iyi hijyen ile 6nlenebilmektedir. Ayni
sekilde, kulak enfeksiyonlar1 ve buson, iyi kulak bakimi ve genel hijyen ile 6nlenebilmekte ve hizli tibbi/cerrahi
miidahalelerle tedavi edilebilmektedir. Oksijensiz kalma, diisiik dogum kilosu, erken dogum ve sarilik gibi
dogum komplikasyonlari cocukluk ¢ag1 isitme kayiplarinin %17’sini olusturmaktadir. Bu tiir komplikasyonlar,
lyilestirilmis anne ve ¢ocuk saglig1 uygulamalariyla dnlenebilmektedir. Gebelik donemindeki kadinlarda ve
dogumdan sonra bebek ve cocuklarda ototoksik ilaglarin kullanimi, potansiyel olarak onlenebilecek olan
cocukluk ¢agi isitme kaybinin %4’tinden sorumludur (Sahli, 2021; WHO, 2024).

Erken Isitme Tam1 ve Miidahale programlari ile tiim diinyada ve iilkemizde giderek artan isitme kaybinin
olumsuz etkilerinin Oniine gegilmesi hedeflenmektedir. Bu programlarin temel amaci; yenidogan tiim
bebeklerin isitmesinin birinci aya kadar taranmasi, tarama testinden gegemeyen bebeklerin ii¢lincii aya kadar
ileri odyolojik degerlendirmeye alinmasi, isitme kaybi tanis1 kesinlesen bebeklerin ise altinci ay gegmeden
bu konuda uzman saglik profesyonelleri ve gelismis saglik kurumlari tarafindan verilecek nitelikli saglik
hizmetlerinden yararlanmasidir (Sahli, 2017; JCIH, 2000; AAP, 2002; AAP & JCIH, 2007; AAP, 2013). Bu
programlar ile igitme kaybinin basta isitsel algi, bilissel, dil, konusma, sosyo-emosyonel ve akademik geligim
alanlarindaki anlamli ve olumsuz etkileri dnlenebilmektedir. Dogumdan hemen sonra isitme kaybi tanilanarak
vakit kaybetmeden en kisa siirede bebek ve aile i¢in uygun erken miidahale hizmetine baglanmalidir. Ek bir
engeli olmayan isitme kayipli cocuklar, erken yasta teshis edilip re/habilite edildiginde normal igiten akranlarinin
diizeyinde dil gelisimine ulasabilmekte ve bunu koruyabilmektedir. Ancak aile merkezli yaklasim, erken
miidahale hizmetlerinin siklig1 ve diizenliligi, bu hizmeti veren saglik profesyonelinin yeterliligi ve deneyimi,
egitimin igerigi, kullanilan iletisim yontemi, ailenin ilgi ve destegi gibi cocugun sonuglarini degistirebilecek
faktorlerin de 6nemli oldugu unutulmamalidir (Jackson, 2009; Harrison, Roush & Wallace, 2003; Hoffman &
Beauchaine, 2007).

Gilinlimiizde bebek ve kiigiik ¢ocuklarda isitmenin degerlendirilmesi, odyolojik testler, isitme kaybinin
tedavisi ve re/habilitasyonu ile ilgili bir¢ok bilgi, yenilik ve teknolojik gelisme bulunmaktadir. Bu durumun
temelinde yenidogan isitme taramalarinin etkisi son derece biiyiiktiir. Son yillarda diinyada tarama ekipmanlar1
ve test prosediirlerindeki gelismelerin sonucunda yenidogan isitme taramasi programlari hizla yayginlasmis
ve hastaneden ayrilmadan isitme kayb1 agisindan taranan yenidoganlarin orani giderek artmistir. Yenidogan
tarama, erken tan1 ve erken miidahale programlarinin gelismesiyle birlikte, koklear implantasyon uygulanan
kiigtik yastaki bebek ve ¢cocuklarin sayis1 da giderek artmaktadir. Erken donemde (12 aydan itibaren) uygulanan
koklear implantasyon ile isitme kayipli bebeklerin dil ve konusma becerileri i¢in olduk¢a 6nemli olan kritik
donemi (0-2 yas) etkili ge¢irmeleri saglanabilmektedir (Sahli, 2017; Johnson, 2012).

Diinyada Odyoloji Bilimi
Isitme kaybina y&nelik miidahale ve stratejilerden birinci derece sorumlu olan bilim dali Odyoloji olup, meslek
mensuplar1 odyoloji profesyonelleridir.



Ik olarak 1940’11 yillarda ABD’de resmi devlet karar1 ile profesyonel olarak ‘odyoloji’ teriminin kullanima
girmesi ile meslek tanimi1 katalogunda gorev ve yetkiler asagidaki sekilde belirtilmistir (Belgin, 2017):

* Odyolog, diagnostik inceleme, re/habilitasyon ve isitmenin farkli alanlariyla ilgili ¢alisma iiretme ve
uygulama konusunda uzmanlasmis kisidir.

« Isitme problemi olan hastaya isitme cihaz1 ve diger isitme teknolojileri icinde en ideal olanimi secer ve
hastanin igitme cihazina uyumundan primer sorumlu meslek mensubudur.

» Farkli alanlardaki (egitsel, sosyal vb.) tanisal testlerle odyometrik sonuglar1 yorumlar. Hastanin tiim davranim
seklini inceler ve 0zel gelistirilen testlerin kullanimi ile organik ve non-organik isitsel bozukluklar1 ayirir.

» Danigsmanlik, rehberlik, isitsel egitim, dudak okuma vb. gorevleri igeren re/habilitatif programlari planlama,
yOnetme ve yiirlitmeden sorumludur.

« Isitme sistemini ilgilendiren fizyolojik, patolojik, biyofizik ve psikofizik ile ilgili arastirmalar yapabilir.
Klinik ve aragtirma yontemlerini ve cihazlar1 diizenleyebilir, gelistirebilir.

* T1p, egitim vb. diger meslek gruplarina konsiiltan olarak katki saglayabilir.

* Bilim ve sanat olarak odyolojiyi 6gretebilir, bilimsel projeleri yonetebilir. Pediatrik, geriatrik, endiistriyel ve
arastirma odyolojisi alanlarinda uzmanlik alabilir.”

Tiirkiye’de Odyoloji Bilimi

Tiirkiye’de Odyoloji Egitimi, Prof. Dr. Nazmi Hosal’m &nciiliigiinde 1968 yilinda Hacettepe Universitesi
Mezuniyet Sonras1 Egitimi Fakiiltesi’ne bagli olarak KBB Klinigi Koordinatorliigii’'nde baslamis (Belgin,
2017), ilerleyen yillar igerisinde Prof. Dr. Erol Belgin’in onciiliigiinde yapilan egitim (Odyoloji ve Konusma
Bozukluklar1 lisansiistii egitimlerinin baglatilmasi ve yiiriitiilmesi, Odyometri Programi’nin kurulmasi, Egitim
Odyolojisi Yiiksek Lisans ve Doktora egitiminin baslatilmasi ve yiiriitiilmesi vb.) ve saglik alanindaki (Isitme
Konusma Egitim Unitesi’nin kurulmasi, Ulusal Yenidogan Isitme Taramasi Programlari’nin baslatilmas1 vb.)
caligmalarla bugiine gelmistir.

Odyoloji profesyonellerinin Saglik Bakanligi tarafindan belirlenen gorev tanimlari, 22/05/2014 tarihli ve
29007 sayil1 Resmi Gazete’de yayimlanan “Saglik Meslek Mensuplari ile Saglik Hizmetlerinde Calisan Diger
Meslek Mensuplarinin {s ve Gérev Tanimlaria Dair Yonetmelik” kapsaminda asagida resmilesmistir (Resmi
Gazete, 2014):

Odyolog

a) Uzman hekimin yonlendirmesiyle isitme ve denge ile ilgili bozukluklarin teshisinde tanisal testleri
uygulamak, isitme re/habilitasyonu i¢in kullanilacak cihazlar1 belirlemek, segmek ve programlamak

b) Isitme kaybinin &nlenmesi ve isitme sagliginin korunmasina yonelik ¢alismalar yapmak

¢) Isitme tarama programlarindaki testleri uygulamak ve bu programlarda gorev almak

¢) Isitmenin korunmas1 hakkinda gerekli 6nerilerde bulunmak ve giiriiltii 8l¢iimlerini yapmak

d) Cerrahi islemler sirasinda (cerrahin gerekli gérmesi durumunda) isitme ve dengeyle ilgili sinir
monitdrizasyonu yapmak

e) Kulaga implante edilen cihazlarin ameliyat sirasinda ve sonrasinda cihaz ayarlamalarini yapmak

f) Isitsel algiy1 degerlendirmek ve re/habilitasyonu yapmak

g) Isitme ile ilgili egitim programlarin1 hazirlamak (Resmi Gazete, 2014; Belgin, 2017).

Odyometri teknikeri

a) Saf Ses Odyometri ve Konugsma Odyometrisi ile immitansmetrik testleri yapmak, isitme kaybinin tipi,
derecesi ve hastanin uyumu ile ilgili bilgileri test formuna kaydetmek

b) Vestibiiler testler ile otoakustik emisyon uygulamalari ilgili uzman tabip denetiminde yapmak



¢) Giiriiltii 6lgiimlerinde ve isitme tarama programlarinda yer almak
¢) Isitme cihaz1 uygulamalarma yonelik kulak kalib1 8lgiileri almak, cihazlarin kazang ve cikis degerlerini
0lemek ve ayarlarini1 yapmak (Resmi Gazete, 2014; Belgin, 2017).

Isitme Kaybimin Yénetimi

Isitme kaybina yonelik koruma, tarama, erken tani, erken cihazlandirma ve erken re/habilitatif hizmetler
konularini kapsayan isitme kaybinin yonetimi, tiim yas gruplarinda oldukg¢a 6nemli olan stratejik yaklasimlari
kapsamaktadir.

Diinya Saglhk Orgiitii, 2024 yili raporunda (WHO, 2024) isitme kaybinin yonetimi konusunda odyoloji
profesyonellerini asagidaki sekilde bilgilendirmektedir:

H.E.A.R.ILN.G (iISITME)

H — Hearing Screening and Intervention (Isitme Taramasi ve Miidahale)

Yasamin stratejik noktalarinda, yani yenidoganlarda ve bebeklerde; ¢ocuklarda, 6zellikle okul ortamlarinda;
yaslilarda ve giiriiltiiye, ototoksik kimyasallara veya ototoksik ilaglara maruz kalanlarda sistematik isitme
taramast. Isitme kaybinin erken teshisi ve ardindan hizli rehabilitasyon, basarili bir sonug igin cok nemlidir.

E — Ear Disease Prevention and Management (Kulak Hastahiklarim Onleme ve Yonetme)

Saglikli isitme i¢in yapilmasi ve yapilmamasi gerekenleri takip ederek toplum diizeyinde kulak hastaliklarinin
onlenmesi ve yonetimi; egitimli birinci basamak saglik hizmeti saglayicilar tarafindan kulak hastaliklarinin
erken teshisi, yonetimi, sevk edilmesi ve gerektiginde uzmanlasmis tibbi ve cerrahi bakima erigim.

A — Access to Technologies (Teknolojilere Erisim)
Isitme kaybi1 olanlarin goguna fayda saglayabilecek isitme cihazlari, koklear implantlar ve orta kulak implantlar
gibi teknolojilere erisim.

R — Rehabilitation Services (Rehabilitasyon Hizmetleri)
Konugma ve dil terapisi, isaret dili kullanim1 ve dudak okuma gibi kolayca erisilebilen rehabilitasyon hizmetleri.

I — Improved Communication (fletisimi Gelistirme)
Isaret dili terciimesi ve altyaz1 hizmetleri ile iletisimin iyilestirilmesi, isitme kaybi olan kisilerin tiim faaliyetlere
katiliminin kolaylastirilmas.

N — Noise Reduction (Giiriiltiiyii Azaltma)

Isyerinde mesleki isitme koruma programlarinin uygulanmasi, giivenli dinleme cihazlari igin kiiresel standart
ile giivenli dinleme mekanlar1 ig¢in kiiresel standardin ulusal standartlar olarak benimsenmesi yoluyla
giiriiltiiniin azaltilmasi.

G — Greater Community Engagement (Daha Fazla Toplum Katilimi)
Isitme kayb1 ve nedenlerine yonelik davranis ve tutumlari degistirmek igin, isitme giicliigii ¢eken ve isitme
engelli olan bireylerin topluma daha fazla katilimi.

Bu bilgilere ek olarak, Diinya Saglik Orgiitii’niin ayn1 raporunda (WHO, 2024), odyoloji profesyonellerinin
sorumluluklar1 konusunda asagidaki konulara yer verilmektedir:

« Isitme kaybx ile ilgili nitelikli bilgiye erisin ve bu bilgileri yaygimlastiriimasi

* Topluma saglikli kulaklar i¢in ipuglar ile isitme kaybindan nasil siiphelenilecegi konusunda bilgi verilmesi.



* Saglik programinin bir parcasi olarak kulak ve isitme bakimi entegrasyonunun desteklenmesi

* Kulak ve isitme bakim hizmetlerinin mevcudiyeti ve bu hizmetlere ihtiya¢ duyan kisileri nereye
yonlendirilebilecegi hakkinda bilgi verilmesi

* Her yi1l 3 Mart’ta isitme ve isitme sagligi konusunda hizmet veren odyoloji profesyonelleri (odyolog,
odyometri teknikeri, odyoloji uzmani vb.) tarafindan farkindalik ¢alismalar1 yapilmas: (WHO, 2024).

Bu bilgiler 15181nda, tiim diinyada isitme sagligina yonelik farkindalik yaratmayi amaglayan 3 Mart Diinya
Isitme Giinii’niin, bu alanda hizmet veren tiim Odyoloji Profesyonellerinin Giinii olarak kutlanmas1 konusunda
Isitme Konusma Bilimcileri Dernegi tarafindan ASHA ile iletisime gegilerek gerekli girisimler baslatilmis
olup, 2023 yilindan itibaren her y1l “3 Mart Diinya Isitme ve Odyoloji Profesyonelleri Giinii” ad1 ile isitme
sagligi ve meslek mensuplarina yonelik egitim, sempozyum, kurs ve toplantilar yiiriitilmektedir (IKBD,
2025).

WHO (Diinya Saglhk Orgiitii), diinyadaki tiim Odyoloji Profesyonelleri i¢in yasamimn farkli dénemlerinde
isitme kaybu riskini azaltmak amaciyla etkili stratejileri asagidaki sekilde aciklamistir (WHO, 2025):

* Asilama

* Nitelikli anne ve ¢ocuk bakimi uygulamalari

* Genetik ile ilgili danigmanlik hizmetleri

* Yaygin kulak hastaliklarinin teshisi ve tedavisi

* Giliriiltliniin 6nlenmesi ve kimyasal maruziyetin azaltilmasina yonelik mesleki igsitme koruma programlari
* Eglence ortamlarinda ytiksek seslere maruz kalmay1 azaltmak i¢in giivenli dinleme stratejileri

* Ototoksik isitme kaybini 6nlemek i¢in ilaglarin akile1 kullanimi (WHO, 2025).

4. Tartisma ve Sonug¢

Saglik profesyonellerinin temel amaci, bulunduklari toplumun bireylerine en nitelikli saglik hizmetini
sunmaktir. Bu nedenle, dncelikle kendi rol ve sorumluluklar1 hakkinda bilgi ve farkindalik diizeylerinin
gelismis olmas1 gereklidir. Odyoloji profesyonelleri, her yastaki bireylerde isitme ve denge bozukluklarinin
onlenmesi, degerlendirilmesi, teshisi ve tedavisi konusunda hizmet veren saglik meslek mensuplaridir.
Isitme ve/veya denge sorunu yasayan bireylerin saglik durumlarmin iyilestirilmesinde ve bu sorunlarla ilgili
ihtiyaglarinin karsilanmasina yardimci olurlar. Bu nedenle, isitmenin korunmasi konusunda odyoloji meslek
mensuplarinin toplumu bilgilendirmeye yonelik ¢aligmalara agirlik vermeleri, igitme sagligi bakimindan son
derece 6nemlidir. Ozellikle, 3 Mart Diinya Isitme ve Odyoloji Profesyonelleri Giinii kapsaminda; giiriiltii,
ototoksisite, sik goriilen kulak hastaliklar1 vb. gibi isitme sagligini olumsuz yonde etkileyen konular ile
giivenli dinleme stratejileri ve isitmenin/kulagin korunmasina yonelik toplumsal farkindalig1 artirmaya yonelik
toplanti, kongre, proje vb. egitsel faaliyetlerde bulunmalari, bu vesileyle toplum i¢indeki mesleki 6nemlerine
151k tutmalari, meslegin toplumsal kariyeri konusunda ilerlemeyi saglayacaktir.
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Introduction

Halitosis is defined as the perception of the odor in a person's breath by the environment at a “socially
unacceptable” level, and it should be considered not only as a biological problem but also as a condition that
can affect the person's communication, self-perception, and quality of life (Aylikci et al., 2013; Wu et al.,
2020). The most common presentation in patients who come to the clinic due to halitosis is halitosis caused by
intraoral factors; however, halitosis may also be seen due to extraoral causes such as upper/lower respiratory
tract pathologies, gastrointestinal diseases, certain metabolic disorders (such as kidney, liver, or dry mouth),
systemic diseases such as diabetes, and medications. (Tangerman, 2002; van den Broek et al., 2007).

Studies on the biological aspect of halitosis started in the late 1970s and, in Tonzetich’s study (1977), it was
emphasized that volatile sulfur compounds (VSC) such as hydrogen sulfide, methyl mercaptan and dimethyl
sulfide emerge from the breakdown of protein residues in the oral cavity by anaerobic microorganisms. This
concept still remains current today; in particular, due to the papillary surface of the tongue dorsum being
indented, protruded and having retentive niches, it causes deposits and shed cells to accumulate easily. This
accumulation contributes to VSC production by anaerobic bacteria.

The biochemical basis of halitosis arises from the production of VSCs (especially hydrogen sulfide and
methyl mercaptan) by the breakdown of organic substrates by intraoral microorganisms, and in this process
the biofilm on the tongue dorsum, periodontal pockets and retention areas play a critical role (Persson et al.,
1990; Loesche, 2003; Takeshita et al., 2012). In addition, in some patients, even if objectively no bad odor is
detected, a perception of ‘there is bad breath’ may occur; this is called pseudohalitosis or halitophobia. Correct
diagnosis in pseudohalitosis cases is important to prevent unnecessary and repeated treatments in the clinic
(Yaegaki & Coil, 2000; Zaitsu et al., 2011).

When looking at the rates of occurrence of halitosis in patients, its prevalence may vary according to the
society, the selected population, the cultural level and the diagnostic thresholds; this partly explains the
differences seen in the literature. However, one of the most common findings is the inconsistency between
a person's self-perceived halitosis and objective assessment. Self-report may vary according to psychosocial
status and individual odor sensitivity. Therefore, this may lead to increased complaints in the absence of a
measurable bad odor. Zaitsu et al. (2011), in their study, reported higher social anxiety scores in patients who
presented to the clinic with concern about halitosis and, in subsequent studies, associated halitosis complaints
with decreased confidence and impaired quality of life (Briceag et al., 2023).

In the diagnosis of halitosis, there are many different diagnostic methods ranging from simple subjective clinical
assessment such as organoleptic measurements to device-based objective tests. Organoleptic measurement
continues to be a method that is still frequently and widely used today, because it reflects real-world odor
perception and is a low-cost method that does not require a device (Memon et al., 2022). However, by nature
it is a subjective method and depends on the odor sensitivity of the examiner. In contrast to the subjectivity
provided by the organoleptic method, tests such as gas chromatography objectively measure individual sulfur
compounds, providing more precise results, and also help to distinguish odor profiles in the patient. Although
tests such as gas chromatography provide more objective data, their clinical use is more limited due to cost
and technical requirements. In these tests, portable devices offer practicality, but their sensitivity varies by
compound type, which may affect the interpretation of the results (Wu et al., 2020).
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Tests such as the Cysteine Challenge Test are used as auxiliary tests when clinical findings and patient
complaints differ. With a cysteine mouth rinse, an amino acid that bacteria easily metabolize, the patient is
asked to rinse and the sulfur production potential that bacteria can create by metabolizing it is examined, and
it may help clarify whether the bad odor is primarily oral in origin or whether it points to a broader etiology in
diagnostically difficult cases (Aydin and Giinay, 2022).

Materials and Methods

This study, as a systematic review; evaluated the current evidence in halitosis by including current studies
covering the etiological factors, microbiological mechanisms, diagnostic tools and treatment approaches of
halitosis as well as valuable articles on the subject from the past. In the articles, the procedures of classification,
screening, eligibility assessment and synthesis were planned in advance and carried out in accordance with the
PRISMA method.

1. Study Design

The study was designed to collect and critically evaluate studies, reviews and meta-analyses in the accessible
literature on halitosis, including epidemiology, classification, diagnostic methodology and intervention
outcomes in halitosis. In the study design, a structured search strategy and predefined eligibility rules were
used to minimize bias in article selection and to increase reproducibility. Articles were screened from relevant
databases by 2 researchers using keywords.

2. Literature Search

Searches were carried out in these databases using keywords by using the PubMed, Scopus and Web of
Science databases. Eligible publications included clinical and laboratory studies addressing topics such as the
etiology of halitosis, diagnostic assessment, treatment effects or psychosocial dimensions, as well as secondary
research (systematic reviews and meta-analyses).

In the search strategy, keywords and Boolean operators were used to narrow the search results in the database:

* “halitosis” or “oral malodor” or “bad breath”

* “volatile sulfur compounds” or “VSC”

* “etiology” or “diagnosis” or “treatment”

* “periodontal disease and halitosis”

* “pediatric halitosis”

* “psychogenic halitosis” or “halitophobia”

* “Al olfaction” or “electronic nose and halitosis”

For publication year, current studies from the last 5 years and foundational studies included in the references of
these studies were included, and no strict limitation was applied; this approach allowed the joint interpretation
of past foundational studies together with studies conducted with newer developments in today's technology.

3. Study Selection

3.1 Inclusion Criteria

The abstracts of the studies obtained from searches in the databases using keywords were screened according
to the following criteria, and studies meeting the criteria were included:
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» Addressing halitosis in relation to its etiology, classification, epidemiology, diagnostic methods and
treatment.

* Clinical studies on humans related to halitosis, laboratory investigations, reviews, meta-analyses and
articles discussing technological developments related to halitosis.

* Providing full-text accessibility.

* The full-text writing language of the article being English or Turkish.

* Meeting acceptable standards of methodological quality.

3.2 Exclusion Criteria
Studies meeting the following criteria were excluded:

* Articles whose abstract is related to halitosis but whose main topic in the full text is not halitosis,

* Articles published as conference abstracts, posters, letters to the editor or commentaries,

* Articles that are duplicate or alternative versions of the same publication,

* Articles that are clinical studies or meta-analyses but contain insufficient data or lack scientific rigor,
* Articles whose full text cannot be accessed.

Were not included in the study.

3.3 Selection Process Results

In the search process conducted with the help of keywords in the PubMed, Scopus and Web of Science
databases, 1.452 articles were identified whose titles were thought to be related to or possibly related to
the topic. After abstract review of these articles with identified titles, 263 articles were selected for full-text
evaluation.

Of the 263 selected articles, full texts of 14 could not be accessed and, according to the exclusion criteria: 16
articles were excluded because they were in languages other than English or Turkish, 23 articles because they
were based on non-current literature, 81 articles due to repetition of other articles or inconsistencies between
the abstract and the main content, and 11 articles because the necessary methodological information related
to the study could not be reached in the full text.

The remaining 118 articles were included in this review and used for scientific analysis.

4. Data Extraction
Data extraction was performed manually using structured forms for each included study. These forms
recorded the following:

* Study title, authors and publication year.

* Study design (e.g., randomized controlled trial, cross-sectional, review, laboratory study).

» Sample size and population characteristics.

* Diagnostic tools used (organoleptic scoring, gas chromatography, Halimeter®, biomarker assessment).

* Microbiological findings (bacterial species, VSC production patterns).

* Treatment methods examined (chemical agents, probiotics, mechanical interventions, SnF, formulations,
etc.).

* Primary outcomes and study limitations.

5. Data Synthesis and Analysis

Since the methodological design of the included studies differed substantially in terms of the population
included in the study and outcome definitions, a quantitative pooling (meta-analysis) could not be performed;
instead, the obtained findings were grouped under the themes of etiology, diagnosis, microbiology, treatment
and psychosocial impact, and were combined using a narrative (descriptive) synthesis.
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6. Quality Assessment

Quality assessment was conducted using criteria specific to each study type:

Randomized controlled trials: Randomization methods, blinding, management of missing data and completeness
of outcome reporting.

Observational studies: Adequacy of sample size, validity and reliability of measurement tools, management
of confounding variables.

Laboratory studies: Experimental standardization, reproducibility and clarity of methodological description.
Review articles: Breadth of coverage, methodological transparency and critical depth.

Were evaluated according to these criteria.

Results

The studies examined through full text cover a wide range of topics reflecting the multifactorial nature of
halitosis. Collectively, these studies present various evidence on epidemiology, intraoral factors, microbial
pathways underlying the production of VSC (volatile sulfur compounds), the performance of current diagnostic
tools and the comparative effects of mechanical and chemical treatments.

1. Epidemiology and Prevalence of Halitosis

Although the prevalence of halitosis varies according to the population studied, the measurement methods
used in the study and the threshold values used in diagnosis, the literature shows that halitosis is a frequently
seen phenomenon both clinically and socially. Overall, since halitosis is noticeable not only in the clinical
setting but also in the social setting, it helps explain why even patients with low objective measurements seek
treatment (Wu et al., 2020).

Research focusing on halitosis in adolescents and young adults emphasizes that halitosis can lead to undesirable
psychosocial outcomes in individuals. Among the reported outcomes, the most common results may include
serious psychosocial behaviors such as decreased self-confidence and avoidance of close social interaction;
this is consistent with observations of the negative effects of halitosis on quality of life (Briceag et al., 2023).

2. Etiology of Halitosis: Intraoral and Extraoral Sources

2.1 Intraoral Causes (Oral)

Intraoral factors causing halitosis are consistently identified in clinical studies and systematic reviews as the
main cause of halitosis. Evidence presented in the articles shows that approximately 80-90% of all cases
originate from the oral cavity (Memon et al., 2022; Aylikci et al., 2013).

Tongue Coating: Among the intraoral sources causing halitosis, the main factor has repeatedly been emphasized
as tongue coating. The tongue dorsum, due to its broad and rough surface that retains substrate for anaerobic
metabolism, becomes the primary site where bacteria colonize and enable VSC formation (Wu et al., 2020).

Periodontal Diseases: While inflammatory exudate and tissue breakdown products serve as a nutrient source
for bacteria that cause halitosis, periodontal pockets create low-oxygen environments suitable for colonization
by anaerobic bacteria that produce VSC.

Xerostomia (Dry Mouth): Saliva is a secretion that serves as a natural means of washing, cleaning and defense
in the oral cavity. Decreased salivary flow reduces the mouth’s natural cleansing and buffering capacity,
increasing plaque and bacterial accumulation and facilitating the production of malodor-associated metabolites
by bacteria.
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2.2 Extraoral Causes (Non-oral)

Although extraoral etiologies in halitosis are seen less frequently, they constitute a significant minority of
cases (10-20%) (Memon et al., 2022). For the diagnosis of halitosis due to extraoral causes, intraoral causes
should first be carefully excluded. After all intraoral causes are eliminated, a diagnosis of halitosis due to
extraoral causes can be made. Such cases may require interdisciplinary medical cooperation.

2.2.1 Systemic Diseases

Volatile compounds that arise as a result of metabolic processes in the body or certain organ disorders enter the
bloodstream; these compounds are exhaled through the lungs, leading to oral malodor. This is part of genuine
halitosis that cannot be resolved by oral hygiene measures and requires a comprehensive medical evaluation
(Yaegaki & Coil, 2000; Tangerman, 2002).

Diabetes (Diabetes Mellitus): Especially in uncontrolled diabetes patients or in diabetic ketoacidosis, it is
perceived as a sweetish acetone odor in the breath. This odor originates from ketone bodies formed as a result
of the body burning fatty acids instead of glucose for energy (Aylikci et al., 2013).

Renal Failure: Disorders in kidney function affect the urea cycle, leading to increased ammonia levels in the
breath. This condition is generally characterized by a “fishy odor” or an ammonia-like odor (Wang et al.,
2013).

Liver Disorders: Liver diseases also affect metabolic processes, leading to the accumulation of volatile
compounds such as ammonia in the blood and breath (Shin et al., 2021).

2.2.2 Airway-Related Conditions
Pathologies occurring in the upper or lower respiratory tract lead to the formation of biomarkers that change
the odor profiles detectable in the breath. If the patient does not have dominant intraoral factors such as tongue

coating or periodontal inflammation, the focus should be shifted to extraoral airway sources (Kumbargere
Nagraj et al., 2019).

Pulmonary Infections and Cancer: Pneumonia (pneumonia), tuberculosis and lung tumors directly change the
odor profile in the breath. Metabolic activities or tissue damage in the lungs affect the structure of volatile
organic compounds (VOC) exhaled with the breath (Broek et al., 2007).

Upper Respiratory Tract Disorders: Infections in the ear-nose-throat (ENT) region, nasal or pharyngeal
infections are common causes of extraoral malodor (Yaegaki et al., 200).

2.2.3 Digestive System (Gastrointestinal) Disorders

Stomach and Esophageal Disorders: Gastritis, gastric ulcers (especially associated with H. pylori infection),
gastric cancer and Barrett’s esophagus may cause oral malodor. H. pylori bacteria can release ammonia and
hydrogen sulfide gas during its metabolic processes (Shin et al., 2021).

Intestinal Diseases: Inflammatory bowel diseases (IBD), Crohn’s disease, ulcerative colitis and bacterial
overgrowth in the small intestine (SIBO) create distinct odor profiles detectable in the breath (Yu et al., 2024).
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3. Microbiological Mechanisms and VSC Production

Halitosis is largely the release of volatile sulfur compounds (VSC) following proteolysis by anaerobic bacteria.
This biochemical pathway links protein-rich substrates to malodor via microbial metabolism (Tonzetich, 1977).
Persson et al. (1990) reinforced the fundamental driving role of anaerobic proteolytic activity in halitosis by
showing that, under appropriate conditions, multiple oral microorganisms can produce hydrogen sulfide and
methyl mercaptan.

4. Diagnostic Methods
In the clinic, diagnosis primarily begins with a detailed medical history and intraoral examination.

4.1 Organoleptic Assessment

Despite advances in instrumental tests in the diagnosis of halitosis, organoleptic assessment (sniff test) is
still a method used practically in the clinic and accepted as a reference point. Its strength comes from being
low-cost, not requiring a device, and being easy to apply in the clinical setting, and the reason it is one of the
most commonly used methods is that it reflects real odor perception; however, the biggest drawback is that the
scores given in the test depend on the examiner and environmental conditions, that is, the test is subjective.

4.2 Gas Chromatography and VSC Measurement

Gas chromatography (GC) provides a valuable chemical profile for the differential diagnosis of halitosis by
quantifying H,S, CH,SH and (CH,),S compounds separately. Handheld devices such as Halimeter® offer ease
of chairside use, The biggest drawback in these tests is that the devices have limited sensitivity to certain sulfur
types. This may cause genuine halitosis to appear milder than it is in some cases.

4.3 Cysteine Challenge Test (Cysteine Challenge Test)

It is recommended for situations where routine evaluation for halitosis does not fully explain the patient's
complaint. Cysteine is an amino acid that bacteria easily metabolize. By comparing VSC changes before and
after the cysteine mouth rinse, it helps distinguish the intraoral factors of halitosis (Aydin, 2022).

4.4 Nanomaterial-Based Chemiresistive (Electronic Nose) Sensors

These systems mimic the human olfactory mechanism. The sensor surface consists of gold nanoparticles
coated with organic ligands or carbon nanotubes. When volatile organic compounds (VOC) in the breath bind
to these ligands, the electrical resistance between the nanoparticles changes. These resulting signal patterns
are analyzed with machine learning algorithms and are used in the diagnosis of halitosis (Kim et al., 2021).

4.5 Smart Ingestible Capsule Sensors

Developed for monitoring the gastrointestinal system, these capsules measure the levels of pH, temperature,
pressure and gases in the intestine. Using a combination of semiconductor and thermal conductivity sensors,
these devices transmit data wirelessly, providing real-time information about intestinal health and microbial
activity. We can think of these sensors as advanced-technology “interpreters” that decode chemical messages
coming from inside the body (Yu et al. 2024).

4.6 Colorimetric Sensors Based on Phage Litmus

Genetically modified M 13 bacteriophages are made sensitive to specific volatile organic compounds (VOC).
Structures formed by these phages undergo structural changes when exposed to external stimuli such as gases
in the breath, i.e., volatile organic compounds, and scatter light differently, resulting in a color change (Kim et
al., 2021). This technology is called “phage litmus”
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4.7 Autofluorescence Imaging (QLF-D)

 This method is based on the principle that endogenous porphyrins produced by oral bacteria emit red
fluorescence under 405 nm blue light. The quantitative light-induced fluorescence digital (QLF-D) system
images bacterial accumulation (tongue coating) on the tongue and visualizes and scores the severity of the
associated oral malodor (halitosis) in a non-invasive manner (Lee et al., 2015).

5. Findings Obtained from Treatment Studies

The basic principle of management is to first find the source. If intraoral causes are dominant, the first step is
mechanical plaque control.

Mechanical Approaches: Mechanical plaque control and tongue cleaning are first-step strategies in preventing
halitosis. Reducing the bacterial coating on the tongue surface with tongue scrapers provides measurable
improvement in VSC levels (Wu et al., 2020).

Chemical Agents: Chlorhexidine, zinc salts, cetylpyridinium chloride, chlorine dioxide and essential oils have
been reported to reduce VSC levels (Froum et al., 2013). However, side effects such as changes in taste
perception and staining of teeth with long-term use should not be overlooked.

Stannous Fluoride (SnF,): SnF -containing toothpastes have been shown to reduce morning breath odor
(Zsiska et al., 2021). Basically, its mechanism of action is based on stannous fluoride suppressing bacterial
activity in the oral cavity and preventing the formation of compounds that cause odor.

Laser Therapies: Although Wiench (2025) reported potential benefits in selected cases due to a reduction in
bacterial load, the evidence is still limited and heterogeneous. In particular, the fact that lasers are not widely
available in clinics is an important limiting factor in developing them as a treatment option.

Probiotic approaches: Prebiotics and microbiota-modulating strategies are attracting increasing interest in
halitosis. However, questions such as which strains will be effective, in which duration and doses, and in
which patient groups more meaningful results will be obtained are still unclear (Briceag et al., 2023).

6. Psychosocial Effects

One of the most important possible psychological outcomes caused by halitosis is that patients may experience
withdrawal in social life and loss of self-confidence. Genuine halitosis may overlap with anxiety-related
perceptions (pseudohalitosis) (Zaitsu et al., 2011). These effects should be considered not as a secondary
element of treatment, but as a central part (Briceag et al., 2023).

7. Classification Systems
The classification system proposed by Aylikci et al. (2013) and dividing halitosis into three main categories is
also widely used in the current literature

* Genuine Halitosis (Genuine Halitosis)
* Pseudohalitosis (Pseudohalitosis)

+ Halitophobia (Halitophobia)

This framework is accepted as the basis for accurate differential diagnosis and the clinical decision-making
process.
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Discussion

Halitosis, oral malador or bad breathe, is a common clinical condition shaped by the interaction of biological
and psychosocial factors, creating serious biological and psychological stress in the patient. Studies on the
subject and evidence in the current literature show that the cause of halitosis is intraoral in origin in the vast
majority of cases; in particular, tongue coating and periodontal factors are at the center of this condition.
Studies reveal that, although halitosis is a biological phenomenon, it is an important condition that affects a
person's social life. Therefore, the diagnostic and treatment processes of halitosis should not be reduced solely
to a physical odor removal procedure; a holistic approach that also includes the patient's level of perception
and psychology should be adopted.

The fundamental mechanism of oral malodor is the anaerobic proteolysis process carried out by intraoral
microorganisms. In this process, sulfur-containing volatile compounds (VSC) such as hydrogen sulfide
and methyl mercaptan that emerge with the breakdown of proteins constitute the main source of the odor.
Therefore, selecting methods that limit the accumulation of protein substrates and reduce anaerobic bacterial
load in treatment strategies is the most rational way for permanent improvement.

In terms of diagnostic methods, organoleptic assessment (the clinician directly evaluating the odor) is still
accepted as the gold standard because it reflects social perception. However, in order to reduce inter-clinician
variability, standardization and measurements supported by next-generation sensor technologies have the
potential to increase objectivity. Nevertheless, instead of relying only on device data in the diagnostic process;
evaluating the triad of history, clinical examination and measurement together is the safest approach.

In clinical management, the most critical distinction is determining the difference between genuine halitosis
that can be objectively detected and pseudohalitosis or halitophobia that is based only on the patient's own
perception. When an objective odor is not detected, instead of only recommending mechanical or chemical
cleaning methods, providing education and supportive counseling to the patient, and when necessary referring
to the relevant specialists, will increase treatment success and patient compliance.

Treatment approaches should follow a stepwise system customized to each patient's needs: management of
factors contributing to halitosis such as mechanical cleaning, chemical supports and management of risk
factors is essential for long-term outcomes.

Conclusion

In conclusion, halitosis management cannot be carried out with a “single factor — single treatment”
understanding. An effective approach requires a holistic strategy that takes into account standardized
diagnostic tools, mechanical and chemical methods aimed at etiology and the patient's psychosocial status.
We can liken halitosis management to a detective story. Without examining the crime scene (the oral cavity),
making a decision only by looking at the presence of the smoke (the odor) is incomplete. To find the real
culprit (anaerobic bacteria and proteins or extraoral factors), both eyewitnesses (the organoleptic test) and
technological evidence (sensors) are needed; however, sometimes it may also be necessary to face the fact
that the crime is not physical, but only an illusion (halitophobia).
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Giris

Bagirsak mikrobiyotasi, gastrointestinal sistemde bakteri, virlis, mantar ve protozoalar gibi trilyonlarca
mikroorganizmanin bir arada yasadigi ve viicudun farkli bolgelerinde yasamaya uyum saglamis karmasik
bir ekosistemdir. Giiniimiizde "mikrobiyota" terimi bu 6zel tiirlerin tamamin1 ifade etmek i¢in kullanilirken;
"mikrobiyom" kavrami bu organizmalarin tasidiklar1 genleri, proteinleri ve metabolitleri temsil etmektedir
(Evrensel ve Ceylan, 2015). Insan viicudunda barinan bu mikrobiyal toplulugun sayisi toplam insan hiicre
sayisindan yaklasik 10 kat, icerdikleri gen dizilimi ise insan genomundan 150 kat daha fazladir. Bu denli
kapsamli ve kompleks bir yap1 olan mikrobiyota; sindirim ve metabolik siireglerin 6tesinde, bagisiklik
sisteminin gelisimi ve regiilasyonunda da kritik roller iistlenerek konake¢1 sagligi tizerinde belirleyici bir etkiye
sahiptir (Lloyd-Price ve ark., 2016). Bagirsak ve beyin arasindaki ¢ift yonlii iletisim “bagirsak-beyin ekseni”
kavramiyla agiklanmakta; bu sistem sinirsel (vagus siniri), immiinolojik ve endokrin yollar araciligiyla islev
gormektedir (Cryan ve Dinan, 2012; Cryan ve ark., 2019). Mikrobiyota, bu yollar iizerinden nérotransmitter
sentezini ve stres yanitini etkileyerek bireyin ruhsal durumunu bigimlendirebilmektedir.




Insan temelli gdzlemsel calismalar, bagirsak mikrobiyotasindaki dengesizligin (disbiyozis) depresyon ve
anksiyete basta olmak {izere ¢esitli psikiyatrik bozukluklarla iliskili oldugunu iliskilendirilmektedir (Jiang ve
ark.,2015; Bastiaanssen ve ark.,2020). Giincel literatiir, mikrobiyota bilesimindeki degisimlerin néropsikiyatrik
bozukluklarin patofizyolojisinde merkezi bir rol oynadigin1 vurgulamaktadir (Goralczyk-Binkowska ve ark.,
2022; Socata ve ark., 2021). Ayrica, 6grenme ve bellek gibi bilissel siire¢lerde de mikrobiyal ¢esitliligin nemli
bir faktor oldugu ileri siiriilmektedir (Li ve ark., 2023).

Tiirkiye’deki literatiirde yer alan derleme yazilarinda, bagirsak mikrobiyotasinin ruh saghigr ile iliskisi;
ozellikle serotonerjik sistem, immiin yanit ve bagirsak-beyin ekseni ¢ercevesinde tartisilmaktadir (Evrensel
ve Ceylan, 2015; Sahin, 2022). Ilgili literatiirde, bagirsak mikrobiyotasindaki dengenin bozulmasinin
intestinal bariyer biitiinliiglinli zayiflatarak artmis bagirsak gecirgenligine yol acabilecegi; bunun sonucunda
proinflamatuar sitokinlerin artisiyla noroinflamasyonun tetiklenebilecegi ifade edilmektedir (Evrensel ve
Ceylan, 2015). Giincel bir derlemede ise psikobiyotik yaklasimlarin, mikrobiyota dengesini destekleyerek
inflamatuar yanit1 baskilayabilecegi, serotonin metabolizmasini diizenleyebilecegi ve stres yanit1 lizerinde
olumlu etkiler gosterebilecegi belirtilmektedir (Gliglii ve Aygan, 2023). Bu cergevede, bagirsak bariyer
biitiinliigli ve mikrobiyota dengesinin ruh saghig ile iliskili mekanizmalarin anlasilmasinda dikkate alinmasi
gereken unsurlar oldugu goriilmektedir.

1. Mikrobiyota ve Depresyon

Bagirsak mikrobiyotasi ile depresyon arasindaki iliski, sinirlt sayida insan temelli gézlemsel calismada ele
alimmistir. Bu ¢aligsmalar, depresyon tanisi almig bireylerde mikrobiyal ¢esitliligin azaldigini ve bazi bakteriyel
gruplarin dengesiz bir dagilim gosterdigini bildirmektedir (Jiang ve ark., 2015; Aizawa ve ark., 2016). Ozellikle
Firmicutes diizeylerinde azalma ve Bacteroidetes oranlarinda artigin depresif belirtilerle iligkili olabilecegi
ileri silirlilmiistiir (Jiang ve ark., 2015).

Deneysel bir ¢aligmada, Kelly ve ark. (2016) major depresif bozuklugu olan bireylerden alinan digki
orneklerinin farelere nakledilmesi sonucunda, deney hayvanlarinda depresif benzeri davraniglarin gelistigini
gostermistir. Bu bulgular, bagirsak mikrobiyotasindaki degisimlerin duygudurumla iliskili davranigsal
yanitlar lizerinde etkili olabilecegini diisiindiirmektedir. S6z konusu sonuglar, mikrobiyotanin duygudurum
diizenlenmesinde norobiyolojik bir araci rol listlenebilecegine isaret etmektedir.

Ayrica, bazi klinik arastirmalar, probiyotik takviyelerinin depresif belirtiler iizerinde pozitif etkiler
yaratabilecegini ortaya koymustur. Zheng ve ark., (2016), probiyotik destegi alan bireylerde serotonin
metabolizmasi ve bagirsak-beyin ekseni islevlerinin iyilestigini ve bunun ruh halinde anlamli bir diizelme ile
iligkili oldugunu bildirmistir. Benzer sekilde, Ng ve ark., (2018) tarafindan gergeklestirilen bir meta-analizde,
probiyotik kullaniminin depresyon semptomlarini hafifletmede yardimci olabilecegi belirtilmistir.

Literatiir, bagirsak mikrobiyotasindaki degisimlerin ndroinflamasyon ve hipotalamus-hipofiz-adrenal
(HHA) ekseni aktivasyonu ve ndrotransmitter dengesizlikleri araciligiyla depresyonun gelisiminde rol
oynayabilecegine isaret etmektedir (Bastiaanssen ve ark., 2020; Foster ve ark., 2021). Ancak, mevcut
bulgularin biiyiik kism1 hayvan modellerinden elde edilmistir. Bu nedenle, insan 6rneklemleriyle yapilacak
uzunlamasina calismalarin, mikrobiyota ve depresyon arasindaki nedensel iliskiyi aciklifa kavusturacagi
diisiiniilmektedir (Kelly ve ark., 2021).
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Giincel bir yerel derlemede, bu siiregte 6zellikle triptofan metabolizmasinin kiniirenin yoluna kaymasinin ve
lipopolisakkaritlerin (LPS) tetikledigi sitokin saliniminin merkezi bir rol oynadig: belirtilmektedir (Aydin
ve Donmez, 2022). Ayrica, mikrobiyal bir metabolit olan biitiratin, beyin tiirevli nérotrofik faktér (BDNF)
diizeylerini destekleyerek noroprotektif etki sagladigi vurgulanmaktadir (Aydin ve Dénmez, 2022)."

2. Mikrobiyota ve Anksiyete

Bagirsak mikrobiyotasi ile anksiyete arasindaki iligki, cogunlukla deneysel ve gézlemsel ¢aligmalar temelinde
ele alinmaktadir. Mevcut bulgular, mikrobiyota bilesimindeki degisimlerin stres yaniti, duygusal diizenleme
ve noroendokrin islevlerle iliskili olabilecegine isaret etmektedir (Bastiaanssen ve ark., 2020; Foster ve ark.,
2021). Ozellikle hayvan modellerinde yapilan galismalar, bagirsak mikrobiyotasmin hipotalamus-hipofiz-
adrenal (HHA) ekseni aktivitesi {izerinde diizenleyici bir rol oynayabilecegini diisiindiirmektedir (Sudo ve
ark., 2004).

Hayvan modellerinde yapilan erken donem arastirmalar, bu iliskinin biyolojik temellerini desteklemistir.
Bravo ve ark., (2011), Lactobacillus rhamnosus verilen farelerde anksiyete benzeri davranislarin azaldigini ve
beyin dokusunda GABA reseptor gen ekspresyonunda anlamli degisiklikler meydana geldigini gostermistir.
Bu bulgular, bagirsak mikrobiyotasinin merkezi sinir sistemi ile vagus siniri araciligtyla iki yonlii bir iletisim
kurdugunu diisiindiirmektedir (Cryan & Dinan, 2012).

Insan 6rneklemlerinde yiiriitiilen ¢calismalar da benzer sekilde mikrobiyotanin anksiyete diizeyleriyle iliskili
oldugunu gostermektedir. Liu ve ark., (2019) tarafindan gerceklestirilen meta-analizde, probiyotik takviyesi
alan bireylerin anksiyete semptomlarinda plaseboya kiyasla anlamli bir azalma saptanmistir. Romijn &
Rucklidge (2015), psikobiyotiklere iligkin literatiirii sistematik olarak degerlendirerek, bazi probiyotiklerin
stres ve anksiyete lizerinde potansiyel etkileri olabilecegini belirtmistir. Ayrica, Allen ve ark., (2016) probiyotik
kullanimimin yalnizca anksiyete semptomlarini azaltmakla kalmayip, ayni zamanda kortizol diizeylerini
diistirdligiinii ve genel stres yanitin1 dengeledigini bildirmistir.

Bununla beraber, literatiirdeki ¢aligsmalarin yontemsel acgidan heterojen oldugu goriilmektedir. Katilimci
sayilarimin smurli olmasi, kullanilan probiyotik tiirlerinin farkliligi ve miidahale siirelerinin degiskenligi,
sonuglarin genellenebilirligini kisitlamaktadir (Ng ve ark., 2018). Dolayisiyla, mikrobiyota temelli psikobiyotik
tedavilerin etkinligini degerlendirebilmek i¢in daha genis 6rneklemlerle, uzun siireli ve kontrollii arastirmalara
ihtiya¢ duyulmaktadir (Bastiaanssen ve ark., 2020).

3. Mikrobiyota ve Bilissel islevler

Bagirsak mikrobiyotasi, duygudurum diizenlenmesinin yani sira 6grenme, bellek ve yliriitiicli islevler
gibi biligsel siireglerle iliskili olabilecek dnemli bir biyolojik sistem olarak degerlendirilmektedir. Mevcut
caligsmalar, bagirsak mikrobiyal ¢esitliligindeki azalmanin biligsel performansta diistisle iliskili olabilecegine
isaret etmektedir (Chu ve ark., 2019; Kowalski & Mulak, 2019). Ozellikle yaslanma ile birlikte disbiyozis
(mikrobiyotadaki dengenin bozulmasi), néroinflamasyonun artis1 ve sinaptik plastisitede azalma gibi siiregler
aracilifiyla biligsel gerilemeye katkida bulunabilecegi ileri siirtilmektedir (Cryan ve ark., 2020).

Noble ve ark., (2017) tarafindan yapilan bir ¢alismada, saglikli yetiskinlerde mikrobiyota c¢esitliligi arttik¢a
bilissel esneklik ve calisma bellegi performansinin da yiikseldigi bulunmustur. Benzer sekilde, Liang ve ark.,
(2018) mikrobiyotanin kisa zincirli yag asitleri (SCFA) iiretimi yoluyla sinaptik biitiinliigli korudugunu ve
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noronlar arasi iletisimi giiclendirdigini bildirmistir.

Norodejeneratif hastaliklarla iligkili ¢alismalarda da benzer sonuclar elde edilmistir. Kowalski & Mulak
(2019), Alzheimer hastalarinda bagirsak mikrobiyotasindaki degisimlerin amiloid-beta birikimi ve mikroglial
aktivasyon stireglerini tetikleyerek hastalik progresyonunu hizlandirabilecegini belirtmistir. Ayrica, Vogt
ve ark., (2017) Alzheimer hastalarinda Firmicutes oraninin azaldigini, Bacteroidetes tiirlerinin ise arttigini
saptamistir.

Ek olarak, Bonfili ve ark., (2021) tarafindan yiiriitiillen hayvan modelinde, probiyotik tedavinin Alzheimer
benzeri semptomlar1 azalttig1, sinaptik plastisite belirteclerini artirdigi ve oksidatif stres diizeylerini azalttigi
rapor edilmistir.

Sonuc ve Oneriler

Mevcut literatiir, bagirsak mikrobiyotasinin depresyon, anksiyete ve bilissel islevleriizerinde cok boyutlu etkiler
olusturabilecegini gdstermektedir. Ozellikle bilissel siirecler baglaminda, mikrobiyotanin nroinflamasyonun
diizenlenmesi, sinaptik plastisitenin siirdiiriilmesi ve metabolik denge gibi biyolojik yollar araciligiyla merkezi
sinir sistemi islevlerini etkileyebilecegi one siiriilmektedir (Cryan ve ark., 2020; Chu ve ark., 2019). Bununla
birlikte, bu alandaki kanitlarin 6nemli bir boliimii deneysel modeller ve gbézlemsel ¢aligmalarla sinirli olup,
insan temelli veriler heniiz yeterli diizeye ulasmamastir.

Bagirsak-beyin ekseni kapsaminda tanimlanan mikrobiyal metabolitler, immiin modiilasyon, vagal
sinyalizasyon ve hipotalamus-hipofiz-adrenal aks lizerinden isleyen mekanizmalar, mikrobiyotanin ruh sagligi
iizerindeki olas1 etkilerinin biyolojik temelini olusturmaktadir (Cryan ve Dinan, 2012; Cryan ve ark., 2019;
Bastiaanssen ve ark., 2020). Probiyotik ve prebiyotik miidahalelere iliskin bulgular bazi olumlu sonuglara
isaret etse de, calisma tasarimlarindaki heterojenlik, miidahale siireleri ve bireysel farkliliklar nedeniyle bu
sonuglarin klinik uygulamaya dogrudan aktarimi sinirli kalmaktadir (Ng ve ark., 2018; Liu ve ark., 2019).

Mevcut literatiir bir arada degerlendirildiginde, bagirsak mikrobiyotasinin bilissel islevlerin ve ruhsal siire¢lerin

diizenlenmesinde diizenleyici bir rol tistlenebilecegi diisiiniilmektedir; ancak bu iliskinin klinik karsiliginin
netlestirilmesi i¢in insan temelli gii¢lii kanitlara ihtiyag bulunmaktadir.
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