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Poremecaj paznje i hiperaktivnosti (engl. Attention deficit hyperactivity disorder, ADHD) neurorazvojni je poremecaj
karakteriziran poremecajem paznje, prekomjernom motorickom aktivnosti i impulzivnos¢u. Dijagnoza se
postavlja na temelju klinickog intervjua, opservacije ponasanja djeteta, heteroanamnestic¢kih podataka, vazec¢ih
klasifikacija, odnosno razli¢itim koracima u dijagnosti¢ckom procesu. Ovaj pregledni rad ima za cilj prikazati aktuelno
razumijevanje neurobioloskih mehanizama koji doprinose moguéem nastanku i odrzavanju ADHD-a ukljucujuci
genetiku, mozdane strukture i funkcije, kao i neurotransmitore. Ova tema je posebno interesantna s obzirom na
etiopatogenetsku isprepletenost individualnih (biologijskih i psiholoskih) i okolisnih ¢imbenika kod ADHD-a, a $to je
prikazano radovima u ovom pregledu. U lije¢enju ADHD-a koristimo psihosocijalne intervencije, kao i druge metode
lijecenja, a koje ukljucuju i farmakolosko lijecenje.

/ Attention deficit hyperactivity disorder (ADHD) is a neurodevelopmental disorder characterized by attention deficits,
excessive motor activity, and impulsivity. Diagnosis is based on a clinical interview, observation of the child’s behavior,
heteroanamnestic data, valid classifications, and various steps in the diagnostic process. This review aims to present
the current understanding of neurobiological mechanisms that contribute to the possible emergence and maintenance
of ADHD, including genetics, brain structure and function, as well as neurotransmitters. This topic is particularly
interesting due to the interplay of individual (biological and psychological) and environmental factors in ADHD, which
is demonstrated in this review. In the treatment of ADHD, we use psychosocial interventions, as well as other treatment
methods, which include pharmacological treatment.

ADRESA ZA DOPISIVANJE / KLJUCNE RIJECI / KEY WORDS:
CORRESPONDENCE: Poremecaj paznje i hiperaktivnosti / Attention Deficit
Ivana Stefanovi¢, dr. med. Hyperactivity Disorder
Klinika za dje¢ju i adolescentnu psihijatriju, Neurobiologija / Neurobiology

KBC Zagreb, Kispaticeva 12, 10000 Zagreb,

Hrvatska
E-posta: ivana.stefanovic128@gmail.com

TO LINKTO THIS ARTICLE: https://doi.org/10.24869/spsih.2025.172

PREGLED / REVIEW Soc. psihijat. |53 (2025) |172-192



UvOoD

Poremecaj paznje i hiperaktivnosti (engl. Attenti-
on Deficit Hyperactivity Disorder, ADHD) neurora-
zvojni je poremecaj karakteriziran trijasom simp-
toma koji ukljucuju visok stupanj motori¢kog ne-
mira, impulzivno ponasanje i poremecaj paznje
(1). Medutim, kriteriji su razli¢iti za ADHD pre-
ma jedanaestoj reviziji Medunarodne klasifikaci-
je bolesti i srodnih stanja Svjetske zdravstvene
organizacije (MKB-11/ICD-11) (2) u odnosu na
ADHD prema petoj reviziji Dijagnostitkog i stati-
stickog priru¢nika za dusevne poremecaje (DSM-

5) Americke psihijatrijske udruge (3).

Sveukupno, pojavljuju se tri glavne razlike u

ove dvije klasifikacije:

1. Broj dijagnostickih kriterija za simptome
nepaznje (IA), hiperaktivnosti (HY) i im-
pulzivnosti (IM) (tj. DSM-5 ima devet IA
i devet HY/IM simptoma, dok ICD-11 ima
11TAi11 HY/IM simptoma);

2. Jasnocaistandardizacija dijagnosti¢kih pra-
gova (tj. dijagnosticki pragovi za broj simp-
toma u IA i HY/IM domenama su eksplicit-
no navedeni u DSM-5, dok u ICD-11 nisu; i

3. Podjela HYiIM simptoma u poddimenzije (tj.
razlika u podjeli domena simptoma HY i IM
povezana je s razlikama izmedu trenutnog i
prethodnih izdanja DSM-a i MKB/ICD-a, a

to ima vazne istrazivacke implikacije) (4).

Prema MKB-11/ICD-11 Klasifikaciji (6A05), po-
remecaj paznje i hiperaktivnosti karakteriziran
je trajnim obrascem (najmanje 6 mjeseci) nepa-
znje i/ili hiperaktivnosti-impulzivnosti koji ima
izravan negativan utjecaj na akademsko, pro-
fesionalno ili socijalno funkcioniranje. Da bi se
postavila dijagnoza, simptomi nepaznje i/ili hi-
peraktivnosti-impulzivnosti moraju biti prisut-
ni u vide situacija ili okruzenja (npr. kod kuce,
u 8koli, na poslu, s prijateljima ili rodbinom),
ali vjerojatno (e varirati ovisno o strukturi i za-
htjevima okruZenja. Simptomi variraju ovisno o
kronologkoj dobi i teZini poremecaja. Simptomi

se ne mogu bolje objasniti drugim mentalnim

INTRODUCTION

Attention Deficit Hyperactivity Disorder
(ADHD) is a neurodevelopmental disorder
characterized by a triad of symptoms includ-
ing high levels of motor restlessness, impulsive
behavior, and inattention (1). However, the di-
agnostic criteria for ADHD differ between the
11th revision of the International Classifica-
tion of Diseases (ICD-11) by the World Health
Organization (2) and the 5th edition of the
Diagnostic and Statistical Manual of Mental
Disorders (DSM-5) by the American Psychiatric

Association (3).

Overall, three main differences exist between

these two classifications:

1. The number of diagnostic criteria for symp-
toms of inattention (IA), hyperactivity
(HY), and impulsivity (IM) (i.e., DSM-5 in-
cludes nine IA and nine HY/IM symptoms,
whereas ICD-11 includes 11 IA and 11 HY/
IM symptoms);

2. The clarity and standardization of diag-
nostic thresholds (i.e., the DSM-5 explic-
itly defines thresholds for the number of
symptoms required in the IA and HY/IM
domains, while the ICD-11 does not); and

3. The separation of HY and IM symptoms
into subdimensions (i.e., the differences
in the subdivision of HY and IM domains
are associated with changes between cur-
rent and previous editions of DSM and
ICD, which has important research impli-
cations) (4).

According to ICD-11 classification (code 6A05),
ADHD is characterized by a persistent pattern
(minimum 6 months) of inattention and/
or hyperactivity-impulsivity that significant-
ly impairs academic, occupational, or social
functioning. For diagnosis, symptoms must
be present across multiple settings (e.g., at
home, school, work, with friends or relatives),
although they may vary depending on the

structure and demands of the environment.
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(ili dusevnim) poremecajem (npr. poremecajem
povezanim s anksiozno$cu ili strahom, neuroko-
gnitivnim poremecajem poput delirija). Simpto-
mi nisu posljedica u¢inaka tvari (npr. kokaina)
ili lijekova (npr. bronhodilatatora, lijekova za
nadomjestak §titnjace) na sredi$nji Ziv¢ani su-
stav, uklju¢ujudiisimptome odvikavanja, te nisu
posljedica bolesti Zivéanog sustava.

Simptomi nepaznje ukljué¢uju:

+  Teskoce u odrzavanju paZnje na zadacima
koji ne pruzaju visoku razinu stimulacije ili
nagrade ili zahtijevaju kontinuirani men-
talni napor; nedostatak paZznje prema de-
taljima; pravljenje pogresaka u skolskim ili
radnim zadacima; nedovriavanje zadataka.

+ Lako se ometa stranim podrazajima ili mi-
slima koje nisu povezane sa zadatkom; Ze-
sto se ¢ini da ne slusa kada mu se izravno
govori; ¢esto se ¢&ini da sanjari ili da su mu
misli negdje drugdje.

+  Gubi stvari; zaboravan je u svakodnevnim
aktivnostima; ima poteskoca s pamcenjem
dovrsetka nadolazec¢ih dnevnih zadataka
ili aktivnosti; tegkoée u planiranju, uprav-
ljanju i organiziranju $kolskih aktivnosti,

zadataka i drugih aktivnosti.

Napomena: Nepaznja mozda nece biti vidljiva
kada je pojedinac uklju¢en u aktivnosti koje

pruZzaju intenzivnu stimulaciju i ¢este nagrade.

Simptomi hiperaktivnosti/impulzivnosti najoc¢i-
tiji su u strukturiranim situacijama koje zahtije-

vaju samokontrolu ponasanja,a ukljucuju:

+  prekomjernu motori¢ku aktivnost; napu-
§tanje mjesta kada se ocekuje da mirno
sjedi; Cesto tr¢i okolo; ima potedkoca sa
mirnim sjedenjem bez vrpoljenja (mlada
djeca); osjecaji fizickog nemira, osjecaj ne-
lagode zbog tidine ili mirnog sjedenja (ado-
lescenti i odrasli). Previse govori, izbrblja
kod odgovoranja u $koli, komentira na po-
slu; tesko eka red u razgovoru, igrama ili
aktivnostima; prekida ili se mije$a u tude

razgovore ili igre.

Symptoms vary depending on the individual’s
chronological age and the severity of the disor-
der. Symptoms must not be better explained by
another mental disorder (e.g., anxiety-related
disorders, neurocognitive disorders such as de-
lirium), nor be due to the effects of substances
(e.g., cocaine) or medications (e.g., bronchodi-
lators, thyroid hormone replacements) on the
central nervous system, including withdrawal

effects, nor due to neurological diseases.

Symptoms of inattention include:

- Difficulty sustaining attention on tasks
that do not provide high stimulation or
reward, or that require sustained mental
effort;lack of attention to detail; careless
mistakes in school or work tasks; unfin-
ished tasks;

+ Easily distracted by external stimuli or
unrelated thoughts; often appears not to
listen when spoken to directly; seems to

daydream or to have thoughts elsewhere;

« Frequently loses items; forgetful in daily
activities; trouble remembering upcoming
tasks; difficulty planning, managing, and
organizing schoolwork or other responsi-
bilities.

Note: Inattention may not be apparent when

the individual is engaged in activities offering

intense stimulation or frequent rewards.

Symptoms of hyperactivity/impulsivity are
most evident in structured situations requiring

self-control, and include:

+  Excessive motor activity; leaving one’s seat
when expected to remain seated; frequent
running; difficulty sitting still (younger
children); physical restlessness and dis-
comfort with silence or stillness (ado-
lescents and adults). Excessive talking,
blurting out answers in class, making com-
ments at work; difficulty waiting for one’s
turn in conversations or games; interrupt-
ing or intruding in others’ conversations

or play.
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+  Prisutna je sklonost impulzivnom djelova-
nju kao odgovor na neposredne podrazaje
bez promisljanja ili razmatranja rizika i po-
sljedica (npr. sudjelovanje u ponasganjima s
potencijalom za tjelesne ozljede; impulziv-

ne odluke; nepromisljena voznja) (2).

Prema DSM-5 klasifikaciji, u jednoj su skupini
(klasteru) sindrom prekomjerne aktivnosti i
impulzivnosti, a dob pocetka simptoma je po-
dignuta na 12 godina Zivota. TrazZi se da bude
zadovoljeno barem $est od devet kriterija u vezi
s nepaznjom i/ili barem $est od devet kriterija u
vezi s hiperaktivo$cu/ impulzivnodcu. Iznimka
je u osoba starijih od 17 godina kada je dovoljno
barem pet simptoma iz podrudja nepaznje i /
ili barem pet simptoma iz podru¢ja hiperaktiv-
nosti/impulzivnosti (1). Longitudinalne studije
sugeriraju mogucnost najmanje Cetiri razvojna
pravca ADHD-a koje uklju¢uju rani pocetak
(predskolski ADHD 3-5 godina), pocetak u sred-
njem djetinjstvu (6-14 godina) s postojanim ti-
jekom, pocetak u srednjem djetinjstvu s adoles-
centnim pomakom i pocetak u adolescenciji ili
odrasloj dobi (16 godina i stariji) (5,6). ADHD
rijetko utjece na samo jednu Zivotnu domenu.
On utje¢e na mnoge aspekte Zivota pojedinca
uklju¢ujuéi fizi¢ko zdravlje te skolsko, drustve-
no i radno funkcioniranje (7). Simptomi su po-
vezani sa funkcionalnim o§te¢enjem i poveca-
nim rizikom od depresije, zlouporabe sredstava
ovisnosti i antisocijalnim ponaanjem (8). Poje-
dinci s ADHD-om imaju potegkoce u nekoliko
domena uklju¢ujuéi paZnju i kognitivne funkci-
je: rjeSavanje problema, planiranje, orijentacija,
upozoravanje, kognitivna fleksibilnost, odrza-

vanje paznje i radna memorija (9,10).

Ovaj poremecaj pogada djecu i odrasle diljem
svijeta,a poletak simptoma ima u ranoj djeéjoj
dobi nacelno prije 5. godine Zivota (11). Prema
svjetskim podacima procjenjuje se da je preva-
lencija ADHD-a kod djece izmedu 2,6 i 4,5 %
(12) dok je kod odraslih oko 2,9 % (13).

ADHD se ¢e§ce javlja u dje¢aka u odnosu na
djevojcice (14).

+ Tendency toward impulsive actions in
response to immediate stimuli without
reflection or consideration of risks and
consequences (e.g., engaging in potentially
dangerous behaviors; impulsive decisions;

reckless driving) (2).

According to DSM-5, hyperactivity and im-
pulsivity are grouped together, and the age
of onset was raised to 12 years. At least six
out of nine criteria related to inattention
and/or at least six out of nine criteria relat-
ed to hyperactivity/impulsivity must be met.
An exception applies to individuals over the
age of 17, for whom at least five symptoms
in the domain of inattention and/or at least
five symptoms in the domain of hyperactivi-
ty/impulsivity are sufficient (1). Longitudinal
studies suggest at least four developmental
trajectories of ADHD: early onset (preschool
ADHD, ages 3-5), onset in middle childhood
(ages 6-14) with a persistent course, onset in
middle childhood with adolescent remission,
and onset in adolescence or adulthood (age
16 and older) (5,6). ADHD rarely affects only
one domain of life. It impacts many aspects,
including physical health, academic perfor-
mance, social interactions, and work func-
tioning (7). Symptoms are associated with
functional impairment and increased risk of
depression, substance abuse, and antisocial
behavior (8). Individuals with ADHD show
deficits in various domains, including atten-
tion and cognitive functions: problem-solving,
planning, orientation, alertness, cognitive
flexibility, sustained attention, and working

memory (9,10).

This disorder affects children and adults world-
wide, with symptom onset typically before the
age of five (11). Global estimates suggest a
prevalence of 2.6-4.5% in children (12) and
about 2.9% in adults (13).

ADHD is more prevalent in boys than in girls
(14).
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Dijagnoza ADHD-a postavlja se na temelju kli-
nickog intervjua, opservacije ponasanja djeteta
ili osobe,heteroanamnestickih podataka i vaze-
¢ih Klasifikacija DSM-5 i MKB-11, a koristi se
dijagnosticki proces koji se inae koristi u dje¢joj
psihijatriji (15). Postavljanje dijagnoze ADHD-a
ponekad je izazovno zbog znacajne heterogeno-
sti poremecaja u smislu klinic¢kih i patofizioloskih
aspekata (16). Bitno je voditi ra¢una o diferenci-
jalnoj dijagnozi koja pomaze klini¢arima da razli-
kuju ADHD od drugih potencijalnih medicinskih
stanja koja uzrokuju sli¢ne simptome, osigurava-
judi time provedbu odgovaraju¢ih i u¢inkovitih
strategija lijecenja. Visoke stope psihijatrijskih
komorbiditeta uo¢enih u bolesnika s ADHD-om
i znacajan udio preklapanja simptoma i uzroka s
drugim mentalnim poremecajima vaZni su &m-
benici koje treba razmotriti. Vise od 60 % osoba s
dijagnozom ADHD-a ima barem jedan komorbi-
ditetni psihijatrijski poremeéaj uklju¢ujuci depre-
siju, anksioznost i poremeéaj ponasanja. Medu-
tim, sukladno njemackim autorima, treba voditi
brigu o vodecoj dijagnozi, odnosno ne preporu-
¢uje se davanje vide od tri dijagnoze (17). Najcesdi
komorbiditeti u djece uklju¢uju eksternaliziraju-
¢e (opozicijsko i prkosno pona$anje) poremecaje
i poremecaje ucenja (18,19,20). Anksioznost i
depresija ¢esti su komorbiditeti medu adolescen-
tima s ADHD-om. Istrazivanja pokazuju da vise
od jedne trec¢ine adolescenata s ADHD-om ima
komorbidne anksiozne poremecaje(21). Nacio-
nalno istrazivanje o zdravlju djece u Sjedinjenim
Drzavama iz 2007. godine pokazalo je da su dje-
caiadolescenti s ADHD-om imali vecu vjerojat-
nost da ¢e imati depresiju od onih bez ADHD-a
(14%:1%) (22). Lee i sur. proveli su meta-anali-
zu longitudinalnih studija koje su prospektivno
pratile djecu sa i bez ADHD-a u adolescenciji ili
odrasloj dobi. Djeca s ADHD-om imala su zna-
¢ajno vedu vjerojatnost da Ce razviti poremecaje
zlouporabe/ovisnosti o nikotinu, alkoholu, mari-

huani, kokainu i drugim drogama (23).

Nedavna istraZivanja su pokazala da dru-

gi neurorazvojni poremecaji poput autizma,

Diagnosis is based on clinical interviews,
behavioral observation, hetero-anamnestic
information, and the use of current classifi-
cation systems (DSM-5 and ICD-11), follow-
ing standard diagnostic procedures in child
psychiatry (15). Diagnosing ADHD can be
challenging due to the disorder’s considerable
heterogeneity in clinical and pathophysiolog-
ical presentation (16). Differential diagnosis
is essential to distinguish ADHD from other
medical conditions that may produce simi-
lar symptoms and to implement appropriate
treatment strategies. High rates of psychiatric
comorbidity and symptom overlap with other
mental disorders must be considered. Over
60% of individuals with ADHD have at least
one comorbid psychiatric disorder, including
depression, anxiety, and conduct disorders.
However, according to German authors, at-
tention should be paid to the primary diag-
nosis, and it is not recommended to assign
more than three diagnoses (17). In children,
the most common comorbidities include ex-
ternalizing disorders (oppositional defiant
disorder) and learning disabilities (18,19,20).
Anxiety and depression are common among
adolescents with ADHD, with research indicat-
ing that more than one-third have comorbid
anxiety disorders (21). A 2007 U.S. National
Survey of Children’s Health found that chil-
dren and adolescents with ADHD were more
likely to be diagnosed with depression than
those without (14% vs. 1%) (22). A meta-anal-
ysis by Lee et al. tracked children with and
without ADHD into adolescence or adulthood.
Children with ADHD had significantly higher
odds of developing substance abuse or depen-
dency on nicotine, alcohol, cannabis, cocaine,
and other drugs (23).

Recent research suggests that other neurode-
velopmental disorders such as autism, schizo-
phrenia, and epilepsy share genetic variants
with ADHD, indicating potential comorbidities
(24). Individuals with ADHD also have higher
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shizofrenije i epilepsije dijele genske varijante
s ADHD-om, a $to bi takoder upuéivalo na mo-
guce komorbiditete (24). Bolesnici s ADHD-om
takoder imaju vecu stopu pretilosti, poremecaja
spavanja, astme, autoimunih i upalnih bolesti
te drugih somatskih i metaboli¢kih problema
(25,26,27). Aktualno razumijevanje neurobio-
logkih mehanizama koji doprinose mogucem
nastanku i odrzavanju ADHD-a, ukljucujuéi
genetiku, moZzdane strukture i funkcije, i neu-
rotransmitore ¢ini nam se posebno interesan-
tnom temom s obzirom na isprepletenost indi-
vidualno-biologkih, individualno-psihologkih i
okolisnih ¢imbenika kod ADHD-a.

U svrhu ovog preglednog rada pretraZzene su
baze podataka WOS, Medline, Scopus, PubMed i
Google Scholar pristupom koji koristi kombina-
cije klju¢nih rijedi poremecaj paznje i aktivnosti
/attention deficit hyperactivity disorder i neurobi-
ologija /neurobiology. Kriterij odabira referenci
bili su pregledni radovi, meta-analiza i original-
ni istrazivacki radovi na engleskom ili hrvat-

skom jeziku u podruéju neurobiologije ADHD-a.

ETIOPATOGENEZA ADHD-a

Opceniti aspekti

Etiopatogeneza poremecaja paznje i hiperak-
tivnosti nije do kraja poznata, odnosno pret-
postavlja se da je multifaktorijalna te se ¢ini
da u njoj ravnomjerno sudjeluju individualni
(neuro/biologki i psihologki) i okoligni ¢imbe-
nici. Od individualno-biologkih ¢imbenika tre-
ba spomenuti genetske ¢imbenike, epigenet-
ske ¢imbenike, prenatalni ¢imbenici (alkohol,
duhan) i perinatalne ¢imbenike (prematuritet,
hipoksija tijekom poroda). U ovom modelu ta-
koder su vaZniiindividualno-psiholoski ¢imbe-
nici koji ukljuéuju razvoj li¢nosti, privrZzenost
i adaptaciju (vulnerabilnost vs. otpornost) i
drugi ¢imbenici. O ovim aspektima se u ovom
radu nece detaljnije pisati, vidi o tome drugu

dostupnu literaturu (1).

rates of obesity, sleep disorders, asthma, auto-
immune and inflammatory diseases, and other
somatic and metabolic conditions (25,26,27).
The current understanding of the neurobiolog-
ical mechanisms contributing to the possible
development and maintenance of ADHD —
including genetics, brain structures and func-
tions, and neurotransmitters — appears to
us to be a particularly interesting topic, given
the interplay of individual-biological, individ-
ual-psychological, and environmental factors
in ADHD.

For the purposes of this review, the databases
WOS, Medline, Scopus, PubMed, and Google
Scholar were searched using a keyword combi-
nation approach with terms such as attention
deficit hyperactivity disorder and neurobiology.
The selection criteria for references included
review articles, meta-analyses, and original re-
search papers in English or Croatian in the field
of ADHD neurobiology.

ETIOPATHOGENESIS OF ADHD

General Aspects

The etiopathogenesis of Attention Deficit Hy-
peractivity Disorder (ADHD) is not yet fully
understood. It is assumed to be multifactorial,
involving both individual (neurobiological and
psychological) and environmental factors in
relatively equal measure. Among the individu-
al-biological factors, it is important to mention
genetic and epigenetic factors, prenatal influ-
ences (such as alcohol and tobacco exposure),
and perinatal factors (such as prematurity and
hypoxia during birth). This model also empha-
sizes the importance of individual-psychologi-
cal factors, which include personality develop-
ment, attachment, and adaptation (vulnerabil-
ity vs. resilience), among others. These psycho-
logical aspects will not be discussed in detail
in this paper—see other available literature on
the topic (1).
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Od okolignih ¢imbenika mogu biti prisutni
stresori, trauma, zivotni dogadaji, obiteljski
¢imbenici, §kola, socijalni i ekologki uvjeti. Ako
bi ADHD u dje¢joj psihijatriji usporedili s dru-
gim poremecajima kod djece i adolescenata,
kod ovih poremecaja bi mogli zaista ustvrditi
o ravnomjernoj isprepletenosti individualnih
(neuro/biologkih i psiholoskih) i okolidnih
¢imbenika, uz prevagu prema biologkim ¢im-
benicima (28).

Individualno- biologijsko-
genetski ¢cimbenici

Genetski ¢imbenici uklju¢eni su u etiopatoge-
nezu ADHD-a, ali mehanizam djelovanja nije
u potpunosti razjasnjen. ADHD ima mogucu
slozenu poligensku pozadinu u kojoj vise genet-
skih varijanti doprinosi etiologiji poremecaja
kod veéine pacijenata. lako je veliki dio etiopa-
togeneze ADHD-a uzrokovan genima, mnogi
okoligni ¢imbenici i potencijalne interakcije
gena i okoli$a takoder su povezane s povecanim
rizikom za razvoj poremecaja (29,30). Studije
blizanaca i obitelji poduprle su snaZzan genetski
doprinos poremecaju s nasljedno§c¢u u rasponu
od 60 do 90 % (31).

Za identifikaciju rizi¢nih gena ADHD-a pro-
vedena su viSestruka molekularna geneticka
istraZivanja. Zbog visoke prevalencije ADHD-a
u populaciji, potraga za genetskim ¢imbenicima
uglavnom je usmjerena na uobicajene genetske
varijante (32,33).

Studija asocijacije na razini cijelog genoma
(engl. genome-wide association study, GWAS)
pomaZe znanstvenicima identificirati gene po-
vezane s odredenom boles¢u. GWAS studija
ukazala je na postojanje gena koji igraju ulogu
u nastanku ADHD-a, a koji bi se mogli pove-
zati s mehanizmima neuronske plasti¢nosti
(migracija neurona, adhezija stanica i prolife-
racija neurona) (34) ili s nedostacima u sintezi
neurotransmitora (NT), uglavnom dopamina,

ali takoder i serotonina i noradrenalina (35,36).

Environmental factors may include stress-
ors, trauma, life events, family-related issues,
school influences, and broader social and eco-
logical conditions. Compared to other psychi-
atric disorders in childhood and adolescence,
ADHD appears to involve a relatively balanced
interplay of individual (neurobiological and
psychological) and environmental contributors,

with a predominance of biological factors (28).

Individual-Biological-Genetic
Factors

Genetic factors are involved in the etiopatho-
genesis of ADHD, although the exact mecha-
nisms remain unclear. ADHD may have a com-
plex polygenic background, in which multiple
genetic variants contribute to the disorder’s
etiology in most patients. Although genes ac-
count for a large part of ADHD’s etiopatho-
genesis, numerous environmental factors and
potential gene—environment interactions are
also associated with increased risk (29,30).
Twin and family studies have demonstrated a
strong genetic contribution, with heritability

estimates ranging from 60% to 90% (31).

To identify ADHD risk genes, numerous mo-
lecular genetic studies have been conducted.
Given the high prevalence of ADHD, research
has largely focused on common genetic vari-
ants (32,33).

Genome-wide association studies (GWAS) help
researchers identify genes linked to specific
disorders. GWAS studies have pointed to the
existence of genes that play a role in the devel-
opment of ADHD and may be linked to mech-
anisms of neuronal plasticity (such as neuron
migration, cell adhesion, and neuronal prolifera-
tion) (34), or to deficiencies in neurotransmitter
synthesis—primarily dopamine, but also sero-
tonin and norepinephrine (35,36). Meta-anal-
yses of these studies have revealed significant
associations with common variants in several

candidate genes. These include genes coding for
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Meta-analize provedenih studija identificirale
su moguce znacajne povezanosti uobi¢ajenih

genskih varijanti u nekoliko gena kandidata.

To su geni koji kodiraju transportere dopami-
naiserotonina, SLC6A3/DATIiSLC6A4/5HTT,
geni koji kodiraju D4 i D5 dopaminske recepto-
re DRD4iDRD 5, serotoninski receptor, HTRIB
i gen za sinaptosomski-povezani protein 25,
SNAP25. U provedenoj meta-analizi identifi-
cirani su dodatni geni koji kodiraju dopamin
beta-hidroksilazu DBH, adenoreceptor alfa 2A
(ADRA2A), tripotofan hidroksilazu 2 (TPH2)
i monoamino oksidazu A (MAOA),a povezani
su s ADHD-om (37,38,39). Studije skeniranja
genoma o potencijalnim alelima za ADHD po-
kazale su povezanost na kromosomima 5p13,
6q12,16p13,17p11illq22-25(40,41). U oso-
ba s ADHD-om prijavljena je povecana stopa
velikih, rijetkih kromosomskih delecija i dupli-
kacija poznatih kao varijante broja kopija (24).

Strukturne i funkcionalne
promjene mozga kod ADHD-a

Neuroslikovne studije dale su moguéi uvid u
etiopatogenezu i patofiziologiju ADHD-a pri-
kazujudi razlike u strukturnoj i funkcionalnoj
arhitekturi mozga izmedu pacijenata s ADHD-
om i neurotipi¢nih pojedinaca, posebno djece
(42). Te razlike primarno uklju¢uju promje-
ne u volumenu mozga, kortikalnoj debljini i
povrdini (43). Specifi¢ne regije mozga uklju-
¢ene su u mogucu patofiziologiju ADHD-a, a
istrazivanja ukazuju na smanjenje volumena
u prefrontalnom korteksu, bazalnim gangliji-
ma, corpus callosumu i malom mozgu (44,45).
Prefrontalni korteks uklju¢en je u izvrine
funkcije poput paZnje, radne memorije i kon-
trole impulsa. Strukturne slikovne studije iz-
vjestile su 0 mogucem smanjenom volumenu
i kortikalnoj debljini prefrontalnog korteksa
u pacijenata s ADHD-om, a osobito u dorzo-
lateralnom i orbitofrontalnom prefrontal-

nom korteksu (46). Nadalje, bazalni gangliji

dopamine and serotonin transporters (SLC6A3/
DAT1 and SLC6A4/5-HTT), dopamine receptors
D4 and D5 (DRD4, DRDS5), the serotonin recep-
tor HTR1B, and the synaptosomal-associated
protein SNAP25. In the conducted meta-anal-
ysis, additional genes were identified that en-
code dopamine beta-hydroxylase (DBH), the
alpha-2A adrenergic receptor (ADRA2A), tryp-
tophan hydroxylase 2 (TPH2), and monoamine
oxidase A (MAOA), all of which have been linked
to ADHD (37,38,39). Genome scanning studies
have identified potential ADHD-related alleles
on chromosomes 5p13, 6q12, 16p13, 17pl1,
and 11g22-25 (40,41). Individuals with ADHD
have also shown increased rates of rare large
chromosomal deletions and duplications—

known as copy number variants (CNVs) (24).

Structural and Functional Brain
Changes in ADHD

Neuroimaging studies have offered valuable in-
sight into the etiopathogenesis and pathophys-
iology of ADHD by highlighting structural and
functional differences in the brains of individuals
with ADHD compared to neurotypical controls,
particularly in children (42). These differences
primarily involve alterations in brain volume,
cortical thickness, and surface area (43). Specific
brain regions implicated in ADHD pathophysiol-
ogy include the prefrontal cortex, basal ganglia,
corpus callosum, and cerebellum, all of which
have been found to exhibit reduced volume in
individuals with ADHD (44,45). The prefrontal
cortex is responsible for executive functions
such as attention, working memory, and im-
pulse control. Structural imaging studies have
reported reduced volume and cortical thickness
in this region, particularly in the dorsolateral and
orbitofrontal areas (46). Furthermore, the basal
ganglia play a key role in motor control, learning,
and executive functions. In patients with ADHD,
possible volumetric reductions in the basal gan-
glia have been observed (44,45). Structural im-

aging studies have shown potential reductions
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igraju klju¢nu ulogu u motori¢koj kontroli,
ucenju i izvrénim funkcijama. Kod pacijena-
ta s ADHD-om uocena su moguéa volume-
trijska smanjenja bazalnih ganglija (44,45).
Strukturalne slikovne studije pokazale su
moguce smanjenje volumena i promijenjenu
morfologiju korpusa kalozuma kod osoba s
ADHD-om §to moze ukazivati na poremedaj
u komunikaciji medu mozdanim hemisferama
s obzirom da corpus callosum povezuje desnu
ilijevu mozdanu hemisferu (44,47). Mali mo-
zak ukljucen je u koordinaciju motorike, odr-
Zavanje ravnoteze i kognitivne funkcije koje
uklju¢uju paznju i radnu memoriju. Struktu-
ralne slikovne studije izvjestile su 0 mogucem
smanjenom volumenu malog mozga u osoba
s ADHD-om (46,47). Longitudinalne studije
pruzile su dokaze o moguéem odgodenom
kortikalnom sazrijevanju kod osoba s ADHD-
om, posebno u prefrontalnom korteksu (48).
Velika meta-analiza ADHD radne skupine
ENIGMA (Enchancing Neuroimaging Genetics
through Meta-Analysis) izvjestila je da djeca s
ADHD-om mogu imati manji volumen u ra-
zli¢itim subkortikalnim regijama mozga (npr.
nucleus accumbens, amigdala, kaudatus, hi-
pokampus, putamen) i ukupni intrakranijski
volumen (49) kao i smanjenu kortikalnu po-
vr$inu (uglavnom u frontalnim, cingularnim
i temporalnim regijama) i debljinu (u fuzio-
formnom i temporalnom girusu)(50). Ana-
lizom morfometrijskih slika cijeloga mozga
prijavljena je mogucéa povezanost ADHD-a sa
smanjenim volumenom u frontalnim reznjevi-
ma i striatumu kod djece i kod odraslih (51).
Studija The Adolescent Brain and Cognitive De-
velopment (ABCD) takoder sugerira moguce
smanjenje strukturne mjere mozga u djece s
ADHD-om (52). Potrebne su daljnje multimo-
dalne studije kako bi se istrazila povezanost
izmedu strukturnih i funkcionalnih promje-
na kod ADHD-a. Razvojne studije mogu dalje
pomodi u rasvijetljavanju mehanizama koji
bi objasnili evoluciju klinicke prezentacije
ADHD-a tijekom Zivotnog vijeka (53).

in volume and altered morphology of the corpus
callosum in individuals with ADHD, which may
suggest impaired interhemispheric communica-
tion, given that the corpus callosum connects the
right and left cerebral hemispheres (44,47). The
cerebellum is involved in motor coordination,
balance maintenance, and cognitive functions
such as attention and working memory. Struc-
tural imaging studies have reported a possible re-
duction in cerebellar volume in individuals with
ADHD (46,47). Longitudinal studies have pro-
vided evidence of possible delayed cortical mat-
uration in individuals with ADHD, particularly
in the prefrontal cortex (48). The large ENIGMA
(Enhancing Neurolmaging Genetics through Me-
ta-Analysis) consortium meta-analysis reported
smaller volumes in various subcortical regions
(e.g., nucleus accumbens, amygdala, caudate
nucleus, hippocampus, and putamen), as well
as reduced total intracranial volume in children
with ADHD (49). Reductions in cortical surface
area (mainly in frontal, cingulate, and temporal
regions) and cortical thickness (in fusiform and
temporal gyri) have also been observed (50).
Whole-brain morphometric imaging analysis has
reported a possible association between ADHD
and reduced volume in the frontal lobes and
striatum in both children and adults (51). The
Adolescent Brain and Cognitive Development
(ABCD) study has also indicated reduced struc-
tural brain metrics in children with ADHD (52).
Multimodal studies are needed to better under-
stand the relationship between structural and
functional brain alterations in ADHD. Develop-
mental research may further clarify mechanisms
underlying the evolution of ADHD’s clinical pre-

sentation across the lifespan (53).

Dysfunction of Neurotransmitter
Systems

The prefrontal cortex, caudate nucleus, and cere-
bellum are considered the primary brain regions
responsible for the development of ADHD, as

they are involved in regulating consciousness,
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Disfunkcija neurotransmiterskih
sustava

Prefrontalni korteks, nucleus caudatus i mali mo-
zak moguca su glavna podru¢ja mozga odgovor-
na za razvoj ADHD-a s obzirom da su ukljueni
u kontrolu svjesnosti, osjecaja, impulsa i pona-
anja (54,55). Funkcija puteva unutar ovih regi-
ja regulirana je neurotransmitorima kao $to su
dopamin (DA),noradenalin (NE), serotonin (5-
HT), glutamat i gama-aminomasla¢na kiselina
(GABA) (54). Razvoj ADHD-a moZe se objasniti
nedostatkom katekolamina kao §to su DA i NE
(54) ili disregulacijom ovih neurotransmitora
koji su neophodni za normalnu funkciju mozga,
ukljucujudi izvréne funkcije i funkcije paznje (16).
Istrazivanja ADHD-a tradicionalno su usmjerena
na katekolaminergi¢nu neurotransmisiju (56).
Dopamin i noradrenalin glavni su katekolamini
u mozgu i imaju predominantno modulatorno

djelovanje na druge neurotransmitore.

Postoje dvije obitelji dopaminskih recepto-
ra, D1 (uklju¢uju¢i D1 i D5) i D2 (ukljucuju-
¢ D2,D3,D4) koji su razlitito rasporedeni u
mozgu (57,58). Dopamin djeluje kroz visoko
topografski organizirane projekcije kao $to
je nigrostrijatalni put koji je dobro poznat po
svojoj ulozi u regulaciji kretanja. Nadalje, me-
zokortikalni i mezolimbi¢ki dopaminergi¢ni
putevi ukljuceni su u izvrdne funkcije (59).
ADHD se ¢ini da je povezan s difunkcijom u
sva tri puta (60,61). Takoder se istrazivala ulo-
ga frontostrijatalnih puteva u ADHD-u (62), a
oni doprinose motoric¢koj, kognitivnoj i afek-
tivnoj regulaciji (63). Nadalje, ADHD se ¢ini
da je povezan s noradrenergi¢kom disfunkci-
jom (64). Tehnike nuklearne medicine PET i
SPECT omogudile su istrazivanje disfunkcije
katekolaminergickih puteva kod ADHD-a (65).
Nedostatak dopamina igra klju¢nu ulogu u
medijaciji regulacije kortikalnog sustava pam-
¢enja, raspolozenja, anticipacije dogadaja, mo-
tivacije, inhibicije ponasanja, donogenja odluka
irjeSavanja problema (66-68). Disfunkcija DA
receptora (DRD1-5) i DA transpotera (DAT-1)

emotions, impulses, and behavior (54,55). The
functioning of neural pathways in these regions
is regulated by neurotransmitters such as dopa-
mine (DA), norepinephrine (NE), serotonin (5-
HT), glutamate, and gamma-aminobutyric acid
(GABA) (54). The development of ADHD may be
explained by a deficiency of catecholamines such
as DA and NE (54), or by dysregulation of these
neurotransmitters, which are essential for nor-
mal brain functioning, including executive func-
tion and attentional processes (16). Research on
ADHD has traditionally focused on catecholami-
nergic neurotransmission (56). Dopamine and
norepinephrine are the primary catecholamines
in the brain and exert predominantly modulato-

ry effects on other neurotransmitters.

There are two families of dopamine receptors:
D1 (which includes D1 and D5) and D2 (which
includes D2, D3, and D4), and these receptors
are differently distributed throughout the
brain (57,58). Dopamine acts via highly topo-
graphically organized projections such as the
nigrostriatal pathway, which plays a well-estab-
lished role in motor regulation. Additionally,
the mesocortical and mesolimbic dopaminergic
pathways are involved in executive functions
(59). ADHD appears to be associated with
dysfunction across all three of these pathways
(60,61). Research has also explored the role
of the frontostriatal pathways in ADHD (62),
which contribute to motor, cognitive, and emo-
tional regulation (63). Furthermore, ADHD is
associated with noradrenergic dysfunction
(64). Nuclear medicine techniques such as PET
and SPECT have enabled the investigation of
catecholaminergic pathway dysfunction in
ADHD (65). Dopamine deficiency plays a key
role in regulating cortical systems responsible
for memory, mood, event anticipation, moti-
vation, behavioral inhibition, decision-making,
and problem-solving (66-68). Dysfunction of
dopamine receptors (DRD1-5) and the dopa-
mine transporter (DAT-1) are believed to be

major contributors to altered dopaminergic
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se ¢ine da su glavni razlozi za promijenjenu
aktivnost u dopaminergi¢nom sustavu igraju-
¢i znacajnu ulogu u patogenezi ADHD-a (69).
Metilfenidat i spojevi izvedeni iz amfetamina
djeluju na DAT-1 receptore inhibirajuci njegovu
prijenosnu funkciju i time povecéavajuéi razine

izvanstani¢nog DA (70).

Noradrenalin (NE) je vazan neurotransmitor u
kontroli ponasanja i igra vaznu ulogu u kogni-
tivnim procesima kao $to su radna memorija i
inhibicijski odgovor a za koje se ¢ini da su pore-
meceni kod ADHD-a (71). NE je takoder uklju-
¢en u regulaciju paznje (72). Protein prijenosnik
NE (NET) ukljucen je u ponovnu pohranu NE,
a abnormalnosti u funkciji NET-a pridonose ra-
zvoju ADHD-a smanjenjem razina izvanstanic-
nog noradrenalina. Lijekovi za lije¢enje ADHD-a
kao $to su metilfenidat i amfetamin povedavaju
razine noradrenalina i time smanjuju simptome

hiperaktivnosti i impulzivnosti (71).

Neravnoteza ekscitatorne funkcije serotonina
(5-HT) takoder moze biti povezana s razvo-
jem ADHD-a. (73,74). Disfunkcija serotonina
moze igrati ulogu u hiperaktivnom i impulziv-
nom ponasanju povezanim sa ADHD-om (75).
Serotonin regulira aktivnost dopamina putem
svojih receptora 5-hidroksitriptaminskog re-
ceptora 1B (5-HTR1B) ili 5-hidroksitripta-
minskog receptora 2A (5-HTR2A). Disfunk-
cija ovih receptora moze narusiti dinamiku
serotonin-dopamin §to rezultira simptomima
ADHD-a (73,74). Nadalje, promjena ravnote-
ze glutamat/GABA povezana je sa smanjenom
sposobnogc¢u fokusiranja na zahtjevne zadatke

i rezultira disregulacijom dopamina (76).

Okolidni ¢imbenici

Procijenjeni utjecaj okolignih ¢imbenika u pato-
genezi ADHD-a iznosi oko 20 do 30 %. Prena-
talni, perinatalni i postnatalni ¢imbenici igra-
ju vaznu ulogu u nastanku ovog poremecaja.
Prenatalni ¢imbenici povezani su s majéinim

nacinom zivota tijekom trudnoce, npr. prena-

system activity and play a significant role in the
pathogenesis of ADHD (69). Methylphenidate
and amphetamine-derived compounds act on
DAT-1 receptors by inhibiting their transport
function, which leads to elevated levels of ex-
tracellular dopamine (DA) (70).

Norepinephrine (NE) is another crucial neu-
rotransmitter in behavioral control and plays
an important role in cognitive processes such
as working memory and inhibitory control,
which are often impaired in ADHD (71). NE
is also involved in attentional regulation (72).
The norepinephrine transporter protein (NET)
is involved in the reuptake of NE, and abnor-
malities in NET function contribute to the de-
velopment of ADHD by reducing extracellular
norepinephrine levels. Medications such as
methylphenidate and amphetamines raise NE
levels and consequently reduce hyperactivity

and impulsivity symptoms (71).

Imbalance in the excitatory function of se-
rotonin (5-HT) may also be associated with
ADHD development (73,74). Serotonergic
dysfunction may play a role in the hyperactive
and impulsive behaviors linked to ADHD (75).
Serotonin regulates dopamine activity through
its receptors, specifically the 5-hydroxytrypt-
amine receptor 1B (5-HTR1B) and the 5-hy-
droxytryptamine receptor 2A (5-HTR2A). Dys-
function of these receptors may disrupt sero-
tonin-dopamine dynamics, resulting in ADHD
symptoms (73,74). Furthermore, glutamate/
GABA imbalance has been linked to reduced
ability to focus on demanding tasks and to dys-

regulation of dopamine activity (76).

Environmental Factors

The estimated contribution of environmental
factors to the pathogenesis of ADHD ranges
between 20% and 30%. Prenatal, perinatal, and
postnatal influences play important roles in the
development of this disorder. Prenatal factors

are associated with maternal lifestyle during
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talna izlozenost alkoholu uzrokuje strukturne
anomalije mozga, osobito malog mozga (77).
Pusenje majke tijekom trudnoce dovodi do 2,7
puta vedeg rizika za razvoj ADHD-a (78,79).
IstraZivanja su pokazala da znacajan u¢inak
ima i izloZenost majke stresnim dogadajima,
zdravstvenim problemima (80), lijekovima
(79,81,82) i drugim tvarima kao $to su olovo
i mangan (83). Uoceno je da je izloZenost ace-
taminofenu tijekom trudnoce povezana s viso-
kom uéestalo§¢u ADHD-a u djece (84). Neki od
perinatalnih ¢imbenika uklju¢uju smanjenu po-
rodajnu masu djeteta i komplikacije pri poro-
du (inducirani porod i hitni carski rez) (51,52).
Postnatalni ¢imbenici uklju¢uju pothranjenost,
neravnotezu unosa esencijalnih masnih kiseli-
na (omega 3 i omega 6) iako su potrebni dodat-

ni dokazi kako bi se potvrdile ove tvrdnje (85).

Okolini ¢imbenici povezani s razvojem
ADHD-a uklju¢uju nadalje losiji socioekonom-
ski status, nasilje u obitelji, naruen odnos ro-
ditelj-dijete, psihi¢ku bolest majke, udomitelj-
stvo (86).

Nadalje, vazno je spomenuti traumu i traumat-
ski stres u djetinjstvu koji su prema sve veéem
broju istrazivanja usko povezani s ADHD-om.
Trauma moZe promijeniti arhitekturu moz-
ga, posebno kod djece, $to djelomi¢no moze
objasniti njihovu vezu s razvojem ADHD-a.
Klini¢ka slika ADHD-a i traume takoder mogu
pokazivati sli¢ne simptome, $to moZe otezati
procjenu (87). Istrazivanja su pokazala da bi
disregulacija osi HPA (hipotalamus-hipofi-
za-nadbubrezZna Zlijezda) mogla biti povezana
s ADHD-om, a neke studije ukazuju na korela-
ciju izmedu razine hormona HPA osi i teZine

simptoma ADHD-a, posebno nepaZnje (88,89).

LIJECENJE ADHD-a

Lije¢enje ADHD-a uklju¢uje nacelno psihosoci-
jalne terapije (nefarmakoloske) i farmakologke

strategije. Osnova lije¢enja, kao i kod drugih

pregnancy. For example, prenatal exposure to
alcohol can lead to structural brain abnormali-
ties, especially in the cerebellum (77). Maternal
smoking during pregnancy increases the risk of
developing ADHD by 2.7 times (78,79). Research
has also shown a significant impact of maternal
exposure to stressful life events, health issues
(80), medications (79,81,82), and toxins such
as lead and manganese (83). Exposure to acet-
aminophen during pregnancy has been associat-
ed with a higher prevalence of ADHD in children
(84). Perinatal factors include low birth weight
and complications during delivery (e.g., induced
labor and emergency cesarean section) (51,52).
Postnatal factors may include malnutrition and
imbalanced intake of essential fatty acids (ome-
ga-3 and omega-6), although further evidence is

required to confirm these associations (85).

Environmental risk factors also include low so-
cioeconomic status, domestic violence, disrupt-
ed parent-child relationships, maternal mental

illness, and foster care placement (86).

Moreover, it is important to emphasize the
role of trauma and traumatic stress in child-
hood, which, according to increasing research,
are closely linked to ADHD. Trauma can alter
brain architecture, particularly in children,
which may partly explain its relationship to
ADHD development. The clinical presentations
of trauma and ADHD may overlap, which may
complicate accurate assessment(87). Studies
have also shown that dysregulation of the HPA
(hypothalamic-pituitary-adrenal) axis may
be associated with ADHD, while some find-
ings point to a correlation between levels of
HPA-axis hormones and the severity of ADHD
symptoms, particularly inattention (88,89).

TREATMENT OF ADHD

The treatment of ADHD generally includes
both psychosocial (non-pharmacological) and

pharmacological strategies. As with other dis-
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poremecaja u djejoj psihijatriji jesu psihosoci-

jalne intervencije (1).

Psihosocijalno lije¢enje ADHD-a uklju¢uje na-
¢elno bihevioralne, kognitivne i psihodinamske
terapije, a koriste se i drugi oblici lije¢enja (npr.
neurofeedback).

Bihevioralne terapije koriste metode treninga,
modifikaciju ponasanja i operantne metode, a
u terapiju su uklju¢ena djeca, kao i njihovi ro-
ditelji (90).

Kognitivne terapije se zasnivaju na samoin-
strukcijama, odnosno dijete u¢i samostalno
regulirati vlastite impulse, kako definirati pro-
blem, istraZivati nacine rjesavanja problema I
kako postupati kod pogresaka, a s ciljem razvo-

ja samokontrole (91)

Psihodinamske terapije orijentirat ¢e se na
povedanje simbolizacijskih i mentalizacijskih
moguénosti djeteta putem sadrzavajuce funk-

cije terapeuta (92).

Kao druge moguce terapije unutar multimo-
dalnoga pristupa mogu biti motori¢ki treninzi,
odnosno fizi¢ko vjezbanje (aerobik, joga i dr.)
(93), senzoricki trening, radna terapija, neuro-
feedback, muzikoterapija, metode relaksacije,

terapijsko jahanje konja (94).

Prva linija u farmakoloskom lije¢enju su tzv. ,sti-
mulansi® metilfenidat (MPH). Druga linija far-
makoloskog lije¢enja ukljucuje tzv. ,nestimulativ-
ne“lijekove - atomoksetin. Stimulansi su koriste-
ni kao prva linija farmakoloskog lije¢enja zahva-
ljujuéi vedoj u¢inkovitosti u smanjenju simptoma
u usporedbi s nestimulirajuc¢im lijekovima u svim
dobnim skupinama (djeca, adolescenti i odrasli)
(95,96). Nestimulativni lijekovi se primjenjuju
kada su stimulansi kontraindicirani ili zbog ne-
dostatnog odgovora na lijeCenje stimulansima
ili u sluéaju intolerancije na lijek (96). Takoder je
moguca primjena lijekova iz drugih skupina: npr.

antipsihotici, guanfacin, klonidin itd. (1).

U svijetu postoje razli¢ite smjernice lijecenja
ADHD-a (97,98).

orders in child psychiatry, psychosocial inter-

ventions form the foundation of treatment (1).

Psychosocial treatment of ADHD primarily
involves behavioral, cognitive, and psychody-
namic therapies, as well as other approaches

(e.g., neurofeedback).

Behavioral therapies apply training methods,
behavior modification techniques, and oper-
ant conditioning strategies, involving both the
child and their parents (90).

Cognitive therapies focus on self-instruction,
teaching the child to independently regulate
impulses, define problems, explore prob-
lem-solving strategies, and manage mistakes,

with the goal of developing self-control (91).

Psychodynamic therapies focus on strengthen-
ing the child’s ability to symbolize and mental-
ize through the therapist’s containing function
(92).

Other possible therapies within a multimodal
approach include motor training or physical
exercise (e.g., aerobics, yoga) (93), sensory in-
tegration therapy, occupational therapy, neuro-
feedback, music therapy, relaxation techniques,

and equine-assisted therapy (94).

The first-line pharmacological treatment con-
sists of so-called stimulants, particularly meth-
ylphenidate (MPH). The second-line pharmaco-
logical treatment includes non-stimulant med-
ications, such as atomoxetine. Stimulants are
preferred as first-line agents due to their great-
er effectiveness in reducing symptoms com-
pared to non-stimulants across all age groups
(95,96). Non-stimulants are prescribed when
stimulants are contraindicated, when there is
insufficient response to stimulants, or when
stimulants are not well tolerated (96). Other
medication classes may also be considered, in-
cluding antipsychotics, guanfacine, clonidine,
etc. (1).

Various treatment guidelines exist worldwide
(97,98).
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Terapijske smjernice europskog stru¢nog drus-
tva (ESCAP European Society for Child and Adoles-
cent Psychiatry) (97) ne preporucavaju davanje
lijekova predskolskoj djeci, dok prema smjerni-
cama Americke akademije za dje¢ju i adolescen-
tnu psihijatriju (American Academy of Child and
Adolescent Psychiatry) to ne isklju¢uju (98).

Lijecenje treba biti individualno prilagodeno
svakom pojedinom djetetu, s ravnomjernom
procjenom problema, ali i odredenih snaga i

sposobnosti djeteta (1).

Terapijske smjernice Britanskog drustva za
psihofarmakologiju (British Assosiation of Psy-
chofarmacology) (99) i Nacionalnog instituta za
zdravlje i izvrsnost usluge (National Institute for
Health and Care Excellence) (100) preporucuju
tzv. ,stimulanse“ kao farmakoloski tretman
prvog izbora za umjerene do teske slucajeve
ADHD-a kod pacijenata u dobi od 6 godina i
starije. Druga linija lije¢enja su tzv. ,,nestimu-
lativni® lijekovi (npr. atomoksetin), nakon ¢ega
slijede adrenergi¢ni lijekovi (npr. klonidin, gu-
anfacin) ili alternativni nestimulansi kao $to su
tricikli¢ki antidepresivi i bupropion (99-102).
Premda niti jedan antipsihotik nije odobren za
primjenu kod ADHD-a, relativno se ¢esto pro-
pisuju kod izostanka u¢inka psihostimulansa
takoder i za poremecaj ponasanja u komorbi-
ditetu s ADHD-om. Pri tome se najvise propi-
suje risperidon zbog dobro utvrdenog u¢inka
na agresivno ponasanje (103). Dvostruko slije-
po, placebom kontrolirano klini¢ko ispitivanje
Aman i sur. pokazalo je da risperidon moZe zna-
¢ajno smanjiti simptome ADHD-a, te navode da
su kombinacija risperidona i psihostimulansa
bolja u kontroli hiperaktivnosti od one kod koje
se postize samo lije¢enjem stimulansima (104),
te se moze reéi da je ovo inovativno podrudje,

jer se sugerira kombinacija dvije vrsta lijekova.

Pojedine studije su pokazale da risperidon daje
jednako dobre ili ¢ak i bolje rezultate u lijecenju
ADHD-a u usporedbi s onim $to se postiZe pri-
mjenom metilfenidata (105,106). Studija Corre-

iaisur. ukljucivala je djecu s umjerenim intelek-

The European Society for Child and Adoles-
cent Psychiatry (ESCAP) does not recommend
pharmacological treatment for preschool-aged
children (97), whereas guidelines from the
American Academy of Child and Adolescent
Psychiatry do not exclude such use (98).

Treatment should be individually tailored, con-
sidering both the child’s difficulties and their
strengths and capabilities (1).

Guidelines from the British Association for
Psychopharmacology (99) and the National
Institute for Health and Care Excellence (100)
recommend stimulants as the first-line phar-
macological treatment for moderate to severe
ADHD in patients aged 6 and older. The sec-
ond-line treatment includes non-stimulant
medications (e.g., atomoxetine), followed by
adrenergic agents (e.g., clonidine, guanfacine),
or alternative non-stimulants such as tricyclic
antidepressants and bupropion (99-102). Al-
though no antipsychotic medication is officially
approved for the treatment of ADHD, antipsy-
chotics are frequently prescribed in cases where
psychostimulants are ineffective, especially in
comorbid conduct disorders. The most com-
monly prescribed antipsychotic is risperidone,
due to its well-established effect on aggressive
behavior (103). A double-blind, placebo-con-
trolled clinical trial by Aman et al. showed that
risperidone significantly reduces ADHD symp-
toms, and that the combination of risperidone
and a stimulant is more effective for managing
hyperactivity than stimulant treatment alone
(104). This suggests a potentially innovative
therapeutic approach by combining two differ-

ent medication classes.

Some studies indicate that risperidone is as
effective, or even more effective, than meth-
ylphenidate in treating ADHD symptoms
(105,106). For instance, a study by Correia et
al. involving children with moderate intellec-
tual disability and ADHD found that risperi-
done led to greater symptom reduction than

methylphenidate. Comorbidity and side effect
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tualnim te$ko¢ama i ADHD-om. Rezultati studi-
je su pokazali da je risperidon povezan s veéim
smanjenjem ukupnog rezultata ADHD-a nego
metilfenidat kod djece s umjerenim intelektual-
nim te$kocama i ADHD-om. Komorbiditet i pro-
fil nuspojava mogu biti vazni pri odabiru izmedu
lijekova, iako je obi¢no razumno isprobati stimu-

lanse prije antipsihotika kod ove djece (106).

Upotreba antipsihotika novije generacije u
djece i adolescenata povezana je s moguéim
debljanjem i kardiometaboli¢kim nuspojava-
ma poput dislipidemije, inzulinske rezistencije
i povisenog krvnog tlaka kod neke djece (107)
i hiperprolaktinemijom (108).

Sigurnost i u¢inkovitost ¢esto koristenih lijeko-
va za lije¢enje ADHD-a podupiru meta-analize
(Cortese i sur. 2018) (62). Metilfenidat se dobiva
iz piperidina i strukturno je slian amfetaminu
(109). Lije¢enje metilfenidatom uzrokuje pove-
¢anje dopaminske signalizacije kroz visestruke
radnje koje uklju¢uju blokadu ponovne pohrane
dopamina, poja¢anje trajanja odgovora dopamina
i dezinhibiciju dopaminskog D2 receptora (110).
Metilfenidat je takoder inhibitor ponovne po-
hrane noradrenalina (111). Dakle, farmakologka
aktivnost metilfenidata uglavnom je rezultat blo-
kiranja DAT-a i NET-a ¢ime se inhibira ponovna
pohrana ovih neurotransmitora u presinapticke
neurone. Regulacija ovog procesa moze ukljuciva-
ti modulaciju funkcija kao $to su paznja, zadovolj-
stvo i motori¢ka aktivnost (95). Stimulansi tako-
der poboljsavaju izvréne funkcije koje su &esto po-
remecene kod osoba s ADHD-om (112,113,114).
Amfetamini i metilfenidat imaju sli¢an profil nu-
spojava koje su obi¢no blage i prolazne, a najéesce
uklju¢uju smanjeni apetit, suha usta, razdraZzlji-
vost, poremecaj spavanja, tahikardiju i glavobo-
lju. Povezani su i s viSom stopom nuspojava kao
$to su gubitak na tjelesnoj masi i nesanica (115).
Utinkovitost psihostimulansa u smanjenju simp-
toma ADHD-a prikazana je u brojnim klini¢kim
studijama u djece i odraslih s ADHD-om (116).
Meta-analiza koja je ukljutila vise od 10000 djece
iadolescenata u trajanju od tri mjeseca, otkrila je

da su i metilfenidat i amfetamin imali umjerene

profiles should be considered when selecting
medication, although it is generally advisable
to try stimulants before antipsychotics in such
population (106).

Use of second-generation antipsychotics in
children and adolescents has been associated
with potential side effects, including weight
gain, cardiometabolic risks (e.g., dyslipidemia,
insulin resistance, hypertension) (107), and hy-

perprolactinemia (108).

The safety and efficacy of commonly used
ADHD medications is supported by me-
ta-analyses (62). Methylphenidate is a piperi-
dine derivative and structurally similar to am-
phetamine (109). It increases dopaminergic
signaling via multiple mechanisms, including
blocking dopamine reuptake, prolonging do-
pamine response, and disinhibiting dopamine
D2 receptors (110). Methylphenidate is also a
norepinephrine reuptake inhibitor (111). Thus,
its pharmacological activity is primarily due
to blocking DAT and NET, thereby inhibiting
the reuptake of these neurotransmitters into
presynaptic neurons. Regulation of this pro-
cess may affect functions such as attention,
reward, and motor activity (95). Stimulants
also enhance executive functions, which are
frequently impaired in individuals with ADHD
(112,113,114). Amphetamines and methylphe-
nidate have similar side effect profiles, typically
mild and transient, most commonly appetite
suppression, dry mouth, irritability, sleep dis-
turbances, tachycardia, and headache. They are
also associated with higher rates of weight loss
and insomnia (115). The efficacy of psycho-
stimulants in reducing ADHD symptoms has
been demonstrated in numerous clinical trials
involving both children and adults (116). A me-
ta-analysis involving over 10,000 children and
adolescents over a three-month period found
that both methylphenidate and amphetamines
produced moderate to large improvements in
ADHD symptoms (25). Another meta-analysis
of 18 studies confirmed the effectiveness of
methylphenidate in adults with ADHD (117).
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do visoke u¢inke na simptome ADHD-a (25). Me-
ta-analiza 18 studija pokazala je da je metilfenidat
takoder uc¢inkovit kod odraslih (117).

Atomoksetin je snazan i selektivni inhibitor po-
novne pohrane noradrenalina koji djeluje putem
bolkade NET-a. Takva presinapti¢ka inhibicija
NET-a dovodi do povecanja izvanstani¢ne ra-
zine noradrenalina uglavnom u prefrontalnom
korteksu, ali ne i u mezolimbickim i mezokorti-
kalnim putevima do nukleusa akumbensa zbog
¢ega nema potencijal za mogucu zloupotrebu
ili stvaranje ovisnosti (118). Atomoksetin ima
smanjeni afinitet za DAT, ali takoder potice
povedanje koncentracije dopamina u prefron-
talnom korteksu §to moze biti posljedica nespe-
cifitne modulacije ponovne pohrane dopamina
putem NET-a (119). Atomoksetin je pokazao
u¢inkovitost u lije¢enju simptoma ADHD-a u ko-
morbiditetu s anksioznim poremecajem ili tiko-
vima (120,121). Guanfacin je selektivni agonist
alfa-2 adrenergickih receptora i moguce je da
poboljsava radnu memoriju stimulacijom post-
sinapti¢kih alfa-2 receptora jacajuci funkcional-
nu povezanost mreza prefronatalnog korteksa
(122) i pokazao je mogucu ué¢inkovitost u sma-
njenju simptoma ADHD-a (123). Meta-analiza
25 ispitivanja atomoksetina u djece s ADHD-om
pokazala je umjerenu veli¢inu u¢inka medutim
veliki dio pacijenata (otprilike 40%) imao je traj-
ne simptome koji su zahtijevali dodatnu klinicku
intervenciju (124). Malo se zna o dugoro¢nim
udincima stimulansa na funkcionalnu organiza-
ciju mozga u razvoju, $to iziskuje takoder klini¢-
ki i znanstveni oprez (125) te daljnja istraziva-
nja. Nedavna dvogodi$nja longitudinalna studija
(ADDUCE study) pokazala je da je metilfenidat
siguran za dugotrajnu upotrebu (do dvije godi-
ne) kod djece i adolescenata s ADHD-om (126).

ZAKLJUCAK

Etiopatogeneza poremecaja paznje i aktivnosti
je kompleksna i jo§ uvijek nije u potpunosti ra-

zja$njena. IstraZivanja su ukazala na mogucu

Atomoxetine is a potent and selective nor-
epinephrine reuptake inhibitor that acts by
blocking NET. This presynaptic inhibition
raises extracellular norepinephrine levels, es-
pecially in the prefrontal cortex, but not in the
mesolimbic and mesocortical pathways leading
to the nucleus accumbens, which may explain
its lack of abuse or addiction potential (118).
Atomoxetine has a low affinity for DAT but
also increases dopamine concentrations in the
prefrontal cortex, likely via nonspecific mod-
ulation of dopamine reuptake through NET
(119). Atomoxetine has shown effectiveness
in treating ADHD symptoms comorbid with
anxiety disorders or tics (120,121). Guanfa-
cine is a selective alpha-2 adrenergic receptor
agonist that may enhance working memory by
stimulating postsynaptic alpha-2 receptors,
strengthening functional connectivity with-
in prefrontal cortex networks (122). It has
demonstrated potential efficacy in reducing
ADHD symptoms (123). A meta-analysis of
25 atomoxetine trials in children with ADHD
found a moderate effect size, but approximate-
ly 40% of patients had persistent symptoms
requiring further clinical intervention (124).
Little is known about the long-term effects
of stimulants on the functional organization
of the developing brain, which calls for both
clinical and scientific caution (125), as well as
further research. A recent two-year longitudi-
nal study (the ADDUCE study) demonstrated
that methylphenidate is safe for long-term use
(up to two years) in children and adolescents
with ADHD (126).

CONCLUSION

The etiopathogenesis of Attention Deficit Hy-
peractivity Disorder (ADHD) is complex and
not yet fully understood. Research has pointed
to the potential involvement of genetic factors,
brain structures and functions, and several

neurotransmitter systems in the development
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ukljucenost gena, mozdanih struktura i funk-
cija, te nekoliko neurotransmitorskih sustava
u nastanku i odrzavanju ovog poremecaja. Ra-
zumijevanje ovih mehanizama moze biti vazno
za razvoj i identificiranje specifi¢nijih i ciljanijih
metoda lijecenja.

Daljnja istrazivanja su potrebna za potpunije
razumijevanje interakcije gena i okoline u ra-
zvoju ADHD-a kao i za razvoj novih i inova-
tivnih metoda lije¢enja. Posebna paznja treba
biti posvelena personaliziranoj medicini, koja
uzima u obzir individualne i okoligne faktore

prilikom odabira optimalnog tretmana.

Napredak u neuroimaging tehnikama i gene-
tickim istrazivanjima Ce vjerojatno dovesti do
daljnjeg napretka u razumijevanju neurobiolo-
gije ADHD-a i pobolj$anju kvalitete Zivota oso-

ba s ovim poremecajem.

and maintenance of the disorder. Understand-
ing these mechanisms may be crucial for the
development and identification of more specif-

ic and targeted treatment methods.

Further studies are needed to gain a more
comprehensive understanding of gene-envi-
ronment interactions in ADHD, as well as to
develop new and innovative therapeutic ap-
proaches. Special attention should be given
to personalized medicine, which takes into ac-
count individual and environmental factors in

selecting the optimal treatment strategy.

Advancements in neuroimaging techniques
and genetic research are likely to contribute
significantly to further progress in understand-
ing the neurobiology of ADHD and improving
the quality of life for individuals affected by
this disorder.
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