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NMCUXOHEYPOUMYHOJIOTNJA HEYPOAEFEHEPALIMJE
N3A3BAHE CTPECOM KOl AJILUXAJMEPOBE BOJIECTU

Mapuja Kpuna Hcak

VYuusepsurer Anexcanapy Joan Kysa, Jamm, Pymynnja

CaxeTak

XPOHWYHM CTPEC je raBHu hakTop Koju yTU4e Ha HeYPOUMYHO 3apaBibe
N MOXe [OMPUHETU pa3Bojy HeypoaereHepaTUBHUX BONecTu, yKiby4yjy-
hu AnuxajmepoBy 6onecT. [Mpoay>KeHo nanarawe CTpecopvma akTusmupa
XvnoTanamyc-xvnoguaHo-HaabybpexxHy oCy U CUMNaTUYKN HEPBHU CU-
cTeMm, cTBapajyhn XOpMOHCKY 1 nHnamaTopHy avcperynauujy koja ytm-
Ye Ha KOTHUTUBHY PyHKLMjy 1 HEYPOHCKY CTPYKTYpY. HeaasHe cTyauje cy
ncTakne ynory nponHdnaMaTopHux LMTOKMHA, Kao wTo cy IL-6 n TNF-a,
y nocpefoBary AeHApUTCKe atpodvje U KOTHUTUBHOM naga. MokasaHo
je mga mynTumopanHe nHTepBeHuMje, YKibydyjyhu ncuxobuxejrnopanHe
Tepanuje 3aCHOBaHe Ha NaxW U KOTHUTUBHO-OUXejBroparnHy Tepanujy,
Kao ¥ pedoBHY (M3NYKYy aKTMBHOCT, MOAYNuUpajy MHdnamaTopHuU ofro-
BOp M OBHaBrbajy xomeocTtaTcky paBHOTeXy. KombuHoBawem Guixejsu-
opanHux npucTyna ca npahewem nHgnamaTopHux buomapkepa u, roe
je noTpebHo, dhapmakonoLLKke NoAPLLKE, MOry Ce CMakUTU KIMHUYKE No-
crneavue XpoHUYHOr CTpeca U pusuk of HeypogereHepaumje. Linrs osor
yYnaHka je Aa aHanuMaupa MexaHu3Me KojumMa XPOHWYHU CTPeC y3poKyje
HEeYpPOMMYHOMOLLKY ANCAYHKLMjY 1 JOMPUHOCK naToreHe3n Anuxajmepo-
Be GonecTtu, npyxajyhn nHTerpaTtMBHy NepcnekTuBy Ha NpPeBEeHTUBHE U
Tepanujcke MHTepBeHLMje.

Krby4He peum: XpOHWYHM CTPEec, HEYPOUMYHUTET, ynana,
AnuxajmepoBa 6onecTt, MynTMMoganHe MHTepBeEHLMje

YBopg

AnuxajmepoBa 6onect (AB) je nporpecuBHu Heypogere-
HepaTuUBHWM nopemehaj Ha Koju YyTUYy reHeTUYKN haktopu
n cakTopu okpyxera [1]. Mehy dakTopuma oKpyxea,
XPOHUYHU CTpecC je jedHO of Hajyewhwux ncuxocouwmjan-
HMX CTaka Y MOAEPHOM APYLUTBY M MMa 3Ha4ajHe UMnnu-
Kaumje 3a KOTHUTUBHY CYHKUM])Y W HeypoaereHepauujy.
MpoadyxxeHo u3narawe cTpecopuma Mep3vCTEHTHO aKTu-
BMpa XunoTanamyCHO-xMnodunsHo-HanobyopexHy (hypo-
thalamic-pituitary-adrenal, HPA) 0COBUHY 1 cumnaTeTuyku
HepBHW cucTeM, AosBogdehun o npetepaHe cekpeuuvje rny-
KoKopTukomnaga, nopemehaja HEypOMMYHCKe paBHOTEXE, Te
nosehaHe OCeT/LMBOCTM Mpema HeypodereHepaTVBHUM
npouecuma [2, 3].
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Abstract

Chronic stress is a major factor influencing neuroimmune health and may
contribute to the development of neurodegenerative diseases, including
Alzheimer’s disease. Prolonged exposure to stressors activates the hy-
pothalamic—pituitary—adrenal axis and the sympathetic nervous system,
generating hormonal and inflammatory dysregulation that affects cogni-
tive function and neuronal structure. Recent studies have highlighted the
role of proinflammatory cytokines, such as IL-6 and TNF-a, in mediating
dendritic atrophy and cognitive decline. Multimodal interventions, includ-
ing mindfulness-based psychobehavioral therapies and cognitive-behav-
ioral therapy, as well as regular physical activity, have been shown to
modulate the inflammatory response and restore homeostatic balance.
By combining behavioral approaches with monitoring of inflammatory
biomarkers and, where necessary, pharmacological support, the clinical
consequences of chronic stress and the risk of neurodegeneration can
be reduced. The objective of this article is to analyze the mechanisms by
which chronic stress causes neuroimmune dysfunction and contributes
to the pathogenesis of Alzheimer’s disease, providing an integrative per-
spective on preventive and therapeutic interventions.

Keywords: chronic stress, neuroimmunity, inflammation,
Alzheimer’s, multimodal interventions.

Introduction

Alzheimer’s disease (AD) is a progressive neurodegen-
erative disorder influenced by both genetic and environ-
mental factors [1]. Among environmental factors, chronic
stress is one of the most common psychosocial conditions
in modern society and has major implications for cogni-
tive function and neurodegeneration. Prolonged exposure
to stressors persistently activates the hypothalamic—pitui-
tary—adrenal (HPA) axis and the sympathetic nervous sys-
tem, leading to excessive glucocorticoid secretion, disrup-
tion of neuroimmune balance, and increased susceptibility
to neurodegenerative processes [2, 3].

Psychoneuroimmunology (PNI), as an interdisciplinary
field, has confirmed that the nervous, endocrine, and im-

271

SERBIAN JOURNAL OF PUBLIC HEALTH

VOLUME 99  NUMBER 3

SEPTEMBER 2025



MACHWK JABHOT 3[1PAB/bA

Mapuwuja KpnHa Vcak

Kao wuHTepgucumnnnHapHa obnacTt, NCUXOHEYPOUMMYHO-
noruvja (NMHW) je notBpauna ga cy HEpPBHW, EHOOKPUHU U
UMYHCKM cuctem Brimcko noeesaHu, Te ga NPOMEHe Y OBOj
MpeXu MOry Aa rnojayajy 0CeTrbMBOCT Ha XpOHWYHe bone-
CTW, YKIbydyjyhu HeypopgereHepaTuBHe nopemehaje kao
wTto je Ab [4, 5]. HegaBHM Ookasn ykasyjy Aa CUCTEMCKO
3anarbewe, y Kome nocpeayjy nposanarb€HCKU LUTOKMHU
Kao LTO cy uHTepneykuH 6 (IL-6) n daktop HeKpo3e Tymo-
pa anda (TNF-a), urpa BaxHy ynory y nokpetawy v npo-
rpecuju NaTonoLKMX npoLeca y moasry [6].

Takohe, nonynauMoHe W ekcrnepuvMeHTanHe cTyauvje cy
nokasarne ga XpOoHWYHWN CTpec AOMNPUHOCK aTpodunju AeH-
OpuTa XMnokammnycHMUX HeypoHa U CMakeHOj HeyporeHesu,
npoMeHama Koje ce AoBoAe Y Be3y ca KOrHUTUBHOM AuC-
dyHKUMjoM 1 noBehaHoj oceTrbMBOCTU Ha natonorunjy Ab
[7, 8]. CTora je pasymeBak-e MexaHM3ama KojuMa XpOHUY-
HW CTpec MOogyrnuLie HEYPOMMYHCKM OAroBOP KIby4YHO 3a
pasny4ymBawe Bese M3Mehy ncuxocouunjanHux dpakropa u
pu3nka of HeypoaereHepavuje.

Lurb oBor paga jecte ga ce aHanusvMpa Kako XPOHUYHU
CTpec OOMPUHOCU HEeYPOUMYHCKO] OUCHYHKUMM U Oa ce
Harnace Be3e M3Mely OBWMX npoueca u natoreHese Ab,
cTaBrbajyhu y LeHTap naxtwe umMnnukauuje sanarbeHCKnX
MexaHu3sama n nopemehaje HPA oce.

lNMcuxoHeypoumyHonormja: KOHUEeNT U MexXaHU3Mu

ﬂcuxoueypowmyuonoruja: nopekKkno, eBonyLmja U KOH-
uenTtyasiHu oKBUp

McuxoneypommyHornoruja (MHW) Byve nopekno of Krbyd-
HMX ekcnepymMeHaTa cnposoheHunx og 1970-mx rogunHa, Koju
Cy Nokasanu KOMyHuKaumjy namehy asa cucrema, HepBHOT
n nmyHckor. Pobept Agep n Hukonac KoeH cy, 1975. ro-
OVHE, y KNacu4yHOM eKCrepuMMEHTY yCnoBrbaBara Nokasa-
NV Ja NoHaBIbaHa acouujaumja cnaTtkor ykyca (caxapuH)
ca MMYHOCYNpPEeCcMBHUM cpeacTBoM (Lmknodochammaom)
HakHagHO O0BOAM OO MMYHOCYMPECUBHOM OArOBOpa Yak u
6e3 npucyctea capmakonoLukor cpegctea. Oea cTyguja,
objaBrbeHa y 4Yaconucy Psychosomatic Medicine (Icuxo-
comaTcka MegyvumHa), nocTaBuna je OCHOBE NMCUXOHEeypOou-
MYHororuvje kao Hay4He gucuunnuHe [9]. Xyro becegoBcku
1 HEroB TUM Cy Takofje GUnNy NMOHUPK y paspeLlaBaky Me-
XaHu3ama OBOCMepHE KOMYHUKauuvje nsmehy ueHTpanHor
HEepBHOI cMCTEMA U UMYHCKOr cuctema. HbmnxoBsa cTtyguja
n3 1977. rogmHe je nokasana fa aHTUreHcka CTuMmynauu-
ja reHepulle HeypoOHCKY akTuBaLMjy BeHTpoMeaujanHor
HyKrneyca xunotanamyca, notsphyjyhm ga MMyHOMOLLKK
cuUrHanu Mory fa ce npeHecy guMpekTtHo y mo3sak [10]. Pe-
3ynTatM ykasyjy ga MoCTojM WUMYHCKO-HeypOeHAOKpUHa
noBpaTtHa crnpera, y Kojoj akTMBauuja UMYHCKOr cucTema

mune systems are closely interconnected, and alterations
in this network may facilitate vulnerability to chronic dis-
eases, including neurodegenerative disorders such as AD
[ 4, 5]. Recent evidence suggests that systemic inflamma-
tion, mediated by proinflammatory cytokines such as in-
terleukin-6 (IL-6) and tumor necrosis factor alpha (TNF-a),
plays an important role in the initiation and progression of
pathological processes in the brain [6].

Also, population and experimental studies have shown
that chronic stress contributes to dendritic atrophy of hip-
pocampal neurons and reduced neurogenesis, changes
correlated with cognitive dysfunction and increased vul-
nerability to AD pathology [7, 8]. Therefore, understand-
ing the mechanisms by which chronic stress modulates
the neuroimmune response is essential for elucidating the
relationship between psychosocial factors and the risk of
neurodegeneration.

The objective of this article is to analyze how chronic stress
contributes to neuroimmune dysfunction and to emphasize
the connections between these processes and the patho-
genesis of AD, with a focus on the implications of inflam-
matory mechanisms and HPA axis disorders.

Psychoneuroimmunology: concept and mechanisms

Psychoneuroimmunology: origins, evolution, and

conceptual framework

Psychoneuroimmunology (PNI) has its origins in key ex-
periments conducted since the 1970s, which demonstrat-
ed bidirectional communication between the two systems
— nervous and immune. In 1975, Robert Ader and Nicho-
las Cohen demonstrated through a classical conditioning
experiment that the repeated association of a sweet taste
(saccharin) with an immunosuppressive agent (cyclophos-
phamide) would subsequently trigger an immunosuppres-
sive response even without the pharmacological agent.
The study published in Psychosomatic Medicine laid the
foundations of psychoneuroimmunology as a scientific
discipline [9]. Hugo Besedovsky and his team were also
pioneers in elucidating the mechanisms of bidirectional
communication between the central nervous system and
the immune system. In 1977, their studies demonstrated
that antigenic stimulation generates neuronal activation of
the ventromedial nucleus of the hypothalamus, confirming
that immunological signals can be transmitted directly to
the brain [10]. This result suggests an immune—neuroen-
docrine feedback loop, whereby immune system activation
can influence neuroendocrine functions, including cortisol
secretion via the hypothalamic—pituitary—adrenal (HPA)
axis [11].
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MOXe Aa yTude Ha HeypOoeHOOKpWHe (PyHKUMje, YKIbydy-
jyhn nyyerbe KopTu3ona nytem xunoTanamycHoO-xunodu-
3HO-HanbybpexHe (HPA) ocosuHe [11].

lMpeTxogHe cTyamje U3 ocampeceTux rogvHa AsageceTor
Beka cy ce GaBure MOMEKYrNCKUM MeXaHu3Muma Koju y
TOoMe ydecTByjy. [loka3aHo je ga npo3anarbeHCKN LMTOKU-
HK, kao wrto cy IL-1, IL-6 u TNF-a, koju ce npoussoae y
nepudepHUM nMyHckum henujama, mory fa genyjy Ha xu-
nodusy n xunotanamyc M Tako cTumynuwy ocrnobahamne
XOpMOHa cTpeca. Y OBOM KOHTEKCTY MOXe ce 06jacHuTU
Kako nepundepHo 3anarbewe Moxe Aa yTuye Ha noHalua-
e, EMOLMOHaNHa cTakwa M KOTHUTUBHY byHKUWMjy, obes-
Behyjyhn mexaHucTu4kmn okBup 3a Besy Mamehy MMyHckor
04roBopa, HeypoeHOOKpWHe AUCKYHKLMjE U XPOHUYHOT
ctpeca [11].

BecenoBckn je NMocTaBMO WHTErpaTtMBHU MoZern y Kome
HPA ocoBuHa 1 ABa cucTemMa, HEPBHU M UMYHCKU, rpaje
KOMIMMEKCHY CUTHarnHy Mpexy ca BOCMEPHUM MOBPaTHUM
criperamMa, 3aflyXeHy 3a O4roBOp Ha €KCTepHe U MHTEpHe
Hanage u 3a oapxasame xomeocTase opraHusma. OBaj
MoZern je o BUTarHor 3Havaja 3a pasymMeBaHe Kako Xpo-
HUYHM CTPEC MOXEe [a [oNpuHece HeypoaereHepaTnBHUM
bonectuma [11].

C popyre ctpaHe, dejsug J1. ®enteH 1 kornere cy U3Henu
dyHOamMeHTanHe aHaTOMCKe JoKase Kojuma ce ojayaBajy
Temerbu HeypouMyHornoruje. Kpos burxoBe cTyauvje, MaeH-
TUPUKOBAHU CYy HOpagpeHaprnykm CUMNaTeTUYKN HEPBHM
3aBpLUeLm y HenocpeaHoj 6rnmanHn makpodara 1 numgo-
uuta y 6enoj nynnu cnesvHe, WTO yKasyje Aa HEPBHU CU-
CTEM MOXE [a MMa OUpeKTaH yTuuaj Ha akTUBHOCT UMYH-
ckux henuja [12].

Y3 T0, HUXOBO UCTPaXMBaHE je nokasano ga ocnobaha-
e HeypoTpaHCcMUTepa aueTUIXonNuHa 1 HopagpeHanvHa
y NMMdHUM YBOPOBMMAa MOXEe Aa Mogynuile cekpeuujy
LMTOKMHA, MUrpaumjy UMyHcknx henuja n nponudepavmjy
numdouuTta, Harnawasajyhu komnnekcHu obpasal, CTpyk-
TYpPHO-(YHKLMOHANHMX MHTepakuuja namefy osa ABa Cu-
ctema. OBa aHaToOMCKka OCHOBa je buna of Krby4HOr 3Ha-
Yaja 3a Hanpedak Tepanuvja yCcMepeHux Ka mogynucamy
WUMYHCKOT OAroBopa Kpo3 HeypoeHOOKpUHe nyTeBe, Koju je
ycneguo [13].

I'IcuxoueypoumyHonoera: MpeXxe, MexXxaHUu3mMm n Knu-
HU4Ke annukau,uje

1. CTpyKkTypHe Be3e uamelly HepBHOI U UMYHCKOI CU-
cTema

[lokas o AVpPeKTHUM aHaTOMCKUM Be3ama usmMehy HepBHOT
cucTeMa M MMYHCKMX TKMBA NpeAcTaBrba BpeaaH Aonpu-

Previous studies in the 1980s have delved into the mo-
lecular mechanisms involved. It has been shown that
proinflammatory cytokines, such as IL-1, IL-6, and TNF-q,
which are produced by peripheral immune cells, can act on
the pituitary gland and hypothalamus and thus stimulate
the release of stress hormones. In this context, it can be
explained how peripheral inflammation can influence be-
havior, emotional state, and cognitive function, providing
a mechanistic framework for the link between the immune
response, neuroendocrine dysfunction, and chronic stress
[111.

Besedovsky postulated an integrative model in which the
HPA axis and the two systems — nervous and immune -
form a complex signaling network with bidirectional feed-
back, responsible for responding to external and internal
aggressions and maintaining the body’s homeostasis. This
model has been vital in understanding how chronic stress
can contribute to neurodegenerative diseases [11].

On the other hand, David L. Felten and colleagues have
provided fundamental anatomical evidence strengthening
the foundations of neuroimmunology. Through their stud-
ies, noradrenergic sympathetic nerve endings have been
identified in close proximity to macrophages and lympho-
cytes in the white pulp of the spleen, suggesting that the
nervous system may have a direct influence on immune
cellular activity [12].

In addition, their research demonstrated that the release
of the neurotransmitters acetylcholine and noradrenaline
at lymph nodes can modulate cytokine secretion, immune
cell migration, and lymphocyte proliferation, highlighting a
complex pattern of structure-function interactions between
the two systems. This anatomical basis has been essen-
tial for the subsequent progression of therapies aimed at
modulating the immune response through neuroendocrine
pathways [13].
Psychoneuroimmunology: mechanisms
and clinical implications

networks,

1. Structural connections between the nervous and im-
mune systems

A valuable contribution to the development of psychoneu-
roimmunology is the demonstration of direct anatomical
connections between the nervous system and immune tis-
sues. Studies have shown that noradrenergic sympathetic
innervation penetrates secondary lymphoid organs, such
as the spleen and lymph nodes, where nerve fibers are
located near lymphocytes and macrophages. According to
this approach, norepinephrine and other neurotransmitters
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HOC pa3Bojy ncuxoHeypoumyHornoruje. CTyaouje cy noka-
3ane [fa HopajpeHaprmyka cumnareTuyka uHepsauuvja
npogupe y cekyHgapHe numdongHe opraHe, Kao LTo Cy
crnesvHa u nMM@HM YBOPOBWU, FOe Ce HepBHa BMakHa Ha-
nase y 6nmauHn numdoumta n makpodpara. Npema oBom
npucTyny, HopernuHedpuH 1 Opyrn HeypoTpaHCMUTEPU
MOTy AMPEKTHO Aa yTudy Ha uMyHcke peakuuje [12, 14].
LtaBuwwe, y3 mopdonoLlke gokase, U PyHKLMOHAIHU no-
Jaun cy NOTBpAWIM Aa CMMMaTeTMYKa HepBHa CTUMyna-
Uunja yTude Ha nponudepauumjy numdounta n creapare
aHTuTena. Kao nocneaguua osora, MMyHCKM CUCTEM Ce He
MOXe Nnpoy4aBaTu n3ornoBaHo, Beh npe Kao 4eo KoMMNrek-
CHE HeypOUMYHCKe Mpexe.

2. XunortanamycHo-xunodunsHo-HaaobyopexHa (HPA)
OCOBWHa U yrora cTpeca

Mcuxonowkun crtpec aktmeupa HPA ocosuHy, nokpehyhu
ocnobahamwe agpeHokoptukoTponmHa (ACTH), kopTuko-
TponvHa (CRH) n kacHuje kopTu3ona us HagbyopexHux
Xnesga. Y akyTHMM KOHTEKCTMMa, OBa Kackaga npeacra-
BIba aganTvBHM MexaHusam, jep nosehasa GyaHOCT u pe-
rynuile 3anarbeHCcK/M ogrosop.

HacynpoTt Tome, npogyXeHa U3noXeHOCT ryKOKOPTUKOM-
AVMa HapyllaBa MMYHCKY paBHOTeXy. Buwak kopTusona
cMmamnyje aktmBHocT henumja npupogHux ybuua (NK he-
nuja), cmamyje nponudepaumjy T-numdouuTa U Mewa
NpOn3BOAHY LUTOKMHA, LUITO A4OBOAU M OO NEP3UCTEHTHON
3anarbera y Be3u ca XPOHUYHUM CTPECOM M A0 MMYHOCY-
npecuje [15, 16].

Oarse, ancdyHkumja HPA ocosnHe ce fosoau y Besy ca
ybp3aHoOM HeypoaereHepauujoM, LUTO yKasyje Ha MexaHu-
3aM KOjUM XPOHWYHU CTPEeC MOXe [a MOBEeXe WUMYHCKU U
€HOKPUHM OAroBOp Ca CMameheM MoxaaHe yHKUuje.

3. LluToKknHcKa curHanusauuvja u gBocMepHa KOMYyHU-
Kauuja

lMpo3anarbeHCKM UMTOKUHM Kao wTo cy IL-16, IL-6, TNF-a
npeacTaBrbajy KibydyHe Meaujatope y KOMyHuKauuju ms-
mefy OBa cuctema, UMyHCKOr 1 HepBHor. OBM Momnekynm
MOTy Aa yTU4y Ha HEPBHM CUCTEM MPEKO TPW rMaBHa nyTa,
Kao LUTO Cy XymMopanHu nyT, HeypoHarHu nyT u henujcku
nyT. XymoparnHu nyT je npeactaBrbeH ANQy3njoM LINTOKK-
Ha KpO3 CENeKTMBHO NPOMNyCTIbUBE pernje KPBHO-MOXAaHe
Gapujepe. HeypoHcku NyT ce oAHOCU Ha akTMBauujy Bary-
ca 1 MpeHoc curHana Ao MoxagaHor ctabna. henujckm nyT
ce pokycupa Ha cTUMynauujy MUKpornuvja u actpouuTa,
LUTO AOBOAM OO0 MOKaNHUX U CUCTEMCKUX Heypodmranono-
LLKMX MpOMeHa.

Csu 0BM MpoLecy goBode Ao MojaBe MNoHallaka koja ce

can directly influence immune reactions [12, 14]. Moreover,
functional data have confirmed, in addition to morphologi-
cal evidence, that sympathetic nervous stimulation affects
lymphocyte proliferation and antibody generation. Conse-
quently, the immune system cannot be studied in isolation,
but rather as part of a complex neuro-immune network.

2. Hypothalamic—pituitary—adrenal (HPA) axis and the
role of stress

Psychological stress activates the HPA axis, thereby trig-
gering adrenocorticotropin (ACTH), corticotropin (CRH),
and later cortisol release from the adrenal glands. In acute
contexts, this cascade is an adaptive mechanism, increas-
ing alertness and regulating the inflammatory response.

Conversely, prolonged exposure to glucocorticoids dis-
rupts the immune balance. Excess cortisol reduces Nat-
ural Killer (NK) cell activity, decreases T-lymphocyte pro-
liferation, and alters cytokine production, resulting in both
chronic stress-related persistent inflammation and immu-
nosuppression [15, 16].

Furthermore, HPA axis dysfunction has been linked to ac-
celerated neurodegeneration, suggesting a mechanism by
which chronic stress may link immune and endocrine re-
sponses to impaired brain function.

3. Cytokine signaling and two-way communication

Proinflammatory cytokines such as IL-18, IL-6, TNF-a are
essential mediators of communication between the two
systems, immune and nervous. These molecules can in-
fluence the nervous system through three main pathways,
such as the humoral pathway, the neuronal pathway, and
the cellular pathway. The humoral pathway is represented
by the diffusion of cytokines through the selectively per-
meable regions of the blood-brain barrier. The neuronal
pathway refers to the activation of the vagus nerve and the
transmission of signals to the brainstem. The cellular path-
way focuses on the stimulation of microglia and astrocytes,
causing local and systemic neurophysiological changes.

All these processes lead to the appearance of behaviors
associated with the disease state, characterized by anhe-
donia, fatigue, and cognitive and affective disorders [17].
Prolonged exposure to systemic inflammation has been
correlated, in the long term, with increased susceptibility to
treatment-resistant depression and with marked cognitive
decline [18].

4. The impact of psychosocial stress on immune func-
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[oBofe y Be3y ca ctakeM bonecTtu, a Koja ce KapakTepu-
Ly aHXeOHWjOM, 3aMOPOM U KOTHUTUBHUM U adpeKTUBHUM
nopemehajuma [17]. Ha gy»u pok, NpoayXeHo nsnarawe
CUCTEMCKOM 3anarbemny je JOBeAEeHO Y Kopernalujy ca no-
BehaHoM noanoxHowhy genpecuju Koja je pesnucTeHTHa
Ha neyere 1 ca 3Ha4YajHUM KOTHUTUBHUM nagom [18].

4. YTuuaj ncnxocouujanHor ctpeca Ha UMYHCKY ¢hyHK-
umjy

[JocTynHe meTa-aHanu3e Harnawasajy 3HadyajHe pasnuke
namehy edekarta akyTHOr U XPOHUYHOT CTpeca Ha UMYHCKM
cucTeM. Y KOHTEKCTY akyTHOr CcTpeca, yoyaBa ce rnponasHa
aKkTMBauuja UMyHUTETA, KOjy NpeacTaBrba 6p3a mobunusa-
Lmnja uMyHckmx henuja n npuspemeHo nosehawe cuHTese
LIMTOKMHA.

HacynpoT Tome, XpOHWYHU CTpec ce 4OBOAM Y Besy ca
Nep3VCTEHTHUM MMYHOMOLLKUM AMcdyHKUMjama, 3ajefHo
ca nosehaHom aktusHowhy NK henuvja n T numdouuTa,
Kao 1 ca HapyLlaBakeM paBHOTEXE LMTOKMHA, LWTO Nnoap-
XaBa npoayxeHa 3anarbeHcka ctawa [19].

OBu edhekTU cy Takohe AOKYMEHTOBAHUN Y KIMHUYKUM KOH-
TEKCTUMA, Kao LUTO je Cry4yaj Kog OHWUX KOju Heryjy nauu-
jeHTe ca OeMeHLMjoM, Ko KOjuX je nmpoHaheHo 3HayajHO
CMah-eH-e MMYHCKOr 04roBopa 1 BUCOKa MHUMAEHUWja 3a-
narbeHCcKux ctaka n nHdpekuuja [20].

5. KnuHuyke uMnnukaumje: XpoHM4YHU cTpec U Anuxaj-
MepoBa 6onect

KoHBepreHTHM gokasu n3 nutepartype nokasyjy Aa npogy-
)KEHO M3rarake NCMXosoLWKOM CTPecy AONPUHOCK naTore-
He3n HeypogereHepaTVBHNX 6onecTn nyTeM Nep3ncTeHT-
He aKkTMBauuje XxMnoTanamyCcHO-XnnogumaHo-HaabyopexHe
OCOBWHE U CTMMynauuje CUCTEMCKOr 3anarbeHCKOr ogro-
BOpa.

Y koHTekcTy AB, noBuLLIeHe KOHLUEHTpaLuumje npo3anarbeH-
Cckux umTtokmHa IL-1pB, IL-6 n TNF-a goBegeHe cy y kope-
naumjy ca xunepdocdopunauujoMm Tay npotemMHa v no-
BehaHOM akymMynaumjoM (B-ammnovaHux Hacrnara, LTo cy
npouecu of LleHTpanHor 3Hadaja 3a HeypoaereHepaTuBHy
natonorunjy [21]. XpOHUYHO NOBULLIEHE KOHLEHTpaLMje Kop-
TM3ona Takohe Josode 40 aTpodmje xmnokamnyca u Hera-
TMBHO YTU4YY Ha HEYpOreHesy, LUTO MojadyaBa KOTHUTMBHMU
nag [22].

CxopHo ToMe, NCUXOHEeYPOMMYHOIOLLKa NepcrnekTnea 4o-
HOCUW MHTErpaTMBHU OKBUP 3a paspeLlaBake KOMMITEKCHUX
WHTepakLmja uamehy cUCTEMCKOr 3anarbera, CTpeca U
MOSEKYSICKUX MeXaHM3aMa Koju y4ecTByjy Y Heypoaere-
Hepauwmju, Harnawasajyhu 3Havaj UHTepaMCLMMIMHAPHUX

Maria Crina Isac

tion

Available meta-analyses highlight significant differences
between the effects of acute and chronic stress on the im-
mune system. In the context of acute stress, a transient ac-
tivation of immunity is observed, represented by the rapid
mobilization of immune cells and a temporary increase in
cytokine synthesis.

In contrast, chronic stress is correlated with persistent im-
munological dysfunctions, together with decreased NK cell
and T lymphocyte activity, as well as disruptions in the cy-
tokine balance, supporting prolonged inflammatory states
[19].

These effects have also been documented in clinical con-
texts, such as in the case of caregivers of patients with
dementia, who were found to have a significant reduction
in the immune response and a high incidence of inflamma-
tory conditions and infections [20].

5. Clinical implications: Chronic stress and Alzheim-
er’s disease

Converging evidence from the literature indicates that pro-
longed exposure to psychological stress contributes to the
pathogenesis of neurodegenerative diseases by persistent
activation of the hypothalamic-pituitary-adrenal (HPA) axis
and by stimulating systemic inflammatory processes.

In the context of AD, elevated levels of the proinflammato-
ry cytokines IL-1B, IL-6, and TNF-a have been correlated
with hyperphosphorylation of tau protein and accelerated
B-amyloid deposition, processes central to neurodegen-
erative pathology [21]. Chronically elevated cortisol levels
also cause hippocampal atrophy and negatively influence
neurogenesis, thus intensifying cognitive decline [22].

Consequently, the psychoneuroimmunological perspective
provides an integrative framework for elucidating the com-
plex interactions between systemic inflammation, stress,
and molecular mechanisms involved in neurodegenera-
tion, highlighting the importance of interdisciplinary ap-
proaches in the management and prevention of AD.

Chronic stress and neuroimune dysregulation

1. Systemic consequences of prolonged exposure to
stress

Chronic psychological stress exerts extensive effects on
the body’s homeostasis, causing persistent changes in
immunological, metabolic and neuroendocrine regulation.
Longitudinal studies have shown that individuals exposed
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npucTyna y ynpaerbamy 1 npeseHuunju Ab.
XpOHUYHM CTpec U HeypouMyHa aucperynauuja

1. CuctemMcke nocrneguvue nNpoayXeHor wusnarawa
cTpecy

XPOHUWYKM MCUXOMOLLKN CTPEC MMa CHaXHe eekTe Ha Xo-
MeocTa3dy opraHumama, U AOBOAM A0 MEP3UCTEHTHUX Mpo-
MEeHa y MMYHOMOLUKOj, MeTabomnun4ykoj 1 HeypOeHOOKPUHO]
perynaunju. JloHrMTyguHanHe ctyguje cy nokasane na
ocobe M3noXeHe XPOHUYHOM CTpPEecy Wmajy CUCTEMCKM
3anarbeHckn Npodun yMepeHor WHTeH3uTeTa anu nep-
3UCTEHTaH, KOju ce KapakTepuile noBehaHuM KOHUeHTpa-
unjama C peakTtusHor npotemHa (CRP), uHtepneykuHa-6
(IL-6) n dpakTopa Hekpose Tymopa anda (TNF-a) [19, 23].
XPOHUYHO 3anarbeHCKO CTake ce MaHugecTyje managan-
TMBHMM ecbekTMa, cMakyjyhn cnocoGHOCT opraHuama ga
perynuiue MMyHcke ogrosope u cammm Tum nosehasajyhu
NOAOXHOCT XPOHWYHMM GonectuMma, ykibydyjyhu ayTtou-
MyHe nopemehaje, MeTabonuykm CMHAPOM U KapAMOBackKy-
napHe naTtonoruje.

2. HeypoKorHMTuUBHe U achekTUBHE uMnnukauuje

HeypovMyHcka pgucperynauvja MHOYKOBaHa XPOHWYHUM
CTpPecom JOBOAM Ce y Be3y Ca MEPIbMBUM KOTHUTUBHUM U
adeKkTMBHUM Jeduumntma. KnnHnykn nogauun v nogaum
[obunjeHn pagmonowkuMm MeTogamMa nokasyjy aa je npogy-
XKEHO usnarawe CTpecy y Be3u ca CyNnTUIHUM KOTHUTUB-
HuUMm owTeherwnma, Koja obyxsaTajy n owTtehewa 1 pagHe
n enusogHe Memopuje. NpoayxeHo uanarawe CTpecy je
Takohe foBedeHo y Be3y ca nosBehaHoM WMHUMAEHUMjOM
adekTnBHUX Nopemehaja, NocebHO reHepann3oBaHe aHK-
CMO3HOCTN U KNWHMYKE Jdenpecuje, Kao U CTPYKTYPHUX U
PYHKUMOHAMNHUX NPOMEHa Yy MOXOAaHUM pernoHrMa Koju
YyYecTBYyjy y M3BPLWHUM dyHKUMjama n namhewy, noceb-
HO MpedpOoHTaNHOM KOpTekcy WM xunokamnycy [18, 23].
Cee oBe oncepBauuje Harnalwlaeajy CUCTEMCKY Mpupoay
ONCOHYHKLUMje n3a3BaHe CTPecoM, U MokKasyjy Aa XpOoHUY-
He MMYHOIOLLKE CMETHE YTUYY Ha (PYHKLMjy LeHTparHor
HEepBHOr CUCTEMaA YaK U Y OACYCTBY aKTUBHOI NMaTosoLLIKOr
npoueca.

3. XpoHNYHU cTpecC je BULLECUCTEMCKUN haKkTOp pU3nkKa

XpOHMYHa HEeypoMMyHCKa Aeperynauuvja m3asBaHa cTpe-
COM MoOHalla ce Kao LieHTparnHu Meauvjatop BULLECUCTEM-
Cke OCeTIbUBOCTU, MHTerpuwyhun sanarbeHcke, ayToumyHe
n MeTabonuyke npoLece y 3ajeqHUYKn OKBUP Oeperyna-
unje xomeocTtase opraHusma. KapguoackynapHe Gone-
CTW Kao LUTO je XPOHWYHO 3anarbexe AONPUHOCE EeHAO-
TenvjanHoj ANCAYHKUMjK, MpOrpecuju apTepockrnepose
n xunepteHanju. Metabonuykn nopemehajy kao WTO cy

to chronic stress present a systemic inflammatory profile
of moderate intensity but persistent, characterized by in-
creased levels of C-reactive protein (CRP), interleukin-6
(IL-6) and tumor necrosis factor alpha (TNF-a) [19, 23].
This chronic inflammatory state manifests a maladaptive
effect, decreasing the body’s ability to regulate immunolog-
ical responses and thus increasing susceptibility to chronic
diseases, including autoimmune disorders, metabolic syn-
drome and cardiovascular pathologies.

2. Neurocognitive and affective implications

Chronic stress-induced neuroimmune dysregulation is as-
sociated with measurable cognitive and affective deficits.
Clinical and imaging data suggest that prolonged exposure
to stress is associated with subtle cognitive impairments,
including impairments in both working and episodic mem-
ory. Prolonged exposure to stress has also been associ-
ated with increased incidence of affective disorders, par-
ticularly generalized anxiety and major depression, as well
as structural and functional changes in brain regions in-
volved in executive functions and memory, particularly the
prefrontal cortex and hippocampus [18, 23]. All these ob-
servations highlight the systemic nature of stress-induced
dysfunction, demonstrating that chronic immunological dis-
turbances influence central nervous system function even
in the absence of an acute pathological insult.

3. Chronic stress as a multisystem risk factor

Chronic stress-induced neuroimmune dysregulation acts
as a central mediator of multisystem vulnerability, integrat-
ing inflammatory, autoimmune, and metabolic processes
into a common framework of dysregulation of body home-
ostasis. Cardiovascular diseases such as chronic inflam-
mation contribute to endothelial dysfunction, atheroscle-
rosis progression, and hypertension. Metabolic disorders
such as prolonged immune activation and neuroendocrine
imbalances favor insulin resistance and dyslipidemia. In-
flammatory and autoimmune diseases also contribute to
the loss of fine-tuning of immune regulatory mechanisms,
leading to increased susceptibility to systemic autoimmune
disorders such as rheumatoid arthritis or systemic lupus
erythematosus, illustrating how chronic stress acts as a
trigger or amplifier of disease [24]. These data highlight the
systemic and integrated consequences of chronic stress,
beyond the simple effects on specific neuroendocrine or
immune pathways.

4. Therapeutic strategies and preventive directions
Managing neuroimmune dysregulation associated with

chronic stress requires the implementation of multimodal,
integrated strategies capable of restoring the body’s ho-
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npogyXeHa akTvBaumja UMYHCKOI CUCTEMa U HeypOeHOo-
KPUHW amcbanaHc haBopum3yjy UHCYIMHCKY Pe3nCcTeHuunjy
n gucnunuaemujy. 3anarbeHcke n aytoumyHe 6onectu Ta-
kofie gonpuHoce rybuTKy ouHOr nogellaBakba MMYHCKMX
perynaTtopHux MexaHusama, WTo gosoam Ao nosehaHe no-
OJNOXHOCTM CUCTEMCKMM ayToMMyHUM nopemehajuma kao
LUTO CY peymMaTounaHu apTpUTUC UM CUCTEMCKU NTynycC epu-
Temartosyc, LUTO MNYCTpyje Kako XPOHUYHW CTpec aenyje
nonyT okugaya unu nojaynsada 6onectu [24]. Osn nogaum
Harnawasajy CUCTEMCKE WU MHTEerpucaHe nocrneguue xpo-
HWYHOT CTpeca, Aarbe of NpPoCcTMX AejcTaBa Ha KOHKPETHe
HeypOeHOOKPVHE MU MMYHCKe MyTeBe.

4. TepaneyTcke cTpaTervje u npeBeHTUBHU NpaBLK

Ynpaerbatbe HEYpOMMYHCKOM AVCperynaLmjom Koja ce fo-
BOAM Y BE3y Ca XPOHUYHUM CTPECOM 3axTeBa UMMIIeMeH-
Tauujy MynTUMOZAnHuX, UHTErpUcaHnx cTpatermja Koje cy
y CTakby @ BpaTe XOMEeOCTaTCKy paBHOTEXY OpraHu3my u
crpeye nporpecujy ka naTonoLkMm heHOTUMNOBMMA.

MNMokasaHo je Aa NCUXoBMXEjBMOPUCTUYKE WHTEPBEHUM-
je Koje cy npeacTaBSfbeHe MnporpamMumMa 3a CMarbere
CcTpeca, 3aCHOBaHMM Ha MPUCYTHOCTU/CBECHOCTW (EHrT.
mindfullness), KOHUEHTpaTMBHOj MeguTauuju W KOrHU-
TMBHO-OMXejBMOpanHoOj Tepanuju MoZynuLly ekcrnpecujy
cuctemMckux Mapkepa 3anarbewa (IL-6, TNF-a, CRP) u
ybnaxaBajy acdeKkTMBHe cuMnTome, Aenyjyhn kako Ha Kor-
HUTMBHY Tako M Ha NCUXOSOLLKY KOMMOHEHTY O4roBopa Ha
cTpec [25].

OppxaBaHa dM3nyKa aKTUBHOCT MMa MMYHOMOAYaToOPHY
ynory v JonpuvHOCK HopMarnu3aumnjy LMTOKUHCKOr npodu-
na, nosehasajyhn dyHKUnoHanHocT henuja npuUpoaHUX
ybuua n ontumuayjyhmn eHepreTckm metabonusam, LWTO
OCHaxXyje HeypouMYHCKY pesunujeHuunjy [26].

Y3 oBe npucTyne, ekcnepyMeHTanHe cTyauje cy nokasarne
[a npvpogHa jeaukera Mory Takohe ga JoHecy Heypo-
npoTeKkTMBHe Ao6pobuTn. Ha npumep, npumeHa mMaH3opu-
Ha, PUTOXEMMNjCKOT jeauH-ersa, JoBena je Ao yHanpehera
npoueca memopuje y mMogeny nartonoruje Hanuk Ha Anu-
xajMepoBy 6onect kog pube 3ebpuue (Danio rerio), wWTO
roBopu y Npunor noteHumjany UTOXeMmnjCKUX jeaut-era
3a NoHVWTaBake HeypodereHepaumvje nsaspaHe CTpecom
[27].

Takohe, MynTMMOZANHN NPUCTYNU KOju KOMOWHYjy Buxej-
BMOpanHe Tepanuje ca npaherwem 3anarbeHcknx Gruomap-
Kepa 1, Tamo rae je TO Heonxo4Ho, hapMaKOOLLKOM Mo-
[OPLUKOM, Kao LUTO Cy CeneKkTMBHa NpoTuBynanHa cpeacTea
WNM aHTUMAenpecuBy ca MMYHOMOAYNapHUM CBOjCTBUMA,
Hyde nepcnekTBaH OKBUP 3a Bpahake cucTemcke paBHO-
Texe [28].

Maria Crina Isac

meostatic balance and preventing progression to manifest
pathological phenotypes.

Psychobehavioral interventions represented by stress re-
duction programs based on mindfulness, concentrative
meditation and cognitive-behavioral therapy have been
shown to modulate the expression of systemic inflamma-
tory markers (IL-6, TNF-a, CRP) and alleviate affective
symptoms, acting on both the cognitive and physiological
components of the stress response [25].

Sustained physical activity exerts an immunomodulatory
role, contributing to the normalization of the cytokine pro-
file, increasing the functionality of natural killer cells and
optimizing energy metabolism, thus strengthening neuro-
immune resilience [26].

In addition to these approaches, experimental studies sug-
gest that natural compounds may also provide neuropro-
tective benefits. For example, administration of mansorin,
a phytochemical compound, improved memory process-
es in a zebrafish (Danio rerio) model of Alzheimer’s-like
pathology, supporting the potential of phytochemicals in
counteracting stress-induced neurodegeneration [27].

Also, multimodal approaches, combining behavioral ther-
apies with monitoring of inflammatory biomarkers and,
where necessary, pharmacological support such as selec-
tive anti-inflammatory agents or antidepressants with im-
munomodulatory properties, offer a promising framework
for restoring systemic balance [28].

These data support the need for an interdisciplinary per-
spective that transcends the analysis of isolated molecular
mechanisms and focuses on restoring functional systemic
dynamics, with the potential to reduce the incidence and
severity of clinical consequences associated with chronic
stress in the long term [25, 28].

Chronic stress and the pathogenesis of Alzheimer’s
disease: experimental and epidemiology

1. Tau protein hyperphosphorylation, dendritic atro-
phy and cognitive decline

Prolonged exposure to stress causes structural and func-
tional changes in the hippocampus, with a direct impact on
learning and memory processes. Experimental studies on
animal models have shown that Tau protein represents a
critical element in mediating the effects of chronic stress,
as Tau knockout animals were protected against dendritic
atrophy and synaptic alterations, while wild-type subjects
showed marked degeneration and diminished cognitive
performance. These effects were correlated with increased
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OBwu nogaum roeBope y npurnor notpebu 3a nHTepaMcum-
NAMHapHOM MNepCnekTUBOM KOja MnpeBasvrnasv aHanumsy
N30MOBaHNX MOSEKYNICKMX MexaHu3ama u okycupa ce
Ha Bpaharbe pyHKUMOHanNHe cucteMcke AMHaMm1Ke, ca no-
TeHUMjanom Aa cMakby MHUUOEHUM]Y N TEXUHY KIMHUYKNX
nocreguua koje ce AoBOAE Y Be3y Ca XPOHUYHMM CTPECOM
y Ay>em poky [25, 28].

XpoHu4HM cTpec u natoreHesa AnuxajmepoBe Gone-
CTU: eKCNepUMEHTU U enugemuonoruja

1. Xunepdoccopunaumja Tay npotemHa, AeHAPUTCKa
aTtpodmja U KOrHATUBHU Nag,

MpoayxeHo nanarake CTpecy AOBOAWN OO0 CTPYKTYPHUX U
YHKLMOHAMHUX NPOMEHa Y XMUMoKammnycy, ca AUPEKTHUM
yTuuajem Ha npouece ydewa n namhena. Ekcnepumen-
TanHe CTyauje Ha XMBOTUHCKUM MoAenvmMa cy rnokasarne
Aa Tay NpoTerH NpeacTaBiba KpUTUYaH eneMeHT y nocpe-
AoBamy Yy edpeKkTUMa XPOHUYHOT CTPeca, jep Cy XUBOTUHE
ca usbayeHnMm reHom 3a Tay npotemH 6une sawTtuheHe
o AeHApuTcke aTpodmje M CUHaNTUYKMX NPOMeEHa, OOK
CYy XVBOTUHE AMBIbEr TUNA MoKasMBane U3paxeHy gere-
Hepauujy U CMakeH KOTHUTUBHMU yunHak. OBu edekTn ce
Aosoge y Besy ca noBehaHom ekcrnpecujom knHasza GSK3[3
n cdkb, koje cy ykibyyeHe y xunepdocgopunaumjy tay
npoteuHa [29].

2. XpoHU4HM cTpec, akymynauuja A u noropwame Ta-
ynartuje

BpojHn nogauu n3 TpaHcreHux mogena Ab, kao WwToO cy
Tg2576 n PS19, ykasanu cy ga XpoHW4YHKU cTpec ybp3asa
akymynauujy B-amunovga v noropLiasa Tay natonorujy,
LUTO JOBOAM A0 TELUKUX KOTHUTUBHUX aedmumTta. KoHkpeT-
Huje, y PS19 mogeny, cTpec je noropLuaBao xuneptocdo-
pvnauujy Tay npoTerHa n HeypoaereHepauujy 3aB1UCcHy of
CRF1, wto cy edeKTu Koju cy 3Ha4ajHO ybriaxkeHu npume-
Hom aHTaroHucta CRF1 peuenTopa. Tako je cyrepucaHo
Oa peuentopu 3a daktop ocrnobaharwa KOPTUKOTPONUHA
(CRF peuenTopun) nocpenyjy y 3HavajHom geny edekarta
cTpeca Ha naronorujy Ab, He3aB/CHO Of, IMyKkoKopTukouaa
[30].

3. Mukpornuje kKao megmjaTopu HeypouHdpnamauuje m
CUHanNTU4ke gucdyHkumje

Mukpornuje urpajy ambuBaneHTHy ynory y KOHTEKCTY Xpo-
HUYHOr CTpeca: ca jegHe cTpaHe oHe darounTtupajy AR
arperate, a ca gpyre cTpaHe, Kaga Cy xvnepakTtuBupaHe,
OHe nokpehy cekpeunjy NponHpraMaTopHUX LUTOKUHA
(IL-1B, TNF-a) n peakTUBHMNX KUCEOHUYHUX BPCTA, LUTO J0-
nMpyHOCKU HeypoaereHepaumju n rybutky cuHancu. Hegas-
HW NpernegHn pagoBuW Harnallasajy a nposanarbeHCKu

expression of the kinases GSK3f and cdk5, involved in
Tau protein hyperphosphorylation [29].

2. Chronic stress, AB accumulation and aggravation of
taupopathy

Numerous data from transgenic models of AD, such as
Tg2576 and PS19, have indicated that chronic stress ac-
celerated B-amyloid accumulation and exacerbated tau
pathology, resulting in severe cognitive deficits. In particu-
lar, in the PS19 model, stress exacerbated tau hyperphos-
phorylation and CRF1-dependent neurodegeneration, ef-
fects that were significantly attenuated by administration
of a CRF1 receptor antagonist. Thus, it is suggested that
corticotropin releasing factor (CRF) receptors mediate a
substantial part of the effects of stress on AD pathology,
independent of glucocorticoids [30].

3. Microglia as mediators of neuroinflammation and
synaptic dysfunction

Microglia play an ambivalent role in the context of chronic
stress: on the one hand, they phagocytose AB aggregates,
and on the other hand, when hyperactivated, they induce
the secretion of proinflammatory cytokines (IL-13, TNF-a)
and reactive oxygen species, contributing to neurodegen-
eration and synaptic loss. Recent reviews highlight that
the stress-induced proinflammatory microglial phenotype
constitutes a central mediator of the link between chronic
stress and AD disease progression [31].

4. Epidemiological evidence: chronic stress as a risk
factor for AD

At the population level, chronic stress has been correlat-
ed with a significant increase in the incidence of cognitive
impairment and dementia. In a cohort analysis including
over 1.36 million individuals, the risk of AD was approxi-
mately 2.5 times higher among individuals diagnosed with
chronic stress and 4 times higher among those with chron-
ic stress and depression. Thus, the data suggest an addi-
tive relationship between stress and affective vulnerability,
strengthening the hypothesis that chronic stress is a major
and modifiable etiological factor of AD [8].

Conclusions

Current evidence from psychoneuroimmunology and neu-
roscience demonstrates that chronic stress is a significant
risk factor for AD. By hyperactivating the hypothalamic—
pituitary—adrenal axis and by involving CRF1 receptors,
stress supports pathological processes such as tau pro-
tein hyperphosphorylation, p-amyloid accumulation and
dendritic atrophy. In parallel, dysfunctional activation of
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¢eHOTUN MUKPOrfnja Koju je MHAYKoBaH CTpecoM Aenyje
Kao Krby4yHU MeamjaTop y Be3n uamehy XpoHWYHor cTpeca
1 HanpegoBawa ABb [31].

4. EnnaeMmMonoLKn JoKasu: XpoHUYHU cTpec Kao dak-
TOop pu3uka 3a Ab

Ha HuBoy nonynauuje, XpOHUYHU CTPEeC ce [OBOAM Y Bedy
ca 3HayajHum nosehaweM uvHUMOEHUMje KOMHUTUBHOT
owTeherwa 1N gemeHumje. Y aHanmam koxopTe Koja je oby-
xBatuna 1,36 mununoHa ocoba, pusnk og Ab 6uo je npu-
onwxHo 2,5 nyta BMWK Mehy rbyauma Kojuma je gujarHo-
CTUMKOBAH XPOHWYHU cTpec U 4 nyTa Behu mehy oHuma
Ca XPOHMYHMUM CTPECOM W AenpecujoM. Tako nogaum yka-
3yjy ga nocTtoju aguTuBHa Besa u3Mehy ctpeca n agek-
TUBHE OCETIBUBOCTHU, LUTO FOBOPU Y MPUIIOr XMNoTesn aa
j€ XPOHWYHKU CTpecC rnaBHU eTnonolkn daktop Ab, n 1o
drakTop Koju ce Moxe moamndurkosatu [8].

3akrbyuum

AKTyenHu pgokasu u3 obractu NCUXOHEYpPOUMYHOrorumje
MU HeypoHayKe nokasyjy Oa je XpPOHW4YHM CTpec 3HavajaH
dakTop pusmka 3a Ab. XunepaktuBaumjoMm xunotanamy-
CHO-XMNON3HO-HaAOYOpEXHE OCOBUHE U YKIbyYMBaHEM
CRF1 peuenTopa, cTpec nogpaBa naTosiolKe npouece
Kao WTo cy xunepdocdopunaumja Tay npotemHa, akymy-
nauuja B-amunouga v atpoduja geHgputa. NapanenHo
TOMe, ANCYHKUMOHAaNHa akTMeaumja Mukpornuja daso-
pu3yje Heypo3anarbeHCKO OKpyxehe, ca nosehamwem ny-
Yyer,a Npo3anarbeHCKUX LIMTOKUHA M OKCUAATUBHOI CTpe-
ca, wWTo ybp3aBa HeypoHanHy pereHepauujy u rybutak
CUHarcu.

Y3 ekcnepuMeHTanHe gokase, ennaeMuoriowke cTyguje
Ha Benvk1UM KoxopTama noTephyjy Aa NocToju Be3a uamehy
XPOHWYHOI CTpeca U 3HavyajHo nosehaHor pusmka of Kor-
HUTUBHOr naga, bnarnx HeypoKOorHUTMBHUX nopemehaja u
nemeHuuje Hanvk Ha AB, WWTo je pun3uk Koju ce noropLuasa
y npucycTBy adekTUBHMX KoMopbuanTeTa Kao WTo je ae-
npecuja. OBM nogaum nogpxasajy XMnoTesy Aa XPOHUYHU
CTpec Huje camo MNCcuxornoLkn dakTtop, Beh n etmonaro-
reHcka geTepMuHaHTa ca NpeankKTUBHOM U MHTEPBEHLMO-
HOM BpeaHoLhy.

Crora 6u nHTerpauuja ctpartermja 3a cMakere cTpeca U
NCUXOHEYPOMMYHOMOLLUKMX MHTEpPBEHLMja Yy NpoToKomne 3a
npeseHLUMjy 1 nevewe Ab Morna fa npeacrasrba Teparie-
yTCKM NpaBay, koju obehasa. LinrbaHa ncnutnsara Heypo-
UMYHUX MExaHn3amMa v pa3Boj NepcoHann3oBaHUX NpUCTy-
na morao Ov fa gonpuHece oanarawy nojase 6onectu u
nobosbluaky HeHe KNMHUYKe nporpecuje.

Maria Crina Isac

microglia favors a neuroinflammatory environment, with in-
creased secretion of proinflammatory cytokines and oxida-
tive stress, which accelerates neuronal degeneration and
synaptic loss.

In addition to experimental evidence, epidemiological
studies on large cohorts confirm the association between
chronic stress and a significantly increased risk of cognitive
decline, mild neurocognitive disorders and AD-like demen-
tia, a risk that is accentuated in the presence of affective
comorbidities such as depression. These data strengthen
the hypothesis that chronic stress is not only a psycho-
logical factor, but also an etiopathogenic determinant with
predictive and interventional value.

Therefore, the integration of stress reduction strategies
and psychoneuroimmunological interventions into AD pre-
vention and treatment protocols may represent a promising
therapeutic direction. Targeted investigation of neuroim-
mune mechanisms and the development of personalized
approaches could contribute to delaying the onset of the
disease and ameliorating its clinical progression.
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