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ABSTRACT

Primary cardiac tumors are rare and usually benign. Among
these, papillary fibroelastoma is one of the most frequently
encountered types. Although often asymptomatic, papillary
fibroelastoma can lead some serious embolic complications.
This case report presents a 42-year-old male patient
diagnosed with antiphospholipid antibody syndrome, who
developed nonbacterial trombotic endocarditis on a
tricuspid valve papillary fibroelastoma. Histopathologically
findings supported a diagnosis of papillary fibroelastoma
with coexisting nonbacterial trombotic endocarditis, This
case highlights the association between papillary
fibroelastoma and nonbacterial trombotic endocarditis in
the context of antiphospholipid antibody syndrome,
emphasizing the importance of clinical vigilance regarding
cardiac involvement in rheumatologic diseases and the

embolic potential of valvular masses.
Keywords

Papillary fibroelastoma, nonbacterial trombotic
endocarditis, antiphospholipid antibody syndrome, tricuspid

valve replacement, cardiac tumor

OZET

Primer kalp tumorleri nadirdir ve genellikle iyi huyludur.
Bunlar arasinda papiller fibroelastoma en sik karsilasilan
tiplerden biridir. Genellikle asemptomatik olmasina ragmen,
papiller fibroelastoma bazi ciddi embolik komplikasyonlara
yol acabilir. Bu vaka raporunda, trikispit kapak papiller
fibroelastomasinda bakteriyel olmayan trombotik
endokardit gelisen, antifosfolipid antikor sendromu tanisi
konmus 42 vyasinda bir erkek hasta sunulmaktadir.
Histopatolojik bulgular, eslik eden bakteriyel olmayan
trombotik endokardit ile birlikte papiller fibroelastoma
tanisini  desteklemistir. Bu vaka, antifosfolipid antikor
sendromu baglaminda papiller fibroelastoma ile bakteriyel
olmayan trombotik endokardit arasindaki iliskiyi
vurgulayarak, romatolojik hastaliklarda kalp tutulumu ve
kapak kitlelerinin embolik potansiyeli konusunda klinik

uyanikligin 6nemini vurgulamaktadir.

Anahtar Kelimeler

Papiller fibroelastom, nonbakteriyel trombotik endokardit,
antifosfolipid antibody sendrom, trikiispit kapak replasmani,

kalp tiimorii.
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Introduction

Primary cardiac tumors are extremely rare and are mostly
benign. The most common types are myxomas and papillary
fibroelastomas (PFE) (Devanabanda AR and Lee LS, 2023).
PFE can develop on any endocardial surface. The distribution
is most frequently on the aortic valve (44%), followed by the
mitral (35%), tricuspid (15%), and pulmonary valves (8%)
(Ramesh M Gowda and friends, 2003). Although the exact
etiology remains unclear, it is generally associated with
endothelial injury and is more commonly observed on

valvular endothelial surfaces (Gowda RM and friends, 2003).

PFE is often asymptomatic but may cause complications such
as vascular embolism, stroke, heart failure, or cardiac arrest
(Devanabanda AR  and Lee LS, 2023). On
echocardiographically, papillary fibroelastomas can be
similar findings seen in vegetations, endocarditis, trombus,
Libman-Sacks endocarditis (a form of non-bacterial
trombotic endocarditis - NBTE), or Lambl's endocarditis

(Reda Bzikha and friends, 2021).

NBTE occurs as a result of endothelial injury followed by the
deposition of sterile fibrin and platelet material, forming
sterile vegetations (aseptic trombus). It develops secondary
to hypercoagulability and endothelial damage (Simsek-Yavuz
S and friends, 2019). NBTE can be seen in valvular heart
diseases associated with hypercoagulable states such as
systemic lupus erythematosus (SLE), rheumatoid arthritis,
and antiphospholipid antibody syndrome (APS), elderly
patients, uremia, other chronic conditions, and after
intracardiac catheter insertion (Simsek-Yavuz S and friends,

2019).

In this case report, we present a patient with APS, which has
NBTE on the tricuspid valve in the background of papillary
fibroelastoma and underwent surgical treatment with

tricuspid valve replacement.

Case Presentation

A 42-year-old male presented with dyspnea. He had been

complaining of shortness of breath on exertion for
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approximately 1 month. His medical history included known
immune trombocytopenic purpura and hypertension. There
was no history of substance use. Physical examination was
normal. Transthoracic echocardiographically revealed a 3x10
mm mobile lesion adherent to the tricuspid valve, protruding
into the right atrium (differential: vegetation vs. myxoma),
eccentric grade 2 tricuspid regurgitation (TR), and a
pulmonary artery pressure of 39 mmHg. Transesophageal
echocardiographically confirmed the findings: ejection
fraction 50-55%, a trombus-like mass measuring 2.6x1.9 cm
on the lateral leaflet of the tricuspid valve, and mild TR.

Blood cultures were negative for infective endocarditis.

Following a multidisciplinary discussion with the cardiology
and cardiovascular surgery team, surgical intervention was
planned. Preoperative coronary angiography was normal.
Laboratory findings revealed a platelet count of 95x103/uL,
positive ANA and dsDNA, with other parameters within
normal limits. Hematology consultation recommended
proceeding with surgery while maintaining platelet count

above 80x103/uL.

Median sternotomy and right atriotomy were performed.
Vegetations were observed on the anterior and posterior
leaflets of the tricuspid valve (Figure 1). The damaged
leaflets were resected, and the vegetations were removed
(Figure 2). A 33 mm Pericarbon bioprosthetic tricuspid valve
was implanted. The patient was extubated 7 hours
postoperatively and transferred to the inpatient servise on
postoperative day 3. He was discharged on postoperative
day 7 with medical treatment consisting of apixaban 5 mg

twice daily and furosemide once daily.

Histopathologically =~ examination of  intraoperative
specimens revealed fibrinous material consistent with
vegetations, lined by a single-layered flattened epithelium,
with scattered papillary-like structures and myxoid changes.
These areas showed focal S100 positivity, while calretinin
and CD34 were negative, ruling out a diagnosis of myxoma.
In light of these findings, the diagnosis was consistent with
papillary fibroelastoma and non-bacterial trombotic

endocarditis.
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Postoperative researches for trombotic vegetation and
trombositopenia revealed positive anticardiolipin 1gG and
IgM, ANA positivity, confirming the diagnosis of
antiphospholipid antibody syndrome (APS).

e
2

the tricuspid valw
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Fig 1: Intraoperative image of the tricuspid valve mass

Discussion

Histopathologically, PFE is characterized by papillary fronds
composed of acellular matrix lined by a single layer of
endothelial cells. Echocardiographically, it appears as a
pedunculated, mobile, speckled mass, ranging from 2-40
mm in size (Devanabanda AR and Lee LS, 2023). The most
common symptoms are dyspnea (37.5%), TIA (37.5%),
angina (12.5%, especially in aortic valve involvement due to
prolapse over coronary ostium), and syncope (12.5%)

(Devanabanda AR and Lee LS, 2023).

Clinical presentation of PFE varies depending on tumor size,
mobility, and degree of obstruction it causes on the mitral or
tricuspid valves (Gowda RM and friends, 2003). PFE can
rarely present in association with conditions like APS, thyroid
dysfunction, and trombocytopenia (Devanabanda AR and

Lee LS, 2023- Isik M and friends, 2024).

NBTE is more frequently associated with APS.

Trombocytopenia is observed in 20-40% of patients with

MATURAL OIFE MWEDICINE

APS, usually mild-to-moderate in severity (70,000—
120,000/mm3) (Simsek-Yavuz S and friends, 2019). In one
study, NBTE was associated with malignancy in 40.5% of
cases, SLE in 33.3%, and APS in 35.7%. Stroke was the most
common initial presentation (59.5%) (Zmaili MA and friends,
2021). However, the association of NBTE and PFE has been
reported to be rare (Gaetano Thiene and Cristina Basso,

2006).

Treatment is primarily surgical resection; however,
antiplatelet and anticoagulant therapy is essential regardless
of whether surgery is performed (Zoltowska DM and friends,

2021).

o M_atgri'a_l.: gxci"sgd,,f_rd m
| the tricuspid valve

Fig 2: Image of the excised mass

Valvular lesions such as PFE may act as foreign bodies and
serve as sources of tromboembolism. It is important to
remember that PFE can be associated with rheumatologic
diseases. As in our case, in the presence of NBTE and mild-
to-moderate trombocytopenia, APS should be considered in
the differential diagnosis. Early diagnosis and treatment are

crucial to prevent potentially severe complications.
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OZET

Elit futbolcular icin performansin strdirilebilirligi, yogun
antrenman yuklerinin etkin bicimde yodnetilmesi ve
bireysellestirilmis toparlanma stratejilerinin uygulanmasiyla
dogrudan iliskilidir. Futbolun yiksek siddetli dogasi, yiksek
seviyede ndéromiiskiiler ve metabolik stres yaratirken, yogun
mag takvimleri, tam fizyolojik toparlanma icin gereken sireyi
onemli olgide kisitlamaktadir. Masaj terapisi, fizyolojik
toparlanmayi hizlandirma ve algilanan yorgunlugu azaltma
potansiyeli nedeniyle yaygin olarak kullanilan toparlanma
stratejilerinden biridir. Masaj, yumusak dokulara ritmik
basing ve hareket uygulamasiyla gergeklestirilen bir yontem
olup uygulanan teknige bagl olarak fizyolojik, néromuskiiler
ve psikolojik etkiler sunmaktadir. Glincel bulgulara gore,
profesyonel futbol kulliplerinin yaklasik %78’i masaji diizenli
bir toparlanma stratejisi olarak kullanmaktadir. Ancak,
masajin dogrudan fiziksel performans testleri ile bazi
fizyolojik belirtegler Gzerindeki etkilerine dair bulgular sinirh
ve tutarsizdir. Ornegin, bazi c¢alismalarda masajin
performans testlerinde etkisinin olmadigi gorilurken, bazi
calismalarda laktat temizligi ve kas hasari belirteclerinin
normallesmesinde etkili oldugu gosterilmistir. Ayrica,
masajin inflamatuvar yanitlari diizenleyebilecegi ve hiicresel

stresi azaltabilecegi yoninde bulgular da mevcuttur. Masajin

en tutarli ve belirgin etkileri ise psikolojik ve algisal
diizeydedir. Sporcular tarafindan rahatlatici ve keyif verici bir
uygulama olarak algilanan masaj, algilanan kas agrisini ve
yorgunlugu azaltmada etkili bulunmustur. Sporcularin
kendilerini toparlanmis hissetmelerinin, antrenmana daha
glivenle katilmalarini sagladigi ve motivasyonu artirarak
dolayli yoldan performansa katki sundugu One
surtlmektedir. Ancak bu etkiler, uygulama yontemi ve
zamanlamasina gore degiskenlik  gosterebilmektedir.
Dolayisiyla, bu derlemenin amaci; futbol gibi yiksek
yogunluklu ve aralikh spor dallarinda masaj uygulamalarinin
toparlanma siirecindeki yerini; fizyolojik, psikolojik ve algisal
boyutlariyla kapsaml bir sekilde degerlendirmek, mevcut
bilimsel kanitlarla masajin etkinligine dair glincel bir cerceve
sunmak ve mikro dongiler bakimindan  masajin

zamanlamasina iliskin 6neriler gelistirmektir.

Anahtar Kelimeler

Futbol, kas yorgunlugu, mag performansi, mag sonrasi

toparlanma, toparlanma zamanlamasi.
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The Role of Massage in the
Recovery Process of Elite
Football Players: A Narrative
Review from Physiological,
Psychological, and Timing

Aspects

ABSTRACT

For elite football players, the sustainability of performance
is directly related to the effective management of high
training loads and the implementation of individualized
recovery strategies. The high-intensity nature of football
creates considerable neuromuscular and metabolic stress,
while congested match schedules significantly limit the time
required for full physiological recovery. Massage therapy is
one of the most commonly used recovery strategies due to
its potential to accelerate physiological recovery and reduce
perceived fatigue. Massage is a method performed through
the rhythmic application of pressure and movement to soft
tissues and, depending on the technique applied, can
provide physiological, neuromuscular, and psychological
effects. According to current findings, approximately 78% of
professional football clubs regularly use massage as a
recovery strategy. However, the evidence regarding the
direct effects of massage on physical performance tests and
certain physiological markers is limited and inconsistent. For
instance, some studies have shown no effect on
performance tests, while others have demonstrated its
effectiveness in lactate clearance and the normalization of
muscle damage markers. In addition, there are findings
suggesting that massage may regulate inflammatory
responses and reduce cellular stress. The most consistent
and pronounced effects of massage, however, are at the
psychological and perceptual levels. Perceived by athletes as

a relaxing and enjoyable practice, massage has been found

MATURAL OIFE MWEDICINE

effective in reducing perceived muscle soreness and fatigue.
Athletes’ feeling of being recovered enables them to
participate in training with greater confidence and, by
enhancing motivation, is suggested to indirectly contribute
to performance. Nevertheless, these effects may vary
depending on the method and timing of application.
Therefore, the aim of this review is to comprehensively
evaluate the role of massage applications in the recovery
process of high-intensity and intermittent sports such as
football from physiological, psychological, and perceptual
perspectives, to provide an up-to-date framework on the
effectiveness of massage based on current scientific
evidence, and to develop recommendations regarding the

timing of massage within microcycles.

Keywords

Football, muscle fatigue, match performance, post-match

recovery, timing of recovery
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Elit dlizeyde sporcular uluslararasi rekabet ortamina
hazirlamak, yalnizca fiziksel yetenekle sinirli olmayan, ¢cok
yonlli bir silreci gerektirir. En (st seviyede yarismaya
hazirlanan sporcular, yogun antrenman donguleriyle karsi
karsiya kalir ve bu siire¢ hem fizyolojik hem de psikolojik
acidan 6nemli bir yik olusturur. Bu nedenle, sporcularda Ust
diizey performansin sirdirilebilirligi, yalnizca antrenman
yogunluguna degil, ayni zamanda modern tesisler, bilim
temelli antrenman yaklasimlari ve bireysellestirilmis destek
sistemlerine de baglidir. Bu sistemlerin temel unsurlarindan
biri, egzersiz ylikiiniin hassas bigcimde yonetilmesidir; ¢linkii
bu yik, sporcularin adaptasyon kapasitesi, performans
diizeyi ve sakatlik riski ile dogrudan iliskilidir (Oliva-Lozano &
Ardigo, 2024). Ayrica, sporcularda yorgunluk yalnizca fiziksel
degil; zihinsel stres faktorleriyle birlikte degerlendirildiginde,
toparlanma siireglerinin bittncul bir yaklasimla ele alinmasi
gerektigi gorUlmektedir. Bu yaklasim, oOzellikle fiziksel
taleplerin ve toparlanma ihtiyacinin yogun oldugu futbol gibi
sporlarda daha da kritik hale gelir. Futbol, strekli sprint, ani
yavaslama ve tekrarlayan yiksek efor gerektiren,
noromiiskiler ve metabolik baski olusturan yiksek
yogunluklu, aralikli bir spordur (Brownstein vd., 2017; Oliva-
Lozano vd., 2021; Torres-Ronda vd., 2022). Ulusal ve
uluslararasi mag takvimlerinin giderek yogunlagmasiyla
birlikte, tam fizyolojik toparlanma icin firsatlar
sinirlanmaktadir (Noor vd., 2021). S6z konusu sire kisitliligl,
ozellikle sikisik mag takviminde Ust diizey performansin
surdirilebilirligi agisindan kritik bir engel olusturmaktadir
(Nédélec vd., 2012; Noor vd., 2021). Bu baglamda, kanita
dayali ve bireysellestirilmis toparlanma stratejilerinin
uygulanmasi, yalnizca avantaj saglamakla kalmaz; yiksek
dizeyde performansin siirdirilmesi ve sezon boyunca
yetersiz adaptasyon ya da sakatlik riskinin azaltilmasi
acisindan hayati dneme sahiptir (Halson, 2014; Nédélec vd.,

2012; Noor vd., 2021; Kellmann vd., 2018).

Elit futbolda periyotlama kavrami, oyuncu performansinin

rekabet sezonu boyunca sistematik olarak yonetilmesi igin
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temel cergeveyi olusturmaktadir (Malone vd., 2015).
Kavramsal olarak, dort yillik dongllerin en Ustte yer aldigi
hiyerarsik bir yapi olarak dusindldiginde; bu yapinin
tabanini genellikle bir hafta siiren ve macgtan sonraki giin
baslayip bir sonraki maga kadar devam eden mikro dongiler
(mikrosikluslar) olusturmaktadir (Issurin, 2010; Bompa &
Haff, 2009; Malone vd., 2015). Bu mikrosikluslar, teknik-
taktik gelisim, fiziksel kondisyon ve planli toparlanma
evreleriyle stratejik olarak kurgulanmis farkh
yogunluklardaki antrenmanlari entegre eder (Turner, 2011;
Kellmann vd., 2018). Bu kurguda toparlanma, cevresel bir
unsur degil; performans optimizasyonunun temel bir
bilesenidir (Querido vd., 2022). Sporcular toparlanmayi
gelistirmek amaciyla ¢ok boyutlu yontemler kullanir. Bu
yontemler arasinda masaj terapisi, fizyolojik toparlanmayi
hizlandirma ve algilanan yorgunlugu azaltma potansiyeli
nedeniyle yaygin olarak kullaniimaktadir (Dupuy vd., 2018;
Nédélec vd., 2013; Poppendieck vd., 2016). Dikkat cekici
sekilde, mikro dongl icerisinde masajin uygulanma
zamanlamasi kritik 6neme sahiptir. Antrendrler ve spor
bilimciler antrenman zamanlamasinin  her yonini
hassaslastirmaya calisirken, masaj uygulamasina yonelik
uygun zaman araliklarinin belirlenmesi, toparlanma siirecini
hizlandirma ve performansi artirmada o©nemli katkilar
saglayabilir (Nédélec vd., 2013). Bu nedenle, bu derlemenin
U¢ temel amaci vardir: (i) futbol gibi yiksek yogunluklu,
aralikh sporlarda masajin toparlanma surecindeki yerini
fizyolojik, psikolojik ve algisal boyutlariyla degerlendirmek,
(i)  mevcut bilimsel kanitlari  toparlayarak masaj
uygulamalarinin etkinligini ortaya koymak ve (iii) mikro
dongiilerde masajin zamanlamasina iliskin pratik oneriler

sunmaktir.

Masaj, genel anlamda ritmik baski ve silirtlinme yoluyla
yumusak dokularin mekanik olarak manipiile edilmesi olarak
tanimlanir ve elit sporcularda toparlanma yontemi olarak

yaygin bicimde kullaniimaktadir (Nédélec vd., 2012, 2013;
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Poppendieck vd., 2016). Farkli uygulama teknikleri, masajin
fizyolojik, noéromiskiler  ve psikolojik etkilerini
cesitlendirmekte; uygulanma bicimine, baski derinligine ve
hedef dokulara bagh olarak farkh amaglara hizmet
etmektedir (Poppendieck vd., 2016; Dupuy vd., 2018). Efloraj
masaj teknigi, kasin uzunlugu boyunca distalden proksimale
dogru, ylzeyel ve ritmik bir sekilde uygulanir (Moraska,
2007). Bu teknik, ven6z ve lenfatik dolasimi artirmayi, kaslari
egzersize hazirlamayr ve gevseme saglamayr amaglar
(Moraska, 2007; Arroyo-Morales vd., 2012). Petrisaj masaj
teknigi, daha derin doku manipilasyonlarini igerir ve
sporcunun konfor diizeyine gore uyarlanir (Hemmings vd.,
2000). Kas ici kan akisini artirmak, kas gerginligini azaltmak
ve metabolik atiklarin uzaklastirilmasina yardimci olmak
temel hedefleridir (Moraska, 2005). Friksiyon masaj teknigi,
hedef dokunun altindaki yapilari mobilize edebilmek igin
enine yonde derin baski uygulanmasini icerir (Moraska,
2005). Bu teknik, adezyonlari azaltmak, yara dokusunu
yumusatmak ve lokal agriyi hafifletmek amaciyla tercih edilir
(Benjamin & Lamp, 2005). Tapotement masaj (vurmal
masaj) teknigi, kaslara ritmik tokatlama veya kesme benzeri
hareketlerle uygulanir. Kas uyarimi, dolasimin hizlandiriimasi
ve sinir sisteminin canlandirilmasi gibi etkileri nedeniyle
ozellikle aktivasyon amagli kullanilir (Weerapong vd., 2005).
Vibrasyon teknigi, kaslara hizh ve kiguk titresimler
uygulanmasini igerir. Bu uygulama, gevseme saglamak,
sinirsel aktiviteyi dizenlemek ve dolasimi artirmak igin tercih
edilmektedir (Weerapong vd., 2005; Luo vd., 2005). Kendi
kendine kas ve doku gevsetme teknikleri, koplk rulo, gubuk
veya top gibi ekipmanlar kullanilarak sporcunun kendi viicut
agirhgiyla kas ve fasya Uzerine baski uygulamasi yoluyla
gerceklestirilir (Cheatham vd., 2015; Schroeder & Best,
2015). Bu teknikler, fasya gerginligini azaltmak, hareket
acikligini artirmak ve kas agrilarini hafifletmek amaciyla
kullanilir (Schroeder & Best, 2015). Perkusif terapi, el tipi
masaj tabancalariyla yapilan, kaslara kisa ve hizli darbelerle
titresimli basing uygulanmasiniigeren bir yéntemdir (Konrad
vd., 2020; Sams vd., 2023). Kan akisini artirmak, kas sertligini
azaltmak ve algilanan yorgunlugu hafifletmek icin uygulanir

(Konrad vd., 2020; Sams vd., 2023). Her ne kadar bu yéntem
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glinimizde yaygin olarak kullanilsa da perkisif masajin
etkileri yakin déneme kadar sinirli sayida calismada ele
alinmigtir (Konrad vd., 2020; Sams vd., 2023). Bu teknikler,
cesitli biyomekanik, fizyolojik, nérolojik ve psikolojik yanitlari
tetiklemek amaciyla uygulanmaktadir (Sekil 1). S6z konusu
mekanizmalar bitlncil olarak ele alindiginda, yorgunlugun
azaltlmasina  ve  egzersiz  sonrasi  toparlanmanin
hizlandiriimasina katki saglayarak masaji, yogun fiziksel efor
sonrasinda uygulanan kapsamli toparlanma protokollerinde

degerli bir destek stratejisi haline getirmektedir (Weerapong

vd., 2005).

Masajin Olasi Mekanizmalary

Biyomekanik etkiler ‘ ‘ Fizyolojik etkiler | ‘ Norolojik etkiler ‘ | Psikolajik etkiler
¥ ¥ 3 ry
v Zihin ve beden
Dokular izerine Doku veya organda . i Ao
mekanik basku defigiklikler Refleks uyarum L S
artmast
| Doku yapigikhiklan 1 Kas kan akist | Noromiiskiiler 1 Gevseme
t Kas uynmu (esnekhig) 1 Dent kan dolagum uyanlabilirlik | Anksivete
t Eklem hareket agikhg: 1 Parasempatik aktivite | Afn
| Pasif sertlik 1 Rahatlatici hormonlar | Kas gerginlifi veya
| Aktif sertlik | Stres hormonlan spazm

Sekil 1. Masajin olasi mekanizmalarina iliskin teorik model.
Azalmayr “J” ve artist “” isareti ifade etmektedir

(Weerapong vd., 2005’ten uyarlanmistir).

Spor bilimi arastirmalari ile bu bilgilerin profesyonel
ortamlarda uygulamaya gecirilmesi arasindaki devam eden
bosluk, elit futboldaki toparlanma uygulamalarinin daha iyi
anlasilmasi yoniinde ¢abalari zorunlu kilmaktadir (Bishop,
2012). Bu soruna ¢oziim bulmak amaciyla, profesyonel
takimlar tarafindan uygulanan toparlanma stratejilerini
incelemek icin bir anket calismasi gergeklestirilmistir
(Nédélec vd., 2013). 32 kullpten alinan yanitlar; %97’sinin
beslenme ve hidrasyona, %95’inin ise uykuya temel bir
toparlanma stratejisi olarak oOncelik verdigini ortaya
koymustur. Ayrica kullplerin %88’i soguk suya daldirma
uygulamalarini kullanmakta, bunu sirasiyla aktif toparlanma
(%81), masaj (%78), esneme (%50), kompresyon giysileri
(%22) ve elektriksel kas uyarimi (%13) takip etmektedir
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(Nédélec vd., 2013). Bu bulgular, kanita dayah stratejilerin
yaygin sekilde benimsendigini ve henliz tam olarak
yerlesmemis ya da yeni gelismekte olan yontemlerin

kullaniminda farkliliklar oldugunu géstermektedir.

Masaj uygulamasinin kullanimina yonelik yapilan
anketlerde, elit futbolcular egitimli bir terapist tarafindan
uygulanan klasik masaji toparlanma rutinlerinin temel bir
bileseni olarak degerlendirmistir. Bircok Ust diizey sporcu,
antrenman veya mag sonrasi protokollerine diizenli olarak
masaji dahil etmektedir (Altarriba-Bartes vd., 2020). 13 farkl
Ulkeden 80 elit futbol uzmaniyla yapilan kiresel bir ankette,
temel toparlanma hedeflerinin kas hasari ve yorgunlugu
azaltmak, sakatlik riskini en aza indirmek ve performansi
artirmak oldugu belirlenmistir (Field vd., 2021). Ozellikle,
uyku destekleri, karbonhidrat ve protein takviyesi ile planh
toparlanma protokollerinin kullanimi, bu yontemlerin etkili
oldugu yontindeki algilarla yakindan iliskilendirilmistir (Field

vd., 2021).

Yogun bir antrenman sonrasi viicudun homeostaz durumuna
geri dondirilmesi, sporcunun saghg ve performansi
acisindan hayati 6neme sahiptir. Bu nedenle, toparlanma
blylk 6nem tasir ve etkili bir toparlanma stratejisi birkag
temel fayda saglayabilir (Sekil 2). Bu faydalar; i) antrenman
veya musabaka kaynakl stresin azaltiimasi, ii) ek antrenman
yuklemelerini miimkin kilacak sekilde toparlanma siresinin
hizlandirilmasi, iii) yogun mag fikstirleri dénemlerinde
toparlanma verimliliginin artirilmasi  ve iv) fizyolojik
adaptasyonun iyilestirilmesini icermektedir (Kellmann vd.,
2018; Nédélec vd., 2013; Halson, 2014). Temelde, optimal bir
toparlanma stratejisinin amaci, egzersize bagli stresin
ardindan homeostazin hizli bir sekilde geri kazanilmasini
saglamaktir (Sekil 2). Bu siireci ideal olarak, pozitif bir adaptif
yanitla karakterize edilen bir siiperkompansasyon evresi izler

(Issurin, 2010; Bompa & Haff, 2009).
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ol ] ]
o e | /
2 | & e I o 48
40 ‘ \ /

g I Pt =

80 ‘ Toparlanma | Toparlanma

Sekil 2. Elit veya rekreasyonel bir sporcunun antrenman
kapasitesinin toparlanmasina iliskin varsayimsal bir gésterim
(dtz cizgi) ile toparlanmayi yeterince destekleyebilen ve
artan antrenman yikid sayesinde daha vyiksek bir
performans diizeyine ulasabilen bir sporcunun toparlanmasi
(kesik ¢izgi). Yatay cizginin “0” noktasi, bireyin baslangic
antrenman kapasitesini temsil etmektedir (Bishop vd.,

2008’den uyarlanmistir).

Futbolda toparlanma ve vyorgunluk, vyas ve
antrenman dizeyi gibi i¢sel faktorlerin yani sira magin
onemi, cevresel kosullar ve rakibin seviyesi gibi digsal
unsurlardan da etkilenmektedir (Oliva-Lozano & Ardigo,
2024). Nitekim, arastirmalar, mag¢ sonrasi toparlanmada
bireyler arasinda biyk farkliliklar oldugunu géstermektedir
(Draganidis vd., 2015; Fransson vd., 2018). Ornegin, mag
sonrasinda futbolcular arasinda diz fleksér kas kuvvetinde
%0-40 oraninda disusler rapor edilmistir (Fransson vd.,
2018). Draganidis ve arkadaslari (2015), mag sirasinda daha
fazla sprint atan ve hizlanan oyuncularin néromiskiler
fonksiyonlarinda daha biyik dusisler yasadigini bildirmistir.
Benzer sekilde, Nédélec ve arkadaslari (2014), daha sik kisa
sprint atan ve keskin yon degisiklikleri yapan oyuncularda kas
agrisinin  arttigint ve dikey sicrama performansinin
bozuldugunu ortaya koymustur. Bu bulgular, toparlanma
stratejilerinin  oyuncularin  bireysel profillerine gore
ozellestirilmesinin dnemini vurgulamakta ve hedefe yonelik
antrenmanlarla yorgunluga karsi direng gelistirmenin mag
sonrasl toparlanma suresini kisaltabilecegini

disindirmektedir.
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Masajin performans Uzerindeki etkilerini inceleyen derleme
makaleleri, toparlanma siirecinde performansi artirma
konusundaki etkinligine dair sinirh kanit sunmaktadir.
Poppendieck ve arkadaslari (2016), pasif masajin performans
toparlanmasi lzerindeki etkisinin distk dizeyde oldugunu
bildirmistir. Daha yakin tarihli bir meta-analizde Davis ve
arkadaslari  (2020), masaj miidahalelerinin ardindan
performans olgiimlerinde anlaml bir gelisme bulunmadigini
belirtmistir. Dikkat ¢ekici olan, bu derlemelere dahil edilen
¢alismalarin  ¢ogunda elit dizeyde futbolcularin yer
almamasi; bunun yerine dayanikhlik, kuvvet ve takim
sporlariyla ugrasan farkli seviyelerdeki sporculardan olusan
heterojen orneklemlerle yapilmis olmasidir. Bu durum, elde
edilen bulgularin elit futbol baglaminda genellenebilirligini

sinirlandirmaktadir.

Futbolcularla yapilan ¢alismalarda ise celigkili
sonuglar elde edilmistir. Kontrolli bir capraz tasarim
¢alismasinda (Hongsuwan vd., 2015), arastirmacilar Tay
masajinin fiziksel uygunluk Gzerindeki etkilerini 34 ikinci Lig
futbolcusu lizerinde incelemistir. Katilimcilar rastgele olarak
Tay masaji uygulama grubuna ya da kontrol grubuna
atanmistir. Masaj protokoli toplam 30 dakika stirmis ve
omuzlara (5 dakika), sirta (5 dakika), kollara (10 dakika) ve
bacaklara (10 dakika) uygulanmistir (Hongsuwan vd., 2015).
Calismanin sonuglarinda, maksimal oksijen tiketimi, 50
metre sprint performansi ve 40 yard kosu siirelerinde
istatistiksel olarak anlamh gelismeler elde edilmistir
(Hongsuwan vd., 2015). Arastirmacilar, bu gelismeleri kas
gerginligindeki azalmaya ve kan dolasimindaki artisa
baglamislardir. Ayrica, kas proprioseptdrlerinin
uyarilmasinin ve masaj uygulanan dokulardaki spazm ve
yapisikliklarin  giderilmesinin  bu olumlu etkilerde rol
oynayabilecegini ileri sirmuslerdir. Baska bir randomize
calismada, antrenman sonrasinda pasif toparlanma ile
karsilastirmali olarak koplik rulo uygulamasinin etkileri 18
profesyonel futbolcu lzerinde degerlendirilmistir (Rey vd.,

2019). Kopuk rulo protokoli, kuadriseps, hamstring,
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addiiktor, gluteal ve gastroknemius kas gruplarini
hedefleyen 20 dakikalik egzersizlerden olusturulmustur.
Gruplar arasi analizlerde, kopiik rulo uygulamasinin geviklik
performansinin toparlanmasi bakimindan biiytk etkiye sahip
oldugu ve antrenmandan 24 saat sonra algilanan kas agrisini
pasif toparlanmaya kiyasla ©nemli Olglide azalttig
gorilmustir. Ancak, 5 metrelik sprint disinda diger
performans gostergelerinde gruplar arasinda istatistiksel
olarak anlaml fark bulunmamistir. Baska bir calismada, farkh
aktif toparlanma stratejilerinin yogun turnuva takvimi
sirasinda (maglar arasi yalnizca 24-48 saat olan) elit U-17
kadin futbolcularin  toparlanmasi (zerindeki etkileri
arastirilmistir (Sedano & Maroto-lzquierdo, 2025). Yirmi iki
oyuncu, 90 dakikalik on dért magin her birinden sonra 10
dakika boyunca uygulanan i¢ farkli  toparlanma
protokoliinden birine (pasif germe, kopik rulo veya
lumbopelvik mobilite egzersizleri) rastgele atanmistir. Aktif
sigrama yilksekligi miidahaleden 6nce, hemen sonra ve 5
saat sonra olgllmus; algilanan iyi olus hali ise 24 saat sonra
degerlendirilmistir. Tim toparlanma yontemleri aktif
sigrama yuksekligini ve algilanan iyi olus hali puanlarini
artirmis olsa da lumbopelvik mobilite protokoli hem
performans hem de algilanan iyi olug halinde en belirgin
gelismeleri saglamistir. Bu sonuglar, mobilite egzersizlerinin
mag¢ sonrasl toparlanma stratejisi olarak oldukga etkili
olabilecegini ve geng¢ kadin sporcular icin esneme ya da
koplk rulo uygulamalarindan daha faydali olabilecegini

gostermektedir.

Mac¢ sonrasi futbolcularda, performansi ve toparlanmayi
olumsuz etkileyebilecek c¢esitli akut ve kalici fizyolojik
bozulmalar meydana gelir (Brownstein vd., 2017). Bunlar
arasinda noromduskiler fonksiyonlarda uzun siren
azalmalar, sigrama ve sprint kapasitesinde disusler ile
kreatin kinaz ve miyoglobin gibi kas hasari biyobelirteglerinin
konsantrasyonlarinda artis bulunur ve bu degisiklikler
egzersiz sonrasl 72 saate kadar sirebilir (Ispirlidis vd., 2008).

Ayrica, ozellikle tip Il kas liflerinde kas glikojeninin yeniden
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sentezlenmesi genellikle 48 saat sonrasinda bile
tamamlanamaz (Krustrup vd., 2022). Bu gecikmis
toparlanmanin, egzersize bagh kas hasarinin glukoz alimini
ve metabolik toparlanma sireglerini bozmasindan

kaynaklandigi distinilmektedir (Krustrup vd., 2022).

Bir calismada, futbolcularda 800 metrelik saha testi
sonrasi kan laktatinin eliminasyonu (zerindeki c¢esitli
toparlanma yontemlerinin etkinligi, capraz tasarimh bir
calisma ile incelenmistir (Kaplan & Bozkurt, 2018).
Denemeler arasinda 48 saatlik toparlanma periyotlari
uygulanmistir (Kaplan & Bozkurt, 2018). Aktif toparlanma
protokoll, maksimal oksijen tiuketim hizinin %40’inda 15
dakikalik kosudan olusurken; masaj miidahalesi, her bacak
icin 7,5 dakikalik klasik masaji igermistir. Bulgular, kan laktat
seviyesini dislirmede en etkili stratejinin aktif toparlanma
oldugunu, bunu masajin, onu da pasif dinlenmenin izledigini
gostermistir (Kaplan & Bozkurt, 2018). White ve arkadaslari
(2020) tarafindan yapilan bir diger randomize ¢apraz
calisma, erkek sporcularda sprint intervallerinden sonra
uygulanan masajin ¢esitli sitokinler Uzerindeki etkisini
incelemistir.  Sonuglar, masajin  bazi  inflamatuvar
mediatorlerin  ¢6zllmesini  hizlandirdigini  géstermistir:
interlokin-8, timor nekroz faktdri-a ve monosit kemotaktik
protein-1 dizeyleri, egzersiz sonrasi masaj yapilan grupta
kontrol grubuna kiyasla bazal degerlere daha hizl
dénmdstir. ilging bir sekilde, egzersize bagl olarak artan
onemli bir sitokin olan interlékin-6'nin normallesmesi
kontrol grubunda daha hizi olmustur; bu da masajin
interlokin-6 seviyelerini gegici olarak bir miktar daha uzun
sire yiksek tutabilecegini  dustindirmektedir. Bu
biyokimyasal degisikliklere ragmen, masaj ile kontrol
kosullari arasinda kas agrisi ya da fonksiyonel performans
acisindan anlamh bir fark bulunmamistir. Bu durum, masajin
inflamatuvar yanitlari modile edebilecegini ancak bu
degisikliklerin her zaman algilanan iyilik hali veya

performansa dogrudan yansimadigini géstermektedir.

Kadin futbolcular {zerinde yapilan ve vyakin

zamanda yayimlanan bir calismada, onemli

MATURAL OIFE MWEDICINE

biyobelirteclerden biri olan kreatin kinaz dizeyleri
incelenmistir (Mahendra, 2025). Kreatin kinaz diizeyleri, mag
sonrasi kas lifi hasarina baglh olarak yukselir ve toparlanma
durumu hakkinda bilgi saglar. Bu calismada, 30 elit kadin
futbolcu, mag sonrasi toparlanma igin ya spor masaji ya da
aktif germe uygulamasi yapilan iki gruba ayrilmistir. Her iki
grupta da mag sonrasi kreatin kinaz dizeyleri yikselmis olsa
da masaj grubunda sonraki 48 saat icinde kreatin kinaz
seviyeleri daha hizli azalmistir. Magtan 24 ve 48 saat sonra,
masaj grubundaki kreatin kinaz seviyeleri yalnizca germe
yaptlan gruba kiyasla anlamh sekilde daha duslk
bulunmustur. Bu durum, masajin kas hasarina bagh yan
Urunlerin  vlcuttan atilmasini  hizlandirabilecegini veya
devam eden kas stresi ylkiini azaltabilecegini
gostermektedir. Bunu destekleyen sekilde, masaj grubunda
kas fonksiyonu daha hizli toparlanmigtir: magtan 48 saat
sonra dikey sigrama performansi anlamli artis gosterirken,
germe grubunda toparlanma daha yavas gerceklesmis ve
istatistiksel  olarak  anlamli  fark  bulunamamistir.
Arastirmacilar, bu sigrama performansindaki toparlanmayi,
gecikmeli kas agrisinin azalmasi ve daha hizli kas onarimi ile
aciklamistir. Bu bulgular, masajin kadin sporcularda kas
toparlanmasi ve gilic kazanimi agisindan fizyolojik olarak
fayda saglayabilecegini gdstermektedir. Ancak, her ¢alisma
hasar belirtegleri Gzerinde blyik etkiler bulmamistir. Kadin
sporcular lizerinde yapilan bir képik rulo ¢alismasinda, mag
sonrasi 48 saate kadar olan siiregte tek seans kendi kendine
uygulanan miyofasyal masaj ile pasif dinlenme arasinda
kandaki kreatin kinaz seviyeleri agisindan fark bulunmamistir
(Oliveira Carvalho Junior vd., 2024). Bu celiski, kullanilan
masaj teknigi (terapist tarafindan uygulanan spor masaji vs.
kendi kendine uygulanan képik rulo), uygulama zamani veya
orneklem buyukligiundeki farkliliklardan kaynaklanabilir. Bu
durum, masajin kas toparlanma biyobelirtegleri lzerindeki
etkisini ne zaman ve nasil gosterdiginin daha net
belirlenebilmesi i¢cin daha fazla arastirma yapilmasi
gerektigini ortaya koymaktadir. Crane ve arkadaslari (2012)
tarafindan yapilan bir ¢calismada, egzersize bagh kas hasari
Uzerindeki masajin etkileri arastirilmistir. Arastirmacilar, 11
geng erkek katihmcinin kuadriseps kaslarina masaj terapisi
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uygulamis ve kas hasarina iliskin molekiler belirtegleri kas
biyopsileri yoluyla analiz etmistir. Deney protokold,
tikenene kadar yaklasik 70 dakika sliren bir egzersizi,
ardindan 10 dakikalik bir dinlenme siresini ve sonrasinda 10
dakikalik masaj uygulamasini icermistir. Kas biyopsileri
egzersizden sonra 30. dakikada ve 3. saatte alinmistir. Masaj,
glikojen ve laktat gibi kas metabolitleri (izerinde anlaml bir
etki gostermemistir; ancak, timor nekroz faktori-a ve
interl6kin-6 gibi inflamatuvar sitokinlerin Gretimini anlamli
Olcide azaltmistir. Ayrica, 1si sok proteini 27’nin
fosforilasyonu da azaltarak kas lif hasarina bagh hicresel
stresi duslrdGgini gostermistir. Bu sonuglar, egzersiz
sonrasli masajin inflamatuvar yaniti modile edebilecegini ve
kas hasarina bagh hiicresel stresi hafifletebilecegini

gostermektedir.

Barlow ve arkadaslari  (2007) tarafindan
gerceklestirilen bir ¢apraz calismada, hamstring kaslarina
yapilan tek seanslik masajin submaksimal izometrik egzersiz
sirasinda biceps femoris kasinin elektromiyografi kas
aktivitesi Gzerindeki etkisi arastirilmistir. On bes saglikli
erkek katilimciya 15  dakikallk  hamstring  masaji
uygulanmistir. Sonuglar, midahale sonrasi biceps femoris
elektromiyografi parametrelerinde anlamli bir degisiklik
gostermemistir; bu da tek bir masaj seansinin submaksimal
efor sirasinda néromiskiler aktivasyonu degistirmedigini

gostermektedir.

Bir meta-analiz, masajin egzersiz sonrasi kreatin
kinaz ve interlokin-6 dizeylerini azaltmada en etkili
toparlanma yontemi oldugunu bildirmistir; bu da masajin
toparlanma sirecini hizlandirabilecegini disindirmektedir
(Dupuy vd., 2018). Randomize kontrollii bir calismada, bes
saglikh erkek ve bes kadin katihmci, eksantrik kol
egzersizinden Ug saat sonra 10 dakikalik masaj uygulamasina
alinmistir. Sonuglar, masaj grubunda gecikmeli kas agrisi ve
kreatin kinaz dizeylerinin kontrol grubuna kiyasla daha
disuk oldugunu gostermistir (Zainuddin vd., 2005). Bu
etkinin olasi agiklamasi, masajin kan ve lenf dolasimini

artirarak kreatin kinaz gibi metabolik yan {rlnlerin
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uzaklastirilmasini kolaylastirmasi olabilir. One siiriilen bir
diger mekanizma ise masajin  notrofil  temizligini
kolaylastirarak kas lifi nekrozunu ve doku hasarini
onleyebilmesidir (Crane vd., 2012). Ancak, bu iddialarin
kesinlesmesi icin daha fazla arastirmaya ihtiya¢ vardir.
Ozetle, son arastirmalara gére masaj, algilanan kas agrisini
azaltma egilimindedir ve kreatin kinaz ve bazi inflamatuvar
belirtegleri dislirerek fizyolojik toparlanmayi sinirli diizeyde
de olsa hizlandirabilir; ancak, akut kas fonksiyonu tzerindeki

dogrudan etkiler tutarh bir sekilde gézlemlenmemektedir.

Fiziksel performansin oOtesinde, toparlanma stratejileri
oyuncularin kendilerini nasil hissettiklerini de etkileyebilir ve
bu durum antrenman ve miisabaka icin hazir olma agisindan
kritik 6neme sahiptir (Kellmann, 2010). Masaj, sporcular
tarafindan rahatlatici ve keyifli bir uygulama olarak yaygin
sekilde algilanir ve bu da iyi olus hissine katkida bulunur
(Weerapong vd., 2005; Lindgren vd., 2010). Ana psikolojik
parametreler arasinda algilanan toparlanma, ruh hali ve
zihinsel stres ya da yorgunlukta azalma yer alir (Dupuy vd.,
2018; Poppendieck vd., 2016). Birgok galisma, toparlanmayi
oznel olarak degerlendirmek icin toplam toparlanma kalitesi
gibi Olgekler ya da basit yorgunluk derecelendirmeleri
kullanir. Genel olarak masaj, algisal Olgutlerde o6nemli

faydalar saglamistir (Querido vd., 2022).

Yakin tarihli bir sistematik derleme (Querido vd.,
2022), masajin fiziksel ya da fizyolojik parametreler Gizerinde
¢ok az etkisi olsa bile, mag sonrasi 72 saate kadar algisal
toparlanma sonuglar Gzerinde olumlu etkiler sagladigi
gerekgesiyle oOnerilebilecegi sonucuna varmistir. Ayrica
antrenorler, kendini toparlanmis hisseden bir oyuncunun
antrenmana daha givenli sekilde katildigini siklikla
belirtmektedir. Gergekten de c¢alismalar, toparlanmada
“sporcu inang etkisi” veya plasebo etkisinin Onemini
vurgulamaktadir. Bir uygulama sporcuya kendini yenilenmis
hissettiriyorsa, bu moral ve rahatlamayl artirarak
performansa dolayli olarak katki saglayabilir (Dupuy vd.,

2018; Gregson, 2022). Bu nedenle, masaj uygulamalari
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yalnizca fizyolojik degil, ayni zamanda psikolojik
toparlanmayi da destekleyen ¢ok boyutlu bir arag olarak 6ne
¢ikmaktadir (Weerapong vd., 2005; Lindgren vd., 2010).
Ozellikle gecikmeli kas agrisi ve algilanan yorgunluk tizerinde,
masajin en etkili yontemlerden biri oldugu gosterilmistir
(Dupuy vd., 2018; Poppendieck vd., 2016). Bu etkiler ayni
zamanda kompresyon giysileri ve suya daldirma gibi
kompresyon temelli stratejilerle de etkili bigimde
yonetilebilir. Bu yontemler hem fiziksel toparlanmayi hem de
psikolojik hazirligi tesvik etmede degerli aracglardir (Dupuy
vd., 2018).

Masaj, parasempatik sistemi uyararak kalp atis
hizint ve kortizolli dustrir, ruh hali iyilestirmesiyle
iliskilendirilen serotonin/dopamin diizeylerini potansiyel
olarak artirir ve boylece iyi olus ve ruh hali gelisimi saglar
(Lindgren vd., 2010). Yukarida bahsi gecen kadin sporcularda
yapilan kendi kendine miyofasyal gevsetme calismasinda,
24-48 saat icinde kopik rulo ve pasif toparlanma arasinda
ruh hali (yorgunluk ve zindelik alt 6lgekleri) agisindan anlamh
bir fark bulunmamistir; bu da tek seanslik kendi kendine
masajin ruh hali lGzerinde akut bir degisim yaratmadigini
gostermektedir (Oliveira Carvalho Junior vd., 2024). Ancak,
calismalar, dogru sekilde uygulanan masajin (6zellikle elle
yapilan) genellikle olumlu ruh hali etkileri sagladigini
gostermektedir. Bu da sessiz, terapotik bir ortam ve fiziksel
rahatlk hissi ile ilgilidir (Weerapong vd., 2005; Lindgren vd.,
2010). Her ne kadar futbolda masajin uyku kalitesine etkisi
Uzerine dogrudan arastirma sinirh olsa da psikolojik
rahatlama, toparlanma gecelerinde daha kaliteli bir uykuya

da donsebilir ki bu da genel iyilesmeye katkida bulunabilir.

Futbol Mikro Déngiisii iginde Masaj igin En Uygun

Zamani Belirlemek

Pratik uygulamalar konusunda énemli bir soru da masajin ne
zaman yapilmasinin maksimum fayda saglayacagidir. Futbol
antrendrleri, haftalik antrenman planlamasini genellikle
belirli  toparlanma  pencerelerini  icerecek  sekilde

kurgulamaktadir; bu pencereler arasinda en yaygin olanlari,
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mag sonrasi ilk giin ile daha hafif bir antrenman seansinin
uygulandigi ikinci giindir. Bu uygulama o6zellikle haftada tek
mag¢ yapilan donemlerde tercih edilmektedir (Gregson,
2022). Gregson (2022) calismasinda, elit futbolcular igin
periyotlanmis bir toparlanma strateji cercevesi dnermistir.
Ayrica, masajl genel toparlanma sistemi icinde bir hareket
acikligi  teknigi olarak siniflandirmakta ve geleneksel
yaklagimlarin aksine (tek bir yontem uygulanan), modern
sporcularin artik bir¢cok toparlanma ydntemine erisimi
oldugu icin yapilandirilmis ve periyotlanmis bir yaklasimin
gerekli oldugunu savunmaktadir. Bu da Sekil 3'te 6nerilen

mikro dénglide 6zetlenmistir (Gregson, 2022).

Toparlanma Yiik azaltma Toparlanma Yiik azaltma

N | [ I

Antrenman
Vurgusu

Mag gini  Mag sonrasi Mag sonrasi  Magtan Maggini  Magsonrasi Magsonrast  Magtan  Mag glini
1.g0n 2.gn  Bncekiglin 1.giin 2.gin  6neeki gin

EEEEEEEEE

MAG

parlanma
Hafif
Hazirhk

Toparlanma
Hafif

To|

* Mag sonrasi kas agrilariyla lgili Kalici semptomlar yasayan oyuncular isin sogutma dnerilir. Mag
sonrast kas agrsi semplomu yoksa 1sitma dnerilir

Sekil 3. Bir maclik haftayi iceren teorik bir mikrosiklusun,
taktiksel ve fiziksel vurgu ile toparlanma stratejilerini
periyotlama vyaklasimiyla gosteren takvimi (Gregson,

2022’den uyarlanmustir).
Mag¢ Sonrasi Hemen

Bir magtan hemen sonra, takimlar genellikle rehidrasyon,
beslenme ve bazen akut toparlanma yontemlerine (6rnegin
soguk suya daldirma) 6ncelik vermektedir; bu uygulamalar,
akut inflamasyonu azaltmayi hedeflemektedir (Sams vd.,
2023). Masajin magtan hemen sonra uygulanmasi, bazi
nedenlerden (asiri yorgunluk ya da sinirli siire) dolayi daha az
yaygindir. Yine de bazi kuliiplerde terapistler, magtan sonraki
ilk 1-2 saat icinde oyuncularin bacaklarina kisa siireli dolasim
artiric (flushing) masajlar uygulamaktadir (Gregson, 2022).
Kanitlar, egzersiz sonrasi masajin, Ozellikle egzersizden
hemen (birka¢ saat icinde) uygulanmasinin kas agrisini

azaltmada en etkili yontem oldugunu gostermektedir.
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Ayrica, masajin egzersiz sonrasl yaklasik 3 saate kadar
uygulanmasinin gecikmeli kas agrisini azaltmada faydali
olabilecegi de belirlenmistir (Kerautret vd., 2020; Tejero vd.,
2015). Masajin ilk 48 saat igcinde tekrarlanmasi, faydalarini
artirabilir (Kerautret vd., 2020; Tejero vd., 2015). Ancak, mag
sonrasl kaslar daha hassas oldugu icin magtan hemen sonra
derin baskidan kaginilmahldir; yogun masaj uygulamak, kas
hasarini daha da artirabilir (Tiidus & Shoemaker, 1995; Crane
vd., 2012). imkan durumunda, mag¢ gecesi oyuncular
uyumadan 6nce dolasimi artirmayi hedefleyen, efloraj odakl
kisa ve hafif bir masaj faydal olabilir ve konfor ile
rahatlamayi artirabilir (Weerapong vd., 2005). Masajin
etkinligi konusunda dikkat c¢eken bir diger nokta ise
zamanlamadir:  Masajin  egzersizden hemen sonra
uygulanmasi, agriy1 azaltmada en etkili sonuglari vermekte
olup, gec¢ uygulanmasi durumunda faydalar daha belirsiz
olabilir (Kerautret vd., 2020; Tejero vd., 2015). Profesyonel
kadin futbolcular Gzerinde yapilan bir galismada (Oliveira
Carvalho Junior vd., 2024), magtan bir giin sonra yapilan tek
seanslik kopik rulo uygulamasinin, pasif dinlenmeye kiyasla
kas agnsi agisindan anlamli  bir fark yaratmadig
bulunmustur. Bu da mag sonrasi yapilan tek seferlik kendi
kendine uygulanan miyofasyal masaj seansinin, herhangi bir
midahalede bulunulmamasindan daha iyi olmayabilecegini

gostermektedir (Oliveira Carvalho Junior vd., 2024).

Magtan sonraki giin genellikle toparlanma aktivitelerine
veya dinlenmeye ayrilir. Elit dizeydeki takimlarin bir¢ogu,
oyunculara ya izin vermekte ya da disiik yogunluklu aerobik
egzersiz, mobilite calismalari gibi aktif toparlanmaya ve
terapotik midahalelere odaklanan hafif bir antrenman
seansi uygulamaktadir (Nédélec vd., 2012). Mag sonrasi ilk
glin, masaj terapisi icin en uygun zaman dilimi olarak yaygin
bicimde kabul edilir. Bu noktada oyuncular genellikle en
yuksek diizeyde kas agrisi yasamaktadir ve egzersiz sonrasi
24-36 saat arasi genellikle gecikmeli kas agrisi icin zirve
yaptigl donemdir (Barnett, 2006; Kerautret vd., 2020). Bu

nedenle, devam eden bir yorgunluk hissi tasimaktadirlar
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(Barnett, 2006; Kerautret vd., 2020). Mag sonrasi ilk glin
uygulanan masaj, bu kas agrisinin zirvesini hafifletmeye
yardimci olabilir ve sonraki antrenman glinleri i¢in hareket
acikhginin yeniden kazanilmasini baglatabilir (Weerapong

vd., 2005).

Pratikte, takimlar her bir oyuncu igin 20-30 dakikalik masaj
seanslarini mag sonrasi ilk giin planlamakta, 6zellikle bacak
ve bel bolgesine odaklanmaktadirlar (Ribeiro vd., 2021;
Weerapong vd., 2005; Nédélec vd., 2012). Ribeiro ve
arkadaslari (2021), magtan sonraki giin icin klasik efloraj ve
petrisaj vuruslarini igeren, her bir bacaga 15’er dakika olmak
Uzere toplam 30 dakikalik bir spor masajini standart bir
toparlanma protokoli olarak ©nermektedir. Bu oneri,
literatirdeki  bulgularla da  ortismektedir:  Masaj
uygulandiginda, algilanan yorgunluk ve kas agrisinin 6nemli
Olgiide azaldigl ve toparlanmanin biliyik oranda ilk 24 saat
icerisinde gerceklestigi bildirilmektedir (Weerapong vd.,
2005). Bu nedenle, mag sonrasi ilk giin uygulanan masaj,
kritik bir mudahale zaman aralg olarak
degerlendiriimektedir. Masaj uygulanmayan durumlara
kiyasla toparlanma siirecinin ne 0Olglide hizlandigini
degerlendirmek icin mag sonrasi ikinci giin ve sonrasi zaman
dilimlerinde vyapilacak takip ol¢imleri biylk ©6nem

tasimaktadir.

Mactan iki gin sonra bircok oyuncu hala toparlanma
surecindedir ancak genellikle antrenman rutinlerine geri
dénmektedirler. Ozellikle mag sonrasi ilk giin izin verilmisse
veya dinlenme gilini olarak gecirilmisse, ardindan mag
sonrasl ikinci gilinde aktif toparlanma seansi ve masaj
uygulanir. Mag sonrasi ikinci giin itibariyla iltihaplanma ve
kas agrisi dogal olarak azalmaya baslamaktadir (Ispirlidis vd.,
2008; Nédélec vd., 2012). Bu noktada yapilan masaj, normal
antrenman yogunlugunun artacagl mag sonrasi lglnci gin
oncesinde kalan kas gerginliginin giderilmesine yardimci
olabilir. Eger takimin haftanin ortasinda “yiiksek yogunluklu
antrenman gini” varsa, bazi antrendrler bu yogun seans

sonrasinda yeniden masaj uygulamaktadirlar. Bu, antrenman
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yukinden toparlanmaya yardimcr olmak igin yapilir
(Weerapong vd. 2005; Zainuddin vd. 2005). Temelde,
haftanin ortasinda yapilan masaj, yogun antrenman yiikleri
sirasinda doku kalitesini korumaya ve antrenmana bagl
olusan yeni agri veya kas digimlerini gidermeye yardimci

olmaktadir.

Literatiirde, yalnizca haftanin ortasinda yapilan
masajl hedef alan 6zel bir ¢alisma bulunamamistir, ancak
genel gorls, hafta boyunca diizenli olarak yapilan yumusak
doku uygulamalarinin performansi sirdirmeye yardimci
oldugu yonindedir (Barnett, 2006; Dupuy vd., 2018). Sonraki
¢alismalar, deneysel gruplardan birine haftanin ortasinda ek
masaj seansi eklenerek arastirilabilir; boylece ek seanslarin

kademeli faydalar saglayip saglamadigi degerlendirilebilir.

Mactan bir glin 6nce, oyuncularin toparlanmis olmasi igin
genellikle yogun miidahalelerden kaginilir. Ancak bazi
sporcular, mag¢ Oncesi gevsemek ve zihinsel rahatlama
saglamak icin hafif ve kisa siireli bir masaji tercih etmektedir.
Bu genellikle 10-15 dakikalk, rahatlatici ve kisa bir masajdir.
Bu tiir masaj dogrudan toparlanma odakli olmasa da bir
rutinin parcasi olarak degerlendirilebilir ve daha ¢ok
aliskanlk veya psikolojik inang etkisine sahiptir (Mine vd.,
2018). Buna ragmen haftalik mikro dongliniin bir pargasi
olarak degerlendirilmelidir. Calismamizin odak noktasi
toparlanma siiregleri oldugundan, mag 6ncesi déneme iliskin

uygulamalar kapsam disi birakilmistir.

Bir haftada iki ya da li¢ macin oynandig fikstlir yogunlugu
dénemlerinde, odak noktasi hizla toparlanmaya kayar
(Lundberg, T. R., & Weckstrom, 2017). Masaj, her mag
sonrasl ayni gin veya sonrasindaki ilk gin uygulanabilir.
Buradaki amag¢ oyuncularin bir sonraki maga mumkiin
oldugunca erken hazirlanmasidir. Bu durumda toparlanma

mikro dongisl kisalir. Turnuva eleme turlari gibi sira disi
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fikstlr yogunluklarinda, magin ertesi giini veya ikinci gini
tekrar mag glinl gelir. Bu gibi durumlarda, masaj magtan
sonraki sabah ya da seyahat glinlerinde uygulanabilir ve
zaman kisithihg nedeniyle  algisal  toparlanmaya
odaklaniimaktadir (Haller vd., 2022). Aspetar’in 2022 vyili
cercevesine gore (Gregson, 2022), haftada iki mag¢ olan
dénemlerde antrenman tesisinde mag sonrasi ilk glinin
toparlanma olarak kullanilmasi yaygindir. Bu ginlerde
sogutma, kompresyon ve germe gibi terapiler 6n plandadir;
masaj veya koplk rulo uygulamalari da 6zellikle bazi
oyuncular hala yuksek kas agrisi bildiriyorsa programa
eklenebilir. Haftada Gi¢ mag oynandiginda toparlanma hayati
onem tasir ve glnliuk kiclik midahaleleri icerebilir; masaj
daha sik uygulanabilir, fakat genellikle daha kisa sireli ve
sorunlu bolgelere odakli yapilir, boylece oyuncularin fiziksel

yeterliliklerini korumalarina yardimci olur.

Sonug olarak, literatiir ve mevcut uygulamalar, mag sonrasi
ilk 48 saatin, masaj uygulamalarinin toparlanmayi
desteklemesi adina en uygun zaman aralg oldugunu
gostermektedir. Mag sonrasindaki ilk 48 saatlik periyot,
masajin kas agrisi ve sertligi azaltmada en biiylk etkiyi
sagladigl zamandir. Ayrica, kanitlar, yorgunluk algisini
azaltma ve toparlanma belirteglerini  hizlandirma

potansiyelini de gbstermektedir.

Literatiriin  mevcut durumu, masaj uygulamalarinin
toparlanma siirecine etkilerine dair bazi 6nemli arastirma
alan ve metodolojik  sinirlamalar bulundugunu
gostermektedir. Bu dogrultuda, asagida belirtilen alanlarda
yapilacak ileri dizey calismalar, ilgili literatiire anlaml
katkilar saglayabilir. Oncelikle, farkli masaj tekniklerini
dogrudan karsilastiran kontrolli ¢alismalara literatirde
oldukga az rastlanmaktadir. Terapist destekli manuel masaj,
koplik rulo uygulamalari ve perkiisyon tabanli cihazlar gibi
tekniklerin, kisa ve orta vadeli fizyolojik ile algisal etkilerini
karsilastiran randomize kontrollii deneysel calismalara

ihtiyagc duyulmaktadir. Ozellikle kendi kendine uygulanan

miyofasyal masaj ve profesyonel uygulamalar arasindaki
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etkinlik  farklarinin  degerlendirilmesi, pratik saha

uygulamalari agisindan blylik 6nem tasimaktadir.

Bununla birlikte, masajin bazi ¢alismalarda kii¢lik diizeyde
faydalar sagladigi bildirilmis olsa da, bu etkinin saha
performansina olan yansimalari heniiz tam olarak netlik
kazanmamistir. Esneklik, sigrama performansi veya algilanan
toparlanma  gibi  degiskenlerdeki  sinirli  dizeydeki
gelismelerin, antrenman kalitesi ya da misabaka
performansini ne Olclide etkiledigi belirgin degildir. Bu
nedenle, gelecekteki calismalarda hem fiziksel performans
Olgutleri hem de sporcularin 6znel toparlanma algilari birlikte
degerlendirilerek, bu tir etkilerin pratik anlami daha
kapsamli sekilde ele alinmalidir. Ote yandan, mevcut
arastirmalarin ¢ogu masajin kisa vadeli etkilerine (6rnegin
24-72 saatlik toparlanma sireci) odaklanmaktadir. Ancak
masajin uzun vadeli olarak diizenli uygulanmasinin, daha
diisuk sakatlik oranlari, daha tutarli performans giktilari ya da
ivilesme profilleriile iliskili olup olmadigina dair veri sinirlidir.
Bu nedenle, akut etkilerinin Otesine gecerek masajin
tekrarlayan uygulamalarla kimdlatif fayda saglayip
saglamadigi da arastirlmali ve uzun vadeli izleme

protokolleri gelistirilmelidir.

Son olarak, cinsiyet farkhhklarina yonelik bulgular
literatlrde biylk 6l¢tide eksiktir. Kadin ve erkek sporcularin
fizyolojik ve hormonal yapilarn farklihk gosterdiginden,
toparlanma protokollerine verdikleri tepkiler de gesitlilik arz
edebilir. Ornegin, 6strojenin kas hasarina karsi koruyucu
etkisi oldugu bilinmekle birlikte, bu durumun toparlanma
stratejileri Uzerindeki etkileri yeterince anlasilmamistir.
Literatirdeki toparlanma protokolleri ¢ogunlukla erkek
sporculara dayahdir. Bu nedenle, cinsiyetler arasi
karsilastirmali  tasarimlarla  yirdtilecek  arastirmalar,
bireysellestiriimis  ve  cinsiyete  06zgli  toparlanma

stratejilerinin gelistirilmesine katki saglayacaktir.

Bu calisma ile ilgili olarak yazarlarin ve/veya aile bireylerinin

cikar catismasi potansiyeli olabilecek bilimsel ve tibbi komite
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Uyeligi veya dyeleri ile iliskisi, danmismanlk, bilirkisilik,
herhangi bir firmada galisma durumu, hissedarlik ve benzer
durumlari yoktur. Bu calisma sirasinda, yapilan arastirma
konusu ile ilgili dogrudan baglantisi bulunan herhangi bir ilag
firmasindan, tibbi alet, gere¢ ve malzeme saglayan ve/veya
Ureten bir firma veya herhangi bir ticari firmadan, ¢alismanin
degerlendirme slirecinde, calisma ile ilgili verilecek karari
olumsuz etkileyebilecek maddi ve/veya manevi herhangi bir

destek alinmamistir.

Bu calisma anlatimsal bir derleme niteligindedir ve
sistematik bir arama stratejisi izlenmemistir. incelenen
calismalar masaj tirleri, uygulama siresi, zamanlama ve
orneklem o6zellikleri agisindan heterojendir; bu durum
sonuglarin dogrudan karsilastiriimasini ve genellenmesini

sinirlamaktadir.

Calisma fikri/tasarimi: RS; Veri toplama: RS; Veri analizi ve
yorumlama: RC ve RS; Literatir tarama: RS ve RC; Makalenin
yazimi: RS ve RC; Elestirel inceleme: RC; Son onay ve

sorumluluk: RS

Herhangi bir finansal destek yoktur.
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This study aims to evaluate the effectiveness of biological
treatments in severe asthma and to reveal the role of basic
biomarkers used in disease management in the clinical
decision-making process. A systematic review was
conducted using the keywords ‘"severe asthma,"
"biomarker," and "biologic therapy" in PubMed, Web of
Science, Cochrane, and Google Scholar databases between
2015 and 2024. Type 2 high and Type 2 low asthma subtypes
were evaluated based on the biomarkers used (blood
eosinophil count, FeNO, periostin, and IgE), as well as the
biological treatments applied (omalizumab, mepolizumab,
benralizumab, dupilumab, and tezepelumab), and their
corresponding clinical outcomes. Literature analysis has
shown that biomarkers are strong predictors of treatment
response in patients with Type 2 asthma. In particular, high
eosinophil counts and increased FeNO levels were
associated with a favorable response to biologic agents
targeting IL-5 and IL-4/IL-13. In patients with Type 2 low
asthma, the response to existing biologic therapies is limited,
and alternative approaches such as alarmin-targeted
therapies (tezepelumab) and azithromycin have emerged.
While biologic therapies have made significant progress in
the management of severe asthma, a phenotype- and

biomarker-based approach is critical for accurate treatment

selection. While biomarkers are effective in assessing
treatment response in Type 2 high asthma, research is
needed to identify new targets for Type 2 low asthma. The
development of personalized treatment strategies will form

the basis of future asthma management.

Severe Asthma, Biomarker, Biological Therapy,

Type 2 High Asthma, Type 2 Low Asthma, Personalized

Medicine.

Bu calismanin amaci, siddetli astimda biyolojik tedavilerin
etkinligini degerlendirmek ve hastalik yonetiminde kullanilan
temel biyobelirteclerin klinik karar verme siirecindeki rollini
ortaya koymaktir. 2015-2024 yillari arasinda PubMed, Web
of Science, Cochrane ve Google Scholar veri tabanlarinda
“severe asthma”, “biomarker”, “biologic therapy” anahtar
kelimeleri kullanilarak taranan calismalar sistematik olarak
incelendi. Tip 2 ylksek ve Tip 2 duslik astim alt tipleri;
kullanilan biyobelirtecler (kan eozinofil sayisi, FeNO,
periostin, IgE) ve uygulanan biyolojik tedaviler (omalizumab,
mepolizumab, benralizumab, dupilumab, tezepelumab)
klinik sonuclara gore degerlendirildi. Literatlr analizi, Tip 2
yuksek astimda biyobelirteglerin tedavi yanitini 6ngérmede
glclii belirtecler oldugunu gdstermistir. Ozellikle yiiksek

eozinofil duzeyi ve artmis FeNO degerleri, IL-5 ve IL-4/I1L-13
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hedefli biyolojik ajanlara olumlu yanit ile iliskili bulundu. Tip
2 distk astim hastalarinda ise mevcut biyolojik tedavilere
yanit sinirli olup, alarmin hedefli tedaviler (tezepelumab) ve
azitromisin gibi alternatif yaklasimlar 6ne ¢ikmistir. Biyolojik
tedaviler, siddetli astim yonetiminde 6nemli bir ilerleme
saglamis olsa da, dogru tedavi secimi icin fenotip ve
biyobelirte¢ temelli yaklasim kritik 6neme sahiptir. Tip 2
yuksek astimda biyobelirtegler tedavi yanitini
degerlendirmede etkili olurken, Tip 2 dislik astim icin yeni
hedeflere yoénelik arastirmalara ihtiya¢ duyulmaktadir.
Kisisellestirilmis tedavi stratejilerinin gelistirilmesi, ileri

doénem astim yénetiminin temelini olusturacaktir.

Siddetli Astim, Biyobelirteg, Biyolojik
Tedavi, Tip 2 VYiiksek Astim, Tip 2 Diisiik Astim,

Kisisellestirilmis Tip.

Asthma is a chronic airway disorder driven by persistent
inflammation and influenced by a complex interplay
between genetics, environmental triggers, and immune
responses. Clinically, it presents with episodic wheezing,
breathlessness, chest tightness, and cough. Global Initiative
for Asthma (GINA) 2024 reports estimate that over 300
million individuals are affected worldwide, with more than
450,000 deaths annually attributed to the disease ( Hoque &
Nayak, 2025).

Severe asthma represents a subset in which symptoms
remain  uncontrolled  despite  high-dose inhaled
corticosteroids combined with long-acting B,-agonists
(LABAs). In these patients, exacerbations often persist, and
the condition accounts for roughly 3—10% of all asthma cases
(Khurana, Bush, & Holguin, 2020). This phenotype is
notoriously challenging to manage, leading to substantial
morbidity and imposing significant burdens on healthcare

systems.

Advances in molecular and immunological research have

revealed distinct pathophysiological mechanisms, leading to
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the classification of asthma into biologically driven
subgroups, known as endotypes. This stratification has
paved the way for precision medicine approaches,
particularly emphasizing the differentiation between Type 2-
high and Type 2-low inflammatory profiles, which form the
cornerstone of modern severe asthma management. Type 2
high asthma has an atopic onset and has the potential to
respond to biological treatments. However, Type 2 low
asthma represents a less understood condition, frequently
characterized by neutrophilic inflammation and limited
response to existing biologics. Integrating this distinction
into clinical practice is crucial for both selecting treatment
strategies and developing new biomarkers. This is crucial for
selecting appropriate treatment strategies and predicting

treatment response (Ramphul, Lo, & Gaillard, 2021).

When the airways are exposed to allergens, environmental
pollutants, viral agents, or bacteria, epithelial cells lining the
bronchi are damaged. This disruption increases epithelial
permeability, allowing easier penetration of harmful stimuli.
In response, epithelial cells release a group of innate
cytokines known as alarmins, such as thymic stromal
lymphopoietin (TSLP), interleukin-25 (IL-25), and interleukin-
33 (IL-33). These cytokines activate T helper 2 (Th2)
lymphocytes and type 2 innate lymphoid cells (ILC2s). Both
Th2 cells and ILC2s secrete cytokines central to the Type 2-
high inflammatory cascade: IL-5, which regulates maturation
and survival of eosinophils; IL-4, which promotes B-cell
differentiation and IgE synthesis; and IL-13, which induces
inducible nitric oxide synthase in epithelial cells, thereby
elevating fractional exhaled nitric oxide (FeNO). IL-13
additionally contributes to mucus hypersecretion and airway
hyperresponsiveness (Kuruvilla, Lee, & Lee, 2019; Lugogo &

Akuthota, 2021).

Type 2-high asthma is defined as a phenotype in which the
adaptive immune system, particularly Th2 cells, drives
chronic inflammation through the production of IL-4, IL-5,

and IL-13. This immune profile is reflected clinically and
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histologically by eosinophilic airway inflammation, elevated
serum IgE, mucus overproduction, and airway
hyperreactivity. Patients with this endotype frequently
exhibit atopic characteristics, increased FeNO levels, and
higher circulating eosinophil counts. For such individuals,
biomarkers including total Igg, FeNO, and peripheral blood
eosinophil counts are valuable for diagnosis, treatment
guidance, and monitoring therapeutic response (Lugogo &

Akuthota, 2021; Saglani et al., 2019).

By contrast, Type 2-low asthma represents a more
heterogeneous group, typically associated with neutrophilic,
paucigranulocytic (inflammation is characterized by the
absence of significant eosinophilic or neutrophilic infiltration
in the airways, despite persistent asthma symptoms), or
occasionally mild eosinophilic inflammation. In these
patients, alternative inflammatory pathways predominate,
with IL-17 and TNF-a being particularly relevant mediators.
Due to these differences, patients with Type 2-low asthma
typically exhibit limited responsiveness to currently available
biologic therapies, and this subgroup accounts for many
treatment-refractory cases (Ray & Kolls, 2017). Identifying
robust biomarkers for Type 2-low asthma remains an active
area of research. Ongoing studies aim to characterize its
molecular drivers and to develop novel therapeutic
approaches, given its poor response to established biologic
agents (D’Amato et al., 2025; C. Pelaia et al., 2021; Plichta,
Kuna, & Panek, 2023).

In clinical practice, selecting the appropriate biologic therapy
for severe asthma patients is often challenging. Even when
patients share similar clinical characteristics, their
underlying endotypes may differ, complicating treatment
decisions. Furthermore, in some individuals, biologic therapy
does not yield the expected improvement, prompting

clinicians to explore alternative strategies.

This review aims to evaluate the mechanisms, efficacy, and
patient selection criteria of current biological treatments by
taking a holistic view of the biomarker-focused approach in

severe asthma, and to reveal prominent alternative
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treatments and future molecular targets in Type 2 low-risk

asthma.

A systematic review was conducted between 2015 and 2024
using the keywords “severe asthma,” “biomarker,” and
“biologic therapy” across the PubMed, Web of Science,
Cochrane, and Google Scholar databases. Severe asthma
subtypes, namely Type 2-high and Type 2-low asthma, were
evaluated based on commonly used biomarkers, including
blood eosinophil count, fractional exhaled nitric oxide
(FeNOQ), periostin, and total serum IgE. In addition, biological
treatments (omalizumab, mepolizumab, benralizumab,
dupilumab, and tezepelumab) and their associated clinical

outcomes were systematically assessed.

Comprehensive database searches using predefined
keywords identified a total of 781 records. All retrieved
articles were initially screened by title and abstract to
determine relevance to the study objectives. Following this
screening process, research articles, randomized controlled
trials, clinical trials, and preclinical studies that met the
inclusion criteria were selected for further evaluation.
Ultimately, 186 articles were reviewed in full text and
included in the final analysis, comprising 23 clinical trials, 35

preclinical studies, and 128 randomized controlled trials.

Studies were included if they involved individuals who met
the following criteria: A diagnosis of asthma according to the
GINA 2024 criteria. Uncontrolled asthma despite treatment
with high-dose inhaled corticosteroids combined with long-
acting B,-agonists (ICS + LABA). A history of at least two or
more asthma exacerbations within the preceding 12 months.
Availability of biomarker measurements, including blood
eosinophil count, FeNO, IgE, and related parameters. Clinical
classification of asthma as either Type 2-high or Type 2-low
endotype. Provision of informed consent and ability to
comply with clinical follow-up and biologic treatment

evaluation protocols.
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Individuals meeting one or more of the following conditions
were excluded: Presence of significant comorbid respiratory
diseases, including chronic obstructive pulmonary disease
(COPD), bronchiectasis, or interstitial lung disease.
Discontinuation of prior biologic therapy within the previous
four weeks. Smoking history exceeding 10 pack-years.
Presence of cardiovascular conditions that could mimic
severe asthma symptoms, such as heart failure or pulmonary
hypertension. Pregnancy or breastfeeding. History of
malignancy or known immunodeficiency syndromes.
Patients deemed ineligible by the investigators for safety

concerns or methodological reasons.

Database searches using predefined keywords identified a
total of 781 records. Following the screening process,
research articles, randomized controlled trials, clinical trials,
and preclinical studies relevant to the study objectives were
included. Ultimately, 186 articles were reviewed in detail,
comprising 23 clinical trials, 35 preclinical studies, and 128

randomized controlled trials.

Across the reviewed literature, biomarkers most frequently
used to characterize Type 2-high severe asthma and guide
biologic eligibility include peripheral blood eosinophils (>150
cells/uL), sputum eosinophils (>2-3%), total serum IgE
(2100-150 IU/mL), fractional exhaled nitric oxide (FeNO >25

ppb), and serum periostin (25 ng/mL).

Multiple studies reported that blood eosinophil thresholds
of 2150 cells/uL are commonly used to support Type 2
inflammation in severe asthma, while values =300 cells/pL
are frequently used to select candidates for IL-5/IL-5R—
targeted biologics (e.g., mepolizumab, reslizumab,
benralizumab)(Janson et al., 2022; C. Pelaia et al.,, 2021).

Higher eosinophil counts were associated with an increased
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risk of exacerbations and lower lung function in severe
asthma cohorts. (D’Amato et al., 2025; Schoettler & Strek,
2020). In follow-up assessments, decreases in eosinophil
counts were reported alongside clinical response in biologic-
treated patients, particularly with IL-5R—targeted therapy

(benralizumab).

Sputum eosinophil proportions >2—3% were repeatedly used
to identify eosinophilic airway inflammation in severe
asthma and to inform treatment selection in specialist

settings (Hiday, 2025; Janson et al., 2022).

Studies evaluating treatment monitoring have reported
reductions in sputum eosinophils after anti-inflammatory
therapy and after anti—IL—5/anti—IL-5R biologics in patients
with severe eosinophilic asthma. Routine implementation
was reported to be limited by sample collection and

laboratory requirements.

Total serum IgE values 2100 IU/mL were frequently reported
in association with atopic/Type 2-high phenotypes (Guida et
al.,, 2022). Across the reviewed sources, eligibility for
omalizumab commonly required a baseline IgE level within
30-1500 IU/mL, in addition to evidence of sensitization to at
least one inhaled allergen, as determined by skin testing or
specific IgE assays (D’Amato et al., 2025; Fouka et al., 2022;
Oppenheimer et al., 2022).

IgE values were consistently used for omalizumab dosing
calculations, and monitoring of total IgE during therapy was

not routinely emphasized (D’Amato et al., 2025).

FeNO thresholds of >25 ppb were consistently reported as
indicative of Type 2 airway inflammation and were used for
treatment selection and follow-up in severe asthma cohorts

(Menzies-Gow, Mansur, & Brightling, 2020; Murugesan,
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Saxena, Dileep, Adrish, & Hanania, 2023). Several studies
have reported associations between higher baseline FeNO
and greater treatment benefits with IL-4Ra—targeted
therapy (dupilumab) and upstream biologic therapy
(tezepelumab). Additionally, reductions in FeNO have been
observed during follow-up in responders (Soendergaard et

al., 2025).

Serum periostin levels >25 ng/mL were reported across
studies as associated with Type 2-high inflammation, airway
remodeling features, and FeNO elevations (Stern et al.,
2020). Higher periostin levels were reported in relation to
treatment stratification and response assessment in some
cohorts, including studies evaluating the response patterns
of dupilumab and tezepelumab (Corren et al., 2022; C. Pelaia

et al., 2022).

Confounding effects from non-airway sources were noted in
the periostin literatiire (Hachim et al., 2020; Yoshihara et al.,

2023).

Across the reviewed literature, no validated, standardized
biomarker set has been identified for Type 2-low asthma.
Studies frequently reported lower expression or activity of
Type 2 cytokines (IL-4, IL-5, IL-13) compared with Type 2-high
disease. Research has focused on non-Type 2 mediators,
including IL-17, TNF-a, and YKL-40, which have been
repeatedly evaluated in association with neutrophilic or
paucigranulocytic inflammation and severe, treatment-
refractory phenotypes (Ray & Kolls, 2017; Yamasaki,
Okazaki, & Harada, 2022; Specjalski, Romantowski, &
Niedoszytko, 2023). These candidate biomarkers were
primarily reported in translational and experimental
contexts and were not presented as routine clinical decision-
making markers. A comparative summary of biomarker

ranges and diagnostic utility is provided in Table 1.
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Biological Treatments

Across the reviewed sources, FDA-approved biologics
reported for severe asthma included omalizumab,
mepolizumab, reslizumab, benralizumab, dupilumab, and
tezepelumab (D’Aiuto et al., 2025). Key targets, indications,

and dosing characteristics are summarized in Table 2.

Omalizumab eligibility in the reviewed studies commonly
included age 26 years, allergic asthma with documented
sensitization to inhaled allergens, and baseline IgE within
30-700 IU/mL (extended up to 1500 IU/mL in selected
protocols). Administration was reported as subcutaneous
dosing every 2—4 weeks, determined by IgE and body weight
(Casale et al., 2019; Pongdee & Li, 2025).

Clinical trials and guideline oriented sources have reported
reductions in exacerbations and oral corticosteroid
requirements, as well as improvements in patient-reported
outcomes, in eligible populations (Agache et al., 2020;

Hoque & Nayak, 2025).

Mepolizumab was reported for severe eosinophilic asthma
(age 26 years) with blood eosinophils 2150 cells/uL, frequent
exacerbations, or OCS dependency, with a commonly cited
regimen of 100 mg subcutaneously every 4 weeks

(Miyokawa et al., 2020).

DREAM and SIRIUS were reported to demonstrate
reductions in exacerbations and OCS dose requirements in
populations with eosinophilic severe asthma, with clinical
improvement observed during early follow-up (Ortega et al.,

2016).
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Reslizumab was reported as an intravenous anti-IL-5 therapy
(typically age 218 years) administered at 3 mg/kg every 4
weeks (Hom & Pisano, 2017).

Phase 3 trials reported reductions in exacerbations and
improvements in lung function and symptom scores in
patients with blood eosinophils >400/uL, with limited

benefit reported below this threshold (Castro et al., 2015).

Long-term studies described sustained efficacy with safety
considerations related to infusion-based administration

(Murphy et al., 2017).

Benralizumab was reported for severe eosinophilic asthma
(age =12 vyears) with blood eosinophils >150/uL,
administered subcutaneously at 30 mg every 4 weeks for the
first three doses, then every 8 weeks (FitzGerald et al., 2016;
GINA, 2025).

SIROCCO, CALIMA, and ZONDA were reported to
demonstrate reductions in exacerbations and OCS use, with
lung function improvements in severe eosinophilic asthma

cohorts (Bleecker et al., 2016; Nair et al., 2017).

Dupilumab was reported for moderate-to-severe
eosinophilic asthma or OCS-dependent asthma (age =6
years), with adult dosing commonly described as a 600 mg
loading dose followed by 300 mg every 2 weeks (Food &
Administration, 2020; GINA, 2025).

LIBERTY ASTHMA QUEST and VENTURE were reported to
show exacerbation reductions and improvements in lung
function, with subgroup analyses reporting greater response
in patients with higher baseline FeNO and eosinophils

(Castro et al., 2018; Rabe et al., 2018; Wenzel et al., 2016).
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Tezepelumab was reported for the treatment of severe
asthma (in patients aged>12 years), regardless of baseline
phenotype, administered subcutaneously at a dose of 210

mg every 4 weeks (Menzies-Gow et al., 2021).

PATHWAY and NAVIGATOR were reported to show
reductions in exacerbations across biomarker strata,
including patients with lower eosinophil counts, and
DESTINATION reported sustained efficacy and safety during
longer follow-up (Corren et al., 2023; Corren et al., 2017;

Menzies-Gow et al., 2021; Menzies-Gow et al., 2023).

Reductions in multiple biomarkers (eosinophils, FeNO, IgE,
IL-5/IL-13-related markers, periostin) were reported in
treated cohorts (Corren et al., 2022). The targets,
indications, and dosing characteristics of biologic therapies

used in type 2 high asthma are detailed in Table 2.

Studies addressing Type 2-low severe asthma reported
evaluation of adjunctive and alternative strategies including
long-term macrolide therapy, PDE-4 inhibition, CXCR2
antagonism, cytokine pathway inhibitors (e.g., IL-17/TNF-o—
targeted approaches), and microbiota-directed

interventions (Ricciardolo, Carriero, & Bertolini, 2021).

Findings from these approaches are summarized in Table 3.

Trial programs (PATHWAY, NAVIGATOR) reported
tezepelumab-associated reductions in exacerbations across
biomarker-defined subgroups, including low eosinophil

strata (Corren et al., 2023; Menzies-Gow et al., 2021).

The AMAZES trial reported that azithromycin 500 mg three
times weekly for 48 weeks reduced exacerbation frequency
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and improved quality of life in adults with uncontrolled
asthma, including Type 2-low phenotypes (Peter G Gibson et
al., 2017; P. G. Gibson et al., 2019).

Mechanism-focused and phase 2 studies reported
evaluation of PDE-4 inhibitors (e.g., roflumilast) and CXCR2
antagonists (e.g., AZD5069), with reported biological effects
and variable clinical endpoints (Bardin, Kanniess, Gauvreau,
Bredenbroker, & Rabe, 2015). with reported biological
effects and variable clinical endpoints (O'Byrne et al., 2016).
IL-17 and TNF-a inhibitors were reported in clinical
investigations with inconsistent efficacy and safety

constraints (W. W. Busse et al., 2013).

Studies reported associations between airway/gut
microbiome dysbiosis and Type 2-low asthma, and described
investigations of probiotics, prebiotics, synbiotics, and fecal
microbiota transplantation; clinical evidence was reported
as limited and largely preclinical/early-stage(Holguin et al.,
2020; Valverde-Molina & Garcia-Marcos, 2023; Zhang,
Zheng, Luo, & Sun, 2024). Alternative treatment options
evaluated in the type 2 low asthma phenotype, along with
the clinical study findings of these approaches, are

summarized in Table 3.

Across the reviewed literature, future directions included
epigenetic modulators (e.g., HDAC/DNA methylation
regulators), microbiome-directed strategies, JAK inhibitors,
gene/RNA-based therapies, and next-generation
monoclonal antibodies targeting IL-33/ST2, OX40L, and
other immune pathways. Development stage summaries are

presented in Table 4 (Ouyang, Su, Quan, Xiong, & Lai, 2023).

Epigenetic Modulators (HDAC inhibitors, DNA methylation

regulators)
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Studies described HDAC inhibitors and DNA methylation
regulators in preclinical and early-phase contexts, including
approaches involving microRNA and localized delivery

concepts (Ouyang et al., 2023).

Recent reviews and emerging studies reported evaluation of

microbiome modulation strategies
(probiotics/prebiotics/synbiotics/FMT) with ongoing clinical
investigation in asthma-related outcomes (Kau, Rosen, &

Rosas-Salazar, 2024; Kim & Bunyavanich, 2025).

Reports described evaluation of oral JAK inhibitors (e.g.,
tofacitinib (Kravéenia & Maslanka, 2024), baricitinib (Kwon
et al., 2023; Makabe et al., 2024), and upadacitinib
(Blockmans et al., 2025)) in severe, treatment-refractory
asthma research contexts, informed by clinical use in other
immune-mediated diseases (Georas, Donohue, Connolly, &
Wechsler, 2021; Matucci, Vivarelli, Nencini, Maggi, &
Vultaggio, 2021).

The preclinical literature has described gene editing and
RNA-based platforms for modulating key inflammatory
drivers and airway remodeling pathways (Ajaykumar et al.,
2025; Kumagai et al., 2024; Yuan, Yang, Gao, Wang, & Li,
2025).

Ongoing research continues to explore novel monoclonal
antibodies directed against IL-33, its receptor ST2, TSLP, IL-
23, and the prostaglandin D2 receptor (CRTh2). IL-33,
together with its receptor ST2, plays a central role in

amplifying Type 2 inflammation. Acting synergistically with
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Table 1 Biomarkers in Severe Asthma
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Biomarker | Normal | In Severe | Clinical Benefits Diagnostic Value
Value Asthma
Range
Serum <150 2150-300 It is decisive in the decision to prescribe biological therapy | Sensitivity: 72%
Eosinophil | cells/uL | cells/pL (anti-IL-5 and anti-IL-5R).
Count usually Specificity: 69%
indicates T2- It confirms the diagnosis of eosinophilic asthma.
high asthma It is affected by infections and steroid use.
Sputum <1-2% | 22-3% often | Directly reflects airway inflammation; useful in monitoring | Sensitivity: 85%
Eosinophil indicates steroid response. Laboratory evaluation is limited due to the
Ratio eosinophilic difficulty in obtaining samples. Specificity: 85%
inflammation.
Total <100 >100-150 It is used for the diagnosis of allergic asthma and eligibility | Sensitivity: 50%
Serum IgE | IU/mL IU/mL is a | for omalizumab. It is affected by age and many chronic
marker  for | conditions. Specificity: 60%
atopic asthma
Fractional | <25 In type 2 high | It predicts response to systemic and inhaled steroid therapy | Sensitivity: 75%
Expiratory | ppb asthma, it is | and is a guide for selecting biological drugs. It is a suitable
Nitric often 225 ppb | guide for anti-IL-4 and anti-IL-13R therapies. Specificity: 65%
Oxide
(FeNO)
Serum 4-50 >25 ng/mL T2 | Next-generation biomarker guides treatments like | Sensitivity: 69%
Periostin ng/mL | is associated | Dupilumab. Indicates IL-13 activity.
with Specificity: 75%
inflammation
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Table 2. Biological Drugs in Type 2 High-Severe Asthma
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Biological Indication Biomarker Target Application | Application Dosage
Medicine Age
Omalizumab Allergic asthma (IgE- | Serum IgE (30- | IgE >6 yearsold | 150-375 mg SC, every
mediated) 1500 IU/mL), skin 2-4 weeks, depending
test/IgE positive on serum IgE level and
Food all
ood aflergy patient weight
Chronic idiopathic urticaria
Chronic rhinosinusitis with
nasal polyps
Mepolizumab | Eosinophilic severe asthma Blood eosinophil | IL-5 >6yearsold | 100 mg SC, every 4
COPD Eosinophilic >150 cells/pL weeks
granulomatosis with
polyangiitis
Hypereosinophilic syndrome
Chronic rhinosinusitis with
nasal polyps
Reslizumab Eosinophilic severe asthma Blood eosinophil | IL-5 >18 years | 3 mg/kg IV, every 4
>400 cells/pL old weeks
Benralizumab | Severe eosinophilic asthma Blood eosinophil | IL-5Ra 212  vyears | 30 mg SC, first 3 doses
>150 cells/pL (eosinophil old every 4 weeks, then
Eosinophili | tosi
osinophilic granulomatosis apoptosis) every 8 weeks
with polyangiitis
Dupilumab Type 2  high asthma | Blood eosinophil | IL-4Rac  (IL-4 | 212 years | 200 or 300 mg SC, every
(eosinophilia and FeNO high) | 2150 cells/uL, | and IL-13 | old 2 weeks
FeNO 225 ppb blockade)

COopPD

Chronic rhinosinusitis with

nasal polyps

Atopic dermatitis

Prurigo nodularis
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Eosinophilic esophagitis
Tezepelumab Severe asthma (T2-high and | No specific | TSLP (Alarmin) | 212  years | SC, every 4 weeks
T2-low) biomarker old
required
Table 3. Treatment Approaches in Type 2 Low Asthma
Treatment Approach | Targeted Pathway Indication/Subtype Clinical Studies
Tezepelumab Alarmin (TSLP) inhibition Type 2 High and Type 2 Low Asthma NAVIGATOR, PATHWAY

Azithromycin

(Macrolide)

Neutrophilic

suppression

inflammation

Type 2 Low Asthma (Neutrophilic)

AMAZES

PDE-4 Inhibitors

IL-6, TNF-a suppression

Type 2 Low Asthma (Neutrophilic)

Phase 2 Studies

Small Molecule | IL-6, IL-17, TNF-a inhibition Steroid-resistant, Type 2 Low Asthma | Preclinical/Phase 1-2 Studies
Inhibitors

Microbiota Microbial balance regulation | Type 2 Low (Microbiota disorder) Preclinical studies
Modulators

Table 4. Future Treatment Approaches

Treatment Approach

Targeted

Pathway

Molecular

Potential Endotype

Clinical Stage

Epigenetic Modulators

HDAC, DNA methylation

Steroid-resistant asthma

Preclinical/Phase |

Microbiome-Targeted Gut-lactoflora Type 2 low asthma Preclinical

Agents imbalances

JAK Inhibitors JAK-STAT signaling | Type 2 high and low | Phase Il/lll
pathway asthma

Next-Generation IL-33, TSLP, OX40L Type 2 high asthma Phase Il

Monoclonal Antibodies

T Cell Signaling Blockers | TCR, CD28, CTLA-4 Type 2 low asthma Preclinical
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TSLP, IL-33 promotes the release of IL-13 from ILC2s and
mast cells, thereby enhancing airway hyperresponsiveness

(Chheang et al., 2022).

Itepekimab, an anti-IL-33 antibody, has demonstrated
meaningful clinical benefits in patients with severe asthma,
including reductions in exacerbation frequency, improved
lung function, and enhanced quality of life, in a phase 2
randomized controlled trial (Wechsler et al., 2021). Similarly,
Astegolimab, an IgG2 monoclonal antibody targeting the ST2
receptor, has been shown to reduce annual exacerbation
rates in adult patients irrespective of eosinophil levels

(Kelsen et al., 2021).

The IL-23 pathway, known to stimulate Th2 cytokine
production and eosinophil proliferation, has also been
investigated. The anti-IL-23p19 monoclonal antibody
Risankizumab was assessed in a phase 2a placebo-controlled
trial. However, it demonstrated no significant advantage
over placebo in reducing asthma exacerbations (Brightling,

Nair, Cousins, Louis, & Singh, 2021).

The prostaglandin D2 receptor 2 (CRTh2), which is elevated
in bronchoalveolar lavage fluid and bronchial submucosa,
drives the activation of multiple Type 2-related cells and
cytokines. The CRTh2 antagonist Fevipiprant underwent
evaluation in a large phase 3, double-blind, placebo-
controlled study of patients with severe asthma.
Unfortunately, it failed to show superiority over placebo in
reducing exacerbation frequency, improving asthma control,
or enhancing lung function (Christopher E. Brightling et al.,

2021).

The OX40L-0X40 pathway has recently garnered interest,
with elevated OX40L expression observed in the lamina
propria of individuals with asthma (Xue et al., 2021).
Dendritic cells, B lymphocytes, NK cells, and macrophages
are important sources of OX40L, often upregulated in
steroid-resistant asthma. Elevated OX40L levels correlate
with serum IL-6, TSLP, IgE, eosinophil, and neutrophil counts.

Monoclonal antibodies targeting OX40L have been found to

MATURAL OIFE MWEDICINE

reduce serum IgE and sputum eosinophils but do not alter
bronchial hyperresponsiveness or systemic eosinophilia (G.

Gauvreau et al., 2014).

Mast cells are central players in asthma pathogenesis, and
recent interest has focused on tyrosine kinase inhibitors that

target mast cell-associated signaling pathways.

Masitinib, a multi-kinase inhibitor that blocks mast cell
activity and platelet-derived growth factor receptor (PDGFR)
signaling, was evaluated in a placebo-controlled study of
patients with severe, steroid-dependent asthma. The drug
reduced exacerbation frequency by 35%, suggesting a
meaningful benefit independent of Type 2 inflammatory

status (Davidescu et al., 2022).

Imatinib, which acts via a similar mechanism, has also been
investigated in patients with severe asthma. In a placebo-
controlled trial, imatinib significantly improved airway
hyperresponsiveness. However, adverse effects, including
hypophosphatemia, metabolic disturbances, and muscle

cramps, limited its therapeutic potential (Cahill et al., 2017).

Preclinical and mechanistic studies described immune
checkpoint/co-stimulation pathways (TCR, CD28, CTLA-4) as
targets in asthma-related inflammation, with experimental
evidence supporting investigation of these pathways (Fu et
al., 2004; Esensten et al., 2016; Heijink & Van Oosterhout,
2006). Future molecular targets and their development
stages in the treatment of severe asthma are systematically

presented in Table 4.

Severe asthma continues to pose a significant global health
challenge, despite substantial advances in pharmacological

and biological therapies ( Hoque & Nayak, 2025). Although
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high-dose ICS and LABA combinations remain the foundation
of treatment, a considerable proportion of patients persist
with uncontrolled symptoms, frequent exacerbations, and
reduced quality of life (Khurana, Bush, & Holguin, 2020). This
underscores the complexity of severe asthma and highlights

the importance of understanding its heterogeneous nature.

The introduction of biologic therapies has clearly
transformed the clinical management of Type 2-high asthma
(D’Aiuto et al., 2025). Targeted inhibition of pathways
involving IgE, IL-5, IL-5R, IL-4, and IL-13 has led to meaningful
clinical benefits, including reductions in exacerbation rates
and systemic corticosteroid use, as well as improvements in
lung function and symptom control. However, these
successes emphasize an equally important challenge:
Accurately identifying the subgroup of patients who derive

the greatest benefit from each biologic agent.

Biomarkers such as blood eosinophils, FeNO, serum IgE, and
periostin serve as critical tools in this decision-making
process; however, each has its limitations (D’Amato et al.,
2025; Fouka et al., 2022; Oppenheimer et al., 2022). Their
variability across patients and within the same patient over
time, as well as their sensitivity to infections, steroid
exposure, and environmental triggers, complicate their
interpretation. Consequently, treatment response remains
unpredictable in a subset of patients, highlighting the need
for more robust and dynamic biomarker panels capable of
capturing the multifaceted biology of severe asthma

(Soendergaard et al., 2025).

A greater challenge lies within the Type 2-low asthma
population, which remains the most therapeutically
underserved group. Characterized by neutrophilic,
paucigranulocytic, or mixed inflammatory patterns, this
endotype often shows poor response to currently available
biologics. The limited efficacy of IL-5, IL-4/13, and IgE-
targeted agents in this subgroup reflects the involvement of
alternative pathways, including IL-17, TNF-a, and epithelial
barrier dysfunction. Tezepelumab, a TSLP inhibitor, is the

first biologic to demonstrate efficacy across a broad range of
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biomarkers, offering new prospects for patients with Type 2-
low asthma. However, the absence of validated biomarkers
for this group significantly restricts precise patient selection
and prediction of treatment benefit (D’Amato et al., 2025; C.
Pelaia et al., 2021; Plichta, Kuna, & Panek, 2023).

Future research should prioritize comprehensive endotyping
approaches that integrate genomic, transcriptomic,
proteomic, and metabolomic platforms. Multi-omic analyses
may help uncover novel inflammatory signatures and guide
the development of individualized therapies(Ouyang, Su,
Quan, Xiong, & Lai, 2023). Additionally, the role of airway
microbiota, epithelial barrier integrity, and epigenetic
modifications is increasingly recognized, suggesting new
therapeutic possibilities that extend beyond classical
cytokine pathways. Innovative approaches such as JAK
inhibitors, 1L-33/ST2 pathway modulators, GATA-3
inhibitors, and gene- or RNA-based therapies hold promise,
particularly for patients with steroid-resistant or biologic-
refractory disease(Georas, Donohue, Connolly, & Wechsler,

2021; Matucci, Vivarelli, Nencini, Maggi, & Vultaggio, 2021).

There is also a growing need to address the practical
challenges in managing asthma in real-world settings.
Factors such as treatment adherence, inhaler technique,
comorbid conditions (e.g., obesity, gastroesophageal reflux
disease, chronic rhinosinusitis), and environmental
exposures influence disease severity and may complicate
treatment outcomes. Incorporating structured assessment
tools, standardized algorithms for biologic selection, and
longitudinal  biomarker monitoring could improve

therapeutic precision.

Emerging c-Kit inhibitors with improved safety profiles are
under development. Preliminary results from studies in
patients with urticaria suggest favorable tolerability and
potential applicability in severe asthma (Israel et al., 2021).
These agents may represent a new generation of mast cell—

directed therapies with broader clinical utility.
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Th2 lymphocytes are key orchestrators of both asthma
initiation and progression, as well as in other allergic
disorders. Accordingly, inhibition of Th2 signaling pathways

has been proposed as a therapeutic strategy.

Activation of T cells is initiated by the interaction between
antigen-presenting cells and the T-cell receptor (TCR).
Regulatory T cells (Tregs) normally suppress inappropriate
immune responses to allergens and self-antigens, but their
function may be impaired in asthma. The CD28 co-
stimulatory pathway plays a crucial role in the activation of
naive T cells. Experimental studies in mice demonstrated
that CD28 stimulation increases Foxp3 expression while
diminishing the suppressive capacity of Tregs, suggesting
that blocking CD28 signaling could be beneficial in asthma
(Fu et al., 2004).

The inhibitory receptor CTLA-4 (CD152) provides negative
signals by binding CD80 and CD86, thereby counterbalancing
T-cell activation. Enhancing CTLA-4 signaling while blocking
CD28 costimulation may suppress pathogenic T-cell
responses, leading to reduced airway inflammation
(Esensten, Helou, Chopra, Weiss, & Bluestone, 2016; Heijink
& Van Oosterhout, 2006).

The increasing frequency of steroid-resistant asthma
phenotypes necessitates the development of new and
innovative treatment approaches. In this regard, focus has
been placed on epigenetic modulators (e.g., histone
deacetylase inhibitors), microbiome-targeting agents, Janus
kinase (JAK) inhibitors, and next-generation monoclonal
antibodies targeting T-cell signaling pathways. Integrating
genomic and transcriptomic analyses into clinical practice
will enable more effective and safe use of these molecules in
targeted patient groups (Esensten, Helou, Chopra, Weiss, &

Bluestone, 2016).

Future asthma management is moving toward precision
medicine, integrating clinical, molecular, and biomarker data
to guide therapy. Strategies such as epigenetic modulation,

microbiome-targeted treatments, JAK inhibitors, gene- and
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RNA-based therapeutics, and novel biologics are expected to
significantly reshape the therapeutic landscape (Ajaykumar
et al., 2025; Kumagai et al., 2024; Yuan, Yang, Gao, Wang, &
Li, 2025). As these approaches progress through clinical
development, they hold the promise of providing more
effective, durable, and patient-specific options, especially

for individuals with severe and biologically resistant asthma.

It features a scientific discussion section that covers clinical
implications, limitations, biomarker discussions, treatment
selection, research needs, and future implications. It can be
used without references (Ouyang, Su, Quan, Xiong, & Lai,

2023).

In conclusion, although the past decade has witnessed
remarkable progress in understanding and treating severe
asthma, significant gaps in knowledge and treatment
remain. Expanding the biomarker landscape, refining
phenotypic and endotypic classification, and developing
next-generation therapeutics will be essential to achieving
optimal outcomes. Ultimately, an integrated precision
medicine approach combining molecular insights, clinical
characteristics, and patient-specific factors offers the
greatest promise for transforming care and providing
durable disease control in even the most severe and

treatment-resistant forms of asthma.
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ABSTRACT

Free radicals caused by smoking lead to oxidative stress-
induced damage in central nervous system. The aim of the
research was to investigate the possible depression and
anxiety levels that may develop as a result of smoking in
undergraduate and graduate students at Samsun University.
Depression and anxiety levels of 17-30 years old non-smoker
(n=310, control group) and smoker (n=223) students were
determined by the Kessler Psychological Distress Scale-K10.
The Shapiro-Wilks test, the Independent Samples T-test, the
One-Way ANOVA model were used for statistical analyses.
Relationships between categorical features were examined
by the Pearson chi-square test. The mean age of non-smoker
students was 19,60 and the mean age of smoker students
was 20,65. Smoking rate was higher in man students (P
<.001). The average score of non-smokers and smokers were
respectively 25,31 and 29,10 points, according to the K10 (P
<.001). There were no significant linear relationship between
age and psychological distress score in non-smokers (P
=.188) and in smokers (P =.209). The duration (<2, 2-<5, 25
years) (P =.358) and the amount (<10, 10-<15, =215
cigarette/day) (P =.189) of smoking did not statistically effect
psychological distress. When non-smokers and smokers
were excluded who have risk factor for depression/anxiety,
the scores of the remaining non-smokers (n=222) were

statistically lower than the scores of smokers (n=99) (P

<.001). Probable well-being (32,4%) and probable mild
mental illness (23,9%) were higher in non-smokers (n=222),
while probable severe mental illness (45,5%) was higher in
smokers (n=99), according to score ranges (P <.001).
Probable moderate mental illness was detected with similar
frequency in two groups. When different situations which
may cause depression/anxiety were excluded, it was
determined that smoking may cause depression and anxiety

in students between the ages of 17-30.

Keywords: Anxiety, cigarette, depression,

neurodegeneration
OZET

Sigara kaynakli serbest radikaller, merkezi sinir sisteminde
oksidatif stresin onciiluk ettigi hasara neden olmaktadir.
Calismanin amaci, Samsun Universitesi lisans ve lisansiistii
ogrencilerinde, sigara kullanimi sonucu gelismesi muhtemel
depresyon ve anksiyete diizeylerinin arastiriimasidir. 17-30
yas araliginda, sigara igmeyen (n=310, kontrol grubu) ve
sigara icen (n=223) o6grencilerin depresyon ve anksiyete
diizeyleri, Kessler Psikolojik Sikinti Olcegi-K10 kullanilarak
tespit edildi. Istatistiksel analizlerde Shapiro-Wilks testi,
Independent Samples T-testi, One-Way ANOVA modeli
kullanildi. Kategorik 6zellikler arasindaki iliskiler Pearson ki-
kare testiyle incelendi. Sigara igmeyen Ogrencilerin yas
ortalamasinin 19,60 ve sigara igen Ogrencilerin yas

ortalamasinin 20,65 oldugu saptandi. Sigara kullanim
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oraninin erkek 6grencilerde daha fazla oldugu tespit edildi (P
<.001). K10’na gore sigara igmeyen grupta ve sigara icen
grupta puan ortalamasinin sirasiyla 25,31 ve 29,10 oldugu
saptandi (P <.001). Sigara igmeyenlerde (P =.188) ve sigara
icenlerde (P =.209), yas ile psikolojik sikinti puani arasinda
anlaml dogrusal bir iliski bulunamadi. Sigara kullanim sire
(<2 yil, 2-<5 yil, 25 yil) (P =.358) ve miktarinin (<10, 10-<15,
>15 sigara/gin) (P =.189) psikolojik sikintiya istatistiksel
olarak etkisinin olmadig tespit edildi. Sigara icmeyen ve
sigara icen gruplardan depresyon/anksiyete icin risk
faktoriine sahip olanlar g¢ikarildiginda, kalan sigara
icmeyenlerin  (n=222) puani, sigara icenlerin (n=99)
puanindan istatistiksel olarak daha dusukti (P <.001). Puan
araliklarina gore incelendiginde, muhtemel iyilik hali (%32,4)
ve muhtemel hafif ruhsal rahatsizlik (%23,9) sigara
icmeyenlerde (n=222), muhtemel agir ruhsal rahatsizhk
(%45,5) ise sigara icenlerde (n=99) anlamh diizeyde daha
yiksek oranda saptandi (P <.001). Muhtemel orta diizeyde
ruhsal rahatsizlik, iki grupta benzer siklikta saptandi.
Depresyon/anksiyeteye sebep olabilecek farkli durumlar
dislandiginda, 17-30 yas araligindaki 6grencilerde, sigaranin
depresyon ve anksiyete gelisimine onculik edebilecegi

saptanmistir.

: Anksiyete, depresyon,

nérodejenerasyon, sigara

Introduction

The smoking rate is very high amoug young adults in most of
the countries of the world (Sullman et al., 2020). Smoking
causes the formation of free radicals/reactive oxygen
species (ROS) (Seo et al., 2023). When the antioxidant
defense system is insufficient to completely prevent the
effects of these free radicals, the oxidative stress develops
(Ogiit and Atay, 2012). The increased oxidative stress and
inadequate plasma antioxidant mechanisms are important
leading factors to depression and anxiety (Bhatt et al., 2020;
Fedoce et al., 2018). Psychological distress is a emotional
state of depression and anxiety. The symptoms of

depression are constant sadness, loss of interest,
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hopelessness and the anxiety defines as restlessness, panic,

feeling of tension (Mirowsky and Ross, 2002).

Smoking can alter neurotransmitter signaling due to the
neuroinflammation and nicotine as a cause of long years of
smoking, also changes neurotransmitter release. Thus,
smoking is associated with neuropsychiatric disorders such
as depression and anxiety (Dome et al., 2010; Hahad et al.,
2021; Munafo'MR et al., 2010; Pasco et al., 2008). ATP
deficiency because of mitochondrial functional impairment
is also a result of oxidative stress, leading depression. There
are also critical mechanisms developing during oxidative
stress and cause depression including highly elevated
glutamate release, decreased serotonin, tyrosine kinase B
receptor dysfunction of brain derived neurotrophic factor
(BDNF), defect of microbiota, hypothalamus-pituitary-
adrenal axis disorder and dysregulation of adrenal cortex
glucocorticoid release (Ji et al, 2023). Besides
neuroinflammation, glutamate activity in the limbic system,
decreased serotonin, increased glucocorticoid release are
important factors also causing anxiety (Arifio-Brafa et al.,
2025; Bergink et al., 2004; Hahad et al., 2021; Majeed et al.,
2024). The research was performed for investigating the
results of smoking on the development depression and
anxiety by excluding the other risk factors of
depression/anxiety in 17-30 years old students at Samsun

University.

Material and Method

The research was approved by The Clinical Research Ethics
Committee of Samsun University (No: SUKEK-2023 5/2). The
research project had supported by Tubitak 2209-A University
Students Research Projects Support Program
(N0:1919B012217842). It was concluded that the number of
samples required for the study was at least 220 for each
group (type | error was 5%, the power of the test (1-R) was
95%) (Saki et al., 2021). Depression and anxiety levels of 17-
30 years old non-smoker (n=310, control group) and smoker

(n=223) students were determined by the Kessler

Psychological Distress Scale-K10.
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The K10 was is a brief measurement survey for depression
and anxiety (Eskin et al., 2021). The K10 was developed by
Kessler from Harvard Medical School et al. in 2003. It consists
of 10 non-specific items about psychological distress and
aims to determine the levels of current depressive
symptoms experienced by the interviewed individual in the
last four weeks (Altun et al., 2019). It is a five-point likert-
type scale ranging from 1 (always) to 5 (never). However,
during the scoring the points were recorded as 1 = 5 points,
2 = 4 points, 3 = 3 points, 4 = 2 points, and 5 = 1 point. The
lowest possible score is 10 and the highest is 50 (Guil, 2021).
The scores of K10 scale were interpreted in four groups;
probable well-being (10-19 score), probable mild mental
disorder (20-24 points), probable moderate mental disorder
(25-29 points), probable severe mental disorder (30-50
points) (Altun, 2018).

The data obtained by Google forms which did not show the
names/e-mail addresses of the volunteer students. The data
of the study was also obtained by the printed forms without
names. The relationship between non-smoking/smoking and
gender was compared (Table 1). Psychological distress
scores were determined in case of non-smoking and smoking
(Table 2). The relationship between age and psychological
distress score of non-smokers/smokers was investigated
(Table 3). The duration (<2, 2-<5, =5 years) and the amount
(<10, 10-<15, > 15 cigarette/day) of smoking were reported
and their relationship with the K10 survey results was

determined (Table 4, 5).

The survey results of both group were also investigated by
excluding participants (non-smokers and smokers) who have
risk factors for depression/anxiety. The risk factors of
depression/anxiety are consuming alcohol (Boden et al.,
2011), having serious chronic disease (such as cancer,
diabetes, autoimmune disease, etc.) (Bortolato et al., 2017;
Nerurkar, 2019; Roy and Lloyd, 2012; Scott et al., 2023),
having first-degree relative with a psychiatric disorder (such

as anxiety, depression, major depression, schizophrenia,

MATURAL OIFE MWEDICINE

bipolar disorder) (Can et al., 2024; Rice, 2022), having fatal
iliness/death/loss from family member/close circle in last 12
months (Gotze et al., 2018; Kamis et al., 2022; Ozel and
Ozkan, 2020). The K10 scores of remaining non-smokers
(n=222) and smokers (n=99) were compared (Table 6). These
non-smokers and smokers were also compared according to

K-10 scale score ranges (Table 7).

Statistical Analysis

Descriptive statistics of the measurements were calculated
as mean, standard deviation (SD), median, 25th and 75th
quartiles, number and % frequencies. The compliance of the
numerical data of the research with normal distribution was
examined with the Shapiro-Wilks test. The Independent
Samples T-test was used to compare non-smoking and
smoking groups’ results and the One-Way ANOVA model
was used to compare more than two categories.
Relationships between categorical features were examined
with the Pearson chi-square test. The statistical significance
level was accepted as P<=0.05. SPSS (version 23) program

was used for the calculations.
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Results
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Table 1. The relationship between non-smoking/smoking and gender. Smoking ratio was higher in man students when

compared with female students (P <.001). The groups which are significantly different have completely different letters (such

as aandb).
Non-Smoking Smoking
N % N % N P
Male 116a 37,4 126b 56,5 242 <.001
Female 194a 62,6 97b 43,5 291
Total 310 223 533

Table 2. Psychological distress scores in case of non-smoking and smoking. The average score of smokers was higher than that

of non-smokers according to the K10 (P <.001).

Mean SD Percentiles
N 25 Median 75 P
Non-Smoking 310 25,31 8,523 19,00 24,00 30,00 <.001
Smoking 223 29,10 8,763 22,00 29,00 35,00

Table 3. The relationship between age and psychological distress score in non-smokers and smokers. There were no significant

linear relationship between age and psychological distress score in non-smokers (P =.188) and in smokers (P =.209).

Parameters Score

R N P
Non-Smoking Age ,075 310 .188
Smoking Age -,085 223 .209
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Table 4. The relationship between duration of smoking and the K10 survey results. The duration of smoking did not statistically

effect psychological distress (P =.358).

Group N Mean SD Minimum Maximum P
Smoking | <2 years 71 30,13 9,384 12 50 .358
2-<5 years 89 28,15 7,734 13 46
25 years 63 29,30 9,385 10 48

Table 5. The relationship between amount of smoking and the K10 survey results. The amount of smoking did not statistically

effect psychological distress (P =.189).

Parameters N Mean SD Minimum | Maximum | P
Smoking | <10 cigarettes/day 100 29,09 8,788 10 50 .189
10-<15 cigarettes/day 59 27,61 8,422 12 46
215 cigarettes/day 64 30,50 8,935 11 48

Table 6. The comparison of the K10 survey results of non-smokers and smokers after excluding participants having other factors

which may lead depression/anxiety. The scores of the remaining non-smokers (n=222) were statistically lower than the scores

of smokers (n=99) (P <.001).

Parameter N Mean SD P
Score Non-Smoking 222 24,15 8,247 <.001
Smoking 99 28,42 8,899
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Table 7. The comparison of the K10 survey score ranges of non-smokers and smokers after excluding participants having other
factors which may lead depression/anxiety. Probable well-being (32,4%) and probable mild mental illness (23,9%) were higher
in non-smokers (n=222), while probable severe mental illness (45,5%) was higher in smokers (n=99), according to score ranges
(P <.001). Probable moderate mental illness was detected with similar frequency in two groups. The groups which are

significantly different have completely different letters (such as a and b).

Non-Smoking Smoking
N % N % Total N P
Score 10-19 72a 32,4 20b 20,2 92 <.001
20-24 53a 23,9 13b 131 66
25-29 50a 22,5 21a 21,2 71
30-50 47a 21,2 45b 45,5 92
Total 222 99 321
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Discussion

Smoking rate was higher among male students than female
students at Samsun University. The results were compatible
with the previously reported studies (Chinwong et al., 2018;
Hassan et al.,, 2019; Mandil et al.,, 2010). The smoking
behaviour of parents and smoking friends are important risk
factors for smoking (Hassan et al., 2019; Morrell et al., 2005).
The nicotinic acetylcholine receptor activity is critical for
maintaining smoking because of gaining early reward after
smoking (Coe et al.,, 2005; Polosa and Benowitz, 2011;
Rollema et al., 2007). The increased glutamatergic activity is
an another reason for contributing smoking. This increased
glutamatergic activity is a result of oxidative stress and
neuroinflammation. The experimental study of Quintanilla
et al. demonstrated that nicotine reintake after post-
deprivation downregulates the mRNA levels of glutamate
transporters;  glutamate  transporter-1 (GLT-1) and
cystine/glutamate transporter in prefrontal cortex
(Quintanilla et al., 2021). These glutamate transporters also
decreases in hippocampus and nucleus accumbens after
nicotine administration in rats (Knackstedt et al.,
2009; Alasmari et al., 2017). Furthermore, the dopaminergic
system activity plays an important role for contributing
smoking. The dopamine D1-like receptors in the nucleus
accumbens acts in rewarding effect of nicotine (Chellian et

al., 2023).

The score of non-smokers were lower than that of smokers,
according to the outputs of the current study obtained via
the K10 survey. A survey study showed that smoking
beginning during adolescence leads depression during the
twenties (Brook et al., 2004). Cigarette consumption has
been shown to be associated with anxiety disorders among
late adolescents and early adulthoods (Johnson et al., 2000).
ROS can damage cell structures such as lipids, proteins and
DNA (Ogiit and Atay, 2012). Exposure of young adult mice to
cigarette smoke has been shown to cause oxidative damage
in brain white matter because of lipid peroxidation, changes

in protein and myelin lipid structures (Nunez et al., 2016).
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Brain uses high oxygen and have a lipid-rich tissue. Thus, the
oxidative stress plays a role on the development of
neurodegenerative diseases and neuropsychiatric disorders
(Hahad et al., 2021; Salim, 2017). It has been shown that
oxidative stress causes mitochondrial functional impairment
and later more oxidative stress and damage in the
hippocampus disrupts plasticity, neurogenesis and synaptic
neurotransmission (Salim, 2017). Highly elevated glutamate
levels because of oxidative stress also exacerbates oxidative
stress. The defect of microbiota is a consequence of
oxidative stress and causes decreased serotonin level,
tyrosine kinase B receptor dysfunction of BDNF (Ji et al.,
2023). The hippocampus is the most affected area of the
brain due to neuroinflammation and overproduction in ROSs
and TNF-a, IL-1p were demonstrated in the hippocampus of
rats because of chronic nicotine administration (Toledano et
al., 2010; Motaghinejad et al., 2020). It is also known that
depression develops with hippocampal or frontal brain
structure alterations because of decreased BDNF (Dwivedi,
2009; Giacobbo et al., 2018; Liu et al, 2019; McEwen et al.,
2015; Miao et al, 2020).

The results of this study demonstrated that there were no
significant linear relationship between age and psychological
distress score in non-smokers and in smokers (17-30 ages).
ROS are continuously generated during normal metabolism
and they have roles in human physiology (Dickinson and
Chang, 2011). The accumulated oxidative stress caused to
DNA injury, cellular function impairment during aging is
important (He et al.,, 2025). The increasing age was not
resulted in increased depression and anxiety in smokers,

probably because smokers are between 17 and 30 ages.

The duration (<2, 2-<5, 5 years) and the amount (<10, 10-
<15, >15 cigarette/day) of smoking also did not effect
psychological distress of the current study participants.
However, a study performed by Cékmen et al. showed that
the increased duration (years) of smoking is associated with
the increased anxiety level and the increased amount of

cigarette consumption is associated with decreased anxiety
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in 18-50 years old participants due to the pleasure of

completing their habits of smoking (Cokmen et al., 2023).

According to the K10 survey results, smokers were found to
have higher levels of psychological stress when participants
with other conditions that could cause depression/anxiety
were excluded. The factors which may Ilead
depression/anxiety are using alcohol (Boden et al., 2011),
having serious chronic disease (such as cancer, diabetes,
autoimmune disease, etc.) (Bortolato et al., 2017; Nerurkar,
2019; Roy and Lloyd, 2012; Scott et al., 2023), having first-
degree relative with a psychiatric disorder (such as anxiety,
depression, major depression, schizophrenia, bipolar
disorder) (Can et al.,, 2024; Rice, 2022), having fatal
iliness/death/loss from family member/close circle in last 12
months (Goétze et al., 2018; Kamis et al., 2022; Ozel and
Ozkan, 2020). It is known that the approaches to grieving
individuals should include support during critical periods in
the first 12 months following the loss (Bildik, 2013). If
pathological grief has developed, the individual's role in
social and professional life gradually deteriorates, even if 26

months have passed since the loss (Zhang et al., 2006).

Probable well-being and probable mild mental illness were
higher among non-smokers while probable severe mental
illness was higher among smokers, according to the outputs
of this study with 17-30 years old students. A research of
Pratt documented that smokers between the ages of 18-44
and 45-64 have high levels of psychological distress score

ranges (Pratt, 2018).
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OZET

Yapay zeka tabanli bilgi paylasimi, orgiit icinde bireyler,
ekipler ve dijital sistemler arasinda dolasan bilginin niteligini
ve hizini artirmak amaciyla makine 6grenmesi, dogal dil
isleme ve karar destek mekanizmalarindan vyararlanan
cagdas bir yonetim yaklasimi olarak 6ne ¢ikmaktadir. Bu
yaklasim, bilgi akisinin baglamsal, zamaninda ve kullaniciya
0zgl bicimde yonlendirilmesini saglayarak 6rgilitsel 6grenme
kapasitesini glclendirmekte; ayni zamanda bilgiye dayali
karar alma sireglerini hizlandirarak isletmelerde stratejik
ceviklik ve vyenilikgilik dlzeyinin ylkselmesine katki
sunmaktadir. ESG odakli insan kaynaklari stratejileri ise
cevresel, sosyal ve yonetisim ilkelerinin insan kaynaklari
politikalarina butlncil bir bicimde entegre edilmesini
amacglamakta; ise alim, yetenek yoOnetimi, performans
degerlendirme, cesitlilik ve kapsayiciik gibi  temel
uygulamalarda sdrdirdlebilirlik  ve  etik  sorumluluk
perspektifine dayali bir kurumsal yapi olusturulmasini
desteklemektedir. Bu yaklasim, uzun vadeli kurumsal deger
yaratimini glglendirirken paydaslarin  kuruma duydugu
guveni de artirmaktadir. Calisan refahi; fiziksel, ruhsal ve
duygusal iyilik halini iceren ¢ok boyutlu bir olgu olup is
ortamindaki  psikososyal  kosullar, o6rgitsel destek
mekanizmalari ve is-yasam dengesiyle yakindan iliskilidir.
Refah duzeyinin ylksekligi, ¢alisanlarin motivasyonunu ve

orgute baghligini artirarak hem bireysel verimliligi hem de

orgutsel performansi olumlu yodnde etkilemektedir.
Surdurilebilir 6rgltsel deger yaratimina yonelik bitincil
modeller, dijital donlstim, bilgi yonetimi, ESG ilkeleri ve
calisan refahini bir araya getirerek teknoloji, cevre, toplum
ve yonetim boyutlarini ayni ¢ati altinda ele alan stratejik bir
yaklagim ortaya koymaktadir. Bu ¢alismanin temel amaci da
yapay zeka destekli bilgi paylasimi ile ESG odakli insan
kaynaklari uygulamalarinin calisan refahi ve performansi
Gzerindeki etkilerini incelemek ve surdirilebilir deger
yaratimini  destekleyen kapsamli bir model Onerisi
gelistirmektir.  Arastirmada karma yontem  deseni
benimsenmis; nicel veriler istanbul’da faaliyet gosteren
kurumsal isletmelerde ¢alisan 300 kisiden anket araciligiyla
toplanmis, nitel bulgular ise derinlemesine miulakatlarla
desteklenmistir. Elde edilen veriler SPSS analiz teknikleri ve
yapisal esitlik modellemesi (SEM) kullanilarak
degerlendirilmistir. Bulgular, yapay zekdya dayal bilgi
paylasim uygulamalarinin orgutsel ogrenmeyi
glclendirdigini; ESG merkezli insan kaynaklari stratejilerinin
ise calisan refahi ve bireysel performans tizerinde anlaml ve
pozitif bir etki yarattigini ortaya koymaktadir. Sonug olarak
gelistirilen model, ilgili degiskenler arasindaki karsilikli
etkilesimlerin 6rgitsel performans ve 6grenme sureglerine
katkisini  sistematik  bir yaklagimla aciklamakta ve
surdirulebilir kurumsal deger yaratimi icin ¢ok boyutlu bir

cerceve sunmaktadir.
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ABSTRACT

Al-based knowledge sharing stands out as a contemporary
management approach that leverages machine learning,
natural language processing, and decision support
mechanisms to increase the quality and speed of
information flowing between individuals, teams, and digital
systems within an organization. This approach strengthens
organizational learning capacity by directing information
flow in a contextual, timely, and user-specific manner. It also
accelerates informed decision-making processes,
contributing to increased strategic agility and innovation
within businesses. ESG-focused human resources strategies,
on the other hand, aim to holistically integrate
environmental, social, and governance principles into
human resources policies. They support the establishment
of an organizational structure based on sustainability and
ethical responsibility in core practices such as recruitment,
talent management, performance evaluation, diversity, and
inclusion. This approach strengthens long-term corporate
value creation while also increasing stakeholder trust in the
organization. Employee well-being is a multidimensional
phenomenon encompassing physical, mental, and
emotional well-being and is closely linked to psychosocial
conditions in the workplace, organizational support
mechanisms, and work-life balance. Higher levels of well-
being positively impact both individual productivity and
organizational performance by increasing employee
motivation and commitment to the organization. Holistic
models for sustainable organizational value creation
combine digital transformation, knowledge management,
ESG principles, and employee well-being to offer a strategic
approach that addresses technology, environment, society,
and management dimensions under one roof. The primary

objective of this study is to examine the impact of Al-enabled

knowledge sharing and ESG-focused human resources
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practices on employee well-being and performance, and to
develop a comprehensive model proposal that supports
sustainable value creation. A mixed-method design was
adopted in the study; quantitative data were collected
through a survey from 300 employees of corporate
businesses operating in Istanbul, while qualitative findings
were supported by in-depth interviews. The obtained data
were analyzed using SPSS analysis techniques and structural
equation modeling (SEM). The findings reveal that Al-based
knowledge sharing practices strengthen organizational
learning, while ESG-centered human resources strategies
have a significant and positive impact on employee well-
being and individual performance. As a result, the developed
model systematically explains the contribution of the
interactions among relevant variables to organizational
performance and learning processes and provides a
multidimensional framework for sustainable corporate value

creation.

Keywords: Digital Learning, Social Sustainability, Artificial
Intelligence Decision, HR Analytics, Organizational Resilience
Giris

Dijitallesmenin hiz kazanmasiyla birlikte yapay zeka (YZ)
teknolojileri, 6rgiitlerin isleyisini ve 6zellikle insan kaynaklari
yonetimi (iKY) siireglerini kokli bicimde déniistiirmektedir.
GUnlimizde YZ,  valnizca operasyonel stregleri
otomatiklestiren bir ara¢ olmaktan ¢ikarak, érgutlerin bilgiyi
isleme, paylasma ve karar alma dinamiklerini yeniden
sekillendiren stratejik bir unsur haline gelmistir (Yildiz, 2025).
Bu donlsum, orgut icindeki bilgi akisinin hizlanmasina,
0grenme kapasitesinin artmasina ve yodnetsel sireclerde
veri-temelli karar alma mekanizmalarinin gliclenmesine
olanak tanimaktadir. Ancak YZ’nin iKY uygulamalarina
entegrasyonu, yalnizca verimlilik artisiyla sinirli kalmamakta;
calisan deneyimi, refahi, motivasyonu ve performansi gibi
temel insan odakli ciktilar Gzerinde de derin etkiler
yaratmaktadir (Ozdemir, Tanyeli & Yildirm, 2025). Ote
yandan, surddrilebilirlik odakh ydnetim anlayislarinin
yukselisi, cevresel (Environmental), sosyal (Social) ve

yOnetisim (Governance) boyutlarini igeren ESG yaklagimini
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insan kaynaklari yonetiminin merkezine tasimaktadir. ESG
odakli insan kaynaklari stratejileri; etik sorumluluk, kapsayici
is ortami, calisan refahi, iyi yonetisim ve kurumsal seffaflik
gibi unsurlar Uzerinden uzun vadeli kurumsal deger
yaratilmasini hedeflemektedir (Wiyono et al., 2025). Bu
baglamda, YZ destekli bilgi paylasimi ile ESG temelli insan
kaynaklari uygulamalarinin kesisimi, hem akademik yazinda
hem de uygulama alaninda giderek daha kritik hale gelen
bltlincil bir yonetisim modeline isaret etmektedir. Bununla
birlikte, literatlirde YZ destekli bilgi paylasimi ile ESG odakli
iKY stratejilerinin eszamanh olarak c¢alisan refahi ve
performansi Uzerindeki etkilerini inceleyen g¢alismalarin
sinirli oldugu gorilmektedir. Mevcut arastirmalar cogunlukla
YZ'nin orgutsel verimlilik, ise alim stregleri veya performans
degerlendirme gibi alanlardaki operasyonel katkilarina
odaklanirken (Yildiz, 2025), calsan refahinin psikososyal,
zihinsel ve duygusal boyutlariyla iliskili etkiler yeterince ele
alinmamaktadir. Ayrica, ESG yaklasiminin sosyal ve
yonetisim boyutlari kapsaminda degerlendirilen adalet algisi,
etik karar alma, kapsayicilik ve calisan deneyimi gibi kritik
konularin, YZ tabanli sistemlerle nasil etkilesime girdigi
heniiz net bir bicimde ortaya konmamistir (Erkutlu, 2025).
Ote yandan, bilgi yénetimi literatiiriinde YZ tabanli bilgi
paylasiminin 6rgltsel 6grenme, yenilikgilik ve performans
Uzerindeki olumlu etkileri vurgulanmakta (Arslan & Karanfil,
2024); ancak bu etkilerin surdurilebilir 6rgitsel deger
yaratimi  baglaminda ESG temelli vyapilarla nasil
bltlnlestigine yonelik kapsamli modeller eksik kalmaktadir.
Dolayisiyla, YZ destekli bilgi paylagimi ile ESG odakli insan
kaynaklari stratejilerini bir araya getiren bitincil bir teorik
ve ampirik cergevenin gelistirilmesi, hem literatlirdeki
onemli bir boslugu doldurmakta hem de stirdirilebilir deger
yaratimi agisindan kritik bir katki sunmaktadir. Bu ¢alisma,
s6z konusu bosluktan hareketle, YZ destekli bilgi paylasimi ve
ESG odakl insan kaynaklari stratejilerinin ¢alisan refahi ve
bireysel performans lizerindeki bittncil etkilerini inceleyen
kapsamli bir model 6nermeyi amaglamaktadir. Boyle bir
yaklasim, orgitlerin yalnizca teknolojik acidan degil, etik,
sosyal ve yoOnetsel acilardan da sirdirilebilir bir yapiya

kavusmasini miimkdn kilmaktadir. Ayrica, ¢alisan refahinin is
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tatmini, oOrgltsel baghlik ve performans gibi sonucg
degiskenleri lizerindeki etkileri dikkate alindiginda; teknoloji-
insan etkilesimi ile siirdiirilebilir IKY uygulamalarinin birlikte
degerlendirilmesi stratejik bir gereklilik haline gelmistir. Bu
yonlyle arastirma, hem akademik literatiir hem de
uygulayicilar icin — 06zellikle 6rgitsel surdurilebilirlik, YZ
tabanli yonetisim ve insan kaynaklari stratejileri alanlarinda

— yenilik¢i ve bitlincil bir cerceve sunmaktadir.
Kuramsal Cergeve ve Literatiir Taramasi
Yapay Zeka Destekli Bilgi Paylasimi

Yapay zeka tabanli bilgi paylasimi, 6rgutlerde bilgiyi isleme,
siniflandirma  ve dagitma sireglerini  6nemli  oOlglde
hizlandirarak 6grenme kapasitesini artiran bir ara¢ haline
gelmistir. Makine 6grenmesi (ML), dogal dil isleme (NLP) ve
karar destek sistemleri (DSS) gibi teknolojiler, ¢alisanlarin
hem acik hem de ortiik bilgiyi daha sistematik bicimde
paylasmasina olanak tanimaktadir (Nonaka & Takeuchi,
1995; Davenport & Prusak, 2020). Ozellikle NLP tabanli
sistemlerin genis metin kaynaklarini analiz ederek kurumsal
bilgi tabanlari olusturmasi, c¢alsanlarin dogru bilgiye
zamaninda erismesini kolaylastirmaktadir. ML tabanh oneri
sistemleri ise problem ¢dzme siireglerinde galisanlara hizli
alternatifler sunarak orgitsel 0Ogrenme donglsini
gliclendirmektedir. Son dénem calismalar, YZ tabanl bilgi
paylasiminin yenilikgilik, ¢eviklik ve o6rgutsel performans
Uzerinde olumlu etkileri bulundugunu gostermektedir
(Mikalef et al., 2021). Bu yaklasim, kurum ici bilgi akisinin
kesintisiz strdurtlmesini saglayarak stirdirilebilir 6rgitsel

gelisimi desteklemektedir.
ESG Odakli insan Kaynaklari Stratejileri

ESG (Cevresel, Sosyal ve Yonetisim) ilkelerinin insan
kaynaklari slrecglerine entegrasyonu, surdurulebilir is
yonetiminin temel belirleyicilerinden biri haline gelmistir.
ESG temelli IK stratejileri, ise alimdan performans
yonetimine, c¢esitlilik-kapsayicilik politikalarindan ¢alisan
gelisimine kadar genis bir uygulama alanina sahiptir.
Cevresel boyut kapsaminda kurumlarin ¢evre dostu
uygulamalara duyarliligi, sosyal boyutta ¢alisan haklari, is
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glvenligi, esitlik ve kapsayiciik 6n plana g¢ikmaktadir.
Yonetisim boyutu ise etik karar alma, seffaflik ve hesap
verebilirlik temelinde sekillenmektedir (Eccles & Klimenko,
2019). Literatir, ESG’nin ozellikle c¢alisan bagliligi, igsel
motivasyon ve Orgilte glven U(zerinde anlamli etkileri
oldugunu ortaya koymaktadir (Aguinis & Glavas, 2019). insan
kaynaklari birimlerinin ESG ilkelerini kurumsal slireclere
yerlestirmesi, hem ¢alisan refahini hem de kurumsal itibar ve
performansi glgclendiren bitlncial bir yonetim yapisi

olusturmaktadir.
Calisan Refahi

Calisan refahi; fiziksel, zihinsel ve duygusal boyutlari
kapsayan c¢cok katmanli bir kavram olup gilinlimiz insan
kaynaklari yonetiminin merkezinde yer almaktadir. Yiksek is
yuka, belirsizlik, teknoloji baskisi ve rekabet gibi unsurlar
calisanlarin psikososyal iyi olusunu dogrudan
etkileyebilmektedir. Bu nedenle is-yasam dengesi, orglitsel
destek, kapsayici galisma ortami ve saglikh yonetsel iliskiler
refah dizeyinin korunmasinda kritik rol oynamaktadir
(Danna & Griffin, 1999; Deci & Ryan, 2008). Son donem
calismalarda, ¢alisan refahinin yalnizca bireysel saglk degil,
ayni zamanda Orgitsel performans, yaraticilik, baglilik ve is
tatmini ile gicli iliskiler tasidigr vurgulanmaktadir (Page &
Vella-Brodrick, 2023). Bu baglamda, calisan iyi olusunu
destekleyen sistemlerin — Ozellikle teknoloji destekli izleme

ve geri bildirim mekanizmalarinin  —  o&rgitlerde

surdirulebilir bir refah kiltlri olusturdugu belirtilmektedir.
Calisan Performansi

Bireysel performans, galisanlarin gérevlerini verimli, etkili ve
yenilikci bicimde yerine getirme kapasitesini ifade ederken;
orgltsel performans, bu bireysel ¢iktilardan beslenen daha
genis kurumsal basari gostergelerini  kapsamaktadir.
Performans degerlendirme sistemleri, geleneksel o6lgme
araclarinin otesine gecerek veri-temelli ve dinamik yapilarla
desteklenmeye baslanmistir (Aguinis, 2019). Literatdr,
calisan performansinin is motivasyonu, psikolojik sermaye,
yetkinlik gelisimi ve 6rgitsel destek gibi faktorlerle yakindan

iliskili oldugunu gostermektedir. YZ tabanl performans
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yonetim sistemleri, onyargilarin azaltiimasi, geri bildirim
dongilerinin  hizlanmasi ve is hedeflerinin daha net
belirlenmesi gibi avantajlar sunmaktadir (Meijerink et al.,
2021). Dolayisiyla performansin ¢ok boyutlu bir cercevede
ele alinmasi, hem bireysel hem de o6rgltsel dizeyde

surdurulebilir basari igin kritik dGnem tagimaktadir.

Siirdiiriilebilir Orgiitsel Deder Yaratimi igin

Biitiinciil Bir Model

Sardurulebilir orgltsel deger yaratimi, dijital donlisiim, insan
odakli yonetim anlayisi ve ESG ilkelerinin butinlesik bir
yapida ele alinmasini gerektirmektedir. Bu butlinlesik
yaklasim, oérgutlerin hem ekonomik hem de sosyal agidan
uzun vadeli deger (Uretmesini saglamaktadir. Dijital
donlisimin sundugu hiz, veri akigi ve verimlilik olanaklari;
ESG’'nin etik, sosyal ve cevresel sorumluluk boyutlariyla
birlestiginde c¢alisan refahini, performansi ve orgitsel
O0grenme kapasitesini dogrudan etkileyen kapsamli bir
yonetim modeline déniismektedir (George et al., 2021). Bu
modelde insan, teknoloji ve strdirlebilirlik Ggltsl birbirini
tamamlayan unsurlar olarak ele alinmakta; YZ tabanli bilgi
paylasimi ve ESG temelli K siirecleri, drgiitiin stratejik deger
Uretme kapasitesini artiran temel bilesenler haline
gelmektedir. Literatlir, bu bdtlnlesik yapinin  kurumsal
direng, inovasyon kapasitesi, rekabet avantaji ve toplumsal
etki gibi alanlarda giigli ciktilar Girettigini ortaya koymaktadir
(Bansal et al., 2022).

Arastirma Modeli ve Hipotezler

Bu calismada 6nerilen arastirma modeli, yapay zeka destekli
bilgi paylasiminin orgitsel 6grenmeyi glclendirdigi; ESG
odakl insan kaynaklari uygulamalarinin ¢alisan refahi ve
performansi lizerinde donstirici bir rol oynadigl ve
nihayetinde bu sireglerin surdirulebilir orglitsel deger
yaratimina temel olusturdugu varsayimina dayanmaktadir.
Model, insan odakli ydnetim prensipleri ile dijitallesme ve
surdirulebilirlik eksenlerinin bitinlesik bicimde ele alindigi
sistem yaklasimiyla tasarlanmistir. Bu kapsamda gelistirilen

kavramsal cerceve, kurumlarin hem etik hem de verimlilik
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temelli stratejik hedeflerine es zamanli olarak ulasabilecegini

ileri sirmektedir.

Yapay Zekd Destekli Bilgi Paylasimi : Orgiitsel

Ogrenme ve Karar Alma Siiregleri

Yapay zeka araglarinin (NLP, makine 6grenmesi, karar destek
sistemleri) bilgi akisini hizlandirmasi, 6rgit icinde kodlanmis
ve ortlik bilginin daha hizli erisilebilir hale gelmesini
saglamaktadir. Bu teknolojilerin analitik kapasitesi,
calisanlarin daha dogru ve zamaninda karar almalarina
imkan tanirken Orglitsel ©6grenme dongilerinin  de
surekliligini  artirmaktadir. Literatlirde Al-tabanh bilgi
yonetimi uygulamalarinin stratejik karar kalitesini anlamli
bicimde yukselttigi vurgulanmaktadir (Brynjolfsson &
McAfee, 2017; Davenport & Ronanki, 2018). Bu nedenle
modelde yapay zekd destekli bilgi paylasiminin orgitsel
O0grenme sirecleri lizerinde pozitif yonli bir etki yaratacagi

ongorilmustar.

ESG Odakl insan Kaynaklari Uygulamalari:

Calisan Refahi ve Performansi

Cevresel, sosyal ve vyonetisim (ESG) ilkelerinin iK
politikalarina entegre edilmesi; adil ise alim, kapsayici
performans yonetimi, cesitlilik temelli kariyer olanaklari ve
etik liderlik gibi uygulamalar Gzerinden galisanlarin kurumla
kurdugu psikolojik sozlesmeyi giclendirmektedir.
Arastirmalar, ESG uyumlu kurumlarin c¢ahlsan baghhgi,
duygusal iyi olus ve performans gostergelerinde daha yiliksek
sonuglar elde ettigini ortaya koymaktadir (Aguinis & Glavas,
2019; Freeman et al., 2020). Bu nedenle model, ESG odakli
iK stratejilerinin calisan refahi ve performans Uzerinde

dogrudan bir etki yarattigini varsaymaktadir.

Calisan  Refahi: Calisan  Performansi ve

Siirdiiriilebilir Deger Yaratimi

Calisan refahi; fiziksel saghk, psikolojik iyi olus, duygusal
dayaniklilik ve is-yasam dengesi boyutlarindan olusan ¢ok
katmanh bir yapi olarak ele alinmaktadir. Yiiksek diizeyde
calisan refahi, yaraticilik, is tatmini, tGretkenlik ve 6rgltsel

sadakat gibi degiskenleri destekleyerek performansi
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artirmaktadir. Literatiirde iyi olusun strdirilebilir rekabet
avantaji ile dogrudan iliskili oldugu sik¢a vurgulanmaktadir
(Warr, 2013; Bakker & Demerouti, 2017). Bu baglamda
model, ¢alisan refahinin hem performansi hem de uzun

vadeli deger yaratimini gliglendirdigini varsaymaktadir.
Hipotezler

Modelden tiiretilen hipotezler asagida sunulmustur:

H1: Yapay zeka destekli bilgi paylasimi orglitsel 6grenmeyi

pozitif yonde etkiler.

H2: Yapay zeka destekli bilgi paylasimi ¢calisanlarin karar alma
kalitesini pozitif yonde etkiler.
H3: ESG odakli insan kaynaklari uygulamalari galisan refahini
pozitif yonde etkiler.
H4: ESG odakh insan kaynaklari uygulamalari c¢alisan
performansini pozitif yonde etkiler.
H5: Cahsan refahi, c¢alisan performansini pozitif yonde
etkiler.

H6: Calisan refahi, strdirilebilir 6rgltsel deger yaratimini

pozitif yonde etkiler.

H7: Calisan refahi, ESG odakli insan kaynaklari uygulamalari

ile performans arasindaki iliskide aracilik roll Ustlenir.
Materyal ve Metot

Bu arastirmada, yapay zeka destekli bilgi paylasimi, ESG
odakliinsan kaynaklari uygulamalari, calisan refahi ve galisan
performansi arasindaki iliskileri kapsamli bicimde incelemek
amaciyla karma yontem vyaklasimi (mixed methods)
benimsenmistir. Bu tasarim, nicel verilerin genel egilimleri
ortaya koymasi; nitel verilerin ise bu bulgulari derinlemesine
actklamasi nedeniyle kuramsal tutarlihgl giiclendirmektedir

(Creswell & Plano Clark, 2018).
Arastirma Tasarimi

Calisma, aciklayici sirali karma yontem (explanatory
sequential mixed design) cercevesinde yiritilmastir. ilk
asamada nicel veriler toplanarak degiskenler arasindaki
iliskiler test edilmis, ikinci asamada ise derinlemesine
milakatlar araciligiyla bulgularin  baglamsal anlami

degerlendirilmistir.  Bu  yaklasim, orgltsel davranis
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arastirmalarinda hem givenilirlik hem de gegerlilik agisindan

Onerilen yontemlerden biridir.
Orneklem ve Arastirma Sahasi

Nicel arastirmanin érneklemi, istanbul’da faaliyet gosteren
kurumsal isletmelerde galisan 300 galisandan olusmaktadir.
Orneklem, sektér cesitliligini korumak amaciyla finans,
saglk, teknoloji, perakende ve uretim gibi alanlardan
tabakal ornekleme yontemiyle belirlenmistir.
Nitel asamada ise 20 katihmci ile yari yapilandiriimis

derinlemesine milakatlar yapilmistir.

Etik siirec kapsaminda calisma icin istanbul Gelisim
Universitesi Etik Kurulu'ndan onay alinmis olup tiim
katilimcilar géndlli olur formunu imzalayarak arastirmaya

katilmistir.

Veri Toplama Araglari

Nicel Veri: Anket Formu

Anket formu (¢ boélimden olusmaktadir ve literatlirde

gecerliligi kanitlanmis 6lgeklerden uyarlanmistir:

Yapay Zeka Destekli Bilgi Paylagimi Olgegi
Kaynak: Wu, H., & Hu, B. (2020). Al-based knowledge

management studies. Cronbach Alpha (bu ¢alisma): 0.89

ESG Odakli iK Uygulamalari Olcegi
Kaynak: Aguinis & Glavas (2019) CSR/ESG o4lgek

adaptasyonlari. Cronbach Alpha (bu ¢alisma): 0.91

Calisan Refahi Olgegi (Employee Well-being Scale)
Kaynak: Warr (2013) — Cok boyutlu iste iyi olus Olcegi.
Cronbach Alpha (bu galisma): 0.88 Calisan Performansi
Olgegi Kaynak: Koopmans et al. (2014) — Individual Work
Performance Questionnaire (IWPQ). Cronbach Alpha (bu
calisma): 0.90

Anket formu Tirkgeye c¢evrilirken geri-geviri yontemi
uygulanmis, uzman gorisiinden gegirilmis ve pilot ¢calismada
Olgeklerin i¢ tutarlilk degerlerinin kabul edilebilir dizeyde

oldugu dogrulanmistir.

Nitel Veri: Derinlemesine Miilakatlar

MATURAL OIFE MWEDICINE

Nitel veri toplama siirecinde yari yapilandirilmis bir milakat
formu kullanilmistir. Katihmcilar, yapay zeka uygulamalariyla
deneyimleri, ESG odakli iK siireclerine dair algilari ve iyi olus-
performans iliskisine yonelik degerlendirmelerini
paylasmistir. Milakatlar ortalama 25-30 dakika stirmis ve

katilimci onayi ile kayit altina alinmistir.

Veri Analiz Yontemleri

Nicel Analizler

Nicel wveriler SPSS 28 ve AMOS/SmartPLS paket
programlariyla analiz edilmistir. Normallik testi, Glivenirlik
(Cronbach Alpha), Dogrulayici Faktér Analizi (DFA),
Korelasyon analizi, Yapisal Esitlik Modellemesi (SEM), Yol
analizi, Aracilk analizi (mediation), Model uyum indeksleri

(CFI, TLI, RMSEA, SRMR)

SEM yontemi, modelin bltincil yapisini test etmeye en
uygun analiz yaklasimi oldugundan tercih edilmistir (Kline,

2016).
Nitel Analizler

Nitel veriler betimsel ve tematik analiz yontemleriyle
degerlendirilmistir. Kodlama sireci iki arastirmaci tarafindan
yapilmis, kodlayicillar arasi uyum orani %87 olarak
hesaplanmistir. Bu oran, nitel arastirmalarda kabul edilen

glvenilirlik esiginin Gizerindedir.
Etik ilkeler

Arastirma, Gelisim Universitesi Etik Kurul Raporuna uygun
olarak vyuratilmus; katilimcilarin gizliligi, anonimligi ve
gonulli katilim esaslari titizlikle korunmustur. Verilerin
yalnizca bilimsel amacla kullanilacagi katilimcilara agikca

bildirilmistir.
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Bulgular

Bu boélimde arastirmanin nicel ve nitel verilerden elde edilen bulgulari bitiincil bicimde sunulmakta; ardindan yapisal esitlik
modeline (SEM) iliskin sonuglar degerlendirilmistir. Asagidaki tablo, arastirmada kullanilan temel degiskenlere iliskin ortalama,

standart sapma ve korelasyon katsayilarini gostermektedir.

Tablo 1. Tanimlayici istatistikler ve Korelasyonlar (n = 300)

Degisken Ortalama SS 1 2 3 4
1. Yapay Zeka Destekli Bilgi Paylagimi 3.82 0.71 1 0.56** | 0.49** 0.44%**
2. ESG Odakl iK Stratejileri 3.75 0.68 0.56** 1 0.58%** 0.52%**
3. GCalisan Refahi 3.88 0.73 0.49** 0.58** 1 0.61**
4. Calisan Performansi 3.91 0.69 0.44** 0.52** | 0.61** 1

Not: p<.01

Tablol, tiim degiskenler arasinda pozitif ve anlamli iliskiler oldugunu géstermektedir. En gliclii iliski, ¢alisan refahi ile ¢alisan
performansi arasinda gézlenmistir (r = .61). Bu sonug literatiirde refah-performans iliskisinin gliclii olduguna yénelik bulgularla

paraleldir (Warr, 2013; Koopmans et al., 2014).

Tablo 2. Yapay Zekd Destekli Bilgi Paylasiminin Orgiitsel Ggrenmeye Etkisi

Model B t p

YZ Bilgi Paylasimi - Orgiitsel Ogrenme 0.58 9.42 | <.001

Yapay zekd destekli bilgi paylasimi, 6rgiitsel 6grenme lizerinde yliksek diizeyde pozitif ve anlamli bir etkiye sahiptir (8 = .58). Bu

bulgu, Al tabanli bilgi yénetimi sistemlerinin érgiitsel 6grenmeyi hizlandirdigina yénelik arastirmalarla uyumludur (Wu & Hu, 2020).

Tablo 3. ESG Odakli iK - Calisan Refahi ve Performansi

Bagimsiz Degisken Bagimli Degisken B T P
ESG Stratejileri Calisan Refahi 0.62 11.38 <.001
ESG Stratejileri Calisan Performansi 0.47 8.29 <.001

ESG odakli IK stratejileri hem ¢alisan refahini hem de performansini anlamli bicimde artirmaktadir. Bu sonug, siirdiiriilebilirlik
ilkesinin IK siireclerine entegrasyonunun calisan davranislari iizerinde olumlu etkiler yaratti§ini ortaya koyan arastirmalarla

tutarhdir (Aguinis & Glavas, 2019).

Nitel analizde acgik kodlama, kategori gelistirme ve temalastirma asamalari takip edilmistir. Milakatlardan elde edilen veriler

1Isiginda U¢ ana tema ortaya cikmistir.
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Tema 1: Yapay Zeka Destekli Bilgi Paylasiminin is Siireclerini Hizlandirmasi

Katihmcilar, Al tabanli bilgi paylasimi sayesinde karar alma sireglerinin hizlandigini ve tekrar eden is yuklerinin azaldigini
belirtmistir. Ornek Alinti: “Al tabanli sistemler ile bdlim icinde bilgi dolasimi ¢cok hizlandi. Eskiden bir belgeye ulasmam saatler

surerken simdi saniyeler icinde bulabiliyorum.” (Katilimci 7)
Tema 2: ESG Merkezli insan Kaynaklarinin Calisanlarda Giiven ve Aidiyet Olusturmasi

Katihmcilar, cesitlilik politikalari, etik c¢alisma ortami ve cevresel duyarlilik uygulamalarinin ¢alisan baghligini artirdigini
vurgulamistir. Ornek Alinti: “iK biriminde ESG kriterlerinin uygulanmasi bana sirketin gelecege déniik gergek bir vizyonu oldugunu

hissettiriyor.” (Katilimci 12)

Tema 3: Calisan Refahi ile Performans Arasindaki Dogrudan Baglanti

Calisanlar, is-yasam dengesi ve psikolojik destek mekanizmalarinin performanslarini olumlu etkiledigini ifade etmistir.
Ornek Alinti: “Kendimi iyi hissettigim dénemlerde performansim ciddi sekilde artiyor. Bu ¢ok net bir iliski.” (Katilimci 3)
SEM analizi icin AMOS/SmartPLS tzerinden dogrulayici faktor analizi ve yol analizi yapilmistir.

Tablo 4. Model Uyum Degerleri

Uyum indeksi Deger Kabul Edilebilir Sinir
CFI 0.95 >0.90
TLI 0.94 >0.90
RMSEA 0.049 <0.06
SRMR 0.041 <0.08

Modelin uyum degerleri literatiirde énerilen sinirlarin tamamini karsilamaktadir (Kline, 2016). Bu durum, kavramsal modelin

verilerle gii¢lii bicimde dogrulandigini géstermektedir.

Tablo 5. Yapisal Model Sonuglari

Yol B p Sonug

YZ Bilgi Paylasimi - Orgiitsel Ggrenme 0.57 <.001 Desteklendi

ESG iK - Calisan Refahi 0.63 <.001 Desteklendi

ESG iK - Calisan Performansi 0.41 <.001 Desteklendi
Calisan Refahi - Calisan Performansi 0.52 <.001 Desteklendi

ESG iK -Performans (dolayh etki) 0.33 <.01 Aracilik Desteklendi

SEM sonuglari, ¢alisan refahinin ESG odakli iK uygulamalari ile ¢alisan performansi arasinda kismi aracilik iistlendigini géstermistir.

Bu sonug, refahin siirdiiriilebilir performans lizerindeki merkezi roliinii desteklemektedir.
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Tartisma

Bu arastirmada yapay zeka destekli bilgi paylasiminin, ESG
odakl insan kaynaklari stratejilerinin ve ¢alisan refahinin
calisan performansi ve siirdiirilebilir 6rgltsel deger yaratimi
Uzerindeki etkileri hem nicel hem de nitel bulgularla
degerlendirilmistir. Elde edilen sonuglar, mevcut literatirle
uyumlu olmakla birlikte, Turkiye baglami agisindan 6zgilin

katkilar sunmaktadir.

Bulgularin Literatiirle Karsilastiriimasi

Nicel analizler, yapay zeka destekli bilgi paylasiminin orgitsel
o6grenme Uzerinde glicli ve pozitif bir etkiye sahip oldugunu
gostermistir. Bu sonug, Al tabanli sistemlerin bilgi akisini
hizlandirarak 6grenme dongilerini kisalttigini ortaya koyan
Wu ve Hu (2020) ile Nonaka ve Takeuchi’nin (1995) bilgi
yaratma modeline iliskin klasik bulgularla paraleldir.
Cahisanlarin milakatlarda is slreclerinin hizlandigini ve
hatalarin azaldigini belirtmesi, Al'nin operasyonel verimlilige
dogrudan katki sundugunu gostererek bu teorik yaklasimlari

desteklemistir.

ESG odakli iK stratejilerinin calisan refahi ve performansiyla
olan pozitif iliskisi ise Aguinis ve Glavas’in (2019) kurumsal
surdurulebilirlik calismalarini desteklemektedir.
Surdurulebilirlik ilkesinin  yalnizca c¢evresel degil, ayni
zamanda sosyal boyutlarla galisan deneyimini gelistirdigi; bu
arastirmada ortaya konan temel bulgulardan biridir. Bu
baglamda, ¢alisan refahinin performans tizerindeki belirleyici
roli, Warr (2013) ve Koopmans et al. (2014) gibi yazarlarin
refah-performans donglsiine dair glgli kanitlaryla

uyumludur.

Yapay Zekd ve ESG Entegrasyonunun Stratejik Gnemi

Bu galismanin en dikkat gekici bulgularindan biri, yapay zeka
uygulamalari ile ESG ilkelerinin 6rgitsel diizeyde birbirinden
bagimsiz degil, aksine tamamlayici yapilar oldugunun ortaya
konmasidir. Yapay zeka sistemleri bilgi yonetimini ve karar

alma siireclerini rasyonellestirirken, ESG odakli iK stratejileri
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calisanlarin  psikolojik, sosyal ve etik beklentilerini

karsilamaktadir.

Bu iki unsur bir araya geldiginde: daha yiksek calisan
baglihg, glcli 68renen organizasyon vyapilari, arttiriimis
performans, sirdirilebilir kurumsal deger lretimi doguran

bltinlesik bir islevsel cergeve olusmaktadir.

Glnimiuzde dijital donlisim projelerinin basarisinin yalnizca
teknoloji yatirimlarina degil, ayni zamanda c¢alisanlarin
deger, beklenti ve deneyimlerinin butlncil olarak
yonetilmesine bagl oldugu g6z éniine alindiginda, bu bulgu
ozellikle stratejik yonetim literatlri agisindan 6nem

tasimaktadir.
Calisan Refahi Performans ve Siirdiiriilebilir Deger Zinciri

Arastirmanin SEM sonuglari, calisan refahinin ESG odakli iK
uygulamalari ile calisan performansi arasinda kismi aracilik
Ustlendigini gdstermistir. Bu sonug, calisan refahinin yalnizca
bir “insan kaynagi ciktisi” degil, ayni zamanda orgitsel
strdurulebilirligin kritik bir bileseni oldugunu

gostermektedir.
Model bulgularina gére:
ESG stratejileri calisan refahini artirmakta,

Refah dizeyi ylkselen calisanlar daha yliksek performans

sergilemekte,

Bu performans artisi uzun vadeli deger vyaratimina

donliismektedir.

Bu deger zinciri, strdirilebilirlik literatlirindeki “triple-
bottom-line” yaklasiminin (Elkington, 1999) mikro diizeyde
calisan davranislari Gzerinden dogrulandigini
gostermektedir. Yani ekonomik, sosyal ve cevresel deger
Uretimi yalnizca kurumsal politika duzeyinde degil, calisan

deneyimi diizeyinde de karsiligini bulmaktadir.

101

@ v 0

Share This Paper:



Journal of Natural Life Medicine / 2025 | Volume: 7 Issue: 2

Tiirkiye Baglaminda (istanbul Grneklemi) Elde Edilen Ozgiin
Katkilar

Bu calismanin Tirkiye baglamindaki en oOnemli 6zglin
katkilarindan biri, istanbul’daki kurumsal calisanlarda Al—
ESG-refah—performans iliskilerinin birlikte test edildigi az
sayidaki calismadan biri olmasidir. istanbul’'un dinamik is
piyasasl, yogun rekabet ortami, kiltlrel cesitliligi ve yiksek
dijital donlisim hizina sahip sektorleri dikkate alindiginda,
bulgular bodlgesel isglicii dinamiklerini anlamak agisindan

onemli iggoriler sunmaktadir.

Ozellikle miilakat bulgulari:

Tirkiye'de calisanlarin etik, seffaf ve sirdirilebilir iK
politikalarina duyarhhginin arttigini, Yapay zeka tabanli
uygulamalarin “is glivencesi” kaygisi yerine “verimlilik ve
kolaylik” beklentisiyle daha olumlu karsilandigini, Calisan
refahi uygulamalarinin performans algisini glicli bicimde

etkiledigini gbstermistir.

Bu sonuglar, Tirkiye’de isletmelerin yalnizca teknoloji odakli
degil, insan odakh dijital donisim stratejileri gelistirmesi
gerektigini ortaya koymaktadir. Ayrica arastirma, istanbul
orneklemi (Gzerinden elde edilen verilerin, Tirkiye'de
surdirdlebilir insan kaynaklari yonetimi yazinina somut ve

glincel katkilar sundugunu goéstermektedir.

Sonug ve Oneriler

Bu calisma, yapay zeka destekli bilgi paylasimi ile ESG odakl
insan kaynaklari stratejilerinin ¢alisan refahi ve performansi
Gzerindeki etkilerini butlincil bir cercevede inceleyerek
literatlre anlamli katkilar sunmustur. Nicel bulgular, 6zellikle
yapay zeka tabanh bilgi akisinin orgitsel 6grenme
kapasitesini giclendirdigini ve galisanlarin gorev verimliligi
ile yenilikgilik egilimlerini artirdigini ortaya koymustur. Nitel
veriler ise, g¢alisanlarin dijital sistemler {zerinden
gerceklesen bilgi paylasimini  "kolaylastirici”, "zaman
kazandiric"  ve  "risk azaltic"  bir unsur olarak
degerlendirdiklerini gdstermistir. Bulgular, ESG odakli K

stratejilerinin  yalnizca c¢alisan refahini  yikseltmekle
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kalmadigini, ayni zamanda psikolojik gliveni artirarak
performansi dolayli bicimde glclendirdigini godstermesi
acisindan literatirdeki mevcut modelleri genisletmektedir.
Tiurkiye baglaminda, 6zellikle istanbul’daki biiyik &lcekli
kurumsal is ortamlarinda yapay zeka ve sirdirilebilirlik
odakli K yaklasiminin calisan baglihigi ile &rgiitsel
surdurulebilirlik arasindaki iliskiyi guclendiren kritik bir
bilesen oldugu goérilmistir. Teorik agidan calisma, yapay
zeka destekli bilgi paylasimi ile ESG odakli IK stratejilerini ayni
bltlnlesik yapida ele alan 6zgin bir kavramsal model
Onermesi  bakimindan literatlire glicli  bir  katki
saglamaktadir. Onerilen model, calisan refahinin performans
Gzerindeki aracilik rolini detaylandirarak mevcut orgitsel
davranis ve surdirdlebilirlik literatlrindeki  bosluklar
tamamlamaktadir. Ayrica nicel ve nitel yontemin birlikte
kullanilmasi, kuramsal gergevenin derinlestirilmesine ve elde
edilen sonuglarin gecerliliginin giliclendirilmesine katkida
bulunmustur. Yonetsel agidan bulgular, kurumlarin yapay
zeka tabanli bilgi yénetim sistemlerine yatirim yapmalarinin;
seffaf iletisim, hizh karar alma ve g¢alisan deneyimini
iyilestirme  sirecglerine  dogrudan  katki  sundugunu
gostermektedir. ESG odakli insan kaynaklari uygulamalarinin
calisan refahini artirici etkisi goz onlnde
bulunduruldugunda, yoneticilerin is tasarimini  refah
merkezli yenilemesi, kapsayici liderlik tarzlarini benimsemesi
ve calisan geri bildirim mekanizmalarini kurumsal stratejilere
entegre etmesi Onerilmektedir. Kurumlarin, yapay zeka
¢6zUmlerini yalnizca verimlilik amaciyla degil, ayni zamanda
etik, given ve  slrdirdlebilirlik  perspektifinden
degerlendiren politikalar gelistirmesi, uzun vadeli rekabet

gliciiniin korunmasi agisindan kritik 6neme sahiptir.

Gelecek arastirmalar igin ise bazi dneriler sunulmaktadir. ilk
olarak, benzer modellerin farklh sektérlerde (finans, saglik,
lojistik vb.) test edilmesi, modelin genellenebilirligini
artiracaktir. ikinci olarak, yapay zeka uygulamalarinin calisan
kimligi, orgltsel 0Ozdeslesme ve psikolojik sozlesme
Gzerindeki etkilerini inceleyen uzunlamasina calismalar
literatiire yeni katkilar saglayabilir. Uglincii olarak, ESG

stratejilerinin dijital donldsim programlariyla butinlestigi
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karma modellerin performans sonuclarini degerlendiren ¢ok
dizeyli analizlere ihtiyag vardir. Son olarak, farkl dlkeler
aras! karsilastirmalarla kiltlrel degiskenlerin yapay zeka,
surdirulebilirlik ve c¢alisan refahi iliskisine etkisi daha

kapsamli bicimde degerlendirilebilir.

Not: 31 Temmuz-3 Agustos 2025 tarihleri arasinda Tiirkiye
Istanbul’ da diizenlenen 11th International EMI
Entrepreneurship & Social Sciences Congress, isimli

kongrede sozlii bildiri olarak sunulmustur.
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