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by Western Europe (30%), Eastern Europe (22%)
and developing countries (15%) (Figure 2). Health-
care-associated endocarditis occurs more frequent-
ly in the elderly population, as well as in persons
with a greater number of comorbidities and more
frequent hospitalizations.

The analysis of resistance shows significant re-
gional differences related to the presence of mul-
ti-resistant strains, especially in staphylococcal and
enterococcal infections. Among Staphylococcus au-
reus isolates, MRSA is the highest in North Ameri-
ca (28%), and somewhat lower in Western Europe

(22%), Eastern Europe (18%) and developing coun-
tries (12%) (Figure 3). Vancomycin-resistant entero-
cocci (VRE) are dominant in North America (15%),
and less present in Western Europe (10%), Eastern
Europe (7%) and developing countries (5%).

In all analyzed regions, transthoracic and trans-
esophageal echocardiography are the main diag-
nostic methods. However, the availability of ad-
vanced diagnostic procedures varies considerably.
The use of transesophageal echocardiography (TEE)
is most common in North America (85% of patients)
and Western Europe (80%), followed by Eastern Eu-

Figure 3. Percentage of resistant pathogens in infective endocarditis by regions

Figure 4. Diagnostic methods in infective endocarditis by regions
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hirurskih intervencija je najvec¢a u Severnoj Americi
(32%), zatim u Zapadnoj Evropi (28%), Isto¢noj Evro-
pi (20%) i u zemljama u razvoju (15%) (grafikon 5).
Hospitalni letalitet usled infektivnog endokarditisa
je bio najvisi u Isto¢noj Evropi (18%) i u zemljama u
razvoju (22%), dok je nizi u Severnoj Americi (15%) i
u Zapadnoj Evropi (14%).

Diskusija

Rezultati ovog rada ukazuju na izrazene i kom-
pleksne regionalne razlike u etiologiji, epidemiolo-
giji, dijagnostici, terapijskim pristupima i ishodima
infektivnog endokarditisa u 21. veku. Ove razlike
predstavljaju posledicu delovanja brojnih fakto-
ra, ukljuCujuci demografske promene, nivo razvoja
zdravstvenog sistema, dostupnost savremenih di-
jagnostickih i terapijskih procedura, kao i globalni

Grafikon 5. Ucestalost hirurskih intervencija i letalitet kod infektivnog endokarditisa (%)
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porast antimikrobne rezistencije kao jednog od naj-
vecih izazova. Jedan od najznacajnijih nalaza odnosi
se na promenu etioloskog spektra infektivnog en-
dokarditisa. U razvijenim zemljama Severne Ame-
rike i Zapadne Evrope, Staphylococcus aureus se
jasno izdvaja kao najcesci uzrocnik, Sto predstavlja
znacajan pomak u odnosu na ranije decenije, kada
su streptokoki viridans grupe bili najéesc¢i patogeni.
Ova promena mozZe se dovesti u vezu sa starenjem
populacije, visokom ucestaloséu hroni¢nih bolesti,
¢estom primenom intravaskularnih katetera, hemo-
dijalize i implantabilnih kardijalnih uredaja (5). Tako-
de, porast intravenske upotrebe droga u pojedinim
regionima dodatno doprinosi veéoj ucestalosti stafi-
lokoknog endokarditisa, narocito kod mladih pacije-
nata (10).

Nasuprot tome, u zemljama sa nizim i sred-
njim prihodima i dalje je izraZzena visoka ucestalost
streptokoknog endokarditisa, Sto se delimi¢no moze
objasniti perzistencijom reumatske bolesti srca kao
znacajnog predisponirajuéeg faktora (9). Nedovolj-
na dostupnost preventivne zdravstvene zastite,
ogranicen pristup redovnoj stomatoloskoj nezi i ka-
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sno lecenje infekcija gornjih disajnih puteva dodat-
no povecavaju rizik od nastanka bolesti. Ovi nalazi
naglasavaju znacaj socijalnih i ekonomskih determi-
nanti zdravlja u formiranju globalne epidemiologije
infektivnog endokarditisa.

Problem antimikrobne rezistencije predstav-
lia jedan od najvecih izazova u savremenom lece-
nju infektivnog endokarditisa u 21. veku. Rezultati
istrazivanja ukazuju na visu ucestalost meticilin-re-
zistentnog Staphylococcus aureus (MRSA), globalno
najvaznijeg rezistentnog patogena u infektivnom
endokarditisu, koji je povezan sa vecom stopom
komplikacija, duzom hospitalizacijom i pove¢anom
smrtnoséu, kao i na prisustvo vankomicin-rezisten-
tnih enterokoka u razvijenim regionima, narocito u
Severnoj Americi. Ovaj trend se moze povezati sa
dugogodisnjom i ¢esto nekontrolisanom primenom
antibiotika, kako u bolnickim uslovima, tako i u am-
bulantnoj praksi. Antimikrobna rezistencija znacaj-
no komplikuje terapijski pristup, produzava trajanje
hospitalizacije i povecava rizik od neZeljenih ishoda,
ukljuéujuci smrtni ishod (6).

U regionima sa ogranicenim resursima, niza do-
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rope (65%) and developing countries (50%) (Figure
4). Positive blood cultures before starting the ther-
apy are most common in North America (78%) and
Western Europe (75%), followed by Eastern Europe
(68%) and developing countries (60%).

The results show that surgical treatment is
most common in developed countries, which is as-
sociated with better availability of cardiac surgery
centers and earlier recognition of complications.

The frequency of surgical interventions is highest in
North America (32%), and much lower in Western
Europe (28%), Eastern Europe (20%) and in devel-
oping countries (15%) (Figure 5). Hospital mortali-
ty caused by infective endocarditis was highest in
Eastern Europe (18%) and in developing countries
(22%), while it was much lower in North America
(15%) and Western Europe (14%).

Figure 5. Frequency of surgical interventions and case fatality rate in infective
endocarditis (%)
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Discussion

Theresults of this study point to pronounced and
complex regional differences related to etiology, epi-
demiology, diagnostics, therapeutic approaches and
outcomes of infective endocarditis in the 21** centu-
ry. These differences are the result of the action of
numerous factors, including demographic changes,
the level of development of the health system, the
availability of modern diagnostic and therapeutic
procedures, as well as the global increase in anti-
microbial resistance as the biggest challenge. One
of the most significant findings refers to the change
in the etiological spectrum of infective endocarditis.
In developed countries of North America and West-
ern Europe, Staphylococcus aureus clearly stands
out as the most common causative agent, which
represents a significant shift compared to previous
decades, when viridans streptococci were the most
common pathogens. The change can be associated
with the aging of the population, the high frequency
of chronic diseases, the frequent use of intravascu-
lar catheters, hemodialysis and implantable cardiac
devices (5). Also, the increase in intravenous drug
use in certain regions additionally contributes to the
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higher frequency of staphylococcal endocarditis, es-
pecially in younger patients (10).

In contrast, in low- and middle-income coun-
tries, high frequency of streptococcal endocarditis
is still pronounced, which can be partly explained
by the persistence of rheumatic heart disease as a
significant predisposing factor (9). The insufficient
availability of preventive health care, limited access
to regular dental care and late treatment of upper
respiratory tract infections further increase the risk
of developing the disease.

The problem of antimicrobial resistance repre-
sents one of the greatest challenges in the modern
treatment of infective endocarditis in the 21* centu-
ry. Research results point to the higher frequency of
methicillin-resistant Staphylococcus aureus (MRSA),
the most important resistant pathogen in infective
endocarditis at the global level, which is associated
with a higher rate of complications, longer hospital-
ization and high mortality, and vancomycin-resist-
ant enterococci in developed regions, especially in
North America. This trend can be associated with
the long-term and often uncontrolled use of an-
tibiotics, both in hospital conditions and in outpa-
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kumentovana stopa rezistencije ne mora pokazati
realno stanje, ve¢ moze biti posledica malog broja
mikrobioloskih analiza i ograni¢ene laboratorijske
infrastrukture. U takvim uslovima, empirijska te-
rapija se Cesto sprovodi bez preciznog poznavanja
uzrocnika i njegove osetljivosti, Sto moZe doprineti
neuspehu terapije i daljem razvoju rezistencije. Ovi
nalazi ukazuju na potrebu za ja¢anjem mikrobiolos-
kih kapaciteta i standardizacijom dijagnostickih pro-
cedura na globalnom nivou (11).

Dijagnostika infektivnog endokarditisa pred-
stavlja poseban izazov zbog &esto nespecifi¢nih kli-
ni¢kih simptoma i varijabilnog toka bolesti. U razvi-
jenim zdravstvenim sistemima, Siroka dostupnost
transezofagealne ehokardiografije, naprednih sli-
kovnih metoda i savremenih laboratorijskih testova
omogucava ranije i preciznije postavljanje dijagno-
ze. Suprotno tome, u regionima sa slabije razvije-
nom zdravstvenom infrastrukturom, dijagnoza se
cesto postavlja kasno, kada su veé prisutne ozbiljne
komplikacije poput embolijskih dogadaja ili sréane
insuficijencije (12). Ovakva kasnjenja direktno uticu
na loSije terapijske ishode i viSu stopu mortaliteta
(1,12).

Terapijski pristupi infektivnom endokarditisu
znacajno variraju Sirom sveta zbog dostupnosti re-
sursa, finansijskih ograni¢enja i zdravstvenih siste-
ma. U razvijenim zemljama, multidisciplinarni tim-
ski pristup, koji ukljucuje kardiologe, mikrobiologe,
infektologe i kardiohirurge, postaje standard u le-
¢enju infektivnog endokarditisa (1). Ovakav pristup
omogucava pravovremeno donoSenje odluka o hi-
rurSkoj intervenciji, optimizaciju antimikrobne te-
rapije i bolju kontrolu komplikacija. U regionima sa
ograni¢enim resursima, ovakav model lecenja ¢esto
nije dostupan, Sto moZze predstavljati veliki problem
za tok bolesti.

Hirursko lecenje predstavlja kljuéni terapijski
modalitet kod odredenog broja pacijenata, narocito
onih sa teskim valvularnim ostec¢enjima, perzisten-
tnom bakterijemijom ili ponovljenim embolijskim
dogadajima. Vise od 50% pacijenata sa infektivnim
endokarditisom u razvijenim zemljama podvrgava
se hirurskoj intervenciji (9). Veca ucestalost hirur-
Skih intervencija u razvijenim zemljama moZze uka-
zivati na bolju dostupnost specijalizovanih centara,
ali i na agresivniji terapijski pristup. S druge strane,
nize stope hirurSkog le¢enja u zemljama u razvoju
Cesto su posledica kasnog upucivanja pacijenata ili
nedostatka tehnickih i kadrovskih kapaciteta, Sto
negativno utice na prognozu.

Mortalitet povezan sa infektivnim endokarditi-
som i dalje ostaje visok Sirom sveta, uprkos napret-
ku medicine (6,9). Vece stope smrtnosti u regionima
sa slabije razvijenim zdravstvenim sistemima nagla-
Savaju znacaj ranog prepoznavanja bolesti, adekvat-
ne terapije i organizacije zdravstvene zastite. Ovi po-
daci ukazuju na potrebu za globalnim strategijama
koje bi unapredile prevenciju, dijagnostiku i le¢enje
infektivnog endokarditisa, uz uvazavanje lokalnih
specificnosti.

Neka istraZivanja ukazuju da infektivni endokar-
ditis viSe nije bolest mladih osoba sa urodenim sr-
¢anim manama (kako je bilo u proslosti), ve¢ sve Ce-
Sée pogada stariju populaciju (iznad 65-70 godina)
(13). Kod starijih osoba glavni faktori rizika su dege-
nerativne promene zalistaka, dijabetes, maligniteti
i ¢eSéi kontakti sa zdravstvenim sistemom (bolnicke
infekcije). Ovi pacijenti ¢esto imaju atipi¢ne simpto-
me, Sto dovodi do kasnijeg postavljanja dijagnoze.
Stariji pacijenti rede se upucuju na hirursko leenje
zbog visokog rizika i komorbiditeta i imaju loSiju pro-
gnozu u poredenju sa mladom populacijom.

Prevencija infektivnog endokarditisa predstav-
lja vazan, ali ¢esto zanemaren aspekt zdravstvene
zastite. Edukacija pacijenata sa visokim rizikom, ra-
cionalna primena antibiotika i unapredenje bolni¢-
ke kontrole infekcija kljuéni su elementi u smanjenju
incidencije bolesti (1,8). Takode, kontinuirana edu-
kacija zdravstvenih radnika o savremenim smernica-
ma i obrascima rezistencije moze doprineti boljem
upravljanju ovom boleséu.

Uprkos znadajnom napretku u razumevanju
patogeneze i terapije infektivnog endokarditisa, re-
zultati ovog rada jasno ukazuju da regionalne razli-
ke i dalje predstavljaju ozbiljan izazov (10). Razvoj
medunarodnih vodic¢a koji uzimaju u obzir lokalnu
epidemiologiju i obrasce rezistencije, kao i jaCanje
zdravstvenih sistema u nerazvijenim regionima,
predstavljaju klju¢ne korake ka smanjenju globalnog
tereta ove bolesti. Dalja istrazivanja, medunarodna
saradnja i ulaganje u zdravstvenu infrastrukturu ne-
ophodni su za unapredenje ishoda i kvaliteta Zivota
pacijenata obolelih od infektivhog endokarditisa.

Zakljucak

Rezultati istrazivanja potvrduju da je infektivni
endokarditis u 21. veku doZiveo znacajnu epidemi-
olosku transformaciju, obelezenu dominacijom sta-
filokoka i porastom rezistentnih sojeva u razvijenim
regionima. Ipak, perzistencija reumatske bolesti
srca i ograniceni dijagnosticki resursi u zemljama u
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tient practice. Antimicrobial resistance significantly
complicates the therapeutic approach, prolongs the
duration of hospitalization and increases the risk of
adverse outcomes, including mortality (6).

In regions with limited resources, the lower
registered resistance rate may not reflect the real
situation, but may be the consequence of a small
number of microbiological analyses and limited
laboratory infrastructure. In these conditions, em-
piric therapy is often implemented without precise
knowledge of the causative agent and its sensitivity,
which could contribute to the failure of therapy and
the further development of resistance. These find-
ings point to the need to strengthen microbiological
capacities and standardize diagnostic procedures at
the global level (11).

The diagnosis of infective endocarditis is a par-
ticular challenge due to frequently non-specific clin-
ical symptoms and variable course of the disease. In
developed healthcare systems, the wide availability
of transesophageal echocardiography, advanced im-
aging methods, and modern laboratory tests enable
earlier and more accurate diagnosis. In contrast, in
regions with a less developed healthcare infrastruc-
ture, diagnosis is often established late, when seri-
ous complications such as embolic events or heart
failure are already present (12). Such delays directly
influence worse therapeutic outcomes and a higher
mortality rate (1,11).

Therapeutic approaches to infective endocar-
ditis vary significantly worldwide due to the availa-
bility of resources, financial constraints, and health-
care systems. In developed countries, a multidis-
ciplinary team approach, which includes cardiolo-
gists, microbiologists, infectious disease specialists
and cardiac surgeons, is becoming the standard in
the treatment of infective endocarditis (1). This ap-
proach enables timely decision making on surgical
intervention, optimization of antimicrobial therapy
and better control of complications. In regions with
limited resources, this model of treatment is often
not available, which can be a major problem for the
course of the disease.

Surgical treatment is a key form of therapy in
a certain number of patients, especially those with
severe valvular damage, persistent bacteremia, or
repeated embolic events. More than 50% of pa-
tients with infective endocarditis in developed
countries undergo surgical intervention (9). A high-
er frequency of surgical interventions in developed
countries may indicate a better availability of spe-

cialized centers, but also a more aggressive thera-
peutic approach. On the other hand, lower rates of
surgical treatment in developing countries are of-
ten the result of late referral of patients or lack of
technical and personnel capacity, which negatively
affects the prognosis.

Mortality associated with infective endocarditis
remains high worldwide, despite medical advances
(6,9). Higher mortality rates in regions with less de-
veloped health systems emphasize the significance
of early disease recognition, adequate therapy and
organization of health care. These data indicate the
need for global strategies that would improve the
prevention, diagnosis and treatment of infective en-
docarditis, while respecting local specificities.

Some studies indicate that infective endocar-
ditis is no longer a disease of young people with
congenital disorders (as it was in the past), but in-
creasingly a disease of the elderly (over 65 or 70
years old) (13). In the elderly, the main risk factors
are degenerative changes in the valves, diabetes,
malignancies and more frequent contacts with the
healthcare system (hospital infections). Thus, el-
derly people often have atypical symptoms, which
leads to a later diagnosis. Elderly patients are less
likely to undergo a surgery (due to high surgical
risk and comorbidities) and have a worse prognosis
compared to younger population.

The prevention of infective endocarditis is an
important but often neglected aspect of healthcare.
The education of high-risk patients, the rational use
of antibiotics and the improvement of hospital con-
trol of infections are key elements in reducing the
incidence of disease (1,8). Also, the continuous ed-
ucation of healthcare workers about modern guide-
lines and resistant patterns can contribute to better
management of this disease.

Despite significant progress in the understand-
ing of pathogenesis and treatment of infective en-
docarditis, the results of this study clearly indicate
that regional differences remain a serious challenge
(10). The development of international guidelines
that take into account the local epidemiology and
patterns of resistance, as well as the strengthening
of healthcare systems in developing regions, are
key steps towards reducing the global burden of
this disease. Further research, international coop-
eration and investment in health infrastructure are
necessary to improve the outcome and quality of
life of patients with infective endocarditis.
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SUMMARY

Introduction/Aim: Darier disease is a rare autosomal dominant genodermatosis caused by mutations in
the ATP2A2 gene and characterized by distinct clinical and histopathological findings. The aim of this study
was to present the epidemiological and therapeutic characteristics of patients with Darier disease treated
at a tertiary care center over a fifteen-year period.

Methods: A retrospective cohort study including 67 patients diagnosed with Darier disease and treated
at the Clinic of Dermatovenereology, University Clinical Center of Serbia, Belgrade, Republic of Serbia, was
conducted. The diagnosis was established based on characteristic clinical presentation and histopatholog-
ical confirmation. Epidemiological, clinical, and therapeutic characteristics were analyzed.

Results: Female predominance (66%) was observed in the study population, while the first skin lesions
most commonly appeared during adolescence and early adulthood. Positive family history was recorded
in 48% of patients, supporting the autosomal dominant inheritance pattern. Lesions were predominantly
localized on the trunk (85%). Neuropsychiatric comorbidities were observed in 16% of patients. Topical
therapy was used in all patients, whereas systemic retinoids were administered in 51% of patients, pre-
dominantly in generalized forms of the disease.

Conclusion: The results highlight the chronic course of the disease, marked phenotypic variability, and the

need for individualized therapeutic approaches.

Keywords: Darier disease, genodermatosis, epidemiology, therapy
- J
Introduction chiatric comorbidities, including epilepsy and neu-

Darier disease, also known as dyskeratosis
follicularis is a rare autosomal dominant genoder-
matosis caused by mutations in the ATP2A2 gene,
which encodes sarco/endoplasmic reticulum Ca?
— ATPase type 2 (SERCA2) (1,2). The disruption in
intracellular calcium homeostasis leads to acanthol-
ysis and dyskeratosis, which is clinically manifested
by hyperkeratotic papules predominantly localized
in seborrheic areas (1).

The prevalence of this disease is estimated be-
tween 1:30,000 and 1:100,000, with equal repre-
sentation of both sexes in most population studies
(1,3). Although penetrance is high, phenotypic ex-
pressivity is highly variable, even within the same
family (4,5).

In addition to cutaneous manifestations, there
are more and more data on systemic and neuropsy-

rodegenerative disorders (6), heart failure (7) and
metabolic disorders (8), which further emphasizes
the significance of a comprehensive approach to
patients with Darier disease.

The aim of this study was to present the epi-
demiological and therapeutic characteristics of pa-
tients with Darier disease treated at a tertiary care
center over a fifteen-year period.

Methods

A retrospective cohort study that included 67
patients diagnosed with Darier disease and treated
at the Clinic of Dermatovenereology, University Clin-
ical Center of Serbia, Belgrade, Republic of Serbia,
was conducted. The medical records of patients,
who were examined in 2020, during the COVID-19
pandemic, were analyzed.

© 2026 Health Care.
Published under the terms of the CC BY 4.0 license
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The diagnosis of Darier disease was established
based on characteristic clinical presentation and
histopathological confirmation. Data on gender, age
at the onset of the first symptoms, family history,
localization of changes, presence of comorbidities
and applied therapeutic modalities were collected.
Data were analyzed using the method of descriptive
statistics and presented as absolute and relative fre-
guencies. The study was conducted in accordance
with the principles of the Declaration of Helsinki
and approved by the Ethics Committee of Univer-
sity Clinical Center of Serbia (decision number:
65143/2020-E0).

Results

Out of 67 patients with Darier disease, 44 (66%)
were women, while 23 (34%) were men (Figure 1).
The first skin lesions appeared in 76% of partici-
pants during the first three decades of life, most
often during puberty (Figure 2). Positive family his-
tory was recorded in 48% of patients, while nega-
tive family history was recorded in 52% of patients
(Figure 3).

Skin lesions were predominantly localized on
the trunk (85%) (Figure 1). Based on the clinical
presentation, the classic generalized form of the
disease was present in 97% of patients, while the
linear and bullous presentations were recorded in
1.5% of patients (Figure 4).

Figure 1. Sex distribution of patients with Darier
disease
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Slika 1. Karakteristi¢ne hiperkeratoti¢ne papule u ti-
picnoj distribuciji (presternalno i submamarno) kod
pacijentkinje sa Darierovom boles¢u

Analiza lokalizacije lezija pokazala je dominan-
tnu zahvadenost seboroicnih regija, pre svega trupa,
vrata i ekstremiteta (grafikon 5). Neuropsihijatrijski
komorbiditeti evidentirani su kod 16% ispitanika.

Lokalna terapija primenjivana je kod svih paci-
jenata, naj¢escée u vidu emolijensa (79%) i lokalnih
kortikosteroida (58%). Sistemski retinoidi korisc¢eni
su kod 51% pacijenata, uglavnom kod generalizova-
nih i klinicki izraZenijih formi bolesti (grafikon 6).

Grafikon 6. Distribucija ispitanika sa Darierovom
boles¢u prema vrsti terapije
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Diskusija

Rezultati naSe retrospektivne serije slucajeva
potvrduju da se Morbus Darier najéesée manife-
stuje u adolescenciji i ranoj odrasloj dobi, Sto je u
skladu sa klini¢kim opisima iz savremenih pregleda
literature. Takagi i sar. (1) navode da se prve lezije u
najvecem broju slucajeva javljaju tokom druge de-
cenije Zivota, dok Ettinger i sar. (3) potvrduju da se
bolest tipi¢no ispoljava u pubertetu, uz hronican i
relapsno-remitentni tok. Nasi podaci, prema kojima
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Grafikon 5. Ucestalost lokalizacije Darierove bolesti na predilekcionim mestima
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Figure 1. Characteristic hyperkeratotic papules in a
typical distribution (presternal and submammary
regions) in a patient with Darier disease

The analysis of the localization of lesions
showed a predominant involvement of seborrheic
regions, primarily the trunk, neck and extremities
(Figure 5). Neuropsychiatric comorbidities were ob-
served in 16% of patients.

Topical therapy was used in all patients, most
frequently in the form of emollients (79%) and lo-
cal corticosteroids (58%). Systemic retinoids were
administered in 51% of patients, predominantly in
generalized and clinically more pronounced forms
of the disease (Figure 6).

Figure 6. Therapeutic modalities in patients with
Darier disease
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Discussion

The results of the retrospective case series con-
firm that Morbus Darier most commonly appears
during adolescence and early adulthood, which is
consistent with clinical descriptions from contempo-
rary literature reviews. Takagi et al. (1) state that the
first lesions in most cases appear during the second
decade of life, while Ettinger et al. (3) confirm that
the disease typically occurs in puberty, and is charac-
terized by a chronic relapsing-remitting course. Our
data, according to which 76% of patients first pre-
sented with lesions in the first three decades of life,
are consistent with this pattern.
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se 76% pacijenata prvi put javilo sa promenama u
prve tri decenije Zivota, uklapaju se u ovaj obrazac.

Polna distribucija u nasoj seriji pokazala je bla-
gu predominaciju Zenskog pola. Medutim, vecina
preglednih radova ukazuje na priblizno jednaku za-
stupljenost oba pola (1,9). S obzirom na relativno
mali uzorak i jednocentri¢ni karakter studije, razlika
u nasoj populaciji verovatno odrazava distribuciju
upucenih pacijenata, a ne stvarnu epidemioloSku
razliku.

Genetska osnova bolesti danas je dobro defini-
sana kroz mutacije gena ATP2A2, koji kodira SERCA2
pumpu i ima kljuénu ulogu u regulaciji intracelular-
ne homeostaze kalcijuma. Moschella i sar. (2) isticu
da poremedaj kalcijumske signalizacije dovodi do
gubitka dezmozomalne adhezije i abnormalne ke-
ratinizacije, Sto objasnjava histopatoloski nalaz su-
prabazalne akantolize i diskeratoze. lako u nasoj se-
riji nije sprovodena molekularna analiza, prisustvo
pozitivne porodi¢ne anamneze kod gotovo polovine
pacijenata potvrduje autozomno dominantni obra-
zac nasledivanja.

Znacajna fenotipska varijabilnost, ukljucujudi
intrafamilijarne razlike, dobro je dokumentovana.
Onozuka i sar. (4) pokazali su da ¢lanovi iste poro-
dice sa identicnom mutacijom mogu imati razlicitu
klinicku ekspresiju. Ruiz-Perez i sar. (10) ukazali su
da odredene missense mutacije mogu biti poveza-
ne sa varijabilnim koZznim fenotipom, dok neurop-
sihijatrijske manifestacije nisu striktno vezane za tip
mutacije. ldentifikacija novih mutacija, ukljuéujuci
sporadicne slucajeve (11) i teske fenotipe povezane
sa specificnim mutacijama (12), dodatno potvrduje
genetsku heterogenost bolesti.

U nasoj seriji slu¢ajeva registrovana je ucesta-
lost neuropsihijatrijskih poremecaja od 16%. Ovaj
nalaz je u skladu sa savremenim populacionim istra-
Zivanjima. Curman i sar. (6) pokazali su povecan rizik
za neurodegenerativne poremedaje i epilepsiju kod
pacijenata sa Darierovom bole$éu, dok su ranije stu-
dije ukazivale na povezanost sa afektivnim i kogni-
tivnim poremecajima (13). Ovi podaci sugerisu da
Darierovu bolest ne treba posmatrati iskljuéivo kao
dermatolosko oboljenje, veé kao sistemsku bolest
sa moguéim neuroloskim implikacijama.

Pored neuropsihijatrijskih komorbiditeta, u li-
teraturi su opisane i druge sistemske asocijacije.
Bachar-Wikstrom i sar. (7) identifikovali su poveéan
rizik od sréane insuficijencije, dok su Ahanian i sar.
(8) ukazali na specifican metabolicki fenotip pove-
zan sa Darierovom boles¢u. lako u nasoj studiji ove

asocijacije nisu sistematski analizirane, one ukazuju
na potrebu Sire klinicke procene pacijenata. Tera-
pijski pristup u nasoj seriji oslanjao se na standar-
dne mere. Lokalna terapija, ukljucujuéi emolijense
i kortikosteroide, predstavlja osnovu lecenja (9).
Sistemski retinoidi ostaju terapija izbora kod ume-
renih i teSkih formi bolesti, uz znacajno poboljsanje
klinicke slike, ali i mogucnost nezeljenih efekata koji
zahtevaju paZljivo pracenje (9). Takagi i sar. (1) tako-
de navode da retinoidi efikasno redukuju hiperke-
ratozu i inflamaciju, bez uticaja na osnovni genetski
poremeda;.

Ettinger i sar. (3) naglasavaju da, uprkos napret-
ku u razumevanju molekularne patogeneze, tera-
pijske opcije i dalje ostaju ogranicene i uglavhom
simptomatske. U tom kontekstu, istraZivanja ciljanih
terapija usmerenih na regulaciju kalcijumske home-
ostaze predstavljaju potencijalni iskorak. Hunt i sar.
(14) pokazali su da dantrolen moZe korigovati celij-
ske poremecaje karakteristi¢ne za Darierovu bolest
u eksperimentalnim modelima, dok je u pojedinac-
nim klini¢kim izvestajima opisana uspes$na primena
naltreksona (15). Ipak, ove terapije su jo$ uvek u
fazi evaluacije i ne predstavljaju standardnu klinic¢ku
praksu.

Nasi rezultati potvrduju da je u klinickoj prak-
si terapija i dalje usmerena na kontrolu relapsa i
ublaZzavanje simptoma, uz zadovoljavajudi terapijski
odgovor kod veéine pacijenata. Medutim, hroni¢an
tok bolesti i povremene egzacerbacije ukazuju na
potrebu razvoja ciljane terapije zasnovane na mole-
kularnim mehanizmima bolesti.

Fenotipska varijabilnost, od blagih do disemino-
vanih formi, znacajno uti¢e na kvalitet Zivota i oteza-
va standardizaciju terapijskog pristupa (5).

Ova studija ima odredena ograni¢enja koja
treba uzeti u obzir pri tumacenju rezultata. Retros-
pektivni dizajn i oslanjanje na medicinsku doku-
mentaciju podrazumevaju moguénost nepotpunih
podataka. Tokom petnaestogodisnjeg perioda do-
kumentacija nije bila potpuno standardizovana, Sto
je ogranicilo dostupnost pojedinih varijabli.

Iz navedenog razloga nije sprovedena inferenci-
jalna statisticka obrada. S obzirom na nepotpunost
podataka, primena sloZenijih statistickih modela
mogla bi dovesti do parcijalne analize i potencijalno
pogresnih zaklju¢aka. Stoga je primenjen deskriptiv-
ni pristup, koji najverodostojnije prikazuje raspolo-
Zive podatke.

Studija je jednocentri¢na, Sto ograni¢ava mo-
guénost generalizacije rezultata. Ipak, imajuci u vidu
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Sex distribution in our case series showed a slight
female predominance. However, the majority of re-
view articles indicate approximately equal distribu-
tion of both sexes (1,9). Given the relatively small
sample and the single-center character of the study,
the difference in our population probably reflects the
distribution of referred patients, rather than a true
epidemiological difference.

The genetic basis of the disease is today well de-
fined through mutations in the ATP2A2 gene, which
encodes the SERCA2 pump and plays a key role in
the regulation of intracellular calcium homeostasis.
Moschella et al (2) point out that the disruption in
calcium signaling leads to the loss of desmosomal ad-
hesion and abnormal keratinization, confirmed by the
histopathological findings of suprabasal acantholysis
and dyskeratosis. Although molecular analysis was
not conducted in our case series, the presence of pos-
itive family history in almost half of patients confirms
the autosomal dominant inheritance pattern.

Considerable variability in the disease phenotype,
including intra-familial variability, is well documented.
Onozuka et al. (4) showed that members of the same
family with an identical mutation can have different
clinical expression. Ruiz-Perez et al. (10) indicated that
certain missence mutations may be associated with
variant cutaneous phenotypes, while neuropsychiat-
ric features are independent of mutation class. The
identification of new mutations, including sporadic
cases (11) and severe phenotypes associated with
specific mutations (12), further confirms the genetic
heterogeneity of the disease.

In our case series, the frequency of neuropsy-
chiatric disorders of 16% was registered. This finding
gains additional importance in the light of contem-
porary population studies. Curman et al. (6) showed
an increased risk of neurodegenerative disorders and
epilepsy in patients with Darier disease, while pre-
vious studies indicated an association with affective
and cognitive disorders (13). These data suggest that
Darier disease should not be observed solely as a der-
matological disease, but as a systemic disease with
possible neurological implications.

In addition to neuropsychiatric comorbidities,
other systemic associations have been described in
the literature. Bachar-Wikstrom et al. (7) identified an
increased risk of heart failure in the population with
Darier disease, whereas Ahanian et al. (8) pointed
to the specific metabolic phenotype associated with
the disease. Although these associations were not
systematically analyzed in our study, the above men-
tioned data indicated the need for a broader clinical
assessment of patients. The therapeutic approach

in our case series relied on standard measures that
are recommended in the literature. Topical therapy,
including emollients and corticosteroids, is the main-
stay of treatment (9). Haber and Dib (9) point out that
systemic retinoids remain the therapy of choice in
moderate and severe forms of the disease with a sig-
nificant improvement in the clinical presentation, but
also with potential side effects that require careful
monitoring. Takagi et al. (1) also report that retinoids
effectively reduce hyperkeratosis and inflammation,
but do not affect the underlying genetic disorder.

In a contemporary review by Ettinger et al. (3),
it is emphasized that despite advances made in the
understanding of molecular pathogenesis, therapeu-
tic options still remain limited and mostly symptom-
atic. In this context, research into new therapeutic
approaches aimed at regulating calcium homeostasis
represents a significant step forward. Hunt et al. (14)
showed that dantrolene can correct cellular disease
features of Darier disease in experimental models,
while in individual clinical reports, the successful ad-
ministration of naltrexone was described (15). How-
ever, these therapies are still in the evaluation phase
and do not represent standard clinical practice.

Our results confirm that in real clinical conditions,
therapy is still aimed at relapse control and symptom
relief, with a satisfactory therapeutic response in
most patients. However, the chronic cause of disease
and occasional exacerbations indicate the need for
further research into targeted therapies based on the
molecular mechanisms of the disease.

Considerable variability in the disease phenotype
described in clinical case reports confirms that the
clinical spectrum of the disease can be diverse, from
mild forms to pronounced, disseminated lesions that
significantly affect the quality of life. This variability
further complicates the standardization of the thera-
peutic approach (5).

This study has certain limitations that should be
considered when interpreting the results. The study
is retrospective and based on the analysis of medical
records, which implies that it depends on the quali-
ty and completeness of existing data. During the ob-
served period of fifteen years, the documentation
was not completely standardized, and therefore,
certain clinical and therapeutic parameters were not
available for all patients.

Due to this, a more detailed inferential statistical
analysis was not carried out. Given that the database
did not contain complete and uniform variables for all
patients, the application of more complex statistical
models could lead to partial analysis and potentially
wrong conclusions. Therefore, a descriptive approach,
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retkost oboljenja, prikazana serija predstavlja zna-
¢ajan doprinos razumevanju klinicko-epidemiolos-
kih karakteristika Darierove bolesti u praksi tercijar-
ne zdravstvene zastite.

Zakljucak

Ova retrospektivna studija pruza sveobuhvatan
prikaz epidemioloskih i terapijskih karakteristika
pacijenata sa Darierovom boles¢u u uslovima terci-
jarne zdravstvene zastite. Rezultati potvrduju da se
bolest najéesée manifestuje u adolescenciji i ranoj
odrasloj dobi, sa izrazenom fenotipskom varijabil-
nos$céu i znacajnim udelom pozitivne porodi¢ne ana-
mneze. Dominantna lokalizacija promena na trupu
i potreba za kontinuiranom lokalnom terapijom u
skladu su sa poznatim klinickim obrascem bolesti.
Uocen procenat neuropsihijatrijskih komorbiditeta
dodatno naglasava potrebu za multidisciplinarnim
pristupom u pracenju ovih pacijenata. Terapijski pri-
stup je pretezno simptomatski, pri cemu sistemski
retinoidi predstavljaju terapiju izbora kod tezih for-
mi. S obzirom na hronican tok bolesti i ogranic¢ene
kauzalne terapijske mogucnosti, buduca istrazivanja
trebalo bi da budu usmerena ka ciljanom delovanju
na molekularne mehanizme bolest
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which shows the available data most faithfully, was
applied.

In addition, the study is a single-center study,
which may limit the possibility of generalization of
results. However, taking into consideration the rarity
of this disease, the presented series represents a sig-
nificant contribution to the understanding of clinical
and epidemiological characteristics of Morbus Darier
in the practice of the tertiary healthcare center.

Conclusion

This retrospective study provides a comprehen-
sive review of epidemiological and therapeutic char-
acteristics of patients with Morbus Darier at the ter-
tiary healthcare center. The results confirm that the
disease most commonly appears in adolescence and
early adulthood with pronounced variability in the
disease phenotype and a significant share of positive
family history. The predominant localization of lesions
on the trunk and the need for continuous topical ther-
apy are consistent with the known clinical pattern of
the disease. The observed percentage of neuropsy-
chiatric comorbidities further emphasizes the need
for a multidisciplinary approach in the follow-up of
these patients. The therapeutic approach is predom-
inantly symptomatic, with systemic retinoids being
the treatment of choice for more severe forms. Con-
sidering the chronic course of the disease and the lim-
ited causal therapeutic possibilities, future research
should be directed towards targeting the molecular
mechanisms of the disease.
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SAZETAK

Rano uspostavljanje crevne mikrobiote novorodencadi znacajno je poremeéeno kod dece rodene carskim
rezom, uz karakteristi¢éno odsustvo korisnih anaerobnih bakterija i ve¢i udeo oportunistickih mikroorgani-
zama. Ova pocetna disbioza povezana je sa povec¢anim rizikom od alergija, infekcija i drugih imunoloskih
disbalansa. Probioticka suplementacija predstavlja strategiju za ispravljanje ovih poremecaja. Upotreba
specificnih sojeva, posebno iz rodova Lactobacillus i Bifidobacterium, moze ubrzati kolonizaciju crevnom
mikrobiotom koja je slicna onoj kod dece rodene vaginalnim putem. Ovi probiotici moduliraju imunoloski
odgovor, smanjujuéi Th2 profil i podsticuéi antiinflamatorne signale, dok istovremeno jacaju intestinal-
nu barijeru i poboljSavaju produkciju kratkolanc¢anih masnih kiselina. Klini¢ki podaci ukazuju na pozitiv-
ne efekte, ukljuujuci smanjenje gastrointestinalnih tegoba i incidencije nekrotizirajuéeg enterokolitisa
kod prevremeno rodene dece, kao i poboljsanje imunoloskih markera. Mehanizmi delovanja obuhvataju
konkurenciju za resurse, produkciju bakteriocina i interakciju sa imunim celijama. lako postojeci dokazi
podrzavaju potencijal probiotika u obnovi mikrobiote, varijabilnost medu studijama istice potrebu za du-
gorocnim praéenjem i standardizovanim protokolima kako bi se potpuno procenili zdravstveni ishodi kod

ove populacije.

Klju€ne reci: microbiota, novorodjencad, probiotici
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Uvod

Novorodencad rodena carskim rezom cesto
imaju drugaciju strukturu crevne mikrobiote u po-
redenju sa onima rodenim vaginalnim putem, sto se
moze manifestovati smanjenom raznovrsnoscu bak-
terijskih populacija i odsustvom odredenih korisnih
bakterija koje se prenose tokom prirodnog poroda-
ja (1). Proces kolonizacije creva kod ovih beba zapo-
¢inje kasnije i uz prisustvo vece proporcije oportuni-
stickih mikroorganizama, Sto moze imati dugorocne
posledice po njihov imunoloski i metabolicki razvoj.
Kod dece rodene vaginalnim putem u prvim meseci-
ma zivota dominiraju bakterije iz porodice Bifidoba-
cteriaceae, dok su kod dece rodene carskim rezom
CeSce prisutne razliCite gram-pozitivne i gram-ne-
gativne bakterije koje inace nisu karakteristicne za
zdrave odojencad u ranom periodu razvoja (2). Ove
promene u mikrobioti su povezane sa povecanim ri-
zikom od alergija na hranu, respiratornih infekcija i
drugih imunoloskih disbalansa. Pretpostavlja se da
je jedan od mehanizama pomeranje imunoloskog
odgovora ka Th2 profilu, koji pogoduje razvoju ato-
pijskih reakcija pri izlaganju antigenima (3). Disbio-

za kod novorodencadi moze uticati na proizvodnju
citokina poput IL-4 i IL-10, kao i na sintezu kratko-
lan¢anih masnih kiselina koje igraju klju¢nu ulogu u
odrZavanju intestinalnog integriteta.

Probioticka suplementacija predstavlja strate-
giju koja ima za cilj da ispravi ove poremecaje kroz
unos specificnih sojeva bakterija. Sojevi iz rodova
Lactobacillus i Bifidobacterium su najcesce korisce-
ni zbog svoje sposobnosti da moduliraju imunoloski
odgovor, redukuju inflamaciju i poboljsaju funkcio-
nalnost crevnog epitela. Osim toga, probiotici mogu
poboljsati toleranciju na oralne antigene i smanijiti
ucestalost gastrointestinalnih tegoba poput kolika,
distenzije abdomena ili produzenog placa kod odoj-
¢adi (4). Kod novorodencadi rodene carskim rezom,
dodavanje probiotika, posebno u prvim mesecima
Zivota, ima potencijal da ubrza maturaciju crevne
mikrobiote tako da ona bude sli¢nija mikrobioti
dece rodene vaginalno (1). Neka istrazivanja isticu
da dojenje moze delimi¢no da ublazZi razlike izmedu
ovih grupa beba, ali efekat je izraZeniji kada se do-
jenju doda ciljano probioti¢ko delovanje. Na primer,
kod novorodencadi kojima su davani probioticki

32

© 2026 Health Care.
Published under the terms of the CC BY 4.0 license



Health Care 55(1), 2026

UDK NUMBERS: 615.246-053.3

618.5-089.888.61

DOI: https://www.doi.org/10.5937/zdravzast55-65136

REVIEW ARTICLE

PROBIOTIC SUPPLEMENTATION FOR THE RESTORATION OF INTESTINAL MICROBIOTA IN
NEWBORNS BORN BY CESAREAN SECTION

Ivana Stepanovic¢', Jovana Radovanovi¢?

Special Hospital “Dr. Zuti¢,” Belgrade, Serbia

2University of Kragujevac, Faculty of Medical Sciences, Department of Physiology, Kragujevac, Serbia

Corresponding author: lvana Stepanovi¢, Special Hospital “Dr. Zuti¢”, Bulevar Zorana Pindi¢a 125g, 11070 Belgrade, Serbia; e-mail:
stepanovici69@gmail.com

4 )

SUMMARY

The early establishment of intestinal microbiota in newborns is significantly disrupted in children born by
cesarean section, characterized by the absence of beneficial anaerobic bacteria and an increased propor-
tion of opportunistic microorganisms. This initial dysbiosis is associated with an increased risk of allergies,
infections, and other immune imbalances. Probiotic supplementation represents a strategy to correct these
disorders. The use of specific strains, particularly from the genera Lactobacillus and Bifidobacterium, can
accelerate the colonization of the intestinal microbiota to resemble that of vaginally born children. These
probiotics modulate the immune response, reducing the Th2 profile and promoting anti-inflammatory sig-
nals, while simultaneously strengthening the intestinal barrier and enhancing the production of short-chain
fatty acids. Clinical data indicate positive effects, including a reduction in gastrointestinal complaints and
the incidence of necrotizing enterocolitis in preterm infants, as well as improved immune markers. The
mechanisms of action include competition for resources, production of bacteriocins, and interaction with
immune cells. Although existing evidence supports the potential of probiotics in restoring the microbiota,
variability in studies highlights the need for long-term monitoring and standardized protocols to fully assess

health outcomes in this population.

Keywords: microbiota, newborns, probiotics

NS

J

Introduction

Infants born by caesarean section often have
a different structure of intestinal microbiota com-
pared to vaginally born infants, which can be man-
ifested by reduced diversity of intestinal microbiota
and absence of certain beneficial bacteria that are
transferred during vaginal delivery (1). The process
of intestinal colonization in these babies begins lat-
er and with the presence of greater proportion of
opportunistic microorganisms, which can have a
long-term impact on their immunological and met-
abolic development. In vaginally born neonates,
Bifidobacteriaceae are among the dominant bac-
teria in the first months of life, while children born
by caesarean section are more often found to have
different gram-positive and gram-negative bacteria
that are not characteristic of healthy infants in the
early period of development (2). These changes in
the microbiota are associated with an increased risk
of food allergies, respiratory infections and other im-
mune imbalances. One of the assumed mechanisms
is the shift of the immune response towards the
Th2 profile, which favors the development of atopic

reactions when exposed to antigens (3). Neonatal
intestinal dysbiosis can affect the production of cy-
tokines such as IL-4 and IL-10, as well as the synthe-
sis of short-chain fatty acids that have a key role in
maintaining intestinal integrity.

Probiotic supplementation is a strategy that
tries to correct these disorders through the intake
of specific strains of bacteria. Strains from the Lacto-
bacillus and Bifidobacterium genera are most com-
monly used due to their ability to modulate the im-
mune response, reduce inflammation and improve
the functionality of the intestinal epithelium. In ad-
dition, probiotics, can improve the tolerance to oral
antigens and reduce the incidence of gastrointestinal
complaints such as colic symptoms, abdominal dis-
tension or prolonged crying in infants (4). In infants
born by caesarean section, the supplementation of
probiotics, especially in the first months of life, has
the potential to accelerate the maturation of intes-
tinal microbita, so that it is more similar to the mi-
crobiota of vaginally born children (1). Some studies
point to the fact that breastfeeding can partially re-
pair the differences between these groups of babies,

© 2026 Health Care.
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sojevi poput Lactobacillus rhamnosus GG belezi se
smanjenje Th2 odgovora i bolja imunoloska ravno-
teza u odnosu na kontrolne grupe bez probiotika
(3). Treba napomenuti da prenatalni i postnatalni
faktori dodatno uti¢u na razvoj mikrobiote. Antibi-
otska terapija majke ili deteta, nacin ishrane (doje-
nje ili formula), kao i gestacijska starost pri rodenju
mogu menjati dinamiku kolonizacije creva (5). Po-
red direktnih efekata na digestivni sistem, probiotici
mogu doprineti opstem zdravlju preko tzv. osovine
,crevo—mozak” koja povezuje gastrointestinalnu ak-
tivnost sa neuroloskim funkcijama (6). Zapazeno je
da balansirana mikrobiota moze uticati na sintezu
neurotransmitera, modulaciju nervnog sistema, pa
¢ak i raspolozenje novorodencadi. Time probioti¢ka
intervencija dobija Siri znacaj, jer ne pomaze samo
lokalno unutar creva, ve¢ doprinosi i stabilnijem ne-
uroimunoloskom razvoju.

Kada govorimo o klinickom dokazivanju efika-
snosti probiotika kod novorodencadi rodene car-
skim rezom, treba biti svestan ogranicenja postoje-
¢ih studija. Neke meta-analize ukazuju na pozitivan
trend poboljSanja mikrobiote kod ove populacije, ali
varijabilnost protokola (razlike u vrstama probiotika,
doziranju, duzini primene) oteZava donosenje Cvr-
stih zakljuc¢aka (4). Potrebna su dugotrajnija prace-
nja kako bi se procenio stvarni uticaj ovih interven-
cija na zdravlje nekoliko godina nakon primene. Sa
naucne strane postoji interesovanje za kombinova-
ne intervencije koje spajaju probiotike sa prebiotici-
ma ili drugim bioaktivnim supstancama koje hrane
korisne bakterijske populacije.

Cilj ovog preglednog rada bio je da analizira uti-
caj probioticke suplementacije na restauraciju crev-
ne mikrobiote kod novorodencadi rodene carskim
rezom.

Metode

Pregled literature za ovaj pregledni rad sprove-
den je koris¢enjem nekoliko elektronskih baza po-
dataka: PubMed, NCBI, SCindex i Google Scholar.
U cilju pretrazivanja literature koriséene su kljucne
reci: ,microbiota”, ,novorodjencad” i ,probiotici®
Ukljuéeni su u analizu samo oni radovi koji su bili
na engleskom jeziku i koji su objavljeni u periodu od
2015. do 2025. godine.

Osnove crevne mikrobiote kod novo-
rodencadi

Crevna mikrobiota kod novorodencadi pred-
stavlja sloZen ekosistem sastavljen od hiljada razli-

¢itih mikroorganizama, medu kojima dominiraju
bakterije, ali su prisutni i arheje, gljive, virusi i proto-
zoe (6). Genetski potencijal ovih mikroorganizama
prevazilazi ljudski genom, sa procenama koje suge-
riSu da ukupan broj gena mikrobiote moze biti i do
stotinu puta vedi od broja gena u ljudskim éelijama.
Takva raznolikost omogudava istovremeno obavlja-
nje velikog broja biohemijskih funkcija — od fermen-
tacije nerazgradivih dijetalnih vlakana do sinteze
vitamina poput B12 ili K. Kolonizacija creva zapoci-
nje neposredno nakon rodenja. Kod beba rodenih
vaginalnim putem prvi vazni kontakti sa mikroorga-
nizmima se ostvaruju tokom prolaska kroz porodaj-
ni kanal, kada se na povrsine tela prenose bakterije
iz maj¢ine vaginalne i intestinalne mikrobiote (7).
Kod carskog reza ovaj proces izostaje, pa inicijalnu
kolonizaciju dominantno ¢ine mikrobi iz bolni¢kog
okruZenja ili sa koZze majke i/ili medicinskog osoblja
(8). Posledica toga je promenjena struktura ranog
mikrobioma, odnosno smanjenje udela Bifidoba-
cterium i Lactobacillus, kao i povecanje ucestalosti
oportunisti¢kin vrsta koje mogu posedovati rezi-
stenciju na antibiotike.

Struktura mikrobiote zavisi od niza faktora —
tipa porodaja, nacina ishrane (majc¢ino mleko i/ili
formula), prenatalne izloZzenosti antibioticima, ge-
netske predispozicije i Cak geografske specificnosti
sredine u kojoj novorodence raste. Majcino mleko
pospesuje rast korisnih bakterija zahvaljujudéi prisu-
stvu oligosaharida koji sluze kao prebiotici, dok for-
mula ¢esto dovodi do drugacijih profila kolonizacije
(9). Dosadasnja istrazivanja pokazuju da kod novo-
rodencadi koja konzumiraju majé¢ino mleko tokom
ranog perioda postoji veca stabilnost i raznovrsnost
bakterijske zajednice i tokom prve godine Zivota.
Mikrobiota u neonatalnom periodu je dinamicna,
te u prvih nekoliko meseci dolazi do brzih promena
u sastavu usled prilagodavanja nove populacije mi-
kroorganizama crevnim uslovima domacina. Rani
mikrobni profili kod zdrave odojéadi ukljucuju viso-
ku zastupljenost anaerobnih bakterija koje proizvo-
de kratkolanéane masne kiseline (eng. Short-Chain
Fatty Acids / SCFA), poput acetata i butirata, Sto igra
vaznu ulogu u ocduvanju integriteta intestinalnog
epitela i modulaciji imunoloskog odgovora (10).

Kod dece sa disbhiozom mogu se identifikovati
promene poput poveéanog prisutva gram-nega-
tivnih koliformnih bakterija koje cesto proizvode
lipopolisaharide (LPS), snazne induktore inflamaci-
je (11). Smanjena raznovrsnost mikrobiote se po-
vezuje sa nestabilnijim imunoloskim adaptacijama,
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but the effect is more pronounced when breastfeed-
ing is supplemented with targeted probiotic action.
For example, the administration of strains such as
Lactobacillus rhamnosus GG in newborns shows the
suppression of Th2 response and better immune
balance compared to control groups without probi-
otics (3). It should be noted that prenatal and post-
natal factors additionally influence the development
of microbiota. The antibiotic treatment of mothers
or infants, the feeding method (breastfeeding or
formula feeding), as well as the gestational age at
birth can alter the dynamics of intestinal coloniza-
tion (5). In addition to direct effects on the digestive
system, probiotics can contribute to general health
through the so-called “gut-brain” axis that connects
gastrointestinal activity with neurological functions
(6). It has been noted that balanced microbiota can
influence the synthesis of neurotransmitters, the
modulation of nervous system and even the mood
of infants. Thus, probiotic intervention gains wider
significance, because it not only helps locally inside
the intestines, but can contribute to a more stable
neuro-immunological development.

As far as clinical evidence of the effectiveness of
probiotics in newborns born by caesarean section is
concerned, one should be aware of the limitations
of existing studies. Some meta-analyses indicate a
positive trend of improving the microbiota in this
population, but the variability of the protocol (dif-
ferences in the types of probiotics, dosage, duration
of administration) makes it difficult to draw strong
conclusions (4). Longer follow-up studies are needed
to assess the actual health impact of these interven-
tions several years after administration. From the
scientific perspective, there is interest in interven-
tions that combine probiotics with prebiotics or oth-
er bioactive substances that feed beneficial bacterial
populations.

The aim of this review article was to analyze the
impact of probiotic supplementation on the restora-
tion of intestinal microbiota in infants born by cae-
sarean section.

Methods

The literature search for this review article
was conducted using several electronic databases:
PubMed, NCBI, SCindex, and Google Scholar. The
following key words were used for the literature
search: “microbiota”, “newborns” and “probiotics”.
Only studies in English that were published between

2015 and 2025 were included in the analysis.

Basics of intestinal microbiota in neonates

The intestinal microbiota in neonates is a com-
plex ecosystem composed of thousands of different
microorganisms, among which bacteria are dom-
inant, but archaea, fungi, viruses and protozoa are
also present (6). The genetic potential of these mi-
croorganisms exceeds the human genome, while
estimates suggest that the total number of genes in
the microbiota may be up to a hundred times great-
er than the number of genes in human cells. Such
diversity enables the simultaneous performance of
a large number of biochemical functions — from the
fermentation of non-degradable dietary fibers to the
synthesis of vitamins such as B12 or K. Intestinal col-
onization begins immediately after birth. In vaginally
born infants, the first important contacts with mi-
croorganisms occur when the baby passes through
the birth canal, where bacteria from the mother’s
vaginal and intestinal microbiota are transferred to
the body surface (7). In case of caesarean section,
this process is absent, so the initial colonization is
dominated by microbes from the hospital environ-
ment or from the skin of mother and/or medical
staff (8). Consequentially, the structure of the ear-
ly microbiome is changed, that is, the proportion of
Bifidobacterium and Lactobacillus is reduced, while
the frequency of opportunistic species that may be
resistant to antibiotics is increased.

The structure of microbiota depends on a num-
ber of factors — type of delivery, feeding method
(breastfeeding and/or formula feeding), prenatal
exposure to antiobiotics, genetic predisposition and
even the geographical specificity of the environment
in which the infant grows. Breast milk promotes the
growth of beneficial bacteria due to the presence of
oligosaccharides that serve as prebiotics, while for-
mula feeding often leads to different colonization
profiles (9). Previous research shows that in infants
who consume breast milk in the early period, there
is a greater stability of bacterial community and a
greater diversity in the first year of life. The micro-
biota in the neonatal period is dynamic, and in the
first few months there are rapid changes in its com-
position due to the adaptation of the new popula-
tion of microorganisms to the intestinal conditions
of the host. Early microbial profiles in healthy infants
include a high abundance of anaerobic bacteria that
produce short-chain fatty acids (SCFA) such as ace-
tate and butyrate, which play an important role in
preserving the integrity of the intestinal epithelium
and modulating the immune response (10).
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$to moZe povedati rizik za razvoj alergijskih reakcija
ili gastrointestinalnih poremedaja u kasnijem Zivot-
nom dobu. Mehanizam ukljucuje ne samo proin-
flamatorne signale, vec¢ i slabiju stimulaciju regula-
cionih T celija, koje inace sprecavaju prekomerne
imunoloske reakcije. Kod zdrave odojéadi odnosi iz-
medu dominantnih rodova kao $to su Bifidobacteri-
um, Lactobacillus, kao i Streptococcus thermophilus
odrzavaju homeostazu crevnog okruzenja (12). Veé
mala odstupanja od ovog obrasca mogu dovesti do
promene funkcionalnih puteva koji ukljuéuju meta-
bolizam Zuénih kiselina ili sintezu bioaktivnih poli-
peptida.

Vazan aspekt sastava crevne mikrobiote jeste
njena sposobnost interakcije sa imunoloskim siste-
mom domacina. Kod novorodencadi rodene car-
skim rezom primecen je manjak odredenih tzv. ne-
dostajucih mikroba — vrsta koje bi bile prisutne kod
vaginalnog porodaja — Sto moze rezultirati nezrelim
imunoloskim profilima tokom kriti¢cnog perioda ra-
zvoja (8). Ovo stanje moZze pratiti poveéana koloni-
zacija oportunisti¢ckih patogena sa potencijalnom
rezistencijom na lekove, Sto predstavlja dodatni kli-
nicki izazov. Na nivou metaboli¢kog kapaciteta mi-
krobiota utice na probavu sloZenih ugljenih hidrata,
metabolizam proteina i lipida kao i apsorpciju ele-
menata poput gvozda ili cinka (13). Njena pravilna
struktura doprinosi uravnoteZzenoj produkciji me-
tabolita koji dalje u€estvuju u signalnim putevima
osovine crevo—mozak—imuni sistem. Zbog toga, od-
stupanja od normalnog sastava ne pogadaju samo
lokalno crevo ve¢ mogu imati sistemske posledice
po opste zdravlje deteta.

Uticaj carskog reza na razvoj mikrobiote
Kod porodaja carskim rezom dolazi do preki-
da prirodnog prenosa mikroorganizama sa majke
na novorodence, Sto rezultira potpuno drugadijim
obrascem rane kolonizacije creva u odnosu na pri-
rodni vaginalni porodaj. Umesto kontakta sa maj-
¢inom vaginalnom i intestinalnom florom, inicijalni
mikrobi prilikom carskog reza potiu pre svega iz
spoljasnje sredine — bolni¢kog okruzenja, medicin-
ske opreme i koZe osoblja ili same majke (14). Ova-
kav izvor inokuluma dovodi do toga da dominaciju
u ranim danima Zivota Cesto preuzimaju fakulta-
tivno anaerobne bakterije poput odredenih sojeva
Staphylococcus, Corynebacterium i enterobakterija,
umesto obligatnih anaeroba koji inace Cine jezgro
zdrave neonatalne mikrobiote. Na taj nacin se od-
laze naseljavanje korisnih vrsta poput Bifidobacte-

rium i Lactobacillus, Sto prolongira prelazak ka sta-
bilnoj anaerobnoj zajednici. Veé nekoliko sati nakon
rodenja, u crevima odojcadi rodenih ovim putem
mogu se registrovati vece koncentracije oportuni-
stickih mikroorganizama poreklom iz bolnicke sre-
dine, ukljucujuéi i one sa viSestrukom rezistencijom
na antibiotike (15). To uvecava rizik od potencijalnih
infekcija i nezeljenih imunoloskih reakcija dok je epi-
telna barijera jo$ u fazi sazrevanja. Istovremeno, izo-
stanak ranog stimulusa od strane korisnih anaeroba
moze poremetiti razvoj regulacionih T-éelija, dopri-
noseci Th2 polarizaciji imunoloskog odgovora i po-
vecanom riziku od atopijskih bolesti (16). Osim tipa
bakterijskih sojeva, promenjena je i hronologija ko-
lonizacije. Dok vaginalno rodena deca relativno brzo
(tokom 10 dana) postizu visok udeo bifidobakterija
i laktobacila, kod dece rodene carskim rezom takav
profil moZe kasniti nedeljama ili mesecima (7).
Pored samog nacina porodaja, dodatni faktori
kao Sto su skra¢eno trajanje dojenja, produzen bo-
ravak u bolnici ili antibiotska profilaksa tokom hos-
pitalizacije dodatno uticu na dinamiku kolonizacije
(17). Neka istrazivanja pokazuju da ovakvi obras-
ci mogu trajati i tokom prve godine Zivota ako ne
postoji intervencija koja bi podrzala povratak kori-
snih bakterija. Specifiéne studije ispitivale su uticaj
vitamina D u prenatalnom periodu na mikrobiotu
novorodencadi rodene carskim rezom, pronalazedi
povezanost izmedu nivoa 25(0OH)D i abundancije
nekih taksona poput Acinetobacter i Corynebacte-
rium (18). Ovi rezultati sugeriSu da nutritivni status
majke moze modifikovati inicijalni obrazac koloniza-
cije ¢ak i kada nema kontakta sa vaginalnom florom.
Medutim, prisustvo vrsta kao Sto je Ruminococcus
gnavus, koje su negativno povezane sa nekim imu-
noloskim parametrima kod beba rodenih ovim pu-
tem, ukazuje na potencijalne dugoroéne posledice
koje nadilaze samu ranu kolonizaciju. U poredenju
sa prirodnim porodajem primeéuju se trajne razli-
ke u nivoima glavnih bakterijskih filuma. Na primer
odnos Firmicutes/Bacteroidetes Cesto je pomeren
ka veéem udelu Firmicutes kod beba iz carskog reza,
a ponekad se beleZi i povecan odnos Enterobacte-
riaceae prema Bacteroidaceae (19). Takva struktura
moze pojacati inflamatorni tonus crevnog okruze-
nja i uticati na metabolizam lipida, te energetsku
homeostazu domadina. Posto se ovi parametri for-
miraju tokom “kritiénog prozora” prvih meseci Zi-
vota, odstupanja izazvana nac¢inom porodaja mogu
imati reperkusije na razvoj gojaznosti ili metabolic-
kih poremecaja u kasnijem Zivotnom dobu. Razlika
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In infants with dysbiosis, changes such as the
increased presence of gram-negative coliform bac-
teria that often produce lipopolysacharides (LPS),
powerful inducers of inflammation can be changed
(11). The reduced diversity of microbiota is associat-
ed with more unstable immune adaptations, which
may increase the risk of developing allergic reactions
or gastrointestinal disorders later in life. The mech-
anism includes not only pro-inflammatory signals
but also a weaker stimulation of regulatory T cells
that normally prevent excessive immune responses.
In healthy infants, relationships between dominant
genera such as Bifidobacterium, Lactobacillus, and
Streptococcus thermophilus maintain homeostasis
of intestinal environment (12). Even small deviations
from this pattern can lead to changes in functional
pathways which include the metabolism of bile acids
or the synthesis of bioactive polypeptides.

An important aspect of the composition of in-
testinal microbiota is its ability to interact with the
host’s immune system. In neonates born by caesar-
ean section, the lack of certain, so-called missing
microbes — strains that would be present in vaginal
delivery — which can result in immature immune
profiles during a critical period of development (8).
This condition can be accompanied by increased col-
onization of opportunistic pathogens with potential
resistance to drugs, which represents an additional
clinical challenge. At the level of the metabolic ca-
pacity of the microbiota, it affects the digestion of
complex carbohydrates, the metabolism of proteins
and lipids, as well as the absorption of elements such
asiron and zinc (13). Its regular structure contributes
to the balanced production of metabolites that fur-
ther take part in the signaling pathways of the axis
gut-brain-immune system. Therefore, deviations
from the normal composition do not only affect the
local intestine, but can have systemic consequences
for the infant’s general health.

The influence of caesarean section on the
development of microbiota

During caesarean delivery, the natural transmis-
sion of microorganisms from mother to newborn is
interrupted, which results in a completely different
pattern of early intestinal colonization compared to
natural vaginal delivery. Instead of contact with the
mother’s vaginal and intestinal flora, the initial mi-
crobes during caesarean section originate primarily
from the external environment — hospital environ-
ment, medical equipment and the skin of the staff

or the mother herself (14). This source of inoculum
leads to the domination of facultative anaerobic
bacteria in the early days of life including certain
strains such as Staphylococcus, Corynebacterium
and enterobacteriaceae, instead of obligate anaer-
obes that normally form the core of a healthy ne-
onatal microbiota. In this way, the colonization of
beneficial strains such as Bifidobacterium and Lac-
tobacillus is postponed, which prolongs the transi-
tion to a stable anaerobic community. Several hours
after birth, higher concentrations of opportunistic
microorganisms originating from the hospital envi-
ronment, including those with multiple resistance
to antibiotics, can be registered in the intestines of
infants born this way (15). This increases the risk of
potential infections and unwanted immune reac-
tions while the epithelial barrier is still in the matu-
ration phase. At the same time, the lack of an early
stimulus from beneficial anaerobes can disrupt the
development of regulatory T-cells, which increases
the possibility for the biased orientation of the im-
mune system towards the Th2 profile which is asso-
ciated with atopic diseases (16). Apart from the kind
of bacterial strains, the chronology of colonization is
also changed. While vaginally born children reach a
high proportion of bifidobacteria and lactobacilli rel-
atively quickly (within 10 days), in children born by
caesarean section such a profile can be delayed by
weeks or months (7).

In addition to the type of delivery, additional
factors such as reduced duration of breastfeeding,
prolonged hospital stay or antibiotic prophylaxis
during hospitalization additionally affect the dynam-
ics of colonization (17). Some research shows that
such patterns can persist during the first year of life
if there is no intervention to support the return of
beneficial bacteria. Specific studies have examined
the influence of vitamin D in the prenatal period on
the microbiota of neonates born by caesarean sec-
tion, and found the connection between the level
of 25(0OH)D and the abundance of some taxa such
as Acinetobacter and Corynebacterium (18). These
results suggest that maternal nutritional status can
modify the initial colonization pattern even when
there is no contact with vaginal flora. However, the
presence of strains such as Ruminococcus gnavus,
which are negatively associated with some immuno-
logical parameters in infants born this way, indicates
potential long-term consequences that surpass the
early colonization itself. Compared to natural deliv-
ery, persistent differences in the levels of the main
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nije samo kvantitativna nego i funkcionalna: odsu-
stvo dobrih anaeroba dovodi do nize proizvodnje
SCFA, posebno butirata, koji je klju¢an za ishranu
kolonocita i ima antiinflamatorna svojstva (3). Niza
koncentracija SCFA moZe kompromitovati integritet
mukozne barijere i povecdati propustljivost creva za
antigene iz hrane ili patogene mikroorganizme. Na
imunoloSkom nivou to znadi ¢es¢u aktivaciju proi-
nflamatornih puteva preko LPS-a gram-negativnih
bakterija koje preovladuju pri disbiozi. lako vreme-
nom dolazi do delimiéne konvergencije mikrobioma
izmedu beba rodenih razli¢itim metodama, pojedi-
ne razlike ostaju detektabilne ¢ak do kraja prve go-
dine Zivota.

Za neke funkcionalne grupe bakterija oporavak
bez ciljane intervencije je spor ili nepotpun. Tu se
otvara prostor za probiotike kao strategiju interven-
cije; selekcija sojeva slicnih onima kojima bi beba
bila izloZena pri vaginalnom porodaju potencijal-
no moze ubrzati formiranje zastitnog anaerobnog
ekosistema. Treba istadi da nisu svi slucajevi carskog
reza jednaki — elektivni porodaj bez pucanja vode-
njaka potpuno eliminise kontakt sa materinim geni-
talnim traktom, dok kod hitnog carskog reza nakon
delimi¢no zapocetog prirodnog porodaja moze dodi
do ograni¢enog prenosa maijcinskih bakterija. Ove
razlike mogu donekle modifikovati obrazac inicijal-
ne kolonizacije, pa ih treba uzeti u obzir prilikom
procene rizika i planiranja intervencija.

Definicija i osnovne karakteristike probio-
tika

Probiotici se definisu kao “Zivi mikroorganizmi
koji, kada se primenjuju u adekvatnim koli¢inama,
donose zdravstvenu korist domadinu” (14). Naj-
¢eséi probiotici pripadaju rodovima Lactobacillus i
Bifidobacterium, iako se koriste i drugi poput Strep-
tococcus thermophilus, Saccharomyces boulardii i
odredeni sojevi enterokoka. Svaki od njih poseduje
specificne mehanizme delovanja — neki kolonizuju
mukozne povrsine i konkuriSu patogenima za ve-
zivanje na receptorske strukture, drugi proizvode
kratkolancane masne kiseline koje regulisu pH crev-
nog lumena, a treéi podsticu sintezu antimikrobnih
peptida ili bakteriocina koji direktno inhibiraju rast
patogenih bakterija. Liu et al. (20) navode da delo-
vanje probiotika uklju¢uje konkurenciju za koloni-
zaciona mesta i nutritivne resurse, inhibiciju rasta
Stetnih bakterija putem produkcije SCFA i bakteri-
ocina, modulaciju imunoloskog odgovora stimulaci-
jom citokina i imunoglobulina, te poboljsanje inte-

griteta crevne barijere stimulacijom produkcije mu-
cinskih glikoproteina. Probiotici kod novorodencadi
mogu doprineti ubrzanom uspostavljanju stabilne
bakterijske zajednice putem povecanja ekspresije
proteina u epitelu, ¢ime se smanjuje propustljivost
intestinalne barijere za antigene ili toksine. Neki so-
jevi iz roda Bifidobacterium povezani su sa indukci-
jom antiinflamatornih citokina IL-10 i TGF-B, kao i sa
funkcionalnom diferencijacijom regulatornih T-Ce-
lija (Tregs) (21), ¢ime se doprinosi odrZavanju rav-
noteze izmedu proinflamatornih i antiinflamatornih
signala u crevima.

Osnovna karakteristika probioti¢kih mikroorga-
nizama je njihova otpornost na uslove u gornjem
delu digestivnog sistema. Oni moraju preziveti nisku
pH vrednost u Zelucu i dejstvo Zuénih soli u tankom
crevu. Ovo je omoguceno specificnim adaptivnim
mehanizmima na éelijskoj membrani, koji obezbe-
duju ocuvanje funkcionalnosti enzima neophodnih
za metaboli¢ku aktivnost nakon dospevanja u kolon.
Probiotici deluju i putem interakcija sa ¢elijama uro-
denog imuniteta — dendritske ¢elije prepoznaju mi-
krobne obrasce probiotic¢kih sojeva preko receptora
kao $to su TLR2 (eng. Toll- like receptor 2) ili TLR4
(eng. Tumor nekrosis faktor / TNF), $to moZe dovesti
do sinteze citokina koji oblikuju adaptivni imunski
odgovor. Neke bifidobakterije indukuju produkciju
IFN-y i TNF-a od strane imunih éelija, dok laktobacili
mogu smanjiti nivoe IL-4, IL-5 i IL-13, ¢ime doprino-
se smanjenju alergijskog potencijala (22). Ove imu-
nomodulatorne osobine ¢ine ih pogodnim kandida-
tima za prevenciju atopijskih bolesti kod populacija
sa vecim rizikom usled disbioze u ranom Zivotnom
periodu.

Vrste probiotika relevantnih za novo-
rodencad

Kod novorodencadi, posebno onih rodenih car-
skim rezom, izbor odgovarajucih probioti¢kih sojeva
mora uzeti u obzir specificne potrebe njihove jos
nezrele crevne mikrobiote i imunoloskog sistema.
Najéesée proucavani probiotici za ovu populaciju
pripadaju rodovima Lactobacillus i Bifidobacterium,
buduci da ovi mikroorganizmi prirodno dominiraju
u mikrobioti zdravih terminski rodenih beba koje su
dojene majéinim mlekom. Kod beba sa odlozenom
anaerobnom kolonizacijom, poput one rodene car-
skim rezom, cilj je ubrzati uspostavljanje kolonizacije
vrstama koje proizvode kratkolancane masne kiseli-
ne i doprinose modulaciji imunoloskog odgovora.
Medu laktobacilima, Lactobacillus rhamnosus GG
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bacterial phyla are observed. For example, the ratio
Firmicutes/Bacteroidetes is often shifted to a higher
proportion of Firmicutes in infants born by caesar-
ean section, and sometimes an increased ratio of En-
terobacteriaceae to Bacteroidaceae is also observed
(19). Such a structure can increase the inflammatory
tone of intestinal environment and influence of lipid
metabolism and energy homeostasis of the host.
Since these parameters are formed during the “crit-
ical window” of the first months of life, deviations
caused by the type of delivery can have consequenc-
es on the development of obesity or metabolic dis-
orders later on. The difference is not only quantita-
tive but also functional: the lack of good anaerobes
leads to a lower production of SCFA, especially bu-
tyrate, which is crucial for colonocyte nutrition and
has anti-inflammatory properties (3). A lower SCFA
concentration can compromise the integrity of the
mucosal barrier and increase intestinal permeability
to food antigens or pathogenic microorganisms. At
the immunological level, this means more frequent
activation of pro-inflammatory pathways via LPS of
gram-negative bacteria that prevail in dysbiosis. Al-
though, a partial convergence of the microbiome
between infants born in different ways occurs over
time, certain differences remain detectable even by
the end of the first year of life.

For some functional groups of bacteria, recovery
without targeted intervention is slow or incomplete.
This opens up space for probiotics as an intervention
strategy; the selection of strains similar to those to
which the infant would be exposed during vaginal
delivery can potentially accelerate the formation of
a protective anaerobic ecosystem. It should be noted
that not all cases of caesarean section are equal —
elective delivery without the rupture of the amniotic
sac completely eliminates contact with the maternal
genital tract, while in case of emergency caesarean
section after a partially initiated natural delivery,
there may be a limited transfer of maternal bacteria.
These differences can somewhat modify the pattern
of initial colonization, so they should be taken into
account when assessing the risk and planning inter-
ventions.

Definition and basic characteristics of pro-
biotics

Probiotics are defined as “live microorganisms
that, when administered in adequate amounts, bring
health benefits to the host” (14). The most common
probiotics belong to the genera Lactobacillus and

Bifidobacterium, although others such as Strepto-
coccus thermopillus, Saccharomyces Boulardii and
certain strains of enterococcus are also used. Each of
them has specific mechanisms of action — some col-
onize mucosal surfaces and compete with pathogens
for binding to receptor structures, some produce
short-chain fatty acids that regulate the pH of the in-
testinal lumen, and others stimulate the synthesis of
antimicrobial peptides or bacteriocins that directly
inhibit the growth of pathogenic bacteria. Liu et al.
(20) state that the action of probiotics includes the
competition for colonization sites and nutritional re-
sources, the inhibition of growth of harmful bacteria
through the production of SCFA and bacteriocins,
the modulation of immune response by stimulation
of cytokines and immunoglobulins, and the improve-
ment of integrity of intestinal barrier by stimulation
of mucin glycoprotein production. Probiotics in in-
fants have the potential to accelerate the establish-
ment of a stable bacterial community through mech-
anisms such as increased protein expression in the
epithelium, which reduces the permeability of the
intestinal barrier for antigens or toxins. Some strains
of the genus Bifidobacterium are associated with the
induction of anti-inflammatory cytokines IL-10 and
TGF-R, and functional differentiation of regulatory
T-cells (Tregs) (21). Thus, balance between pro-in-
flammatory and anti-inflammatory signals within
the gut is achieved.

The main characteristic of probiotic microorgan-
isms is their resistance to conditions in the upper
gastrointestinal tract. They have to survive the low
pH value in the stomach and the action of bile salts
in the small intestine. This is possible thanks to spe-
cial adaptive mechanisms on the cell membrane that
preserve the functionality of enzymes necessary for
metabolism after reaching the colon. Probiotics also
act through interactions with cells of innate immuni-
ty — dendritic cells recognize the microbial patterns
of probiotic strains through receptors such as TLR2
(Toll-like receptor 2) or TLR4 (Tumor necrosis factor —
TNF) which may result in the synthesis of cytokines
that shape the adaptive response. Some bifidobac-
teria induce the production of IFN-y and TNF-a by
immune cells, while lactobacilli can reduce the lev-
els of IL-5, IL-5 and IL-13, thus reducing the allergic
potential (22). These immunomodulatory properties
make them attractive candidates for the prevention
of atopic diseases in populations at higher risk due to
early life dysbiosis.
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predstavlja jedan od najpoznatijih i najéesée korisée-
nih sojeva. Njegova sposobnost da se vezuje za inte-
stinalni epitel, produkuje antimikrobne supstance i
smanjuje Th2 tip imunog odgovora Cini ga pogodnim
za prevenciju alergijskih bolesti kod odojc¢adi (10).
Pored toga, studije pokazuju njegovo delovanje na
skracenje trajanja epizoda dijareje i smanjenje rizika
od infekcija povezanih sa primenom antibiotika kod
dece. Jos$ jedan vazan soj je Lactobacillus acidophi-
lus, koji produkuje mle¢nu kiselinu, ¢ime snizava pH
lumena creva i inhibira rast gram-negativnih patoge-
na. Kod novorodencadi je dokumentovana njegova
sinergija sa bifidobakterijama pri formiranju stabil-
ne zajednice koja potiskuje oportunisticke vrste. U
grupi bifidobakterija izdvajaju se Bifidobacterium
bifidum i Bifidobacterium infantis, narocito znacajne
zbog svoje sposobnosti razgradnje humanih mlecnih
oligosaharida (HMO) iz maj¢inog mleka (23). Time
direktno ostvaruju nutritivnhu prednost u odnosu na
druge bakterijske vrste u neonatalnom crevu. Njiho-
va metabolicka aktivnost dovodi do produkcije ace-
tata koji jaca integritet epitelne barijere i stimulise
rast drugih korisnih anaerobnih bakterija. Kod beba
rodenih carskim rezom ova grupa probiotika moze
imitirati kolonizaciju karakteristi¢nu za vaginalni po-
rodaj, ¢ime se ubrzava razvoj imunoloske toleran-
cije. Pored bakterijskih probiotika, Saccharomyces
boulardii, probioticka kvasnica, ima primenu kod
odojcadi u kontekstu prevencije antibioticima iza-
zvanog poremecaja mikrobiote i dijareje. Njegovi
mehanizmi delovanja ukljucuju neutralizaciju toksi-
na patogenih bakterija i stimulaciju lokalnog imunog
odgovora putem povecanja sekretornog IgA (10).
lako nije tipican stanovnik ljudske mikrobiote, S. bo-
ulardii prolazno kolonizuje crevo, pruzajuci zastitu
tokom trajanja terapije.

Vazno je napomenuti da je kod proizvoda name-
njenih novorodencadi prisutna izraZzena potreba za
standardizacijom, od identifikacije soja do kontroli-
sanog broja Zivih ¢elija po jedinici proizvoda. Vari-
jabilnost izmedu preparata moZe oteZati poredenje
studija [10]. Takode se uzimaju u obzir faktori kao sto
su otpornost na gastrointestinalni tranzit i stabilnost
pri skladistenju. Kod novorodencadi rodene carskim
rezom dodatno je vazno pratiti brzinu pojave kljuc-
nih anaerobnih bakterija u mikrobioti nakon suple-
mentacije probioticima. Pra¢enjem odnosa Firmicu-
tes/Bacteroidetes i kvantifikovanjem SCFA moguce
je objektivno proceniti efikasnost intervencije. Po-
stoje dokazi da odredeni sojevi, poput L. rhamnosus
GG, u kombinaciji sa B. bifidum ostvaruju bolje re-

zultate u smislu brze normalizacije ovih parametara
u poredenju sa monoterapijom pojedinacnim sojem
(24). Takve interakcije mogu biti klju¢ne za uspeh
kolonizacije ako se ciljanoj probioti¢koj kombinaciji
omogudi odgovarajuca nutritivna podrska.

Efikasnost probiotika u obnovi mikrobiote
kod novorodencadi rodene carskim rezom

Analiza dostupnih klinickih studija koje su is-
pitivale primenu probiotika kod novorodencadi
rodene carskim rezom ukazuje na izrazenu hetero-
genost u pogledu dizajna, koris¢enih probiotickih
sojeva, trajanja intervencije i definisanja ishoda. U
brojnim randomizovanim kontrolisanim ispitivanji-
ma cilj je bio procena sposobnost probiotickih pre-
parata da ubrzaju kolonizaciju klju¢nim obligatnim
anaerobima, poput Bifidobacterium i Bacteroides,
Ciji se razvoj prirodno odlaze kod ove populacije.
Neka istrazivanja fokusirala su se na pracenje pro-
mene odnosa Firmicutes/Bacteroidetes kao indika-
tora adaptacije mikrobiote ka obrascu svojstvenom
vaginalno rodenim bebama (25). Rezultati sugerisu
da suplementacija specificnim sojevima laktobacila
i bifidobakterija moze dovesti do brzeg smanjenja
uceséa oportunistickih proteobakterija povezanih sa
inflamatornim procesima. Poseban segment studi-
ja analizirao je imunoloske ishode uz istovremeno
pra¢enje mikrobioloskih parametara. Kod dece koja
su dobijala probiotike kao Sto su Lactobacillus rha-
mnosus GG ili Bifidobacterium bifidum, zabelezeno
je povecanje produkcije sekretornog IgA i antiinfla-
matornog citokina IL-10, Sto ukazuje na aktivaciju
tolerogenog imunoloskog profila (10). Ova modula-
cija imunog odgovora povezivana je sa nizom uce-
stalo$c¢u alergijskih reakcija tokom prvih godina Zi-
vota, iako rezultati razli¢itih studija nisu bili potpuno
konzistentni. Neke intervencije ukljucivale su kom-
binacije viSe sojeva u jednom preparatu, pri ¢emu
su takvi pristupi nastojali su da obuhvate Siri spektar
mehanizama — od kompetitivhog potiskivanja pato-
gena do regulacije inflamacije putem SCFA metabo-
lita. Sukenikova et al. analizirali su ranije probioticke
protokole kod novorodencadi visokog rizika od aler-
gija, pri ¢emu se za soj Escherichia coli 083:K24:H31
belezila indukcija IL-10 i ekspresije CD83 u dendrit-
skim ¢éelijama, bez znacajnijih promena u globalnoj
strukturi mikrobiote nakon deset godina (16). Ova-
kvi rezultati otvaraju pitanje da li pozitivni imunolos-
ki efekti zahtevaju direktnu rekonstrukciju mikrobio-
te ili se mogu posti¢i modulacijom celijskih funkcija
nezavisno od promene sastava zajednice.
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Types of probiotics relevant to newborns

In newborns, especially those born by caesarean
section, the specific needs of their immature intes-
tinal microbiota should be taken into account when
selecting the appropriate probiotic strains. The most
commonly studied probiotics for this population be-
long to the genera Lactobacillus and Bifidobacterium,
because these microorganisms naturally dominate
the microbiota of healthy full-term breastfed infants.
In infants with delayed anaerobic colonization, such
as these delivered by caesarean section, the goal
is to accelerate the colonization of strains that pro-
duce short-chain fatty acids and modulate immune
responses. Among lactobacilli, Lactobacillus rham-
nosus GG is one of the best known and most com-
monly used strains. Its ability to bind to the intesti-
nal epithelium, to produce antimicrobial substances
and reduce the Th2 type of immune response makes
it suitable for the prevention of allergic diseases in
infants (10). In addition, studies show its impact on
reducing the duration of diarrhea and reducing the
risk of antibiotic-related infections in infants. Anoth-
er important strain is Lactobacillus acidophilus which
produces lactic acid by lowering the pH of intestinal
lumen, which inhibits the growth of gram-negative
pathogens. In newborns, its synergy with bifidobac-
teria has been observed during the formation of a
stable community which suppresses opportunistic
species. In the group of bifidobacteria, Bifidobacte-
rium bifidum and Bifidobacterium infantis stand out
as particularly relevant due to their ability to metabo-
lize human milk oligosaccharides (HMO) from breast
milk (23). Thus, they are given a direct nutritional
advantage over other strains in the neonatal intes-
tines. Their activity results in the production of ace-
tate, which strengthens the integrity of the epithelial
barrier and stimulates the growth of other beneficial
anaerobes. In infants born by caesarean section, this
group of probiotics can imitate the colonization char-
acteristic of vaginal delivery, thus accelerating the
development of immune tolerance. In addition to
bacterial probiotics, Saccharomyces boulardii, a pro-
biotic yeast is applied in infants in the context of pre-
vention of antibiotic-induced microbiota disruption
and diarrhea. Its mechanisms include the neutraliza-
tion of toxins of bacterial pathogens and stimulation
of the local immune response by increasing secretory
IgA (10). Although it is not a typical inhabitant of hu-
man microbiota, S.boulardii transiently colonizes the
gut providing protection during the therapy.

It is important to note that with preparations

intended for infants, there is a pronounced need for
standardization, from the identification of strains to
the controlled number of live cells per unit of prod-
uct. The variability between preparations can make
it difficult to compare studies (10). Factors such as
resistance to gastrointestinal transit and storage sta-
bility are also taken into account. In infants born by
caesarean section, the velocity of the appearance of
key anaerobes in the microbiota should additionally
be monitored after probiotic supplementation. By
monitoring the ratio of Firmicutes/Bacteroidetes and
quantifying SCFA, it is possible to objectively assess
the effectiveness of therapy. There is evidence that
certain strains such as L. rhamnosus GG when com-
bined with B.bifidum give better results in terms of
faster normalization of those parameters in compari-
son to monotherapy with one strain (24). Such inter-
actions may be critical for the colonization success if
the appropriate nutritional support is added to the
targeted probiotic combination.

The effectiveness of probiotics in recovering
the microbiota in infants born by caesarean
section

The analysis of available clinical studies that ex-
amine the application of probiotics in infants born by
caesarean section shows pronounced heterogeneity
in terms of design, strains used, duration of interven-
tion, and definition of final outcomes. In a number
of randomized controlled studies, the aim was to
assess the ability of probiotic preparations to accel-
erate the colonization by key obligate anaerobes,
such as Bifidobacterium and Bacteroidetes, whose
development is naturally postponed in this popula-
tion. Some studies focused on monitoring changes in
the Firmicutes/Bacteroidetes ratio as an indicator of
microbiota adaptation to a pattern characteristic of
vaginally born babies (25). The results suggest that
supplementation with specific strains of lactobacilli
and bifidobacteria can lead to a faster reduction in
the participation of opportunistic proteobacteria
associated with inflammatory processes. A separate
section of studies analyzed immune outcomes while
simultaneously monitoring microbiological parame-
ters. In children who received probiotics such as Lac-
tobacillus rhamnosus GG or Bifidobacterium bifidum,
an increase in the production of secretory IgA and
the anti-inflammatory cytokine IL-10 was registered,
indicating the activation of a tolerogenic immune
profile (10). This modulation of immune response
was associated with a lower frequency of allergic re-
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U pojedinim studijama koriséeni su presecni di-
zajni sa kraéim periodima intervencije, Sto otezava
procenu dugorocnih efekata. Na primer, ispitivanja
koja su trajala Cetiri do Sest nedelja pokazala su nagli
rast populacija bifidobakterija kod tretirane grupe,
ali pracenje nakon prekida suplementacije otkri-
lo je povratak profila ka pocetnom stanju kod dela
ispitanika. Ovi nalazi ukazuju na potrebu za duzom
primenom probiotika ili kombinovanjem probiotika
sa nutritivnim faktorima, poput humanih mlecnih
oligosaharida, koji u majéinom mleku podsti¢u rast
ovih bakterija (26). Fokus na prevremeno rodenu
decu sa vecim rizikom od nekrotiziraju¢eg entero-
kolitisa (NEC) otkriva dodatne koristi probiotika.
Naime, zabelezeno je smanjenje incidencije NEC-a
i mortaliteta, Sto se dovodi u vezu sa jaCanjem epi-
telne barijere i potiskivanjem patogenih proteo-
bakterija. Kombinacije laktobacila i bifidobakterija
pokazale su bolje rezultate od monoterapije jednim
sojem, posebno kada je pracen nivo butirata u stolici
kao indirektni pokazatelj aktivnosti korisnih anae-
robnih bakterija (3).

Jedna meta-analiza koja je ukljucivala razli¢ite
populacije neonatalnih pacijenata pokazala je da
elektivni carski rez nosi poveéan rizik od disbioze,
dok probioti¢ka intervencija moZze smanijiti razlike
u mikrobnoj raznovrsnosti izmedu ove grupe i va-
ginalno rodene dece tokom prvih Sest meseci (25).
Medutim, heterogenost studija, ukljucujuéi razlicite
protokole suplementacije i vreme zapodinjanja tera-
pije (od prvih dana Zivota do druge nedelje), ukazuje
na to da nije mogude izdvojiti jedinstven optimalni
pristup. Analize efikasnosti probiotika primenom
molekularnih metoda sekvenciranja (16S rRNA ili
metagenomski pristupi) pruzile su jasniju sliku o
promenama na nivou taksona nakon intervencije.
Kod novorodencadi tretirane viSesojevnim probio-
tickim preparatima primeéena je veéa stabilnost za-
jednice tokom vremena i manja varijabilnost izme-
du uzoraka razli¢itih ispitanika. Takva ujednacenost
ide u prilog hipotezi da rani unos probiotika moze
usmeriti razvoj mikrobiote ka stabilnom adultnom
(odraslom) profilu ranije nego sto bi to inace bilo
slucaj. Neke studije usmerene na funkcionalne isho-
de koristile su metabolicke markere poput koncen-
tracija SCFA ili aktivnosti enzima povezanih sa me-
tabolizmom Zucnih kiselina (27). U grupama koje su
primale probiotike belezena je veéa produkcija ace-
tata i butirata, kao i povoljniji profil Zuénih kiselina,
koji doprinosi odrzavanju otimalnog koloni¢kog pH i
inhibiciji rasta patogenih vrsta.

Vazno je napomenuti da sigurnosni profil pro-
biotika kod novorodencadi rodene carskim rezom
prema vecini studija ostaje povoljan. Takode, nisu
prijavljeni ozbiljni nezZeljeni dogadaji, osim retkih
slucajeva tranzitorne nadutosti ili promene konzi-
stencije stolice. U kontekstu vulnerabilnih populaci-
ja, poput ekstremno nezrele dece ili one sa teSkom
imunosupresijom, razmatra se potencijalni rizik od
bakteremije ili fungemije pri upotrebi odredenih so-
jeva (10), iako su ove pojave izuzetno retke. Ogra-
ni¢enja pregledanih radova odnose se na kratko
trajanje praéenja, mali broj ispitanika, kao i nedo-
statak standardizacije preparata i metoda evaluacije
mikrobiote. Ipak, veéine autora se slaze da ciljano
odabrani probioticki sojevi imaju potencijal da mo-
difikuju disbiozu izazvanu carskim rezom i unaprede
imunoloSke mehanizme domacina tokom ranog Zi-
vota. Dodatni dokaz dolazi iz istrazivanja kod teladi
pre odbijanja od mleka, gde viSesojevni probioticki
dodatak povecava relativni udeo korisnih firmikuta
uz istovremeno smanjenje zastupljenosti Bacteroi-
des, pri ¢emu se belezZi porast serumskih IgA i 1gG
vrednosti, Sto je u skladu sa sli¢nim efektima opisa-
nim kod humane novorodenacke populacije (28).
Slican obrazac privremene kolonizacije probiotika,
koji nestaje po prestanku suplementacije, zabelezen
je i kod odraslih pacijenata nakon eradikacione tera-
pije za Helicobacter pylori, gde se tokom prve Cetiri
nedelje uo¢ava porast korisnih taksona poput Lacto-
bacillales, uz istovremeno smanjenje potencijalno
Stetnih rodova, dok nakon prekida terapije dolazi do
povratka strukture zajednice ka pocetnom mikrobi-
oloskom profilu (29).

Zakljucak

Istrazivanja prikazana u ovoj analizi ukazuju na
to da rana disbioza kod novorodencadi rodene car-
skim rezom predstavlja klini¢ki relevantan faktor sa
potencijalnim dugoroénim implikacijama na imuno-
loski i metabolicki razvoj. Ova promenjena inicijalna
kolonizacija, koju karakteristiSe odsustvo kljucnih
obligatnih anaeroba i poveéana zastupljenost opor-
tunisti¢kih vrsta, povezuje se sa pove¢anom oset-
liivos¢u na atopijske bolesti, respiratorne infekcije i
gastrointestinalne poremecaje. U cilju korekcije ovih
poremecaja, suplementacija probioticima, narocito
sojevima iz rodova Lactobacillus i Bifidobacterium,
pokazuje obecavajuéi potencijal. Dostupni dokazi
sugerisu da takve intervencije mogu ubrzati uspo-
stavljanje stabilne i raznovrsne bakterijske zajed-
nice, podstacdi proizvodnju kratkolanéanih masnih
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actions during the first years of life, although there
was no complete homogeneity of results between
different studies. Some interventions included com-
binations of multiple strains in one product, and
such approaches tried to encompass a wider range
of mechanisms — from competitive suppression of
pathogens to regulation of inflammation through
SCFA metabolites. Sukenikova et al. analyzed pre-
vious probiotic protocols in infants with a high risk
of allergies, where the induction of IL-10 and CD83
expression in dendritic cells was registered for Es-
cherichia coli strain 083:K24:H31 without significant
changes in the global microbiota structure after ten
years (16). Such results raise the questions about
whether positive immunological effects demand a di-
rect reconstruction of microbiota or can be achieved
by modulation of cellular functions independent of
changes in community composition.

Cross-sectional designs with shorter interven-
tion periods were used in some studies, which made
it difficult to assess long-term effects. For example,
studies that lasted four to six weeks showed a sudden
increase in bifidobacteria populations in the treated
group, but the follow-up after discontinuation of
supplementation revealed returning of the profile
to the initial state in some subjects. This indicates
the need for longer administration or combination
of probiotics with nutritional factors such as human
milk oligosaccharides that naturally feed these bac-
teria in breast milk (26). A focus on pre-term infants
at a higher risk of necrotizing enterocolitis (NEC) re-
veals the additional benefits of probiotics. Namely,
the reduction in the incidence of NEC and mortality
was achieved through strengthening the epithelial
barrier and suppressing pathogenic proteobacte-
ria. Combinations of lactobacilli and bifidobacteria
showed better results than monotherpay with one
strain, especially when the parameter of butyrate
concentration was monitored in the stool as a proxy
for the activity of beneficial anaerobes (3).

One meta-analysis that included different popu-
lations of neonatal patients showed that elective cae-
sarean section had an increased risk of dysbiosis, and
that probiotic intervention could reduce differences
in microbial diversity between this group of infants
and vaginally born infants during the first six months
(25). However, the heterogeneity of studies — differ-
ent protocols of supplementation, time of initiation
of therapy (from the first days of life to the second
week) — means that there is no single, optimal ap-
proach. The analysis of effectiveness of probiotics

using molecular sequencing methods (16S rRNA or
metagenomic approaches) provided a clearer pic-
ture of changes at the level of taxa after the inter-
vention. In infants treated with multi-strain probiotic
preparations, greater stability of the community was
observed over time, as well as smaller variability be-
tween samples of different subjects. Such uniformity
supports the hypothesis that the early administra-
tion of probiotics can “steer” the development of
microbiota towards the stable adult-oriented profile
earlier than it would naturally occur. Some studies
that focused on functional outcomes used metabolic
markers such as SCFA concentrations or the activity
of enzymes related to bile acid metabolism (27). In
groups that received probiotics, a higher production
of acetate and butyrate was observed, as well as a
more favorable profile of bile acids, which contrib-
utes to the maintenance of a healthy colonic pH and
the inhibition of pathogenic species.

It is important to note that the safety profile of
probiotics in infants born by C-section remains fa-
vorable according to the majority of studies. Also,
no serious adverse events were reported except for
rare cases of transient flatulence or change in stool
consistency. In the context of vulnerable populations
such as extremely immature children or those with
severe immunosuppression, discussions appear
about the potential risk of bacteremia or fungemia
when using certain strains (10), but these phenom-
ena remain extremely rare. The limitations of re-
viewed papers are the short duration of follow-up,
small number of subjects and the lack of standardi-
zation of products and methods of microbiota eval-
uation. Nevertheless, the consensus of most authors
is that targeted probiotic strains have the potential
to modify dysbiosis induced by caesarean section
and improve the host’s immune mechanisms dur-
ing early life. An additional argument comes from
a study in pre-weaning calves where multi-strain
probiotic supplementation increased the relative
proportion of beneficial Firmicutes with the simul-
taneous reduction in Bacteroides, while increase in
serum IgA and IgG levels was observed — which re-
minds of similar effects described in the human neo-
natal population (28). A similar pattern of temporary
colonization of probiotics that disappears after the
cessation of supplementation was also recorded in
adult patients after eradication therapy for Helico-
bacter pylori, where an increase in beneficial taxa
such as Lactobacillales was observed in the first four
weeks with a simultaneous decrease in potentially
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kiselina i modulirati imunoloski odgovor u pravcu
vece tolerancije.

Efekti primene probiotika, medutim, ne ogleda-
ju se isklju€ivo u mikrobioloSkim parametrima. Kli-
nicki ishodi, uklju¢ujuéi smanjenu ucestalost kolika,
dijareje i nekrotizirajuéeg enterokolitisa kod prevre-
meno rodene dece, kao i poboljSane imunoloske
markere, ukazuju na Siri zdravstveni znacaj ovih
intervencija. lako postojeée studije pokazuju hete-
rogenost u dizajnu i rezultatima, opsti pravac nala-
za upucuje na korist od ciljane primene. Optimalni
ishod verovatno zahteva kombinaciju vise faktora,
ukljuéujuci sinergiju izmedu probiotika i ishrane, po-
sebno dojenja koje obezbeduje prirodne prebiotike.
Potrebna su dalja istrazivanja sa duzim periodom
pracenja i standardizovanim protokolima kako bi se
preciznije odredila dugoroc¢na uloga ovih interven-
cija u oblikovanju zdravlja kod ove populacije. Takav
sveobuhvatan pristup moze doprineti razvoju per-
sonalizovanih strategija za podrsku normalnom ra-
zvoju crevne mikrobiote i imunoloske funkcije kod
novorodencadi rodene carskim rezom.
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harmful genera, while after the cessation of admin-
istration the community structure returned to the
initial state (29).

Conclusion

Studies presented in this analysis indicate that
early dysbiosis in infants born by caesarean section
is a clinically relevant factor that may have long-term
implications for immunological and metabolic devel-
opment. This altered initial colonization, character-
ized by the absence of key obligate anaerobes and in-
creased presence of opportunistic species, is associ-
ated with increased susceptibility to atopic diseases,
respiratory infections, and gastrointestinal disorders.
In order to correct these disorders, supplementation
with probiotics, especially strains from the genera
Lactobacillus and Bifidobacterium, shows a promising
potential. Evidence suggests that such interventions
can accelerate the establishment of a stable and di-
verse bacterial community, stimulate the production
of short-chain fatty acids, and modulate the immune
response towards greater tolerance.

However, the effects of the administration of
probiotics, are not exclusively reflected in microbi-
ological parameters. Clinical outcomes, including
reduced incidence of colic, diarrhea and necrotizing
enterocolitis in preterm infants, as well as improved
immune markers, highlight the broader health con-
tribution. Although the existing studies show heter-
ogeneity in design and results, general conclusions
point to benefits from targeted administration. The
optimal outcome probably requires a combination
of factors, including synergy between probiotics and
diet, especially breastfeeding, which provides natural
prebiotics. Further studies with longer follow-up pe-
riods and standardized protocols are needed to de-
termine more precisely the long-term role of these
interventions related to health in this population.
Such a comprehensive approach can contribute to
the development of personalized strategies to sup-
port the normal development of intestinal microbio-
ta and immune function in infants born by caesarean
section.
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SAZETAK
Razvoj kognitivnih sposobnosti dece uzrasta od 2 do 6 godina u znacajnoj meri zavisi od nutritivnog statu-
sa. Ovo istrazivanje ispituje efikasnost nutritivnih intervencija u odnosu na bioloske, socijalne i obrazovne
faktore. Prenatalna suplementacija i viSi nivo obrazovanja majki povezuju se sa povoljnijim kognitivnim
ishodima, dok deca rodena sa niskom porodajnom teZzinom pokazuju dugotrajnija kasnjenja u kognitivnom
razvoju. Efikasnost intervencija varira. Multinutrijentne suplementacije sa pet ili viSe hranljivih materija
pokazuju Siri uticaj na kognitivne funkcije u poredenju sa ciljanim suplementacijama. Posebno znacajan
period za primenu ovog programa predstavlja uzrast izmedu 6. i 18. meseca zZivota. Integracija nutritivne
podrske sa obrazovnim pristupima koji ukljucuju strukturisanu igru i fizicku aktivnost moze podstaci para-
lelan razvoj motorickih i kognitivnih vestina. Metodoloski izazovi ukljucuju potrebu za sprovodenjem ran-
domizovanih kontrolisanih studija, duZzim periodima pracenja i koris¢enjem laboratorijskih biomarkera za
procenu statusa nutrijenata. Rezultati ukazuju na to da efekti intervencija zavise od pocetnog nutritivnog
i zdravstvenog stanja deteta, trajanja tretmana i socijalnog konteksta. Preporuke za buduca istrazivanja
ukljucuju prosirenje obuhvata na ruralne populacije i decu sa posebnim potrebama, standardizaciju mer-
nih metoda i dugorocno pracenje radi procene odrzivosti postignutih koristi. Ovakav integralni pristup
naglasava vaZznost koordinacije izmedu zdravstvenih i obrazovnih sektora u cilju unapredenja kognitivhog

razvoja.

Kljucne reci: kognicija, predskolski uzrast, ishrana
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Uvod

Razvoj kognitivnih sposobnosti dece uzrasta od
2 do 6 godina u znacajnoj meri zavisi od nutritivnog
statusa, Sto Cini nutritivne intervencije posebno re-
levantnim poljem istraZivanja. Efikasnost ovih inter-
vencija zavisi od kombinacije bioloskih, socijalnih i
obrazovnih faktora. Postoje dokazi da suplementa-
cija mikronutrijentima tokom trudnoée moze imati
dugorocne efekte na razvoj deteta, smanjujuci ve-
rovatnocu razvoja suboptimalne razvojne putanje.
Visi stepen obrazovanja majki se povezuje sa boljim
nutritivnim statusom i kvalitetnijim okruZenjem za
odrastanje, cime doprinosi povoljnijem kognitivnom
razvoju. Kod dece koja su rodena sa niskom porodaj-
nom tezinom ili intrauterinim zastojem u rastu za-
pazeno je dugotrajno zaostajanje u kognitivnim per-
formansama. Neke analize ukazuju da se razlika iz-
medu ovih grupa i dece sa normalnom porodajnom
teZinom povecava sa godinama, Sto potencijalno
ukazuje na potrebu za ranom nutritivnom interven-
cijom kako bi se ublaZile dugorocne posledice (1).

Sa druge strane, ogranicen period pracenja u nekim
studijama otezava procenu odrzivosti efekata inter-
ventnih programa na duzi rok, zbog ¢ega se sugeri-
Se sprovodenje intervencija koje traju od najmanje
tri meseca, uz obuhvat veceg uzorka ispitanika radi
preciznijeg zakljucivanja.

Neke istrazivacke grupe ispitivale su efekte spe-
cificnih prehrambenih proizvoda, bogatih mikro- i
makronutrijentima, na decu sa rizikom od zastaja u
rastu. Takvi rezultati naglasavaju kompleksnost pro-
blema i sugerisu da suplementacija mora biti deo Si-
reg seta intervencija koji ukljucuje i socioekonomske
komponente (2). Pored direktnih efekata mikronu-
trijenata, kao Sto su gvozde, jod ili vitamin D, na ne-
uroloski razvoj, sve vece interesovanje usmereno je
na masne kiseline koje ucestvuju u procesima neu-
ronske komunikacije i mogu imati pozitivan uticaj na
brzinu obrade informacija kod dece (3). Intervencije
koje kombinuju nutritivnu komponentu sa obrazov-
nim pristupima, poput programa Head Start REDI i
Preschool PATHS, pokazuju odredene efekte na so-
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SUMMARY

The development of cognitive abilities in children aged 2 to 6 years is significantly influenced by nutrition-
al status. This research examines the effectiveness of nutritional interventions that depend on biological,
social, and educational factors. Prenatal supplementation and higher maternal education are associated
with more favorable cognitive outcomes, while children born with low birth weight show longer-lasting
delays. The effectiveness of interventions varies. Multinutrient supplementation with five or more nutrients
demonstrates a broader impact on cognitive functions compared to targeted supplementation. The period
between 6 and 18 months of age is particularly important for the implementation of intervention programs.
Integrating nutritional support with educational approaches that include structured play and physical activ-
ity can promote the parallel development of motor and cognitive skills. Methodological challenges include
the need for randomized controlled trials, longer follow-up periods, and the use of laboratory biomarkers
to assess nutrient status. Results indicate that the effects of interventions depend on the initial nutritional
and health status of the child, the duration of treatment, and the social context. Recommendations for
future work include expanding research to rural populations and children with special needs, standardizing
measurement methods, and conducting long-term monitoring to assess the sustainability of benefits. This
holistic approach emphasizes the importance of coordination between the health and education sectors to

enhance cognitive development.
Keywords: cognition, preschool age, nutrition
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Introduction

The development of cognitive abilities of chil-
dren aged 2 to 6 years is significantly influenced by
nutritional status, which makes nutritional interven-
tions a particularly relevant field of research. The
effectiveness of these interventions depends on the
combination of biological, social and educational
factors. There is evidence that micronutrient sup-
plementation during pregnancy can have long-term
effects on the child’s development, reducing the
likelihood that the child will have a suboptimal de-
velopmental trajectory. Higher maternal education
is associated with better nutritional status and a bet-
ter quality environment for growing up, which con-
tributes to more favorable cognitive development.
In children who were born with low birth weight
or intrauterine growth retardation, a long-term de-
lay in cognitive performance was observed. Some
analyses indicate that the difference between these
groups and the group with normal birth weight in-
creases with age, which potentially implies the need

for early nutritional intervention in order to allevi-
ate long-term consequences (1). On the other hand,
limited periods of follow-up in some studies make
it difficult to assess the sustainability of effects of
intervention programs in the long term, so the im-
plementation of interventions that last at least three
months and encompass a larger sample of subjects
has been suggested for more precise conclusions.
Some research groups have examined the ef-
fects of specific food products rich in micronutrients
and macronutrients on children at risk of stunting.
These results emphasize the complexity of this prob-
lem and suggest that supplementation must be part
of broader package of measures that also includes
socioeconomic components (2). In addition to direct
effects of micronutrients such as iron, iodine or vita-
min D on neurological development, there is inter-
est in fatty acids that participate in the processes of
neural communication and that can have a positive
impact on the velocity of information processing in
children (3). Interventions that combine a nutrition-

© 2026 Health Care.
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cijalno-emocionalne vestine, dok su rezultati vezani
za izvrSne funkcije kod dece predskolskog uzrasta
manje konzistentni (4). To moze ukazivati na to da
puni efekat ovih kognitivnih strategija dolazi do izra-
Zaja tek kada deca razviju visi nivo metakognitivnih
sposobnosti.

Dodatni aspekt predstavljaju fizicke aktivnosti
integrisane u pedagoski okvir, koje kroz kombinaciju
spontanih aktivnosti na otvorenom i strukturisane
igre u okviru programa stvaraju uslove za paralelni
razvoj motorike i kognitivnih vestina. Autori isti¢u
interaktivnu primenu nastavnih strategija koja do-
prinosi sloZzenosti zadataka u igri, Sto moze stimuli-
sati inhibicioni kontrolni mehanizam kod dece. Na
taj nacin fizicka aktivnost postaje ne samo sredstvo
unapredenja motorickih vestina, vec¢ i alat za modi-
fikaciju obrazaca paznje i samoregulacije. Vazno je
napomenuti da pristupi koji kombinuju strukturisa-
ne programe sa elementima slobodne igre mogu
ostvariti bolje rezultate u poredenju sa onima koji
se oslanjaju isklju¢ivo na jedan tip aktivnosti (5).
Spontana igra na otvorenom pojacava efikasnost
formalnih intervencija u razvoju finih motorickih
vestina, dok metodoloske neusaglasenosti u proce-
ni efektivnosti nutritivnih protokola, poput MIND i
mediteranske dijete, ukazuju na nedovoljno konzi-
stentne dokaze u vezi sa njihovom ulogom u preven-
ciji kognitivnih razvojnih poremecaja (6). Razmatra-
nje svih ovih rezultata ukazuje na to da istrazivanje
nutritivnih intervencija kod dece uzrasta od 2 do 6
godina mora obuhvatiti razlicite dimenzije, od pre-
natalnog statusa majke do oblika igre u okviru edu-
kativnih programa, kako bi se u potpunosti razumeo
njihov uticaj na razvoj kognitivnih sposobnosti.

Ovaj pregledni rad ima za cilj da ispita uticaj nu-
tritivnih intervencija na razvoj kognitivnih sposob-
nosti dece uzrasta od dve do Sest godina.

Metode

U okviru ovog preglednog rada ukljuceni su svi
radovi napisani na engleskom jeziku do kojih se doslo
na osnovu pretrazivanja nekoliko elektronskih baza
podataka: PubMed, NCBI, SCIndex, Google Scholar.
U cilju pretrazivanja literature koris¢ene su sledece
kljuéne redi: kognicija, predskolski uzrast i ishrana.
PretraZivanje literature je sprovedeno za period od
2015. do 2025. godine.

Teorijski okvir kognitivnog razvoja dece
predskolskog uzrasta
Razvoj kognitivnih sposobnosti kod dece uzra-

sta od 2 do 6 godina odvija se u okviru komplek-
sne interakcije bioloskih predispozicija, okruzenja i
iskustava koja dete sti¢e u prvim godinama Zivota.
Kognitivni razvoj u ovom periodu obuhvata progre-
sivno usvajanje osnovnih mentalnih funkcija poput
paznje, pamdenja, percepcije, sposobnosti resa-
vanja problema, jezi¢kih vestina i metakognitivnih
strategija. Struktura teorijskog okvira mora uzeti u
obzir temeljne neuropsiholoske procese koji sazre-
vaju u ovom periodu, kao i njihovu povezanost sa
socijalnim, emocionalnim i motorickim dimenzija-
ma razvoja. Neuromaturacija tokom ranog detinj-
stva se odvija brzim tempom, Sto ovaj period Cini
posebno osetljivim na spoljasnje stimuluse. Pove-
zanost izmedu motorike i kognicije postaje ocigled-
na kada se sagledaju istrazivanja koja ukazuju na to
da koordinacione sposobnosti, bilateralna kontrola
tela i fina motorika imaju izrazeniju korelaciju sa pa-
rametrima kao $to su vizuelna obrada informacija,
radno pamdéenje i izvrSne funkcije u poredenju sa
grubim motoric¢kim vestinama (7). Mehanizmi ovog
odnosa su viseslojni: pove¢ano snabdevanje mozga
kiseonikom tokom fizicke aktivnosti moze uticati na
sinapticku plasti¢nost i nivoe neurotransmitera, dok
sloZzene motori¢ke aktivnosti zahtevaju istovremeno
angaZovanje paznje, perceptivnih procesa i planira-
nja.

Kognitivni razvoj dece sa razli¢itim izazovima
u neuropsiholoskom funkcionisanju zahteva speci-
fican teorijski pristup. Na primer, kod dece sa inte-
lektualnim teSko¢ama proces edukacije obuhvata
dijagnosticki segment koji procenjuje individualne
karakteristike deteta, kao i specificno osmisljene
programe podrske ¢iji cilj je stimulacija kompenza-
tornih procesa (8). Ovakvi programi oslanjaju se na
defektoloska, logopedska i medicinska znanja kako
bi se stvorili optimalni uslovi za napredak u razlici-
tim domenima kognitivnog razvoja. Na neurobiolos-
kom nivou, ishrana ima vaznu ulogu u uspostavlja-
nju optimalnih uslova za razvoj kognitivnih funkcija.
Nedostatak esencijalnih makro- i mikronutrijenata
u periodu ubrzanog rasta moze dovesti do trajnog
ostecenja funkcionalnih sistema mozga. Kod dece sa
nutritivnim poremecajima zabelezeni su slabiji rezul-
tati na testovima koji mere jezicke sposobnosti, pro-
stornu orijentaciju ili fleksibilnost misljenja (9). Osim
direktnog uticaja hranljivih materija na neuronske
procese, efekti se ogledaju i kroz smanjenu energiju
potrebnu za angaZovanje u istrazivackim aktivno-
stima, ¢ime se indirektno utice na nivo kognitivne
stimulacije. Socioekonomski status porodice takode
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al component with educational approaches, such
as Head Start REDI and Preschool PATHS programes,
have effects on social-emotional skills, but results
related to executive functions in preschool children
are less consistent (4). This may mean that the full
potential of these cognitive strategies comes to the
fore only when children develop a higher level of
metacognitive abilities.

One additional aspect includes physical activities
integrated into the pedagogical framework, which
through the combination of spontaneous activities
outside and structured play within the program cre-
ate conditions for the parallel development of motor
and cognitive skills. The authors emphasize the inter-
active use of teaching strategies which contributes
to the complexity of tasks in the game, which can
stimulate the inhibitory control mechanism in chil-
dren. In this way, physical activity becomes not only
a means of improving motor skills, but also a tool for
modifying patterns of attention and self-regulation.
It is important to note that approaches that combine
structured programs with elements of free play can
achieve better results than those that rely exclusive-
ly on one type of activity (5). Spontaneous outdoor
play enhances the effectiveness of formal interven-
tions in the development of fine motor skills, while
methodological inconsistencies regarding the effec-
tiveness of nutritional protocols, such as MIND and
Mediterranean diet, indicate contradictory results in
the prevention of developmental cognitive deficits
(6). The analysis of all these results indicates that
the research of nutritional interventions in children
aged 2 to 6 years must include different dimensions,
from the prenatal status of the mother to the form
of play together with educational programs, in order
to fully understand their impact on the development
of cognitive abilities.

The aim of this review article was to examine
the impact of nutritional interventions on the devel-
opment of cognitive abilities in children aged 2 to 6
years.

Methods

This review article included only papers written
in English based on the literature search that was
conducted using the following databases: PubMed,
NCBI, SCIndex, Google Scholar. The following key
words were used for the literature search: cognition,
preschool age, nutrition. The literature search was
conducted for the period 2015 to 2025.

The theoretical framework of cognitive de-
velopment in preschool children

The development of cognitive abilities in chil-
dren aged 2 to 6 takes place within the complex in-
terplay of biological predispositions, environment
and experiences that a child acquires in the early
years of life. Cognitive development in this period
includes the progressive acquisition of basic men-
tal functions such as attention, memory, percep-
tion, problem-solving abilities, language skills, and
metacognitive strategies. The structure of the theo-
retical framework must take into account basic neu-
ropsychological processes that mature in this period,
as well as the way in which they are related to social,
emotional and motor dimensions of development.
Neuromaturation during early childhood occurs at
a rapid pace, which makes this period particularly
vulnerable to external stimuli. The connection be-
tween motor skills and cognition becomes evident
in studies which point to the fact that coordination
abilities, bilateral body control and fine motor skills
have a more pronounced correlation with parame-
ters such as visual information processing, working
memory and executive functions in relation to gross
motor skills alone (7). The mechanisms of this rela-
tionship are multifaceted: increased oxygen supply
to the brain through physical activity can affect the
synaptic plasticity and neurotransmitter concentra-
tions, while complex motor activities demand the
simultaneous engagement of attention, perceptual
processes and planning.

Cognitive development of children with differ-
ent challenges in neuropsychological functioning
requires a special theoretical approach. For exam-
ple, in children with intellectual disabilities, the ed-
ucational process combines a diagnostic segment
— which evaluates the child’s individual character-
istics — with specifically designed support programs
aimed at stimulating compensatory processes (8).
Such programs rely on special education, speech
therapy and medical knowledge in order to create
optimal conditions for advancements in the domain
of cognition. In the domain of neurobiology, nutri-
tion plays an important role in the maturation of
cognitive functions. The lack of essential macro and
micronutrients during the period of rapid growth
can lead to permanent damage to the brain’s func-
tional systems. In children with nutritional disorders,
lower results were recorded on tests that measure
language abilities, spatial orientation or flexibility of
thinking (9). Apart from the direct impact of nutri-
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zauzima centralno mesto unutar teorijskog okvira
kognitivnog razvoja. Visi stepen obrazovanja majke
povezana je sa boljom ishranom deteta i Sirim spek-
trom kognitivnho stimulativnog materijala kuc¢nog
okruzenja (10). U tim slucajevima deca c¢esée imaju
pristup knjigama, slikovnicama i interaktivnim edu-
kativnim igrackama koje doprinose razvoju paznje,
paméenja i logi¢kog zakljucivanja. Analiza posebnih
razvojnih profila pokazuje da kod odredenih neuro-
loskih sindroma postoji paralelna regresija motoric-
kih i kognitivnih parametara (11,12). Vizuelne funk-
cije — koje prethode visim oblicima kognitivnog pro-
cesuiranja —mogu biti narusene pre pojave vidljivog
opadanja opstih kognitivnih performansi. Ovi nalazi
sugerisu teorijski model razvoja koji ukljucuje rane
prekognitivne indikatore kao prognosti¢ke faktore
buducih poteskodéa.

Nutritivne intervencije u ranom detinjstvu
Nutritivne intervencije u ranom detinjstvu
predstavljaju specifian set aktivnosti osmisljen da u
periodu brzog rasta i intenzivnog neuroloskog razvo-
ja obezbedi adekvatne uslove za optimalan razvoj
kognitivnih funkcija. Period prvih nekoliko godina
Zivota, posebno prve dve godine, ¢esto se opisuje
kao period povecane osetljivosti na nutritivne i sti-
mulativne faktore, ali dostupni podaci ukazuju na
to da znacdajne mogucnosti za unapredenje razvoja
postoje i nakon tog intervala (13). Meta-analize vise
desetina interventnih studija pokazuju da su vrsta i
koli¢ina nutrijenata klju¢ni za efikasnost programa
(13). Suplementacija koja obuhvata pet ili vise hran-
ljivih materija ima jaci uticaj na razvoj kognitivnih
sposobnosti u poredenju sa suplementacijom samo
jednim ili nekoliko nutrijenata. U zemljama sa Ce-
stim visSestrukim nutritivnim deficitima ovaj pristup
moze nadoknaditi nutritivne nedostatke koje poje-
dinacna suplementacija ne moze. Posebno se isticu
mikroelementi poput gvozda, cinka, kalcijuma i vita-
mina B12, kao i proteini, zbog njihove uloge u sintezi
neurotransmitera, metabolizmu masnih kiselina u
mozgu i rastu neuronskih struktura. Uzrast deteta
kada se krece sa intervencijama takode igra vaznu
ulogu. Programi implementirani izmedu 6. i 18. me-
seca zivota imaju najveéu korist u pogledu kognitiv-
nih ishoda (14), $to je u skladu sa intenzivnim razvo-
jem mozdane mase i sinaptickih veza u tom periodu.
Medutim, efekti postignuti kod dece starije od 18
meseci variraju i zavise od Sirine nutritivne ponude
— kod nekih starijih grupa pozitivan ucinak se javlja
kada su ukljuceni programi fortifikacije hrane ili skol-

ski obroci sa visestrukim nutrijentima.

Ogranicenja infrastrukturne prirode u siromas-
nijim regionima otezavaju sprovodenje reprezenta-
tivnih studija i dugoroénog praéenja efekata inter-
vencija. Uprkos tome, postoje nalazi koji sugeriSu
dugorocne koristi od odredenih prehrambenih na-
vika iz detinjstva. Na primer, svakodnevna konzuma-
cija malih koli¢éina mesa posle perioda dojenja moze
biti povezana sa boljim kognitivnim funkcionisanjem
u kasnijem Zzivotnom dobu (15), pri ¢emu proteini
i mikronutrijenti iz mesa doprinose razvoju hipo-
kampusa i hipotalamusa — struktura koje nastavlja-
ju da sazrevaju tokom detinjstva i adolescencije. U
mnogim zemljama sa niskim i srednjim prihodima,
bioloski rizici povezani sa siromastvom doprinose
dugotrajnom uticaju nutritivnog statusa na razvoj.
Posmatranja pokazuju da linearni rast tokom prvih
1000 dana Zivota korelira sa boljim motorickim i ko-
gnitivnim sposobnostima (16), a napredak telesne
visine nakon tog perioda moZe biti znacajan indi-
kator buducih kognitivnih ishoda. Nutritivhe inter-
vencije usmerene na ove parametre mogu doprineti
ne samo smanjenju ucestalosti zastoja u rastu vec i
poboljsanju socijalnih funkcija, buduéi da neuroko-
gnitivne sposobnosti posreduju u odnosu izmedu
ishrane i socijalnog ponasanja (17).

Znanje roditelja i/ili staratelja o vaznim mikro-
nutrijentima ponekad se bolje razvija kroz konti-
nuirano ucescée u zdravstvenim programima ili kroz
sopstveno iskustvo hranjenja dece (18). Ovo ukazuje
na potencijalno jedinstvenu strategiju: edukativnu
komponentu usmeriti ka onima koji veé poseduju
odredeni stepen informisanosti, kako bi se optimi-
zovala primena nutritivnih smernica u praksi. Spe-
cificne populacije, kao Sto su deca sa cerebralnom
paralizom, zahtevaju prilagodene nutritivne proto-
kole. Kod njih su energetske potrebe nize nego kod
vrinjaka tipi¢nog razvoja (19), ali su potrebe za kva-
litetnom nutritivnom podrskom jednako vazne zbog
uticaja na sastav tela, zdravlje kostiju, sazrevanje
mozga i opste funkcionisanje.

Efekti nutritivnih intervencija na kogni-
tivne ishode

Analizirajudi rezultate razlicitih istrazivanja, uo-
Cava se da efekti nutritivnih intervencija na kognitiv-
ne ishode kod dece uzrasta od 2 do 6 godina imaju
izraZzenu varijabilnost, koja zavisi od vrste i trajanja
intervencije, kao i po€etnog nutritivnog i zdravstve-
nog statusa ucesnika. Multinutrijentne suplementa-
cije ¢esto daju Siri spektar poboljSanja u kognitivnih
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ents on neural processes, the effects are also reflect-
ed in the reduced energy necessary for engaging in
research activities, which directly affects the level of
cognitive stimulation. The socioeconomic status of
the family also takes a central place within the theo-
retical framework of cognitive development. Higher
maternal education is associated with better child
nutrition and a wider range of cognitively stimulat-
ing material in the home environment (10). In those
cases, children more often have access to books, pic-
ture books or interactive educational toys that con-
tribute to the development of attention, memory
and logical reasoning. The analysis of special devel-
opmental profiles shows that in certain neurological
syndromes there is a parallel regression of motor
and cognitive parameters (11,12). Visual functions —
which precede higher forms of cognitive processing
— can be impaired before the appearance of a visi-
ble decline in general cognitive performance. These
findings suggest the theoretical model of develop-
ment that includes early precognitive indicators as
prognostic factors of future difficulties.

Nutritional interventions in early childhood

Nutritional interventions in early childhood
represent a specific set of activities designed to
provide adequate resources for the optimal for-
mation of cognitive functions during the period of
rapid growth and high neurological development.
The period of the first few years of life, especially
the first two years, is often described as a window
of sensitivity to nutritional and stimulating factors,
but available data indicate that a significant oppor-
tunity for improving development exists even after
that interval (13). Meta-analyses of dozens of inter-
vention studies show that that the type and amount
of nutrients are essential for the effectiveness of the
program (13). Supplementation that includes five or
more nutrients has a stronger impact on cognitive
development than supplementation with only one
or a few nutrients. In countries with frequent multi-
ple deficiencies, this approach can close nutritional
gaps that individual supplementation cannot. Mi-
croelements such as iron, zinc, calcium and vitamin
B12, as well as proteins, are especially important
due to their roles in the synthesis of neurotransmit-
ters, the metabolism of fatty acids in the brain and
the growth of neuronal structures. The period of the
child’s life when interventions begin plays an impor-
tant role. Programs implemented between 6 and 18
months of age have the largest benefit in terms of
cognitive outcomes (14), which is compatible with

the biology of intensive development of brain mass
and synaptic connections during this period. Howev-
er, effects achieved in children older than 18 months
vary and depend on the breadth of nutritional provi-
sion —in some older groups a positive effect occurs
when food fortification programs or school meals
with multiple nutrients are included.

The limitations related to infrastructure in
poorer regions make it difficult to conduct repre-
sentative studies and long-term follow-up of the
effects of interventions. In spite of this, there are
findings that suggest long-term benefits of certain
childhood eating habits. For example, consump-
tion of small amounts of meat daily after the peri-
od of breastfeeding may be associated with better
cognitive functioning later in life (15), with proteins
and micronutrients from meat contributing to the
development of the hippocampus and hypothala-
mus — structures that mature long during childhood
and adolescence. In many low- and middle-income
countries, biological risks associated with poverty
contribute to the lasting impact of nutritional status
on development. Studies show that linear growth
during the first 1000 days of life correlates with bet-
ter motor and cognitive abilities (16), while height
after that period can be a significant indicator of fu-
ture cognitive outcomes. Nutritional interventions
targeting these parameters can contribute not only
to reducing the incidence of short stature but also to
improving social functions because neurocognitive
ability acts as the mediator between nutrition and
social behavior (17).

Parents’ or caregivers’ knowledge about im-
portant micronutrients sometimes develops better
through continuous participation in health programs
or their own feeding experience (18). This indicates a
potentially unique strategy: to direct the educational
component towards those who already possess a cer-
tain degree of informedness in order to optimize the
implementation of nutritional guidelines in practice.
Specific populations such as children with cerebral
palsy require customized nutritional protocols. Their
energy needs are lower compared to their peers that
have typical development (19), however, needs for
quality nutritional support are equally important due
to the influence on body composition, bone health,
brain maturation and general functioning.

The effects of nutritional interventions on
cognitive outcomes

The analysis of results of various studies shows
that the effects of nutritional interventions on cog-
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funkcija u odnosu na ciljane suplementacije pojedi-
nacnim vitaminima ili mineralima. Na primer, kod
grupa koje su dobijale kombinovane multivitamin-
ske preparate zabelezeno je napredovanje verbalne
i vizuelne memorije, povecanje brzine vizuomotor-
nog procesuiranja, kao i poboljSanje strategijskog
generisanja reSenja u zadacima i unapredenje rad-
nog pamcenja (16,17). Takav ucinak se ne javlja u
istom obimu kod izolovanih nutritivnih intervencija,
gde poboljsanja uglavnom obuhvataju specifi¢ne
funkcije, poput verbalne memorije ili odredenih
tipova paznje. Uocena korist od mikronutrijenata,
poput vitamina D, povezana je sa kognitivnim do-
menima kao S$to su opsti koeficijent inteligencije (1Q)
i procesi inhibicije odgovora, premda rezultati nisu
uvek konzistentni zbog razlika u doziranju i meto-
dama procene kognitivnih funkcija. Postoje studije
koje pokazuju da male promene u ishrani, poput po-
vecanog unosa vitamina C kod populacija sa niskim
unosom voca i povréa, mogu dovesti do poboljsanja
kognitivnih performansi kroz mehanizme povezane
sa Celijskim metabolizmom askorbinske kiseline i
sintezom neurotransmitera (20). Po svoj prilici, ova-
kvi efekti su izraZeniji kod dece koja polaze od stanja
deficita nego kod one sa ve¢ adekvatnim nutritivnim
statusom. Kod odredenih zdravstvenih stanja, do-
datni unos mikronutrijenata moze imati specifican
ucinak na razvoj.

Vitamin B12 pokazuje pozitivan uticaj na moto-
ricki razvoj kod odojcadi sa deficitima (21), a teorij-
ski bi mogao imati slican doprinos kognitivnim funk-
cijama putem uceséa u sintezi mijelina i metaboli¢-
kom radu neurona. Ipak, istrazivanja koja direktno
povezuju suplementaciju B12 sa izvrsnim funkcija-
ma ili pamcenjem kod predskolske dece jo$ su ogra-
ni¢ena, pa zakljucci ostaju okvirni. Efekti nutritivnih
intervencija na decu sa cerebralnom paralizom zah-
tevaju posebno sagledavanje. Smanjena fizicka ak-
tivnost ovih grupa podrazumeva drugaciju dinamiku
nutritivne podrske, pri éemu adekvatan unos hrane
bogate mikronutrijentima moze ublaziti fizioloSke
prepreke za razvoj mozga (19). Time se potencijal-
no posredno utice na komunikacione sposobnosti,
paznju ili radno pamcenje. Kod malnutricije je do-
kazano da deca imaju slabije rezultate na testovima
radnog pamdéenja, vizuelne konstrukcije, ucenju i
memoriji (22). Efekti intervencije su vidljivi kroz po-
meranje distribucije kognitivnih skorova ka visim
vrednostima u interventnoj grupi tokom vremena.
Pri tome treba naglasiti da odredeni aspekti, poput
motoricke koordinacije, mogu ostati manje podloz-

ni uticaju nutritivnog statusa nego ostali kognitivni
domeni. Povezanost izmedu prehrambenog unosa
proteina i linearnog rasta sa kasnijim kognitivnim is-
hodima podrzana je nalazima koji idu u prilog hipo-
tezi da rast tokom prvih godina Zivota vodi ka boljoj
spremnosti za kompleksne mentalne zadatke (23).

Nedovoljna dostupnost hrane ne samo da sma-
njuje kvalitet ishrane, ve¢ podstice socijalno-emo-
cionalna ponasanja koja negativno uticu na inte-
rakcije i mogucénost angaZovanja u stimulativnim
aktivnostima. Suplementacija mikronutrijentima na
kratkoroénom nivou pokazuje da ¢ak osmonedeljni
program moZze promeniti nivoe vitamina B6, B12,
folata i homocisteina u plazmi, uz uocena pobolj-
Sanja odredenih aspekata paznje ili memorije (20).
Razlike izmedu studija sli¢nog dizajna upuduju na to
da isti suplement moze izazvati promene razliitih
kognitivnih funkcija, zavisno od populacije i trajanja
tretmana. Intervencije koje kombinuju fizicku aktiv-
nost sa nutritivnim komponentama mogu doprine-
ti razvoju izvrSnih funkcija, ukljucujuéi inhibicionu
kontrolu reakcija kod dece (5). Kada se spoljasnja
stimulacija motorike udruZi sa povecanim unosom
esencijalnih nutrijenata, efekat se moZe prosiriti na
paznju i organizaciju misljenja.

Jedan od interesantnih aspekata odnosi se na
korelaciju izmedu biomarkera, poput nivoa BDNF-a
(eng. brain-derived neurotrophic factor), i kognitiv-
nih skorova (24). Mada direktna suplementacija nije
primarni faktor koji menja nivo BDNF kod zdrave pe-
dijatrijske populacije, prema dostupnim podacima,
moguce je da poboljsana ishrana stimulise neuroge-
nezu i neuroplasti¢nost preko mehanizama snazenja
mitohondrijalne efikasnosti ili zastite DNK struktura
(20).

Efikasnost programa takode zavisi od konteksta
implementacije. Kod populacija iz ruralnih podruc-
ja ili siromasnijih sredina efekti mogu biti izrazeniji,
jer osnovna ishrana ¢esto ne pokriva ni minimalne
potrebe za mikronutrijentima. Kod ovakvih grupa
suplementacija visSestrukim nutrijentima rezultira
izraZenijim poboljSanjem parametara painje, ver-
balnog izrazavanja ili sposobnosti reSavanja proble-
ma u poredenju sa decom iz urbanih sredina, koja
ve¢ imaju relativno stabilan nutritivni status. Ovi
nalazi pokazuju sloZenu sliku u kojoj nutritivne inter-
vencije — bilo kroz izolovane mikronutrijente poput
vitamina D ili C, bilo kroz multivitaminske preparate
— mogu imati merljivo pozitivan efekat na razli¢ite
domene kognitivnog razvoja. Medutim, amplitude
tih efekata zavise od pocetnog nutritivnog statu-
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nitive outcomes in children aged 2 to 6 years have
a pronounced variability that depends on the type
and duration of the intervention, as well as on the
initial nutritional and health status of participants.
Multinutrient supplementation often produces a
wider range of improvements in cognition than tar-
geted supplementation with single vitamins or min-
erals. For example, in groups that received combined
multivitamin preparations, improvements in verbal
and visual memory were observed, as well as an in-
crease in the speed of visual and motor processing,
the improvement in the strategic generation of solu-
tions in tasks and improvement of working memory
(16,17). Such an effect does not occur to the same
extent with isolated nutritional interventions, where
improvements mainly involve specific functions such
as verbal memory or certain type of attention. The
observed benefit of micronutrients such as vitamin
D has been associated with cognitive domains such
as general intelligence quotient (1Q) and processes of
response inhibition, although results are not always
consistent due to differences in dosage and methods
of cognitive assessment. There are studies which
show that small dietary changes, such as increased
vitamin C intake in populations with low fruit and
vegetable intake can lead to improved cognitive
performance through mechanisms related to cellu-
lar mechanisms of ascorbate and synthesis of neu-
rotransmitters (20). These effects are presumably
more pronounced in children starting from a state of
deficit than in those with an already adequate nutri-
tional status. In certain health conditions, additional
intake of micronutrients can have a specific effect on
development.

Vitamin B12 shows a positive effect on motor de-
velopment in infants with deficits (21), and theoreti-
cally it could have a similar contribution to cognitive
functions by participating in the synthesis of myelin
and the metabolic work of neurons. However, stud-
ies that directly connect B12 supplementation with
executive functions or memory in preschool children
still have limitations, and therefore, conclusions re-
main tentative. The effects of nutritional interven-
tions on children with cerebral palsy require special
consideration. The reduced physical activity of these
groups implies a different dynamic of nutritional
support, while the adequate intake of food rich in
micronutrients can alleviate physiological obstacles
to brain development (19). This potentially influenc-
es communication skills, attention or working mem-
ory in an indirect way. It has been shown that mal-

nourished children perform poor on tests of working
memory, visual construction, learning and memory
(22). The effects of the intervention are visible in
the shift of distribution of cognitive scores towards
higher values in the intervention group over time. It
should be emphasized that certain aspects such as
motor coordination can remain less affected by nu-
tritional status than other elements of cognition. The
interconnectedness between the dietary intake of
proteins, linear growth and later cognitive outcomes
is shown in findings that support the hypothesis that
growth during the first years of life leads to better
readiness for complex mental tasks (23).

The insufficient availability of food not only re-
duces the quality of nutrition, but also promotes
social-emotional behaviors that negatively affect
interactions and the ability to engage in stimulating
activities. Short-term micronutrient supplementa-
tion shows that even an eight-week program can
change plasma levels of vitamins B6, B12, folate and
homocysteine with observed improvements in cer-
tain aspects of attention or memory (20). Differenc-
es between studies of similar design suggest that the
same supplement may induce changes in different
elements of cognition depending on the population
and duration of treatment. Interventions that com-
bine physical activity with nutritional components
open an additional pathway for the development of
inhibitory response control in children (5). When ex-
ternal motor stimulation is combined with increased
intake of essential nutrients, the effect can spread to
attention and thought organization.

One of the interesting aspects is the correlation
between biomarkers such as the level of brain-de-
rived neurotrophic factor (BDNF) and cognitive
scores (24). Although direct supplementation is
not the primary factor that alters BDNF in healthy
pediatric population according to available data, im-
proved nutrition may possibly contribute to healthy
neurogenesis through mechanisms of enhancing mi-
tochondrial efficiency or protecting DNA structures
(20).

The effectiveness of the program also depends
on the context of implementation. In populations
from rural areas or poorer environments, the ef-
fects may be more pronounced because the basic
diet does not often cover even the minimum needs
for micronutrients. In these groups, the addition of
multiple nutrients results in stronger improvements
in parameters of attention, verbal expression or
problem-solving ability than in children from urban
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sa, zdravstvenog profila deteta, trajanja tretmana i
nacina integrisanja nutritivnih aktivnosti sa drugim
stimulativnim faktorima, poput fizicke aktivnosti ili
obrazovnih sadrzZaja. To sugeriSe potrebu za perso-
nalizovanijim pristupom koji ¢e uzeti u obzir ove va-
rijable pri dizajniranju bududih interventnih progra-
ma.

Siri kontekst i implikacije

Posmatranje nutritivnih intervencija u ranom
detinjstvu ne moZe se odvojiti od Sirih drustvenih,
zdravstvenih i obrazovnih okolnosti koje oblikuju
njihovu efikasnost. Efekti koji su opisani u prethod-
nom delu rada ukazuju da nutritivne strategije nisu
izolovan mehanizam, ve¢ deo slozene mreze delova-
nja u kojoj socioekonomski status porodice, lokalni
zdravstveni sistem i kulturni obrasci ishrane igraju
znacajnu ulogu. Na primer, evidentirano je da maj-
ke sa viSim nivoom obrazovanja i boljim materijal-
nim uslovima ¢e$c¢e primenjuju raznovrsnu ishranu
bogatu mikronutrijentima, Sto se reflektuje na bolje
rezultate dece u testovima paznje i memorije (25).
Time se potvrduje da kvalitet ishrane zavisi ne samo
od individualnih odluka, ve¢ i od dostupnosti resursa
unutar zajednice.

Programi ranog obrazovanja koji integriSu nutri-
tivnu komponentu sa pedagoskim modulima imaju
potencijal da dugoro¢no uti¢u na socijalnu mobil-
nost dece iz siromasnijih sredina. Koris¢enje Skol-
skog okruZenja za distribuciju obroka bogatih mikro-
nutrijentima, uz paralelno sprovodenje edukativnih
aktivnosti prilagodenih predskolskom uzrastu, pred-
stavlja moguénost koja povezuje zdravstveni sek-
tor sa obrazovnim institucijama (13). Takvi modeli
podsticu kognitivni razvoj kroz simultano delovanje
na fizicke i mentalne kapacitete deteta. Dodatno,
viSestruka korist proizilazi iz smanjenja prevalencije
hroni¢ne malnutricije, koja negativno utice na op-
Ste zdravlje i sposobnost za ucenje (26). Globalne
zdravstvene inicijative, kao Sto su ciljevi odrzivog ra-
zvoja (eng. Sustainable Development Goals — SDG),
uklju¢uju smanjenje gladi i malnutricije kao klju¢ne
prioritete. Nutritivne intervencije osmisljene da po-
boljSaju status mikronutrijenata kod dece direktno
doprinose ovim ciljevima (25), ali njihova implemen-
tacija zahteva prilagodavanje regionalnim uslovima.
U regionima gde postoji dvostruki teret malnutricije
— istovremeno prisustvo pothranjenosti i prekomer-
ne teZine — intervencije moraju balansirati izmedu
prevencije deficita i spre¢avanja problema preko-
merne telesne mase.

Zdravstveni sistemi imaju posebnu odgovornost
u identifikovanju rizi¢nih grupa. Nacionalni programi
skrininga novorodencadi, poput onih koji otkrivaju
metabolicke ili genetske poremecaje, mogu poslu-
Ziti kao osnova za usmeravanje dodatne nutritivne
podrske ka deci koja su potencijalno ugrozena (27).
Takode, integracija nutritivnih protokola u progra-
me prevencije hroni¢nog zaostojanja u rastu (eng.
stunting) ima dugorocne implikacije na smanjenje
ucestalosti neurokognitivnog deficita kod populaci-
ja koje su pogodene hronicnom malnutricijom (26).
Kulturne prakse ishrane odreduju nacin na koji zajed-
nica prihvata prehrambene intervencije. Na primer,
sklonost ka jednostavnim ugljenim hidratima moze
ograniciti efekat programa koji promovisu komplek-
sne ugljene hidrate bogate vlaknima, uprkos njiho-
vom dokazanom pozitivnom uticaju na kontrolu glu-
koze i metabolicku ravnotezu (28).

Efikasna komunikacija izmedu zdravstvenih rad-
nika i roditelja o vaznosti izbora namirnica moze biti
presudna za odrzavanje ucinka nakon zavrsetka in-
tervencije. Ekonomske implikacije ovakvih progra-
ma takode su znacajne. Prevencija kognitivnih de-
ficita putem optimalne ishrane smanjuje potrebu
za kasnijim ulaganjima u remedijacione obrazovne
programe ili leCenje komplikacija koje proizlaze iz
nutritivnog zastoja (13). Dugorocno, to moze dopri-
neti povecanju produktivnosti odraslih koji su imali
kvalitetne uslove razvoja tokom ranog detinjstva. U
kontekstu javnog zdravlja, ovakvi programi predstav-
ljaju preventivnu strategiju koja povezuje nutritivne
faktore sa socijalnim intervencijama. Praéenje efeka-
ta kroz longitudinalna istraZivanja omogucava pro-
cenu trajnosti koristi, kao i prilagodavanje strategija
prema promenama demografskih struktura ili eko-
nomskih pokazatelja u lokalnoj zajednici (29). Mo-
del povratne sprege (engl. feedback loop) izmedu
roditelja, nastavnika i deteta, koji proizilazi iz konti-
nuiranog podrzavanja zdravih prehrambenih navika,
moze dugorocno stvoriti samo-ojacavajudi ciklus ko-
gnitivnog napretka. Poseban aspekt implicira odnos
izmedu globalnog nau¢nog znanja o ishrani i lokal-
nih specificnosti implementacije. Intervencije koje
dolaze iz medunarodnih zdravstvenih organizacija
Cesto zahtevaju adaptaciju kako bi bile kompatibilne
sa tradicionalnim nacinom ishrane, infrastrukturom
distribucije hrane i nivoom edukacije stanovnistva
(17). Bez ovog prilagodavanja moZe doci do nedo-
voljnog angaZovanja ciljnih grupa ili kratkorocnog
efekta koji se brzo gubi po zavrSetku projekta. Ove
implikacije jasno pokazuju da nutritivni programi u
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areas that already have a relatively stable nutritional
fund. These findings show a complex picture where
nutritional interventions — either through isolated
micronutrients such as vitamin D or C or through
multivitamin preparations — can have a measura-
ble positive effect on different domains of cognitive
development. However, the amplitudes of those
effects depend on the initial nutritional status, the
child’s health profile, the duration of treatment and
the way of integrating nutritional activities with oth-
er stimulating factors such as physical activity or edu-
cational contents. This suggests the need for a more
personalized approach that would take all these var-
iables into account when designing future interven-
tion programs.

Wider context and implications

The analysis of nutritional interventions in ear-
ly childhood cannot be separated from wider social,
health and educational circumstances that shape
their effectiveness. The effects described in the pre-
vious part of this study indicate that nutritional strat-
egies are not an isolated mechanism but part of a
complex network of actions, in which the socioeco-
nomic status of the family, the local health system
and cultural eating patterns play a significant role.
For example, it has been observed that mothers with
a higher level of education and better material con-
ditions more often apply a varied diet rich in micro-
nutrients, which is reflected in better results of chil-
dren on tests of attention and memory (25). Thus, it
has been confirmed that quality nutrition depends
not only on individual decisions but also on the avail-
ability of resource within the community.

Programs of early education that integrate a nu-
tritional component with pedagogical modules have
the potential to influence the long-term social mo-
bility of children from poorer environments. Using
the school environment to distribute meals rich in
micronutrients, with the parallel implementation of
educational activities adapted to the preschool age,
represents an opportunity that connects the health
sector and educational institutions (13). Such models
encourage cognitive development through simulta-
neous actions related to child’s physical and mental
capacities. In addition, multiple benefits arise from
the reduction in the prevalence of chronic malnutri-
tion that negatively affects general health and learn-
ing abilities (26). Global health initiatives such as Sus-
tainable Development Goals (SDGs) include reducing
hunger and malnutrition as key priorities. Nutritional

interventions designed to improve the status of mi-
cronutrients in children contribute to these goals di-
rectly (25), but their implementation requires adap-
tation to regional conditions. In regions, where there
is a double burden of malnutrition — the simultane-
ous presence of malnutrition and overweight — inter-
ventions must balance between preventing deficits
and preventing overweight.

Health systems have a special responsibility in
identifying groups at risk. National newborn screen-
ing programs, such as those that detect metabolic or
genetic disorders, can serve as a basis for directing
additional nutritional support to children who are
potentially at risk (27). Also, the integration of nu-
tritional protocols into programs for the prevention
of chronic stunting has long-term implications for
reducing the frequency of neurocognitive deficits in
populations currently affected by chronic malnutri-
tion (26). Cultural dietary practices determine how
a community accepts nutritional interventions. For
example, a preference for simple carbohydrates may
limit the effect of programs that promote complex
carbohydrates rich in fibers, despite their proven
positive impact on glucose control and metabolic
balance (28).

Effective communication between health pro-
fessionals and parents about the importance of food
choices can be crucial for maintaining effects after
the intervention is over. The economic implications
of such programs are also important. The prevention
of cognitive deficits through optimal nutrition reduc-
es the need for later investments in remedial educa-
tional programs or treatment of complications aris-
ing from nutritional failure (13). In the long term, it
can contribute to the increased productivity of adults
who had quality conditions of development during
early childhood. In the context of public health, such
programs represent a preventive strategy that con-
nects nutritional factors with social interventions.
Monitoring the effects through longitudinal studies
enables the assessment of the durability of benefits,
as well as the adjustment of strategies according to
changes in demographic structures or economic in-
dicators of the local community (29). The model of
feedback loop between parents, teachers and chil-
dren which comes from the continuous support of
healthy eating habits can create a cycle of cognitive
progress in the long term. A special aspect implies
the relationship between the global scientific knowl-
edge about nutrition and the local specificities of
implementation. Interventions that come from in-
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ranom detinjstvu funkcioniSu najefikasnije kada su
deo Sire strategije uklju¢ivanja zajednice, koordina-
cije izmedu sektora zdravlja i obrazovanja, te socioe-
konomske politike koja omogucava kontinuirani pri-
stup kvalitetnoj hrani (22).

Preporuke za buduca istrazivanja

Buduca istrazivanja potrebna su da bi se razja-
snile nejednakosti u rezultatima koji prate nutritiv-
ne intervencije kod dece razli¢itog uzrasta. Trenutni
nalazi ukazuju na varijacije koje proizlaze iz razlicitih
kombinacija mikronutrijenata, trajanja programa i
konteksta implementacije, ali je teSko jasno izdvoijiti
pojedina¢ne mehanizme zbog heterogenosti studija
(14). Potrebna su rigorozna poredenja multinutri-
jentnih i mononutrijentnih protokola kroz rando-
mizovane kontrolisane studije koje ¢e pratiti decu
duZe od jedne godine, kako bi se procenila odrzivost
efekata. Takode, dugoro¢na merenja trebalo bi da
ukljuce procenu vise domena kognitivnog razvoja
— painje, radnog pamcdenja, verbalnih sposobnosti,
izvr$nih funkcija — Sto ée omoguciti kompleksniju in-
terpretaciju rezultata u odnosu na dosadasnje jed-
nostavnije testove. Uz to, bududi projekti morali bi
da standardizuju metode merenja nutritivnog unosa
i statusa. Koris¢enje laboratorijskih biomarkera (npr.
serumskih koncentracija gvozda, folata ili vitamina
B12) u kombinaciji sa samoprocenom ishrane moze
smanijiti rizik od pristrasnosti usled pogreSno pri-
javljenog unosa (23). Posebno interesantno bilo bi
povezati biomarkere sa neurofizioloskim pokazate-
liima, poput nivoa BDNF-a ili elektroencefalografskih
parametara paznje i memorije, ¢ime bi se otvorilo
pitanje mehanizama posredovanja izmedu ishrane
i neurorazvoja (20). Takva korelacija moze pruziti
snazne dokaze o direktnim neurobioloskim efektima
suplementacije.

Potrebno je i prosirenje populacijskih okvira
istrazivanja. Veci broj studija fokusira se na urbane
sredine, dok ruralne oblasti ostaju slabije zastuplje-
ne, uprkos tome Sto Cesto imaju veée stope malnu-
tricije (27). U ovim podrucjima moZe biti posebno
relevantno kombinovati nutritivne intervencije sa
lokalnim programima obuke nastavnika i roditelja o
vaznosti raznovrsne ishrane. Ovde se javlja i pitanje
kulturne adaptacije, te istrazivanja treba da doku-
mentuju kako se prehrambene preporuke uklapa-
ju u tradicionalne obrasce i dostupnost namirnica
na lokalnom trzistu. Kada je re¢ o ciljnoj populaciji,
istrazivanja bi trebalo da ukljuce i decu sa posebnim
zdravstvenim potrebama. Na primer, kod dece sa

cerebralnom paralizom optimalan nutritivni proto-
kol mora uzeti u obzir smanjenu potrosnju energije i
specifitne metabolicke potrebe (19). Longitudinalno
pracenje efekata prilagodenih intervencija kod ovih
grupa moze pruziti podatke koji ¢e definisati perso-
nalizovane programe ishrane i stimulacije kognitiv-
nog razvoja. Bilo bi korisno nastaviti eksperimentisa-
nje sa integrisanim pristupima koji kombinuju fizicku
aktivnost sa nutritivnim komponentama. Modeli
koji uklju€uju strukturisane motoric¢ke igre zajedno
sa multinutrijentnom podrskom mogli bi da budu
testirani kroz viSefaktorske dizajne kako bi se jasno
definisalo sinergijsko dejstvo ovih komponenti (5).

Promene u rutini, rasporedu obroka i socijal-
nom okruzenju mogu uticati na odrZavanje stecenih
kognitivnih koristi. Pracenje uéenika do kraja prvog
ciklusa osnovnog obrazovanja moglo bi pokazati
koliko je sprovedena intervencija doprinela trajnoj
spremnosti za formalno ucenje (13).

Nedovoljno istrazen aspekt odnosi se na pre-
koncepcijski period majke. Bududéi projekti mogli bi
ukljuciti praéenje Zena od perioda pre trudnoce kako
bi se procenio uticaj njihovog nutritivnog statusa na
sastav mleka, a potom i na razvoj deteta (30). Ova
linija istrazivanja moze pruZziti argumente za Sire po-
pulacione strategije koje pocinju pre rodenja deteta.

Posmatrajudi sve ove smernice zajedno, postaje
jasno da bududa istrazivanja moraju biti viSeslojna:
obuhvatiti razli¢ite populacije, standardizovati me-
tode merenja, pratiti dugorocnost efekata, integri-
sati teorijske modele razvoja, testirati kombinovane
pristupe i sagledati ekonomske implikacije interven-
cija. Pri tome ne treba zanemariti ni uticaj socioe-
konomskog statusa porodice, jer on oblikuje pocetni
kognitivni potencijal deteta.

Zakljucak

Razvoj kognitivnih sposobnosti dece uzrasta od
2 do 6 godina pokazuje sloZzenu povezanost sa nu-
tritivnim statusom, pri ¢emu nutritivne intervencije
mogu ostvariti pozitivne efekte, posebno kada su
usmerene na kriticne periode rasta i kombinovane
sa drugim stimulativnim faktorima. ViSestruka su-
plementacija mikronutrijentima cesto pokazuje Siri
spektar koristi u oblastima kao Sto su memorija, pa-
Znja i izvrSne funkcije, u poredenju sa ciljanim, po-
jedinaénim nutritivnim intervencijama. Medutim,
intenzitet i trajnost ovih efekata variraju pod utica-
jem pocetnog zdravstvenog stanja deteta, socioeko-
nomskog konteksta porodice i kapaciteta lokalnog si-
stema da odrzZi programe. Efikasnost je veca kada se
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ternational health organizations often require adap-
tation in order to be compatible with the traditional
way of eating, the infrastructure of food distribution
and the level of education of the population (17).
Without this adjustment, there may be insufficient
engagement of target groups or a short-term effect
that is quickly lost after the end of the project. These
implications clearly show that early childhood nutri-
tion programs work effectively when they are part of
a broader strategy of community involvement, coor-
dination between health and education sectors, and
socioeconomic policies that enable the continued
access to quality food (22).

Recommendations for future research

Further research is needed to clarify disparities
in outcomes following nutritional interventions in
children of different age. Current findings point to
variations that arise from different micronutrient
combinations, duration of programs and context of
implementation, but it is difficult to clearly isolate
individual mechanisms due to the heterogeneity of
studies (14). Rigorous comparisons of multinutrient
and mononutrient protocols through randomized
controlled studies that would follow children for
more than one year are needed to assess the sus-
tainability of effects. Also, long-term measurements
should include the assessment of several domains of
cognitive development — attention, working memo-
ry, verbal abilities, executive functions — which will
enable a more complex interpretation of results
compared to simpler tests that have been conduct-
ed so far. In addition, future projects should stand-
ardize the methods of measuring nutritional intake
and status. The use of laboratory biomarkers (e.g.
serum concentrations of iron, folate or vitamin B12)
in combination with self-reported dietary intake can
reduce the risk of bias due to misreported intake
(23). It would be particularly interesting to connect
biomarkers with neurophysiological indicators such
as the level of BDNF or electroencephalographic
parameters of attention and memory, which would
open the question of mechanisms of mediation be-
tween nutrition and neurodevelopment (20). Such
a correlation may provide strong evidence about di-
rect neurobiological effects of supplementation.

It is also necessary to expand the population
framework of research. Most studies focus on urban
areas, while rural areas remain less represented,
although they often have higher rates of malnutri-
tion (27). In these areas, it may be particularly rele-

vant to combine nutritional interventions with local
training programs of teachers and parents about the
importance of varied diet. The question of cultural
adaptation also arises here, so studies should doc-
ument how dietary recommendations fit into tradi-
tional patterns and the availability on the local mar-
ket. When it comes to the target population, stud-
ies should also include children with special health
needs. For example, in children with cerebral palsy,
an optimal nutritional protocol must take into ac-
count reduced energy expenditure and specific met-
abolic needs (19). Longitudinal follow-up of effects
of customized interventions in these groups may
provide data that would define personalized nutri-
tional and cognitive development stimulation pro-
grams. It would be useful to continue experimenting
with integrated approaches that combine physical
activity with nutritional components. Models involv-
ing structured motor games together with multinu-
trient support could be tested through multifactorial
designs to clearly define the synergistic effects of
these components (5).

Changes in routine, meal schedule and social
environment can affect the maintenance of ac-
quired cognitive benefits. The follow-up of students
until the end of the first cycle of primary education
could show how much the implemented interven-
tion contributed to permanent readiness for formal
learning (13).

An insufficiently researched aspect relates to
the mother’s preconception period. Future pro-
jects could include monitoring mothers from the
pre-pregnancy period to assess the impact of their
nutritional status on milk composition and subse-
quent child development (30). This line of research
can offer arguments for broader population strate-
gies that begin before a child is born.

Considering all these guidelines together, it be-
comes clear that future research should be multi-
faceted: include different populations, standardize
measurement methods, monitor long-term effects,
integrate theoretical models of development, evalu-
ate combined approaches and look at the economic
implications of interventions. At the same time, the
issue of socioeconomic status of the family is not
negligible, because it shapes the child’s initial cogni-
tive potential.

Conclusion
The development of cognitive abilities of chil-
dren aged 2 to 6 years shows a complex dependence

59



Zdravstvena zastita 55(1), 2026

nutritivna podrska integriSe u Sire okvire koji uklju-
¢uju obrazovne aktivnosti, fizicku aktivnost i podrs-
ku roditeljima. Primena takvih holistickih pristupa
moze podstaéi paralelni napredak u razvoju moto-
rickih, socijalno-emocionalnih i kognitivnih vestina,
¢ime se stvaraju ¢vrste osnove za kasnije formalno
obrazovanje. Posebnu paznju zahteva populacija sa
specificnim zdravstvenim potrebama, kao i deca iz
sredina sa ograni¢enim resursima, kod kojih su efekti
intervencija ¢esto najuocljiviji usled prisustva osnov-
nih nutritivnih deficita. Za unapredenje ove oblasti
neophodno je sprovoditi istraZzivanja sa duzim pe-
riodom praéenjem, standardizovanim merenjima i
dizajnom koji jasno povezuje specificne nutritivne
elemente sa odgovaraju¢im kognitivnim ishodima.
Takvi podaci omogucili bi kreiranje preciznijih pro-
grama koji uzimaju u obzir individualne karakteristi-
ke deteta i specificnosti okruzenja, vodedéi ka odrzi-
vom unapredenju kognitivhog potencijala bududéih
generacija.
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on nutritional status, where nutritional interventions
can have positive effects, especially when they are
directed at critical periods of growth and combined
with other stimulating factors. Multiple micronutri-
ent supplementation often shows a wider range of
benefits in areas such as memory, attention, and ex-
ecutive functions compared to targeted, single nu-
tritional contributions. However, the magnitude and
duration of these effects vary under the influence
of the initial health status of the child, the socioeco-
nomic context of the family, and the capacity of the
local system to sustain the programs. Effectiveness
is greater when nutritional support is integrated
into broader frameworks that include educational
activities, physical activity and support for parents.
The implementation of such holistic approaches
can encourage the parallel development of motor,
social-emotional and cognitive skills, thereby cre-
ating solid foundations for later formal education.
Special attention is required for the population with
specific health needs, as well as children from envi-
ronments with limited resources, where the effects
of interventions are often the most noticeable due
to the existence of basic nutritional deficits. In order
to make improvements in this field, it is necessary
to conduct research with longer follow-up periods,
standardized measurements and design that clearly
combines specific nutritional elements with appro-
priate cognitive outcomes. Such data will enable the
creation of more precise programs, which would
take into consideration child’s individual characteris-
tics and the specificities of the environment, leading
to a sustainable improvement of the cognitive capi-
tal of future generations.

References

1. ZhuZ Changs, ChengV, QiQ, LiS, Elhoumed M, et al. Ear-
ly life cognitive development trajectories and intelligence
quotient in middle childhood and early adolescence in ru-
ral western China. Sci Rep. 2019;9:18315.

2. Fatmah F, US W. Effectiveness of orange almond pota-
to cookie vs. orange potato cookie supplementation
on nutritional wellbeing of the Indonesian stunted pre-
school-aged children during COVID-19 pandemic. Front
Nutr. 2023;10:1235841.

3. @yen ), Kvestad |, Midtbg LK, Graff IE, Hysing M, Stormark
KM, et al. Fatty fish intake and cognitive function: FINS-
KIDS, a randomized controlled trial in preschool children.
BMC Med. 2018;16:41.

4. Mattera S, Rojas NM, Morris PA, Bierman K. Promoting EF
With Preschool Interventions: Lessons Learned From 15
Years of Conducting Large-Scale Studies. Front Psychol.
2021;12:640702.

5. Pesce C, Masci |, Marchetti R, Vazou S, Saakslahti A, Tom-

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

porowski PD. Deliberate Play and Preparation Jointly Ben-
efit Motor and Cognitive Development: Mediated and
Moderated Effects. Front Psychol. 2016;7:349.

He M, Lian T, Liu Z, LiJ, Qi J, Li J, et al. An investigation into
the potential association between nutrition and Alzheim-
er’s disease. Front Nutr. 2024;11:1306226.

Wick K, Kriemler S, Granacher U. Associations between
measures of physical fitness and cognitive performance
in preschool children. BMC Sports Sci Med Rehabil.
2022;14:80.

Shishova E. Psychology of Children’s Play and STEM-Ed-
ucation in the Development of Cognition, Emotion, Im-
agination, and Creativity in Childhood. Front Psychol.
2023;14:1164800.

Khanam SJ, Khan MN. Examining the influence of child
nutritional disorders on early childhood development in
Bangladesh: insights from the multiple indicator cluster
survey. Public Health Nutr. 2024;27:e76.

Omachi AB, Van Onselen A, Kolanisi U. Evaluation of
Food and Nutrition Security Status of Nigeria Preschool
Children Towards Achieving the Sustainable Develop-
ment Goals 1, 2, 3 - A Review. Afr J Food Agric Nutr Dev.
2022;22(10):21952-71.

Verheyen K, Wyers L, Del Felice A, Schoonjans AS, Ceule-
mans B, Van de Walle P, et al. Independent walking and
cognitive development in preschool children with Dravet
syndrome. Dev Med Child Neurol. 2021;63(4):472-9.
Alzamzami AA, Alamri DA, Alfeheid FH, Alanazi RW,
Alhutayrashi NJ, Al-Shehri SM, et al. Motor, physical,
and psychosocial parameters and assessment in pre-
school children. Int J Community Med Public Health.
2023;10(10):3910-4.

Burger K. How does early childhood care and education
affect cognitive development? An international review of
the effects of early interventions for children from different
social backgrounds. Early Child Res Q. 2010;25(2):140-65.
Ip P, Ho FKW, Rao N, Sun J, Young ME, Chow CB, et al. Im-
pact of nutritional supplements on cognitive development
of children in developing countries: A meta-analysis. Sci
Rep. 2017;7:10611.

Heys M, Jiang C, Schooling CM, Zhang W, Cheng KK, Lam
TH, et al. Is childhood meat eating associated with better
later adulthood cognition in a developing population? Eur
J Epidemiol. 2010;25(7):507-16.

Sudfeld CR, Manji KP, Darling AM, Kisenge R, Kvestad |,
Hysing M, et al. Effect of antenatal and infant micronu-
trient supplementation on middle childhood and early
adolescent development outcomes in Tanzania. Eur J Clin
Nutr. 2019;73(9):1283-90.

Pérez-Escamilla R, Moran VH. The role of nutrition in inte-
grated early child development in the 21st century: con-
tribution from the Maternal and Child Nutrition journal.
Matern Child Nutr. 2017;13:e12387.

Mangusho G, Njogu E, Baingana RK, David-Kigaru DM. Vi-
tamin A-related nutrition knowledge gaps and predictors
among caregivers of preschool children in Eastern Ugan-
da: a cross-sectional study. BMC Nutr. 2024;10:85.

Boyd RN, Davies PS, Ziviani J, Trost S, Barber L, WareR, et al.
PREDICT-CP: study protocol of implementation of compre-
hensive surveillance to predict outcomes for school-aged
children with cerebral palsy. BMJ Open. 2017;7:e014950.
Denniss RJ, Barker LA, Day CJ. Improvement in Cognition
Following Double-Blind Randomized Micronutrient Inter-
ventions in the General Population. Front Behav Neurosci.
2019;13:115.

Winje |, Krishnamachari B, Askeland K. Does early vitamin
B12 supplementation improve neurodevelopment and

61



Zdravstvena zastita 55(1), 2026

26.

27.

28.

29.

30.

among preschool children in Jordan: results from a Natio-
nwide survey. Front Nutr. 2024;11:1423904.

Burah N, Reski S, Wahyuningsih DR, Cahyono J. The Effe-
ctiveness of Nutrition Education about Stunting Using Vi-
deo Media on The Knowledge and Attitudes of Mothers
of Toddlers. J Health Nutr Res. 2024;3(1):74-82.

Arias FPS, Ferrer EB. Association between nutritional sta-
tus of Filipino preschool children and participation in go-
vernment programmes at the household and individual
levels. Mal J Nutr. 2024;30(1):015-30.

Beathard KM, Georghiades N, Goulart JB, Riviere AJ, Sulli-
van C, Mascarro M, et al. The impact of nutrition on visual
cognitive performance in the nutrition, vision, and cogni-
tion in sport study. Front Nutr. 2023;10:1208890.
Reynolds AJ. Child development as social action: Reflecti-
ons on four underrated contributions of Edward Zigler to
science and society. Dev Psychopathol. 2021;33:466—-82.
de Weerth C, Aatsinki AK, Azad MB, Bartol FF, Bode L,
Collado MC, et al. Human milk: From complex tailored
nutrition to bioactive impact on child cognition and be-

havior. Crit Rev Food Sci Nutr. 2023;63(26):7945-82.

@ ® License: This is an open access article

under the terms of the Creative Commons
Attribution 4.0 License, which permits
use, distribution and reproduction in any
medium, provided the original work is
properly cited.

© 2025 Health Care.

Primljen: 05/03/2026 Revizija: 06/03/2026

Prihvaéen: 06/03/2026

62



Health Care 55(1), 2026

22.

23.

24,

25.

26.

27.

28.

29.

30.

cognitive function in childhood and into school age: a
study protocol for extended follow-ups from randomised
controlled trials in India and Tanzania. BMJ Open.
2018;8:2018962.

Ansuya, Nayak BS, Unnikrishnan B, Shashidhara YN,
Mundkur SC. Effect of nutrition intervention on cognitive
development among malnourished preschool children:
randomized controlled trial. Sci Rep. 2023;13:10636.
Weigel MM, Armijos RX. Association of household food
insecurity with developmental delay in preschool chil-
dren: 2018 Ecuadorian Nutrition and Health National Sur-
vey. J Nutr Sci. 2023;12:1-11.

Yeom CW, Park YJ, Choi SW, Bhang SY. Association of pe-
ripheral BDNF level with cognition, attention and behav-
ior in preschool children. Child Adolesc Psychiatry Ment
Health. 2016;10(10):10.

Barham R, Tayyem R, Al-Majali L, Al-Khatib B, Al Jawal-
deh A. Evaluation of micronutrient and nutritional status
among preschool children in Jordan: results from a Na-
tionwide survey. Front Nutr. 2024;11:1423904.

Burah N, Reski S, Wahyuningsih DR, Cahyono J. The Effec-
tiveness of Nutrition Education about Stunting Using Vid-
eo Media on The Knowledge and Attitudes of Mothers of
Toddlers. J Health Nutr Res. 2024;3(1):74-82.

Arias FPS, Ferrer EB. Association between nutritional
status of Filipino preschool children and participation in
government programmes at the household and individual
levels. Mal J Nutr. 2024;30(1):015-30.

Beathard KM, Georghiades N, Goulart JB, Riviere AJ, Sulli-
van C, Mascarro M, et al. The impact of nutrition on visual
cognitive performance in the nutrition, vision, and cogni-
tion in sport study. Front Nutr. 2023;10:1208890.
Reynolds AJ. Child development as social action: Reflec-
tions on four underrated contributions of Edward Zigler to
science and society. Dev Psychopathol. 2021;33:466-82.
de Weerth C, Aatsinki AK, Azad MB, Bartol FF, Bode L, Col-
lado MC, et al. Human milk: From complex tailored nutri-
tion to bioactive impact on child cognition and behavior.

Crit Rev Food Sci Nutr. 2023;63(26):7945-82.

@ ® License: This is an open access article
under the terms of the Creative Commons

Attribution 4.0 License, which permits
use, distribution and reproduction in any
medium, provided the original work is
properly cited.

© 2025 Health Care.

Received: 05/03/2026 Revised: 06/03/2026

Accepted: 06/03/2026

63



Zdravstvena zastita 55(1), 2026

PREGLEDNI RAD

UDK BROJEVI: 615.212.03

DOI: https://www.doi.org/ 10.5937/zdravzast55-66674

LEKOVI PROTIV BOLA SA POSEBNIM OSVRTOM NA TRAMADOL

Tatjana Risti¢!, Maja Babic¢?, Sasa Vuceti¢3, Saska Trnki¢ Andrejevi¢*

'Dom zdravlja Nis, Nis, Republika Srbija

27avod za zdravsetvenu zastiti radnika ,,Zeleznica Srbije”, Ni§, Republika Srbija

3Dom zdravlja Blace, Blace, Republika Srbija
“Dom zdravlja Kladovo, Kladovo, Republika Srbija

Autor za korespodenciju: Tatjana Risti¢, Dom zdravlja Nis, Vojvode Tankosi¢a 1, 18101 Nis, Republika Srbija;

e-mail:tanjaris@gmail.com

Sazetak

\

Bol predstavlja znacajan medicinski i socijalni problem jer utice na svakodnevno funkcionisanje, kao i na
do psihi¢ko, emocionalno i socijalno blagostanje, uzrokujuci znacajne zdravstvene i ekonomske posledice.
Kontrola bola jedan je od osnovnih ciljeva savremene medicine, a lekovi koji se koriste u tu svrhu nazivaju
se analgetici. Ne postoji jedinstveni lek koji odgovara svakoj vrsti bola, zbog cega je individualni pristup
svakom pacijentu od klju¢nog znacaja za leenje. Cilj je dokazati da upotreba tramadola u otklanjanju i
ublaZzavanju bola, uz jasno definisane indikacije, strogo kontrolisan nacin primene, precizno odredenu dozu
i ograni¢eno vreme primene, moZe predstavljati efikasnu terapijsku opciju za le¢enje umerenog i umereno
jakog bola kada su lekovi prvog reda nedovoljno efikasni ili kontraindikovani. ,Lek istovremeno predstavlja i
lek i otrov!” Kada se koristi prema indikacijama i u skladu sa uputstvom za primenu, ispoljava svoje pozitiv-
no dejastvo, dok u slu¢aju nepostovanja indikacija, terapiskih doza, vremenskog intervala i duZine trajanja
terapije moze ispoljiti negativne efekte. Zdravstveni radnici su u obavezi da procene rizik od zavisnosti pre

zapocinjanja terapije.

Kljucne reci: tramadol, bol, korist, zavisnost
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J

Uvod

Bol je jedno od najc¢esc¢ih subjektivnih iskusta-
va kod ljudi i pretstavlja vazan zastitni mehanizam
organizma. Kod hronicnih bolesti bol gubi zastitnu
funkciju i postaje izvor patnje i smanjenog kvaliteta
Zivota. Bol predstavlja znacajan medicinski i socijani
problem, posebno kada prede u hronic¢ni oblik (bol
koji traje duZe od tri meseca), jer utice na gotovo sve
sfere Zivota pojedinca, od svakodnevnog funkcioni-
sanja do psihickog, emocionalnog i socijalnog blago-
stanja, uzrokujuéi znacajne ekonomske i zdravstvene
posledice (1).

Kontrola bola jedan je od osnovnih ciljeva savre-
mene medicine, a lekovi koji se koriste u tu svrhu na-
zivaju se analgetici. Ne postoji jedinstveni lek koji od-
govara svakoj vrsti bola. Analgetici se dele na nekoli-
ko glavnih kategorija na osnovu mehanizma i jacine
delovanja (2). Glavne vrste analgetika su: neopioidni
alangetici, opioidni analgetici i adjuvantni lekovi.

Neopioidni analgetici mogu biti:

a) Nesteroidni antiinflamatorni lekovi (NSAIL),
koji smanjuju upalu, bol i povisenu temperaturu
tako Sto inhibiraju sintezu prostaglandina. Koriste se

za blage do umerene bolove (glavobolja, menstrual-
ni bolovi, bolovi u misi¢éima i zglobovima). NeZeljena
dejstva ukljucuju gastrointestinalne tegobe pri du-
gotrajnoj primeni. U ovu grupu spadaju ibuprofen
(Brufen, Rapidol), diklofenak (Voltaren, Diklofen),
naproksen (Nalgezin), acetilsalicilna kiselina (Aspi-
rin), itd;

b) Analgetici i antipiretici koji prvenstveno de-
luju na centralni nervni sistem, ali nemaju znacajno
antiinflamatorno dejstvo. Bezbedniji su za gastroin-
testinalni trakt u odnosu na NSAIL, dok prekomerne
doze mogu ostetiti jetru. Naj¢es¢ée se koriste parace-
tamol (Panadol, Efferalgan, Paracet) (3).

Opioidni analgetici koriste se za lecenje bola ra-
zlicitog intenziteta, posebno kod hronicnih stanja,
postoperativnog bolaili bola izazvanog malignim bo-
lestima. Deluju na opioidne receptore u mozgu i kic-
menoj moZzdini. Opioidi su Siri genericki naziv za sve
prirodne (morfin), sintetske (fentanil) i polusintetske
(heroin) supstance koje se vezuju za opinoidne re-
ceptore u centralnom nervnom sistemu i organizmu.
Ova definicija obuhvata celu klasu jedinjenja, uklju-
Cujuci egzogena poput lekova (legalnih) i heroina
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SUMMARY

Pain represents a significant medical and social problem because it affects daily functioning, as well as psy-
chological, emotional and social well-being, causing significant economic and health problems. Pain control
is one of the main goals of modern medicine, and the drugs used for this purpose are called analgesics.
There is no one-size-fits-all medicine for every type of pain. That is why an individual approach to each
patient is of key importance for the treatment and prevention of the recurrence of the disease. The aim
is to demonstrate that the use of tramadol in relieving and reducing pain, with clearly defined indications,
strictly controlled administration, precisely determined dosage and limited duration of use, can be an effec-
tive therapeutic option for the treatment of moderate and moderately severe pain when first-line medica-
tions are insufficiently effective or contraindicated. “The medicine is both medicine and poison at the same
time!” When it is used according to the indications and instructions, it exerts its positive effect, and in the
second case, when the indications, therapeutic doses, time intervals and length of therapy are not followed,
it then exerts its negative effect. Healthcare professionals are required to assess the risk of addiction before

starting therapy.

Key words: tramadol, pain, benefit, addiction

J

Introduction

Pain is one of the most common subjective expe-
riences in humans and represents an important pro-
tective mechanism of the body. In many situations,
especially in chronic diseases, pain loses its protec-
tive function and becomes a source of suffering and
reduced quality of life. Pain represents an important
medical-social problem, especially when it becomes
chronic (pain that lasts longer than three months),
because it affects almost all spheres of someone’s
life, from daily functioning to psychological, emo-
tional and social well-being, causing significant eco-
nomic and health problems (1).

Pain control is one of the main goals of modern
medicine, and the drugs used for this purpose are
called analgesics. There is no unique medicine that is
effective for every type of pain. Analgesics are divid-
ed into several main categories based on the mech-
anism and strength of action (2). The main types of
analgesics are: non-opioid analgesics, opiod analge-
sics and adjuvant drugs.

Non-opioid analgesics can be: a) non-steroidal an-

ti-inflammatory drugs (NSAIDs) that reduce inflam-
mation, pain and fever by inhibiting the synthesis of
prostaglandins. They are used for mild to moderate
pain (headache, menstrual pain, muscle and joint
pain). Gastrointestinal problems are common ad-
verse effects associated with the chronic use of anal-
gesics. They include ibuprofen (marketed as Brufen
and Rapidol), diclofenac (Voltaren and Diclofen),
naproxen (Nalgesin), acetylsalicylic acid (Aspirin);
b) analgesics and antipyretics that primarily act on
the central nervous system, but do not have a sig-
nificant anti-inflammatory effect. They are safer for
the stomach than NSAIDs, and excessive doses can
damage the liver. Paracetamol (Panadol, Efferalgan,
Paracet) is most often used (3). Opioid analgesics are
used to relieve pain of varying intensity, especially
in chronic conditions, postoperative pain, or pain
caused by malignant diseases. They act on opioid
receptors in the brain and spinal cord. Opioids are
a broader generic name for all natural (morphine),
synthetic (fentanyl) and semi-synthetic (heroin) sub-
stances that bind to opioid receptors in the central

© 2026 Health Care.
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(ilegalnih), ali i endogene supstance, tj. peptide koje
organizam sam proizvodi - endorfine, enkefaline,
dineorfine i endomorfine. Svi opioidni analgetici su
opioidi, ali svi opioidi nisu nuzno klasifikovani i ko-
ris¢eni kao analgetici u terapeutske svrhe. U klini¢-
koj praksi opioidni analgetici dele se na slabe i jake
(4). Slabi opioidni analgetici, koji se koriste za le¢enje
blagih do umerenih bolova (kodein, tramadol) mogu
izazvati sledeéa neZeljena dejstva: mucninu, glavo-
bolju, vrtoglavicu, pospanost, povrac¢anje, znojenje,
umor, slabost, nervozu i smanjen apetit. Jaki opio-
idni analgetici koriste se za leCenje jakog bola (npr.
morfin, fentanil, oksikodon). Imaju veci potencijal za
zavisnost i mogu izazvati pospanost, mucninu, opsti-
paciju i respiratornu depresiju.

Adjuvantni lekovi (pomo¢éni analgetici) predstav-
liaju lekove koji primarno nisu klasifikovani kao anal-
getici, ali mogu doprineti kontroli odredenih vrsta
bola, narocito neuropatskog bola, kao i smanjenju
upalnih procesa. U ovu grupu spadaju antidepresi-
vi i antikonvulzivi, kao Sto su amitriptilin, duloksetin,
pregabalin i karbamazepin. Pri primeni antidepresi-
va i antikonvulziva mogu se javiti nezeljena dejstva
kao Sto su suvoda usta, ociju, zatvor, retencija urina,
ortostatska hioptenzija, vrtoglavica, sinkopa, sr¢ane
aritmije i pospanost. U adjuvantne lekove ubrajaju
se i kortikosteroidi, kao Sto su deksametazon, pred-
nizolon, metilprednizolon i triamcinolon. Ovi lekovi
mogu dovesti do retencije te¢nosti i nastanka ede-
ma, a dugotrajna primena povezana je sa slablje-
njem imuniteta, razvojem osteoporoze, Kusingovog
sindroma, ostecenjem koze i usporenim zarastanjem
rana, poveéanjem intraokularnog pritiska i supresi-
jom funkcije nadbubreZne Zlezde. (5).

Lokalni preparati primenjuju se direkno na kozu,
nizam oralnim putem (6). Najcesce se koriste kreme,
gelovi i flasteri koji sadrze NSAIL (npr. diklofenak) ili
druge sastojke, kao $to su mentol i kapsaicin. Neze-
liena dejstva ovih lekova mogu da budu iritacija koze,
svrab, crvenilo, osip i suva koZa. Sistemska nezeljena
dejstva mogu se ispoljiti izuzetno retko, uglavhom
pri dugotrajnoj primeni na velikim povrSinama.

Prema trostepenoj lestvici bola Svetske zdrav-
stvene organizacije (SZO), analgetici se dele prema
jacini bola i efikasnosti na analgetike prvog, dugog i
treceg stepena (7). U lekove prvog stepena, za blagi
do umereni bol, ubrajaju se NSAIL i analgetici-antipi-
retici, sa ili bez adjuvantnih lekova (npr. antidepresivi
ili antiepileptici). Ovi lekovi su ¢esto dostupni bez le-
karskog recepta. U ovu grupu spadaju: paracetamol,

ibuprufen, naproksen i diklofenak. U lekove drugog
stepena (za umeren do jak bol koji perzistira i pored
maksimalnih doza lekova prvog stepena, a koji deluju
centralno na nivou mozga i kilmene mozdine) ubra-
jaju se tramadol, kodein i hidrokodon. Ovi lekovi su
slabi opioidi sa ili bez adjuvantnih lekova. Lekovi tre-
ceg stepena, koji se koriste za jak bol (akutni ili hronic-
ni), narocito kod malignih oboljenja, obuhvataju mor-
fin, fentanil, oksikodon i buprenorfin. Imaju snazno
centralno dejstvo, a potencijal za razvoj zavisnosti je
veca. To su jaki opoidi, sa ili bez adjuvantne terapije.

Cilj ovog preglednog rada je analiza prednosti
i nedostataka koris¢enja tramadola u cilju leCenja
bola.

Metode

U okviru ovog preglednog rada za pretrazZivanje
baze podataka PUBMED koriséene su kljucne redi:
tramadol, bol, korist i zavisnost. Pregledom literatu-
re, obuhvacdeni su samo radovi objavljeni na engle-
skom jeziku u periodu od 1996. do 2025. godine.

Tramadol

Tramadol (slika 1) (8) je opioidni analgetik Cije je
dejstvo usmereno na centralni nervni sistem (CNS).
Koristi se za leCenje umerenog i umereno jakog bola,
kada lekovi prvog stepena, kao Sto su paracetamol
i NSAIL (npr. ibuprofen), nisu dovoljno efikasni ili
su kontraindikovani. Cesto se primenjuje kod paci-
jenata sa postoperativnim bolom, bolom nastalim
usled trauma (prelomi, uganuca), hroni¢nim bolom
malignog porekla, neuropatskim bolom kod dijabe-
ticne neuropatije ili postherpeti¢ne neuralgije, kao
i kod reumatskog bola kada standardna terapija ne
obezbeduje adekvatno olaksanje. Takode, koristi se
kog bubreznih ili Zuénih kolika, kao i kod pacijenata
sa odredenim komorbiditetima, poput valvularnih
sréanih oboljenja, kod kojih NSAIL mogu biti kontra-
indikovani zbog povecanog kardiovaskularnog rizika.
Tramadol se primenjuje kada intenzitet bola preva-
zilazi prag efikasnosti paracetamola i NSAIL ili kada
postoje ograni¢enja za njihovu primenu. Tramadol
predstavlja lek izbora kao sledeci korak u terapiji
bola. U slucajevima kada se odgovarajuci analgetski
efekat moZe posti¢i lekovima prvog stepena i kada
ne postoje ograni¢enja za njihovu primenu, neo-
pravdana upotreba tramadola moZe dovesti do ne-
adekvatnog izbora analgetske terapije i potencijal-
nog razvoja zavisnosti, narocito usled nepostovanja
preporuka koje se odnose na izbor leka, doziranje i
duzinu primene (9).
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nervous system and body. This definition includes a
whole class of compounds, which are classified into
exogenous such as drugs (legal) and heroin (illegal)
and endogenous, that is, peptides that are produced
inside the body — endorphins, enkephalins, dynor-
phins and endomorphins. All opioid analgesics are
opioids, but not all opioids are used as analgesics for
therapeutic purposes. In clinical practice, they are
divided into weak and strong opioid analgesics (4).
Weak opioid analgesics which are used to treat mild
to moderate pain (codeine, tramadol) may have the
following side effects: nausea, headache, dizziness,
drowsiness, vomiting, sweating, fatigue, weakness,
nervousness, and decreased appetite. Strong opioid
analgesics are used to treat severe pain (e.g. mor-
phine, fentanyl, oxycodone). They have a high po-
tential for addiction and can cause drowsiness, nau-
sea, constipation and respiratory depression.

Adjuvant drugs (also called co-analgesics) are
drugs that are not primarily classified as analgesics,
but can help control certain types of pain, especial-
ly neuropathic pain, by reducing inflammatory pro-
cesses. This group includes antidepressants and an-
ticonvulsants, such as amitriptyline, duloxetine, pre-
gabalin, and carbamazepine. When antidepressants
and anticonvulsants are used, adverse effects may
occur, such as dry mouth, dry eyes, constipation, uri-
nary retention, orthostatic hypotension, dizziness,
syncope, cardiac arrhythmias, and drowsiness. Cor-
ticosteroids, such as dexamethasone, prednisolone,
methylprednisolone and triamcinolone, also belong
to adjuvant drugs. These drugs retain fluid and lead
to swelling and in the long term weaken immunity
and lead to osteoporosis, Cushing syndrome, skin
damage — slow healing of wounds, increased eye
pressure, adrenal suppression, etc. (5).

Local preparations are applied (6) directly to the
skin at the site of pain (muscle, joint) and are not tak-
en into the body orally. Creams, gels, plasters con-
taining NSAIDs (diclofenac cream) or other ingredi-
ents (menthol, capsaicin) are most often used. Side
effects of these drugs can be skin irritation, itching,
redness, rash and dry skin. They can have a systemic
effect extremely rarely in case of long-term use on
large surfaces.

Based on the three-step analgesic ladder devel-
oped by the World Health Organization (WHO), an-
algesics are classified according to the intensity of
pain and the effectiveness of the drug into three
steps (7). Step 1 for mild to moderate pain includes
NSAIDs and analgesics — antipyretics (with or with-

out added drugs, e.g. antidepressants and antiepi-
leptics). These drugs are often available without a
prescription. These include paracetamol, ibuprofen,
naproxen and diclofenac. Step 2 drugs for moderate
to severe pain that persists despite maximum doses
of step 1 drugs, which act centrally on the brain and
spinal cord include tramadol, codeine and hydroco-
done. These drugs are weak opioids with or without
added drugs. Step 3 drugs, which are used for severe
pain, acute or chronic pain, often in malignant pain,
include: morphine, fentanyl, oxycodone and bu-
prenorphine. They have a strong central effect and
the potential for addiction is high. These are strong
opioids with or without adjuvant therapy.

The aim of this review article is to analyze the
advantages and disadvantages of using tramadol for
the treatment of pain.

Methods

Within this review article, the key words tramadol,
pain, benefit and addiction were used to search the
PubMed database. Only studies published in English
from 1996 to 2025 were included in the literature
search.

Tramadol

Tramadol (Figure 1) (8) is an opioid analgesic
whose action is directed at the central nervous sys-
tem (CNS). It is used to treat and relieve moderate
and moderately severe pain, when first-line drugs
paracetamol and NSAIDs (ibuprofen) are insuffi-
ciently effective or contraindicated. It is often given
to patients after operations — postoperative pain,
pain caused by trauma (fractures, sprains), chronic
pain of cancerous origin, neuropathic pain in diabet-
ic neuropathy or postherpetic neuralgia, rheumatic
pain when standard drugs do not provide adequate
relief, renal or biliary colic, pain in patients with cer-
tain comorbidities (valvular heart disease) where
NSAIDs may be contraindicated due to cardiovascu-
lar risk. Tramadol is a drug that is given when the
intensity of pain is such that it exceeds the threshold
of effectiveness of Paracetamol and NSAIDs or when
there are limitations for its use. Tramadol is the drug
of choice as the next step in pain therapy. In all oth-
er cases, when the threshold of effectiveness can be
reached with other drugs (from the first line) and
when there are no restrictions for the use of first-
line drugs, we are talking about the potential initi-
ation of the mechanism of inadequate selection of
analgesics and the eventual appearance of possible
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Slika 1. Strukturna formula tramadola

—O0
(1R,2R)-tramadol

—O0
(15,2S)-tramadol

Kada govorimo o tramadolu kao sintetickom
opinoidnom analgetiku, rec je o leku koji sadrzi dva
hiralna centra (na pozicijama C1 i C2 u ciklohek-
sanskom prstenu), zbog ¢ega postoji u obliku Cetiri
razli¢ita stereoizomera, odnosno dva para enantio-
mera: (1R,2R)-tramadol i (1S,2S)-tramadol. Osnovna
razlika medu njima ogleda se u tome da $to (1R,2R)
- tramadol ima veci afinitet za vezivanje za p-opioid-
ne receptore u odnosu na (1S,2S)-tramadol. Jos jed-
na od kljucnih karakteristika je da (1R,2R)-tramadol
dominantno uti¢e na preuzimanje serotonina, dok
(1S,2S)-tramadol snaznije inhibira preuzimanje no-
radrenalina. Na ovim mehanizmima se zasniva du-
alni mehanizam delovanja tramadola. Tramadol se u
prometu nalazi isklju¢ivo kao racemska smesa, koja
sadrzi 50% (1R,2R)-tramadola i 50% (1S,2S)- trama-
dola (10).

Mehanizam delovanja tramadola

Tramadol ima dualni mehanizam delovanja:
opioidni i monoaminergicki. Opoidni mehanizam de-
lovanja: tramadol i njegovi aktivni metabolit O-dez-
metiltramadol (M1) deluju kao agonisti na p-opino-
idnim receptorima u centralnom nervnom sistemu.
Vezivanjem za ove receptore menja se percepcija
bola u mozgu i kicmenoj mozdini, ¢ime se smanju-
je intenzitet signala bola koji stize do mozga. Ovo je
tipican mehanizam delovanja opioidnih analgetika,
poput morfina, iako tramadol ima manji afinitet
prema p-receptorima u poredenju sa morfinom.
Monoaminergi¢ki mehanizam delovanja: tramadol
takode utice na monoaminergicki sistem inhibicijom
ponovnog preuzimanja noradrenalina i serotonina
u sinaptickoj pukotini. Poveéanje koncentracije ovih

neurotransmitera u ki€menoj mozdini pojacava ak-
tivnost silaznih inhibitornih puteva bola. Ovi putevi
fizioloski modifikuju i smanjuju prenos signala bola
od perifernog nervnog sistema ka mozgu.

Dualni mehanizam delovanja tramadola kombi-
nuje dva razli¢ita puta modulacije bola. Kombinacija
ovih mehanizama omogucava znacajan analgetski
efekat. Monoaminergi¢ka komponenta mehanizma
delovanja doprinosi smanjeniju rizika od respiratorne
depresije u poredeniju sa klasi¢nim, potentnijim opio-
idnim analgeticima, mada taj rizik i dalje postoji (10).

Osnovna razlika u mehanizmu delovanja izme-
du jakih i slabih opinoidnih analgetika nije u sustinski
razli¢itom principu, ve¢ u afinitetu vezivanja i jacini
dejstva na opinoidnim receptorima, kao i u njihovoj
efikasnosti i maksimalnom terapijskom efektu. Jaki
opioidi imaju visok analgetski potencijal i ne poka-
zuju ,,plafon efekat” (eng. celling effect), Sto znaci da
se povecanjem doze moze postici veci strepen anal-
gezije, sve do pojave toksi¢nosti. Za razliku od njih,
slabi opioidi imaju maniji afinitet za opioidne recep-
tore ili deluju kao parcijalni agonisti i/ili agonisti-an-
tagonisti. Njihova glavna karakteristika je postojanje
»plafon efekta”, pa se nakon odredene doze daljim
poveéanjem ne povecava analgeticki efekat, vec
samo rizik od nezeljenih reakcija. NezZeljeni efekti su
generalno izrazeniji i ozbiljni kod jakih opinoida, sto
proizilazi iz njihove snazne aktivnosti na receprori-
ma. Dodatna karakteristika pojedinih slabih opioida
jeste i monoaminergicki mehanizam delovanja, koji
ukljucuje inhibiciju ponovnog preuzimanja seroto-
nina i noradrenalina, ¢ime se posredno doprinosi
analgetskom efektu. Ukratko, njihova razlika je pr-
venstveno kvantitativna (jacina, efikasnost i afinitet
vezivanja za receptore), a ne kvalitativna, jer osnovni
mehanizam delovanja — vezivanje za opinoidne re-
ceptore — ostaje isti (11).

Indikacije za upotrebu tramadola su umeren
do jak bol, kada su neopioidni analgetici nedovolj-
no efikasni, kao i hroni¢na stanja razlicite etiologije,
ukljucujuéi bol kod osteoartritisa, fibromialgija ili ne-
uropatski bol, kada je potrebno kontinuirano ubla-
Zavanje bola. Takode se primenjuje u postoperativ-
nom periodu nakon hirurskih intervencija. Primena
tramadola zahteva lekarski nadzor zbog potencijal-
nog rizika od razvoja zavisnosti i mogucih nezeljenih
efekata, ukljucujuéi muéninu, pospanost i respirator-
nu depresiju. Lek je kontraindikovan u slucajevima
preosetljivosti na tramadol, akutnog trovanaja alko-
holom ili hipnoticima, kao i kod pacijenata sa nekon-
trolisanom epilepsijom (12).
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addiction with non-compliance with the procedure
for selecting the drug, and later the dose and dura-
tion of its administration (9).

Figure 1. The chemical structure of tramadol

—O
(1R,2R)-tramadol

—O0
(1S,2S)-tramadol

Tramadol as a synthetic opioid analgesic contains two
chiral centers (at positions C1 and C2 in the cyclohex-
ane ring), which means that it exists in the form of
four different stereoisomers, that is, two pairs of
enantiomers: (1R,2R)-tramadol and (1S,2S)-tram-
adol. The main difference between them is that
(1R,2R)-tramadol has a higher affinity for binding to
Mu-opioid receptors than (1S,2S)-tramadol. Another
key feature is that (1R,2R)-tramadol affects the up-
take of serotonin, while (1S,2S)-tramadol inhibits the
uptake of noradrenaline more strongly. Its dual mech-
anism of action is actually based on that. Tramadol is
sold in pharmacies exclusively as a racemic mixture
(50% 1R,2R-tramadol and 50% 1S,2S-tramadol) (10).

The mechanism of action of tramadol
Tramadol has a dual mechanism of action: opioid
and monoaminergic. The opioid mechanism of ac-
tion means that tramadol and its active metabolite
O-desmethyltramadol (M1) act as agonists of p-opi-
oid receptors in the central nervous system. Binding
to these receptors changes the perception of pain
in the brain and spinal cord, reducing the intensity
of pain signals that reach the brain. This is a typical
mechanism of action of all opioid analgesics such as
morphine, but tramadol has a lower affinity for re-
ceptors than morphine. The monoaminergic mecha-
nism of action means that tramadol also affects the
monoaminergic system by inhibiting the reuptake of
two key neurotransmitters, noradrenaline and sero-
tonin and enhances the release of serotonin in the
synaptic cleft. The increase in the concentration of
these neurotransmitters in the spinal cord enhances
the descending pain inhibitory pathway. These path-

ways naturally modify and reduce the transmission
of pain signals from the peripheral nervous system
to the brain.

The dual mechanism of action of tramadol com-
bines two different pain relief pathways. The combi-
nation of these two mechanisms provides a power-
ful analgesic effect. The monoaminergic part of the
mechanism also contributes to a reduction in the
risk of respiratory depression compared to classical
— strong, more potent opioids, although this risk still
exists (10).

The main difference between strong and weak opi-
oid analgesics related to their mechanism of action
is not in the essentially different principle, but in the
binding affinity and strength of antagonistic effect
on opioid receptors, as well as in their efficiency and
maximal therapeutic effect. Strong opioids have a
very high analgesic potential and do not have a “ceil-
ing” effect, which means that by increasing the dose,
a higher level of analgesia can be achieved (until the
level of toxicity is reached). In contrast, weak opioids
have a lower affinity for opioid receptors or act as
partial agonists or mixed agonists-antagonists. The
main difference is that weak opioids have a “ceiling”,
so increasing the dose does not increase the anal-
gesic effect, but only the risk of adverse reactions.
Side effects are generally more pronounced and se-
vere with strong opioids and result from their strong
receptor activity. The advantage of weak opioids is
in their mechanism of action, which is not opioid,
but related to inhibiting the reuptake of serotonin
and noradrenaline, which indirectly contributes to
its analgesic effect. In short, their difference is pri-
marily quantitative (strength, efficiency and affinity
of binding to receptors) rather than qualitative (the
basic mechanism is the same — binding to opioid re-
ceptors) (11).

Indications for the use of tramadol are moder-
ate to severe pain, when non-opioid analgesics are
insufficiently effective, and in chronic conditions
of various origins, including osteoarthritis pain, fi-
bromyalgia or neuropathic pain, when continuous
pain relief is required. It is also used in post-oper-
ative recovery after surgical interventions. The use
of tramadol requires medical supervision due to the
potential risk of addiction and side effects including
nausea, drowsiness and breathing problems. It must
not be used in cases of hypersensitivity to tramad-
ol, acute poisoning with certain substances (alcohol,
sleeping pills) or if the patient has uncontrolled ep-
ilepsy (12).

69



Zdravstvena zastita 55(1), 2026

Resorpcija i metabolizam tramadola
Tramadol se dobro resorbuje nakon oralne pri-
mene (90%). Analgetski efekat nastupa nakon 20-30
minuta i traje 3-6 sati. Bioloska raspolozivost nakon
oralne primene iznosi u proseku 65% (70-75% oral-
no, 77% rektalno, 100% intramuskularno) (13). Me-
tabolizam tramadola se odvija u jetri putem deme-
tilacije i glukuronidacije, uz uce$¢e enzima CYP2D6
i CYP3A4 enzima. Ovi enzimi imaju klju¢nu ulogu
u metabolizmu brojnih lekova i uti¢u na brzinu bi-
otransformacije, sto moze dovesti do varijacija u
terapijskom odgovoru, ali i do povecanog rizika od
toksi¢nosti. Enzimska aktivnost odreduje brzinu
metabolizma pojedinih lekova, Sto moze rezultovati
sporijom ili brzom biotransformacijom, a samim tim
i smanjenom efikasnos¢u terapije ili povec¢anim rizi-
kom od toksi¢nosti i ispoljavanja nezeljenih efekata.
Odgovarajuce analgetsko dejstvo se ne moZze postiéi
ukoliko pacijent ima smanjenu funkciju ili potpuni
nedostatak ovog enzima. Procene ukazuju da oko
7% populacije pripadnika bele rase ima nedostatak
ovog enzima. Medutim, ukoliko pacijent ima izrazito
ubrzan metabolizam, postoji rizik od nastanka ne-
Zeljenih dejstava usled toksi¢nosti opioida ¢ak i pri-
likom primene najcesce propisivanih doza (14,15).
Ucestalost izrazito brzih metabolizera povezana je
sa prisustvom razlicitih alelnih varijanti citohroma
P450(CYP) 2D6. Aleli se mogu klasifikovati prema
nivou aktivnosti enzima CYP2D6 koji kodiraju, na
funkcionalne, nefunkcionalne i alele sa smanjenom
funkcijom. Poznato je i da ucestalost alela CYP2D6
varira medu rasnim i etni¢kim grupama. Generalno,
kod evropske bele populacije i njihovih potoma-
ka funkcionalna grupa alela je dominantna sa uce-
S¢em od 71%, dok nefunkcionalni aleli pretstavljaju
26% varijabilnosti, pri ¢emu naj¢es¢e dominir alel
CYP2D6*4. Kod azijske populacije i njihovih potoma-
ka, funkcionalni aleli predstavljaju samo 50% ucesta-
losti alela CYP2D6. Azijati i stanovnici pacifi¢kih ostva
imaju visoku ucestalost alela sa smanjenom funkci-
jom CYP2D6*10 (medijana oko 41%), sto doprinosi
pomeranju populacije u desno u odnosu na metabo-
licke stope i ukazuje na sporiji metabolizam lekova.
Informacije o americ¢kim starosedeocima iz Severne,
Centralne i Juzne Amerike ukazuju na relativno nisku
stopu ucestalosti CPY2D6*10, Sto se moze objasniti
efektom ,,osnivaca”. Kod populacije africkog pore-
kla ucestalost funkcionalnih alela iznosi oko 50%. |
kod Afrikanaca i kod Afroamerikanaca Siroko su za-
stupljeni aleli sa smanjenom funkcijom, koji ¢ine oko

35% ukupne varijabilnosti alela, pri ¢emu uglavnom
dominira CYP2D6*17. Medutim, Afroamerikanci
imaju viSe nego dvostruko vecu medijanu ucestalo-
sti nefunkcionalnih alela u poredenju sa autohtonim
africkim populacijama (14,5% naspram 6,3%), $to je
primarno posledica istorijskog genetickog mesanja
sa populacijama evropskog porekla. Nefunkcionalni
alelii aleli sa smanjenom funkcijom zajedno ¢ine oko
50% ukupne ucestalosti alela u populacijama afric-
kog porekla, pri éemu je geneticki diverzitet znatno
veci u poredenju sa azijskim populacijama.

Bududi da aleli koji kodiraju odsutnu ili sma-
njenu funkciju enzima jasno uti¢u na metaboli¢ku
aktivnost i odgovor na lekove Ciji se metabolizam
odvija posredstvom CYP2D6, neophodna su dalja
istrazivanja u populacijama u kojima ovi aleli igraju
glavnu ulogu. Takva istrazivanja omogudila bi formu-
lisanje optimalnih preporuka za doziranje zasnivano
na principima farmakogenetike. 1z svega navedenog
prizilazi da individualne razlike u metabolizmu leko-
va imaju znacajan uticaj na izbor doze i duZini prime-
ne terapije, ¢ime se opravdava individualni pristup u
primeni leka (16).

Tramadol ima linearnu farmakokinetiku unutar
terapijskog raspona doza. Veza izmedu koncentra-
cija leka u serumu i analgetskog dejstva zavisna je
od doze, ali u izolovanim slu¢ajevima moze znacaj-
no varirati (17). Terapijski efekat se naj¢esce postize
pri koncentracijama u serumu od 100 do 300 ng/
mL. Linearna farmakokinetika terapijskom rasponu
podrazumeva da se koncentracija leka u krvi menja
proporcijalno promeni primenjene doze. Tako, po-
vecanje doze dovodi do proporcionalnog poveéanja
koncentracije leka u plazmi, pod uslovom da se kon-
centracije i dalje nalaze unutar terapijskog opsega.
Ovakva linearna farmakokinetika ukazuje na to da
metabolicki i eliminacioni putevi leka nisu zasiceni,
odnosno da enzimi i transportni proteini koji uce-
stvuju u ovim procesima imaju dovoljan kapacitet za
obradu leka ¢ak i pri viSim koncentracijama unutar
terapijskog opsega. Ovaj princip omogudava lekari-
ma da relativno lako predvide kako ée prilagodava-
nje doze uticati na nivo leka kod pacijenta. Vecina
klini¢ki koris¢enih lekova prati linearnu farmakokine-
tiku. (18).

S obzirom na to da u rutinskoj klini¢koj praksi ne
postoji mogucnost individualnog odredivanja aktiv-
nosti ovog enzima pre uvodenja tramadola, neopho-
dan je oprez i pazljivo praéenje klinickog odgovora
kod svakog pacijenta. Posebnu paznju treba posve-
titi titraciji doze i duzini primene leka, kako bi se
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Absorption and metabolism of tramadol
Tramadol is well absorbed after oral administration
(90%). The effect is manifested after 20-30 minutes
and lasts 3-6 hours. Bioavailability after oral admin-
istration is on average 65% (70-75% oral, 77% rectal,
100% intramuscular) (13). Metabolism of tramadol
takes place in the liver (mediated by demethylation
and glucuronidation) through CYP2D6 and CYP3A4
enzymes (it is crucial for the metabolism of 60% of
drugs). These enzymes and their presence are re-
sponsible for the metabolism, speed of absorption
and the possibility of achieving a good effect through
their action, but also for the occurrence of toxicity.
This enzyme has impact on how quickly the body
processes certain drugs, which can lead to slower
or faster absorption of the drug, and therefore, po-
tentially less effective therapy or the risk of toxicity
or side effects. An adequate analgesic effect cannot
be achieved if the patient has a reduced function or
a complete lack of this enzyme. Estimates indicate
that 7% of the Caucasian population is deficient in
this enzyme. However, if a patient has extremely
fast metabolism, there is a risk of side effects due to
opioid toxicity even when using the most commonly
prescribed doses (14,15). The frequency of extreme-
ly fast metabolizers is seen based on the presence
of different allelic variants of cytochrome P450 (CYP)
2D6. However, they can be classified according to
the level of the activity based on which they encode
the enzyme CYP2D6 into functional, non-functional
and groups with reduced function. It is also known
that the frequency of CYP2DE6 allele varies between
racial/ethnic groups. In general, in European Cauca-
sians and their descendants, the functional group of
alleles is dominant with a participation of 71%, and
non-functional alleles represent 26% of the variabil-
ity, mainly CYP2D6*4. In Asians and their close de-
scendants, functional alleles account for only 50% of
CYP2DE6 allele frequency. Asians and Pacific Islanders
have a high frequency (median = 41%) of alleles with
reduced function, CYP2D6*10, which contributes to
a rightward metabolic shift in relation to metabolic
rates, which indicates slower metabolisms. Informa-
tion on American Indians from the North (Canada),
Central and South America points to a relatively low
frequency rate of CPY2D6*10, which may be attrib-
uted to a “founder” effect. On the other hand, in
populations of African origin, the frequency of func-
tional alleles is about 50%. In both Africans and Af-
rican Americans, alleles with reduced function are

widely represented, accounting for about 35% of the
total allelic variability, with CYP2D6*17 mostly domi-
nating. However, African Americans have more than
twice the median frequency of non-functional alleles
compared to native Africans (14.5% vs. 6.3%), which
is primarily the consequence of the genetic admix-
ture with populations of European origin. Non-func-
tional alleles and alleles with reduced function to-
gether represent about 50% of allele frequency in
black populations, exhibiting significantly greater
genetic diversity compared to Asian populations.

Since alleles encoding no or reduced function
clearly affect the metabolic activity of drugs mediat-
ed by CYP2D6, further research is needed in popula-
tions where these alleles play a major role in order
to ensure that optimal dosing recommendations are
based on empirical pharmacogenetics. Therefore, it
can be concluded that the individuality in metaboliz-
ing the drug is an important factor and has impact on
the dosage of the drug, which justifies the individual
approach to the dosage and length of drug adminis-
tration (16).

Tramadol has a linear pharmacokinetics within
the therapeutic dose range. The relationship be-
tween serum concentrations and analgesic effect
is dose-dependent, but in isolated cases it can vary
significantly (17). Effectiveness is usually achieved
at serum concentrations 100-300 nanograms/ml.
Linear pharmacokinetics during the therapeutic
range means that the concentration of the drug in
the blood changes proportionally to the change in
the dose of the drug within doses used to achieve
the therapeutic effect. If the drug dose is doubled,
the concentration of the drug in the plasma will also
double, provided that this new concentration is still
within the therapeutic range. The linear pharmacoki-
netics of this drug means that the metabolic (deg-
radation) and elimination (excretion) pathways of
the drug are not saturated. Enzymes and transport
proteins that participate in these processes have suf-
ficient capacity to process the drug even at higher
concentrations within the therapeutic range. This
principle allows doctors to predict relatively easily
how dose adjustments will affect drug levels in pa-
tients. Most clinically used drugs follow linear phar-
macokinetics (18).

Given that in routine practice, there is no possi-
bility of individually determining the activity of this
enzyme before the introduction of tramadol, cau-
tion and careful monitoring of the clinical response
in each patient is necessary. Special attention should
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blagovremeno prepoznali znaci nezeljenih reakcija i
sprecilo njegovo toksi¢no delovanje.

Tramadol se izlu€uje iz organizma je preko bu-
brega, putem urina (oko 95%). Priblizno 30% prime-
njene doze izluCuje se nepromenjeno, dok se oko
60% eliminiSe u obliku metabolita. Preostali deo izlu-
Cuje se u obliku neidentifikovanih metabolita (19).

Poluvreme eliminacije tramadola

Dosadasnja istraZivanja pokazuju da poluvreme
eliminacije tramadola iznosi od 1,4 do 6,3 sata. Sve
ovo je veoma bitno kada se radi o primeni leka kod
onih pacijenata koji imaju oStecenu funkiju bubrega
i jetre (9), bilo da se radi o osteé¢enju zbog bolesti ili
smanjenoj funkciji povezanoj sa starenjem. U terapiji
je potrebno koristiti najmanju efektivhu dozu za po-
stizanje analgezije. Ukupna dnevna doza od 400 mg
tramadol-hidrohlorida ne bi trebalo da bude preko-
racena. Kod odraslih i adolecsenata starijih od 12 go-
dina, u akutnim stanjima primenjuje se poc¢etna doza
od 100 mg. Nakon toga daju se doze od 50 mg ili 100
mg u vremenskim intervalima od 4 do 6 sati, dok tra-
janje terapije treba uskladiti sa klinickim potrebama
i indikacijama. Kod hroni¢nih stanja preporucuje se
pocetna doza od 50 mg, nakon cega se doza prila-
godava intenzitetu bola. Kod starije populacije (iznad
75 godina), kao i kod osoba sa oste¢enjem funkcije
jetre i bubrega, neophodan je poseban oprez i raz-
matranje produzenja intervala izmedu doza, u skladu
sa individualnim potrebama pacijenta i izmenjenim
metabolizmom i eliminacijom leka iz organizma.
Kratkotrajna primena tramadola (od nekoliko dana
do nekoliko nedelja) generalno se smatra bezbed-
nom. Medutim, kod dugotrajne primene neophod-
no je kontinuirano pracenje od strane lekara, posto
rizik od zavisnosti i drugih neZeljenih efekata znacaj-
no raste nakon tri meseca neprekidne upotrebe (20).

Kada je upotreba tramadola sigurna, a
kada nije?

Tramadol se moze primenjivati nekoliko dana do
nekoliko nedelja uz nadzor lekara. Dugotrajna pri-
mena leka (npr. duZe od tri meseca u kontrolisanim
studijima, a u pojedinim slucajevima i do Sest meseci
kod bola povezanog sa malignim oboljenjima) oprav-
dana je samo ukoliko se proceni da je terapijska korist
vece od potencijalnih rizika i uz adekvatno pracenje.
Ako se lek koristi duZe vreme, prekid terapije mora
biti postepen, uz smanjivanje doze prema preporu-
ci lekara, kako bi se izbegla pojava apstinencijalnih
simptoma.

Primena tramadola smatra se rizicnom u sle-
dedéim situacijama: upotreba leka duze od nekoliko
meseci, zbog povecdanog rizika od razvoja zavisnosti,
prekoracenje maksimalne dnevne doze od 400 mg ili
ces¢im uzimanjem leka, narocito kod starijih pacije-
nata, nagli prekid terapije, kao i istovremena prime-
na sa odredenim lekovima, kao $to su pojedini anti-
depresivi, MAO inhibitori ili drugi opioidi, sto moze
dovesti do ozbiljnih stanja, ukljucujuci serotoninski
sindrom (21).

Simptomi i znaci zavisnosti od tramadola
Zavisnost od tramadola moZe se razviti pri du-
gotrajnoj primeni ili pri upotrebi doza vecih od pre-
porucenih. Znaci koji ukazuju na razvoj zavisnosti
su: vrtoglavica, mucnina, povracanje, gubitak ape-
tita, opstipacija, pospanost, suva usta i glavobolja.
Kod pojedinih pacijenata mogu se javiti i grcevi ili
epilepticki napadi (22). Lecenje zavisnosti obicno
uklju¢uje kombinaciju farmakoloske terapije i psiho-
loSke podrske, uz postepeno smanjivanje doze pod
medicinskim nadzorom, kako bi se izbegli simptomi
apstinencijalnog sindroma. Kratkorocni efekti zlo-
upotrebe su euforija, smanjenje osecaja bola, pos-
panost, smanjena budnost, mucnina, povrac¢anje i
respiratorna depresija. Ovi efekati mogu biti opasni
jer smanjen osecaj bola moZe dovesti do toga da
pacijent ne prepozna povrede ili druge zdravstvene
probleme, $to moze imati teske posledice. Smanje-
na budnost dodatno povecava rizik od nesre¢a uko-
liko osoba zaspi na poslu ili tokom voZnje. Dugorocni
efekti zloupotrebe su fizicka i psihi¢ka zavisnost, to-
lerancija, kao i fizicki i mentalni zdravstveni problem.
Ako je osoba koristila tramadol duzi vremenski pe-
riod, razvijaju se dugorocni efekti koji mogu ostaviti
trajne posledice. Dugotrajno koriséenje tramadola u
neodgovarajucée svrhe moze dovesti do fizi¢ke ili psi-
hicke zavisnosti, za Cije je leCenje potrebna strucna
pomo¢. Ako se tramadol uzima u vecoj dozi od pro-
pisane, moze se razviti tolerancija, koja moze dove-
sti do potrebe za sve ve¢com dozom leka. Osim toga,
fizicki i mentalni problemi su gotovo uvek prisutni, a
neki od njih su problemi sa srcem, jetrom, depresija i
anksioznost (23). Zloupotreba tramadola predstavlja
ozbiljan problem, a osobi koja pokusava da prevazide
zavisnost treba pruziti kostantan medicinski nadzor
kao podrsku okoline. Zavisnost od tramadola pocinje
prekoracenjem doze leka ili smanjivanjem interva-
la uzimanja leka. Zavisnost se razvija postepeno, a
brzina njenog napredovanja zavisi od individualnih
karakteristika. Kao i kod svake zavisnosti, postoje
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be paid to the titration of the dose and the duration
of drug administration, in order to recognize the
signs of adverse reactions in a timely manner and
prevent its toxic effects.

Excretion from the body is through the kidneys
via urine (95%). About 30% of the administered dose
is excreted unchanged, while approximately 60% is
eliminated as a metabolite. The remaining part is ex-
creted as an unidentified or non-extractable metab-
olite (19).

The elimination half-time of tramadol

Previous research shows that the elimination half-
time of tramadol is from 1.4 to 6.3 hours. This is very
important when it comes to the application of this
drug in those patients who have problems with the
kidneys and liver (9), whether the damage is caused
by disease or reduced function is caused by patients’
age. Itis necessary to use the smallest effective dose
in therapy to achieve analgesia. The total daily dose
of 400 mg tramadol hydrochloride should not be ex-
ceeded. Adults and adolescents from 12 years of age
in acute conditions receive an initial dose of 100 mg.
After that, doses of 50 mg or 100 mg are applied, in
time intervals of 4-6 hours, and the length of therapy
should be in accordance with clinical needs accord-
ing to indications. In chronic conditions, an initial
dose of 50 mg is administered, and then the dose is
adjusted to the intensity of the pain. In the elderly
population (over 75 years) and those with liver and
kidney disorders, one should be careful and careful-
ly consider extending the dosing interval, in accord-
ance with patient’s needs (with special emphasis on
altered metabolism and elimination of the drug from
the body). The use of tramadol is generally consid-
ered safe for the short-term use (a few days to a few
weeks). For the long-term use, safety depends on
continuous monitoring by a physician, and the risk of
addiction and other side effects increases significant-
ly after three months of continuous use (20).

When is tramadol safe to use?

Tramadol can be used from several days to several
weeks, under the supervision of a doctor. Longer use
of this drug (e.g. longer than three months in con-
trolled studies, and in some cases up to six months
for cancer pain) is allowed only if it is estimated that
benefits outweigh the risks with adequate monitor-
ing. If the drug is used for a long time, the cessation
must be gradual, with a reduction in the dose ac-
cording to the doctor’s instructions in order to avoid

withdrawal symptomes.

The use of tramadol is not safe in the following
situations (21): the use of the drug for more than
several months because the risk of developing ad-
diction increases, by exceeding the dose (maximum
daily dose 400 mg) or by taking the drug more often,
especially in elderly patients as well as by abruptly
stopping the drug and taking the drug with some
other drugs (such as some antidepressants, MAO in-
hibitors or other opioids), which can lead to serious
conditions such as serotonin syndrome.

Symptoms and signs of tramadol addiction

Addiction to tramadol can develop when the drug
is used for a long period of time or in higher doses
than recommended. Signs of addiction are: dizzi-
ness, nausea, vomiting, loss of appetite, constipa-
tion, drowsiness, dry mouth and headache. Some
patients using tramadol may also experience convul-
sions or epileptic seizures (22). The treatment of ad-
diction usually involves the combination of therapy
and support, as well as gradual drug dose reduction
under the medical supervision in order to avoid side
effects of withdrawal. Short-term effects of abuse
include euphoria, decreased pain sensation, drows-
iness, decreased alertness, nausea, vomiting, and
breathing problems. Some of the short-term effects
can be dangerous, because due to excessive use of
the drug, there may be a reduced sensation of pain,
which can further endanger the patient’s health. The
inability to feel pain can lead to some injuries or oth-
er health problems, which in some cases can be fatal.
Decreased alertness can cause a person to fall asleep
at work or while driving. Long-term effects of abuse
are physical dependence, psychological dependence,
tolerance, physical and mental health problems. If a
person has used tramadol for a long period of time,
long-term effects are created and they can leave per-
manent consequences. Long-term use of tramadol
for wrong purposes can lead to physical or psycho-
logical dependence, whose treatment requires pro-
fessional help. If tramadol is taken in a higher dose
than prescribed, tolerance may develop, which may
lead to a strong desire for an ever-increasing dose
of the drug. In addition, physical and mental prob-
lems are almost always present, and some of them
include problems with the heart, liver, depression
and anxiety (23). The abuse of tramadol is a serious
problem, and a person who tries to solve the prob-
lem of addiction should be provided constant med-
ical supervision and surrounding support. Addiction
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odredeni faktori koji uti¢u na to: bioloski, psiholoski,
socijalni, tj. terapiska upotreba, samolecenje, eufori-
ja, stres i genetska predispozicija. Tramadol je jedan
od onih lekova koji, iako propisan u terapijske svrhe,
ipak moze dovesti do razvoja zavisnost. U tom sluca-
ju pacijent nesvesno i nenamerno razvija zavisnost.
Lek vremenom prestaje da deluje u propisanoj dozi,
i dolazi do prekomerne upotrebe, bilo poveéanjem
pojedinace doze, bilo skradivanjem intervala izmedu
uzimanja leka ili pove¢anjem maksimalne dnevne
doze. Genetska predispozicija ima znacajnu ulogu u
stvaranju zavisnosti, pa tako pacijenti koji u porodic-
noj anamnezi imaju prekomernu upotrebu ili zlou-
potrebu uzimanja lekova poput tramadola ili drugih
psihoaktivnih supstanci mogu biti pod vec¢im rizikom
od razvoja zavisnosti (npr. zavisnost od droga ili aklo-
hola). Treba naglasiti da zavisnost od tramadola nije
uvek namerna niti svesna.

Odvikavanje od tramadola

nakon Sto pacijent koji redovno uzima tramadol
naglo prekine sa koris¢enjem leka ili smanji dozu, do-
lazi do pojave simptoma povlacenja, koji se najéesée
ispoljavaju u vidu anksioznosti, depresije, nervoze,
pocinju 12-24 sata nakon uzimanja poslednje doze
leka i ponekad mogu trajati i nekoliko nedelja (24).

Prema navodima pacijenata, simptomi su naj-
izraZeniji izmedju drugog i Cetvrtog dana, kada su
tegobe na vrhuncu. Medicinska i psiholoska podrs-
ka imaju veoma vaznu ulogu u procesu odvikavanja
od upotrebe tramadola. Postepeno smanjenje doze
leka znacajno je i u prevenciji razvoja simptoma ap-
stinencijalne krize. Tokom odvikavanja od tramadola
¢esto dolazi do razli¢itih emocionalnih stanja, tako da
je psiholoska podrska od velikog znadaja za uspesno
postizanje terapijskog cilja. Preporucuje se i izbega-
vanje svih situacija koje kod pacijenta mogu izazvati
ponovnu Zelju za uzimanjem leka i dovesti do rece-
diva zavisnosti. Preporucuje se i usvajanje zdravih zi-
votnih navika. Tretman zavisnosti od tramadola obic-
no ukljucuje kombinaciju medicinskih intervencija,
terapijske podrske i psiholoske terapije. Proces odvi-
kavanja sastoji se od nekoliko medusobno povezanih
koraka: postavljanje dijagnoze, detoksikacija, psiho-
loska podrska i terapija, edukacija, kao i odrzavanje
postignutih rezultata nakon tretmana.

Detoksikacija podrazumeva potpuno iskljuci-
vanje leka ili smanjenje telesne zavisnosti od leka.
Paralelno sa detoksikacijom sprovodi se psihoterapi-
ja, koja ima kljuénu ulogu u postizanju dugoroénog

uspeha lecenja. Kako bi se pomoglo pacijentu koji se
bori sa zavisnos$cu, potrebna su inidividualna saveto-
vanja, kao i porodi¢na i grupna terapija. Na taj nacin
se pacijent lakSe suocava sa problemom zavisnosti.
Za lekare je veoma vazna Cinjenica da ,lek istovre-
meno predstavlja i lek i otrov!” Kada se koristi prema
indikacijama i u sklasu sa uputstvima, ispoljava svoje
pozitivno dejstvo, dok u sluéaju nepostovanja indi-
kacija, terapiskih doza, vremenskih intervala i duZine
trajanja terapije moze ispoljiti negativne efekte. Ve-
oma je vazno edukovati pacijenta tokom le¢enja, od-
nosno odvikavanja od tramadola, kako bi naucio da
izbegne ponovnu upotrebu i zloupotrebu leka (25).

Pravna regulativa za propisivanje tramado-
la

Lek tramadol se od 1994. godine propisuje u
skladu sa zakonskim propisima koji regulisu izdava-
nje lekova koji sadrze opijate, ali bez statusa strogo
kontrolisane opojne droge, kakav imaju morfin ili he-
roin (9). U Srbiji se propisuje od sredine 1990-ih go-
dina. Tramadol je prvi put sintetizovan 1962. godine,
dok je na svetsko trziSte uveden 1977. godine u Ne-
mackoj. Ubrzo nakon toga poceo je da se registruje
i primenjuje Sirom sveta, uklju¢ujudi i tadasnju Jugo-
slaviju. lako precizan datum prve registracije u Srbiji
nije lako utvrditi, dostupni podaci Agencije za lekove
i medicinska sredstva Srbije (ALIMS) pokazuju da su
dozvole za lekove koji sadrze tramadol, uklju¢ujudi i
brend ,Trodon” proizvodaca Hemofarm, obnavljane
i izdavane tokom 2000-ih i 2010-ih, Sto ukazuje na to
da je lek bio prisutan na trziStu i znatno ranije. Od
1994. godine, kao sto je prethodno navedeno, lek je
bio dostupan i propisivan, ali pod drugacijim, manje
strogim rezimom kontrole nego danas.

Tramadol je sinteti¢ki opioidni analgetik i koristi
se za le¢enje umerenog do jakog bola. lako je opio-
id, u mnogim zemljama, ukljucujuci Srbiju (tadasnju
SR Jugoslaviju), nije bio klasifikovan u istu, najstrozu,
kategoriju kontrolisanih supstanci kao klasi¢ni opijati
(Lista lili Il opojnih droga), sto je znacilo da je njego-
vo propisivanje bilo jednostavnije, ali i dalje podloz-
no odredenim kontrolama. Propisivao se na lekarski
recept, pri ¢emu je lekar procenjivao intenzitet bola
i individualni odgovor pacijenta na lek, uz preporuku
primene najnize efektivne doze. Vec¢ tada, kao i da-
nas, postojala su upozorenja o riziku od zloupotrebe,
razvoja zavisnosti i simptoma obustave, zbog Cega je
bilo neophodno procenjivati potrebu za nastavkom
terapije u redovnim intervalima. Zbog potencijala
za zloupotrebu, ¢esto je pominjan u kontekstu lakog
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to tramadol begins with exceeding the dose of the
drug or reducing the interval of taking the drug. Ad-
diction develops gradually, and the speed at which
the addiction will progress is individual and depends
on the person. As with any addiction, there are cer-
tain factors that influence it: biological, psychologi-
cal, social, that is, therapeutic use, self-medication,
euphoria, stress and genetic predisposition. Trama-
dol is one of those drugs that, although prescribed
for therapeutic purposes, can still be addictive. In
that case, the patient begins to develop addiction
completely unconsciously and unintentionally. The
drug stops working in the prescribed amount, so ex-
cessive consumption begins, by increasing the indi-
vidual dose or shortening the time between doses,
thus increasing the maximum dose. Genetic predis-
position plays a great role in creating addiction, so
patients who have a family history of excessive use
or abuse of drugs like tramadol or other substances
may be at a higher risk (drug or alcohol addicts). It
should also be said that addiction to tramadol is not
always intentional or conscious.

Weaning off tramadol

After a patient who regularly takes tramadol
abruptly stops using the drug or reduces the dose
of the drug, withdrawal symptoms appear, and they
are most often manifested in the form of anxiety,
depression, nervousness, vomiting and muscle pain.
These symptoms usually begin 12-24 hours after
taking the last dose of the drug and sometimes last
up to several weeks (24).

According to the testimony of patients, these symp-
toms are mostly felt between the second and fourth
day, when these discomforts are at their peak. Med-
ical and psychological support plays a very important
role in weaning off tramadol. A gradual reduction
in the dose of the drug is very important in prevent-
ing the development of addiction symptoms. When
weaning off tramadol, different emotional states of-
ten occur, so psychological support is very important
for achieving the goal. It is recommended to avoid
all situations in which the patient may return to the
desire to repeat situations that can cause addiction
again. The recommendations also include introduc-
ing healthy habits. The treatment of tramadol ad-
diction usually involves a combination of medical in-
terventions, therapeutic support, and psychological
therapy. The withdrawal process consists of several
steps, which are connected: diagnosis, detoxifica-
tion, psychological support and therapy, education

and maintenance after treatment.

Detoxification means a complete discontinuation
of drugs, or reducing the body’s dependence on the
drug. In parallel with detoxification, psychotherapy
is carried out, which plays a key role in the long-term
success. In order to help a patient who struggles with
addiction, individual counseling is needed, as well as
family and group therapy. In this way, it is easier for
the patient to face the problem he has. It is very im-
portant for doctors not to forget that: “Medications
act as both medicine and poison at the same time!”
When they are used according to the indications and
instructions, they exhibit their positive effect, and in
the other case, when indications, therapeutic doses,
time intervals and duration of the therapy are not
respected, then they exhibit their negative effect.
It is very important to educate the patient during
treatment (withdrawal from tramadol) so that the
patient learns how to avoid repeated use — abuse
(25).

Legal regulations for prescribing tramadol

The drug tramadol has been prescribed since 1994
in accordance with the legislation that regulates the
prescription of drugs that contain opiates, but with-
out a status of a strictly controlled narcotic drug such
as morphine or heroin (9). It has been prescribed in
Serbia since 1990s. Tramadol was synthesized first
in 1962, and was introduced to the world market in
Germany in 1977. Soon after, it began to be regis-
tered and administered all over the world, including
the former Yugoslavia. Although the precise date of
the first registration in Serbia is not easy to deter-
mine, available data of the Agency for Medicines
and Medical Devices of Serbia show that licenses for
drugs containing tramadol, including the brand “Tro-
don” produced by Hemofarm were renewed and is-
sued during the 2000s, which implies that the drug
was present on the market long before this time.
Since 1994, as previously stated, the drug has been
available and prescribed, but under a different, less
strict regime of control than today.

Tramadol is a synthetic opioid analgesic and is used
to treat moderate to severe pain. Although it is an
opiod, in many countries including Serbia (then the
former Yugoslavia), it was not classified in the same,
strictest category of controlled substances as clas-
sic opiates (List | or Il narcotic drugs), which meant
that its prescription was simpler, but still subject to
certain controls. It was prescribed by a doctor’s pre-
scription, whereby the doctor assessed the intensity
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dobijanja i preprodaje, uprkos tome Sto je snazan
lek. Detaljni propisi o izdavanju i propisivanju leko-
va koji sadrze tramadol definisani su pravilnicima o
nacinu propisivanja i izdavanja lekova. Ukratko, od
1994. godine Trodon se propisuje kao snazan analge-
tik na lekarski recept, uz svest o rizicima zavisnosti i
zloupotrebe, ali bez najstrozijih ograni¢enja koja vaze
za druge opijate. Zbog svog dejstva koje moze izazva-
ti euforiju, postoji potencijal za zloupotrebu. Svetska
antidoping agencija zabranila je upotrebu tramadola
u svim sportskim takmiéenjima od 1. januara 2024.
godine. Tramadol se izdaje isklju¢ivo na lekarski re-
cept i ne sme se koristiti bez medicinskog nadzora,
niti se sme naglo prekidati njegova upotreba nakon
duZeg perioda koriS¢enja. Propisivanje leka Trodona
(tramadol) u Srbiji (i Sire) dozivelo je znacajne izme-
ne i dopune u regulativi tokom poslednjih godina,
prvenstveno zbog sve vece svesti o potencijalu za
zloupotrebu i zavisnost, uprkos tome Sto je i dalje
esencijalni lek za le€enje umerenog do jakog bola.

Najvaznija promena odnosi se na klasifikaciju
tramadola. U mnogim zemljama, ukljucujudi i Srbiju,
tramadol je premesten ili je podvrgnut strozoj kon-
troli, iako nije uvek svrstan u najstrozu listu opojnih
droga kao morfin. Propisivanje je regulisano Zako-
nom o psihoaktivnim kontrolisanim supstancama i
prate¢im pravilnicima. lzdavanje se vrsi na poseban
lekarski recept, uz stroZija pravila o nacinu propisiva-
nja iizdavanja. lzmenama pravilnika o nacinu propisi-
vanja i izdavanja lekova uvedene su mere koje imaju
za cilj smanjenje zloupotrebe. U nekim zdravstvenim
sistemima je uvedena obaveza propisivanja na ,,za-
sticen” ili poseban (narkoticki) recept, dok u Srbiji
podrazumeva recepte sa posebnim rezimom izdava-
nja, za razliku od standardnih recepata. To ukljuéuje
koriséenje posebnog obrasca recepta, duplog recep-
ta i evidentiranje u knjizi narkotika.

Propisi ¢esto ogranicavaju koli¢inu leka koja se
moze izdati na jedan recept, kao i mogucnost po-
novnog izdavanja (oznaka ,,non repetatur” ili slicna
ogranicenja). Zdravstveni radnici su obavezni da pro-
cene rizik od zavisnosti pre zapocinjanja terapije i da
redovno prate pacijente, uspostavljajuci strategiju za
bezbedan prekid terapije. Prelazak na elektronske
zdravstvene informacione sisteme omogucava bolje
pracenje propisivanja opioda i spre¢avanje viSestru-
kog dobijanja recepata od razli¢itih lekara

Agencija za lekove i medicinska sredstva Srbi-
je (ALIMS) uskladila je saZetke karakteristika leka
(SmPC) i uputstva za pacijente sa medunarodnim
preporukama, uz dodatak strozih upozorenja. Poseb-

no je naglasen rizik od fizicke i psihi¢ke zavisnosti, te
je lekarima naloZeno da pacijentima objasn bezbed-
nog prekida terapije. Uvedena su stroga ogranicenja
ili kontraindikacije za primenu tramadola kod dece
mlade od 12 godina, kao i kod adolescenata (12-18
godina) sa odredenim respiratornim problemima
(npr. opstruktivna sleep apnea). Pojacana su upozo-
renja o interakcijama sa drugim lekovima, posebno
onima koji deluju na centralni nervni sistem ili pove-
¢avaju rizik od serotoninskog sindroma. Od 1. janua-
ra 2024. godine, Svetska antidoping agencija (WADA)
zvani¢no je dodala tramadol na Listu zabranjenih
supstanci u sportu, $to namecée dodatna pravila za
sportiste i lekare koji ih le¢e. Svakom profesionalnom
sportisti koji bude koristio tramadol pocev od na-
vedenog datuma preti doZivotna zabrana bavljenja
sportom. Ove izmene odrazavaju globalni trend ka
opreznijem i kontrolisanijem propisivanju opioidnih
analgetika.

Zakljucak

Tramadol predstavlja efikasan analgetik sa du-
alnim mehanizmom delovanja, namenjen lecenju
umerenog do jakog bola kada neopioidni analgetici
nisu dovoljni. Njegova bezbednost i terapiski efe-
kat direktno zavise od individualnog metabolickog
profila pacijenta, prvenstveno od aktivnosti enzima
CYP2DE6, ciji genetski polimorfizam moze dovesti do
izostanka dejstva ili pojave toksi¢nosti. lako je neza-
obilazan u klini¢koj praksi, dugotrajna ili neadekvat-
na upotreba tramadola nosi visok rizik od razvoja
tolerancije, fizi¢ke i psihi¢ke zavisnosti, kao i pojave
simptoma apstinencijalne krize. Zbog sve ucestalije
zloupotrebe, savremena zakonska regulativa i prepo-
ruke ALIMS-a zahtevaju strozi nadzor, koriséenje po-
sebnih recepata i pazljivo planiranje prekida terapije.
Uloga lekara je presudna u edukaciji pacijenta i in-
dividualnom pristupu doziranja, kako bi se iskoristio
pun analgetski efekat leka uz minimalizaciju rizika po
zdravlje pojedinca i drustva.
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of pain and the patient’s individual response to the
drug, recommending the use of the lowest effective
dose. Even then, as today, there were warnings relat-
ed to the risk of abuse, the development of addiction
and withdrawal symptoms, which is why it was nec-
essary to assess the need for continued therapy at
regular intervals. Because of its potential for abuse,
it is often mentioned in the context of easy acquisi-
tion and resale, despite being a powerful drug. De-
tailed rules on prescribing and dispensing drugs that
contain tramadol are defined in the Regulations on
prescribing and dispensing medicines. In short, since
1994, tramadol has been prescribed as a powerful
analgesic, with awareness of risks of addiction and
abuse, but without the strictest restrictions that ap-
ply to other opiates. Because of its effect that can
cause euphoria, there is a potential for abuse. The
World Anti-Doping Agency has prohibited the use
tramadol in all sports competitions from January 1%,
2024. Tramadol is only available with a prescription
and must not be used without medical supervision,
and it should never be stopped abruptly after a long
period of use. The prescription of the drug Trodon
(tramadol) in Serbia (and beyond) has undergone
significant changes and amendments in the regula-
tions in recent years, primarily due to the increasing
awareness of the potential for abuse and addiction,
despite the fact that it is an essential drug for moder-
ate to severe pain.

The most important change relates to the classifi-
cation of tramadol. In many countries, including Ser-
bia, tramadol has been moved from the list or sub-
ject to stricter control, although it is not always on
the strictest list of narcotic drugs such as morphine.
Prescription is regulated by the Act on Psychoactive
Substances and accompanying regulations. The dis-
pensing of controlled medicines is subject to a spe-
cial doctor’s prescription, with stricter rules on pre-
scribing and dispensing medications. Amendments
to the Regulations relating to prescribing and dis-
pensing medications introduced measures aimed at
reducing abuse. In some healthcare systems, the ob-
ligation to prescribe medications on a “protected” or
special (narcotic) prescription has been introduced
(which in Serbia means that prescriptions have a
special dispensing regime, in contrast to standard
prescriptions). This means that a special prescription
form is used, including a double prescription and en-
try in the narcotics book.

Regulations often limit the amount of medicine
that can be dispensed per prescription, as well as

Ill

the possibility of repeated dispensing (label “non
repetatur” or similar restrictions). Healthcare pro-
fessionals are required to assess the risk of addic-
tion before starting therapy and to regularly monitor
patients, establishing a strategy for safe discontinu-
ation of therapy. The transition to electronic health
information systems enables better monitoring of
prescribed opioids and prevention of multiple pre-
scriptions from different doctors.

The Agency for Medicines and Medical Devices
of Serbia (Serbian: ALIMS) aligned the summaries of
product characteristics (SmPC) and instructions for
patients with international recommendations, add-
ing stronger warnings. The risk of physical and psy-
chological dependence was especially emphasized,
and doctors were instructed to explain to patients
how to safely stop therapy. Strict restrictions or con-
traindications have been introduced for the use of
tramadol in children under 12 years of age, as well
as in adolescents (12-18 years) with certain respira-
tory problems (e.g. obstructive sleep apnea). Warn-
ings about interactions with other drugs, especially
those affecting the central nervous system or sero-
tonin syndrome, have been increased. Since January
1%, 2024, the World Anti-Doping Agency (WADA) has
officially added tramadol to the List of Prohibited
Substances in Sports, which imposes additional rules
on athletes and doctors who treat them. Any profes-
sional athlete who uses tramadol starting from the
specified date is threatened with a lifetime ban from
playing sports. These changes reflect a global trend
towards more cautious and controlled prescribing of
opioid analgesics.

Conclusion

Tramadol is an effective analgesic with a dual
mechanism of action intended to suppress moder-
ate to severe pain when non-opioid drugs are insuf-
ficient. Its safety and therapeutic effect directly de-
pend on the individual metabolic profile of the pa-
tient, primarily the activity of the CYP2D6 enzyme,
the variability of which can lead to the absence of
effect or the appearance of toxicity. Although it is
unavoidable in clinical practice, long-term or inad-
equate use of tramadol carries a risk of developing
tolerance, physical and psychological dependence,
with serious symptoms of abstinence crisis. Due to
the increasingly frequent misuse, modern legislation
and ALIMS recommendations require stricter super-
vision, use of special prescriptions and careful plan-
ning of discontinuation of therapy. The role of the
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doctor is crucial in patient education and individual
approach to dosage, in order to use the full analgesic
potential of the drug while minimizing health risks
for individuals and society, as well.
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SAZETAK

Parkinsonova bolest je hroni¢no, progresivno neurodegenerativno oboljenje koje se primarno manifestuje
poremecajima motorike, ali znacajno uti¢e i na glas i govor. Jedna od Cestih i klinicki znagajnih manifestac-
ija bolesti jeste hipokineticka disfonija, koja nastaje kao posledica centralnog dopaminergic¢kog deficita i
hipokinezije misi¢a ukljucenih u respiraciju, fonaciju i artikulaciju. Cilj ovog preglednog rada jeste prikaz
osnovnih neuroloskih i klinickih karakteristika Parkinsonove bolesti, mehanizama nastanka hipokineticke
disfonije, kao i glasovnih, govornih i paralingvistickih osobina pacijenata sa ovim oboljenjem, uz sagleda-
vanje implikacija za klinicku i logopedsku praksu. Pretraga relevantnih izvora podataka izvrSena je putem
pretraZzivaca Google Scholar Advanced Search i Konzorcijuma biblioteka Srbije za objedinjenu nabavku (KoB-
SON), pri éemu su analizirani savremeni izvori iz oblasti neurologije, fonijatrije i logopedije. Rezultati pregle-
da ukazuju da poremecaji glasa i govora, ukljucujuci hipofoniju, monotoniju, smanjenu varijaciju intonacije i
dezorganizovanu prozodiju, znacajno narusavaju komunikaciju i kvalitet Zivota obolelih. Posebno su izrazeni
deficiti paralingvisticke komunikacije, koji doprinose socijalnoj izolaciji pacijenata. MoZe se zakljuciti da su
pravovremeno prepoznavanje hipokineticke disfonije i interdisciplinarni pristup, uz aktivno ukljucivanje u
logopedski tretman, od kljuénog znacaja za o¢uvanje komunikacijskih sposobnosti i unapredenje ukupnog
funkcionisanja osoba sa Parkinsonovom boleS¢u.

Kljucne reci: Parkinsonova bolest, hipokineticka disfonija, poremecaji glasa i govora, paralingvisticka komu-

nikacija

J

Uvod

Parkinsonova bolest (PB) je hroni¢no, progre-
sivno neurodegenerativno oboljenje i klasi¢an prim-
er hipokinezije, koja nastaje kao posledica degener-
acije dopaminergic¢kih neurona u substantia nigra
pars compacta i drugim strukturama moZdanog
stabla. Ovaj neurodegenerativni proces dovodi do
smanjenog luéenja dopamina u nigrostrijathnom
sistemu i narusavanja ravnoteze izmedu dopamina
i acetilholina u bazalnim ganglijama. U fizioloskim
uslovima, dopamin ima inhibitorni i modulatorni
efekat na oslobadanje acetilholina, koji posreduje u
misiénoj aktivnosti putem sinapti¢kih veza. Njegov
deficit rezultira poremeéajem osnovnog odrZavanja
miSi¢nog tonusa i kontrole pokreta (1,2).

Klinicka slika Parkinsonove bolesti uklju¢uje
bradikineziju, rigiditet, tremor u miru i postural-
nu nestabilnost. Pokreti postaju spori, ukoéeni i
ograni¢enog obima, uz gubitak automatske i har-

.....

stalno , koce”. Rigiditet se Cesto manifestuje u ob-

liku tzv. fenomena ,zupcastog tocka”, dok je trem-
or u miru, frekvencije od 4 do 7 Hz, jedan od na-
poremecdaji pogadaju ne samo ekstremitete i trup,
vec i misice respiratornog, fonatornog i artikulacion-
og sistema (3).

Zahvaéenost miSi¢a ukljucenih u disanje, fonaci-
juiartikulaciju dovodi do poremecaja glasa i govora,
koji se u Parkinsonovoj bolesti naj¢esée manifestu-
ju kao hipokineti¢ka dizartrija, Ciji je integralni deo
hipokineticka disfonija. Hipokineti¢ka disfonija nas-
taje kao rezultat smanjenog obima i brzine pokreta
laringealnih misica, narusene respiratorne podrske
i nedovoljne kontrole fonacije, sto je direktno pov-
ezano sa hipokinezom misi¢a larinksa i dopamin-
ergickim deficitom (4,5).

Glas pacijenata sa Parkinsonovom boleS¢u kar-
akterise smanjena glasnoca (hipofonija), monotoni-
ja, smanjena varijacija visine tona, dahnuti kvalitet
glasa i grublji ton. Ove vokalne promene su rezultat
nepotpunog zatvaranja glotisa, produzene otvorene
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SUMMARY

Parkinson’s disease is a chronic, progressive neurodegenerative disease that is primarily manifested by mo-
tor disorders, but significantly affects voice and speech. One of the frequent and clinically significant man-
ifestations of the disease is hypokinetic dysphonia, which occurs as a result of central dopaminergic deficit
and hypokinesia of muscles involved in respiration, phonation and articulation. The aim of this review is to
present the basic neurological and clinical characteristics of Parkinson’s disease, the mechanisms of hypoki-
netic dysphonia, as well as the voice, speech and paralinguistic characteristics of patients with this disease,
while considering the implications for clinical and speech therapy practice. The search for relevant sources
was carried out using Google Scholar Advanced Search and the Consortium of Libraries of Serbia for Unified
Procurement (KoBSON), where modern sources from the fields of neurology, phoniatrics and speech thera-
py were analyzed. The results of the review indicate that voice and speech disorders, including hypophonia,
monotony, reduced intonation variation and disorganized prosody, significantly impair communication and
the quality of life of sufferers. Paralinguistic communication deficits, which contribute to the social isolation
of patients, are especially pronounced. It is concluded that timely recognition of hypokinetic dysphonia and
an interdisciplinary approach, along with active involvement in speech therapy treatment, is of key impor-
tance for preserving communication skills and improving the overall functioning of people with Parkinson’s

disease.
Key words: Parkinson’s disease, hypokinetic dysphonia, voice and speech disorders, paralinguistic commu-
nication
J
Introduction that the muscles are constantly “braking”. Rigidity is

Parkinson’s disease (PD) is a chronic, progressive
neurodegenerative disease and a classic example of
hypokinesia, which occurs as a result of the degen-
eration of dopaminergic neurons in the substantia
nigra pars compacta and other structures of the
brain stem. This neurodegenerative process leads to
reduced dopamine secretion in the nigrostriatal sys-
tem and disruption of the balance between dopa-
mine and acetylcholine in the basal ganglia. Under
physiological conditions, dopamine has an inhibito-
ry and modulatory effect on the release of acetyl-
choline, which mediates muscle activity via synaptic
connections. Its deficiency results in a disruption of
the basic maintenance of muscle tone and move-
ment control (1,2).

The clinical picture of Parkinson’s disease in-
cludes bradykinesia, rigidity, resting tremor and pos-
tural instability. Movements become slow, stiff and
limited in range, with a loss of automatic and har-
monious coordination, which gives the impression

often manifested in the form of so-called cogwheel
rigidity, while tremor at rest, with a frequency of 4
to 7 Hz, is one of the most recognizable symptoms
of the disease. These motor disorders affect not only
the limbs and the trunk, but also the muscles of the
respiratory, phonatory and articulatory systems (3).

The involvement of the muscles involved in
breathing, phonation and articulation leads to voice
and speech disorders, which in Parkinson’s disease
are most often manifested as hypokinetic dysar-
thria, an integral part of which is hypokinetic dys-
phonia. Hypokinetic dysphonia occurs as a result of
reduced range and speed of movement of laryngeal
muscles, impaired respiratory support, and insuffi-
cient control of phonation, which is directly related
to laryngeal muscle hypokinesis and dopaminergic
deficit (4,5).

The voice of patients with Parkinson’s disease
is characterized by reduced loudness (hypophonia),
monotony, reduced pitch variation, breathy vocal

© 2026 Health Care.
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faze fonacije i smanjene koordinacije respirator-
no-fonatornog sistema (6,7). Procene ukazuju na
to da ¢ak 70-90% osoba sa Parkinsonovom boles¢u
razvije neki oblik poremedaja glasa i govora tokom
progresije bolesti, pri ¢emu je hipokineti¢ka disfo-
nija jedna od najranijih i funkcionalno najznacajnijih
manifestacija (8).

lako su poremedaji glasa i govora Cesti i imaju
znacajan uticaj na komunikaciju, socijalno funkcion-
isanje i kvalitet Zivota obolelih, u klinickoj praksi ces-
to se nedovoljno prepoznaju i le¢e. Razumevanje
patofizioloskih mehanizama koji povezuju Parkin-
sonovu bolest i hipokineticku disfoniju od kljuénog
je znacaja za pravovremenu dijagnostiku i planiranje
adekvatne terapijske intervencije.

Cilj ovog rada je da prikaze osnovne neuroloske
i klinicke karakteristike Parkinsonove bolesti, me-
hanizme nastanka hipokineticke disfonije, kao i
vokalne, govorne i paralingvisticke karakteristike
pacijenata sa ovom bolescu, uz razmatranje implik-
acija za klini¢ku i logopedsku praksu.

Metode

Pretraga relevantnih izvora izvrSena je koris¢en-
jem napredne pretrage Google Scholar-a i Konzorci-
juma biblioteka Srbije za objedinjenu nabavku (KoB-
SON). U pretrazi su koris¢ene kljucne reci i fraze na
srpskom i engleskom jeziku, ukljucujuéi: Parkinsono-
va bolest (eng. Parkinson’s disease), hipokineti¢ka
disfonija (eng. hypokinetic dysphonia), poremecaji
glasa i govora (eng. voice and speech disorders),
motorni poremecaji govora (eng. motor speech dis-
orders) i paralingvisticka komunikacija (eng. para-
linguistic communication). Uklju€eni su radovi na
engleskom jeziku objavljeni u vremenskom periodu
od 2003. do 2020. godine. Analiza je obuhvatila ref-
erentnu i savremenu literaturu iz oblasti neurologije,
fonijatrije i logopedije koja se bavi patofiziologijom
Parkinsonove bolesti, njenom klinickom slikom, far-
makoloskim tretmanom, kao i govorom, glasom i
paralingvistickom komunikacijom pacijenata. Podaci
iz literature su sistematizovani prema sledeéim tem-
atskim celinama: neuroloske i klinicke karakteristike
Parkinsonove bolesti, mehanizmi hipokinetic¢ke dis-
fonije, vokalne i govorne karakteristike pacijenata,
poremecaji paralingvisticke komunikacije i prepo-
ruke za interdisciplinarni tretman. Ovakav pristup
omogucio je objedinjavanje savremenih i klasi¢nih
saznanja i pruzio osnovu za kriticku diskusiju i zakl-
jucke rada.

Klinicke karakteristike i terapija Parkinson-
ove bolesti

Parkinsonova bolest se klinicki manifestuje pr-
venstveno kardinalnim motornim poremecajima,
koji uklju€uju bradikineziju, rigiditet, tremor u miru
i posturalnu nestabilnost. Pokreti su spori, kruti i
ograni¢enog obima, uz izrazen gubitak automatske
koordinacije, Sto ostavlja subjektivni i objektivni
manifestuje u obliku tzv. fenomena zupcanika (eng.
cogwheel phenomenon), dok je tremor u miru,
frekvencije od 4 do 7 Hz, jedan od najprepoznatl-
toma, kod znacajnog broja pacijenata prisutni su i
nemotorni poremedaji, ukljucujuéi kognitivni pad,
poremecaje pazinje, depresiju i, u uznapredovalim
fazama, demenciju, Sto dodatno usloZnjava klinicku
sliku i proces multidisciplinarne rehabilitacije (9).

Farmakoloski tretman Parkinsonove boles-
ti primarno je usmeren na nadoknadu dopamina,
najcesce primenom levodope, koja je i dalje zlatni
standard u terapiji. lako levodopa znacajno poboljsa-
va motorne simptome i funkcionalnu mobilnost kod
vecine pacijenata, njena efikasnost se vremenom
smanjuje, a dugotrajna upotreba moze dovesti do
motornih fluktuacija i diskinezija (nevoljnih pokreta)
(1). Savremena istrazivanja ukazuju na to da efekti
dopaminergicke terapije na govor i glas nisu jed-
noznacni; dok kod nekih pacijenata dolazi do blagog
poboljsanja prozodije i artikulacije, hipokineticka dis-
fonija Cesto perzistira ili pokazuje minimalan odgov-
or na farmakoloski tretman, Sto ukazuje na slozene
i nedovoljno razjasnjene neuralne mehanizme kon-
trole govora (7,10).

Poremecaji glasa i govora kod Parkinson-
ove bolesti

Poremedaji glasa i govora su Cesta i klinicki
znacajna komponenta Parkinsonove bolesti. Savre-
meni podaci ukazuju na to da ¢ak 70-90% obolelih
razvije neki oblik poremecaja govora tokom bolesti,
iako su simptomi u ranim fazama cesto blagi i nedo-
voljno prepoznati (4,8). Vokalne karakteristike kod
pacijenata sa Parkinsonovom boleséu cesto ukljucu-
ju hipofoniju, monotoniju, smanjenu varijaciju visine
tona, grublji i dahnuti kvalitet glasa, kao i skraéeno
maksimalno vreme fonacije. Ove promene su u
skladu sa konceptom hipokineticke disfonije i pov-
ezane su sa smanjenim obimom i brzinom pokreta
glasnica, nepotpunim zatvaranjem glotisa (insufici-
jencija glotisa) i narusenom koordinacijom respira-
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quality, and a rougher tone. These vocal changes are
the result of incomplete glottis closure, prolonged
open phase of phonation, and decreased respirato-
ry-phonatory coordination (6,7). Estimates indicate
that as many as 70-90% of individuals with Parkin-
son’s disease develop some form of voice and speech
disorder during the progression of the disease, with
hypokinetic dysphonia being one of the earliest and
most functionally significant manifestations (8).

Although voice and speech disorders are com-
mon and have a significant impact on communica-
tion, social functioning and quality of life of sufferers,
they are often insufficiently recognized and treated
in clinical practice. Understanding the pathophysio-
logical mechanisms that connect Parkinson’s disease
and hypokinetic dysphonia is of key importance for
timely diagnosis and planning of adequate thera-
peutic intervention.

The aim of this paper is to present the basic neu-
rological and clinical characteristics of Parkinson’s
disease, the mechanisms of hypokinetic dyspho-
nia, as well as the voice, speech and paralinguistic
characteristics of patients with this disease, while
considering the implications for clinical and speech
therapy practice.

Method

The search for relevant sources was carried out
using Google Scholar Advanced Search and the Con-
sortium of Libraries of Serbia for Unified Procurement
(KoBSON). Keywords and phrases in Serbian and Eng-
lish were used in the search, including: Parkinson’s
disease, hypokinetic dysphonia, voice and speech
disorders, motor speech disorders and paralinguistic
communication in Parkinson’s disease. Works in Eng-
lish published between 2003 and 2020 were includ-
ed. The analysis included classical and contemporary
works from the fields of neurology, phoniatrics and
speech therapy dealing with the pathophysiology of
Parkinson’s disease, its clinical picture, pharmacolog-
ical treatment, as well as speech, voice and paralin-
guistic communication of patients. Data from the lit-
erature were systematized according to the following
thematic areas: neurological and clinical characteris-
tics of Parkinson’s disease, mechanisms of hypokinet-
ic dysphonia, voice and speech characteristics of pa-
tients, disorders of paralinguistic communication and
recommendations for interdisciplinary treatment.
Such an approach enabled the unification of modern
and classical knowledge and provided a basis for crit-
ical discussion and conclusions of the work.

Clinical features and therapy of
Parkinson’s disease

Parkinson’s disease is clinically manifested pri-
marily by cardinal motor disorders, which include
bradykinesia, rigidity, resting tremor, and postural
instability. Movements are slow, rigid and of limited
range, with a pronounced loss of automatic coor-
dination, which gives the subjective and objective
impression that the muscles are “inhibited”. Rigidi-
ty is often manifested in the form of so-called cog-
wheel phenomenon, while tremor at rest, with a
frequency of 4 to 7 Hz, is one of the most recogniz-
able symptoms of the disease (1,3). In addition to
motor symptoms, a significant number of patients
also have non-motor disorders, including cognitive
decline, attention disorders, depression and, in ad-
vanced stages, dementia, which further complicates
the clinical picture and the process of multidiscipli-
nary rehabilitation (9).

Pharmacological treatment of Parkinson’s dis-
ease is primarily aimed at replenishing dopamine,
most often using levodopa, which is still the gold
standard in therapy. Although levodopa significantly
improves motor symptoms and functional mobility
in most patients, its effectiveness decreases over
time, and long-term use can lead to motor fluctua-
tions and dyskinesias (involuntary movements) (1).
Modern research indicates that the effects of dopa-
minergic therapy on speech and voice are not un-
ambiguous; while in some patients there is a slight
improvement in prosody and articulation, hypoki-
netic dysphonia often persists or shows a minimal
response to pharmacological treatment, which in-
dicates complex and insufficiently elucidated neural
mechanisms of speech control [7,10].

Voice and speech disorders in
Parkinson’s disease

Voice and speech disorders are a frequent and
clinically significant component of Parkinson’s dis-
ease. Contemporary data indicate that as many as
70-90% of sufferers develop some form of speech
disorder during the course of the disease, although
the symptoms in the early stages are often mild
and insufficiently recognized [4,8]. Vocal features in
patients with Parkinson’s disease often include hy-
pophonia, monotony, reduced pitch variation, rough-
er and breathier vocal quality, and shortened maxi-
mum phonation time. These changes are consistent
with the concept of hypokinetic dysphonia and are
associated with reduced volume and speed of vocal
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torno-fonatornog sistema (6,10).

Produkcija govora je dodatno kompromitovana
bradilalijom, skradenim i sintaksicki jednostavnijim
reCenicama, ponavljanjem slogova ili reci i ubrzavan-
jem govora u kontinuiranom diskursu. Artikulacija
je Cesto neprecizna, sa smanjenim pokretima arti-
kulatora, dok je respiratorna podrska nedovoljna,
Sto dovodi do ¢Cestih pauza i prekida u govoru. Pro-
zodijske karakteristike, ukljucujuéi ritam, naglasak i
intonaciju, postaju dezorganizovane, Sto znacajno
smanjuje razumljivost govora. U uznapredovalim
stadijumima bolesti mogu se javiti i epizode aki-
netickog mutizma, kada je inicijacija govora izuzetno
otezana ili nemoguca (4).

Paralingvisticka komunikacija i socijalne
implikacije

Posebno znadajan aspekt komunikacionih
poremecaja u Parkinsonovoj bolesti odnosi se na
paralingvisticku komunikaciju. Hipofonija, monoto-
na intonacija i smanjena ekspresija lica dovode do
osiromasenog prenosa emocionalnih i pragmatickih
informacija. Fenomen tzv. ,,maskiranog lica“ (hipo-
mimija/amimija) i odsustvo spontane gestikulacije

Cesto rezultiraju pogreSnom interpretacijom emo-
cionalnog stanja pacijenta, koji moze biti dozivljen
kao nezainteresovan, depresivan ili neprijateljski
nastrojen, iako su emocije subjektivno ocuvane
(8,11). Ovi paralingyvisti¢ki deficiti imaju izrazen neg-
ativan uticaj na socijalnu interakciju, vode ka pov-
lacenju i socijalnoj izolaciji, te znacajno narusavaju
kvalitet Zivota.

Savremeni pristupi naglasavaju potrebu za ra-
nim prepoznavanjem poremecaja glasa i govora, kao
i uklju¢ivanje logopedskog tretmana kao standard-
nog dela multidisciplinarnog le¢enja Parkinsonove
bolesti. Posebno se istice efikasnost intenzivnih tera-
pijskih programa usmerenih na povecanje glasnode i
poboljSanje samopercepcije glasa, kao sto je Lee Sil-
verman Voice Treatment (LSVT LOUD) program, koji
pokazuje dugorocne pozitivne efekte na glas, razum-
liivost govora i komunikaciono ucesSc¢e pacijenata
(12). Ovo potvrduje vaznost integrativnog pristupa
koji ukljucuje neuroloske, fonijatrijske i logopedske
aspekte u tretmanu hipokineticke disfonije kod Par-
kinsonove bolesti.

Specifiéne karakteristiéne disfonije kod Parkin-
sonove bolesti prikazane su u tabeli.

Tabela 1 - Profil disfonije kod Parkinsonove bolesti

Kategorija Opis
Patologija
Etiologija Degeneracija

Znaci i simptomi

Laringoskopski nalaz

zatvorene faze.

Ocekivani vokalni profil

Profil akusticke analize

Volumen i protok vazduha

Medicinsko-hirurski tretman

substantia nigra,

Jedan aspekt Parkinsonove bolesti i srodnih stanja.

deficit dopamina; razli¢iti oblici: idiopatski,

arteriosklerotski, postencefaliti¢ni.

Spori, rigidni pokreti ogranicenog obima; rigiditet tipa zupcanika; tremor; smanjena ili
odsutna ekspresija lica; kognitivni pad.

Normalna anatomska struktura; nepotpuna adukcija i abdukcija glasnica; smanjena
pokretljivost glasnica; prisustvo presbilarinksa; produZzena otvorena faza ili odsustvo

Slab, dahnut glas; povisena visina tona; skraceno maksimalno vreme fonacije; grublji
kvalitet glasa; smanjena glasnoca; monoton glas; odloZeni onset glasa; dizprozodija.

Povecani subharmonici; smanjen odnos harmonika i Suma; povecan tremor i jitter.

Povecan transglotalni protok vazduha; smanjen volumen vazduha i subglotalni pritisak.

Intenzivni tretman glasa uskladen sa medicinskim le¢enjem pacijenta.

Zakljucak

Hipokineticka disfonija je ¢esta, ali ¢esto nedovol-
jno prepoznata i le¢ena manifestacija Parkinsonove
bolesti. Nastaje kao direktna posledica centralnog
dopaminergi¢kog deficita i hipokinezije misi¢a ukl-
juéenih u respiraciju, fonaciju i artikulaciju, sto dovo-

di do karakteristi¢nih promena u glasu i govoru. Ove
promene uklju¢uju smanjenu glasnoéu, monotoniju,
dahnuti kvalitet glasa, poremecaje prozodije i sman-
jenu razumljivost govora, kao i znacajne poteskoce
u paralingvistickoj komunikaciji. Poremecaji glasa i
govora u Parkinsonovoj bolesti imaju izrazen nega-
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cord movement, incomplete closure of the glottis
(glottis insufficiency) and impaired coordination of
the respiratory-phonatory system (6,10).

Speech production is additionally compromised
by bradylalia, shortened and syntactically simpler
sentences, repetition of syllables or words, and
speeding up speech in continuous discourse. Artic-
ulation is often imprecise, with reduced articulator
movements, while respiratory support is insufficient,
leading to frequent pauses and interruptions in
speech. Prosodic features, including rhythm, stress,
and intonation, become disorganized, which signifi-
cantly reduces speech intelligibility. In advanced stag-
es of the disease, episodes of akinetic mutism may
also occur, when the initiation of speech is extremely
difficult or impossible [4].

Paralinguistic communication and social
implications

A particularly significant aspect of communica-
tion disorders in Parkinson’s disease refers to para-
linguistic communication. Hypophony, monotonous
intonation and reduced facial expression lead to im-
poverished transmission of emotional and pragmatic
information. The so-called phenomenon “masked
face” (hypomimia/amimia) and the absence of spon-

taneous gesticulation often result in a misinterpreta-
tion of the patient’s emotional state, which can be
experienced as disinterested, depressed or hostile,
although emotions are subjectively preserved (8,11).
These paralinguistic deficits have a pronounced neg-
ative impact on social interaction, lead to withdrawal
and social isolation, and significantly impair the qual-
ity of life.

The implications for clinical and speech thera-
py practice are manifold. Modern approaches em-
phasize the need for early recognition of voice and
speech disorders, as well as the inclusion of speech
therapy as a standard part of the multidisciplinary
treatment of Parkinson’s disease. The effectiveness
of intensive therapeutic programs aimed at increas-
ing loudness and improving self-perception of the
voice, such as the Lee Silverman Voice Treatment -
LSVT LOUD program, which show long-term positive
effects on the voice, speech intelligibility and com-
municative participation of patients, is particularly
emphasized [12]. This confirms the importance of an
integrative approach that includes neurological, pho-
niatric and speech therapy aspects in the treatment
of hypokinetic dysphonia in Parkinson’s disease.

Specific characteristic dysphonias in Parkinson’s
disease are shown in the table.

Table 1 - Dysphonia profile in Parkinson’s disease

Category Description

Pathology

One aspect of Parkinson’s disease and related conditions

Etiology

Signs and symptoms

Laryngoscopic findings

Expected vocal profile

Acoustic analysis profile
Airflow volume and rate

Medical-surgical management

Medicinsko-hirurski tretman

Degeneration of the substantia nigra dopamine deficiency; various forms: idiopathic,
arteriosclerotic, post-encephalitic

Slow, rigid movements of limited range; cogwheel rigidity tremor; reduced or absent
facial expression; cognitive decline

Normal anatomical structure; incomplete adduction and abduction of the vocal folds;
reduced vocal fold mobility; presence of presbylaryngis; prolonged open phase or
absence of the closed phase

Weak, breathy voice; increased pitch; reduced maximum phonation time; harsher vocal
quality; decreased loudness; monotone voice; delayed voice onset; dysprosody

Increased subharmonics; reduced harmonics-to-noise ratio; increased tremor and jitter
Increased transglottal airflow; reduced air volume and subglottal pressure
Intensive voice treatment consistent with the patient’s medical management

Intenzivni tretman glasa uskladen sa medicinskim leCenjem pacijenta.

Conclusion

Hypokinetic dysphoniais a frequent, but oftenin-

of central dopaminergic deficit and hypokinesia of
muscles involved in respiration, phonation and ar-

sufficiently recognized and treated manifestation of
Parkinson’s disease. It arises as a direct consequence

ticulation, which leads to characteristic changes in
voice and speech. These changes include reduced
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tivan uticaj na svakodnevnu komunikaciju, socijalne
interakcije i emocionalno funkcionisanje obole-
lih. Smanjena ekspresija lica, hipofonija i ogranice-
na upotreba gestova Cesto dovode do pogresnog
tumacenja pacijentovog emocionalnog stanja od
strane okoline, $to moZe rezultirati socijalnim pov-
laéenjem, izolacijom i smanjenim kvalitetom Zivo-
ta. Ovi komunikacioni deficiti dodatno optereéuju
pacijente i njihove porodice, naglasavajuci potrebu
za sistemati¢nim i pravovremenim pristupom njiho-
vom prepoznavanju i le¢enju. Pravovremena identi-
fikacija hipokineticke disfonije, uz detaljnu procenu
vokalnih, govornih i paralingvistickih karakteristika,
neophodna je za planiranje adekvatnih terapijskih
intervencija. Multidisciplinarni pristup, koji podra-
zumeva saradnju neurologa, fonijatara i logopeda,
osnova je savremene nege pacijenata sa Parkinsono-
vom bolesc¢u. Od posebnog znacaja je ukljucivanje lo-
gopedskog tretmana, narocito intenzivnih programa
zasnovanih na dokazima, usmerenih na povecanje
glasnoce, poboljSanje kontrole glasa i unapredenje
komunikacionog uceséa. Rezultati savremenih is-
trazivanja ukazuju na potrebu za daljim proucavan-
jem mehanizama hipokineticke disfonije, kao i za
razvojem i unapredenjem terapijskih pristupa koji ¢e
biti prilagodeni individualnim potrebama pacijena-
ta. Rano ukljucivanje u vokalnu i govornu rehabilitac-
iju moze znacajno doprineti ocuvanju funkcionalne
komunikacije, samostalnosti i opSteg kvaliteta Zivota
osoba sa Parkinsonovom boles¢éu.
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loudness, monotony, breathy vocal quality, prosody
disorders and reduced speech intelligibility, as well
as significant difficulties in paralinguistic commu-
nication. Voice and speech disorders in Parkinson’s
disease have a pronounced negative impact on daily
communication, social interactions and emotional
functioning of sufferers. Reduced facial expression,
hypophonia, and limited use of gestures often lead
to misinterpretation of the patient’s emotional state
by the environment, which can result in social with-
drawal, isolation, and reduced quality of life. These
communication deficits further burden patients and
their families, emphasizing the need for a system-
atic and timely approach to their recognition and
treatment. Timely identification of hypokinetic dys-
phonia, along with a detailed assessment of voice,
speech and paralinguistic characteristics, is essential
for planning adequate therapeutic interventions. A
multidisciplinary approach, which involves the co-
operation of neurologists, phoniatrists and speech
therapists, is the basis of modern care for patients
with Parkinson’s disease. Of particular importance
is the inclusion of speech therapy, especially inten-
sive, evidence-based programs aimed at increasing
loudness, improving voice control, and improving
communicative participation. The results of modern
research indicate the need for further study of the
mechanisms of hypokinetic dysphonia, as well as for
the development and improvement of therapeutic
approaches that will be adapted to the individual
needs of patients. Early inclusion of voice and speech
rehabilitation can significantly contribute to preserv-
ing functional communication, independence and
the general quality of life of people with Parkinson’s
disease.
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SAZETAK

\

Uvod/Cilj: Proces zdravstvene nege (PZN) predstavlja osnovni, sistemati¢an i individualizovan metod rada u
sestrinstvu koji omogucava holisticki pristup pacijentu. Njegova primena je od posebnog znacaja u psihija-
trijskoj nezi, gde su potrebe korisnika kompleksne i zahtevaju kontinuirano pracenje subjektivnih i objektiv-
nih pokazatelja mentalnog stanja. Cilj ovog rada je prikaz primene procesa zdravstvene nege kod osobe sa
problemima u mentalnom zdravlju kroz studiju slucaja.

Prikaz slucaja: Istrazivanje je sprovedeno u Domu za dusevno obolela lica , 1. oktobar”, Stari Lec. Ispitanik
je pacijent muskog pola, star 61 godinu, sa medicinskom dijagnozom F20.0 (schizophrenia paranoides). Pa-
cijent je hospitalizovan od 2013. godine, a klini¢ku sliku karakteriSu akusti¢éne halucinacije, ubrzan misaoni
tok (tahipsihija), poviseno raspoloZenje (hipertimija) i pojacana voljna aktivnost (hiperbulija) bez realizaci-
je planova. Takode je identifikovan poremecaj spavanja (insomnija) i naruseni porodic¢ni odnosi sa ocem.
Primenom PZN-a identifikovano je sedam sestrinskih dijagnoza. Plan nege obuhvatio je 15 samostalnih i 6
meduzavisnih sestrinskih intervencija. Kljuéne mere nege ukljucivale su uspostavljanje terapijskog odnosa
i poverenja, kontinuirano pracenje i kontrolu halucinacija, sprovodenje higijensko-dijetetskog rezima radi
regulacije sna, usmeravanje pacijenta tokom logorei¢nog govora, kao i podrsku u odrzavanju socijalnih kon-
takata sa sinovima. Evaluacijom je utvrdeno delimi¢no postizanje ciljeva u smislu stabilizacije ponasanja i
bolje saradnje u aktivnostima samozbrinjavanja.

Zakljucak: Studija slucaja potvrduje da PZN omogucava svestrano sagledavanje pacijentovih potreba i jasnu
definiciju sestrinske uloge u multidisciplinarnom timu. Neophodna je implementacija PZN-a u obaveznu
sestrinsku dokumentaciju na nacionalnom nivou, kako bi se osigurao kvalitet, kontinuitet i pravna sigurnost
u leéenju i nezi lica sa mentalnim smetnjama.

Kljuc€ne reci: Proces zdravstvene nege, sestrinstvo, potrebe za negom, lice sa mentalnim smetnjama

J

Uvod

Proces zdravstvene nege (PZN) je osnovni me-
tod u sestrinskom radu Ciji je glavni cilj reSavanje
zdravstvenih problema, odnosno potreba bolesnika
za negom. PZN predstavlja sistem medusobno pove-
zanih i zavisnih koraka u reSavanju zdravstvenih pro-
blema bolesnika, a baziran je na timskom radu i pra-
¢enju kvaliteta nege koje su svojstvene sestrinskoj
profesiji. Kroz proces zdravstvene nege ostvaruje se
pozitivna interakcija izmedu dva subjekta procesa,
odnosno izmedu medicinske sestre i korisnika zdrav-
stvene zastite (1,2). Americko udruzenje medicinskih
sestara je 1982. godine uvelo proces zdravstvene
nege u sestrinsku profesiju, dok je 1984. godine za-
pocelo obavezno dokumentovanje procedura nege
po procesu zdravstvene nege u akreditovanim zdrav-
stvenim ustanovama (2,3). PZN je uveden u Jugosla-

viji 1983. godine, dok se od 1986. godine izu¢ava u
nastavi tokom obrazovanja medicinskih sestara na
visem i visokom nivou studija (3).

Proces zdravstvene nege sastoji se iz vise medu-
sobno povezanih faza koje proizilaze jedna iz druge
(1,4). Prva faza je utvrdivanje potreba bolesnika za
negom, nakon ¢ega sledi druga faza — postavljanje
sestrinskih dijagnoza, odnosno problema koji proi-
zilaze iz utvrdenih potreba za negom. Sledeéa faza
je planiranje zdravstvene nege, odnosno sestrinskih
intervencija koje imaju za cilj reSavanje sestrinskih
dijagnoza, zatim realizacija planiranih aktivnosti i, na
kraju, evaluacija nege, kako bi se procenilo da li je
doslo do realizacije postavljenih ciljeva (1,2,5).

Zahvaljujuci procesu zdravstvene nege, sestrin-
stvo se sve viSe razvija kao posebno stru¢no i nauc-
no polje rada, pa samim tim prati razvoj medicine
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SUMMARY

\

Introduction/Aim: The Nursing Process (NP) represents a fundamental, systematic, and individualized
method of work in nursing that enables a holistic approach to the patient. Its application is of particular
importance in psychiatric care, where the needs of users are complex and require continuous monitoring of
subjective and objective indicators of mental state. The aim of this paper is to demonstrate the application
of the NP in a person with a chronic mental disorder through a case report.

Case report: The research was conducted at the Home for Mentally Ill Persons “1. oktobar” in Stari Lec. The
subject is a 61-year-old male patient with a medical diagnosis of F20.0 (paranoid schizophrenia). The patient
has been institutionalized since 2013, and the clinical presentation is characterized by auditory hallucina-
tions, rapid thought flow (tachypsychia), elevated mood (hyperthymia), and increased volitional activity
(hyperbulia) without the realization of plans. Additionally, sleep disturbance (insomnia) and strained family
relationships with the father were identified. By applying the NP, seven nursing diagnoses were identified.
The care plan included 15 independent and 6 interdependent nursing interventions. Key nursing measures
included: establishing a therapeutic relationship and trust; continuous monitoring and control of halluci-
nations; implementing a hygienic-dietary regimen to regulate sleep; guiding the patient during logorrheic
speech; providing support in maintaining social contacts with his sons. The evaluation determined partial
achievement of goals in terms of behavioral stabilization and better cooperation in self-care activities.
Conclusion: The case report confirms that the NP allows for a comprehensive assessment of the patient’s
needs and a clear definition of the nursing role within a multidisciplinary team. It is essential to implement
the NP into mandatory nursing documentation at the national level to ensure the quality, continuity, and

legal security in the treatment and care of persons with mental health disorders.

Keywords: The nursing process, nursing, care needs, person with mental disorders

J

Introduction

The nursing process (NP) represents a funda-
mental method of work in nursing, and its main goal
includes solving health problems, that is, meeting
patients’ health care needs. The nursing process is a
system of mutually connected and dependent steps
in solving patients’ health problems, and it is based
on teamwork and the monitoring of the quality of
care that are characteristic of the nursing profession.
A positive interaction is achieved between the two
subjects of the process, that is, between the nurse
and the user of health care through the nursing
process (1,2). The American Nurses Association in-
troduced the nursing process to the nursing profes-
sion in 1982, while in 1984 it became mandatory for
nurses to document the care procedures according
to the nursing process for accredited healthcare in-

stitutions (2,3). The nursing process was introduced
in Yugoslavia in 1983, while since 1986 it has been
studied at the undergraduate and graduate level of
nursing education (3).

The nursing process consists of several phas-
es that are mutually interconnected (1,4). The first
phase is the assessment of patient’s health care
needs, followed by the second phase — nursing diag-
nosis, that is, the identification of specific problems
that are related to the assessed health care needs.
The next phase includes planning of health care or
nursing interventions aimed at solving the nursing
diagnosis, followed by implementation of planned
activities and finally, the evaluation of health care,
in order to assess whether the set goals have been
realized (1,2,5).

Thanks to the nursing process, nursing is in-

© 2026 Health Care.
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i drugih nauka ciji je cilj unapredenje zdravlja ljudi
i leCenje obolelih. Primena procesa ima znacajnu
ulogu u profesionalnom razvoju medicinskih sestara
upravo zato Sto omogucdava jasno definisanje struc-
nih aktivnosti koje one realizuju kroz primenu samo-
stalnih i meduzavisnih sestrinskih intervencija, kao
ravnopravni ¢lanovi zdravstvenog tima i saradnici
lekara (6).

Sestrinska aktivnost koja je realizovana kroz pri-
menu samostalnih ili meduzavisnih sestrinskih in-
tervencija, ili koja ée se tek sprovesti, treba da bude
propisno dokumentovana. Precizna dokumentacija
igra klju¢nu ulogu u zdravstvenim uslugama (7). PZN
je neophodan da bi se identifikovale sve sestrinske
intervencije koje su pruzene pacijentima i prikazao
napredak zdravstvenog stanja pacijenta tokom hos-
pitalizacije (8). Takode, on je i pokazatelj kvaliteta,
kvantiteta i uspesnosti primenjenih metoda zdrav-
stvene nege. Dokumentacija PZN-a pruzZa uvid u sta-
nje pacijenta, planirane i sprovedene samostalne i
meduzavisne sestrinske intervencije, kao i reakciju
pacijenta na intervenciju (9). PZN takode sluzi kao
efikasan alat interprofesionalne komunikacije, kako
u timu za zdravstvenu negu, tako i izmedu medicin-
skih sestara i drugih ¢lanova zdravstvenog tima (10).

lako je proces zdravstvene nege teorijski i nor-
mativno prepoznat kao standardizovani metod rada
u sestrinstvu, brojna istrazivanja ukazuju na znacaj-
ne poteskoée u njegovoj primeni u klini¢koj praksi.
Studija preseka sprovedena u pet drzavnih bolnica
u Irackom Kurdistanu, na uzorku od 210 medicinskih
sestara, identifikovala je organizacione, edukativne
i sistemske prepreke u primeni procesa zdravstvene
nege, pri ¢emu je koris¢en strukturirani upitnik koji
se sastojao iz tri dela (11). Sli¢ni nalazi potvrdeni su
u sistematskom pregledu i meta-analizi sprovede-
noj u Etiopiji, koja je obuhvatila 17 primarnih studi-
ja i ukupno 2.819 medicinskih sestara, pri ¢emu je
utvrdeno da priblizno polovina ispitanika dosledno
primenjuje proces zdravstvene nege u svakodnevnoj
praksi (12). Integrativni pregled literature iz zemalja
subsaharske Afrike dodatno ukazuje na nedovoljnu
i neujednacenu primenu procesa zdravstvene nege,
koja se dovodi u vezu sa nedostatkom kontinuirane
edukacije, opterecenjem poslom i ograni¢enom in-
stitucionalnom podrskom (13).

Psihijatrija predstavlja medicinsku disciplinu ¢iji
je cilj proucavanje uzroka mentalnih poremedéaja
(14). Kao i svaka medicinska disciplina, i psihijatrija
je specificna i individualna. Psihijatrija se razlikuje od
drugih medicinskih disciplina ne samo po dijagnosti-

ci, ve¢ i po simptomima i znacima svake bolesti (14).
Prikaz i razumevanje dusevnog i telesnog oboljenja
znacajno se razlikuju, zbog ¢ega je uspostavljanje
adekvatnog terapijskog odnosa medicinske sestre sa
osobama sa mentalnim poremedajima od posebnog
znacaja. Prema podacima Svetske zdravstvene orga-
nizacije, mentalni poremecaji predstavljaju jedan od
vodecih globalnih javnozdravstvenih problema, sa
znacajnim i rastué¢im opterecenjem za zdravstvene
sisteme, zbog Cega je uloga primarne zdravstvene
zastite od posebnog znacaja (15). Zbog porasta broja
obolelih, kao i napretka psihijatrije, zdravstvena nega
osoba sa problemima mentalnog zdravlja dobila je
vecu ulogu i strucniji kadar. Medicinske sestre imaju
kljuénu ulogu u lecenju ovakvih bolesnika, pri cemu
se nega sprovodi na svim nivoima zdravstvene zasti-
te (14). Proces zdravstvene nege predstavlja struktu-
rirani i podrzavaju¢i model rada koji omogudava sis-
tematsko i individualizovano sagledavanje potreba
pacijenta u klini¢koj praksi, a njegova primena ima
poseban znacaj u psihijatrijskoj zdravstvenoj nezi,
gde se sve faze procesa prilagodavaju slozenim psi-
holoskim i socijalnim potrebama pacijenata, sto se
u ovom radu prikazuje kroz studiju slu¢aja (16, 17).

Cilj ovog rada je prikaz primene procesa zdrav-
stvene nege kod osobe sa problemima u mentalnom
zdravlju kroz studiju slucaja.

Prikaz pacijenta

Istrazivanje je realizovano u Domu za dusevno
obolela lica ,,1. oktobar”, Stari Lec, nakon dobijanja
saglasnosti direktorke ovog Doma (odluka broj: 01-
729/23-1, od 05.05.2023). Ispitanik je potpisao for-
mular za pristanak za uéesée u istrazivanju, ¢ime je
potvrdio da je upoznat sa ciljem, vrstom, nacinom i
svrhom istrazivanja, uz potpuno ocuvanje integriteta
njegove licnosti i zastitu licnih podataka. Istrazivanje
je bilo dobrovoljno, sto znadi da je ispitanik mogao
da odustane ukoliko je smatrao da ga pitanja na bilo
koji nacgin uznemiravaju. Za potrebe istrazivanja ko-
ris¢ena je standardizovana dokumentacija procesa
zdravstvene nege (1), koja je prilagodena potrebama
istrazivanja i primene u uslovima Doma za dusevno
obolela lica ,, 1. oktobar”, Stari Lec.

Sestrinska opservacija

Pacijent N. N., muskog pola, star 61 godinu, iz
Beograda, razveden pre trideset godina, otac dva
sina. Zivi sa roditeljima. Hospitalizovan je u Domu za
dusevno obolela lica , 1. oktobar” od 2013. godine.
Upucen je u Dom iz Klinike za psihijatrijske bolesti
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creasingly developing as a special professional and
scientific field of work, and therefore, follows the
development of medicine and other sciences whose
goal is to improve people’s health and treat the ill
people. The implementation of the process has a
significant role in the professional development of
nurses precisely because it enables a clear definition
of professional activities that they realize through
the implementation of independent and interde-
pendent nursing interventions, as equal members of
the health team and doctors’ associates (6).

The nursing activity that has been realized
through the implementation of independent or in-
terdependent nursing interventions, or that is going
to be realized, should be properly documented. Ac-
curate documentation plays a key role in health ser-
vices (7). The nursing process is necessary to identify
all nursing interventions provided to patients and to
show the progress of of patient’s health status dur-
ing hospitalization (8). It is also an indicator of qual-
ity, quantity and success of applied health care. The
documentation provides insight into the patient’s
condition, planned and implemented independent
and interdependent nursing interventions, as well as
the patient’s reaction to the intervention (9). Also,
the nursing process serves as an efficient tool of in-
terprofessional communication in the nursing care
team, as well as between nurses and other mem-
bers of the health care team (10).

Although the nursing process is theoretically
and normatively recognized as a standardized meth-
od of work in nursing, numerous studies indicate sig-
nificant difficulties in its implementation in clinical
practice. A cross-sectional study conducted in five
state hospitals in Iraqi Kurdistan, on a sample of 210
nurses, identified organizational, educational and
systemic barriers to the implementation of health
care processes, using a structured questionnaire
consisting of three parts (11). Similar findings were
confirmed in a systematic review and meta-analysis
conducted in Ethiopia, which included 17 primary
studies and a total of 2,919 nurses, where it was
found that approximately half of the respondents
consistently applied the nursing process in their dai-
ly practice (12). An integrative literature review from
sub-Saharan African countries further indicates the
insufficient and uneven implementation of nursing
process, which is associated with a lack of contin-
uing education, workload and limited institutional
support (13).

Psychiatry is a medical discipline whose goal is

to study the causes of mental disorders (14). Like
any medical discipline, psychiatry is individual and
special. Psychiatry differs from other medical disci-
plines not only in diagnosis, but also in symptoms
and signs of each disease (14). The presentation and
understanding of mental and physical illness differ
significantly, which is why establishing an adequate
therapeutic relationship between nurses and people
with mental disorders is of particular importance.
According to data of the World Health Organization,
mental disorders represent one of the leading global
public health problems, with a significant and grow-
ing burden on health systems, which is why the role
of primary health care is of particular importance
(15). Due to the increase in the number of patients,
and therefore the progress of psychiatry, the nurs-
ing care of persons with mental health problems
received a greater role and more professional staff.
Nurses have a key role in the treatment of such pa-
tients, where care is provided at all levels of health
care (14). The nursing process represents a struc-
tured and supportive model of work that enables
a systematic and individualized assessment of pa-
tient’s needs in clinical practice, and its application
is of particular importance in psychiatric health care,
where all phases of the process are adapted to the
complex psychological and social needs of patients,
which is shown in this paper through a case report
(16,17).

The aim of this paper is to demonstrate the ap-
plication of the nursing process in a person with a
chronic mental disorder through a case report.

Case report

The study was conducted at the Home for Men-
tally Il Persons “1. oktobar”, in Stari Lec, after the
consent of the director of this Home was obtained
(decision number: 01-729/23-1, date May 5*,2023).
The subject signed the consent for the participation
in the study, thus confirming that he was familiar
with the aim, type, method and purpose of the study,
while fully preserving the integrity of his personality
and the protection of personal data. The study was
voluntary, which means that the subject could with-
draw if he felt that the questions disturbed him in
any way. For the purposes of the study, standardized
documentation of the nursing process (1) was used,
which was adapted to the needs of the study and
implementation in conditions of the Home for Men-
tally lll Persons “1. oktobar” in Stari Lec.
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,Dr Laza Lazarevi¢”. Medicinska dijagnoza: F20.0
(Schizophrenia paranoides). Prve simptome bolesti
primetio je u oktobru 1990. godine i tada se, kako
navodi, oseéao ,eufori¢no i ubrzano”. Tada ga je otac
prisilno odveo na Kliniku ,,Dr Laza Lazarevic¢”. U pe-
riodu od 1990. do 2011. godine redovno je odlazio
na kontrolne preglede, ali je vise puta hospitalizovan
usled pogorsanja psihickog stanja. Svest kod paci-
jenta je oCuvana, pacijent je orijentisan u vremenu i
prostoru. Vitalne funkcije su u fizioloSkim granicama
(krvni pritisak 130/80 mmHg, puls 65/min, respiraci-
je 16/min, telesna temperatura 36,5°C). Govor je for-
malno uredan i pacijent negira bolove. Pokretljivost
ekstremiteta je ocuvana. Kontrolise sfinktere. Stanje
koze i vidljivih sluzokoZza je u fizioloskim granicama.
Pacijent navodi poteskoce sa uspavljivanjem i Cesto
budenje. Fizicki je aktivan, pusi 20 cigareta dnevno
tokom poslednjih 25 godina i samostalan je u aktiv-
nostima samozbrinjavanja. Takode, samostalno kori-
sti mobilni telefon i odlazi u kupovinu u krugu Doma,
dok novcem raspolaZe uz nadzor socijalnog radnika.
Pacijent navodi da je detinjstvo proveo sa babom, te
da sa roditeljima nikada nije ostvario blizak odnos. O
ocu govori ogoréeno, navodedi ,odredenu dozu mr-
Znje”. Takode, navodi da je otac bio strog i zastitnicki
nastrojen, zbog ¢ega je od malih nogu oseéao strah.
Sa bivSom suprugom nije u kontaktu, dok se sa sino-
vima redovno €uje i oni ga posecuju.

Opis bolesnika na osnovu posmatranja

Pacijent je komunikativan i saradljiv. Na pitanja
odgovara opSsirno, pokazujuéi tendenciju ka opSir-
nosti i skretanju sa tema, narocito kada govori o po-
rodici (ocu), Sto ga vidno uznemirava. Gestikulacija i
hod su uredni, a spoljasnji izgled ukazuje na urednu
i negovanu licnost.

Prepoznavanje psihopatoloskih fenomena

Svest: Ocuvana. Pacijent je autopsihicki i alopsi-
hi¢ki orijentisan.

Opazanje: Prisutni poremedaji u vidu akusti¢nih
halucinacija (Cuje glasove sa kojima razgovara, ali na-
vodi da nisu imperativnog karaktera). Halucinacije se
javljaju uglavnom nocu. Negira trenutne suicidalne
ideje, mada navodi da ih je ranije imao.

Paznja: Prisutan poremecaj u vidu popustljive
paznje (hipotenacitet) i pojatane usmerenosti na
spoljne drazi (hipervigilnost).

Pamcenje: Bez kvalitativnih i kvantitativnih po-
remecaja.

Misljenje: Poremeéaj forme misljenja — ubrzan

misaoni tok (tahipsihija) i logoreja (potreba za ne-
prestanim pri¢anjem).

Emocije: Prisutna hipertimija (poviseno raspolo-
Zenje); pacijent je cesto neadekvatno veseo i uzbu-
den.

Nagoni: Pojac¢an nagon za ishranom (polifagija),
bez prateéeg povecanja telesne mase zbog pojacane
fizicke aktivnosti.

Volja: Prisutna hiperbulija (pojacana voljna ak-
tivnost); pacijent pravi brojne planove koje ne reali-
zuje, ve¢ odmah prelazi na nove.

Odredivanje dijagnoze nege, planiranje progra-
ma nege i ostvareni ciljevi

Na osnovu navedenog odredena je sestrinska
dijagnoza i napravljen je program nege (tabela 1).
Primenom PZN-a identifikovano je 7 sestrinskih di-
jagnoza. Plan nege obuhvatio je 15 samostalnih i 6
meduzavisnih sestrinskih intervencija. Klju¢ne mere
nege ukljucivale su uspostavljanje terapijskog odno-
sa i poverenja, kontinuirano praéenje i kontrolu halu-
cinacija, sprovodenje higijensko-dijetetskog rezima
radi regulacije sna, usmeravanje pacijenta tokom
logorei¢nog govora, kao i podrsku u odrzavanju soci-
jalnih kontakata sa sinovima. Evaluacijom je utvrde-
no delimi¢no postizanje ciljeva u smislu stabilizacije
ponasanja i bolje saradnje u aktivnostima samozbri-
njavanja.

Diskusija

Primena PZN kod pacijenta sa paranoidnom
Sizofrenijom omogucila je prelazak sa rutinske, simp-
tomatske nege na holisticki i personalizovani pristup.
Identifikovanjem 7 sestrinskih dijagnoza i planira-
njem 15 samostalnih, uz 6 meduzavisnih interven-
cija, rad sestre prestaje da bude iskljucivo izvrsni
(sprovodenije ordinirane terapije) i postaje analiticki.
Ovakav pristup direktno doprinosi vidljivosti sestrin-
skog udela u lecenju, jer se kroz sestrinske naloge
jasno definisu kompetencije i odgovornost za ishod
nege.

U kontekstu psihijatrijske nege, PZN ima speci-
fiénu tezinu zbog prirode same bolesti. Kako navode
Zerihun i saradnici (18), dosledna primena procesa
nege u mentalnom zdravlju znaéajno poboljSava kva-
litet Zivota pacijenata i smanjuje broj dana hospita-
lizacije, jer omogucava rano prepoznavanje relapsa
kroz sistematsko pracenje psihopatoloskih fenome-
na. U ovom istrazivanju, to se ogledalo u preciznom
definisanju intervencija za kontrolu akusti¢nih halu-
cinacija i tahipsihije, Sto bi u tradicionalnom modelu
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Nursing observations

The subject is a 61-year-old male patient from
Belgrade, who divorced thirty years ago, father of
two sons. He lives with his mother and father. He
has been hospitalized at the Home for Mentally I
Persons since 2013. He was referred to the Home
from the Hospital for Psychiatric Diseases “Dr Laza
Lazarevi¢”. Medical diagnosis is F20.0 (Schizophre-
nia paranoides). He noticed the first symptoms of
disease in October 1990, and then he felt “euphoric
and accelerated”. Then his father forcibly took him
to the Hospital “Dr Laza Lazarevic”. He regularly
went for check-ups from 1990 to 2011, and he was
hospitalized several times due to the worsening of
his mental condition. The patient’s consciousness
is preserved, and he is oriented to time and space.
Vital functions are within physiological limits (blood
pressure 130/80 mmHg, pulse 65/min, respirations
16/min, body temperature 36.5°C). The speech is
formally normal and the patient denies pain. Limb
mobility is preserved. He controls sphincters. The
condition of his skin and visible mucous membranes
is within physiological limits. The patient reports
difficulty falling asleep and frequent awakenings.
He is physically active, has smoked 20 cigarettes
a day for the past 25 years, and is independent in
self-care activities. Also, he uses his mobile phone
independently and goes shopping within the Home,
while he handles his finances under the supervision
of a social worker. The patient states that he spent
his childhood with his grandmother, and that he
never had a close relationship with his parents. He
speaks about his father resentfully, stating “a certain
amount of hatred”. He also states that his father was
strict and protective, which is why he felt fear from
an early age. He is not in contact with his ex-wife,
while he maintains regular communication with his
sons and they visit him.

Description of the patient based on observation

The patient is communicative and cooperative.
He answers the questions extensively, showing a
tendency towards verbosity and digressing, espe-
cially when he talks about his family (father), which
upsets him visibly. Gesticulation and gait are orderly,
while the appearance indicates that the face is neat
and well-groomed.

Recognizing psychopathological phenomena
Consciousness: preserved. The patient is au-
topsychically and allopsychically oriented.

Perception: disorders in the form of auditory
hallucinations (he hears voices he talks to, but states
that they are not command hallucinations). Halluci-
nations occur mainly at night. He denies having su-
icidal ideas at that moment, but states that he had
them in the past.

Attention: deficit in the form of impaired atten-
tion (hypo-tenacity) and increased focus on external
stimuli (hypervigilance).

Memory: no qualitative or quantitative disor-
ders.

Thinking: an alteration in the form — rapid
thought flow (tachypsychia) and logorrhea (need for
constant talking).

Emotions: hyperthymia is present (elevated
mood), the patient is inappropriately cheerful and
excited.

Impulses: increased drive to eat (polyphagia),
without the accompanying weight gain due to in-
creased physical activity.

Will: hyperbulia present (increased volitional
activity); the patient makes numerous plans, but he
does not realize them, and immediately moves on
to new ones.

Determining the diagnosis, planning the care
program and realized goals

Based on all of the above mentioned, the nurs-
ing care diagnosis was determined, as well as the
care program (Table 1). Seven nursing diagnoses
were identified using the NP. The care plan includ-
ed 15 independent and 6 interdependent nursing
interventions. Key measures of care included the
following: establishing the therapeutic relationship
and trust, continuous monitoring and control of hal-
lucinations, implementation of a hygienic-dietary
regimen to regulate sleep, guiding the patient dur-
ing excessive talking, as well as support to maintain
social contacts with his sons. The evaluation showed
the partial achievement of goals in terms of behav-
ioral stabilization and better cooperation in self-care
activities.

Discussion

The implementation of NP in the patient with
paranoid schizophrenia enabled the transition from
routine, symptomatic care to the holistic and per-
sonalized approach. By identifying seven nursing
diagnoses and planning fifteen independent to-
gether with six interdependent interventions, the
nurse’s work ceases to be only executive (adminis-
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Tabela 1. Odredivanje dijagnoze nege i planiranje programa nege

OBRAZCI - problemi

PERCEPCIJA | ODRZAVANIE
ZDRAVLjA

Pusac 25 godina, u proseku
pusi kutiju cigareta dnevno

NUTRITIVNO METABOLICKI
Pojacan apetit, preobilni
obroci

Pored obroka,

svakodnevno konzumira
grickalice i slatkise.

AKTIVNOSTI / ODMOR
Kasno i tesko uspavljivanje.
Budenje tokom noci.
Popodnvno spavanje oko 3
sata.

SAMOPERCEPCIJA
Osecanje tuge.
Misli da je na teretu
porodici.

Smatra da je za njega
najbolje resenje.
institucionalni smestaj

ULOGE | ODNOSI

Losi odnosi sa roditeljima.
Nema kontakt sa bivSsom
suprugom.

BEZBEDNOST/ ZASTITA
Pojava suicidalnih misli.

Nema prijatelje izvan Doma.

DIJAGNOZA NEGE

Negativno zdravstveno ponasanje
u vezi sa loSim navikama, Sto se
manifestuje pusenjem.

Izmenjena ishrana - ve¢a od telesnih
potreba u vezi sa pojacanim
apetitom i lo§im navikama, Sto se
manifestuje preobilnim obrocima

i unoSenjem grickalica i slatkisa
izmedu obroka.

Smetnje sa snom u vezi sa
produZenim popodnevnim

spavanjem i konzumiranjem cigareta
do kasno, sto se manifestuje teskim
uspavljivanjem i ¢estim budenjem
tokom nodi.

Socijalna izolacija u vezi sa
misljenjem da je na teretu porodici
i da je za njega samo institucionalni
smestaj, Sto se manifestuje
odsustvom socijalnih kontakata izvan
ustanove, izostankom partnerskog
odnosa i povremenim osecajem
tuge.

Smanjena moguénost staranja

0 sebi u vezi sa ispoljavanjem
psihopatoloskih fenomena, Sto se
manifestuje potpunom zavisnoscéu
od institucionalnog smestaja.

Poremeceni porodi¢ni odnosi u vezi
sa Cestim konfliktnim situacijama

i nedostatkom tolerancije, Sto se
manifestuje odsustvom kontakta sa
bivSom suprugom i loSim odnosom
sa roditeljima.

Rizik od suicida u vezi sa
povremenim suicidalnim mislima.

SESTRINSKE INTERVENCUE

- Edukacija pacijenta o posledicama konzumiranja
duvana.

- Motivacija pacijenta na smanjenje broja
popusenih cigareta na dnevnom nivou.

- Pracenje efekata postignutih dogovora.

- Konsultacija sa nutricionistom.

- Kontrola telesne mase.

- Kontrola unosa hrane van obroka.

- Ogranicenje unosa grickalica i slatkisa.
- Kontrola neZeljenih efekata terapije.

- Negovanje rutine leganja i ustajanja u isto
vreme.

- Kontrola popodnevnog spavanja.

- Ogranicenje popodnevnog spavanje na 1 sat.

- Opservacija korisnika.

- Planiranje dnevnih aktivnosti.

- Primena suportivne psihoterapijske tehnike.
- Socioterapija — podsticanje aktivnog ucesca.

- Razgovor sa psihijatrom o poremecenim
porodi¢nim odnosima.

- Nadzor nad pacijentom 24h, narocito u
periodima smanjene paznje (rani jutarnji sati,
promena smene).

- Ozbiljno shvatanje svake verbalizacije
suicidalnih namera ili samopovredivanja.

- ldentifikacija i uklanjanje potencijalno opasnih
predmeta iz pacijentovog okruzenja, uz
pracenje verbalizacije suicidnih ideja i planova.

- Ukljucivanje pacijenta u socioterapijske
aktivnosti.

- Kontrola terapije, radi postizanja terapijskog
ucinka i prevencije moguceg pravljenja rezervi.
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Table 1. Determining the nursing diagnosis and planning the care program

PATTERNS - Problems

PERCEPTION AND
MAINTENANCE OF HEALTH

A smoker for 25 years, smokes
a pack of cigarettes a day on
average

NUTRITION-METABOLISM
Increased appetite, excessive
meals — he consumes snacks
and sweets in addition to
meals

ACTIVITIES/REST

He goes to bed late and it is
difficult to fall asleep.
Awakenings throughout the
night.

He sleeps for about 3 hours in
the afternoon.

SELF-PERCEPTIONS

Feeling sad.

He thinks he is a burden to
the family.

He has no friends outside the
Home.

He thinks that institutional
accommodation is the best
solution for him.

ROLES AND RELATIONSHIPS
Bad relations with parents.
He has no contact with his
ex-wife.

SECURITY/PROTECTION
The appearance of suicidal
thoughts.

NURSING DIAGNOSIS

Negative health behavior related to
bad habits manifested by smoking

Changed diet — greater than the
body’s needs in connection with
increased appetite and bad habits,
which is manifested by eating too
many meals and eating snacks and
sweets between meals

Sleep disturbances related to
prolonged afternoon sleep and
late-night cigarette smoking which
makes it hard to fall asleep and is
manifested by frequent awakenings
during night.

Social isolation connected with

the opinion that he is a burden to
the family and that institutional
accommodation is for him, which is
manifested by the absence of social
contacts outside the institution,
absence of partner relationship and
occasional feeling of sadness.
Reduced ability to take

care of himself connected

with the manifestation of
psychopathological phenomena,
which is manifested by complete
dependence on institutional
accommodation.

Strained family relations connected
with frequent conflict situations
and lack of tolerance, which is
manifested by the absence of
contact with his ex-wife and bad
relationship with parents.

Risk of suicide related to occasional
suicidal thoughts.

NURSING INTERVENTIONS

- Educate the patient about the
consequences of tobacco smoking.

- Motivate the patient to reduce the
number of cigarettes smoked on a daily
basis.

- Monitor the effects of the reached
agreement.

-Consultation with a nutritionist.

-Control body weight.

-Control the ways he accesses food outside
of planned meals.

-Limit the intake of snacks and sweets.

-Control unwanted effects of therapy.

-Cultivate the routine of going to bed and
getting up at the same time.

-Control the afternoon sleep.

- Limit the afternoon sleep to one hour.

-Observe the user.

-Plan activities on a daily basis.

-Implement supportive psychotherapy
techniques.

-Sociotherapy — encourage active
participation.

-Conversation with a psychiatrist about
strained family relations.

-Supervision of the patient (24 hours),
especially when attention is expected to
weaken (early morning hours, change of
shift).

-Take any threat of suicide or self-harm
seriously.

-Pay special attention to items that may
come into his possession, which he could
use in the realization, as well as whether
he talks about potential ways of suicide.

-Involve the patient in sociotherapy.

-Control medications, not only to achieve
therapeutic effect, but also to eliminate
the possibility of making reserves.
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rada moglo ostati u senci iskljuCivo medikamentozne
terapije.

Jedan od klju¢nih izazova identifikovanih u ovom
radu jeste nepostojanje jedinstvenog nacionalnog
obrasca sestrinske dokumentacije. Nedostatak stan-
dardizovanih protokola ¢esto vodi ka subjektivizmu
u proceni i neujednacenom kvalitetu nege. Prema
studiji koju su sproveli Zamanzadeh i saradnici (19),
barijere za implementaciju PZN-a najc¢esce su orga-
nizacione prirode, ukljucujuéi nedostatak vremena
i nedovoljnu kontinuiranu edukaciju, ali se isti¢e da
je upravo dokumentovanje nege , ogledalo” profesi-
onalizma. Bez pisane potvrde o sprovedenim inter-
vencijama, rad medicinske sestre ostaje nevidljiv za
zdravstveni sistem i podloZan pravnim rizicima.

Znacaj ovog rada ogleda se i u afirmaciji sestre
kao ravnopravnog ¢lana multidisciplinarnog tima u
ustanovama socijalne zastite, kao sto je Dom ,,1. ok-
tobar”. Da bi se PZN u potpunosti integrisao, neop-
hodno je inicirati promene na zakonodavnom nivou
i uvesti obavezne seminare koji bi osnaZili sestre u
sferama klini¢kog prosudivanja i kritickog misljenja.
Samo kroz kontinuiranu edukaciju i zakonsko prepo-
znavanje PZN-a kao obaveznog standarda, sestrin-
stvo u Srbiji moZe dostici nivo autonomije i kvaliteta
koji nalaZzu savremeni standardi Svetske zdravstvene
organizacije.

Zakljucak

Primena procesa zdravstvene nege kod pacijen-
ta sa dijagnozom paranoidna Sizofrenija omogucila
je precizno identifikovanje specificnih potreba koje
prevazilaze puko zbrinjavanje simptoma. Kroz struk-
turirane faze procesa, nega je prilagodena komplek-
snim psihopatoloskim fenomenima poput akusti¢nih
halucinacija, tahipsihije i poremecaja nagona. Izrada
individualnog plana nege, koji obuhvata 15 samo-
stalnih intervencija, potvrduje sestrinsku profesiju
kao autonomnu disciplinu unutar multidisciplinar-
nog tima. PZN omogucdava sestrinskom radu da po-
stane merljiv, vidljiv i nau¢no utemeljen, a ne samo
pomocna aktivnost u procesu lecenja. Dokumento-
vanje svih faza PZN-a sluzi kao kljucni alat za kontinu-
irano pracenje stanja pacijenta i prevenciju propusta.
Evaluacija postavljenih ciljeva pruza objektivan uvid
u efikasnost primenjenih metoda, ¢ime se direktno
podiZe standard zdravstvene usluge u ustanovama za
zbrinjavanje dusevno obolelih lica. IstraZivanje uka-
zuje na kriticnu potrebu za uvodenjem jedinstvene
sestrinske dokumentacije na nacionalnom nivou.
Edukacija kadra i zakonska regulativa su preduslovi

da PZN postane standard, a ne sporadicna praksa,
Cime bi se osigurala ravnopravnost sestrinske profe-
sije i bolji ishodi po mentalno zdravlje korisnika.
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tering prescribed therapy) and becomes analytical.
This approach directly contributes to the visibility of
the nursing role in the treatment, because nursing
orders clearly define competences and responsibility
for the outcome of care.

In the context of psychiatric care, the NP is
particularly important due to the nature of disease
itself. According to Zerihun et al. (18), the consistent
implementation of the nursing process in mental
health significantly improves the quality of life of pa-
tients and reduces the number of days of hospital-
ization, because it enables the early recognition of
relapse through systematic monitoring of psycho-
pathological phenomena. In our study, this is reflect-
ed in the precise definition of interventions for the
control of auditory hallucinations and tachypsychia,
which could stay in the shadow in the traditional
model of work, in which the treatment included only
the administration of medications.

One of the key challenges identified in this
study is the absence of the uniform national form
of nursing documentation. The lack of standardized
protocols often leads to subjectivity in the assess-
ment and uneven quality of healthcare. According
to a study by Zamanzadeh et al. (19), the barriers to
the implementation of the nursing process are most
often organizational, including lack of time and insuf-
ficient continuous education. However, it is empha-
sized that documenting care is the “mirror” of pro-
fessionalism. Without the written confirmation of
realized interventions, the nurse’s work remains in-
visible to the health system and subject to legal risks.

The importance of this study is also reflected in
the affirmation of a nurse as an equal member of the
multidisciplinary team in social welfare institutions,
such as the Home “1. oktobar”. In order for NP to be
fully integrated, it is necessary to initiate changes at
the legislative level and introduce mandatory confer-
ences that would strengthen nurses in the spheres of
clinical judgment and critical thinking. Only through
continuous education and legal recognition of NP as
a mandatory standard, nursing in Serbia can reach
the level of autonomy and quality required by mod-
ern standards of the World Health Organization.

Conclusion

The implementation of the nursing process in
a patient with paranoid schizophrenia made it pos-
sible to accurately identify specific needs that go
beyond the mere treatment of symptoms. Through
structured phases of the process, care is adapted

to complex psychopathological phenomena such as
auditory hallucinations, tachypsychia and impulse
disorders. The creation of an individual care plan,
which includes 15 independent interventions, con-
firms that the nursing profession is an autonomous
discipline within a multidisciplinary team. The NP
enables nursing work to become measurable, visible
and scientifically based, and not just an additional
activity in the treatment process. Documenting all
phases of the NP serves as a key tool for continuous
monitoring of the patient’s condition and prevention
of errors. The evaluation of set goals provides an ob-
jective insight into the effectiveness of applied meth-
ods, which directly raises the standard of healthcare
services in institutions for mentally ill persons. The
study points to the critical need for introducing the
uniform nursing documentation at the national lev-
el. Staff education and legal regulations are prereg-
uisites for the NP to become a standard, and not a
sporadic practice, which would ensure the equality
of the nursing profession and better outcomes for
the mental health of users.
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UPUTSTVO AUTORIMA

U Casopisu Zdravstvena zastita objavljuju se originalni naucni radovi, prethodna saopstenja, pregledi
i struéni radovi, kratka saopstenja, uvodnici, pisma uredniku, meta-analize, prikazi bolesnika, aktuelne
teme, prikazi stru¢nih knjiga i skupova, i drugo, iz svih oblasti medicine, farmacije, biohemije, stomatologije
i menadZmenta u zdravstvu.

Uz rukopis za objavljivanje u casopisu Zdravstvena zastita treba dostaviti propratno pismo (izjavu)
potpisanu od svih autora: 1) da rad nije prethodno objavljivan i da nije istovremeno podnet za objavljivanje
u nekom drugom casopisu; 2) da su rukopis procitali i odobrili svi autori koji ispunjavaju kriterijume
autorstva; 3) da su u radu kontakt podaci za sve autore tacni; 4) da autor za korespondenciju, u ime
drugih autora, potpisuje Ugovor o autorskim pravima, kojim svi autori rada prenose svoja autorska prava
na izdavaca ¢asopisa - Komoru zdravstvenih ustanova Srbije.

Casopis je u rezimu otvorenog pristupa (engl. Open Access) od septembra 2019. godine i objavljuje
se Cetiri puta godisnje. Svi autori da bi poslali rukopis za objavljivanje u ¢asopisu elektronski treba da
budu registrovani e-mail adresom na internet stranici ¢asopisa: https://aseestant.ceon.rs/index.php/
zdravzast. Ukoliko postoji bilo koji problem u procesu elektronskog slanja rukopisa, rukopis se moze
proslediti na e-mail: urednik@komorazus.org.rs.

Priprema rukopisa za objavljivanje u ¢asopisu

Rukopis dostaviti na engleskom ili spskom jeziku (latinicom), sa rezimeima na srpskom i engleskom.
Tekst rada piSe se sa proredom 1,5 na stranicama A4 formata. Kuca se u programu za obradu teksta
Word, fontom Times New Roman i veli¢inom slova 12 i marginama od 25 mm. Izbegavati deljenje reci
(hifenacije), kao i bold i italic slova. Originalni ¢lanci, opsti pregledi i meta-analize ne smeju prelaziti 16
strana (bez priloga), stru¢ni rad i aktuelne teme 10 strana, €lanci iz istorije medicine, kazuistika
(prikaz jednog ili serije sluCajeva) i prethodna saopStenja — 8 strana, a komentari, pisma uredniku,
izvestaji sa skupova i prikazi knjiga 3 strane. Za izradu grafickih priloga koristiti program Windows iz
programskog paketa Microso t O ice (Excel, Word Graph).

Delovi rada su: naslovna strana, sazetak na srpskom i engleskom jeziku sa klju¢nim re¢ima na srpskom
i engleskom jeziku, tekst rada (Uvod, Metode, Rezultati, Diskusija, Zakljucak, Literatura, Zahvalnica) i
prilozi.

Tekst rada pisati kratko i jasno, a skracenice koristiti samo za veoma dugacke nazive i za nazive koji su
poznati kao skraéenice (npr. sida, HIV, itd).

Naslovna strana

Navesti naziv rada (velikim slovima), puna imenai prezimena autora, njihove strucne titule i nazive
ustanova i mesta u kojima rade. Imena autora povezati sa nazivima ustanova indeksiranim arapskim
brojevima. Takode navesti ime i prezime autora za korespondenciju, njegovu ustanovu, adresu ustanove,
broj telefona i e-mail adresu.

Sazetak i klju¢ne reci

Druga strana treba da sadrzi: naslov rada, strukturisani sazetak do 250 reci i klju¢ne reci na srpskom
jeziku. SaZetak se sastoji iz Cetiri dela: Uvod/Cilj, Metode, Rezultati i Zakljucak. Ispod saZzetka navodi se
3-8 kljucnih reci. Kod prikaza jednog ili serije sluajeva saZzetak ima tri dela: Uvod/cilj, Prikaz bolesnika
i Zakljucak, a kod preglednih radova sazetak je deskriptivan (bez podcelina). Treéa strana je identi¢na
drugoj, ali je na engleskom jeziku.
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INSTRUCTIONS FOR AUTHORS

The Journal of Health Care publishes original scientific papers, short communications, reviews and

professional papers, short press releases, editorials, letters to the editor, meta-analyses, case reports,
actual topics, reviews of expert books and conferences, in all fields of medicine, pharmacy, biochemistry,
dentistry and healthcare management.

The manuscript for publication in the Journal of Health Care should be accompanied by a cover letter
(statement) signed by all authors: 1) that the manuscript has not been previously published and that it
has not been simultaneously submitted for publication in another journal; 2) that the manuscript has
been read and approved by all authors who meet the authorship criteria; 3) that the contact information
for all authors is correct in the manuscript; 4) that the corresponding author, on behalf of other authors,
signs the Copyright Agreement, by which all authors of the work transfer their copyright to the publisher
of the journal - the Chamber of Health Institutions of Serbia.

The journal has been in Open Access mode since September 2019 and it is published four times a year.
All authors must be registered electronically by e-mail on the journal website: https://aseestant.ceon.
rs/index.php/zdravzast in order to submit the manuscript for publication in the journal. If there is any
problem in the process of sending the manuscript electronically, the manuscript can be forwarded to
e-mail: urednik@komorazus.org.rs.

Preparation of a manuscript for publication in the Journal

The manuscript should be submitted in English or Serbian (latin alphabet), with summaries in Serbian

and English. The text of the manuscript should be written with a 1.5 line spacing on A4 pages and 25 mm
margins. The text should be typed in Word, Times New Roman font and font size 12. Avoid hyphenation
as well as bold and ijtalic letters. Original articles, reviews and meta-analyses must not exceed 16
pages (without attachments), professional articles and actual topics 10 pages, articles in medical
history, case reports and case series (presentation of one or a series of cases) and previous reports - 8
pages, and comments, letters to the editor, conference reports and book reviews 3 pages. To create
graphical attachments, use Windows from Microsoft Office (Excel, Word Graph).

Parts of the manuscript are: title page, summary in Serbian and English with keywords in Serbian and
English, text of the manuscript (Introduction, Methods, Results, Discussion, Conclusion, Literature,
Acknowledgment) and appendices.

The manuscript should be written briefly and clearly and abbreviations used only for very long names
and for names known as abbreviations (eg AIDS, HIV, etc.).

Title page

Give the name of the manuscript (in capital letters), full names of the authors, their affiliation. Associate
author names with institution names indexed by Arabic numerals. Also provide the first and last name for
the corresponding author, their institution, institution address, telephone number and e-mail address.

Summary and keywords

The second page should include: the title of the manuscript, a structured summary up to 250 words
and keywords in Serbian. The summary consists of four parts: Introduction/Aim, Methods, Results and
Conclusion. Below the summary 3-8 keywords, should be listed. When presenting one or a series of
cases, the abstract should consist of three parts: Introduction/Aim, Case report and Conclusion, and in
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Uvod/Cilj

Uvod treba da bude jasan i direktno povezan sa predmetom istraZivanja. Treba da pruZi najvaznije
informacije o problematici kojom se bavi rad, kao i to $ta je do sada o tom problemu istraZivano t;.
poznato, a Sta je nepoznato, malo poznato, ili postoje kontroverzni podaci. Posle uvodnih napomena
potrebno je navesti cilj rada.

Metode

U ovom delu autori opisuju kako je studija izvedena, obrazlazu izbor metoda i dizajn istraZivanja.Podceline
metoda rada mogu biti: dizajn studije (npr. kvantititavno ili kvalitativno istraZivanje, deskriptivna ili
analiticka ili eksperimetalna studija, itd.), izbor ispitanika (kriterijumi za ukljucivanje i iskljucivanje iz
studije), eticki aspekti (broj pod kojim je studija odobrena od etickog komiteta), instrumenti istrazivanja
(nacin prikupljanja podataka, specifi¢nosti koriséenih instrumenata) i statisticka analiza podataka (vrste
testova). Vazno je navesti podatke iz literature za poznate metode, ukljucujuci i statisticke.

Rezultati
Tekstualno opisati rezultate istraZivanja prezentovane logi¢kim redosledom kroz tabele, grafikone i
ilustracije (prilozi se navode iza Literature).

Diskusija
Rezultate istrazivanja uporedite sa rezultatima drugih veé publikovanih relevantnih istraZivanja (ako je to
moguce ne starijim od pet godina).

Literatura

Rukopisi se pripremaju u skladu sa Vankuverskim dogovorom. Literaturni podaci oznacavaju se arapskim
brojevima, npr. (6), redosledom kojim se pojavljuju u tekstu. Informacije o citiranju mogu se nadi na
internet stranici https://www.nlm.nih.gov/bsd/uniform_requirements.html. Pri citiranju literature,
navode se svi autori, ali ako broj autora prelazi 6, navodi se prvih Sest autora i dodaje et al. Broj radova
u spisku literature ne treba da prelazi 30. Podaci sa Interneta citiraju se uz navodenje datuma pristupa
tim podacima. Clanke koji su prihvaéeni za publikovanje, ali nisu objavljeni, treba oznaditi sa u $tampi (in
press). Uz svaku referencu treba navesti DOI broj ¢lanka.

Zahvalnica
Potrebno je uputiti zahvalnicu svim saradnicima koji su doprineli realizaciji rada, ali koji ne ispunjavaju
kriterijume za autorstvo, kao i svima koji su finansijski i materijalno pomogli realizaciji istrazivanja.

Prilozi

Priloge Cine tabele, slike (fotografije, crtezi, sheme, grafikoni) i video-prilozi. Svi prilozi moraju biti na
srpskom i engleskom jeziku. Za sve priloge mora postojati naslov koji se navodiiznad priloga. Svi prilozi se
oznacavaju arapskim brojevima prema redosledu navodenja u tekstu. Koris¢enje skraéenica u naslovima
ili bilo kom delu priloga obavezno objasniti ispod datog priloga.
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review papers, the summary is descriptive (without subsections). The third page is identical to the other,
but is in English.

Introduction/Aim

The introduction should be clear and directly related to the subject of the research. It should provide
the most important information about the problem that is being dealt with, as well as what has been
investigated so far about the problem, what is known and what is unknown, or little known, or if there is
controversial information. After the introductory notes, the aim of the paper should be stated.

Methods

In this section, the authors describe how the study was conducted, explain the choice of methods
and design of the research. The sub-sections of the methods may be: study design (eg quantitative
or qualitative research, descriptive or analytical or experimental study, etc.), choice of respondents
(inclusion and exclusion criteria from the study), ethical aspects (the number under which the study
was approved by the ethics committee), research instruments (method of data collection, specificity of
instruments used), and statistical analysis of the data (types of tests). It is important to provide literature
data for known methods, including statistical methods.

The results
Describe the results of the research presented in a logical order through tables, charts and illustrations
(appendices are cited after the Literature).

Discussion
Compare the results of your research with the results of other relevant research already published (if
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