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Dear Readers,

As of 2026, Pharmacotherapy in Psychiatry and Neurology is published by
Wroclaw Medical University, following its previous publication by the Institute
of Psychiatry and Neurology in Warsaw. While continuing to serve as
Editor-in-Chief, I have a great pleasure to announce two Deputy Editors-in-
Chief: Prof. Blazej Misiak, psychiatrist, and Prof. Marta Waliszewska-Prosét,
neurologist. Both are employees of Wroclaw Medical University.

The first issue of the journal in 2026 contains 6 review articles. The first
paper, with multiple authors (the first author being Julia Stawinska from the
Medical University of Lublin), examines zolpidem in the treatment of in-
somnia. The drug, widely used in our country, is a selective modulator of
y-aminobutyric acid type A (GABA ) receptors containing the a1 subunit, and
its hypnotic effect results from enhanced GABAergic inhibition in cortico-
limbic structures. Prolonged exposure to zolpidem leads to adaptive changes
in GABA, receptors, including a loss of selectivity and weakened synaptic
inhibition, which underlies the development of tolerance and withdrawal syndrome following abrupt discontinuation of
treatment. Clinically, zolpidem abuse is associated with impaired consciousness, hallucinations, parasomnias, complex
automatisms, and an increased risk of seizures and delirium, particularly in the elderly. Therefore, despite its proven ef-
ficacy in the short-term treatment of insomnia, the use of zolpidem may be associated with significant adverse effects
on the central nervous system, particularly with long-term use and at doses exceeding the therapeutic range. It seems
reasonable to limit the duration of treatment and closely monitor patients in high-risk groups. The use of zolpidem should
also be considered in the differential diagnosis of acute disturbances of consciousness and seizures of unclear etiology.

The second paper, from the I Department of Psychiatry, Psychotherapy and Early Intervention of the Medical University
of Lublin (Karolina Kasprzak ez al.), discusses the therapeutic potential of the orexin system in anorexia nervosa (AN). The
orexin (hypocretin) system, which regulates arousal, motivation, feeding behavior, and stress responses, may be involved
in the pathophysiology of AN. Preclinical findings indicate that orexin contributes to hyperactivity, disrupted reward
processing, and altered feeding behavior in anorexia models. Both orexin receptor type 1 (OX1R) and type 2 (OX2R)
play distinct but complementary roles. Pharmacological modulation, particularly via antagonists such as suvorexant and
JNJ-61393215 (tebideutorexant), shows promise in reducing hyperarousal and maladaptive motivation. However, clini-
cal data remain sparse and inconclusive. Human studies demonstrate inconsistent findings regarding orexin A levels in
AN, possibly due to methodological heterogeneity and differences in the stage of illness and patients’ nutritional status.

The next article with multiple authors (the first author being Tomasz Wozniak from the University Clinical Hospital in
Opole) examines the efficacy and safety of Withania somnifera extract in reducing stress and anxiety in adults. Withania
somnifera, also known as ashwagandha or Indian ginseng, is considered an adaptogen with potential anxiolytic activity that
modulates the stress response and improves sleep quality. A PubMed® search was conducted, focusing on 11 randomized
controlled trials published within the preceding 10 years that examined the effects of ashwagandha on stress and anxiety
outcomes in adult populations. Most studies reported favorable changes in perceived stress and/or anxiety measures,
and several trials also documented improvements in selected biological markers of the hypothalamus—pituitary—adrenal
axis, primarily reductions in cortisol concentration. However, in some studies, the differences between the intervention
and placebo groups did not reach statistical significance, particularly in smaller samples and shorter interventions. The
authors concluded that, given the variability of preparations (including dosing and withanolide content) and limited
follow-up, larger independent studies with improved extract standardization and more robust, longer-term safety evalu-
ation, including monitoring for potential hepatotoxicity, are warranted.

The following paper pertains to the association between prenatal medication exposure and the risk of autism spectrum
disorder (ASD). The first author is Jakub Bialek from the University Hospital in Wroclaw, with 7 co-authors from different
centers. During the course of the study, 40 papers published between 2008 and 2025 were selected for the final analysis
from 200 records identified in the PubMed® and Google Scholar databases. The results showed that the relationship
between pharmacotherapy during pregnancy and ASD is complex and heterogeneous. While certain medications, such
as valproic acid, constitute a proven risk factor, evidence regarding acetaminophen, antidepressants, and antipsychotics
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is inconclusive. The authors suggest that, in many instances, untreated maternal illness may pose a greater threat than
pharmacotherapy itself. It was also noted that vitamins, particularly folic acid, play a significant protective role.

The next article, with Katarzyna Popielec-Jakubiec from the Medical University of Warsaw as the first author, examines
the interdependence between digestive system diseases and mental disorders and its consequences for pharmacotherapy.
The gut-brain axis is a network that connects the nervous, immune, and endocrine systems to the gut bacteria. Changes
in the composition of the gut microbiota, increased intestinal permeability, and chronic inflammation can affect the
central nervous system and lead to symptoms of anxiety and depression. Individuals with gastrointestinal conditions,
such as irritable bowel syndrome, inflammatory bowel disease, gastroesophageal reflux disease, or celiac disease, have
significantly higher rates of depression and anxiety than individuals from the general population. Depression and anxiety
can exacerbate gastrointestinal symptoms, such as abdominal pain, diarrhea, or constipation. Treatment that combines
pharmacological management of the gastrointestinal condition, psychotherapy, and lifestyle changes has been shown to
be beneficial. Thus, collaboration among internists, gastroenterologists, and mental health professionals is of the utmost
importance.

The last paper in this issue, from the Department of Adult Psychiatry and the Department of Neurology at Poznan
University of Medical Sciences (Dawid Wiener et al.), discusses transcranial magnetic stimulation (TMS). The acceler-
ated TMS protocols now compress 6-week depression treatment courses into as little as 5 days, with exploratory evidence
suggesting that a single-day regimen may be sufficient. Three converging principles define this shift: acceleration (com-
pressing treatment from weeks to hours); augmentation (pharmacologically enhancing synaptic plasticity); and precision
targeting (connectome-informed, individualized site selection). This narrative review synthesizes evidence across these
3 domains, with an emphasis on studies published from 2022 to 2026. The data on the effectiveness of TMS compared
with pharmacotherapy and esketamine, health-economic evidence supporting its cost-effectiveness, and challenges of
using TMS in routine clinical care are presented.

I wish you a pleasant reading of our journal and strongly encourage Polish psychiatrists, neurologists, and pharma-
cologists to submit research, review, and casuistic papers on pharmacological therapies in psychiatry and neurology.
Manuscripts should be submitted in English via the editorial system at https://www.editorialsystem.com/fpnen. Current
information about the journal is available at https://ppn.umw.edu.pl.

Prof. Janusz Rybakowski
Editor-in-Chief
Pharmacotherapy in Psychiatry and Neurology
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Drodzy Czytelnicy,

od 2026 r. ,Farmakoterapia w Psychiatrii i Neurologii” jest czasopismem wydawanym przez Uniwersytet Medyczny im.
Piastéw Slaskich we Wroctawiu, a nie jak dotychczas przez Instytut Psychiatrii i Neurologii w Warszawie. Pozostajac na
stanowisku Redaktora Naczelnego, mam przyjemno$¢ zaanonsowacé dwoje zastepcdw w osobach prof. Blazeja Misiaka,
psychiatry, oraz prof. Marty Waliszewskiej-Prosél, neurolozki — oboje pracuja na wroctawskim Uniwersytecie Medycznym.

Pierwszy zeszyt pisma z 2026 r. zawiera 6 prac przegladowych. Pierwsza z nich, o licznym wspoélautorstwie (pierwsza
autorka jest Julia Stawiniska z Uniwersytetu Medycznego w Lublinie), omawia zastosowanie zolpidemu w terapii bezsennosci.
Lek ten, szeroko stosowany w naszym kraju, jest selektywnym modulatorem receptoréw kwasu y-aminomastowego
typu A (GABA ,) zawierajacych podjednostke a1, a jego dziatanie nasenne wynika z nasilenia hamowania GABA-ergicznego
w strukturach korowo-limbicznych. Dlugotrwata ekspozycja na zolpidem prowadzi do adaptacyjnych zmian w obrebie
receptoréw GABA 4, obejmujacych utrate selektywnosci dzialania oraz ostabienie hamowania synaptycznego, co stanowi
podloze rozwoju tolerancji i zespolu abstynencyjnego po naglym przerwaniu leczenia. Klinicznie naduzywanie zolpidemu
wiaze sie z zaburzeniami §wiadomosci, halucynacjami, parasomniami, ztozonymi automatyzmami oraz zwiekszonym
ryzykiem napadéw drgawkowych i majaczenia, szczegdlnie u oséb w podeszlym wieku. Zatem mimo potwierdzonej
skuteczno$ci w krétkotrwalym leczeniu bezsennosci stosowanie zolpidemu moze wigzaé si¢ z istotnymi dzialaniami
niepozadanymi dotyczacymi o$rodkowego ukladu nerwowego, zwlaszcza w przypadku dlugotrwalego stosowania oraz
przyjmowania dawek przekraczajacych zakres terapeutyczny. Zasadne wydaje si¢ ograniczenie czasu stosowania leku
oraz §ciste monitorowanie pacjentéw z grup o zwiekszonym ryzyku. Stosowanie zolpidemu nalezy réwniez uwzglednic¢
w diagnostyce réznicowej ostrych zaburzen §wiadomosci oraz napadéw drgawkowych o niejasnej etiologii.

Druga praca, pochodzaca z I Kliniki Psychiatrii, Psychoterapii i Wczesnej Interwencji Uniwersytetu Medycznego w Lu-
blinie (Karolina Kasprzak et al.), dotyczy roli ukladu oreksynowego w jadlowstrecie psychicznym (ang. anorexia nervosa
— AN). Uktad oreksynowy (hipokretynowy), regulujacy pobudzenie, motywacje, zachowania zywieniowe i reakcje na
stres, moze odgrywac role w patofizjologii AN. Badania przedkliniczne wskazuja, ze sygnalizacja oreksynowa przyczynia
sie do nadmiernej aktywnosci, zaburzonego przetwarzania ukladu nagrody oraz zmian w zachowaniach zywieniowych
w modelach jadlowstretu psychicznego. Receptory oreksynowe 1 (OX1R) i 2 (OX2R) wykazuja w tym zakresie odrebne,
ale komplementarne funkcje. Farmakologiczna modulacja ukladu oreksynowego — szczegélnie za pomoca antagonistéw,
takich jak suworeksant i JNJ-61393215 (tebideutorexant) — moze powodowa¢ zmniejszenie nadmiernego pobudzenia
oraz nieadaptacyjnych stanéw motywacyjnych. Dane kliniczne pozostaja jednak ograniczone i niejednoznaczne. Badania
u ludzi wykazuja niespdjne wyniki dotyczace poziomu oreksyny A w AN, co prawdopodobnie wynika z heterogenno$ci
metodologicznej oraz réznic w stadium choroby i stanie odzywienia pacjentéw.

Kolejny artykut o licznym wspétautorstwie (pierwszy autor to Tomasz Wozniak z Uniwersyteckiego Szpitala Klinicznego
w Opolu) omawia skuteczno$¢ i bezpieczenistwo stosowania ekstraktu z Withania somnifera w redukcji stresu i leku u os6b
dorostych. Withania somnifera, czyli witania ospala, ashwagandha lub zen-szen indyjski, uwazana jest za adaptogen majacy
potencjalne dziatanie przeciwlekowe, modulujace odpowiedz stresowa oraz poprawiajace jako$¢ snu. Przeglad literatury
przeprowadzono na podstawie bazy PubMed®, uwzgledniajac 11 randomizowanych badan kontrolowanych z ostatnich
10 lat dotyczacych wptywu ashwagandhy na stres i objawy lekowe u dorostych. W wiekszosci prac odnotowano korzystne
zmiany w zakresie nasilenia stresu i/lub leku, a w czesci badan obserwowano réwniez korzystne zmiany markeréw osi
podwzgérze—przysadka—nadnercza, przede wszystkim spadek stezenia kortyzolu. Jednak w niektérych badaniach réznice
wzgledem placebo nie osiagaly istotnosci, zwlaszcza przy mniejszych probach i krétszym czasie trwania interwencji.
Autorzy konkluduja, ze ze wzgledu na heterogeniczno$¢ preparatéw (rézne dawki i zawartos¢ witanolidéw) oraz krétki
czas obserwacji potrzebne sg dalsze badania z lepsza standaryzacja ekstraktéw i dluzsza ocena bezpieczeistwa, w tym
pod katem hepatotoksycznosci.

Nastepna praca dotyczy ryzyka rozwoju zaburzen ze spektrum autyzmu (ang. autism spectrum disorder — ASD)
w zwiazku z ekspozycja na leki w okresie prenatalnym. Pierwszym autorem jest Jakub Bialek ze Szpitala Uniwersyteckiego
we Wroclawiu, ktory ma 7 wspétautordw z réznych osrodkéw. Na podstawie baz danych PubMed® oraz Google Scholar do
analizy zakwalifikowano 40 prac na ten temat, wyselekcjonowanych sposréd 200 znalezionych, opublikowanych w latach
2008-2025. Uzyskane wyniki wskazuja, ze zwiazek miedzy farmakoterapia w ciazy a ASD jest zlozony i niejednorodny.
Podczas gdy niektére leki, takie jak kwas walproinowy, stanowia udowodniony czynnik ryzyka, dowody dotyczace
paracetamolu, lekéw przeciwdepresyjnych i przeciwpsychotycznych sa mniej przekonujace. Wskazuje si¢ réwniez, ze
w wielu przypadkach nieleczona choroba matki moze stanowi¢ wieksze zagrozenie dla ptodu niz sama farmakoterapia.
Zauwazono takze, iz witaminy, gtéwnie kwas foliowy, pelnia znaczaca role ochronna.

Kolejny artykul, ktérego pierwsza autorka jest Katarzyna Popielec-Jakubiec z Warszawskiego Uniwersytetu Medycznego,
dotyczy wspétzaleznosci choréb uktadu pokarmowego i zaburzen psychicznych, co moze miec istotne konsekwencje dla
farmakoterapii. Of jelito—moézg to system komunikacji miedzy ukladem nerwowym, odporno$ciowym i endokrynnym
a bakteriami jelitowymi. Zaburzenia w sktadzie mikrobioty jelitowej, zwiekszona przepuszczalnosc jelit oraz chroniczny,



Preface

niewielki stan zapalny moga oddzialywac¢ na osrodkowy uklad nerwowy i przyczynia¢ si¢ do wystapienia objawéw leku
oraz depresji. Osoby cierpiace na schorzenia ukladu pokarmowego, takie jak zespét jelita drazliwego, choroba zapalna jelit,
refluks zotadkowo-przetykowy czy celiakia, wykazuja wyzszy wskaznik zaburzen depresyjnych i lekowych niz populacja
ogdlna. Depresja i lek moga natomiast nasila¢ problemy z ukladem pokarmowym, takie jak béle brzucha, biegunki czy
zaparcia. Polaczenie leczenia choréb ukladu pokarmowego z odpowiednio dobrana farmakoterapia psychotropowa oraz
interwencjami psychologicznymi, takimi jak psychoterapia czy zmiany w stylu zycia, przynosi szereg korzy$ci. Wazna
jest wspolpraca w tym zakresie internisty, gastroenterologa oraz specjalistéw zdrowia psychicznego.

Ostatnia praca w obecnym numerze pochodzi z Kliniki Psychiatrii Dorostych Uniwersytetu Medycznego w Poznaniu
(Dawid Wiener et al.) i dotyczy przezczaszkowej stymulacji magnetycznej (ang. transcranial magnetic stimulation —
TMS). Przyspieszone protokoty TMS pozwalaja skompresowaé sze$ciotygodniowe cykle leczenia depresji do zaledwie
5 dni, a dane z niedawno opublikowanych badan eksploracyjnych wskazuja, ze wystarczajacy moze okazac sie nawet
jednodniowy schemat. Te zmiane wyznaczaja 3 zbiezne zasady: przyspieszenie trwania terapii (kompresja czasu lecze-
nia z tygodni do godzin), wspomaganie/augmentacja farmakologiczna (wzmacnianie plastycznos$ci synaptycznej) oraz
precyzyjne celowanie (zindywidualizowany dobdr miejsca stymulacji oparty na funkcjonalnej konektomice). Niniejszy
przeglad narracyjny syntetyzuje dowody naukowe z lat 20222026 w powyzszych 3 obszarach. Omawiane sa takze dane
dotyczace efektywnosci TMS w poréwnaniu z farmakoterapia i esketaming, informacje dotyczace oplacalno$ci TMS oraz
wyzwania zwiazane ze stosowaniem TMS w rutynowej opiece kliniczne;j.

Zycze przyjemnej lektury kolejnego numeru naszego pisma i goraco zachecam polskich i zagranicznych psychiatréw,
neurologéw i farmakologéw do nadsylania artykuléw eksperymentalnych, pogladowych i kazuistycznych dotyczacych
terapii farmakologicznej w psychiatrii i neurologii. Prace w jezyku angielskim prosimy przesylac za posrednictwem panelu
redakcyjnego: https://www.editorialsystem.com/fpnen. Aktualne informacje dotyczace czasopisma sa dostepne na stronie
internetowej: https://ppn.umw.edu.pl.

prof. dr hab. Janusz Rybakowski
Redaktor Naczelny
»Farmakoterapia w Psychiatrii i Neurologii”
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Abstract

The objective of this study was to summarize current evidence regarding the mechanism of action of zolpi-
dem, its clinical efficacy, and the neurological consequences of its long-term use and abuse, with particular
emphasis on withdrawal syndrome.

Anarrative review of the literature was conducted, covering clinical trials, experimental studies, neuroimag-
ing studies, and case reports on the neurological consequences of zolpidem use. The available data indicate
that zolpidem is a selective modulator of y-aminobutyric acid type A (GABA,) receptors containing the al
subunit, and its hypnotic effect results from enhanced GABAergic inhibition in corticolimbic structures.
Prolonged exposure to zolpidem leads to adaptive changes in GABA, receptors, including a loss of selectivity
and weakened synaptic inhibition. These adaptations may contribute to the development of tolerance and
withdrawal syndrome following abrupt discontinuation of treatment. Clinically, zolpidem abuse has been
associated with impaired consciousness, hallucinations, parasomnias, complex automatisms, and an increased
risk of seizures and delirium, particularly in the elderly.

Despite its proven efficacy in the short-term treatment of insomnia, the use of zolpidem has been associated
with significant adverse effects on the central nervous system (CNS), particularly when the medication is taken
for an extended period at doses that exceed the recommended therapeutic range. In light of the analyzed
data, it seems reasonable to limit the duration of treatment and closely monitor patients in high-risk groups.
The results of the presented studies also emphasize the need to consider zolpidem in the differential diagnosis
of acute disturbances of consciousness and seizures of unclear etiology.

Keywords: insomnia, central nervous system, zolpidem, substance withdrawal syndrome, GABA, receptor
agonists
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Streszczenie

Celem pracy byto podsumowanie aktualnej wiedzy dotyczacej mechanizmu dziatania zolpidemu, jego skutecznosci klinicznej oraz neurologicznych konsekwendji
dtugotrwatego stosowania i naduzywania, ze szczegélnym uwzglednieniem zespotu abstynencyjnego.

Przeprowadzono narracyjny przeglad pismiennictwa obejmujacy badania kliniczne, prace eksperymentalne, badania neuroobrazowe oraz opisy przypadkéw dotyczace
neurologicznych nastepstw stosowania zolpidemu. Dostepne dane wskazuja, ze zolpidem jest selektywnym modulatorem receptordw kwasu y-aminomastowego
typu A zawierajacych podjednostke a1, a jego dziatanie nasenne wynika z nasilenia hamowania GABA-ergicznego w strukturach korowo-limbicznych. Dtugotrwata
ekspozycja na zolpidem prowadzi do adaptacyjnych zmian w obrebie receptoréw GABA,, ktdre obejmujg utrate selektywnosci dziatania oraz ostabienie hamowania
synaptycznego, co stanowi podfoze rozwoju tolerancji oraz zespotu abstynencyjnego po nagtym przerwaniu leczenia. Klinicznie naduzywanie zolpidemu wiaze
sie z zaburzeniami Swiadomosci, halucynacjami, parasomniami, ztozonymi automatyzmami oraz zwiekszonym ryzykiem napadéw drgawkowych i majaczenia,
szczegolnie u 0s6b w podesztym wieku.

Mimo potwierdzonej skutecznosci w krétkotrwatym leczeniu bezsennosci stosowanie zolpidemu moze wigzac sie z istotnymi dziataniami niepozadanymi do-
tyczacymi osrodkowego uktadu nerwowego, zwfaszcza w przypadku dtugotrwatego przyjmowania dawek przekraczajacych zakres terapeutyczny. W Swietle
analizowanych danych zasadne wydaje sie ograniczenie czasu stosowania leku oraz $ciste monitorowanie pacjentéw z grup zwiekszoneqo ryzyka. Wyniki zapre-
zentowanych prac podkreslajg rowniez koniecznos¢ uwzgledniania zolpidemu w diagnostyce réznicowej ostrych zaburzer $wiadomosci i napadow drgawkowych

0 niejasnej etiologii.

Stowa kluczowe: bezsennosc, osrodkowy uktad nerwowy, zolpidem, agonisty receptora GABA,, zesp6t odstawienia substanji psychoaktywnych

Background

Insomnia is one of the most common sleep disorders,
and its chronic form is associated with substantial adverse
health consequences, including impaired cognitive func-
tion, reduced quality of life, and an increased risk of so-
matic diseases and motor vehicle accidents (Dang et al.,
2011; Wichniak et al., 2023).

Despite the high efficacy of non-pharmacological treat-
ments, particularly cognitive behavioral therapy for insom-
nia, pharmacotherapy remains an important component
of clinical management in patients with severe symptoms
or when psychological interventions are insufficient or dif-
ficult to access (Dang et al., 2011; Wichniak et al., 2023).
Among the available hypnotic agents, non-benzodiazepine
receptor agonists of y-aminobutyric acid type A (GABA ),
commonly referred to as Z-drugs, play an important role,
with zolpidem remaining one of the most widely used
medications in this class (Dang et al., 2011; Leszek, 2019).

Zolpidem was developed as an agent with preferential af-
finity for GABA 4 receptors containing the al subunit, with
the aim of producing hypnotic effects while limiting the mus-
cle-relaxant, anxiolytic and dependence-related properties,
typically associated with benzodiazepines (Mattoo et al.,
2011). Its efficacy in reducing sleep latency, increasing total
sleep time, and improving subjective sleep quality has been
demonstrated in numerous clinical studies, supporting its
use in the short-term treatment of insomnia (Chattopadhyay
et al., 2016). Current clinical guidelines emphasize its role
in the management of insomnia episodes requiring prompt
pharmacological intervention (Del Rio Verduzco et al., 2023).

Despite the well-established efficacy of zolpidem, a grow-
ing body of evidence has documented a broad spectrum
of neurological, neuropsychiatric, and sleep-related ad-
verse effects, including altered states of consciousness,
dissociative reactions, complex sleep behaviors, hallucina-
tions, and episodes of euphoria. These reports have raised
concerns about the safety of zolpidem and its potential for
misuse and abuse (Xie et al., 2024).

Withdrawal symptoms remain a particularly important
clinical concern. They range from mild manifestations,
such as anxiety, agitation, and rebound insomnia, to se-
vere symptoms, including delirium, altered conscious-
ness, convulsions, and epileptic seizures (Hadinezhad
and Hosseini, 2021). Cases of rapidly developing delirium
following the abrupt discontinuation of high-dose zolpi-
dem have been reported, also in patients with no history
of neurological or psychiatric disorders (Awasthi and
Vohra, 2023). Importantly, severe withdrawal symptoms,
including seizures, have also been observed in individuals
with no prior exposure to benzodiazepines. This sug-
gests that the dependence potential of zolpidem stems
from its intrinsic pharmacological properties and adap-
tive changes within the GABAergic system (Haji Seyed
Javadi et al., 2014).

This review summarizes current knowledge on the role
of zolpidem in the treatment of insomnia, with particular
emphasis on its pharmacodynamic properties, clinical effi-
cacy, potential for misuse and dependence, and the clinical
features of zolpidem withdrawal syndrome. The analysis
is based on available clinical evidence and case reports
(Del Rio Verduzco et al., 2023).
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Literature review
Material and methods

For the purposes of this review, the PubMed® database
was searched for relevant medical literature. This process
was supplemented by screening the reference lists of se-
lected publications. The search was conducted between
November 4 and November 8, 2025, and covered articles
published from 2010 to 2025.

The search strategy included the following terms: “zol-

”, « ”, « »”, «

pidem”; “insomnia”; “zolpidem addiction”; “zolpidem toler-
ance”; “zolpidem withdrawal syndrome”; and “mechanism
of zolpidem”.

The exclusion criteria comprised publications unre-
lated to the scope of the review, articles for which the full
text was unavailable, and studies published in languages
other than English. Titles and abstracts were initially
screened, after which the full texts of potentially eligible
articles were assessed. Ultimately, 35 studies were included

in the review.
Mechanism of action of zolpidem

Zolpidem is a non-benzodiazepine hypnotic agent be-
longing to the imidazopyridine class. It acts as a positive
allosteric modulator of GABA 4 receptors and exhibits high
affinity for receptors containing the al subunit, histori-
cally referred to as the w1 benzodiazepine receptor subtype
(Dang et al., 2011). By binding allosterically to the benzo-
diazepine site on the GABA , receptor, zolpidem enhances
GABA ,-mediated chloride ion influx, resulting in neuro-
nal hyperpolarization and reduced neuronal excitability
(Edinoff et al., 2021).

Its preferential affinity for a1-containing receptors, with
weaker activity at receptors containing the o2, a3, and
a5 subunits, accounts for its predominantly hypnotic and
sedative effects. Compared with non-selective benzodiaz-
epines, zolpidem has relatively weak anxiolytic, muscle-
relaxant, and anticonvulsant effects (Edinoff et al., 2021).

Zolpidem exerts dose-dependent effects on neuronal
network activity by modulating sleep oscillations and
the synchronization of cortical and limbic structures. Stud-
ies in rats have shown that, at low doses, zolpidem increases
slow-wave amplitude, enhances the density of hippocampal
sleep spindles, and strengthens temporal coupling between
sleep spindles and cortical slow oscillations, which may
facilitate sleep-dependent memory consolidation (Kersanté
etal.,2023). At the same time, zolpidem-induced non-rapid
eye movement (NREM) sleep differs from physiological
sleep. In mouse models, zolpidem reduced electroencepha-
lography (EEG) spectral power through the selective po-
tentiation of al subunit-containing GABA 4 receptors.
However, its sedative effects, mediated by the inhibition
of hypothalamic histaminergic neurons, may occur inde-
pendently of this mechanism (Uygun et al., 2016).

At higher doses, such as 10 mg/kg, zolpidem markedly
suppressed the activity of pyramidal neurons in the CA1l
region of the hippocampus, reducing the frequency of cal-
cium signals by approximately threefold, which may con-
tribute to impaired episodic memory function (Berdyyeva
et al., 2014). Dose-dependent suppression of hippocam-
pal activity and modulation of synchronization along
the CAl-prefrontal cortex axis have also been observed
in rats (Kersanté et al., 2023).

Some of these findings have been corroborated in hu-
mans. Studies involving healthy volunteers have shown
that zolpidem alters NREM sleep architecture by increas-
ing the density of sleep spindles and modifying the cou-
pling between sleep spindles and cortical slow oscillations,
which may have implications for the consolidation of epi-
sodic memory (Mednick et al., 2013; Zhang et al., 2020).
Taken together, these findings indicate that zolpidem in-
duces complex changes in the function of the corticolimbic
network that depend on the dose and on GABA , receptor
subunit selectivity. These effects may influence both sleep
architecture and cognitive processes.

Zolpidem is rapidly absorbed, has a bioavailability
of approx. 70%, and has a short elimination half-life
of 2-3 h, with no active metabolites (Dang et al., 2011;
Edinoff et al., 2021). Administration of zolpidem with
food or immediately after a meal delays the onset of action
(Bouchette et al., 2025). Zolpidem is metabolized primar-
ily in the liver by cytochrome P450 3A4 (CYP3A4), with
smaller contributions from CYP2C9, CYP1A2, CYP2C19,
and CYP2D6 (Dang et al., 2011; Edinoff et al., 2021). This
pharmacokinetic profile may limit the risk of residual cog-
nitive impairment upon awakening and reduce the likeli-
hood of next-day sedation (Dang et al., 2011).

Clinical profile and safety of zolpidem

Zolpidem is a short-acting positive allosteric modula-
tor of GABA , receptors approved by the U.S. Food and
Drug Administration (FDA) for the short-term treatment
of insomnia in adults. It is available in immediate-release
and extended-release tablet formulations (Bouchette et al.,
2025; Edinoff et al., 2021). The standard dose of the imme-
diate-release formulation is 10 mg, administered immedi-
ately before bedtime. In older adults and patients with he-
patic impairment, a reduced dose of 5 mg is recommended
due to slower clearance and an increased risk of adverse
effects (Edinoff et al., 2021; Orsolini et al., 2021).

The modified-release formulation has a biphasic release
profile and a safety profile comparable to that of the im-
mediate-release formulation. The recommended doses
are 12.5 mg for adults and 6.25 mg for older adults (Dang
et al., 2011; Orsolini et al., 2021).

At therapeutic doses, zolpidem has a rapid onset of ac-
tion, reduces sleep onset latency, increases total sleep
time, improves sleep continuity, and decreases the fre-
quency and duration of nocturnal awakenings. When used
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as recommended, it is generally associated with minimal
impairment of daytime functioning (Dang et al., 2011;
Xiang et al., 2021).

Unlike short-acting benzodiazepines, which act at GABA 5
receptors that contain several different a subunits, zolpi-
dem exhibits relative selectivity for receptors containing
the al subunit. This pharmacological profile is associated
with more pronounced hypnotic effects and compara-
tively weaker muscle-relaxant, anxiolytic, and amnestic
effects, resulting in a more favorable safety profile while
maintaining clinical efficacy (Dang et al., 2011; Edinoff
et al., 2021; Orsolini et al., 2021; Wichniak et al., 2023).

Zolpidem is metabolized primarily by CYP3A4; thus,
medications that inhibit this enzyme may increase plasma
concentrations of zolpidem, thereby enhancing its sedative
effects and increasing the risk of adverse events (Bouchette
et al., 2025; Mittal et al., 2021). Case reports have described
visual hallucinations, episodes of amnesia, and behavioral
disturbances during the concurrent use of zolpidem and
selective serotonin reuptake inhibitors (SSRIs), including
fluoxetine, paroxetine, and fluvoxamine (Miyaoka et al.,
2010). Cases of somnambulism have also been reported
during the concomitant administration of zolpidem and
fluvoxamine or valproic acid (Miyaoka et al., 2010; Mittal
et al., 2021). In addition, Paradis et al. (2012) described
2 cases of violent behavior resulting in homicide and fol-
lowed by amnesia in patients receiving paroxetine and zol-
pidem concurrently. However, given the case-report nature
of these observations, they do not establish causality. Con-
comitant use of zolpidem with alcohol, opioids, or other
central nervous system (CNS) depressants substantially
increases the risk of respiratory depression, psychomo-
tor impairment, and altered consciousness (Bouchette
etal., 2025).

Despite its more favorable safety profile compared with
that of benzodiazepines, a growing body of evidence indi-
cates that zolpidem carries a risk of misuse, dependence,
and withdrawal symptoms (Xie et al., 2024). The risk
appears to be particularly high among patients with psy-
chiatric disorders or a history of substance use disorders,
as well as among those who use zolpidem for more than
4 weeks (Miyaoka et al., 2010; Schuelter-Trevisol et al.,
2025). Misuse most commonly involves taking doses
higher than recommended or using the medication for
non-medical purposes, such as inducing euphoria, im-
proving mood, or promoting relaxation. This pattern may
include repeated dosing throughout the day (Xie et al.,
2024).

The increased dependence liability of zolpidem has been
attributed to adaptive changes in GABA 4 receptors and
the loss of its relative selectivity for the a1l subunit at higher
doses. This results in less selective activity at receptors
containing the al, a2, a3, and a5 subunits and produces
effects resembling those of benzodiazepines (Mittal et al.,
2021; Orsolini et al., 2021). Abrupt discontinuation after
prolonged use may lead to withdrawal symptoms, including

rebound insomnia, increased anxiety or agitation, halluci-
nations, and even seizures. Therefore, gradual dose reduc-
tion is recommended (Edinoff et al., 2021; Miyaoka et al.,
2010; Xie et al., 2024).

Neuropsychiatric consequences
of zolpidem misuse

Development of dependence and associated
risk factors

Clinical evidence and neurobiological studies indicate
that zolpidem has a clinically relevant potential for de-
pendence. This risk is particularly high when the medi-
cation is used at doses above the therapeutic range or for
prolonged periods, contrary to current clinical recom-
mendations. Case reports and literature reviews have
documented the development of tolerance, withdrawal
symptoms, and persistent, compulsive patterns of zolpi-
dem use that meet the clinical criteria for a substance use
disorder (Moshfeghinia et al., 2023; Xie et al., 2024).

The development of dependence is associated with adap-
tive changes in GABA 4 receptor function. At higher doses,
zolpidem loses its relative selectivity for receptors con-
taining the al subunit and exhibits broader activity at re-
ceptors containing the a2, a3, and a5 subunits, resulting
in a pharmacological profile that more closely resembles
that of benzodiazepines (Mittal et al., 2021; Orsolini et al.,
2021).

Experimental studies have indicated that chronic expo-
sure to zolpidem alters the mRNA expression of GABA 4
receptor subunits and reduces their functional expres-
sion. These changes may contribute to the development
of pharmacodynamic tolerance and increased suscep-
tibility to withdrawal symptoms (Jembrek et al., 2015).
In animal models, prolonged administration of high doses
of zolpidem resulted in a marked reduction in hippocam-
pal neuronal activity and disrupted corticolimbic syn-
chronization, indicating neuroadaptive changes that may
contribute to the development of dependence (Berdyyeva
et al., 2014).

Case reports and reviews of case series have documented
zolpidem use at extremely high doses, ranging from
200 mg/day to 1,700 mg/day. Such exposure has been as-
sociated with the development of severe dependence char-
acterized by loss of control over medication use, continued
use despite adverse physical consequences, and severe with-
drawal manifestations, including convulsions, seizures,
and delirium (Chattopadhyay et al., 2016; Moshfeghinia
et al., 2023). Importantly, dependence has been reported
both in patients with a history of substance misuse and
in individuals without such predisposing factors. These
observations suggest that zolpidem’s dependence liability
is attributable, at least in part, to its pharmacodynamic
properties rather than exclusively to individual patient
susceptibility (Xie et al., 2024).
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In population-based studies, treatment duration has
emerged as a key risk factor. In an analysis of Brazilian
adults, 69.2% of patients used zolpidem for more than
30 days. Among these individuals, 77.4% took the medi-
cation daily, a pattern that may promote the development
of tolerance and reinforce behaviors suggestive of depen-
dence (Schuelter-Trevisol et al., 2025). A characteristic
pattern of misuse involved gradual dose escalation, ini-
tially to maintain the hypnotic effect and subsequently
to achieve euphoric or anxiolytic effects (Xie et al., 2024).

Psychiatric comorbidities play an important role
in the development of zolpidem dependence. In numer-
ous case reports, patients presented with co-occurring
depressive disorders, anxiety disorders, or personality
disorders, and zolpidem was used not only as a hypnotic
but also as a means of mood regulation. This practice may
increase the risk of compulsive medication use and day-
time dosing (Keuroghlian ez al., 2012; Orsolini et al., 2021).
An increased risk of dependence has also been reported
among shift workers, in whom chronic circadian rhythm
disruption may create a recurrent need for pharmacologi-
cal sleep initiation (Keuroghlian et al., 2012).

These findings also indicate clinically relevant sex differ-
ences. Women were more likely to use zolpidem chronically
and to report adverse effects. These differences may be ex-
plained in part by sex-related differences in pharmacokinet-
ics, including slower clearance, a higher maximum plasma
concentration (Cp,y), and a greater area under the plasma
concentration—time curve (AUC) after the administra-
tion of the same dose. Female patients were also more
likely to continue treatment without medical supervision
(Schuelter-Trevisol et al., 2025). These observations are con-
sistent with evidence suggesting that women may be more
susceptible to the CNS depressant effects of zolpidem and as-
sociated psychomotor impairment (Roehrs and Roth, 2016).

In clinical practice, the perception that zolpidem is safer
than benzodiazepines represents an additional risk factor.
This misconception may encourage liberal prescribing
and prolonged treatment without appropriate monitor-
ing for tolerance or early signs of dependence (Orsolini
et al., 2021). Current guidelines emphasize that zolpidem
should be prescribed with a degree of caution comparable
to that applied to short-acting benzodiazepines. Any deci-
sion to continue treatment beyond several weeks should be
accompanied by reassessment of the individual benefit—
risk balance (Del Rio Verduzco et al., 2023).

Neuropsychiatric and electrophysiological
consequences of supratherapeutic
zolpidem doses

The use of zolpidem at doses exceeding the therapeutic
range is associated with substantial disturbances in CNS func-
tion, including increased cortical excitability, altered states
of consciousness, visual hallucinations, and complex percep-
tual disturbances (Mittal et al., 2021; Orsolini et al., 2021).

At high doses, zolpidem may disrupt neuronal networks
involved in cognitive processing and perceptual integration.
Experimental evidence indicates that supratherapeutic
doses can alter corticolimbic network activity, which may
manifest clinically as cognitive disorganization, percep-
tual disturbances, and episodes of derealization (Kersanté
etal., 2023).

The literature describes disturbances of consciousness
of varying severity, ranging from transient episodes of dis-
orientation to delirium tremens-like states, particularly
after the abrupt discontinuation of high-dose zolpidem.
These manifestations have been observed both in patients
with prior exposure to CNS depressants and in individu-
als without significant psychiatric comorbidities, suggest-
ing that supratherapeutic zolpidem use may cause severe
dysregulation of neurotransmission (Awasthi and Vohra,
2023; Mattoo et al., 2011).

Visual hallucinations are rare but well-documented
adverse effects of zolpidem, particularly among older
adults and under conditions of increased systemic expo-
sure (Edinoff et al., 2021; Orsolini et al., 2021). Reported
manifestations include perceptual distortions and complex
visual hallucinations, often accompanied by anterograde
amnesia and impaired insight. Reports indicate that even
therapeutic doses of zolpidem may induce visual halluci-
nations, particularly in hospitalized older patients (Mian,
2019). Multimodal hallucinations involving simultaneous
visual, auditory, and kinesthetic phenomena have also been
reported, suggesting that zolpidem may substantially dis-
rupt sensory integration and the functioning of associative
neural networks (Ram et al., 2015).

Complex sleep-related behaviors, including automa-
tisms, somnambulism, and other parasomnias, are well-
documented adverse effects of zolpidem and may occur
at both therapeutic and supratherapeutic doses. However,
the risk may increase with greater drug exposure. Litera-
ture reviews have described behaviors such as sleep-related
eating, driving, making telephone calls, and episodes of ag-
gression during states of impaired consciousness. These
events are often accompanied by complete anterograde
amnesia (Mittal et al., 2021; Poceta, 2011). Extreme cases
of violent behavior have also been reported, including 2 ho-
micides allegedly committed by patients during episodes
of automatism while taking zolpidem in combination with
SSRIs (Paradis et al., 2012). Because these observations
are based on case reports, they do not establish causality.

High doses of zolpidem may also produce pronounced
euphoric effects, substantially increasing its potential for
misuse. A magnetoencephalography (MEG) study found
that euphoria induced by a supratherapeutic dose of zol-
pidem was associated with altered activity in the fron-
toparietal network involved in emotion and reward pro-
cessing, providing neurobiological support for the drug’s
reinforcing and recreational effects (Kersanté et al., 2023).
Similar findings have been reported in healthy volunteers,
in whom supratherapeutic doses of zolpidem produced
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subjective effects resembling those of psychoactive sub-
stances (Licata et al., 2011).

The use of zolpidem in high doses has been associated
with prolongation of the QT interval and an increased
risk of cardiac arrhythmias, syncope, and falls. This ef-
fect is thought to result from the inhibition of human
ether-a-go-go-related gene (hERG) potassium channels
and the prolongation of the cardiomyocyte action poten-
tial. When combined with impaired consciousness and
motor incoordination, these effects may substantially in-
crease the risk of injury, particularly among older adults
(Campagnari et al., 2022; Jehle et al., 2013).

Zolpidem withdrawal syndrome
Pathophysiology

Zolpidem withdrawal syndrome is a clinically significant
consequence of prolonged or supratherapeutic exposure
and is increasingly described in the neurological and neu-
ropsychiatric literature. Although zolpidem was initially
classified as a hypnotic with limited dependence liability,
accumulating clinical evidence indicates that abrupt dis-
continuation, particularly after high-dose use, may result
in a withdrawal syndrome with a clinical presentation
comparable to that of benzodiazepine withdrawal (Awasthi
and Vohra, 2023; Mattoo et al., 2011). Symptom severity
is closely related to treatment duration, cumulative dose,
and individual patient susceptibility (Orsolini et al., 2021).

At the pathophysiological level, zolpidem withdrawal
syndrome results from adaptive changes in GABAergic
neurotransmission that develop during chronic exposure
to the medication. Prolonged modulation of GABA , re-
ceptors leads to reduced receptor expression, alterations
in the composition of receptor subunits, and diminished
efficacy of synaptic inhibition. Experimental studies have
demonstrated that chronic administration of zolpidem
induces significant changes in the mRNA expression
of GABA 4 receptor subunits, thereby contributing to phar-
macodynamic tolerance and increased neuronal excit-
ability after abrupt discontinuation (Jembrek et al., 2015).

Although closely related to the mechanisms underlying
dependence, the central pathophysiological event in with-
drawal is the abrupt loss of drug-mediated GABAergic
inhibition in the setting of compensatory neuroadaptation.
An additional factor contributing to withdrawal sever-
ity is the loss of zolpidem’s relative selectivity for the al
subunit when the medication is used at supratherapeutic
doses. Broader activity at receptors containing the a2, a3,
and o5 subunits induces neuroadaptive changes qualita-
tively similar to those observed after chronic benzodiaz-
epine exposure. After abrupt discontinuation, these adap-
tations result in a rapid shift in the excitation—inhibition
balance toward neuronal hyperexcitability and a relative
predominance of excitatory neurotransmission (Orsolini
et al., 2021; Xie et al., 2024).

Clinical manifestations and severe complications

The clinical manifestations of zolpidem withdrawal
range from mild-to-moderate symptoms to severe, po-
tentially life-threatening neurological complications.
The most commonly reported symptoms include pro-
nounced anxiety, psychomotor agitation, irritability, re-
bound insomnia, tremor, diaphoresis, and autonomic hy-
peractivity. These manifestations typically emerge within
24-72 h of discontinuation and may be misinterpreted
as a recurrence of the underlying sleep disorder or anxi-
ety disorder. Such misclassification may lead to renewed
zolpidem use and reinforce patterns of dependence (Dang
et al., 2011; Edinoff et al., 2021).

Some patients also experience neuropsychiatric symp-
toms, including impaired attention and concentration,
derealization, depersonalization, and transient perceptual
disturbances. These manifestations may reflect tempo-
rary destabilization of corticolimbic networks involved
in conscious awareness, cognitive processing, and emo-
tional regulation (Miyaoka et al., 2010).

In severe cases, zolpidem withdrawal may be acutely
life-threatening. Numerous cases of convulsions and
epileptic seizures following the abrupt discontinuation
of high-dose zolpidem have been reported, both in patients
with a history of neurological disorders and in individuals
with no known CNS disease (Hadinezhad and Hosseini,
2021). These manifestations result from the abrupt loss
of GABAergic inhibition, leading to secondary neuronal
hyperexcitability (Hadinezhad and Hosseini, 2021; Mattoo
et al., 2011).

A particularly severe manifestation of zolpidem with-
drawal is delirium, often with a clinical presentation
resembling sedative-hypnotic withdrawal delirium.
It is characterized by profound disorientation, impaired
consciousness, visual hallucinations, and marked psycho-
motor agitation, frequently requiring intensive inpatient
treatment. Importantly, such complications have also been
reported in patients with no prior exposure to alcohol
or benzodiazepines, indicating that zolpidem itself may
independently induce severe withdrawal manifestations
(Awasthi and Vohra, 2023; Mattoo et al., 2011).

Risk factors and strategies for safe discontinuation

The main risk factors for zolpidem withdrawal include
prolonged use, dose escalation beyond the therapeutic
range, and abrupt discontinuation. Increased susceptibil-
ity has also been observed in patients with co-occurring
anxiety or depressive disorders and in individuals with
chronic circadian rhythm disruption, including shift work-
ers (Orsolini et al., 2021; Xie et al., 2024).

A more severe withdrawal course is more common among
patients who concurrently use other CNS depressants,
particularly alcohol and benzodiazepines. Such combined
exposure may intensify neuroadaptive changes involving
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GABA 4 receptors and increase the risk of seizures and
delirium (Miyaoka et al., 2010; Orsolini et al., 2021).

Because zolpidem withdrawal may be severe, abrupt dis-
continuation of treatment is not recommended after pro-
longed use or exposure to high doses. Current guidelines
recommend gradual, supervised dose reduction tailored
to treatment duration and the individual’s risk profile, with
close monitoring for neurological and neuropsychiatric
complications (Del Rio Verduzco et al., 2023). An impor-
tant component of safe discontinuation is the concurrent
implementation of non-pharmacological treatments for
insomnia, particularly cognitive behavioral therapy, which
may reduce the risk of symptom recurrence and renewed
exposure to zolpidem (Dang et al., 2011; Del Rio Verduzco
et al., 2023).

The management of patients who misuse zolpidem
or have developed zolpidem dependence should be tailored
to the severity of the condition and the clinical setting
in which treatment is provided. For patients exhibiting
harmful use without evidence of severe or complicated
dependence, outpatient deprescribing is generally the pre-
ferred approach. The effectiveness of this process can be
substantially improved through multicomponent interven-
tions that combine gradual dose reduction with patient
education and coordinated support from physicians and
pharmacists (Zeraatkar et al., 2025).

Patient education regarding the risks associated with
long-term benzodiazepine and Z-drug use, combined
with regular medication reviews, significantly increases
the proportion of individuals who successfully discontinue
treatment without adversely affecting their mental health
or worsening insomnia severity (Zeraatkar et al., 2025).

In patients with severe zolpidem dependence, whose
daily doses often exceed the therapeutic range severalfold,
inpatient detoxification may be necessary using protocols
similar to those employed for dependence on conventional
benzodiazepines (Basifiska-Szafraiska, 2022; Orsolini
etal.,2021). The standard approach in such cases involves
replacing zolpidem with a long-acting agent that has a sim-
ilar mechanism of action, most commonly diazepam.

However, uncontrolled diazepam accumulation during
the initial phase of detoxification represents an important

clinical risk. Paradoxically, it may prolong the period of el-
evated serum drug concentrations and delay the onset
of withdrawal symptoms until after hospital discharge
(Basinska-Szafranska, 2022).

An alternative to the conventional approach is the anti-
accumulation strategy, which involves intensive, individu-
alized reduction of the substitute medication dose guided
by laboratory monitoring of serum drug concentrations.
Applying this strategy to detoxification from high-dose
zolpidem may safely shorten exposure to elevated drug
concentrations, allow the elimination phase to begin
earlier, and ensure continued medical supervision un-
til the medication has been adequately cleared, thereby
minimizing the risk of early relapse (Basinska-Szafranska,
2022).

Conclusions

Zolpidem remains one of the most widely used hypnotic
medications for the treatment of insomnia, with estab-
lished efficacy in improving sleep parameters through its
preferential activity at GABA 4 receptors containing the al
subunit. Its favorable pharmacodynamic profile has made
it an important alternative to benzodiazepines, particu-
larly for the short-term treatment of sleep disturbances.

However, a growing body of evidence indicates that zol-
pidem use may be associated with adverse effects, includ-
ing altered states of consciousness, complex sleep-related
behaviors, and other neuropsychiatric manifestations.
An additional clinically important concern is the risk
of tolerance, dependence, and withdrawal symptoms
of varying severity, ranging from rebound insomnia and
anxiety to delirium and seizures.

In light of the available evidence, zolpidem should be
prescribed only after careful patient assessment, with
the duration of treatment kept as short as possible and
patients monitored closely for adverse effects, misuse, and
emerging signs of dependence. Although zolpidem retains
an established role in the pharmacological treatment of in-
somnia, its safety profile remains an important clinical
concern that warrants further investigation.
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Cel

Bezsennos$¢ nalezy do najczestszych zaburzen snu, a jej
przewlekla posta¢ wigze sie z istotnymi konsekwencjami
zdrowotnymi, obejmujacymi uposledzenie funkcji po-
znawczych, pogorszenie jako$ci zycia oraz zwiekszone ry-
zyko choréb somatycznych i wypadkéw komunikacyjnych
(Dang et al., 2011; Wichniak et al., 2023).

Mimo wysokiej skuteczno$ci metod niefarmakologicz-
nych, w szczegdlnosci terapii poznawczo-behawioralnej,
w praktyce klinicznej farmakoterapia pozostaje istotnym
elementem postepowania u pacjentéw z nasilonymi obja-
wami lub w sytuacjach, gdy interwencje psychologiczne sa
niewystarczajace badz trudno dostepne (Dang et al., 2011;
Wichniak ez al., 2023). Wsréd dostepnych lekéw nasennych
znaczacg role odgrywaja niebenzodiazepinowe agonisty
receptoréw kwasu y-aminomastowego typu A (GABA,),
okresélane jako leki Z, sposréd ktoérych zolpidem pozo-
staje jednym z najczesciej stosowanych (Dang et al., 2011;
Leszek, 2019).

Zolpidem opracowano jako preparat o preferencyjnym
powinowactwie do podjednostki al receptora GABA,,
co miato umozliwi¢ uzyskanie dziatania nasennego przy
jednoczesnym ograniczeniu typowych dla benzodiazepin
efektow, takich jak miorelaksacja, dziatanie anksjolityczne
czy potencjal uzalezniajacy (Mattoo et al., 2011). Skutecz-
nos$¢ w skracaniu latencji snu, wydluzaniu catkowitego
czasu snu oraz poprawie subiektywnej jakosci snu zo-
stata potwierdzona w licznych badaniach klinicznych, co
ugruntowalo jego zastosowanie w krétkotrwatym leczeniu
bezsennosci (Chattopadhyay et al., 2016). Aktualne wy-
tyczne kliniczne podkreslaja jego zastosowanie w terapii
epizod6w bezsenno$ci wymagajacych szybkiej interwencji
farmakologicznej (Del Rio Verduzco et al., 2023).

Mimo udokumentowanej skutecznosci rosnie liczba
doniesient wskazujacych na szerokie spektrum dziatan
niepozadanych o charakterze neurologicznym, neuro-
psychiatrycznym oraz zwiazanych ze snem, obejmujacych
zaburzenia §wiadomosci, reakcje dysocjacyjne, ztozone
zachowania podczas snu, halucynacje oraz epizody euforii,
co budzi obawy dotyczace bezpieczenstwa stosowania oraz
potencjalu naduzywania leku (Xie et al., 2024).

Szczegdlnie istotnym problemem klinicznym pozo-
stajg objawy odstawienne, ktére moga mie¢ charakter za-
réwno fagodny (lek, pobudzenie i bezsenno$¢ z odbicia),
jak i ciezki, manifestujacy si¢ majaczeniem, zaburzeniami
$wiadomosci, drgawkami oraz napadami padaczkowymi
(Hadinezhad i Hosseini, 2021). W literaturze opisano przy-
padki gwaltownego rozwoju majaczenia po naglym odsta-
wieniu wysokich dawek zolpidemu, réwniez u pacjentéw
bez wcze$niejszych zaburzen neurologicznych lub psychia-
trycznych (Awasthii Vohra, 2023). Co istotne, ciezkie ob-
jawy abstynencyjne (w tym drgawki) obserwowano takze
u 0s6b bez wczedniejszej ekspozycji na benzodiazepiny
— to sugeruje, ze potencjal uzalezniajacy zolpidemu wynika
z jego wlasciwosci farmakologicznych oraz adaptacyjnych

zmian w obrebie ukladu GABA-ergicznego (Haji Seyed
Javadi et al., 2014).

Niniejsza praca przedstawia aktualny stan wiedzy doty-
czacy roli zolpidemu w leczeniu bezsenno$ci, ze szczegdl-
nym uwzglednieniem jego farmakodynamiki, skuteczno-
$ci klinicznej, potencjalu naduzywania i uzaleznienia oraz
profilu zespotu odstawiennego, na podstawie dostepnych
danych klinicznych i opiséw przypadkéw (Del Rio Verduzco
et al., 2023).

Przeglad pismiennictwa
Materiaty i metody

Na potrzeby niniejszego przegladu przeprowadzono wy-
szukiwanie pi$miennictwa medycznego w bazie PubMed®,
ktére uzupelniono analiza Zrédet cytowanych w wybra-
nych publikacjach. Kwerende wykonano w dniach 4-8 li-
stopada 2025 r., obejmujac publikacje z lat 2010-2025.

W strategii wyszukiwania zastosowano nastepujace
stowa kluczowe: ,zolpidem”, ,insomnia”, ,zolpidem ad-
diction”, ,,zolpidem tolerance”, ,zolpidem withdrawal syn-
drome” oraz ,mechanism of zolpidem”.

Kryteria wykluczenia obejmowaly publikacje niezwia-
zane z tematyka przegladu, artykuly niedostepne w petnej
formie oraz prace opublikowane w jezykach innych niz
angielski. Selekcji badar dokonywano na podstawie analizy
tytuléw i streszczen, a nastepnie pelnych tekstéw publi-
kacji. Ostatecznie do przegladu wiaczono 35 artykutéw.

Mechanizm dziatania zolpidemu

Zolpidem jest niebenzodiazepinowym $rodkiem na-
sennym nalezacym do grupy imidazopirydyn. Jest do-
datnim modulatorem allosterycznym receptora kwasu
y-aminomastowego typu A (GABA ,), wykazujacym duze
powinowactwo do podjednostek zawierajacych al, tzw.
miejsca benzodiazepinowego typu wl (Dang et al., 2011).
Poprzez allosteryczne wigzanie w obrebie miejsca ben-
zodiazepinowego nasila przewodnictwo jonéw chlorko-
wych przez kanat GABA 4, prowadzac do hiperpolaryzacji
neuronéw oraz zmniejszenia ich pobudliwo$ci (Edinoff
et al., 2021). Selektywno$¢ wzgledem podjednostki al przy
stabszym oddzialywaniu na a2, a3 i «5 odpowiada za do-
minujace dzialanie nasenne i sedacyjne zolpidemu, przy
relatywnie stabszym wplywie na lek, napiecie migesniowe
oraz dzialanie przeciwdrgawkowe, charakterystyczne dla
nieselektywnych benzodiazepin (Edinoff et al., 2021).

Zolpidem, zaleznie od dawki, wywiera istotny wplyw
na aktywnos¢ sieci neuronalnych, modulujac dynamike
oscylacji snu oraz synchronizacje struktur korowych i lim-
bicznych. W badaniach przeprowadzonych na szczurach
wykazano, ze w niskich dawkach zwigksza amplitude fal
wolnych, nasila gesto$¢ wrzecion snu w hipokampie oraz
wzmacnia sprzezenie czasowe pomiedzy wrzecionami snu
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a wolnymi oscylacjami korowymi, co moze sprzyjac¢ kon-
solidacji pamieci zaleznej od snu (Kersanté et al., 2023).
Jednoczesnie sen NREM (ang. non-rapid eye movement)
indukowany zolpidemem rézni si¢ od fizjologicznego
—w modelach mysich lek obniza moc widma w elektroen-
cefalografii (EEG) poprzez selektywne wzmocnienie recep-
toréw GABA , zawierajacych podjednostke al, cho¢ jego
dzialanie sedacyjne zwigzane z hamowaniem neuronéw
histaminergicznych podwzgérza moze zachodzi¢ niezalez-
nie od tego mechanizmu (Uygun et al., 2016). W wyzszych
dawkach (np. 10 mg/kg m.c.) zolpidem istotnie hamuje ak-
tywnos$¢ neurondéw piramidalnych pola CA1 hipokampu,
trzykrotnie zmniejszajac czesto$¢ sygnaléw wapniowych,
co moze prowadzi¢ do zaburzen funkcji pamieci epizo-
dycznej (Berdyyeva et al., 2014). W badaniach na szczurach
obserwowano réwniez zalezne od dawki hamowanie ak-
tywno$ci hipokampu oraz modulacje synchronizacji w osi
CA1l-kora przedczolowa (Kersanté et al., 2023). Czesc¢ tych
obserwacji znajduje potwierdzenie réwniez u ludzi. W ba-
daniach z udziatem zdrowych ochotnikéw wykazano, ze
zolpidem modyfikuje architekture snu NREM, zwiekszajac
gesto$¢ wrzecion snu oraz wplywajac na ich sprzezenie
z wolnymi oscylacjami korowymi, co moze mie¢ zna-
czenie dla proceséw konsolidacji pamieci epizodycznej
(Mednick et al., 2013; Zhang et al., 2020). Lacznie dane
te wskazuja, ze zolpidem powoduje ztozone, zalezne od
dawki oraz selektywnos$ci wobec podjednostek receptora
GABA 4, zmiany w funkcjonowaniu sieci korowo-limbicz-
nych, ktére moga przekltadac sie zaréwno na architekture
snu, jak i procesy poznawcze.

Zolpidem charakteryzuje si¢ szybkim wchtanianiem,
biodostepnoscia okoto 70% oraz krétkim okresem pol-
trwania wynoszacym okoto 2-3 h, przy braku aktyw-
nych metabolitéw (Dang et al., 2011; Edinoff et al., 2021).
Przyjmowanie leku wraz z positkiem lub bezposrednio po
nim op6znia poczatek dzialania (Bouchette et al., 2025).
Metabolizowany jest gtéwnie w watrobie przez CYP3A4,
aw mniejszym stopniu przez CYP2C9, CYP1A2, CYP2C19
i CYP2D6 (Dang et al., 2011; Edinoff et al., 2021). Taki
profil farmakokinetyczny ogranicza ryzyko utrzymujacego
sie rano uposledzenia funkeji poznawczych oraz zmniejsza
prawdopodobienistwo wystepowania sedacji nastepnego
dnia (Dang et al., 2011).

Profil kliniczny i bezpieczenstwo
stosowania zolpidemu

Zolpidem jest krotko dziatajacym agonista receptoréw
GABA, zarejestrowanym przez FDA (Food and Drug
Administration) do krétkotrwatego leczenia bezsennosci
u dorostych. Dostepny jest w postaci tabletek o natychmia-
stowym oraz przedtuzonym uwalnianiu (Bouchette et al.,
2025; Edinoff et al., 2021). Standardowa dawka preparatu
o szybkim uwalnianiu wynosi 10 mgi przyjmuje ja sie bez-
posrednio przed snem. W przypadku oséb w podeszlym
wieku oraz pacjentéw z niewydolno$cia watroby zaleca

sie jej redukcje do 5 mg ze wzgledu na wolniejszy klirens
izwigkszone ryzyko dzialan niepozadanych (Edinoff et al.,
2021; Orsolini et al., 2021). Preparat o przedluzonym
uwalnianiu (ang. modified release — MR) charakteryzuje
sie dwufazowym profilem uwalniania i poréwnywalnym
bezpieczenstwem wzgledem postaci o natychmiasto-
wym uwalnianiu. Zalecane dawki wynosza odpowiednio
12,5 mg oraz 6,25 mg u pacjentéw w podeszlym wieku
(Dang et al., 2011; Orsolini et al., 2021).

W dawkach terapeutycznych zolpidem charakteryzuje
sie szybkim poczatkiem dzialania, skraca czas zasypiania,
wydtuza catkowity czas snu, poprawia jego ciaglos$¢ oraz
zmniejsza liczbe i czas trwania wybudzen. Co wazne, nie
powoduje istotnego uposledzenia funkcjonowania w ciagu
dnia (Dang et al., 2011; Xiang et al., 2021). W poréwnaniu
z krétko dziatajacymi benzodiazepinami, ktére wplywaja
na wiele podjednostek receptora GABA 4, zolpidem wy-
kazuje wzgledna selektywnos¢ wobec podjednostki al.
Wiaze si¢ to z silniejszym dzialaniem nasennym oraz
stabszym efektem miorelaksacyjnym, przeciwlekowym
i amnestycznym, co skutkuje korzystniejszym profilem
bezpieczenstwa przy zachowanej skutecznosci klinicznej
(Dang et al., 2011; Edinoff et al., 2021; Orsolini et al., 2021,
Wichniak et al., 2023).

Zolpidem metabolizowany jest gléwnie przez izoenzym
CYP3A4, dlatego leki hamujace jego aktywno$¢ moga
zwiekszac stezenie zolpidemu w osoczu, nasilajac dziatanie
sedacyjne oraz ryzyko dzialan niepozadanych (Bouchette
et al., 2025; Mittal et al., 2021). Jednoczesne stosowanie
inhibitoréw wychwytu zwrotnego serotoniny, takich jak
fluoksetyna, paroksetyna czy fluwoksamina, opisywano
jako czynnik wywolujacy halucynacje wzrokowe, epizody
amnezji oraz zaburzenia zachowania (Miyaoka et al., 2010).
W literaturze odnotowano réwniez przypadki somnam-
bulizmu w trakcie réwnoleglego stosowania zolpidemu
z fluwoksaming lub kwasem walproinowym (Miyaoka
et al., 2010; Mittal et al., 2021), a takze dwa przypadki
agresywnych zachowan zakonczonych zabdjstwem z na-
stepcza amnezja u pacjentéw leczonych jednocze$nie
paroksetyna i zolpidemem (Paradis et al., 2012). Réwno-
czesne stosowanie zolpidemu z alkoholem, opioidami lub
innymi depresantami o$rodkowego uktadu nerwowego
(OUN) znaczaco zwieksza ryzyko depresji oddechowej, za-
burzen psychomotorycznych oraz zaburzen §wiadomosci
(Bouchette et al., 2025).

Mimo korzystniejszego profilu bezpieczeristwa w po-
réwnaniu z benzodiazepinami pojawia sie coraz wiecej da-
nych wskazujacych na ryzyko naduzywania, uzaleznienia
oraz wystepowania objawéw odstawiennych po zolpidemie
(Xie et al., 2024). Szczegolnie wysokie ryzyko dotyczy pa-
cjentéw z zaburzeniami psychicznymi, historia uzaleznien
oraz stosujacych lek dluzej niz 4 tygodnie (Miyaoka et al.,
2010; Schuelter-Trevisol et al., 2025). Naduzywanie naj-
czes$ciej wynika z przyjmowania zolpidemu w dawkach
przekraczajacych zalecenia lub poza wskazaniami — w celu
uzyskania euforii, poprawy nastroju czy rozluznienia,
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co przejawia si¢ m.in. przyjmowaniem kolejnych dawek
w ciggu dnia (Xie ez al., 2024). Mechanizm zwigkszonego
potencjalu uzalezniajacego wiaze si¢ ze zmianami adapta-
cyjnymi w receptorach GABA 4 oraz utrata selektywnosci
zolpidemu wobec podjednostki al w wyzszych dawkach,
co prowadzi do nieselektywnej aktywacji receptoréw al,
a2, a3 i a5, generujac efekty zblizone do benzodiazepin
(Mittal et al., 2021; Orsolini et al., 2021). Nagle przerwanie
dtugotrwalej ekspozycji na lek moze skutkowac objawami
odstawiennymi, takimi jak bezsenno$¢, zwiekszone na-
piecie, halucynacje, a nawet drgawki, dlatego zaleca sie
stopniowa redukcje dawki (Edinoff et al., 2021; Miyaoka
et al., 2010; Xie et al., 2024).

Neuropsychiatryczne konsekwencje
naduzywania zolpidemu

Rozwdéj uzaleznienia i czynniki ryzyka

Dane kliniczne oraz badania neurobiologiczne jedno-
znacznie wskazujg, ze zolpidem wykazuje istotny potencjat
uzalezniajacy. Ryzyko to jest szczegélnie wysokie w przy-
padku stosowania dawek przekraczajacych zakres terapeu-
tyczny oraz dlugotrwalej terapii prowadzonej niezgodnie
z obowiazujacymi rekomendacjami. Opisy przypadkéw
oraz przeglady literatury dokumentuja rozwdj tolerancji,
wystepowanie objaw6w abstynencyjnych oraz pojawianie
sie utrwalonych, kompulsywnych wzorcéw przyjmowania
leku, spetniajacych kliniczne kryteria zaburzen uzywania
substancji (Moshfeghinia et al., 2023; Xie et al., 2024).

Mechanizm rozwoju zaleznosci wiaze si¢ z adaptacyj-
nymi zmianami w obrebie receptoréw GABA . Wraz ze
wzrostem dawki dochodzi do utraty selektywnosci zol-
pidemu wzgledem podjednostki ol oraz nieselektywnej
aktywacji podjednostek a2, a3 i a5, co nadaje jego dziata-
niu profil zblizony do benzodiazepin (Mittal et al., 2021;
Orsolini et al., 2021).

Badania eksperymentalne potwierdzaja, ze przewle-
kla ekspozycja na zolpidem prowadzi do zmian ekspresji
mRNA podjednostek receptoréw GABA 4 oraz redukgji ich
funkcjonalnej ekspresji, a to stanowi podstawe farmakody-
namicznej tolerancji oraz zwiekszonej podatnosci na objawy
odstawienne (Jembrek et al., 2015). W modelach zwierze-
cych dlugotrwale podawanie wysokich dawek wywotywato
istotna redukcje aktywnosci neuronalnej hipokampu oraz
zaburzenia synchronizacji korowo-limbicznej, odzwier-
ciedlajac neuroadaptacje typowe dla substancji o wysokim
potencjale uzalezniajacym (Berdyyeva et al., 2014).

W opisach przypadkéw oraz przegladach serii przy-
padkéw raportowano stosowanie zolpidemu w bardzo
wysokich dawkach siegajacych 200-1700 mg na dobe.
Taka ekspozycja wiazala si¢ z rozwojem pelnoobjawo-
wej zaleznosci, charakteryzujacej sie utrata kontroli nad
przyjmowaniem leku, kontynuacja terapii pomimo szkéd
somatycznych oraz wystepowaniem ciezkich objawéw abs-
tynencyjnych, w tym drgawek, napadéw padaczkowych

i majaczenia po prébie odstawienia (Chattopadhyay et al.,
2016; Moshfeghinia et al., 2023). Co istotne, zalezno$¢
rozwijala sie zaréwno u pacjentéw z wcze$niejsza historia
naduzywania substancji, jak i u oséb bez takich obcia-
zen, co potwierdza, ze potencjat uzalezniajacy zolpidemu
wynika z jego wlasciwos$ci farmakodynamicznych, a nie
wylacznie z predyspozycji pacjenta (Xie et al., 2024).

W badaniach populacyjnych kluczowym czynnikiem ry-
zyka okazal sig czas trwania terapii. W analizie obejmujacej
dorosta populacje brazylijska przewlekle stosowanie zolpi-
demu przez okres dluzszy niz 30 dni dotyczylo 69,2% pa-
cjentow. Sposrod nich 77,4% przyjmowalo lek codziennie,
co sprzyjalo narastaniu tolerancji oraz utrwalaniu wzor-
céw sugerujacych rozwdj zaleznosci (Schuelter-Trevisol
et al., 2025). Charakterystyczny wzorzec naduzywania
obejmowat stopniowa eskalacje dawki, poczatkowo w celu
utrzymania skuteczno$ci nasennej, a nastepnie w celu uzy-
skania dziatania euforycznego lub anksjolitycznego (Xie
et al., 2024).

Istotng role w rozwoju zalezno$ci odgrywaja czynniki
psychopatologiczne. W licznych opisach przypadkéw pa-
cjenci prezentowali wspolistniejace zaburzenia depresyjne,
lekowe lub zaburzenia osobowosci, a zolpidem byl stoso-
wany nie tylko jako lek nasenny, lecz takze jako $rodek
regulujacy nastroj, co zwiekszalo ryzyko kompulsywnego
przyjmowania i stosowania w ciaggu dnia (Keuroghlian
et al., 2012; Orsolini et al., 2021). Zwigkszone ryzyko za-
lezno$ci odnotowano takze u 0séb pracujacych w systemie
zmianowym, u ktérych przewlekla dysregulacja rytmu
dobowego generowata powtarzalna potrzebe farmakolo-
gicznego inicjowania snu (Keuroghlian et al., 2012).

Wyniki badan wskazuja réwniez na istotne réznice mie-
dzyplciowe. Kobiety cze$ciej stosowaly zolpidem przewle-
kleiczesciej zglaszaly dzialania niepozadane, co cze$ciowo
wynika z odmiennych parametréw farmakokinetycznych,
obejmujacych wolniejszy metabolizm oraz wyzsze wartosci
maksymalnego stezenia leku w surowicy (Cy.ay) i pola pod
krzywa zaleznosci stezenia leku we krwi od czasu (ang.
area under the curve — AUC) przy tej samej dawce, a takze
wieksza sktonno$¢ do samodzielnego kontynuowania tera-
pii bez nadzoru lekarskiego (Schuelter-Trevisol et al., 2025).
Obserwacje te pozostaja zgodne z danymi wskazujacymi
na zwiekszona wrazliwos¢ kobiet na depresyjne dziatanie
lekéw wplywajacych na OUN oraz zwiazane z tym zabu-
rzenia funkcji psychomotorycznych (Roehrs et al., 2016).

W praktyce klinicznej dodatkowym czynnikiem ryzyka
jest utrwalone przekonanie o wiekszym bezpieczenstwie
zolpidemu w poréwnaniu z benzodiazepinami, co sprzyja
liberalnemu przepisywaniu leku oraz prowadzeniu terapii
bez wlasciwego monitorowania tolerancji i wezesnych ob-
jawow zaleznosci (Orsolini et al., 2021). Aktualne wytyczne
podkreslaja, ze zolpidem powinien by¢ stosowany z ostroz-
noscia poréwnywalna do krétko dziatajacych benzodiaze-
pin, a decyzja o kontynuacji leczenia po kilku tygodniach
powinna wiaza¢ sie z ponowna ocena bilansu korzy$ci
i ryzyka (Del Rio Verduzco et al., 2023).
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Neuropsychiatryczne i elektrofizjologiczne
konsekwencje stosowania
supraterapeutycznych dawek zolpidemu

Stosowanie zolpidemu w dawkach przekraczajacych za-
kres terapeutyczny wiaze sie z istotnymi zaburzeniami
funkcjonowania OUN, obejmujacymi wzrost pobudliwo-
$ci kory mézgowej, zaburzenia §wiadomosci, halucynacje
wzrokowe oraz zlozone zaburzenia percepcji (Mittal et al.,
2021; Orsolini et al., 2021).

W wysokich dawkach zolpidem moze wplywac na funk-
cjonowanie sieci neuronalnych zwiagzanych z procesami
poznawczymi oraz integracja percepcyjna. Badania ekspe-
rymentalne wskazujg, ze supraterapeutyczne dawki leku sa
zdolne zaburza¢ aktywnos¢ struktur korowo-limbicznych,
co klinicznie moze manifestowac sie dezorganizacja proce-
s6w poznawczych, zaburzeniami percepcji oraz epizodami
derealizacji (Kersanté et al., 2023).

W pismiennictwie opisano przypadki zaburzen §wiado-
mosci o zréznicowanym nasileniu, obejmujace zaréwno
krétkotrwate epizody dezorientacji, jak i stany majacze-
niowe o obrazie klinicznym zblizonym do delirium tre-
mens, szczegolnie po naglym odstawieniu wysokich dawek
zolpidemu. Zjawiska te obserwowano zaréwno u pacjentéw
z wczesniejsza ekspozycja na inne depresanty OUN, jak
iu oséb bez istotnych obciazen psychiatrycznych, co suge-
ruje mozliwo$¢ wystepowania ciezkich zaburzen regulacji
neuroprzekaZnictwa w przebiegu stosowania supratera-
peutycznych dawek leku (Awasthi i Vohra, 2023; Mattoo
etal., 2011).

Halucynacje wzrokowe naleza do rzadkich, ale dobrze
udokumentowanych dziatan niepozadanych zolpidemu,
szczegblnie w populacji 0séb w podesztym wieku oraz przy
zwiekszonej ekspozycji (Edinoff et al., 2021; Orsolini et al.,
2021). Opisywano zaréwno znieksztalcenia percepcyjne,
jak i ztozone halucynacje wzrokowe, czesto wspotwyste-
pujace z amnezja nastepcza oraz obnizeniem krytycyzmu.
W pis$miennictwie odnotowano, ze nawet ilo$ci terapeu-
tyczne mogg indukowaé¢ omamy wzrokowe, szczegdlnie
u hospitalizowanych pacjentéw w podeszlym wieku (Mian,
2019). Odnotowano réwniez przypadki halucynacji multi-
modalnych obejmujacych jednocze$nie modalno$é wzro-
kowg, stuchowa i kinestetyczna, co sugeruje istotny wplyw
zolpidemu na integracje sensorycznag oraz funkcjonowanie
sieci asocjacyjnych (Ram et al., 2015).

ZYozone zaburzenia zachowania podczas snu, w tym
automatyzmy, somnambulizm oraz inne parasomnie, na-
leza do dobrze udokumentowanych dziatan niepozadanych
zolpidemu i moga wystepowac zaréwno podczas stosowa-
nia dawek terapeutycznych, jak i supraterapeutycznych.
Ryzyko ich wystgpienia moze jednak wzrasta¢ wraz ze
zwiekszong ekspozycja na lek. W przegladach literatury
opisano nastepujace zachowania: jedzenie podczas snu,
prowadzenie pojazdéw, rozmowy telefoniczne czy epizody
agresji w stanie niepelnej §wiadomosci. Zdarzeniom tym
czesto towarzyszy catkowita amnezja nastepcza (Mittal

et al., 2021; Poceta, 2011). Przedstawiono réwniez skrajne
przypadki zachowan przemocowych, w tym dwa incydenty
zabdjstw dokonanych w stanie automatyzmu u pacjentéw
przyjmujacych zolpidem w skojarzeniu z SSRI (ang. selec-
tive serotonin reuptake inhibitor) (Paradis et al., 2012).

Wysokie dawki zolpidemu moga takze wywolywac wy-
razne efekty euforyczne, co istotnie zwieksza ryzyko nad-
uzywania. W badaniu magnetoencefalograficznym (MEG)
wykazano, ze stan euforii indukowany supraterapeutyczna
dawka zolpidemu korelowatl ze zmianami aktywnosci sieci
czotowo-ciemieniowych odpowiedzialnych za regulacje
emocjiinagrody, co potwierdza neurobiologiczne podstawy
wlasciwosci rekreacyjnych leku (Kersanté et al., 2023). Po-
dobne obserwacje odnotowano u zdrowych ochotnikéw,
u ktérych zolpidem w dawkach wyzszych niz terapeutyczne
wywolywat subiektywne efekty przypominajace dziatanie
substancji psychoaktywnych (Licata et al., 2011).

Stosowanie duzych dawek zolpidemu wiaze sie z wydtu-
zeniem odstepu QT oraz zwigkszonym ryzykiem arytmii,
omdleri i upadkéw. Mechanizm ten zwigzany jest zhamo-
waniem kanatéw potasowych hERG (ang. human ether-a-
go-go-related gene) i wydluzeniem potencjatu czynno$cio-
wego kardiomiocytéw, co w polaczeniu z zaburzeniami
$wiadomosci i koordynacji ruchowej istotnie zwieksza
ryzyko urazéw, zwlaszcza u oséb starszych (Campagnari
et al., 2022; Jehle et al., 2013).

Zespot abstynencyjny po zolpidemie
Patofizjologia

Zespdt odstawienny po zolpidemie stanowi klinicznie
istotne nastepstwo diugotrwalej lub supraterapeutycznej
ekspozycji na lek i jest coraz czesciej opisywany w litera-
turze neurologicznej oraz neuropsychiatrycznej. Pomimo
pierwotnej klasyfikacji zolpidemu jako $rodka nasennego
o ograniczonym potencjale uzalezniajacym narastajace
dane kliniczne wskazuja, ze nagle przerwanie leczenia,
zwlaszcza po stosowaniu wysokich dawek, moze prowa-
dzi¢ do rozwoju zespolu abstynencyjnego o obrazie kli-
nicznym poréwnywalnym z zespolem odstawiennym po
benzodiazepinach (Awasthi i Vohra, 2023; Mattoo et al.,
2011). Nasilenie objawéw pozostaje Scisle zalezne od czasu
trwania terapii, skumulowanej dawki oraz indywidualnej
podatnosci pacjenta (Orsolini et al., 2021).

Na poziomie patofizjologicznym zesp6t odstawienny po
zolpidemie jest konsekwencja adaptacyjnych zmian w ob-
rebie przekaznictwa GABA-ergicznego, rozwijajacych sie
w trakcie przewleklej ekspozycji na lek. Dlugotrwata mo-
dulacja receptoréw GABA 4 prowadzi do zmniejszenia ich
ekspresji, modyfikacji sktadu podjednostek receptorowych
oraz ostabienia skuteczno$ci hamowania synaptycznego.
W badaniach eksperymentalnych wykazano, ze przewlekte
stosowanie zolpidemu indukuje istotne zmiany w ekspresji
mRNA podjednostek receptora GABA 4, co sprzyja roz-
wojowi tolerancji farmakodynamicznej oraz zwiekszonej
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pobudliwo$ci neuronalnej po naglym przerwaniu leczenia
(Jembrek et al., 2015).

W przeciwienstwie do mechanizméw lezacych u pod-
staw rozwoju zaleznosci w zespole abstynencyjnym klu-
czowe znaczenie ma nagle zniesienie wcze$niej kompen-
sowanego hamowania GABA-ergicznego. Dodatkowym
czynnikiem nasilajacym objawy odstawienne jest utrata
selektywnosci zolpidemu wobec podjednostki al przy sto-
sowaniu dawek przekraczajacych zakres terapeutyczny.
Nieselektywna aktywacja podjednostek a2, a3 i o5 pro-
wadzi do neuroadaptacji jako$ciowo zblizonych do obser-
wowanych w przewlektej ekspozycji na benzodiazepiny,
skutkujac gwaltownym przesunieciem réwnowagi pobu-
dzenie—hamowanie w kierunku nadmiernej aktywnosci
neuronalnej oraz wzgledna dominacja przekaznictwa po-
budzajacego (Orsolini et al., 2021; Xie et al., 2024).

Objawy i ciezkie manifestacje zespotu odstawiennego

Objawy zespolu odstawiennego po zolpidemie obejmuja
szerokie spektrum nasilenia — od fagodnych i umiarko-
wanych manifestacji po ciezkie, potencjalnie zagrazajace
zyciu powiklania neurologiczne. Najcze$ciej obserwowane
objawy obejmuja nasilony lek, pobudzenie psychoruchowe,
drazliwo$¢, bezsenno$¢ z odbicia, drzenie, potliwo$¢ oraz
objawy ze strony autonomicznego ukladu nerwowego.
Manifestacje te zwykle ujawniaja sie w ciagu 24—72 h od
zaprzestania stosowania leku i bywaja mylnie interpreto-
wane jako nawrét pierwotnych zaburzen snu lub zaburzen
lekowych, co sprzyja ponownej ekspozycji na zolpidem
iutrwalaniu wzorcéw zaleznosci (Dang et al., 2011; Edinoff
etal., 2021).

U czeéci pacjentéw obserwuje sie réwniez objawy neuro-
psychiatryczne, takie jak zaburzenia uwagi i koncentracji,
derealizacja, depersonalizacja oraz przemijajace zabu-
rzenia percepcji. Objawy te odzwierciedlaja przej$ciowa
destabilizacje funkcjonowania sieci korowo-limbicznych
odpowiedzialnych za integracje swiadomosci, proceséw
poznawczych oraz regulacje emocjonalna (Miyaoka et al.,
2010).

W ciezszych przypadkach zespdt odstawienny moze
przyjmowac postac bezposrednio zagrazajaca zyciu. W li-
teraturze opisano liczne przypadki drgawek oraz napadéw
padaczkowych wystepujacych po naglym odstawieniu wy-
sokich dawek zolpidemu, zaré6wno u pacjentéw z wcze$-
niejszym wywiadem neurologicznym, jak i u oséb bez roz-
poznanych choréb OUN (Hadinezhad i Hosseini, 2021).
Manifestacje te sa konsekwencja gwaltownego zniesienia
hamowania GABA-ergicznego prowadzacego do wtor-
nej nadmiernej pobudliwo$ci neuronalnej (Hadinezhad
i Hosseini, 2021; Mattoo et al., 2011).

Szczegodlnie ciezka postacig zespolu abstynencyjnego
jest majaczenie, czesto o obrazie klinicznym zblizonym do
delirium abstynencyjnego. Charakteryzuje sie glteboka dez-
orientacja, zaburzeniami §wiadomosci, omamami wzro-
kowymi oraz znacznym pobudzeniem psychoruchowym,

wymagajacymi intensywnego leczenia szpitalnego. Istotne
jest, ze tego typu powiklania obserwowano réwniez u pa-
cjentéw bez wczeéniejszej ekspozycji na alkohol lub ben-
zodiazepiny, co wskazuje na autonomiczny potencjat zolpi-
demu do indukowania ciezkich objawéw abstynencyjnych
(Awasthi i Vohra, 2023; Mattoo et al., 2011).

Czynniki ryzyka zespotu odstawiennego i strategia
bezpiecznego odstawiania

Do gtéwnych czynnikéw ryzyka zespotu odstawiennego
po zolpidemie nalezg: dlugotrwale stosowanie leku, eska-
lacja dawki powyzej zakresu terapeutycznego oraz nagte
przerwanie terapii. Zwiekszona podatno$¢ obserwuje sie
réwniez u pacjentéw ze wspolistniejacymi zaburzeniami
lekowymi i depresyjnymi oraz u 0oséb z przewlekta dysre-
gulacja rytmu dobowego, w tym pracujacych w systemie
zmianowym (Orsolini et al., 2021; Xie et al., 2024).

Ciezszy przebieg zespolu abstynencyjnego czesciej wy-
stepuje u pacjentéw jednocze$nie stosujacych inne depre-
santy OUN, w szczeg6lnosci alkohol i benzodiazepiny, co
sprzyja nasileniu neuroadaptacji receptoréw GABA 4 oraz
zwieksza ryzyko drgawek i majaczenia (Miyaoka et al.,
2010; Orsolini et al., 2021).

Ze wzgledu na potencjalnie ciezki przebieg zespolu
abstynencyjnego nagle odstawienie zolpidemu po dtugo-
trwatej lub wysokodawkowej ekspozycji nie jest rekomen-
dowane. Aktualne wytyczne zalecaja stopniowa, kontro-
lowana redukcje dawki, dostosowana do czasu trwania
terapii oraz profilu ryzyka pacjenta, przy jednoczesnym
monitorowaniu neurologicznym (Del Rio Verduzco et al.,
2023). Istotnym elementem bezpiecznego odstawiania
pozostaje réwnolegte wdrazanie niefarmakologicznych
metod leczenia bezsenno$ci, w szczegdlnosci terapii po-
znawczo-behawioralnej, co ogranicza ryzyko nawrotu ob-
jaw6w i ponownej ekspozycji na lek (Dang et al., 2011; Del
Rio Verduzco et al., 2023).

Strategia postepowania w przypadku oséb naduzywaja-
cych lub uzaleznionych od zolpidemu zalezy od stopnia na-
silenia problemu oraz warunkéw, w jakich prowadzona jest
terapia. W przypadku pacjentéw wykazujacych szkodliwe
uzywanie leku (bez cech glebokiego, powiklanego uzalez-
nienia) preferowanym postepowaniem jest depreskrypcja
w warunkach ambulatoryjnych. Skutecznos¢ tego procesu
istotnie podnoszg interwencje wielokomponentowe, Ia-
czace stopniowe redukowanie dawki (tapering) z edukacja
pacjenta oraz wsparciem farmaceutycznym i lekarskim
(Zeraatkar et al., 2025). Edukacja chorych na temat ryzyka
zwigzanego z przewleklym przyjmowaniem benzodiazepin
oraz lekdw z grupy Z polaczona z regularnymi przegladami
lekowymi znaczaco zwigksza odsetek pacjentéw z powo-
dzeniem koniczacych terapig, nie wptywajac przy tym ne-
gatywnie na ich stan psychiczny czy nasilenie bezsennosci
(Zeraatkar et al., 2025).

Z kolei w przypadku oséb gteboko uzaleznionych od
zolpidemu, u ktérych dawki dobowe czesto wielokrotnie
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przekraczaja normy terapeutyczne, konieczna bywa de-
toksykacja w warunkach szpitalnych, realizowana analo-
gicznie do protokoldéw stosowanych przy uzaleznieniach
od klasycznych benzodiazepin (Basifiska-Szafranska,
2022; Orsolini et al., 2021). Standardowe podejscie w ta-
kich przypadkach opiera si¢ na konwersji przyjmowanej
substancji na dtugo dziatajacy substytut o zblizonym
mechanizmie dziatania — najczesciej diazepam. Istnieje
jednak powazne ryzyko zwiazane z niekontrolowana aku-
mulacja diazepamu w poczatkowej fazie detoksykacji, co
paradoksalnie wydltuza faze wysokich stezen leku w suro-
wicy i przesuwa kryzys odstawienny na okres po wypisie
ze szpitala (Basiniska-Szafranska, 2022). Alternatywa dla
tradycyjnego podejscia pozostaje paradygmat antyakumu-
lacyjny, polegajacy na intensywnej, zindywidualizowanej
redukeji dawki substytutu pod kontrola laboratoryjnych
oznaczen stezenia leku we krwi. Przeniesienie tego me-
chanizmu na grunt detoksykacji od wysokich dawek zol-
pidemu pozwala na bezpieczne skrécenie czasu ekspozycji
na wysokie stezenia substancji, wczesniejsze rozpocze-
cie wlasciwej eliminacji oraz zapewnienie pelnej opieki
medycznej az do momentu calkowitego oczyszczenia
organizmu, co minimalizuje ryzyko szybkiego nawrotu
(Basiniska-Szafranska, 2022).

Whioski

Zolpidem pozostaje jednym z najczesciej stosowanych
lekéw nasennych w terapii bezsennosci, wykazujac po-
twierdzona skuteczno$¢ w poprawie parametréw snu
dzieki selektywnemu dziataniu na receptory GABA
zawierajace podjednostke al. Korzystny profil farma-
kodynamiczny sprawil, ze lek ten stal si¢ istotng alter-
natywa dla benzodiazepin, szczegdlnie w krétkotrwatym
leczeniu zaburzen snu. Coraz liczniejsze dane wskazuja
jednak, ze stosowanie zolpidemu moze wigzac sie z wy-
stepowaniem dzialan niepozadanych obejmujacych
zaburzenia $wiadomosci, zlozone zachowania podczas
snu oraz objawy neuropsychiatryczne. Istotnym ograni-
czeniem klinicznym pozostaje réwniez ryzyko rozwoju
tolerancji, uzaleznienia oraz objawéw odstawiennych
o réznym nasileniu — od bezsenno$ci z odbicia i leku po
majaczenie oraz drgawki. W $wietle dostepnych danych
stosowanie zolpidemu wymaga ostroznej kwalifikacji
pacjentéw, ograniczenia czasu terapii oraz monitoro-
wania potencjalnych dziatan niepozadanych. Aktualny
stan wiedzy wskazuje, ze mimo ugruntowanej pozycji
w farmakoterapii bezsenno$ci bezpieczenstwo stosowa-
nia zolpidemu pozostaje istotnym zagadnieniem klinicz-
nym wymagajacym dalszych badan.
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Abstract

Anorexia nervosa (AN) is a severe psychiatric disorder associated with high morbidity and mortality. Despite
decades of research, pharmacological treatments remain largely ineffective. Increasing evidence suggests that
the orexin (hypocretin) system, which requlates arousal, motivation, feeding behavior, and stress responses,
may play an important role in the pathophysiology of AN.

The present review aims to summarize current evidence regarding the involvement of the orexin system in AN,
including its neurobiological mechanisms, interactions with dopaminergic and serotonergic pathways, and
the therapeutic potential of orexin receptor modulators.

A literature review was conducted using the PubMed®, Scopus and Web of Science databases. Studies
using animal models (activity-based anorexia (ABA)) and clinical investigations were included to assess
orexin expression, signaling and modulation in AN. Preclinical findings indicate that orexin contributes
to hyperactivity, disrupted reward processing and altered feeding behavior in anorexia models. Both orexin
receptor type 1 (OXTR) and type 2 (OX2R) appear to play distinct but complementary roles. Pharmacologi-
cal modulation, particularly via antagonists such as suvorexant and tebideutorexant (JNJ-61393215), shows
promise for reducing hyperarousal and maladaptive motivation. However, clinical evidence remains limited
and inconclusive. Human studies have reported inconsistent concentrations of orexin A (OXA) in AN, possibly
due to methodological heterogeneity.

The orexin system represents a promising but underexplored target in AN. Further clinical trials are urgently
needed to clarify its therapeutic potential and safety profile in malnourished populations. Incorporating orexin
modulators into multimodal treatment strategies may provide novel approaches to addressing the biological
complexity of AN.

Keywords: anorexia nervosa, orexin system, orexin receptors, reward processing, neuropharmacology
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Streszczenie

Przeglad ma na celu podsumowanie wiedzy o roli uktadu oreksynowego w jadtowstrecie psychicznym (grec. anorexia nervosa - AN), w tym w mechanizmach
neurobiologicznych, interakcjach z uktadami dopaminergicznym i serotoninergicznym oraz potencjale terapeutycznym modulatordw receptordw oreksynowych.
Jadfowstret psychiczny jest ciezkim zaburzeniem psychicznym o wysokiej Smiertelnosci. Pomimo licznych badan leczenie farmakologiczne pozostaje w duzej mierze
nieskuteczne. Coraz wiecej dowod6w wskazuje na to, ze uktad oreksynowy (hipokretynowy), requlujacy pobudzenie, motywacje, zachowania zywieniowe i reakcje
na stres, moze odgrywac role w patofizjologii AN.

Przeprowadzono przeglad literatury w bazach PubMed® i Scopus obejmujacy badania przedkliniczne (np. activity-based anorexia) oraz badania kliniczne analizujace
ekspresje, sygnalizacje i modulacje oreksyny w AN. Wyniki badan przedklinicznych wskazuja, ze oreksyna przyczynia sie do nadpobudliwosd, zaburzen uktadu nagrody
i zmian w zachowaniach zywieniowych w modelach jadtowstretu psychicznego. Receptory oreksynowe 1(0X1R) i 2 (0X2R) majg odrebne, ale wzajemnie uzupetnia-
jace sie funkgje. Farmakologiczna modulacja uktadu oreksynowego, szczegéInie za pomocg antagonistéw, takich jak suworeksant i INJ-61393215 (tebideutorexant),
wykazuje potencjat w redukgji nadmiernego pobudzenia i nieadaptacyjnych stanéw motywacyjnych. Jednak dane kliniczne pozostajg ograniczone i niejednoznaczne.
Wyniki badari poziomu oreksyny A przeprowadzone u 0sob cierpigcych na AN sg niespéjne, co prawdopodobnie jest spowodowane heterogennoscig metodologiczng
oraz roznicami w stadium choroby i stanie odzywienia pacjent6w.

Ukfad oreksynowy stanowi obiecujacy, lecz wciaz stabo zbadany cel terapeutyczny w jadtowstrecie psychicznym. Niezbedne s dobrze zaprojektowane badania
kliniczne, ktére pozwolg okresli¢ skutecznos¢ i bezpieczerstwo interwencji ukierunkowanych na oreksyne, szczegélnie w populacjach oséb niedozywionych.
Wiaczenie modulatordw oreksynowych do wielomodalnych strategii terapeutycznych moze zaoferowac nowe podejscie do leczenia AN, ktdre bedzie uwzgledniac

jej ztozong neurobiologie.

Stowa kluczowe: anorexia nervosa, jadtowstret psychiczny, uktad nagrody, ukfad oreksynowy, receptory oreksyny, leczenie jadtowstretu psychicznego

Introduction

Anorexia nervosa (AN), which is characterized by re-
strictive food intake, is considered one of the most severe
and complex psychiatric disorders. Individuals with AN
commonly experience an intense fear of weight gain and
a distorted perception of their body image (Resmark et al.,
2019). The highest incidence of AN is observed among ado-
lescents aged 15—19 years. Recent studies from European
countries have reported an increasing incidence of AN
among girls aged 10-14 years and even younger children
(Holland et al., 2016; Reas and Rg, 2018; Udo and Grilo,
2022; van Eeden et al., 2023). Research published in 2022
estimated that eating disorders affect approx. 0.91%
of the population over a lifetime, whereas AN occurred
in 0.16% of the population (Qian et al., 2022). More re-
cently, a study published in 2024 reported a marked in-
crease in the incidence of AN among children and adoles-
cents following the coronavirus disease 2019 (COVID-19)
pandemic (Datta et al., 2024).

The development of AN is associated with numerous
mental and physical health issues, including depression,
anxiety, hormonal problems, and obsessive-compul-
sive disorder (Resmark et al., 2019). Despite advances
in the treatment of AN, no pharmacological therapy has
yet demonstrated clinical efficacy (Datta et al., 2024).
Furthermore, the neurobiological mechanisms underly-
ing the characteristic features of AN, such as reduced ap-
petite, anxiety, and sleep disturbances associated with ex-
cessive arousal and physical activity, remain incompletely
understood (Charrat et al., 2023; Datta et al., 2024). These
observations suggest the involvement of neurobiological

systems regulating feeding behavior, stress, arousal, and
reward processing. The orexin system regulates mecha-
nisms of reward, motivation, arousal, eating behavior, and
the stress response (Sakurai et al., 2021).

Although behavioral and physiological abnormalities
in AN have been well documented, the mechanisms under-
lying these alterations remain incompletely understood due
to limitations and inconsistencies in the available evidence.

The role of orexin receptor agonists and antagonists has
not been fully established in the context of AN. Current
evidence regarding the role of the orexin system is incon-
sistent and inconclusive, highlighting the need for further
clinical research.

The orexin system serves as a critical interface between
metabolic information and reward processing, motiva-
tional responses, and arousal regulation within the central
nervous system (Katzman and Katzman, 2022).

The disruption of orexin signaling pathways, which are
linked to dopaminergic and serotonergic systems, may re-
sult in appetite problems and reward system abnormali-
ties, as well as hyperactivity and increased anxiety in AN
(Mavanyji et al., 2022; Sakurai et al., 2021; Schéle et al., 2023).

Despite growing interest in these mechanisms, re-
search supporting pharmacological interventions target-
ing the orexin system remains limited (Miskovic-Wheatley
et al., 2023). The evidence supporting the involvement
of the orexin system in AN is scarce as only preclinical
models have been used and no consistent results have been
found in clinical studies (Schéle ez al., 2023). Consequently,
a comprehensive review of the current literature is neces-
sary to clarify the potential role of orexin system regulation
as a therapeutic approach in AN (Datta et al., 2024).
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The present review summarizes current evidence re-
garding the involvement of the orexin system in the patho-
genesis of AN by integrating findings from both animal and
human studies. In addition, it proposes novel therapeutic
strategies for psychiatric conditions, including AN.

Material and methods

This narrative review was conducted following
the SANRA (Scale for the Assessment of Narrative Review
Articles) scale to ensure methodological rigor, transpar-
ency, and coherence. Although not a systematic review,
astructured and reproducible approach was employed, in-
cluding predefined search terms, the inclusion of multiple
databases, clear selection criteria, and critical evaluation
of study quality.

A literature search was conducted in the PubMed®,
Scopus and Web of Science databases, covering the pe-
riod from 2000 to 2025. Additional databases such
as ClinicalTrials.gov were searched for registered trials
on orexin modulators. The following keywords and their
combinations were used: “orexin”; “hypocretin”; “anorexia
nervosa’; “eating disorders”; “OX1R”; “OX2R”; “orexin re-

”, « ”, «

ceptor antagonists”; “orexin receptor agonists”; “activity-
based anorexia”; “suvorexant”; “INJ-61393215" “orexin sig-
naling”; “dopaminergic system”; and “serotonergic system”.

The inclusion criteria were as follows: (1) preclinical
or clinical studies involving orexin receptor modula-
tors in the context of AN, feeding behavior, motivation,
stress, or hyperarousal; (2) research presenting neurobio-
logical, molecular, behavioral, or clinical endpoints related
to orexin signaling; (3) clinical trials or animal model stud-
ies including activity-based anorexia (ABA) models.

The exclusion criteria encompassed the following:
(1) studies with low methodological quality or unclear
outcomes; (2) non-original publications, e.g., opinion
pieces, commentaries, editorials, or duplicate reports;
(3) studies focused exclusively on sleep disorders, addic-
tion, or metabolic conditions not relevant to eating disor-
ders, anorexia or the orexin system; (4) studies for which
the full text was unavailable or conference abstracts with-
out peer-reviewed data.

A total of 121 peer-reviewed English-language articles
(original research and reviews) were initially identified.
Duplicates were removed, and full texts were reviewed
for eligibility by 2 independent reviewers. The quality
of the studies was assessed by 2 investigators on a scale from
0to 2, where: 2 — fully addressing at least one of the 3 aims
of the article; 1 — partially addressing the aims; 0 — not
addressing the aims. Discrepancies were resolved through
discussion and consensus.

The obtained data were extracted into standardized fields:
« study type (preclinical/clinical);

» model (human, animal, etc.);
+ intervention (compound target/receptor target);

« endpoints assessed (e.g., orexin expression, brain-derived
neurotrophic factor (BDNF) levels, anxiety behaviors,
hyperactivity, feeding regulation, reward processing);

« key findings and author conclusions.

All included studies were grouped thematically into
4 major domains: (1) feeding regulation and energy ho-
meostasis; (2) hyperactivity and arousal; (3) anxiety, stress
and affective processes; and (4) reward processing and
motivational mechanisms.

Additionally, the discussion addressed methodological
limitations, translational gaps, and clinical implications
based on the extracted evidence.

Neurobiological foundations
of the orexin system

The orexin system was first described in 1998 by 2 in-
dependent research groups (de Lecea et al., 1998; Sakurai
et al., 1998). Sakurai et al. (1998), using chromatography,
identified an appetite-enhancing neuropeptide. In par-
allel, another research team used molecular techniques
to discover the same hypothalamic peptide, which they
named hypocretin (de Lecea et al., 1998). Orexin (also
known as hypocretin) was originally thought to play a key
role in the regulation of sleep and wakefulness, reward
processing, motivation, and appetite (Xia et al., 2023).
Recent studies have demonstrated that orexin influences
additional functions, including physiological processes
such as circadian rhythms. Furthermore, environmental
factors, such as food restriction, have been shown to influ-
ence the activity of the orexin system (Zink et al., 2014).

The system consists of 2 peptides secreted by hypotha-
lamic neurons: orexin A (OXA), which is highly conserved
among mammals, suggesting a crucial role in physiological
regulation; and orexin B (OXB), which exhibits greater
interspecies variability and may have more diverse func-
tions (Grady et al., 2022; Wong et al., 2011). Both peptides
are formed through the enzymatic cleavage of a common
precursor protein, prepro-orexin (Chieffi et al., 2017).

Orexin A is composed of 33 amino acids and contains
2 disulfide bridges, while OXB consists of 28 amino acids
(Ten-Blanco et al., 2023). Studies have shown that orexin-
producing neurons are located primarily in the lateral hy-
pothalamus (LH) and adjacent brain regions, including
the periventricular area, dorsal hypothalamus, and pos-
terior hypothalamus. From these regions, orexin neurons
regulate feeding behavior, energy expenditure, reward pro-
cessing, sleep, and stress responses (Chatterjee et al., 2023;
Xiao et al., 2025). More recent studies have emphasized
the role of orexin in the regulation of circadian rhythms
and its potential utility as a therapeutic target in sleep and
metabolic disorders (Mohammadkhani et al., 2024).

Two G protein-coupled orexin receptors have been iden-
tified: orexin receptor type 1 (OX1R), which is found only
in mammals and exhibits a higher affinity for OXA; and



26

K. Kasprzak et al. Anorexia nervosa: Orexin system

orexin receptor type 2 (OX2R), which is present in all ver-
tebrates and displays similar affinity for both OXA and
OXB (Soya and Sakurai, 2020). OX1R is predominantly
expressed within the midbrain dopaminergic system, in-
cluding the ventral tegmental area (VTA) and substantia
nigra (SN), whereas OX2R plays a major role in the oblig-
atory regulation of sleep and wakefulness and is highly
expressed in the tuberomammillary nucleus, posterior
subthalamic nuclei, and selected thalamic nuclei (Soya
and Sakurai, 2020).

Once stimulated, these receptors initiate multiple intra-
cellular signaling pathways, including Gq-phospholipase
Csignaling, Ca?* signaling, and mitogen-activated protein
kinase (MAPK) signaling (Couvineau et al., 2022). These
pathways influence neurotransmitter excitability and gene
expression, thereby contributing to the broad physiological
effects of orexin (Chatterjee et al., 2023).

Interplay between the orexin,
dopaminergic and serotonergic systems

Orexin activates and modulates both dopaminergic and
serotonergic pathways, enabling the organism to respond
effectively to rewarding stimuli (Katzman and Katzman,
2022).

The dopaminergic and orexin systems are intercon-
nected, particularly in the regulation of motivation, reward
processing and arousal (Calipari and Espaiia, 2012). More-
over, both systems contribute to the regulation of food
intake and energy expenditure. Orexins have been shown
to influence the axonal network of the VTA and SN, which
together contain the majority of dopaminergic neurons
in both humans and rodents (Fadel and Deutch, 2002;
Hrabovszky et al., 2013). Stimulation of the orexin sys-
tem within the VTA and nucleus accumbens leads to do-
pamine release, thereby reinforcing behaviors associated
with the introduced stimuli or rewards (Kukkonen et al.,
2024). Furthermore, activation of OX1R receptors on do-
paminergic neurons modulates neuronal activity, influenc-
ing learning processes and the development of addictive
behaviors (Aston-Jones et al., 2009). The orexin system
also suppresses GABAergic neurotransmission, resulting
in enhanced dopaminergic activity (Baimel et al., 2015;
Tung et al., 2016). The interaction between these systems
is bidirectional, as dopamine can influence the activity
of the orexin system through D1 and D2 receptors (Bubser
etal., 2005; Liet al., 2025). These systems maintain a two-
way relationship because dopamine activates orexin sys-
tem neurons through its binding to D1 and D2 receptors
(Bubser et al., 2005; Li et al., 2025). Coordinated signaling
between the orexin and dopaminergic systems is essential
for the regulation of reward-based behaviors, motivational
responses, and arousal levels, while dysregulation of these
pathways has been implicated in eating disorders, sleep
disorders, and addictive behaviors (Tsujino and Sakurai,
2009). Excessive activation of the orexin system may

lead to heightened motivation but has also been associ-
ated with addiction, eating disorders, and mood distur-
bances. Conversely, reduced orexin activity may contrib-
ute to diminished motivation and depressive symptoms
(Mohammadkhani et al., 2024).

The serotonergic and orexin systems interact closely
in the regulation of sleep—wake cycles, physical movement,
and feeding behavior (Narayanan et al., 2010). In addition
to their role in appetite regulation, both systems influence
glucose processing, body thermoregulation and autonomic
nervous system function (Xiao et al., 2021). Their coordi-
nated activity contributes to the maintenance of normal
sleep architecture and helps prevent excessive daytime
sleepiness and disrupted sleep patterns (Hasegawa et al.,
2014; Tabuchi et al., 2013). The orexin and serotonergic
systems also participate in the regulation of mood and
stress responses and may therefore prevent the develop-
ment of depressive disorders (Staton et al., 2018; Zhang
et al., 2022). The serotonergic system in the dorsal raphe
nucleus receives stimulation from orexin neurons, which
may resultin increased dopaminergic activity (Brown et al.,
2001; Hasegawa et al., 2014). The orexin system receives
inhibitory signals from serotonergic neurons through ac-
tivation of 5-HT1A receptors, forming a negative feedback
mechanism that contributes to sleep stabilization (Sakurai
et al., 2005; Tabuchi et al., 2013).

Orexins and anorexia: Evidence
from animal studies

Research investigating the role of the orexin system and
its receptors, OX1R and OX2R, in AN is ongoing, with
some studies suggesting their therapeutic potential while
highlighting the complexity of orexin-mediated mecha-
nisms (Xia et al., 2023).

The OX1R is primarily associated with motivation- and
reward-related aspects of feeding behavior, whereas OX2R
is more closely involved in the regulation of activity lev-
els, energy expenditure and, according to animal studies,
meat production (Kukkonen et al., 2024; Mohammadkhani
et al., 2024).

Animal studies have demonstrated that selective OX2R
agonists, such as YNT-18, attenuated chemotherapy-in-
duced anorexia in mice (Xia et al., 2023). However, the use
of OX1R receptor agonists has shown limited efficacy,
suggesting that simultaneous activation of both orexin
receptors may be more effective in the treatment of AN
(Xia et al., 2023).

Activity-based anorexia is a well-established animal
model that replicates core features of AN (Foldi, 2023;
Gutierrez, 2013; Spadini et al., 2021). In this model, rodents
are provided with free access to a running wheel while food
availability is restricted, resulting in a paradoxical com-
bination of excessive physical activity and reduced food
intake that ultimately leads to rapid and severe weight loss
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(Gutierrez, 2013; Schalla and Stengel, 2019; Skowron et al.,
2021; Spadini et al., 2021). Originally developed in the late
1960s, the ABA model remains the most valid and exten-
sively used preclinical paradigm for investigating the neu-
robiological, hormonal, and behavioral mechanisms un-
derlying AN (Beeler and Burghardt, 2021; Gutierrez, 2013;
Schalla and Stengel, 2019).

The ABA model reliably induces alterations in homeo-
static systems, including changes in neuropeptide expres-
sion, neural circuitry, hormonal profiles, and immune
function, thereby reproducing many of the physiological
and behavioral abnormalities observed in patients with
AN (Chowdhury et al., 2015; Gutierrez, 2013; Schalla and
Stengel, 2019; Spadini et al., 2021).

Importantly, the severity and progression of ABA are in-
fluenced by factors such as age, sex, genetic background, and
specific protocol details (e.g., duration and timing of food
access, wheel adaptation). These variables must be carefully
controlled to ensure reproducibility and translational rel-
evance of the model (Gutierrez, 2013; Miletta and Horvath,
2023; Schalla and Stengel, 2019; Spadini et al., 2021).

Despite certain limitations, including its acute rather
than chronic nature and its inability to fully capture
the complexity of human AN, the ABA model remains
a valuable tool for investigating vulnerability, resilience,
and potential therapeutic interventions for eating disorders
(Beeler et al., 2020; Foldi, 2023; Gutierrez, 2013; Schalla
and Stengel, 2019; Spadini ez al., 2021).

Given its established role in the regulation of arousal,
feeding behavior, and energy expenditure, the orexin sys-
tem has emerged as a promising candidate for involve-
ment in ABA (Jaszberényi et al., 2024; Pinos et al., 2022;
Schéle et al., 2023; Xia et al., 2023). Recent studies have
investigated changes in the expression of orexin in ABA
and examined how pharmacological or genetic manipula-
tion of the orexin system influences the ABA phenotype
(Pinos et al., 2022; Schéle et al., 2023; Xia et al., 2023). Fur-
thermore, evidence from ABA models suggests that phar-
macological antagonism of orexin receptors can reduce
hyperactivity, supporting the hypothesis that the orexin
system may represent a promising therapeutic target for
the treatment of hyperactivity and energy dysregulation
associated with AN (Jaszberényi et al., 2024; Pinos et al.,
2022; Schéle et al., 2023; Xia et al., 2023).

Recent studies using the ABA mouse model have demon-
strated that a large population of hypothalamic orexin neu-
rons becomes highly activated during the severe anorectic
state. This activation was visualized using the Fos-TRAP2
technique, which captures active neurons, and was sub-
sequently confirmed by immunohistochemistry. The in-
creased activity of orexin neurons was associated with
enhanced food anticipatory activity and hyperactivity.
According to the researchers, pharmacological antagonism
of orexin receptors (e.g., with suvorexant) reduces hyper-
activity, supporting a functional role of orexin in driving
excessive activity during ABA (Schéle et al., 2023).

In rats, the capacity to upregulate orexin expression
inresponse to ABA depends on stress-coping style and pre-
natal stress exposure. Vulnerable animals, characterized
by passive coping behavior and prenatal stress exposure,
did not exhibit an increase in orexin expression in the LH
during ABA. This impaired response was associated with
greater weight loss and reduced food intake. In contrast,
resilient animals exhibited increased orexin expression,
suggesting that orexin upregulation is an adaptive response
to starvation and stress (Boersma et al., 2016)

Moreover, in male rats, the number of OXA-immuno-
reactive cells in the LH decreases significantly at the end
of the ABA protocol, particularly when food restriction
is combined with increased physical activity. This reduc-
tion is more pronounced than that observed following
either food restriction or increased activity, suggesting
that the combination of severe energy deficit and hyper-
activity suppresses orexin expression in the LH (Pinos
etal., 2022; Pinos et al., 2023). This decline may represent
an adaptive response to prolonged energy deficiency, simi-
lar to changes observed during long-term fasting (Pinos
etal., 2023).

Some studies report no significant changes in prepro-
orexin mRNA expression in the LH during the develop-
ment of ABA, even as other neuropeptides (e.g., agouti-
related peptide (AgRP) and neuropeptide Y (NPY)) are
robustly regulated. These findings suggest that orexin ex-
pression may not always be directly responsive to negative
energy balance or may be regulated by additional factors
(de Rijke et al., 2005; Hillebrand et al., 2007).

Human studies investigating
anorexia nervosa and orexin
signaling

The role of the orexin system in patients with AN re-
mains insufficiently understood, and further studies are
required to clarify the specific roles of orexin receptors
in the complex pathogenesis of this disorder.

Preliminary studies investigating the role of OXA in AN
and its association with cognitive function, sleep, and appe-
tite regulation have yielded inconclusive results (Mogavero
et al., 2023; Xia et al., 2023). In a study by Steward et al.
(2019), involving 51 adult women with AN and 51 age-
and education-matched controls, plasma OXA concentra-
tions were significantly lower in patients with AN than
in the control group. Participants completed neuropsy-
chological tests for the assessment of cognitive functions,
including the Wisconsin Card Sorting Test (WCST) and
the Iowa Gambling Task (IGT). Patients with AN demon-
strated poorer performance on both tests than the control
group. The authors suggested that reduced OXA concen-
trations may be associated with cognitive impairment
in AN, indicating a possible relationship between orexin
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signaling and cognitive dysfunction in this disorder (Stew-
ard et al., 2019).

The study by Sauchelli et al. (2016) investigated the re-
lationship between OXA concentration, sleep quality, and
treatment outcomes in 48 patients with AN and 98 healthy
women who served as controls. Although the mean con-
centration of OXA did not differ between the 2 groups,
in patients with AN, higher concentrations of OXA were
correlated with reduced sleep quality, which, in turn, was
associated with a poorer therapeutic response to treatment
(Sauchelli et al., 2016).

Janas-Kozik et al. (2011) examined plasma levels of leptin,
ahormone involved in satiety regulation, and OXA, a neu-
ropeptide associated with appetite regulation, in patients
with the restrictive subtype of AN. The research focused
on analyzing the hormonal disturbances accompanying
this disorder. Because both leptin and OXA play important
roles in the regulation of appetite and feeding behavior,
alterations in their circulating concentrations may con-
tribute to the development or progression of AN. The re-
searchers reported decreased levels of periodin A and
leptin in patients with restrictive type of AN compared
to the control group. With increasing body weight in AN
patients, the concentration of OXA decreased whereas
leptin concentration increased, leading the authors to con-
clude that the regulation of the orexin system in restric-
tive AN is independent of body weight (Janas-Kozik et al.,
2011).

Recent publications from 2020 to 2025 highlight the lim-
ited clinical evidence regarding the role of the orexin sys-
tem in patients with AN (Mohammadkhani et al., 2024;
Toor et al., 2021). Further analysis of human orexin stud-
ies is needed, particularly to clarify the role of the orexin
system in the pathogenesis of AN (Nigro et al., 2025; Toor
etal., 2021).

Mechanisms of OX2R agonism and
OX1R antagonism in the regulation
of body weight and motivation

Increased OX2R expression has been shown to pro-
tect against high-fat diet-induced obesity by enhancing
the metabolic rate and improving leptin sensitivity, rather
than by directly suppressing appetite (Funato et al., 2009).

Long-term administration of a selective OX2R agonist
to mice fed a high-fat diet inhibited weight gain and pro-
tected against the development of obesity. While short-
term orexin activity may stimulate appetite, chronic stim-
ulation of OX2R receptors, particularly in the context
of a high-fat diet, has been shown to increase the meta-
bolic rate and prevent obesity (Funato et al., 2009). OX2R
may therefore represent a promising target for regulating
energy balance and body weight. However, there is no
clear evidence that OX2R activation leads to weight gain,

particularly in humans. On the contrary, numerous stud-
ies indicate that OX2R may be involved in mechanisms
that protect against the development of obesity (Chieffi
et al., 2017; Funato et al., 2009; Perez-Leighton et al.,
2013).

Orexin receptors influence glutamatergic neurotrans-
mission and may affect motivational mechanisms related
to food intake and reward processing (Borgland et al.,
2008). OX2R is more closely associated with the regulation
of wakefulness and arousal, whereas OX1R has a greater
impact on reward-related motivation. However, both re-
ceptors appear to play complementary roles in these pro-
cesses (Gozzi et al., 2011; Hopf, 2020; Mohammadkhani
et al., 2024).

The orexin system is intricately connected with multiple
aspects of metabolism, including hunger, energy status,
and stress. Through its actions on hypothalamic—meso-
limbic structures, the orexin system influences behaviors
such as increased activity, heightened vigilance, and social
interactions (Mohammadkhani et al., 2024).

Reduced activity of this system may lead to decreased
motivation to eat, diminished interest in pleasurable
activities, and indifference, which are symptoms com-
monly observed in AN and depression (Mohammadkhani
etal., 2024; Wang et al., 2018). However, in AN, increased
orexin activity may lead to heightened arousal, hyperac-
tivity, and anxiety. Rather than promoting food intake,
this elevated activity may unexpectedly reinforce restric-
tive eating behaviors (Mohammadkhani et al., 2024).
Conversely, the overactivation of the orexin system can
lead to excessive motivation to seek rewards, which plays
asignificant role in addictions and compulsive overeating
(Mehr et al., 2021).

As discussed above, modulation of the orexin system ap-
pears to be a promising therapeutic approach; nevertheless,
its clinical application requires careful consideration due
to the multifunctional nature of this system and the po-
tential adverse effects associated with its manipulation.

Steiner et al. (2024) described the first selective OX1R
antagonist, SB-334867, which demonstrated markedly
greater affinity for ORX1R than for OX2R. This discovery
represented an important advance in defining the specific
role of OX1R antagonism.

OX1R antagonists are the subject of active investigation
as promising pharmacological agents for the treatment
of various mental conditions. They are being extensively
studied as a potential strategy for reducing hyperactivity,
anxiety, stress, and impulsive behavior (Fagan et al., 2023;
Williams et al., 2024).

Previous studies indicate that pharmacological blockade
of OX1R receptors reduces arousal and anxiety in both
animal models and humans (Salvadore et al., 2020).

In studies evaluating the selective OX1R antagonist
tebideutorexant (JNJ-61393215), researchers observed
a reduction in lactam- and CO,-induced panic attacks
in rodents, confirming the important role of OX1R
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in regulating anxiety and memory responses. Notably,
the antagonist did not affect motor activity or sleep
(Salvadore et al., 2020).

In a clinical study involving patients with anxiety dis-
orders, researchers demonstrated that this compound re-
duced both the subjective and somatic symptoms of panic.
OX1R blockade decreased excessive neuronal activity
without inducing sedation, distinguishing it from tradi-
tional sedative medications. Additionally, OX1R stimu-
lated the serotonergic, dopaminergic, and noradrenergic
systems, leading to increased wakefulness, heightened
arousal, faster responses, and difficulty returning to a calm
physiological state (Salvadore et al., 2020).

High OX1R activity intensifies the stress response by in-
creasing the secretion of corticotropin-releasing hormone
(CRH), stimulating the amygdala, and elevating autonomic
arousal. This heightened activity results in excessive sensi-
tivity to stimuli, leading to a stronger stress response and
somatic manifestations such as tachycardia and hyperac-
tivity (Salvadore et al., 2020).

In contrast, blockade of OX1R exerts anxiolytic effects
by reducing excessive stimulation and normalizing behav-
ior (Merlo Pich and Melotto, 2014; Salvadore et al., 2020).

In stress-free and anxiety-free conditions, OX1R block-
ade did not produce any changes in motor activity. Simi-
larly, studies evaluating tebideutorexant in healthy indi-
viduals demonstrated no significant alterations in motor
function (Brooks et al., 2023).

The publication by Williams et al. (2024) describes
the development of nivasorexant (ACT-539313), the first
selective OX1R antagonist to advance into later-stage
clinical trials. The researchers provide a detailed account
of the compound discovery process, including the identifi-
cation of an OX1R-selective compound and the assessment
of its pharmacokinetic properties and safety profile. Selec-
tive blockade of OX1R inhibited responses associated with
stress, emotional arousal, and reward-seeking behavior
(Williams et al., 2024).

Nivasorexant is considered a promising therapeutic op-
tion due to its favorable pharmacological profile and lack
of sedative effects, supporting its potential use in the treat-
ment of disorders characterized by excessive stress re-
sponses and compulsive behaviors (Williams et al., 2024).

OX1R antagonists may represent a promising therapeu-
tic option, particularly under conditions of heightened
stress and motivation rather than during periods of rest
(Bonaventure et al., 2015).

Importance of further research

The integration of orexin modulators into multimodal
treatment strategies for AN represents a promising but
still emerging field. Preclinical and early clinical evidence
supports the role of orexin in the regulation of appetite,
reward processing, and sleep, all of which are disrupted

in patients with AN (Beckenstrom et al., 2023; Kukkonen
and Leonard, 2014; Mehr et al., 2021; Reichelt et al., 2015).
However, direct clinical trials in AN are lacking, and most
evidence is extrapolated from related disorders or animal
models (Beckenstrom et al., 2023; McElroy et al., 2019;
Mehr et al., 2021; Reichelt et al., 2015). The combina-
tion of pharmacotherapy targeting the orexin, dopamine,
or glutamate systems with psychotherapy (enhanced cog-
nitive behavioral therapy (CBT-E)) is theoretically well
justified, given the complex neurobiology of AN. Never-
theless, robust clinical data are needed (Frank and Shott,
2016; Lewis et al., 2024; Mitchell et al., 2023).

The quality of the available evidence varies considerably.
While mechanistic studies and animal models provide
substantial support for the involvement of the orexin sys-
tem, clinical trials remain limited, and no orexin-targeted
pharmacological agents have been approved for the treat-
ment of AN (Beckenstrom et al., 2023; Muratore and Attia,
2022). Progress in this field is further hindered by the het-
erogeneity of AN, small sample sizes, and the challenges
associated with translating neurobiological insights into
effective therapeutic interventions (Frank and Shott, 2016;
Lewis et al., 2024).

Orexin receptor antagonists and
agonists: Risks and safety profile

Both orexin receptor antagonists and agonists have been
investigated as therapeutic agents for the treatment of sleep
disorders, including insomnia and narcolepsy (Hartman
et al., 2025; Na et al., 2024; Xue et al., 2021).

A well-characterized representative of selective orexin
receptor antagonists (SORAS) is seltorexant, a selective
orexin 2 receptor antagonist (2-SORA) (Ziemichéd et al.,
2023), under investigation for insomnia disorder and major
depressive disorder (MDD) (Mesens et al., 2025; Savitz and
Saoud, 2020; Recourt et al., 2019). It has demonstrated
efficacy in the treatment of insomnia and MDD, with a fa-
vorable safety and tolerability profile in clinical trials; how-
ever, it has not yet been approved for clinical use. The most
frequently reported adverse effects included somnolence,
fatigue, headache, dizziness, abdominal discomfort, and
nightmares (Recourt et al., 2019).

Among orexin receptor antagonists, dual orexin receptor
antagonists (DORAs), including lemborexant, suvorexant,
and daridorexant, have been extensively studied and ap-
proved for the treatment for insomnia (Kukkonen et al.,
2024; Xue et al., 2021; Ziemichdd et al., 2022). These
DORAs have been reported to consistently improve sleep
onset and sleep maintenance in adults with insomnia, with
benefits sustained for up to 12 months (Kunz et al., 2023;
Michelson et al., 2014; Yardley et al., 2021). Nonetheless,
they have also been associated with a greater incidence
of adverse effects compared to placebo (Na et al., 2024).
Despite their effectiveness, DORAs may cause excessive
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daytime sleepiness, sleep paralysis (Na et al., 2024), as well
as somnolence, abnormal dreams, fatigue, and xerosto-
mia (Xue et al., 2021). No significant differences in safety
have been reported between suvorexant, lemborexant,
and daridorexant (Xue et al., 2021). However, among these
DORAs, suvorexant has been reported to be associated
with the highest relative risk of excessive daytime sleepi-
ness compared with placebo (Na et al., 2024).

Furthermore, several compounds with orexin receptor
agonistic activity have also been studied for their potential
to promote wakefulness, particularly in patients with nar-
colepsy. These include oveporexton (TAK-861) (Dauvilliers
etal.,2025) and firazorexton (TAK-994) (Dauvilliers et al.,
2023). Novel OX2R agonists, such as ORX750, investigated
in phase 1 study for the treatment of narcolepsy and id-
iopathic hypersomnia, have shown a favorable safety pro-
file, with only transient and mild adverse events reported
in healthy volunteers (Hartman et al., 2025). In contrast,
the OX2R agonist TAK-994 was evaluated in a phase 2,
randomized, placebo-controlled trial in patients with nar-
colepsy type 1. Although the drug demonstrated robust
improvements in sleep latency, daytime sleepiness, and
cataplexy compared with placebo, its safety profile raised
significant concerns. TAK-994 was associated with a high
rate of adverse events, most notably serious liver toxicity,
which led to the premature termination of the clinical trial
(Dauvilliers et al., 2023).

Overall, while sedation and sleep disturbances are
the most commonly reported risks, serious metabolic ef-
fects and drug interactions are rare or have not yet been
reported, especially for OX2R agonists. Additional lon-
gitudinal and real-world studies are needed to provide
a more comprehensive characterization of their safety
profile (Hartman et al., 2025; Na et al., 2024; Ufer et al.,
2021; Xue et al., 2021).

Orexin modulators: Registered
studies and evidence transfer
to anorexia nervosa

Current research on orexin receptor modulators (ago-
nists and antagonists) is most advanced in sleep disorders,
particularly narcolepsy, with emerging studies on depres-
sion and addiction. However, to date, there are no active
or registered interventional studies directly targeting
orexin pathways in AN or other eating disorders. Table 1
summarizes key registered studies investigating orexin
modulators in narcolepsy, depression, and related condi-
tions, together with their current status and key findings.

Preclinical studies have linked orexin signaling to food-
seeking behavior and binge-like eating, and altered orexin
levels have been observed during caloric deprivation and
in animal models of eating disorders (Beckenstrom et al.,
2023; Carpi et al., 2024; Kukkonen et al., 2024). Orexin

modulators are being actively investigated for narcolepsy,
insomnia, depression, and addiction, but no clinical trials
have evaluated these agents in patients with AN (Carpi
et al., 2024). Moreover, pathophysiological differences
between narcolepsy, depression, addiction, and AN limit
the direct evidence transfer. Consequently, the safety and
efficacy of orexin modulators in malnourished patients
with AN remain unknown (Beckenstrom et al., 2023; Carpi
etal., 2024). Although preclinical and mechanistic studies
suggest considerable translational potential, dedicated clin-
ical trials are needed. At present, evidence transfer to AN
is speculative and highlights a significant research gap.

Knowledge gaps and
recommendations for the future

The following section outlines the current state of knowl-
edge regarding the role of the orexin system in AN, identi-
fies key research gaps, and proposes priorities for future
investigation.

What we know

Clinical studies examining OXA levels in patients with
AN have yielded relevant but inconsistent findings. Steward
et al. (2019) reported reduced OXA levels in individuals
with AN, a finding supported by Janas-Kozik et al. (2011).
Furthermore, Steward et al. stated that reduced orexin
levels were associated with cognitive impairment. In con-
trast, Bronsky et al. (2011) documented both increases
and decreases in OXA concentrations during an eight-
week refeeding period. Moreover, Sauchelli et al. (2016)
found no significant differences in OXA concentrations
between patients with AN and healthy controls, although
higher orexin levels within the AN group were associated
with poorer sleep quality. Collectively, these discrepancies
highlight the limited nature of the current evidence and
the considerable heterogeneity of study populations and
methodologies.

In summary, the presence of orexin in the brain, to-
gether with findings from behavioral and animal studies,
suggests that the orexin system may represent a potential
therapeutic target in AN. However, the evidence remains
mixed, and further studies are needed to elucidate the un-
derlying mechanisms and assess the translational potential
of orexin-modulated interventions.

What we do not know

To advance the field, future studies should be rigorously
designed to assess both OXA and OXB across different
stages of the disorder while distinguishing between the re-
strictive and binge—purge subtypes of anorexia. Given
the complex physiological roles of orexins, it is essential
to control for key confounding variables, including age,
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Table 1. Summary of key registered and completed clinical studies evaluating orexin receptor modulators

Indication

Drug (NCT/Ref)

Summary Status

Phase 2 RCT in patients with narcolepsy type 1; oral OX2R
. oveporexton agonist significantly improved wakefulness and reduced daytime
Dauvilliers et al., narcolepsy B
2025 Vo 1 (TAK-861, sleepiness and cataplexy over 8 weeks. The most common completed
P NCT05687903) side effects were insomnia and urinary symptoms, and no
hepatotoxicity was observed.
firazorexton Phase 2 RCT in patients with narcolepsy type 1; oral OX2R
Dauvilliers etal,, narcolepsy (TAK-994, agonist improved sleep latency and reduced cataplexy but terminated
2023 type 1 NCT04096560, was associated with liver toxicity, leading to early termination
NCT04820842) of the trial.
NEIECIE3 : Phase 1 in healthy volunteers; oral OX2R agonist demonstrated
and sleep Hartman et al, narcolepsy, cleminorexton ) )
) ! dose-dependent wake-promoting effects and was well tolerated, ongoing
disorders 2025 hypersomnia (ORX750) ) ) . .
with only mild, transient side effects.
Phase 1b study in patients with narcolepsy and idiopathic
Grunstein et al,, narcolepsy, alixorexton hypersomnia; OX2R agonist improved wakefulness in a dose- completed
2025 hypersomnia (ALKS 2680) dependent manner and demonstrated a favorable safety profile, P
with only mild side effects and no serious safety concerns.
} DORAs Multiple RCTs and meta-analyses in patients with insomnia;
Na et al., 2024; ) )
) ) ) (suvorexant, DORAs improved sleep onset and sleep maintenance but approved/
Mieda and insomnia : : : .
) lemborexant, increased the risk of mild narcolepsy-like adverse events, completed
Sakurai, 2013 ) ) : ) ) B
daridorexant) including sleep paralysis and daytime sleepiness.
Several RCTs in patients with MDD; OX2R antagonist (20 mg)
Meshkat et al,, ) ) ) ;
2025 MDD seltorexant reduced depressive symptoms in some studies, especially when completed
used as adjunctive therapy, although findings remain inconsistent.
Faganetal, RCT in patients with MDD; filorexant did not demonstrate
. 2022; Meshkat MDD filorexant significant improvement in depressive symptoms compared with | completed
Depression
etal, 2025 placebo.
‘ MDD with tebideutorexant Phase 2a in patlen?s thh MDD with anxious d|§tress; OX]AR
Schmidtetal, ; antagonist did not significantly improve depression or anxiety
2025 anxious UNJ-61393215, scores compared to placebo but demonstrated an acceptable completed
distress NCT04080752) P P : P
safety profile.

DORAs — dual orexin receptor antagonists; MDD — major depressive disorder; NCT — National Clinical Trial number; RCT — randomized controlled trial;
OX2R — orexin receptor type 2.

sleep quality, comorbid psychiatric conditions, and sub-
stance use. In addition, the interplay between the orexin

of malnourished patients necessitate dedicated investiga-
tions of the pharmacodynamics, pharmacokinetics, and

system and other systems that may affect the patient’s
condition should be carefully considered.

Although the ABA model has been instrumental in elu-
cidating orexin-related mechanisms, it exhibits critical
translational limitations. Activity-based anorexia reflects
an acute, short-term state of malnutrition, whereas human
AN is a chronic, relapsing disorder driven by psychological
and sociocultural factors. Moreover, interspecies differ-
ences limit the applicability of pharmacological findings
from rodent models to clinical settings. Consequently,
findings derived from the ABA model should be inter-
preted with appropriate caution when extrapolated to hu-
man disease. There is therefore a need for refined or alter-
native preclinical models that more accurately reproduce
the chronic course and psychosocial complexity of AN,
for example through protocols incorporating prolonged
food restriction, stress exposure, or repeated relapse cycles.

Another important research gap is the absence of clini-
cal trials directly evaluating orexin modulators in indi-
viduals with AN. Although preclinical and mechanistic
studies provide a rationale for their potential use, differ-
ences in pathophysiology and the particular vulnerability

safety profiles of these compounds in this population.
Therefore, the extrapolation of evidence from other dis-
orders to AN remains speculative and highlights a signifi-
cant research gap.

Additionally, inconsistencies in the current literature
may reflect methodological differences across studies,
including the assessment of mRNA vs. protein expres-
sion, differences in the timing of tissue collection, and
variation in the hypothalamic subregions analyzed. For
instance, some studies focus solely on the LH, whereas
others include broader hypothalamic areas, contributing
to variability in the reported changes in orexin expression
(Boersma et al., 2016; de Rijke et al., 2005; Hillebrand et al.,
2007; Mavanji et al., 2024; Schéle et al., 2023).

What should be investigated

Multimodal treatment approaches integrating phar-
macotherapy (e.g., orexin modulators, dopamine agents,
or NMDA antagonists) with psychotherapy, such as CBT-E,
represent a promising but still underexplored direction
in the treatment of AN (Beckenstrom et al., 2023; Frank
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and Shott, 2016; Lewis et al., 2024; Mitchell et al., 2023).
Ketamine and zinc have been proposed as agents targeting
the dysregulation of excitatory and inhibitory neurotrans-
mission, potentially enhancing the effects of psychother-
apy (Lewis et al., 2024; Mitchell et al., 2023), while dopa-
mine modulation may facilitate fear extinction and reduce
eating-related distress (Baik, 2020; Frank and Shott, 2016).

Sleep dysregulation is common in eating disorders and
may exacerbate compulsive eating through hyperactivity
of the orexin system (Beckenstrom et al., 2023; Mehr et al.,
2021). Therefore, pharmacological interventions that nor-
malize orexin signaling could improve both sleep quality
and eating behaviors. Dual orexin receptor antagonists,
which are already being investigated for sleep disorders and
substance use, may also have therapeutic potential in eating
disorders such as binge eating disorder (BED) (Mehr et al.,
2021). Animal studies suggest that chronic binge eating
may induce plasticity and hyperactivity within the orexin
system, contributing to both compulsive eating and sleep
disturbances. Furthermore, stress and chronic undernutri-
tion can disrupt dopamine-mediated reward processing,
further contributing to the pathophysiology of AN (Baik,
2020; Frank and Shott, 2016; Kukkonen and Leonard, 2014).

The integration of orexin modulators into multimodal
treatment strategies for AN remains a promising but
emerging field. Although mechanistic studies and ani-
mal models provide valuable insights, clinical trials re-
main limited, and no orexin-targeted drugs have been ap-
proved for the treatment of AN (Beckenstrom et al., 2023;
Muratore and Attia, 2022). Progress in this area is further
limited by the clinical heterogeneity of AN, small sample
sizes, and the difficulty of translating neurobiological find-
ings into effective therapeutic interventions.

In conclusion, although preclinical evidence provides
a compelling rationale for targeting orexin pathways
in AN, well-designed clinical trials are urgently needed
to evaluate the safety, efficacy, and potential integration
of orexin-targeted therapies into individualized treatment
frameworks.

Conclusions

Although the number of published studies investigating
the role of the orexin system in the behavioral and physi-
ological abnormalities associated with AN is increasing,
the available evidence remains inconsistent, and the un-
derlying mechanisms have not yet been fully elucidated.
The orexin system represents a promising but underex-
plored therapeutic target in AN. Since the role of orexin re-
ceptor agonists and antagonists has not been fully evaluated
in patients with AN or other eating disorders, further clini-
cal trials are urgently needed to clarify their therapeutic
potential and safety profile in malnourished populations.

Although evidence from experimental animal studies
indicates that the orexin system plays an important role

in hyperactivity and energy dysregulation in model ABA,
its contribution appears to be context-dependent rather
than exclusive. The variability observed across experimen-
tal models highlights the influence of genetic and envi-
ronmental factors, while the complexity of orexin system
regulation warrants further investigation. Additional stud-
ies are required to clarify the precise roles of orexin and
its therapeutic potential in AN. Moreover, translational
research bridging findings from animal models to human
AN remains limited. Despite significant advances, impor-
tant knowledge gaps persist, including the need to investi-
gate sex-specific differences, the long-term effects of orexin
manipulation, and the translation of animal findings into
clinical practice.

Based on the available sources, there are no active or reg-
istered clinical trials directly targeting orexin pathways
in AN or other restrictive eating disorders, making this
a promising yet unvalidated therapeutic approach. Evi-
dence from clinical trials in other neuropsychiatric disor-
ders suggest that orexin modulation may influence appetite
regulation and reward processing; however, its clinical
translation to AN remains untested and speculative.

Orexin modulators represent a novel and biologically
plausible therapeutic strategy for AN, particularly when
incorporated into multimodal treatment approaches that
combine pharmacotherapy targeting reward, sleep, and
neurohormonal pathways with psychotherapy to address
the complex neurobiology of the disorder. Such integrated
approaches may provide novel opportunities to improve
treatment outcomes, particularly in patients with severe,
chronic, or comorbid forms of AN. However, clinical evi-
dence remains preliminary, and further research is essen-
tial to establish the efficacy and safety of orexin-targeted
therapies in this patient population.

Modulation of sleep and reward systems is central
to both the pathophysiology and potential treatment
of AN. Interventions targeting these systems, including
orexin modulators and dopaminergic agents, are under
active investigation and may offer new therapeutic options
for patients who do not respond adequately to standard
treatment. Ultimately, personalized, multimodal treatment
strategies tailored to an individual’s neurobiology and
clinical presentation are likely to play an important role
in the management of AN. Future studies should there-
fore focus on establishing the efficacy and safety of these
integrated strategies.
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Abstract

This narrative review aimed to synthesize the available evidence on the efficacy and safety of ashwagandha
(Withania somnifera) in alleviating symptoms of stress and anxiety in adults. Particular attention was given
to outcomes assessed using standardized psychometric instruments and, where available, to biomarkers
related to the activity of the hypothalamic—pituitary—adrenal (HPA) axis. The review also examined the main
methodological limitations of the included trials.

A PubMed® search was conducted in October and November 2025 to identify randomized controlled tri-
als (RCTs) published during the preceding 10 years and evaluating the effects of ashwagandha on stress
and anxiety outcomes in adults. After screening and study selection, 11 trials were included. The studies
differed in design, participant characteristics, dosing regimens, and the ashwagandha preparations used,
which limited direct comparability across trials. Nevertheless, most studies reported reductions in perceived
stress and/or anxiety symptoms compared with placebo, and several reported favorable changes in selected
biological markers.

Ashwagandha may reduce perceived stress and anxiety symptoms. Some trials also reported favorable
changes in markers related to the function of the HPA axis, most notably reduced cortisol concentrations,
providing a possible biological basis for the reported clinical effects. However, the findings were heteroge-
neous, and in some RCTs, the differences between the intervention and control groups were not statistically
significant. Given the variability among the preparations used, including differences in dose and withanolide
content, as well as the limited duration of follow-up, larger, independent RCTs using better-standardized
extracts and more rigorous long-term safety assessments, including monitoring for potential hepatotoxicity,
are warranted.

Keywords: anxiety, stress, ashwagandha, Withania somnifera
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Streszczenie

Celem pracy byta synteza danych dotyczacych skutecznosci i bezpieczerstwa ashwagandhy (Withania somnifera) w tagodzeniu stresu oraz objawow lekowych
u 0sob dorostych, z uwzglednieniem wynikéw standaryzowanych skal psychometrycznych oraz, w dostepnych badaniach, markerdw aktywnosci osi podwzgorze—
przysadka—nadnercza (HPA), a takze ocena gtéwnych ograniczeri metodologicznych analizowanych badan.

Przeglad literatury przeprowadzono w pazdzierniku i listopadzie 2025 r. z wykorzystaniem bazy PubMed®. Uwzgledniono w nim randomizowane badania kontrolo-
wane z ostatnich 10 lat dotyczace wptywu ashwagandhy na stres i objawy lekowe u dorostych. Po selekgji pismiennictwa wtaczono facznie 11 badan. Analizowane
prace roznity sie pod wzgledem projektu i stosowanych preparatéw, co utrudnia bezposrednie poréwnania. W wiekszosci odnotowano jednak korzystne zmiany
w zakresie nasilenia stresu i/lub leku, a w czesci badan takze w wybranych markerach biologicznych w poréwnaniu z placebo.

Ashwagandha moze zmniejsza¢ stres postrzegany i objawy lekowe, a w czesci badar obserwowano réwniez korzystne zmiany markerow osi HPA, przede wszystkim
spadek stezenia kortyzolu, co wzmacnia wiarygodnos¢ biologiczng efektu. Jednoczesnie wyniki sg czesciowo zr6znicowane, a w niektdrych RCT réznice wzgledem
placebo nie osiggaty istotnosci, zwfaszcza przy mniejszych prébach i krétszym czasie interwencji. Ze wzgledu na heterogenicznos¢ preparatow (rézne dawki i za-
wartos¢ witanolidow) oraz krétki czas obserwacji potrzebne sa wieksze, niezalezne RCT 7 lepsza standaryzacja ekstraktow i dtuzsza oceng bezpieczenstwa, w tym

pod katem hepatotoksycznosci.

Stowa kluczowe: Iek, stres, ashwagandha, Withania somnifera

Background

Mental disorders are among the leading causes of health-
related burden worldwide. Their prevalence increased sub-
stantially between 1990 and 2019, highlighting the grow-
ing public health importance of stress-related conditions
and psychological distress (GBD 2019 Mental Disorders
Collaborators, 2022; Javaid et al., 2023). A further increase
in the prevalence of depressive and anxiety disorders was
observed after 2019, markedly increasing the global bur-
den attributable to these conditions (COVID-19 Mental
Disorders Collaborators, 2021).

The hypothalamic—pituitary—adrenal (HPA) axis is a key
neuroendocrine system involved in regulating the body’s
response to stress. Activation of the HPA axis culminates
in the release of cortisol, which exerts widespread effects
on the cardiovascular and central nervous systems. Dys-
regulation of the HPA axis, in turn, is associated with
an increased risk of adverse health outcomes (Dedovic
et al., 2009; Rogerson et al., 2024).

Studies indicate that psychosocial factors, particularly
chronic stress, depression, and anxiety, play an impor-
tant role in the pathogenesis of coronary artery disease
(Rozanski et al., 1999; Rozanski et al., 2005). Moreover,
evidence suggests that chronic stress impairs immune
surveillance and may facilitate the development and pro-
gression of certain cancers (Reiche et al., 2004). Chronic
stress may also disrupt gastrointestinal function, lead-
ing to altered motility, increased intestinal permeabil-
ity, changes in secretion, and enhanced inflammatory
responses (Konturek et al., 2011). Prolonged exposure
to stress hormones may additionally induce structural and
functional changes in brain regions involved in cognition
and mental health (Lupien et al., 2009).

Available evidence indicates that the pharmacologi-
cal treatment of anxiety disorders primarily involves

antidepressants and benzodiazepines (Guaiana et al., 2023).
However, benzodiazepine use carries a risk of dependence,
and both treatment-related adverse effects and withdrawal
symptoms may impair cognitive function and compro-
mise patient safety (Edinoff et al., 2021). Antidepressant-
related adverse effects may also interfere with treatment
by increasing the burden of treatment-related symptoms,
reducing tolerability, and consequently decreasing adher-
ence to treatment (Braund et al., 2021).

In addition to pharmacotherapy, non-pharmacolog-
ical interventions may help reduce anxiety symptoms.
These include acceptance and commitment therapy
(ACT), mindfulness-based cognitive therapy (MBCT),
and mindfulness-based stress reduction (MBSR), which
have demonstrated clinically meaningful short-term ef-
ficacy in reducing anxiety symptoms (Haller ez al., 2021).
Herbal preparations are also used to alleviate symptoms
of stress and anxiety and may serve as complementary
or alternative treatment options for selected patients
(Kenda et al., 2022).

In recent years, interest in ashwagandha (Withania
somnifera) has increased substantially. Its growing
popularity as an adaptogen stems from reports suggest-
ing potential anxiolytic, stress-modulating, and sleep-
enhancing effects. Recent studies indicate that ashwa-
gandha may influence the stress response through effects
on the nervous and endocrine systems (Bhat et al., 2022;
Speers et al., 2021). Withanolides and other bioactive
constituents of ashwagandha may affect the HPA axis,
GABAergic and serotonergic neurotransmission, and in-
flammatory and antioxidant pathways, thereby providing
a possible mechanistic basis for its adaptogenic effects
(Speers et al., 2024).

Accordingly, this review aimed to evaluate the efficacy
of ashwagandha in alleviating symptoms of stress and
anxiety in adults and to assess its safety.
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Material and methods
Literature search

The literature search was conducted using the PubMed®
database in October and November 2025 to identify random-
ized controlled trials (RCTs) evaluating the efficacy of ash-
wagandha (W. somnifera) in reducing symptoms of stress
and anxiety in adults. The search strategy combined terms
related to ashwagandha (“Withania somnifera” and “ashwa-
gandha”) with terms related to stress and anxiety (“stress’,
“psychological stress”, “anxiety”, and “generalized anxiety
disorder”), using the Boolean operators AND and OR.

Randomized controlled trials published during the pre-
ceding 10 years, available in English as full-text articles,
and assessing stress or anxiety using standardized psy-
chometric instruments were eligible for inclusion. Studies
involving participants younger than 18 years, as well
as publications that did not meet the eligibility criteria,
were excluded.

Following the screening of titles, abstracts, and full-text
articles, 9 studies retrieved in the initial search met the in-
clusion criteria. Two additional studies were identified
by screening the reference lists of the included articles.
The analysis encompassed a total of 11 studies, which
were evaluated based on their intervention characteris-
tics, assessment instruments, clinical outcomes, and safety
outcomes.

Table 1. Characteristics of the studies included in the review

Withanolide
content [%)]

Characteristics of the included studies

The studies used validated psychometric instruments
to assess stress and anxiety. The Perceived Stress Scale
(PSS) was the most commonly used measure of per-
ceived stress (Ezzati et al., 2014; Ribeiro Santiago et al.,
2020). The Hamilton Anxiety Rating Scale (HAM-A) was
used as the primary tool to assess the severity of anxiety
symptoms. The scale evaluates both psychic and somatic
symptoms of anxiety (Maier et al., 1988). Some stud-
ies also used the 7-item Generalized Anxiety Disorder
scale (GAD-7), which assesses symptoms characteris-
tic of generalized anxiety disorder (GAD) (Mossman
et al., 2017), and the 21-item Depression Anxiety Stress
Scales (DASS-21), which enables the simultaneous as-
sessment of symptoms of depression, anxiety, and stress
(Lee et al., 2019).

Most RCTs measured concentrations of cortisol and de-
hydroepiandrosterone sulfate (DHEA-S) as stress-related
neuroendocrine biomarkers associated with the function
of the HPA axis, which plays a central role in the stress
response (Kamin and Kertes, 2017; Smith and Vale, 2006).

The studies varied in sample size (40—131 participants),
duration of the intervention (42—84 days), daily ashwa-
gandha dose (60-1,000 mg/day), and withanolide content
(0.4—35%). The included studies involved diverse popu-
lations, ranging from healthy adults with elevated per-
ceived stress to patients with diagnosed anxiety disorders.

Characteristics of the study

population Comments

Sample | Study duration R
. of ashwagandha
size, n [days]
[mg]

Choudhary etal.,
2017 52 56 600
Fuladietal, 2021 40 42 1,000
Langade etal., 2019 60 70 600
Loprestietal, 2019 60 60 240
Mahadevan et al.,
2005 90 84 125
Majeed et al, 2023 54 60 500
Majeed et al., 2024 70 90 500
Mishra and Kumar,
2024 60 60 60 or 120
Pandit et al., 2024 131 56 125,250, or 500
Salve etal, 2019 60 56 250 or 600
Smith et al., 2023 120 84 400

not reported adults with GAD concurrently taking SSRls
5.0 adults with primary insomnia -
healthy adults with HAM-A scores
35.0 -
of 6-17
15 healthy adults with PSS scores B
’ of 7-26
)5 healthy adults with PSS scores formulation containing
’ of 14-25 and GAD-7 scores <15 5 mg of 95% piperine
)5 healthy adults with HAM-D scores | formulation containing
’ of 8-18 and HAM-A scores of 6-24 | 5 mg of 95% piperine
healthy adults with HAM-A
35.0 scores >20 and without -
depression
04-10 healthy adults with chronic stress B

not reported

50 adults with PSS scores >20 and B
’ BMIs of 25-39.9 kg/m?

patients were

and PSS scores >28
healthy adults with PSS scores >20 -

15 healthy adults with PSS scores >14 B
' and PROMIS-29 scores >9

BMI - body mass index; GAD — generalized anxiety disorder; GAD-7 — 7-item Generalized Anxiety Disorder scale; HAM-A — Hamilton Anxiety Rating Scale;
HAM-D — Hamilton Depression Rating Scale; PROMIS-29 - Patient-Reported Outcomes Measurement Information System 29-item Profile; PSS - Perceived

Stress Scale; SSRIs — selective serotonin reuptake inhibitors.
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The characteristics of the study populations, duration
of the interventions, daily ashwagandha doses, and witha-
nolide contents are presented in Table 1.

Results

Effects of ashwagandha on the reduction
of stress

Across the analyzed RCTs, supplementation with
W. somnifera extracts was associated with reductions in per-
ceived stress, assessed primarily using the PSS (Choudhary
et al., 2017; Mahadevan et al., 2025; Majeed et al., 2024;
Mishra and Kumar, 20245 Pandit et al., 2024, Salve et al.,
2019). These studies reported statistically significant de-
creases in PSS scores in the ashwagandha groups compared
with the placebo groups after several weeks of interven-
tion. In some RCTs, statistically significant between-group
differences were observed by weeks 6—8 of supplementa-
tion, suggesting that the effects of ashwagandha on per-
ceived stress may become apparent relatively early during
treatment.

The magnitude of the reduction in perceived stress
varied across studies; however, the direction of change
was generally consistent. Several RCTs reported greater
decreases in PSS scores in the ashwagandha groups than
in the control groups, suggesting a meaningful improve-
ment in perceived stress (Choudhary et al., 2017; Majeed
et al., 2024; Pandit et al., 2024; Salve et al., 2019). In these
studies, the reduction in perceived stress was maintained
until the end of the intervention period, with no apparent
evidence of rapid adaptation or attenuation of the effect.

However, not all studies demonstrated a statistically
significant advantage of ashwagandha over placebo in re-
ducing stress. Although some RCTs reported decreases
in stress levels during the intervention, the between-group
differences did not reach statistical significance (Lopresti
etal.,2019; Smith et al., 2023). In these trials, the direction

of change was consistent with the overall pattern observed
across the included studies. The lack of statistically signifi-
cant between-group differences did not reflect worsening
outcomes in the active-treatment groups but appeared
to be related, at least partly, to concurrent improvement
in the placebo groups. This finding may indicate a substan-
tial placebo response or other non-specific study effects,
which are commonly observed in trials involving stress
and anxiety symptoms.

Several RCTs evaluated more than 1 dose of ashwa-
gandha, allowing potential dose-related differences
in the magnitude of stress reduction to be examined
(Mishra and Kumar, 2024; Pandit et al., 2024; Salve et al.,
2019). Across these studies, PSS scores in more than 1 ac-
tive-treatment arm were lower than those in the placebo
group. In the study by Mishra and Kumar (2024), greater
reductions in perceived stress were observed with higher
doses.

Taken together, the RCTs described above indicate that
supplementation with W. somnifera is associated with re-
ductions in perceived stress, particularly when assessed
using the PSS, although a small number of studies did
not demonstrate a clear advantage of ashwagandha over
placebo. The magnitude of these effects is summarized
in Table 2.

Effects of ashwagandha on the reduction
of anxiety

Several studies reported reductions in the severity
of anxiety symptoms among participants receiving ash-
wagandha relative to those receiving placebo, with effects
generally favoring ashwagandha across most analyses
(Fuladi et al., 2021; Langade et al., 2019; Lopresti et al.,
2019; Mahadevan et al., 2025; Majeed et al., 2023; Majeed
et al., 2024; Mishra and Kumar, 2024).

A study involving patients with diagnosed GAD who were
receiving selective serotonin reuptake inhibitors (SSRIs)
found a statistically significant reduction in the HAM-A

Table 2. Changes in Perceived Stress Scale (PSS) scores in the ashwagandha and placebo groups

Change from baseline to the end of the study

in the ashwagandha group

Change from baseline to the end of the study
in the placebo group

[points] [points]
Choudhary etal., 2017 PSS —6.65 -2.12
Mahadevan et al., 2025 PSS —7.40 0.80
Majeed et al, 2023 PSS -9.36 —0.04
Mishra and Kumar, 2024 PSS :]]4%%9()0((]6200299)) —-1.10
—9.11 (125 mg)
Pandit et al,, 2024 PSS —13.65 (250 mg) —6.46
—15.63 (500 mq)
Salve et al, 2019 PSS e 23; 6,07
Smith et al,, 2023 PSS —7.64 —7.03
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Table 3. Changes in scores on anxiety scales in the ashwagandha and placebo groups

Change from baseline to the end of the study

Change from baseline to the end of the study

in the ashwagandha group in the placebo group

[points] [points]
Fuladi etal,, 2021 HAM-A -13.84 -8.09
Langade etal., 2019 HAM-A -5.10 -1.89
Lopresti etal., 2019 HAM-A —4.20 -2.36
Majeed et al, 2023 GAD-7 -4.67 0.86
Majeed et al., 2024 HAM-A -891 —2.56
Mishra and Kumar, 2024 HAM-A :]];;50((]6200?]95) 0.20
—5.59 (125 mg)
Pandit et al,, 2024 HAM-A —7.50 (250 mg) -1.75
—6.98 (500 mg)
Salve et al, 2019 HAM-A :i:gg Eégg gg; ~1.90

scores in the ashwagandha group compared with the pla-
cebo group (Fuladi et al., 2021). These findings suggest that
ashwagandha may have potential as an adjunctive interven-
tion in patients undergoing pharmacotherapy.

In most of the studies included in the analysis, ashwa-
gandha supplementation was associated with a statisti-
cally significant reduction in anxiety symptoms compared
with placebo, as assessed using standardized psychometric
scales, although the magnitude of the effect varied across
studies.

The studies used various ashwagandha dosing regi-
mens, and reductions in anxiety symptoms were reported
across a broad range of doses. In a study that directly com-
pared 2 dose levels, a statistically significant improve-
ment in the severity of anxiety symptoms was observed
in the higher-dose group, whereas the lower-dose group
did not differ significantly from placebo (Salve et al., 2019).

Taken together, the analyzed studies suggest that supple-
mentation with W. somnifera is associated with reduc-
tions in anxiety symptoms, as assessed using standardized
psychometric scales, although the size and statistical sig-
nificance of the effect varies between studies. The extent
of these changes is summarized in Table 3.

Effects of ashwagandha on markers
of neuroendocrine activity

The included RCTs on the effects of W. somnifera as-
sessed changes in selected markers of neuroendocrine
activity, primarily those associated with the function
of the HPA axis. The most frequently evaluated marker
was cortisol, measured in serum or saliva. Some stud-
ies also evaluated concentrations of adrenocorticotropic
hormone (ACTH) and DHEA-S.

In most studies, cortisol concentrations decreased
significantly in the intervention groups compared with
the placebo groups after several weeks of ashwagandha
supplementation (Choudhary et al., 2017; Lopresti et al.,
2019; Mahadevan et al., 2025; Majeed et al., 2023; Mishra

and Kumar, 2024; Pandit et al., 2024; Salve et al., 2019).
Reductions from baseline in the ashwagandha groups typi-
cally ranged from 15% to 30%. The direction of change was
generally consistent across studies, although the magni-
tude of the effect varied according to the study population
and the measurement protocol.

In a study evaluating 3 doses of ashwagandha (125, 250, and
500 mg), ACTH concentrations decreased significantly in all
active-treatment groups compared with placebo after 8 weeks
of intervention (Pandit et al., 2024). However, comparisons
among the individual dose groups showed no significant dif-
ferences in the magnitude of ACTH reduction, indicating no
clear dose—response relationship for this parameter.

Changes in DHEA-S were assessed in several RCTs, with
heterogeneous findings. One study demonstrated a sig-
nificant reduction in DHEA-S in the ashwagandha group,
whereas no significant changes were observed in the pla-
cebo group (Lopresti et al., 2019). By contrast, the remain-
ing studies found no significant between-group differences
in DHEA-S (Pandit et al., 2024; Smith et al., 2023).

Safety and tolerability of ashwagandha

Ashwagandha supplementation was generally well toler-
ated, and the incidence of reported adverse events was low
and comparable between the ashwagandha and placebo
groups. Adverse effects were typically mild and transient,
and many studies reported no adverse events or interven-
tion-related treatment discontinuations.

In several studies, safety was also evaluated on the ba-
sis of hematologic and biochemical parameters measured
before and after the intervention (Lopresti et al., 2019;
Mahadevan et al., 2025; Majeed et al., 2023; Majeed et al.,
2024; Pandit et al., 2024; Smith et al., 2023). No clinically
meaningful changes were observed in hematologic pa-
rameters, liver and kidney function tests, lipid profiles,
or markers of glucose metabolism. Any observed changes
remained within the reference ranges and did not differ
significantly from those observed in the placebo groups.
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Discussion

Withania somnifera has attracted interest due to its
potential effects on mental health, reflecting both its
established role in traditional systems of medicine and
its growing popularity in the dietary supplement market
in Western countries (Mukherjee et al., 2021; Todorova
et al., 2021; Zhao et al., 2025). In the literature, ashwa-
gandha is most commonly classified as an adaptogen and
defined as an agent that may enhance the body’s ability
to adapt to stress and maintain physiological balance under
stressful conditions (Archana and Namasivayam, 1999;
Panossian et al., 2021).

Stress is a broad concept that includes physiological
stressors, such as infection and injury, and psychological
stressors, such as emotional strain and chronic uncertainty
(Haykin and Rolls, 2021). Its consequences span a wide
range of responses, from perceived overload and anxiety
symptoms to sleep and mood disturbances and measur-
able physiological changes (Russell and Lightman, 2019).
Although the response to psychological stress is initiated
within the central nervous system, it may produce pe-
ripheral effects through altered activity of the HPA axis,
the autonomic nervous system, and the immune system
(Alotiby, 2024; Karrow, 2006). Accordingly, intervention
studies often use both psychometric instruments and bio-
chemical biomarkers, such as cortisol and ACTH, to as-
sess the stress response (Chojnowska et al., 2021; Ezzati
et al., 2014). Hyperactivity of the HPA axis and immune
dysregulation have been proposed as mechanisms that may
contribute to symptom persistence and increase vulner-
ability to symptom recurrence (Lei et al., 2025). More-
over, the evaluation of ashwagandha as an intervention
for stress and anxiety should extend beyond subjective
well-being and consider its potential effects on compo-
nents of the stress response that influence multiple organ
systems (Russell and Lightman, 2019).

Although this review focuses on clinical studies,
it is worth noting that interest in the potential effects
of ashwagandha on mental health is further supported
by evidence from animal models (Cattane et al., 2022).
Preclinical studies suggest that ashwagandha may influ-
ence several pathways involved in the stress response and
regulation of anxiety, thereby providing a possible bio-
logical rationale for the effects reported in clinical studies
(Paul et al., 2021).

In the clinical studies included in this review, the effects
of ashwagandha treatment were assessed primarily using
standardized questionnaires and, in some RCTs, biomark-
ers of HPA axis activity. Regarding perceived stress, most
trials demonstrated statistically significant improvements
in the active-treatment groups compared with the placebo
groups, although the magnitude of the effect varied across
studies. Some trials showed improvement in both groups.

In studies evaluating stress and anxiety, concurrent im-
provements in placebo groups are common and should

be considered when interpreting findings based on self-
reported outcomes (Bagnis et al., 2025). At the same time,
several RCTs showed a consistent direction of change
in selected biomarkers, complementing the results ob-
tained using psychometric scales. However, differences
in sampling procedures and timing, together with the di-
urnal variability of these parameters, hinder direct com-
parisons of effect sizes across studies (Gaffey et al., 2016).
With regard to anxiety, the findings generally favored
ashwagandha, although the magnitude and statistical
significance of the observed changes varied across study
arms. Comparisons were further complicated by the use
of different instruments to assess anxiety symptoms.

Of note, an RCT involving patients diagnosed with GAD
who were receiving SSRIs reported that ashwagandha may
have potential as an adjunctive intervention under con-
ditions resembling routine clinical practice (Fuladi et al.,
2021). However, in this setting, it is not possible to deter-
mine conclusively whether the observed benefit was attrib-
utable to ashwagandha supplementation, concomitant phar-
macotherapy, or an interaction between the 2 interventions.

Some studies focused primarily on the effects of ashwa-
gandha on sleep, and the observed reduction in anxiety
may have been partly secondary to better sleep quality
(Scott et al., 2021). Future studies should employ designs
that allow investigators to determine whether improve-
ments in anxiety symptoms reflect a direct effect of ashwa-
gandha or are mediated largely by changes in sleep quality.

From a pharmacological perspective, a major limitation
of the available evidence is the heterogeneity of the prepa-
rations. The studies included different parts of the plant,
types of the extract, manufacturing processes, and prod-
ucts with widely varying withanolide concentrations
(Speers et al., 2021). Moreover, the nominal daily dose
may not accurately reflect the biologically active dose un-
less the phytochemical profile and bioavailability of each
preparation are taken into account (Paul et al., 2021). Some
studies used formulations designed to enhance bioavail-
ability, including products containing piperine. The use
of such formulations may limit the validity of dose—
response comparisons across preparations. Consequently,
the findings should be considered primarily applicable
to the specific products investigated, and caution is war-
ranted when extrapolating them to other commercially
available preparations (Speers et al., 2024; Starr, 2015).

It is also important to emphasize that studies compar-
ing different dose levels did not consistently demonstrate
a clear dose—response relationship. In some RCTs, differ-
ences between individual doses were small or did not reach
statistical significance, even though all doses produced
changes in a favorable direction compared with placebo.
This pattern may suggest a non-linear biological response
or a ceiling effect, whereby increasing the dose does not
result in a proportional increase in the clinical effect. Such
phenomena have also been described in studies of botani-
cal supplements (Jodynis-Liebert and Kujawska, 2020).
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This observation has important practical implications,
as it suggests that higher doses may not necessarily provide
greater therapeutic benefits.

Another important gap in the evidence concerns the du-
ration of follow-up. The analyzed RCTs were generally
short-term, and long-term follow-up after discontinuation
of supplementation was limited. In the context of chronic
stress and anxiety disorders, which often follow a pro-
longed course, the lack of data on the durability of treat-
ment effects, the risk of symptom recurrence after treat-
ment discontinuation, and the safety of long-term use are
of particular concern (Ten Have et al., 2022). In addition,
some studies had relatively small sample sizes, which lim-
ited statistical power and may have reduced the precision
and robustness of the findings, making them more suscep-
tible to random variation (Cook et al., 2018).

The short-term safety profile reported in the included
RCTs was generally favorable. Several trials also included
objective assessments of hematologic and biochemical
parameters, which showed no clinically meaningful ab-
normalities. Nevertheless, adverse events, most commonly
gastrointestinal symptoms and non-specific complaints,
were reported and occasionally led to treatment discon-
tinuation or withdrawal from the study. This may have
implications for adherence in clinical practice. It should
be emphasized, however, that the available safety data
are derived primarily from short-term studies. Although
such observation periods allow early adverse effects to be
identified, they do not permit a reliable assessment of rare
or delayed complications. Therefore, the absence of seri-
ous adverse events in the analyzed RCTs does not rule
out their occurrence during long-term use or in popula-
tions underrepresented in clinical trials. Isolated cases
of suspected ashwagandha-associated liver injury have also
been described in case reports and case series (Halegoua-
DeMarzio and Navarro, 2025; Philips et al., 2023).

Although these events are rare and were not observed in
the short-term RCTs included in this review, they underscore

the need for caution when interpreting the available safety
data and support the need for further studies with longer
follow-up periods. Potential drug interactions should also
be considered in clinical practice. Concomitant use of ash-
wagandha with anxiolytics, antidepressants, or hypnotics
may increase the risk of pharmacodynamic interactions
(Spanakis et al., 2025). Pharmacokinetic interactions re-
lated to the potential effects of ashwagandha constituents
on cytochrome P450 enzyme activity have also been pro-
posed, although the available evidence remains limited
(Siwek et al., 2023). Therefore, clinical caution is warranted
when ashwagandha is used concomitantly with centrally
acting medications.

It should also be noted that some studies disclosed con-
flicts of interest or funding from manufacturers or other
commercial entities associated with the studied product,
which may have increased the risk of bias.

Conclusions

The analysis of the 11 RCTs suggests that ashwagandha
supplementation may reduce symptoms of stress and
anxiety. However, the clinical relevance of the observed
changes is more difficult to assess than their statistical
significance. Although the included studies reported re-
ductions in scores on stress and anxiety scales, the practi-
cal implications of these improvements for patients’ daily
functioning remain unclear. Given the substantial het-
erogeneity among the studies in terms of the preparations
used, dosing regimens, and the degree of standardization,
as well as the short intervention periods and limited long-
term follow-up, ashwagandha cannot currently be regarded
as a universally applicable treatment option. It was gener-
ally well tolerated in the short term; however, a compre-
hensive assessment of its safety, including the risk of rare
adverse events such as suspected liver injury, requires fur-
ther research with longer follow-up periods.

Cel

Zaburzenia psychiczne naleza do gtéwnych przyczyn
obcigzenia zdrowotnego na $wiecie, a ich wystepowanie
w latach 1990—-2019 wyraznie sie nasililo, co podkresla stale
rosnace znaczenie probleméw zwigzanych ze stresem i ob-
cigzeniem emocjonalnym (GBD 2019 Mental Disorders Col-
laborators 2022; Javaid et al., 2023). Po 2019 r. odnotowano
dalszy wzrost czesto$ci zaburzen depresyjnych i lekowych,
znaczaco zwigkszajacy globalne obcigzenie tymi schorze-
niami (COVID-19 Mental Disorders Collaborators, 2021).

Os$ podwzgérze—przysadka—nadnercza (ang. hypothala-
mic—pituitary—adrenal — HPA) stanowi kluczowy uktad
hormonalny odpowiedzialny za regulacje reakcji stresowej

organizmu. Aktywacja osi HPA skutkuje wydzielaniem kor-
tyzolu oddziatujacego m.in. na uklad sercowo-naczyniowy
i osrodkowy uklad nerwowy, natomiast jej dysregulacja wiaze
sie ze zwiekszonym ryzykiem niekorzystnych nastepstw
zdrowotnych (Dedovic et al., 2009; Rogerson et al., 2024).
Badania wskazujg, Ze czynniki psychospoteczne, zwlasz-
cza przewlekly stres, depresja i lek, odgrywaja istotna role
w patogenezie choroby wiericowej (Rozanski et al., 1999;
Rozanski et al., 2005). Co wiecej, istnieja przestanki, ze
przewlekly stres ostabia mechanizmy nadzoru immuno-
logicznego i moze utatwia¢ rozwdj oraz progresje niekto-
rych nowotworéw (Reiche et al., 2004), a takze wywiera
wplyw na funkcjonowanie przewodu pokarmowego, pro-
wadzac m.in. do zaburzen jego motoryki, zwiekszonej
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przepuszczalnosci jelit, zmian wydzielniczych oraz na-
silenia proceséw zapalnych (Konturek et al., 2011). Prze-
wlekla ekspozycja na hormony stresu wptywa réwniez na
struktury mézgu odpowiedzialne za funkcje poznawcze
i zdrowie psychiczne (Lupien et al., 2009).

Dostepne dane wskazuja, zZe zaburzenia lekowe moga
by¢ leczone farmakologicznie, a stosowane w tym celu
interwencje obejmuja przede wszystkim podawanie lekéw
przeciwdepresyjnych oraz benzodiazepin (Guaiana et al.,
2023). Niestety stosowanie benzodiazepin obarczone jest
ryzykiem rozwoju uzaleznienia, a objawy odstawienne oraz
dzialania niepozadane wplywaja na funkcje poznawcze
i bezpieczenistwo pacjenta (Edinoff et al., 2021). W przy-
padku lekéw przeciwdepresyjnych dziatania niepozadane
moga stanowi¢ czynnik zakldcajacy przebieg terapii, po-
niewaz zwiekszaja subiektywne dolegliwo$ci pacjentéw,
wplywaja negatywnie na tolerancje leczenia i tym samym
obnizaja poziom adherencji (Braund et al., 2021).

Oproécz leczenia farmakologicznego role w redukcji
objaw6w lekowych odgrywaja takze niefarmakologiczne
interwencje, takie jak terapia akceptacji i zaangazowania
(ang. acceptance and commitment therapy — ACT), terapia
poznawcza oparta na uwazno$ci (ang. mindfulness-based
cognitive therapy — MBCT) czy redukcja stresu oparta
na uwaznosci (ang. mindfulness-based stress reduction
— MBSR), ktére w badaniach wykazuja klinicznie istotna
krotkoterminowa skuteczno$¢ (Haller et al., 2021). W ta-
godzeniu objawdw stresu i leku stosuje sie takze preparaty
ziolowe — stanowia one alternatywe dla terapii farmako-
logicznej (Kenda et al., 2022).

W ostatnich latach obserwuje sie rosnace zainteresowa-
nie ashwagandha (Withania somnifera), ktérej popularnosé
jako adaptogenu wynika z doniesien sugerujacych jej po-
tencjalne dzialanie przeciwlekowe, modulujace odpowiedz
stresowa oraz poprawiajace jako$¢ snu. Wspotczesne ba-
dania potwierdzaja jej zdolno$¢ do wplywania na reakcje
stresowa poprzez oddzialywanie na funkcje uktadu nerwo-
wego i hormonalnego (Bhat et al., 2022; Speers et al., 2021).
Zawarte w niej pochodne witanolidéw oraz inne substancje
aktywne moduluja o§ HPA, neuroprzekaznictwo GABA-
(ang. gamma-aminobutyric acid) i serotoninergiczne oraz
procesy zapalne i antyoksydacyjne, co stanowi podstawe
jej dziatania adaptogennego (Speers et al., 2024).

W zwigzku z powyzszym celem niniejszego przegladu
byta ocena skuteczno$ci ashwagandhy (Withania somnifera)
w tagodzeniu objawéw stresu i leku u os6b dorostych oraz
ocena bezpieczenstwa jej stosowania.

Materiat i metody
Przeglad pismiennictwa
Przeglad literatury przeprowadzono w pazdzierniku i li-

stopadzie 2025 r. z wykorzystaniem bazy PubMed® w celu
identyfikacji randomizowanych badan kontrolowanych

(ang. randomized controlled trial — RCT) oceniajacych
skutecznos¢ ashwagandhy (Withania somnifera) w re-
dukgji stresu oraz objawéw lekowych u os6b dorostych.
Strategia wyszukiwania obejmowala kombinacje stow
kluczowych i ich synoniméw zwigzanych z ashwagandha
(,Withania somnifera”, ,ashwagandha”) oraz stresem i le-
kiem (,,stress”, ,psychological stress”, ,anxiety”, ,generali-
zed anxiety disorder”) faczonych przy uzyciu operatoréw
logicznych.

Do analizy wlaczano randomizowane badania kontro-
lowane opublikowane w ciagu ostatnich 10 lat, dostepne
w jezyku angielskim w wersji pelnotekstowej, w ktérych
oceniano stres lub lek z uzyciem standaryzowanych narze-
dzi psychometrycznych. Wykluczano badania z udziatem
os6b niepetnoletnich oraz prace niespelniajace powyzszych
kryteriow.

Po analizie tytutéw, streszczen i petnych tekstow w wy-
szukiwaniu pierwotnym zidentyfikowano 9 badan spel-
niajacych kryteria wtaczenia. Dodatkowo, na podstawie
analizy piémiennictwa cytowanego w tych publikacjach,
wlaczono 2 kolejne badania. Lacznie do analizy zakwali-
fikowano 11 prac, ktére oceniono pod katem charaktery-
styki interwencji, zastosowanych narzedzi oceny, wynikéw
klinicznych oraz bezpieczenstwa stosowania.

Charakterystyka wiaczonych badan

W badaniach wykorzystywano zwalidowane narzedzia
psychometryczne stuzace do oceny stresu i leku. Najcze-
$ciej uzywano Skali Odczuwanego Stresu (Perceived Stress
Scale — PSS) jako narzedzia oceny subiektywnego nasilenia
stresu (Ezzati et al., 2014; Ribeiro Santiago et al., 2020).
Nasilenie objaw6w lekowych oceniano przede wszystkim
przy uzyciu Hamilton Anxiety Rating Scale (HAM-A),
narzedzia obejmujacego komponent psychiczny i soma-
tyczny leku (Maier et al., 1988). W czesci badan stoso-
wano rowniez skale 7-item Generalized Anxiety Disorder
(GAD-7), stuzaca do oceny symptoméw charakterystycz-
nych dla uogdlnionego zaburzenia lgkowego (ang. gene-
ralized anxiety disorder — GAD) (Mossman et al., 2017),
oraz 21-item Depression Anxiety Stress Scales (DASS-21),
umozliwiajaca réwnoczesna ocene objawdw stresu, leku
i depres;ji (Lee et al., 2019).

W wiekszosci RCT oceniano stezenie kortyzolu oraz siar-
czanu dehydroepiandrosteronu (DHEA-S) jako wskaznikéw
aktywnosci osi HPA, kluczowej dla reakgji stresowej (Kamin
i Kertes, 2017; Smith et al., 2006).

Badania réznily sie liczebnoscia préby (40-131 oséb),
czasem interwencji (42—84 dni), dawkami (60—1000 mg/d)
oraz zawarto$cig witanolidéw (ok. 0,4—35%). Analizowane
badania obejmowaly zréznicowane populacje uczestnikéw:
zaréwno zdrowych dorostych z podwyzszonym poziomem
odczuwanego stresu, jak i pacjentéw z rozpoznanymi za-
burzeniami lekowymi. Charakterystyke populacji, czasu
trwania obserwacji, dobowej dawki preparatu oraz procen-
towej zawartosci witanolidéw przedstawiono w tabeli 1.
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Tabela 1. Charakterystyka badan wiaczonych do przegladu, ktére dotycza skutecznosci i bezpieczenstwa stosowania Withania somnifera w redukgcji stresu

i leku u dorostych

Zawartos¢
witanolidéw

Charakterystyka populacji

Populacia Czas trwania Dawka
Badanie pufacf badania dobowa
badana, n .
[dni] [mg]
Choudhary etal.,
2017 52 56 600
Fuladietal, 2021 40 42 1000
Langade etal., 2019 60 70 600
Lopresti etal, 2019 60 60 240
Mahadevan etal.,
2005 90 84 125
Majeed et al., 2023 54 60 500
Majeed et al., 2024 70 90 500
) ) 60,
Mishra i Kumar 2024 60 60
120
Pandit et al., 2024 131 56 125,
N 250, 500
250,
Salve etal., 2019 60 56 600
Smith etal, 2023 120 84 400

[%]
dorosli, wyniki PSS >20;

> BMI 25-39,9 -
- pacjenci jednoczesnie
brak danych dorodliz GAD stosowali SSRI
5 dorodli z pierwotng B
bezsennoscia
350 zdrowi dorosli, wyniki B
! HAM-A w przedziale 6-17
15 zdrowi dorosli, wyniki PSS B
! w przedziale 7-26
zdrowi dorosli, wyniki PSS preparat
25 w przedziale 14-25; wyniki zawierajacy 5 mg
GAD-7 <15 95% piperyny

zdrowi dorosli, wyniki HAM-D
2,5 w przedziale 8-18; wyniki
HAM-A w przedziale 6-24

preparat zawierajacy
5 mg 95% piperyny

zdrowi dorosli, wyniki
350 HAM-A >20, -
bez depresji

zdrowi dorosli z przewlektym
04-1,0 stresem, -
wyniki PSS >28

zdrowi dorosli, wyniki

brak danych PSS 20 -
zdrowi dorosli, wyniki
1,5 PSS >14; wyniki -

PROMIS-29 >9

BMI (ang. body mass index) — wskaznik masy ciata; GAD (ang. generalized anxiety disorder) — uogdlnione zaburzenie lekowe; GAD-7 — 7-item Generalized
Anxiety Disorder scale; HAM-A — Hamilton Anxiety Rating Scale; HAM-D — Hamilton Depression Rating Scale; PROMIS-29 — Patient-Reported Outcomes
Measurement Information System 29-item Profile; PSS (Perceived Stress Scale) — Skala Odczuwanego Stresu; SSRIs (ang. selective serotonin reuptake inhibitors)

- selektywne inhibitory wychwytu zwrotnego serotoniny.

Wyniki
Wptlyw ashwagandhy na redukcje stresu

W analizowanych RCT suplementacja ekstraktami
z Withania somnifera byta w wiekszo$ci przypadkow
zwigzana z istotna redukcja subiektywnie odczuwanego
stresu, ocenianego przede wszystkim za pomoca PSS
(Choudhary et al., 2017; Mahadevan et al., 2025; Majeed
et al., 2024; Mishra i Kumar, 2024; Pandit et al., 2024;
Salve et al., 2019). W tych badaniach odnotowano istotne
statystycznie obnizenie wynikéw PSS w grupach otrzy-
mujacych ashwagandhe w poréwnaniu z placebo po kilku
tygodniach interwencji. W czesci RCT réznice miedzy
grupami osiagnetly istotnos¢ statystyczna juz po 6—8 tygo-
dniach suplementacji, co sugeruje, ze efekt redukcji stresu
moze ujawniac sie stosunkowo wczesnie.

Wielko$¢ redukcji stresu réznila si¢ pomiedzy badaniami,
jednak kierunek zmian byl zasadniczo spdjny. W kilku
RCT stwierdzono klinicznie istotne obnizenie punkta-
cji PSS przewyzszajace zmiany w grupach kontrolnych,

interpretowane jako realna redukcja odczuwanego stresu
(Choudhary et al., 2017; Majeed et al., 2024; Pandit et al.,
2024; Salve et al., 2019). W badaniach tych efekt redukcji
stresu utrzymywatl si¢ do konca okresu obserwacji, bez
oznak szybkiej adaptacji lub wygasania dziatania.

Jednoczesnie nalezy podkresli¢, ze nie wszystkie badania
potwierdzily istotna przewage ashwagandhy nad placebo
w zakresie redukgji stresu. W pojedynczych RCT obserwo-
wano wprawdzie spadek poziomu stresu w trakcie interwen-
¢ji (Lopresti et al., 2019; Smith et al., 2023). W tych prébach
kierunek obserwowanych zmian pozostawal zgodny z wy-
nikami pozostalych badan, natomiast brak istotnosci staty-
stycznej miedzy grupami nie wynikal z pogorszenia wyni-
kéw w grupach aktywnych, lecz raczej z réwnoleglej poprawy
obserwowanej w grupach placebo. Moze to wskazywag, ze
w czeéci analiz brak istotnos$ci statystycznej byl zwigzany
z nasilonym efektem placebo, ktéry jest czesto obserwowany
w badaniach nad stresem i zaburzeniami lekowymi.

W kilku RCT zastosowano wiecej niz jedna dawke pre-
paratu, co umozliwito ocene potencjalnych réznic w nasi-
leniu efektu redukcji stresu (Mishra i Kumar, 2024; Pandit
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Tabela 2. Zestawienie wynikdw Skali Odczuwanego Stresu w dwoch grupach: u 0séb przyjmujacych ashwagandhe [mg] i u oséb otrzymujacych placebo

Zmiana w grupie ashwagandhy

Badanie

pod koniec badania

Zmiana w grupie placebo
pod koniec badania

Choudhary etal, 2017 PSS
Mahadevan et al., 2025 PSS
Majeed et al, 2023 PSS
Mishra i Kumar, 2024 PSS
Pandit et al., 2024 PSS
Salve etal,, 2019 PSS
Smith et al,, 2023 PSS

[pkt] [pkt]
—6,65 212
~7,40 0,80
-9,36 —0,04
—12,90 (60 mg) 110
—14,70 (120 mg) '
—-9,11 (125 mq)
—13,65 (250 mg) —6,46
~15,63 (500 mg)
—7,65 (250 mg) B
—8,80 (600 mg) 607
—7,64 -7,03

et al., 2024; Salve et al., 2019). W badaniach tych wykazano
obnizenie wynikéw w PSS w poréwnaniu z placebo w wie-
cej niz jednym ramieniu aktywnym, przy czym obserwo-
wano silniejsza redukeje stresu przy wyzszych dawkach
(Mishra i Kumar, 2024).

Analiza powyzszych RCT wskazuje, ze suplementacja
Withania somnifera jest zwigzana z redukcja subiektyw-
nie odczuwanego stresu ocenianego standaryzowanymi
skalami psychometrycznymi, zwlaszcza za pomoca PSS,
mimo ze pojedyncze badania nie wykazaly jednoznacz-
nej przewagi nad placebo. Zestawienie zaobserwowanych
wynikéw przedstawiono w tabeli 2.

Wptyw ashwagandhy na redukcje leku

W istotnej czesci badan odnotowano zmniejszenie nasi-
lenia objawéw lekowych w grupach otrzymujacych ashwa-
gandhe w poréwnaniu z placebo, przy zachowaniu zgod-
nego kierunku zmian w wiekszo$ci analiz (Fuladi et al.,
2021; Langade et al., 2019; Lopresti et al., 2019; Mahadevan
etal., 2025; Majeed et al., 2023; Majeed et al., 2024; Mishra
i Kumar, 2024).

W jednym z badan obejmujacym pacjentéw z rozpo-
znanym GAD leczonych selektywnymi inhibitorami wy-
chwytu zwrotnego serotoniny (ang. selective serotonin
reuptake inhibitors — SSRI) wykazano istotne obnizenie
punktacji w kwestionariuszu HAM-A w grupie otrzymuja-
cej ashwagandhe w poréwnaniu z placebo, co wskazuje na
potencjalna skuteczno$¢ réwniez w populacji otrzymujacej
leczenie farmakologiczne (Fuladi et al., 2021).

W wiekszosci analizowanych badan suplementacja ash-
wagandha byla zwigzana z istotna redukcja objawéw leku
w poréwnaniu z placebo, oceniana za pomoca standary-
zowanych skal psychometrycznych, przy jednoczesnej
zmienno$ci wielko$ci obserwowanego efektu pomiedzy
poszczegdlnymi badaniami.

W badaniach stosowano rézne schematy dawkowania
ashwagandhy, a redukcje objawdéw leku obserwowano przy
szerokim zakresie dawek. W jednym z badan, w ktérym
bezposrednio poréwnywano 2 poziomy dawkowania,

istotna statystycznie poprawe w zakresie nasilenia objawéw
lekowych wykazano jedynie w ramieniu otrzymujacym
wyzsza dawke, podczas gdy nizsza dawka nie powodowata
istotnych réznic w poréwnaniu z placebo (Salve et al., 2019).

Analizowane badania sugeruja, ze suplementacja Withania
somnifera jest zwiazana z redukcja objawdw leku ocenia-
nych za pomoca standaryzowanych skal psychometrycz-
nych, przy czym wielko$¢ i istotno$¢ efektu réznia sie
miedzy badaniami. Zestawienie wielko$ci obserwowanych
zmian przedstawiono w tabeli 3.

Wptlyw ashwagandhy na markery
aktywnosci uktadu neuroendokrynnego

W RCT oceniajacych dzialanie Withania somnifera anali-
zowano zmiany stezenia wybranych markeréw aktywnosci
uktadu neuroendokrynnego, przede wszystkim parame-
tréw zwiazanych z funkcjonowaniem osi podwzgérze—
przysadka—nadnercza. Najcze$ciej ocenianym markerem
byt kortyzol oznaczany w surowicy lub $linie. W czesci
badan analizowano stezenie hormonu adrenokortykotro-
powego (ACTH) oraz DHEA-S.

W wiekszosci badan stezenie kortyzolu uleglo istotnemu
obnizeniu w grupie otrzymujacej ashwagandhe w po-
réwnaniu z placebo po kilku tygodniach suplementacji
(Choudhary et al., 2017; Lopresti et al., 2019; Mahadevan
et al., 2025; Majeed et al., 2023; Mishra i Kumar, 2024;
Pandit et al., 2024; Salve et al., 2019). Redukcja stezenia
kortyzolu w grupach otrzymujacych ashwagandhe wy-
nosita zazwyczaj okoto 15-30%. Obserwowany kierunek
zmian byl zasadniczo spéjny pomiedzy badaniami, cho¢
wielko$¢ efektu réznila sie w zaleznosci od préby i zasto-
sowanego protokotu pomiarowego.

W badaniu obejmujacym 3 ramiona dawkowania ash-
wagandhy (125 mg, 250 mg i 500 mg) po 8 tygodniach
interwencji we wszystkich grupach aktywnych obser-
wowano istotne obnizenie stezenia ACTH w poréw-
naniu z placebo. Analiza poréwnawcza pomiedzy po-
szczegélnymi dawkami nie wykazata istotnych réznic
w zakresie zmian stezenia ACTH, co wskazuje na brak
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Tabela 3. Zestawienie wynikow skal oceniajacych lek (HAM-A i GAD-7) w dwdch grupach: u oséb przyjmujacych ashwagandhe [mg] i u oséb

otrzymujacych placebo

Zmiana w grupie ashwagandhy

Badanie

pod koniec badania

Zmiana w grupie placebo
pod koniec badania

Fuladi etal, 2021 HAM-A
Langade etal, 2019 HAM-A
Lopresti etal, 2019 HAM-A
Majeed et al, 2023 GAD-7
Majeed et al., 2024 HAM-A
Mishra i Kumar, 2024 HAM-A
Pandit et al,, 2024 HAM-A
Salve etal, 2019 HAM-A

[pkt] [pkt]
—1384 -8,09
-5,10 ~1,89
—4,20 -236
—467 0,86
-891 —2,56
~14,30 (60 mq)
~13,85 (120 mq) 020
-5,59 (125 mq)
~7,50 (250 mq) ~1,75
—6,98 (500 mq)
~3,00 (250 mq) R
—3,95 (600 mg)

wyraznej zalezno$ci dawka—efekt dla tego parametru
(Pandit et al., 2024).

Zmiany stezenia DHEA-S oceniano w kilku RCT, przy
czym uzyskane wyniki byly niejednorodne. W jednym ba-
daniu wykazano istotna redukcje DHEA-S w grupie otrzy-
mujacej ashwagandhe przy braku istotnych zmian w grupie
placebo (Lopresti et al., 2019). W pozostalych badaniach
natomiast nie stwierdzono istotnych réznic miedzy gru-
pami w zakresie zmian tego parametru (Pandit ez al., 2024;
Smith et al., 2023).

Bezpieczenstwo i tolerancja stosowania
ashwagandhy

Suplementacja ashwagandha byta dobrze tolerowana,
a czesto$¢ wystepujacych dziatan niepozadanych niska
i poréwnywalna z placebo. Zglaszane dolegliwos$ci mialy
zazwyczaj charakter tagodny i przemijajacy, a w wielu ba-
daniach nie odnotowano zadnych zdarzen niepozadanych
ani przerwan leczenia zwigzanych z interwencja.

W kilku badaniach bezpieczeristwo oceniano takze
w sposob obiektywny, analizujac parametry hematologiczne
i biochemiczne przed interwencja i po niej (Lopresti et al.,
2019; Mahadevan et al., 2025; Majeed et al., 2023; Majeed
et al., 2024; Pandit et al., 2024; Smith et al., 2023). Nie
stwierdzono klinicznie istotnych zmian w morfologii krwi
ani w parametrach czynno$ci watroby, nerek, profilu lipi-
dowego czy gospodarki weglowodanowej, a obserwowane
réznice miescily sie w zakresach referencyjnych i nie réznily
sie istotnie od parametréw oséb przyjmujacych placebo.

Dyskusja

Withania somnifera od dawna budzi zainteresowanie
w kontekscie zdrowia psychicznego, co wynika zaréwno
z jej ugruntowanej pozycji w medycynie tradycyjnej, jak
i z rosngcej popularnosci na rynku suplementéw diety

w krajach zachodnich (Mukherjee et al., 2021; Todorova
etal., 2021; Zhao et al., 2025). W pismiennictwie ashwagan-
dha jest najczesciej klasyfikowana jako adaptogen, czyli $ro-
dek wspierajacy utrzymanie réwnowagi organizmu w wa-
runkach obciazenia stresem (Archana i Namasivayam,
1999; Panossian et al., 2021).

Stres jest pojeciem szerokim i obejmuje zaréwno bodzce
fizjologiczne (np. infekcje, uraz), jak i psychologiczne (np.
napiecie emocjonalne, przewlekla niepewnos¢) (Haykin
iRolls, 2021). Konsekwencje stresu obejmuja szerokie spek-
trum zmian: od subiektywnie odczuwanego przeciazenia
i objawéw lekowych, przez zaburzenia snu i nastroju, po
mierzalne zmiany fizjologiczne (Russell i Lightman, 2019).
Odpowiedz na stres psychologiczny, cho¢ inicjowana
osrodkowo, moze manifestowaé sie obwodowo poprzez
zmiany aktywno$ci osi HPA, ukladu autonomicznego
oraz ukladu immunologicznego (Alotiby, 2024; Karrow,
2006). Z tego wzgledu w badaniach interwencyjnych wy-
korzystuje sie zaréwno narzedzia psychometryczne, jak
i wskazniki obiektywne, takie jak badanie stezenia korty-
zolu, ACTH (Chojnowska et al., 2021; Ezzati et al., 2014).
Jako mechanizm podkresla sie role nadaktywnosci osi
HPA, a takze immunologicznej dysregulacji, ktére moga
posredniczy¢ w utrwalaniu objawéw i zwieksza¢ podatnosé
na nawroty (Lei et al., 2025). Ponadto ocena przyjmowania
ashwagandhy jako interwencji redukujacej stres i lek nie
dotyczy wylacznie samopoczucia, ale potencjalnie obej-
muje modyfikacje elementéw odpowiedzi stresowej, ktére
maja konsekwencje dla funkcjonowania wielonarzadowego
(Russell i Lightman, 2019).

Chociaz niniejszy przeglad obejmuje badania kliniczne,
warto zaznaczy¢, ze zainteresowanie ashwagandha w ob-
szarze zdrowia psychicznego jest wzmacniane przez dane
uzyskane na modelach zwierzecych (Cattane et al., 2022).
Badania przedkliniczne sugeruja, ze ashwagandha moze
oddziatywac¢ na kilka szlakéw zwiazanych z odpowiedzia
stresowq i regulacja leku, co stanowi biologiczne tlo dla
obserwowanych efektéw klinicznych (Paul et al., 2021).
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W badaniach klinicznych ujetych w przegladzie efekty
ashwagandhy oceniano przede wszystkim za pomoca standa-
ryzowanych kwestionariuszy, a w czesci RCT takze poprzez
pomiary biomarkeréw osi HPA. W odniesieniu do stresu
w wiekszo$ci prob obserwowano istotna poprawe w gru-
pach 0s6b przyjmujacych preparat w poréwnaniu z grupami
otrzymujacymi placebo, cho¢ wielko$¢ efektu byta zmienna
iw czescibadan towarzyszyla jej poprawa w obu ramionach.

Z jednej strony w badaniach nad stresem i lekiem zjawi-
sko réwnoleglej poprawy po placebo jest czeste, co nalezy
uwzglednia¢ przy interpretacji wynikéw opartych na samo-
opisie (Bagnis et al., 2025). Z drugiej natomiast w cze$ci RCT
obserwowano spdjny kierunek zmian w wybranych biomarke-
rach, co stanowi uzupelnienie wynikéw uzyskanych w skalach
psychometrycznych. Jednocze$nie réznice w sposobie i czasie
pobran oraz dobowa zmienno$¢ tych parametréw utrudniaja
bezpo$rednie poréwnywanie wielkosci efektu miedzy bada-
niami (Gaffey et al., 2016). W redukcji leku wyniki, mimo
ze najczesciej wskazywaly ten sam kierunek zmian, réznily
sie wielko$cia efektu i istotnoscia statystyczna miedzy ra-
mionami badania, a ich zestawianie dodatkowo utrudnialo
wykorzystywanie réznych narzedzi pomiaru objawéw.

Szczegdlne znaczenie kliniczne ma obserwacja efektu
w RCT obejmujacym pacjentéw z rozpoznanym GAD
przyjmujacych SSRI, poniewaz wskazuje na potencjalna
uzyteczno$¢ stosowania ashwagandhy jako interwencji
wspomagajacej w warunkach zblizonych do praktyki kli-
nicznej (Fuladi et al., 2021). Jednak w takiej sytuacji nie
mozna jednoznacznie okresli¢, czy efekt byl zwiazany z su-
plementacja ashwagandha, z réwnolegla farmakoterapia
czy z dzialaniem skojarzonym obu interwencji.

W czesci badan koncentrowano si¢ przede wszystkim
na wplywie ashwagandhy na sen, a redukcja leku mogta
by¢ cze$ciowo wtérna do poprawy jakosci snu (Scott et al.,
2021). W przyszlych badaniach nalezy zastosowa¢ podej-
$cie, ktére pozwoli ocenié, czy poprawa w zakresie odczu-
wania leku jest efektem bezposrednim, czy w duzej mierze
wtérnym do poprawy jakosci snu.

Z punktu widzenia farmakologii i jakosci dowodéw
zasadniczym ograniczeniem jest zmienno$¢ preparatdw.
Badania uwzglednialy rézne typy ekstraktéw, rézne czesci
rosliny, odmienne technologie przygotowania prepara-
tow oraz bardzo szeroki zakres zawartosci witanolidéw
(Speers et al., 2021). Dodatkowo nominalna dawka dobowa
nie musi by¢ dobrym przyblizeniem dawki biologicznie
czynnej, jesli nie uwzglednia sie profilu fitochemicznego
oraz biodostepnosci (Paul et al., 2021). W cze$ci badan
stosowano rozwiazania potencjalnie zwiekszajace bio-
dostepnos¢ (np. dodanie piperyny), co moze ograniczaé
mozliwo$¢ wnioskowania o zalezno$ci dawka—efekt po-
miedzy réznymi preparatami. W konsekwencji wyniki na-
lezy odnosi¢ przede wszystkim do badanych produktéw,
aich uogodlnianie na inne preparaty dostepne komercyjnie
wymaga ostroznosci (Speers et al., 2024; Starr, 2015).

Warto réwniez podkresli¢, ze w badaniach, w ktérych
poréwnywano kilka pozioméw dawkowania, nie zawsze

obserwowano jednoznaczny trend dawka—odpowiedz.
W czesci RCT réznice pomiedzy poszczegdlnymi dawkami
byly niewielkie lub nie osiggaly istotnosci statystycznej,
mimo ze wszystkie dawki wykazywaly korzystny kierunek
zmian w poréwnaniu z placebo. Moze to sugerowac¢ nieli-
niowy charakter odpowiedzi biologicznej lub wystepowa-
nie efektu putapowego, w ktérym zwiekszanie dawki nie
prowadzi do proporcjonalnego wzrostu efektu klinicznego,
co jest zjawiskiem opisywanym w badaniach nad suple-
mentami roélinnymi (Jodynis-Liebert i Kujawska, 2020).
Zjawisko to ma istotne implikacje praktyczne, poniewaz
wskazuje, ze wyzsze dawki nie zawsze musza przekladac
sie na wieksza skuteczno$¢ interwencji.

Kolejng luka dowodowa jest czas obserwacji. RCT mialy na
ogot charakter krétkoterminowy, a diugofalowy follow-up
po odstawieniu byl ograniczony. W kontekscie stresu prze-
wleklego i zaburzen lekowych, ktére czesto maja dlugo-
trwaly przebieg, brak danych o trwatosci efektu, ryzyku na-
wrotu po przerwaniu suplementacji i bezpieczenstwie przy
dlugiej ekspozycji jest szczegdlnie istotny (Ten Have et al.,
2022). Ponadto cze$¢ badan obejmowata niewielkie grupy
uczestnikéw, co ogranicza moc statystyczng i sprawia, ze
uzyskane wyniki moga by¢ mniej stabilne oraz bardziej
podatne na wplyw czynnikéw losowych (Cook et al., 2018).

Bezpieczenstwo ocenione w uwzglednionych badaniach
RCT przedstawia sie korzystnie w krétkiej perspektywie cza-
sowej. W kilku prébach dokonano réwniez obiektywnej oceny
parametréw hematologicznych i biochemicznych, ktéra nie
wykazala klinicznie istotnych odchylen. Jednoczesnie re-
jestrowano dziatania niepozadane — najcze$ciej ze strony
przewodu pokarmowego lub w postaci niespecyficznych
dolegliwosci, sporadycznie prowadzace do wycofania z ba-
dania, co ma znaczenie dla adherencji w praktyce. Nalezy
jednak podkresli¢, ze dane dotyczace bezpieczenstwa pocho-
dza z krétkoterminowych badan. Taki horyzont obserwacji
pozwala na oceng wczesnych dzialan niepozadanych, jednak
nie umozliwia wiarygodnej oceny rzadkich ani opéznionych
powiklan. W zwiazku z tym brak ciezkich zdarzen niepo-
zadanych w analizowanych RCT nie wyklucza mozliwosci
ich wystepowania przy dlugotrwalym stosowaniu lub w po-
pulacjach niewystarczajaco reprezentowanych w badaniach
klinicznych. W literaturze opisano pojedyncze przypadki
uszkodzenia watroby potencjalnie zwiazanego ze stosowa-
niem ashwagandhy (Halegoua-DeMarzio i Navarro, 2025;
Philips et al., 2023). Cho¢ zdarzenia te sa rzadkie i nie byly
obserwowane w analizowanych krétkoterminowych RCT,
wskazuja na koniecznos¢ zachowania ostroznosci przy inter-
pretacji danych dotyczacych bezpieczenstwa oraz na potrzebe
dalszych badan obejmujacych dluzszy okres obserwacji.

W konteksécie praktyki klinicznej nalezy uwzgledni¢
mozliwo$¢ interakeji lekowych. Stosowanie ashwagandhy
réwnolegle z lekami przeciwlekowymi, przeciwdepresyj-
nymi lub nasennymi moze prowadzi¢ do potencjalnych
interakeji farmakodynamicznych (Spanakis et al., 2025).
Rozwazane sa takze interakcje farmakokinetyczne wyni-
kajace z mozliwego wplywu sktadnikéw ashwagandhy na
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aktywno$¢ enzyméw cytochromu P450, cho¢ dostepne
dane w tym zakresie sa ograniczone (Siwek et al., 2023).
Z tego wzgledu przy jednoczesnym stosowaniu z lekami
dzialajacymi na o$rodkowy uktad nerwowy zalecana jest
ostrozno$¢ kliniczna.

Nalezy podkresli¢, ze w cze$ci badan autorzy deklarowali
konflikty intereséw lub finansowanie ze strony podmiotéw
powigzanych z badanym preparatem, co moze zwiekszac
ryzyko stronniczosci.

Whnioski

Analiza powyzszych 11 RCT wskazuje, ze suplementacja
ashwagandha moze przynosi¢ korzy$¢ w postaci zmniej-
szenia stresu, a takze redukcji leku. Trzeba zauwazy¢, ze
ocena znaczenia klinicznego obserwowanych zmian jest
trudniejsza niz ocena ich istotno$ci statystycznej. W ana-
lizowanych badaniach obserwowano obnizenie punktacji
w skalach oceniajacych stres i lek, natomiast ich praktyczne
znaczenie dla codziennego funkcjonowania pacjentéw nie
jestjednoznaczne. Ze wzgledu na istotne réznice miedzy ba-
daniami (preparaty, dawki, standaryzacja) oraz krétki czas
obserwacji nie ma podstaw, by ashwagandhe traktowac jako
$rodek uniwersalny dla wszystkich. W krétkim okresie byta
na ogél dobrze tolerowana, natomiast petna ocena dzialan
niepozadanych, w tym potencjalnego dzialania hepatotok-
sycznego, wymaga dalszych badan i dtuzszych obserwacji.
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Abstract

The aim of the study was to synthesize the evidence regarding the risk of autism spectrum disorder (ASD)
following prenatal exposure to psychotropic medications, vitamins and other drugs.

The PubMed® and Google Scholar databases were searched using the following keywords: “drugs pregnancy
autism”; “prenatal medication ASD"; and “acetaminophen ASD”, with results sorted by relevance. Of the
200 identified records, 40 papers were selected for the final analysis. The inclusion criteria were as follows:
publication between 2008 and 2025; English language; original research involving human participants; and
direct relevance to the topic. Large cohort studies, meta-analyses, and systematic reviews providing complete
statistical data (statistical significance, odds ratios (ORs), and risk ratios (RRs) with 95% confidence intervals
(95% (fs)) were prioritized. The Diagnostic and Statistical Manual of Mental Disorders, 5th Edition (DSM-5)
diagnostic criteria were adopted as the reference standard. Studies not meeting these criteria, case reports,

and animal studies were excluded.

The relationship between pharmacotherapy during pregnancy and ASD is complex and heterogeneous.
While certain medications, such as valproic acid (VPA), constitute a proven risk factor, evidence regarding
acetaminophen, antidepressants, and antipsychotics is inconclusive and subject to bias. The correlation with
polytherapy involving antidepressants and antiepileptics was frequently observed. However, the authors argue
this may be attributed to the hereditary nature of psychiatric disorders and suggest that, in many instances,
untreated maternal illness may pose a greater threat than pharmacotherapy itself. It was also noted that
vitamins, particularly folic acid, play a significant protective role. In conclusion, for women of reproductive
age, it is recommended to individualize therapy, avoid high-risk medications, including polytherapy, and
utilize the lowest effective doses of other drugs, while simultaneously monitoring the neurodevelopment
of the offspring.

Keywords: pregnancy, drugs, risk factors, autism spectrum disorder, prenatal period
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Streszczenie

Synteza i ocena jakosci dowoddw naukowych dotyczacych ryzyka ASD (ang. autism spectrum disorder) po ekspozycji prenatalnej na gtéwne leki psychiatryczne, leki
zinnych grup oraz niektdre witaminy.

"

Bazy danych PubMed® oraz Google Scholar przeszukano wedtug stow kluczowych: ,drugs pregnancy autism”, ,prenatal medication ASD” oraz ,acetaminophen
ASD" 7 zastosowaniem sortowania wynikow wedtug trafnosci. Do ostatecznej analizy zakwalifikowano 40 prac, wyselekcjonowanych z 200 znalezionych, opub-
likowanych w latach 2008—2025, wytacznie w jezyku angielskim, oryginalnych, z udziatem ludzi oraz dotyczacych tematu. W przegladzie priorytetowo traktowano
duze badania kohortowe, metaanalizy oraz systematyczne przeglady literatury, z uwzglednieniem petnych danych statystycznych (istotnos¢ statystyczna, ilorazy
szans, wspotczynniki ryzyka wraz z 95-procentowym przedziatem ufnosci). Jako punkt odniesienia przyjeto kryteria diagnostyczne DSM-5 (Diagnostic and Statistical
Manual of Mental Disorders). Wytaczono badania niespetniajace podanych kryteriéw, opisy przypadkéw oraz badania na modelach zwierzecych.

Zwigzek miedzy farmakoterapia w ciazy a ASD jest ztozony i niejednorodny. Podczas gdy niektdre leki, takie jak kwas walproinowy, stanowig udowodniony czyn-
nik ryzyka, dowody dla paracetamolu, lekow przeciwdepresyjnych i przeciwpsychotycznych sa mniej konkluzywne i obarczone ryzykiem btedu. Uwage przykuwa
politerapia z uzyciem lekéw przeciwdepresyjnych i przeciwpadaczkowych, gdzie niejednokrotnie pojawiata sie korelacja z czestoscig wystepowania zaburzen, ktéra
wedtug autoréw moze byc tez zwigzana z dziedziczng naturg zaburzen psychicznych. Wyniki sugeruja, ze w wielu przypadkach nieleczona choroba matki moze
stanowic wieksze zagrozenie dla ptodu niz sama farmakoterapia. Zauwazono takze, iz witaminy, gtownie kwas foliowy, petnia znaczaca role ochronna. Podsumowujac,
u kobiet w wieku rozrodczym zaleca sie gtownie indywidualizacje terapii, unikanie stosowania lekéw o wysokim ryzyku, w tym politerapii, oraz przyjmowanie

najnizszych skutecznych dawek innych lekow przy jednoczesnym monitorowaniu neurorozwoju potomstwa.

Stowa kluczowe: ciaza, czynniki ryzyka, leki, zaburzenia ze spektrum autyzmu, okres prenatalny

Background

Autism spectrum disorder (ASD) is currently regarded
as one of the most significant challenges in contemporary
child psychiatry and developmental neurology. According to
the Diagnostic and Statistical Manual of Mental Disorders,
5th edition (DSM-5), ASD is defined as a heterogeneous
neurodevelopmental disorder characterized by persistent
deficits in 2 core domains, namely social communication
and social interaction, together with restricted, repetitive
patterns of behavior, interests, or activities (American Psy-
chiatric Association, 2013). In 2021, an estimated 61.8 mil-
lion people worldwide were on the autism spectrum, with
an uncertainty interval ranging from 52.1 million to 72.7
million. This corresponds to approx. 1 in 127 individuals
in the global population. The age-standardized prevalence
rate was 788.3 cases per 100,000 individuals.

A study demonstrated marked sex differences in ASD
prevalence, with a significantly higher rate among males
(1,064.7 per 100,000 individuals) than among females
(508.1 per 100,000 individuals), corresponding to a global
male-to-female ratio of approx. 2.1:1 (Global Burden of
Disease Study 2021 Autism Spectrum Collaborators, 2025).
The etiology of ASD is thought to involve complex inter-
actions between genetic susceptibility and environmental
factors, including advanced parental age, exposure to toxic
substances, inflammation, and nutritional deficiencies.
Particular attention has been given to prenatal exposure
to medications. The strongest evidence indicates an in-
creased risk of ASD among children born to mothers who
used valproic acid (VPA) during pregnancy. Valproic acid

may interfere with neuronal migration and the epigenetic
regulation of neurodevelopment.

At the same time, the potential effects of selective se-
rotonin reuptake inhibitors (SSRIs) remain a subject of
ongoing debate. As these medications cross the placental
barrier, they may affect the developing fetal brain. Given
the widespread use of pharmacotherapy during pregnancy;,
evaluating medication safety has become a priority in re-
search on the environmental determinants of ASD (Bolte
et al., 2019).

Despite numerous studies, findings concerning indi-
vidual drug classes remain inconclusive. This review syn-
thesizes the current evidence by examining antiepileptic
drugs, antidepressants, analgesics, and other medication
classes, with particular emphasis on the methodological
aspects of the analyzed studies. It also seeks to address
concerns regarding the safety of prenatal pharmacotherapy
by evaluating the most recent and methodologically robust
evidence available in the literature. This approach enables
amore comprehensive assessment of this multifaceted issue
and demonstrates that the continuing controversy more
often reflects the methodological limitations of population-
based studies and inadequate monitoring of medication use
than robust evidence of drug-related neurotoxicity.

Methodology

The PubMed® and Google Scholar databases were
searched using the following keywords: “drugs pregnancy

autism”; “prenatal medication ASD”; and “acetaminophen
ASD”, with results sorted by relevance. The inclusion
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. databases (N = 200)
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!

Records retrieved
(n=43)

I
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(n=40)

Fig. 1. Identification of studies through databases and registers

criteria were as follows: publication between 2008 and
2025; English language; original research involving hu-
man participants; and direct relevance to the topic. Large
cohort studies, meta-analyses, and systematic reviews pro-
viding complete statistical data (statistical significance,
odds ratios (ORs), and risk ratios (RRs) with 95% confi-
dence intervals (95% Cls)) were prioritized. The Diagnostic
and Statistical Manual of Mental Disorders, 5th Edition
(DSM-5) diagnostic criteria were adopted as the reference
standard. Studies not meeting these criteria, case reports,
and animal studies were excluded. Of the 200 identified re-
cords, 40 papers were selected for the final analysis (Fig. 1).
A summary of the key findings for each drug class is pre-
sented in Table 1.

Antiseizure medications

Pharmacological management of epilepsy during preg-
nancy requires careful balancing of the benefits of seizure

Records identified from:

Records assessed for eligibility

Records excluded
(n=157)

Duplicates removed
(n=3)

Records excluded
(n=0)

control against the potential teratogenic risks associated
with antiseizure medications. Evidence from cohort and
population-based studies indicates substantial variation in
the safety profiles of individual medications with respect
to the risk of ASD in exposed offspring.

Available evidence consistently identifies VPA as the
antiseizure medication with the greatest neurotoxic
potential. A nationwide population-based cohort study
conducted in Denmark (# = 655,615 children) demon-
strated that prenatal exposure to VPA was associated
with a substantially increased risk of ASD (adjusted haz-
ard ratio (aHR) = 2.9; 95% CI: 1.7-4.9), corresponding
to an almost threefold increase in ASD risk compared
with the unexposed population (Christensen et al., 2013).
These findings were corroborated by the Scandinavian
register-based study of antiepileptic drugs in pregnancy
(SCAN-AED) (N = 4,494,926), in which the aHR associ-
ated with VPA monotherapy was 2.4 (95% CI: 2.1-2.7)
(Bjork et al., 2022), as well as by the study by Wiggs
et al. (2020) (aHR = 2.30; 95% CI: 2.03-2.61). This risk
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Substance/type Study Study population, n
o Christensen et al. 650,000
Valproic acid (2013); 4000000
Bjerk et al. (2022) e
) Bjork et al. (2022);
Topiramate Wiggs et . (2020) >4,000,000
Christensen et al.
Lamotrigine (2013); various big cohorts
Wiggs et al. (2020)
Sujanetal. (2017); >1,500,000
SSRIs/general Hagberg et al. (Sweden);
(2018) = 195,000 (UK)
Antipsychotics/ Wang etal. (2021); >400,000;
atypical Straub et al. (2022) >3,400,000
Paracetamol J/‘\slr(f\ils(tzgtzg 996 (biomarkers);
(2024) 2,500,000 (Sweden)
Benzodiazepines Chenetal. (2022); >1,500,000;
(including Z-drugs) Chan etal. (2023) >500,000
No folic acid Bjork etal. (2018) 104,946
supplementation
Antibiotics Choi et al. (2024) >3,600,000

Main findings (HR/OR with 95% Cl)

aHR =29 (1.7-4.9) (Christensen);
aHR =24 (2.1-2.7) (Bjerk)

aHR = 2.8 (1.9-4.1) (population-based
analysis);
aHR = 0.99 (sibling-comparison analysis)

aHR=1.0(0.9-1.2)

HR = 2.02 (population-based analysis);
aHR = 0.83 (0.62-1.13) (sibling-
comparison analysis)

wHR = 1.06 (0.70-1.60) (Wang);
aHR = 1.06 (0.85-1.34) (Straub)

OR = 2.14-3.62 (biomarkers);
HR = 0.98 (0.93-1.04) (sibling-comparison
analysis)
HR = 1.13 (first trimester);
aHR =0.92 (0.75-1.14) (sibling-
comparison analysis)

aOR = 5.9-7.9 (antiseizure medication
group)

HR = 1.14 (population-based analysis);
aHR = 1.06 (sibling-comparison analysis)

Table 1. Summary of studies analyzed in the review on the association between medication exposure and the risk of autism spectrum disorder (ASD)

Conclusions/comments

- a strong dose-dependent causal
association
- the highest risk among the
medications analyzed

«an increased risk in population-based
studies
- the association disappears in the
sibling-comparison analysis

- no significant increase in ASD risk
- considered a safer alternative

« the association disappears
after accounting for genetic and
environmental factors (sibling-
comparison analysis)

« no significant causal association
- the risk is attributable to maternal
illness

- large population-based studies using
sibling controls do not confirm a causal
association

- the observed risk is attributable to
confounding factors and disappears in
within-family analyses

- lack of folate supplementation
increases the risk of autistic traits
following medication exposure

- the risk is largely attenuated by familial

factors (susceptibility to infection)

aHR - adjusted hazard ratio; aOR - adjusted odds ratio; HR — hazard ratio; OR — odds ratio; SSRIs - selective serotonin reuptake inhibitors; wHR — weighted

hazard ratio.

appears to be clearly dose-dependent, with higher VPA
doses (e.g., 2750 mg/day, as reported by Bjerk et al., 2022)
associated with a further increase in risk estimates. The
absolute risk of ASD among children prenatally exposed
to VPA is substantially higher than that observed in the
general population, reaching 4.42% in the Danish study
(Christensen et al., 2013) and 6.3% in smaller prospective
studies (1 = 238) (Bromley ez al., 2008). In a study assess-
ing the clinical phenotype of exposed children (n = 257)
using the Childhood Autism Rating Scale (CARS), the
mean VPA dose was identified as a significant predictor
of the severity of autistic traits. Moreover, in the group
exposed to polytherapy regimens that included VPA, the
proportion of children with scores consistent with ASD
reached 46.7% (Wood et al., 2015).

In contrast, a 2018 study reported substantially differ-
ent findings (Janecka et al., 2018). Although an increased
risk associated with VPA exposure was initially observed,
the association was no longer statistically significant after
rigorous multivariable adjustment, including adjustment
for the number of maternal diagnoses (HR = 3.15; wide
95% CI; p = 0.09). This finding may indicate that genetic
and environmental factors related to the maternal under-
lying condition contribute to the observed association.

Similarly concerning safety signals have been reported
for topiramate. In a large Scandinavian cohort study
(n = 4,494,926), topiramate monotherapy was associated
with a 2.8-fold increase in the risk of an ASD diagnosis
(aHR = 2.8; 95% CI: 1.9-4.1). As with VPA, this associa-
tion was dose-dependent, with a marked increase in the
risk of ASD at doses =100 mg/day (Bjerk et al., 2022).
These findings were supported by a subsequent analysis
by Wiggs et al. (2020), which reported an aHR of 2.26
(95% CI: 1.57-3.26).

In contrast to the medications discussed above, the other
agents appear to have more favorable safety profiles. For
lamotrigine, initial observations suggesting an increased
risk (HR = 1.62) were attenuated after adjustment for po-
tential confounders (@HR = 1.0; 95% CI: 0.9-1.2), with no
evidence of adverse effects on neurodevelopment when
used as monotherapy (Bjork et al., 2022; Christensen et al.,
2013; Wiggs et al., 2020). Large-scale analyses have like-
wise found no consistent increase in ASD risk following
prenatal exposure to levetiracetam, oxcarbazepine, gaba-
pentin, pregabalin, or phenobarbital (Bjerk et al., 2022).

Findings regarding carbamazepine are also reassur-
ing. The observed association with ASD was attenuated
after adjustment for potential confounders (HR = 1.26;
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95% CI: 1.09-1.46), while a sibling-comparison analysis
further reduced the estimate to a non-significant HR of 0.94
(Wiggs et al., 2020). In smaller prospective studies (n = 55),
no cases of autism were identified among children pre-
natally exposed to carbamazepine (Bromley et al., 2008).

Conversely, among pregnancies without folic acid sup-
plementation, prenatal exposure to various antiseizure
medications was associated with adjusted odds ratios
(aORs) ranging from 5.9 to 7.9, depending on the child’s
age, through 36 months of follow-up (Bjerk et al., 2018).
This issue is discussed in greater detail in the “Vitamins”
section.

When the analysis was extended to polytherapy, an in-
creased risk of neurodevelopmental disorders was identi-
fied for 2 VPA-free combinations: levetiracetam with car-
bamazepine (aHR = 5.7; 95% CI: 2.3-14.3) and lamotrigine
with topiramate (aHR = 7.4; 95% CI. 2.7-20.3). However,
these estimates were accompanied by wide CIs due to the
small number of children in the exposed groups (Bjerk
et al., 2022). By contrast, no significantly increased risk
was observed for the combination of levetiracetam and
lamotrigine (aHR = 1.6; 95% CI: 0.8-3.0) (Bjork et al.,
2022). Importantly, CARS scores among children exposed
to VPA-free polytherapy regimens did not differ from the
normative range, suggesting that the presence of a specific
medication with neurotoxic potential, rather than poly-
therapy itself, may be the principal determinant of ASD
risk (Wood et al., 2015).

Another fundamental aspect of VPA therapy is that its
effects may depend on the body’s vitamin status. Some
authors have suggested that medications such as VPA may
enhance vitamin D catabolism by interacting with the
pregnane X receptor (PXR) and regulating the CYP24 en-
zyme, thereby leading to a transient vitamin D deficiency
in the fetal brain. Given the neurotrophic role of vitamin
D, such a deficiency may act as an environmental trigger
for the phenotypic expression of autism in genetically sus-
ceptible individuals (Evatt et al., 2009).

Interpretation of these findings requires careful consid-
eration of several important methodological limitations.
A major concern in observational studies is confounding
by indication. More severe maternal epilepsy may be as-
sociated both with the need for higher medication doses
or the use of agents such as VPA and with a genetic pre-
disposition to ASD in the offspring. In one study, Wiggs
et al. (2020) used a sibling-comparison analysis to mini-
mize the influence of genetic and environmental factors
shared within families. In this analysis, the association
observed for VPA was substantially attenuated, with the
aHR decreasing from 2.30 to 0.83, while the association for
topiramate became entirely non-significant (aHR = 0.99).
These findings suggest that a substantial proportion of the
observed risk may be attributable to factors other than the
pharmacological effects of the medications themselves.
Moreover, studies of less commonly used polytherapy
regimens, particularly those including topiramate, are

frequently based on small subgroups. This results in wide
CIs, limited precision of the estimates, and an increased
risk of random error.

In summary, the available evidence indicates a clear hier-
archy of ASD risk among antiseizure medications. Valproic
acid remains the agent with the highest documented risk,
which appears to be influenced by both dose and vitamin
status. Emerging evidence also suggests that caution is
warranted with topiramate. Lamotrigine and levetiracetam
appear to have more favorable neurodevelopmental safety
profiles. However, findings from analyses accounting for
familial factors suggest that genetic susceptibility and the
severity of maternal illness may contribute to the observed
risk to an extent comparable to, or even greater than, that
of pharmacotherapy itself. These considerations under-
score the need for individualized treatment.

Antidepressants

The available literature indicates that although popula-
tion-based studies suggest an association between prenatal
exposure to antidepressants and the risk of ASD, this as-
sociation is substantially attenuated after adjustment for
confounding factors, including genetic susceptibility and
the severity of maternal psychiatric illness.

Key evidence comes from large registry-based studies
using sibling-comparison designs. In a study of 1,580,629
Swedish children, Sujan et al. (2017) found that the in-
creased risk initially observed at the population level
(aHR = 2.02; 95% CI: 1.80-2.26) disappeared entirely in
the within-family analysis (¢HR = 0.83; 95% CI: 0.62-1.13).
However, the CI in the latter analysis indicated lower
precision, likely resulting from the smaller number of
exposure-discordant sibling pairs. A similar pattern was
reported by Hagberg et al. (2018) in a UK population-based
study (1 = 194,494). Although the cohort analysis yielded
a risk estimate of 1.68 for SSRIs (95% CI: 1.46-1.92), the
aOR for antidepressant-treated depression in the sibling-
comparison analysis was no longer statistically significant
(aOR = 1.53; 95% CI: 0.89-2.62).

A further important argument against a direct terato-
genic effect of antidepressants is the lack of specificity
of the association to exposure during pregnancy. Sujan
et al. (2017) found that paternal use of antidepressants
during the first trimester was associated with an increase
in ASD risk similar to that observed for maternal exposure
(HR = 1.31), suggesting a contribution of shared genetic
susceptibility. Moreover, Hagberg et al. (2018) found no
increased risk among children of women who used anti-
depressants for indications other than depression, such
as pain or migraine (RR = 0.73; 95% CI: 0.41-1.29). Fur-
ther evidence was provided by an Israeli population-based
study of 96,249 children (Janecka et al., 2018), in which
the initially weak association between exposure to seroto-
nergic medications and ASD (HR = 1.26) was completely
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attenuated after adjustment for maternal overall health,
measured by the number of maternal medical diagnoses
(HR = 1.06; p = 0.73).

Analyses focusing on specific drug classes and the tim-
ing of exposure have yielded inconsistent findings. Rai
et al. (2013, 2017) reported an almost twofold increase in
ASD risk associated with exposure to any antidepressant
(aOR =1.90), with higher estimates for non-selective anti-
depressants (¢OR = 3.20) than for SSRIs (aOR = 2.03). This
association was observed primarily for individuals with au-
tism without intellectual disability. By contrast, in a Cana-
dian study of 145,456 children, Boukhris et al. (2016) found
a significant increase in ASD risk only for exposure to
SSRIs during the second and third trimesters (aHR = 2.17)
and for antidepressant polytherapy (HR = 4.39), whereas
no association was identified for tricyclic antidepressant
or serotonin—norepinephrine reuptake inhibitor (SNRI)
monotherapy during late pregnancy. However, these esti-
mates were based on a very small number of cases, includ-
ing 31 children with ASD who had been exposed during
the second or third trimester, which substantially limits
the reliability and precision of the findings.

Initial analyses of individual active compounds sug-
gested an increased risk associated with clomipramine,
venlafaxine, citalopram, and escitalopram (Rai et al., 2017;
Viktorin et al., 2017). However, it should be emphasized
that after rigorous Holm—Bonferroni correction for mul-
tiple comparisons, none of the medications remained sig-
nificantly associated with ASD (Viktorin et al., 2017). The
observation that higher risk estimates were associated with
medications exhibiting lower affinity for the serotonin
transporter (SERT) may reflect confounding by indica-
tion, as these agents may be more commonly prescribed
for more severe or treatment-resistant forms of depression
(Rai et al., 2017).

In conclusion, the reviewed evidence indicates that the
association between antidepressant use during pregnancy
and ASD observed in minimally adjusted statistical models
is most likely attributable to confounding factors, including
genetic and environmental factors related to the maternal
psychiatric disorder itself, rather than to a direct pharma-
cological effect. The analyses with the strongest method-
ologies, using sibling comparisons and paternal exposure
as negative controls, do not support a causal relationship.

Antipsychotic medications

A cohort study by Wang et al. (2021), including 411,251
mother—child pairs, used advanced propensity score strati-
fication to balance the exposed and unexposed groups with
respect to potential confounders. The weighted hazard
ratio (WHR) for ASD was 1.06 (95% CI: 0.70—1.60). Because
the CI included 1.0, the possibility of no association could
not be excluded, and the observed estimate may have been
attributable to chance. A key component of the study was

a sibling-comparison analysis, which allowed partial con-
trol for unmeasured genetic and environmental factors
shared within families. In this model, the wHR was 0.90
(95% CI: 0.40-2.01), providing no support for a causal asso-
ciation. However, an important methodological limitation
should be noted: the number of medication-exposed chil-
dren with ASD included in the sibling-comparison analysis
was very small (z = 6), resulting in a wide CI and limited
precision of the estimate. By contrast, the study indicated
that untreated maternal psychiatric illness itself was an
important risk factor. Among children born to mothers
with psychiatric disorders who did not receive antipsy-
chotic medications, the risk of ASD was nearly twice that
observed in the general population WHR = 1.97; 95% CI:
1.60-2.43).

These findings are consistent with studies based on
US administrative databases (Straub et al., 2022), which
included more than 3.4 million pregnancies in total. Al-
though the crude analysis indicated a more than twofold
increase in ASD risk (HR = 2.44), the adjustment for poten-
tial confounders did not confirm a significant association
for antipsychotic medications as a class (¢HR = 1.06; 95%
CI: 0.85-1.34). Analyses of individual agents yielded low
risk estimates for risperidone (@HR = 0.62), haloperidol
(aHR = 0.98), olanzapine (@aHR = 1.00), and quetiapine
(aHR = 1.12). Aripiprazole was a possible exception, with
an estimated HR of 1.49 (95% CI: 0.91-2.47). However, be-
cause the Clincluded 1.0, this finding was not statistically
significant. Nevertheless, the authors recommended fur-
ther investigation of aripiprazole, noting that the observed
estimate might reflect the specific clinical characteristics
of patients prescribed this newer medication rather than
a direct drug effect.

These findings are also reflected in a population-based
study tracking more than 4.3 million births in Denmark,
Finland, Iceland, Norway, and Sweden (Halfdanarson et al.,
2022). The initially elevated HR of 2.12 was substantially
attenuated after full adjustment for maternal psychiat-
ric diagnoses (@HR = 1.12; 95% CI: 0.97-1.29). In analyses
stratified by pharmacological class, typical antipsychot-
ics were not associated with ASD (aHR = 1.06), whereas
a modest increase in risk was observed for atypical anti-
psychotics (@HR = 1.26). Importantly, a direct compari-
son between medication-exposed children and children
born to mothers with the same psychiatric diagnoses who
did not receive treatment during pregnancy revealed no
significant differences in ASD risk (aHR = 1.28; 95% CI:
0.95-1.71). Furthermore, children born to mothers with
a psychiatric diagnosis who remained untreated had a sig-
nificantly higher risk than children in the general popu-
lation (@HR = 1.89; 95% CI: 1.54—2.30), underscoring the
substantial contribution of familial and disorder-related
factors to the observed association.

In summary, the available studies consistently indicate
that the observed increase in ASD risk is largely attribut-
able to inadequate adjustment for confounding factors
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rather than to antipsychotic exposure itself. None of the
fully adjusted analyses demonstrated a statistically signifi-
cant increase in the risk of ASD.

Analgesics

This section focuses on risk stratification for analgesic
use during pregnancy, with particular emphasis on acet-
aminophen. Extensive public debate and media reports,
including those published in September 2025 that referred
to purported US Food and Drug Administration (FDA)
guidance, have renewed concerns regarding the safety of
acetaminophen in relation to ASD. However, these claims
require verification through a rigorous assessment of the
available scientific evidence (Lang, 2025). In recent years,
media coverage has increasingly linked early exposure to
acetaminophen with adverse neurodevelopmental out-
comes, including ASD in susceptible children. The sci-
entific literature suggests, however, that the current con-
troversy surrounding the safety of acetaminophen use is
largely unsupported and may reflect a misdirected medical
and public discourse.

Although the debate has focused primarily on prenatal
exposure, some evidence suggests that postnatal exposure
may be associated with a greater risk of adverse neurode-
velopmental outcomes (Zhao et al., 2024). In the Boston
Birth Cohort (n = 996), a significant dose—response re-
lationship was identified using biomarkers measured in
umbilical cord plasma as an objective indicator of exposure
(Ji et al., 2020). Belonging to the second and third tertiles
of “acetaminophen burden” was associated with 2.14-fold
and 3.62-fold higher odds of ASD, respectively, compared
with the lowest-exposure group. Similar conclusions were
reported in a systematic review by Prada et al. (2025), in
which most of the included studies (5 out of 8) demon-
strated a statistically significant increase in risk, while
earlier meta-analyses estimated a pooled relative risk of
1.19. In addition, a prospective cohort study in which more
than 50% of the participating women used acetaminophen
found a specific increase in the risk of ASD accompanied
by hyperkinetic symptoms (HR = 1.51; 95% CI: 1.19-1.92),
particularly when exposure lasted longer than 20 weeks or
occurred during all 3 trimesters (Liew et al., 2016). How-
ever, no increase in the overall risk of ASD was observed
(HR = 1.06; 95% CI: 0.92-1.24).

Metabolic disturbances and oxidative stress have been
proposed as potential biological mechanisms underlying
these associations. An earlier ecological study conducted
across 8 countries (Bauer and Kriebel, 2013) reported
a strong temporal correlation (r = 0.80) between the in-
creasing prevalence of ASD and the replacement of ace-
tylsalicylic acid with acetaminophen during the 1980s.
The authors hypothesized that acetaminophen, which is
metabolized primarily through sulfation and glucuroni-
dation — pathways that may be immature in neonates and

impaired in children with autism — could contribute to the
accumulation of toxic metabolites and immune dysregula-
tion. However, due to the ecological design and the associ-
ated risk of ecological fallacy, these findings cannot estab-
lish causality. A more recent case—control study involving
1,134 participants (Costa et al., 2024) found that analge-
sic use during pregnancy was associated with more than
twice the odds of an ASD diagnosis (OR = 2.26; 95% CI:
1.29-3.95). Nevertheless, because exposure was assessed
retrospectively through maternal interviews, the study was
susceptible to recall bias and exposure misclassification.

Despite these findings, advanced population-based
studies have challenged the existence of a causal relation-
ship, highlighting the key role of shared genetic and en-
vironmental factors. In a Swedish cohort study of approx.
2.5 million children, Ahlqvist et al. (2024) found that the
small increase in risk observed in the population-level
analysis (HR = 1.05; 95% CI: 1.02-1.08) disappeared en-
tirely in a matched sibling-comparison analysis (HR = 0.98;
95% CI: 0.93-1.04). These findings suggest that the ob-
served association is attributable to familial factors shared
by siblings rather than to exposure of acetaminophen itself.

A multivariable logistic regression analysis of Medicaid
data (n = 153,562), adjusted for potential confounders,
found no association between prenatal exposure to non-
steroidal anti-inflammatory drugs (NSAIDs) and ASD.
However, a possible increase in the odds of intellectual dis-
ability was observed (OR = 1.26; 95% CI: 1.10—1.46) (Chow-
dhury et al., 2023). Notably, some analyses of acetylsalicylic
acid have suggested an inverse association with ASD risk
(HR = 0.87), which may reflect a distinct pharmacological
profile or differences in the clinical indications for its use
(Ahlqvist et al., 2024).

The current international consensus, as reflected in
statements issued by the World Health Organization
(2025) and the National Health Service (2025), is that
there is no evidence supporting a causal relationship
between acetaminophen use and ASD. Epidemiological
data also indicate that the sharp increase in ASD diag-
noses — for example, the nearly 800% rise recorded in the
United Kingdom between 1998 and 2018 (Russell et al.,
2022) — is disproportionate to the relatively stable rate of
acetaminophen use. This pattern supports the view that
changes in diagnostic criteria and increased public and
professional awareness, rather than pharmacological fac-
tors, have played a decisive role in the observed increase.

Benzodiazepines

Benzodiazepines and Z-drugs are used to treat anxiety
and sleep disorders during pregnancy. Their potential ef-
fects on fetal neurodevelopment remain a matter of debate.
The available evidence suggests that the observed associa-
tions between prenatal exposure to these medications and
ASD diagnoses may be attributable primarily to shared
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genetic and environmental factors rather than to a direct
teratogenic effect of the medications.

In a population-based study conducted in Taiwan, Chen
et al. (2022) analyzed a large cohort of more than 1.5 mil-
lion births, of which 5.0% of children (# = 76,411) had been
exposed to benzodiazepines in utero. Exposure encom-
passed a broad range of benzodiazepines, including diaze-
pam, lorazepam, and alprazolam. Initial analyses indicated
a modest increase in ASD risk among prenatally exposed
children. The trimester-specific HRs were 1.13 (95% CI:
1.05-1.21) for the first trimester, 1.10 (95% CI: 0.98-1.22)
for the second trimester, and 1.21 (95% CI: 1.00-1.47) for
the third trimester.

However, in the sibling-comparison analysis, the cor-
responding aHRs were 0.92 (95% CI: 0.75-1.14) for first-
trimester exposure, 0.97 (95% CI: 0.71-1.33) for second-
trimester exposure, and 1.07 (95% CI: 0.53-2.16) for
third-trimester exposure, indicating no significant asso-
ciation. These findings remained unchanged in stratified
analyses distinguishing between short- and long-acting
benzodiazepines. The authors also acknowledged several
study limitations, including reliance on prescription-dis-
pensing data, which do not necessarily confirm that the
medications were taken by the patients.

Consistent findings were reported in a subsequent study
by Chan et al. (2023), which used data from Hong Kong
and included more than 533,000 mother—child pairs. In
the population-based analysis, the association was more
pronounced than that observed in the Taiwanese study.
The wHR for ASD following exposure to sedative—hyp-
notic medications at any time during pregnancy was 1.40
(95% CI: 1.13-1.73). The risk appeared to be particularly
elevated for first-trimester exposure (WHR = 1.43; 95% CI:
1.09-1.89) and among male offspring (WHR = 1.45; 95% CI:
1.16-1.83). Notably, the association was not statistically
significant for Z-drugs, including zopiclone and zolpidem
(WHR = 1.22; 95% CI: 0.88-1.69).

As in the previous study, the key sibling-comparison
analysis attenuated the observed association to the null
(WHR = 1.10; 95% CI: 0.70-1.72), suggesting no direct effect
of prenatal pharmacotherapy on ASD risk. The investiga-
tors also performed a negative control analysis comparing
exposed children with those born to mothers who had
used these medications before pregnancy but not dur-
ing pregnancy. The findings further suggested that the
observed association was likely attributable to maternal
characteristics, such as genetic susceptibility or lifestyle
factors, rather than to the pharmacological effects of the
medications themselves. Important limitations included
the lack of data from the private healthcare sector and the
absence of information on paternal medical history.

In conclusion, both studies provide consistent evidence
that the association between prenatal benzodiazepine
exposure and ASD risk observed in conventional popu-
lation-level analyses is most likely attributable to residual
confounding rather than to a direct medication effect. In

both studies, the associations were no longer statistically
significant after the application of advanced within-family
control methods, and the CIs for the risk estimates consis-
tently included 1.0. These findings suggest that the risk of
neurodevelopmental disorders in offspring is more likely
determined by factors related to maternal psychiatric ill-
ness and the family’s genetic background than by phar-
macotherapy itself.

Vitamins

Adequate maternal nutritional status during the peri-
conceptional period is a fundamental determinant of fetal
neurogenesis. In the context of pharmacotherapy during
pregnancy, vitamin supplementation, particularly folic acid
supplementation, extends beyond the prevention of neural
tube defects and may serve as an important modifier of
teratogenic risk. The following analysis focuses on the
potential protective role of supplementation in mitigating
long-term neurodevelopmental outcomes among children
exposed to pharmacological agents in utero.

Available evidence indicates that folic acid supplemen-
tation has a significant protective effect among pregnant
women receiving antiseizure medications. In a prospective
population-based cohort study, Bjerk et al. (2018) ana-
lyzed data from 104,946 children, including a subgroup of
335 children exposed to antiseizure medications in utero.
Among exposed children, the absence of periconceptional
folic acid supplementation was associated with a mark-
edly increased likelihood of autistic traits: the zZOR was 5.9
(95% CI: 2.2-15.8) at 18 months of age and increased to 7.9
(95% CI: 2.5-24.9) at 36 months compared with children
whose mothers received folic acid supplementation. This
association was observed irrespective of the antiseizure
medication regimen, including monotherapy and poly-
therapy with VPA, lamotrigine, carbamazepine, and other
agents. However, the wide CIs, particularly at 36 months of
age (2.5-24.9), should be noted. Their considerable width
indicates limited precision of the estimate, most likely due
to the relatively small number of women with epilepsy who
did not take folic acid supplements.

The study also demonstrated an inverse dose—response
relationship. Higher maternal plasma folate concentra-
tions and higher supplemental folic acid doses, particularly
during the first trimester, were associated with less severe
autistic traits in the offspring. The period from 4 weeks
before conception through the 12" week of pregnancy
was identified as the critical window for supplementation
(Bjork et al., 2018).

An important methodological limitation of the study
by Bjork et al. (2018) should be emphasized. The primary
outcome was not a clinical diagnosis of ASD but the as-
sessment of autistic traits using parent-reported screening
questionnaires, namely the Modified Checklist for Autism
in Toddlers (M-CHAT) and the Social Communication
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Questionnaire (SCQ). Although these instruments have
high specificity, their positive predictive value varies across
populations and study settings. Thus, the study assessed
the risk of broader neurodevelopmental difficulties rather
than clinically diagnosed ASD alone.

Independent case—control analyses conducted within
a large Israeli cohort of 45,300 children, including 572
cases of clinically diagnosed ASD, support a broader pro-
tective effect of supplementation with folic acid and mul-
tivitamin preparations containing vitamins A, B, C, and D
(Levine et al., 2018). The investigators found that maternal
use of folic acid and/or multivitamin supplements before
pregnancy was associated with a reduced risk of ASD in
the offspring (RR = 0.39; 95% CI: 0.30—0.50), with an even
stronger association observed for supplementation during
pregnancy (RR = 0.27;95% CI: 0.22—0.33). The narrow CIs
indicate high precision of the estimates and substantial
statistical power. Notably, a reduction in the risk of ASD
was also observed among women who had used supple-
ments up to 2 years before pregnancy.

The authors nevertheless advised caution when inter-
preting these findings, noting that they may reflect the
so-called healthy-user bias. Mothers who use vitamin
supplements over extended periods may also engage in
generally healthier behaviors, which could independently
contribute to a lower risk of adverse neurodevelopmental
outcomes. An additional limitation of the study by Levine
et al. (2018) was its reliance on prescription-dispensing
records, which do not confirm that the supplements were
taken. Moreover, data on maternal blood folate concentra-
tions were unavailable, precluding biological verification
of exposure.

Other medications

This section reviews the literature on the potential ef-
fects of heterogeneous medication classes, ranging from
receptor agonists (including beta-adrenergic, muscarinic,
and opioid receptors) and antibiotics to agents used during
the perinatal period.

A large Danish case—control study including 5,200 chil-
dren with ASD and 52,000 controls provided important
evidence regarding exposure to P,-adrenergic receptor
agonists. In utero exposure was associated with a modest
increase in the odds of ASD (@OR = 1.3; 95% CI: 1.1-1.5)
(Gidaya et al., 2016). This association was noted regardless
of the trimester of exposure, with ORs ranging from 1.3 to
1.5, and was also present during the preconception period
(OR = 1.3; 95% CI: 1.0-1.6). The observed association may
reflect not only a potential pharmacological effect of the
medications, such as placental transfer and disruption of
neuronal differentiation, but also factors related to the under-
lying maternal condition, despite adjustment for this variable.

An even stronger association was reported in an analy-
sis of 34 medication groups conducted within a cohort of

more than 96,000 children enrolled in the Israeli health-
care system (Janecka et al., 2018). The study identified
a markedly increased risk of ASD following exposure to
antagonists of neuronal a-nicotinic acetylcholine receptors
(HR =12.94). However, this finding should be interpreted
with considerable caution because of the extremely wide
CI (1.35-124.25; p = 0.03), which indicates substantial
imprecision resulting from the small number of exposed
cases in this subgroup.

The same analysis identified inverse associations for
several medication groups, including acetaminophen,
classified as a cannabinoid receptor agonist and fatty acid
amide hydrolase (FAAH) inhibitor (HR = 0.72), as well
as muscarinic receptor agonists, such as pilocarpine and
bethanechol, and opioid receptor agonists, including mor-
phine, codeine, and tramadol (Janecka et al., 2018). The au-
thors proposed that the lower risk estimates might reflect
the alleviation of maternal symptoms, particularly pain
and inflammation, which is consistent with the hypothesis
that maternal physiological stress contributes to the patho-
genesis of ASD. It should be emphasized, however, that
although opioids may exert immunomodulatory effects,
any potential protective effect of acetaminophen is more
likely attributable to its analgesic and antipyretic proper-
ties than to a specific anti-inflammatory mechanism.

The association between antibiotic use and ASD remains
a subject of methodological debate. In a population-based
study of more than 3.6 million children, prenatal antibiotic
exposure was initially associated with a statistically signifi-
cant increase in ASD risk (HR = 1.14; 95% CI: 1.11-1.17)
(Choi et al., 2024). However, the magnitude of the asso-
ciation was substantially attenuated in the sibling-com-
parison analysis (aHR = 1.06; 95% CI: 1.01-1.12). Similar
conclusions emerged from subgroup analyses comparing
broad-spectrum antibiotics, including extended-spectrum
penicillins, second- to fourth-generation cephalosporins,
macrolides, and quinolones, with narrow-spectrum agents,
such as B-lactamase-sensitive penicillins, first-generation
cephalosporins, and sulfonamides. The observed increase
in risk appears to be largely attributable to confounding
factors, such as familial or genetic susceptibility to infec-
tion, rather than to the direct neurotoxicity of antibiotics
(Choi et al., 2024).

Among other anti-infective agents, quinolones have been
identified as a potential risk factor (Heilbrun et al., 2015).
Importantly, the study also drew attention to the health
profile of children with ASD, who were nearly 5 times more
likely than controls to require prolonged antibiotic therapy
(OR =4.9) and more frequently experienced adverse reac-
tions following vaccination. These findings may indicate
abroader chemical or immunological susceptibility in this
patient population.

In the broader context of biological susceptibility,
a case—control study by Heilbrun et al. (2015) suggested
the existence of a subgroup of children with ASD charac-
terized by a distinct immunological or chemical sensitivity
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profile. Mothers with high scores on the Quick Environ-
mental Exposure and Sensitivity Inventory (QEESI), indi-
cating greater chemical intolerance, were approx. 3 times
more likely to have a child with ASD (OR = 3.01; 95% CI:
1.50-6.02). Moreover, compared with controls, children
with ASD were nearly 5 times more likely to have a history
of prolonged antibiotic treatment for recurrent infections
(OR =4.9;95% CI. 2.7-8.6). These findings should, however,
be interpreted with caution due to the retrospective study
design and the potential for recall bias among mothers of
children with a diagnosed neurodevelopmental disorder.

Pharmacological interventions during the peripartum
period have also been investigated. The co-occurrence of
obstetric complications and the administration of labor-
inducing agents, such as synthetic oxytocin, or anesthetic
agents, such as bupivacaine, has been suggested to increase
the risk of ASD, with ORs ranging from 2.3 to 2.8 across
cohorts, and indicating a possible synergistic effect (Small-
wood et al., 2016). However, the small sample size of this
study warrants considerable caution, and the findings
should be regarded as preliminary, pending confirmation
in larger datasets.

With regard to psychoactive substances, a large cohort
study (n = 178,948) evaluating prenatal cannabis exposure
provided reassuring findings concerning the overall risk
of ASD. After adjustment for key potential confounders,
including tobacco smoking and socioeconomic status, no
association was found between cannabis use during early
pregnancy and ASD (aHR = 1.05; 95% CI: 0.84—1.32) (Avalos
et al., 2024). It should be noted, however, that among women
who reported daily cannabis use, the point estimate was
elevated (@aHR = 1.55), although the wide CI (0.85-2.81)
precluded definitive conclusions (Avalos et al., 2024).

The final example identified in the literature was the
well-established teratogenic effect of thalidomide when
used during early pregnancy (Heilbrun et al., 2015). A sig-
nificant association was also reported for a heterogeneous
category of “other medications,” including antihyperten-
sive, anticoagulant, and antidiabetic agents (Costa et al.,
2024).

Although statistical associations have been observed
for several medication classes, causal inference remains
limited by numerous potential confounding factors. The
evidence reviewed in this section provides an important
basis for further investigation; however, at the current stage
of knowledge, these findings should not prompt changes

in established standards of pharmacological care without
further scientific validation.

Conclusions

The present synthesis of recent scientific evidence dem-
onstrates that the relationship between prenatal phar-
macotherapy and the risk of ASD is complex and het-
erogeneous. The literature reveals a consistent pattern:
the more methodologically rigorous the study, including
the adjustment for genetic factors and the use of sibling-
comparison designs, the weaker the observed association
between medication exposure and ASD. In many cases,
inherited susceptibility to neurodevelopmental disorders,
rather than the pharmacological effects of the medication
itself, may be the primary factor underlying the observed
association.

Valproic acid remains the most firmly established phar-
macological risk factor. For antidepressants, including SSRIs
and tricyclic antidepressants, as well as antipsychotics and
benzodiazepines, the associations with ASD observed in
population-based studies are substantially attenuated or
disappear after accounting for genetic and environmental
factors. Importantly, despite widespread media controversy,
rigorous analyses involving millions of individuals do not
support a causal relationship between prenatal acetamino-
phen use and ASD. Vitamin supplementation remains an
important preventive consideration, with folic acid playing
a particularly important protective role and being associated
with a lower risk of autistic traits, especially among children
prenatally exposed to antiseizure medications.

It should be emphasized that discontinuing pharmaco-
therapy is not a risk-free strategy, as untreated maternal
psychiatric illness may pose a greater threat to the fetus
than the treatment itself. Whenever clinically feasible,
medications associated with greater risk, particularly VPA,
should be replaced with safer alternatives, and unnecessary
polypharmacy should be avoided. Adequate vitamin sup-
plementation and a healthy maternal lifestyle throughout
pregnancy are also important components of risk reduc-
tion. Ultimately, treatment decisions should be based on an
individualized assessment of risks and benefits, accompa-
nied by appropriate monitoring of the neurodevelopment
of the offspring and recognition that this issue requires
further investigation.
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Wprowadzenie

Zaburzenia ze spektrum autyzmu (ang. autism spectrum
disorder — ASD) stanowia obecnie jedno z najwiekszych
wyzwan wspolczesnej psychiatrii dzieciecej i neurologii
rozwojowej. Wedtug klasyfikacji DSM-5 (Diagnostic and
Statistical Manual of Mental Disorders) definiuje sie je jako
heterogenne zaburzenie neurorozwojowe, charakteryzujace
sie trwatymi deficytami w dwéch kluczowych obszarach:
komunikacji spolecznej i interakcjach spotecznych oraz
obecnoscia ograniczonych, powtarzalnych wzorcéw zacho-
wan, zainteresowan lub aktywnosci (American Psychiatric
Association, 2013). Wedlug szacunkéw w 2021 r. na $wiecie
zylo okolo 61,8 mln 0séb w spektrum autyzmu (z przedzia-
tem niepewnosci od 52,1 do 72,7 mln). Oznacza to, ze jedna
na 127 oséb w populacji globalnej jest osoba ze spektrum
autyzmu. Standaryzowany wzgledem wieku wspétczynnik
chorobowosci wyniést 788,3 na 100 000 os6b.

Badanie wykazalo wyrazne réznice w wystepowaniu
zaburzenia w zaleznos$ci od plci — wspédtczynnik ten byt
znaczgco wyzszy u mezczyzn (1064,7 na 100 000) niz u ko-
biet (508,1 na 100 000), co daje globalny stosunek plci wy-
noszgcy okoto 2,1:1 (Global Burden of Disease Study 2021
Autism Spectrum Collaborators, 2025). Kluczowa role
w etiologii odgrywa interakcja miedzy predyspozycjami ge-
netycznymia czynnikami srodowiskowymi, obejmujacymi
m.in. zaawansowany wiek rodzicéw, ekspozycje na toksyny,
stan zapalny czy niedobory zywieniowe. Szczegdlne zna-
czenie przypisuje sie farmakoterapii w okresie prenatal-
nym. Dowody naukowe najsilniej wskazuja na zwiekszone
ryzyko wystapienia ASD u potomstwa matek przyjmuja-
cych kwas walproinowy, ktéry moze zaktéca¢ migracje
neurondw i epigenetyczna regulacje neurorozwoju.

Réwnolegle debatuje sie¢ nad wptywem selektywnych in-
hibitoréw zwrotnego wychwytu serotoniny (ang. selective
serotonin reuptake inhibitor — SSRI), ktére, przenikajac
przez bariere lozyskowa, moga oddzialywac na rozwijajacy
sie mézg plodu, co w kontekscie powszechnego stosowa-
nia lekéw w ciazy czyni analize bezpieczenstwa farma-
kologicznego priorytetowym obszarem w badaniach nad
$rodowiskowymi przyczynami autyzmu (Bolte ez al., 2019).

Mimo licznych badan wyniki dotyczace poszczegdlnych
grup lekéw pozostaja niejednoznaczne. Niniejsza praca
systematyzuje obecny stan wiedzy, omawiajac kolejno leki
przeciwpadaczkowe, przeciwdepresyjne, przeciwbdlowe
oraz inne grupy farmaceutykéw, ze szczegélnym uwzgled-
nieniem metodologicznych aspektéow analizowanych
badan. Skupiono sie réwniez na weryfikacji watpliwo-
$ci dotyczacych bezpieczenstwa farmakoterapii okresu
prenatalnego poprzez analize najnowszych doniesien li-
teraturowych o wysokiej wadze merytorycznej. Pozwoli
to na glebsza ocene tego wieloaspektowego zagadnienia
i wykazanie, ze utrzymujace si¢ spory wynikaja cze$ciej
z metodologicznych ograniczenn badan populacyjnych
oraz niedostatecznego monitorowania uzycia lekéw ani-
zeli z rzeczywistych dowodéw na ich neurotoksycznosc.

Metodologia

W celu syntezy dostepnych dowoddw przeszukano bazy
PubMed®i Google Scholar, wykorzystujac stowa kluczowe:
»drugs pregnancy autism”, ,prenatal medication ASD”
oraz ,acetaminophen ASD”, a uzyskane wyniki posorto-
wano wedtug trafno$ci. Kryteria wlaczenia obejmowaty:
publikacje w latach 2008—-2025, jezyk angielski, oryginalne
badania z udzialem ludzi oraz bezpos$redni zwigzek z te-
matem. Priorytetowo traktowano duze badania kohor-
towe, metaanalizy i systematyczne przeglady literatury
dostarczajace pelnych danych statystycznych (istotno$é
statystyczna, ilorazy szans, wspélczynniki ryzyka wraz
z 95-procentowym przedzialem ufnosci). Jako standard
referencyjny przyjeto kryteria diagnostyczne DSM-5, wy-
kluczajac badania niespelniajace tych kryteriéw, opisy
przypadkéw oraz badania na modelach zwierzecych.
7200 zidentyfikowanych rekordéw do ostatecznej analizy
wlaczono 40 prac (ryc. 1). Zestawienie kluczowych ustalen
dla poszczegdlnych grup lekéw zaprezentowano w tabeli 1.

Leki przeciwpadaczkowe

Postepowanie farmakologiczne u ciezarnych z padaczka
wymaga wywazenia miedzy korzy$ciami wynikajacymi
z kontroli napadéw a potencjalnym ryzykiem teratogen-
nym stosowanych lekéw przeciwpadaczkowych. Analiza
badan kohortowych i populacyjnych wskazuje na istotne
zroznicowanie profilu bezpieczenstwa lekéw w kontekscie
ryzyka wystapienia ASD.

Dostepne dane literaturowe prawie jednoznacznie wska-
zuja na kwas walproinowy (ang. valproic acid — VPA) jako
substancje o najwyzszym potencjale neurotoksycznym.
Wieloo$rodkowe, populacyjne badanie kohortowe prze-
prowadzone w Danii (N = 655 615 dzieci) wykazalo, ze
prenatalna ekspozycja na VPA wiaze sie ze znacznym
wzrostem ryzyka ASD (aHR [ang. adjusted hazard ratio;
skorygowany wspoélczynnik ryzyka] = 2,9; 95% CI [ang.
confidence interval; przedzial ufnoscil: 1,7-4,9), co ozna-
cza niemal trzykrotny wzrost ryzyka wzgledem popula-
cji nieeksponowanej (Christensen et al., 2013). Wyniki
te znajduja potwierdzenie w badaniu skandynawskim
SCAN-AED (N = 4 494 926), gdzie aHR dla monoterapii
VPA wyniést 2,4 (95% CI: 2,1-2,7) (Bjerk et al., 2022), oraz
w badaniu Wiggs et al. (2020) (aHR = 2,30; 95% CI: 2,03—
2,61). Ryzyko to wykazuje wyrazna zaleznos¢ od dawki
— przyjmowanie VPA w wyzszych dawkach (np. 2750 mg/
dobe wg Bjork et al., 2022) wiaze sie z dalszym wzrostem
wskaznikéw ryzyka. Bezwzgledne ryzyko wystapienia ASD
u dzieci eksponowanych na VPA jest znaczaco wigksze niz
w populacji ogélnej i wynosi 4,42% w badaniu duriskim
(Christensen et al., 2013), a w mniejszych badaniach pro-
spektywnych (N = 238) siega nawet 6,3% (Bromley et al.,
2008). W badaniu oceniajacym fenotyp kliniczny (N = 257)
z wykorzystaniem skali CARS (Childhood Autism Rating
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Ryc. 1. Identyfikacja badan poprzez bazy danych i rejestry

Scale) wykazano, ze §rednia dawka leku byta istotnym pre-
dyktorem nasilenia cech autystycznych, a w grupie dzieci
matek poddanych politerapii z udziatem VPA odsetek
dzieci z wynikami wskazujacymi na spektrum siegat az
46,7% (Wood et al., 2015).

Zgota inne wyniki prezentuje badanie z 2018 r. (Janecka
et al., 2018). Cho¢ poczatkowo zaobserwowano podwyz-
szone ryzyko dla VPA, po pelnym rygorystycznym dosto-
sowaniu modelu (uwzgledniajacym m.in. liczbe diagnoz
matki) asocjacja ta utracita istotno$¢ statystyczna (HR
lang. hazard ratio; wspoélczynnik ryzyka] = 3,15; 95% CI:
szeroki, p = 0,09), co moze sugerowac role czynnikéw ge-
netycznych i sSrodowiskowych zwigzanych z sama choroba
matki.

Réwnie istotne sygnaly ostrzegawcze dotycza topira-
matu. W duzej kohorcie skandynawskiej (N = 4 494 926)
wykazano, ze monoterapia tym lekiem wiazala sie
z 2,8-krotnym wzrostem ryzyka diagnozy ASD (aHR = 2,8;
95% CI: 1,9-4,1). Podobnie jak w przypadku VPA efekt

pozycje zidentyfikowane
w bazach danych (N = 200)

pozycje ocenione pod katem

pozycje usuniete
(n=157)

usuniete duplikaty
(n=3)

pozycje usuniete
(n=0)

ten byl zalezny od dawki, z wyraznym wzrostem ryzyka
przy suplementacji 2100 mg/dobe (Bjork et al., 2022). Po-
twierdza to réwniez kolejna analiza (Wiggs et al., 2020),
wskazujaca na aHR = 2,26 (95% CI: 1,57-3,26).

W przeciwienstwie do wyzej wymienionych inne anali-
zowane leki wykazuja korzystniejszy profil bezpieczen-
stwa. W przypadku lamotryginy poczatkowe obserwacje
sugerujace wzrost ryzyka (HR = 1,62) po uwzglednieniu
czynnikéw zakl6cajacych stracity na znaczeniu (aHR = 1,0;
95% CI: 0,9-1,2), nie wykazujac negatywnego wplywu na
neurorozwoj w monoterapii (Bjork et al., 2022; Christensen
etal., 2013; Wiggs et al., 2020). Szerokie analizy nie wyka-
zaly takze spdjnego wzrostu ryzyka ASD po ekspozycji na
lewetiracetam, okskarbazeping, gabapentyne, pregabaline
czy fenobarbital (Bjerk et al., 2022).

Wyniki dotyczace karbamazepiny réwniez sg uspoka-
jajace. Odnotowane zwiazki z ASD ostabty po korekcie
o zmienne zakldcajace (HR = 1,26; 95% CI: 1,09-1,46),
przy czym analiza rodzenstwa obnizyla ten wskaznik do



Farmakoter Psychiatr Neurol. 2026;42(1):53-72

65

Tabela 1. Zestawienie oméwionych w artykule badan dotyczacych zwigzku miedzy ekspozycja na leki a ryzykiem wystapienia zaburzen ze spektrum

autyzmu (ASD)

Substancja/rodzaj

Badanie (autor, rok)

Populacja (N)

Gtéwne wyniki

Whioski/uwagi

Kwas walproinowy

Topiramat

Lamotrygina

Christensen et al. (2013);
Bjerk et al. (2022)

Bjork et al. (2022);
Wiggs et al. (2020)

Christensen et al. (2013);
Wiggs et al. (2020)

Sujan etal. (2017);

N> 650 tys.; (Christensen) RN 2z
N> 4min aHR =24 [21-27] od dawki. Nauwyz;ze ryzyko wsrod
. lekéw.
(Bjark)

aHR=2,81[1,9-4,1]
N> 4min (populacyjne) Wzrost ryzyka w badaniach ogdlnych,

aHR = 0,99 (analiza ale zanika w analizie rodzerstwa.

rodzenstwa)

rézne duze kohorty

N> 1,5 mlIn (Szwecja);

(HR/OR z 95% CI)
aHR=2,91[1,7-49]

aHR=1,0[0,9-12]

HR = 2,02 (populacyjne)

Silny zwigzek przyczynowy, zalezny

Brak istotnego wzrostu ryzyka.
Uznawana za bezpieczniejsza
alternatywe.

Zwigzek zanika po uwzglednieniu
czynnikdw genetycznych

Ahlqvist et al. (2024)

S5RI/ogdine Hagberg et al. (2018) N=195 tysAl(V\/leIka aHR y 083 [0'6%7] /13] i srodowiskowych (analiza
Brytania) (analiza rodzenstwa) .
rodzenstwa).

= 105 0 70=1/50] Brak istotnego zwigzku
Przeciwpsychotyczne/ Wang et al. (2021); N> 400 tys.; (Wang) vCIVROWe ogR , kg wynika
atypowe Straub et al. (2022) N> 3,4 min aHR = 1,06 [0,85-1,34] przyczynowego. Ryzyko wy

z choroby matki.
(Straub)
OR =2,14-362 Duze badania populacyjne z kontrolg

Paracetamol Ji et al. (2020); N =996 (biomarkery); (biomarkery) rodzenstwa nie potwierdzaja zwigzku

N=2,5min (Szwecja)

Benzodiazepiny Chenetal. (2022); N>1,5min; _ oz R ;
(w tym leki 2) Chan etal. (2023) N> 500 tys. GRS ORI | AR ez SO A il el
(analiza rodzenstwa) w analizie wewnatrzrodzinnej.
Brak suplementacii aOR=59-79 Brak ostony folianowej zwieksza
pi€ ) Bjark etal. (2018) N =104 946 (w grupie z lekami ryzyko cech autystycznych przy
kwasu foliowego ; : ; !
przeciwpadaczkowymi) ekspozycji na leki.
HR = 1,14 (populacyjne) | Ryzyko w duzej mierze atenuowane
Antybiotyki Choietal. (2024) N> 3,6 min aHR = 1,06 (analiza przez czynniki rodzinne (podatnos¢

HR = 0,98 [0,93-1,04]

: , rzyczynowego.
(analiza rodzenstwa) przyczy 9

HR = 1,13 (I trymestr) Obserwowane ryzyko wynika

rodzenstwa) na infekcje).

aHR (ang. adjusted hazard ratio) - skorygowany wspotczynnik ryzyka; aOR (ang. adjusted odds ratio) — skorygowany iloraz szans; ASD (ang. autism spectrum
disorder) — zaburzenia ze spektrum autyzmu; Cl (ang. confidence interval) — przedziat ufnosci; HR (ang. hazard ratio) — wspotczynnik ryzyka; SSRI (@ng. selective
serotonin reuptake inhibitor) — inhibitory zwrotnego wychwytu serotoniny; wHR (ang. weighted hazard ratio) — wazony wspotczynnik ryzyka.

poziomu nieistotnego 0,94 (Wiggs et al., 2020). W mniej-
szych prébach klinicznych nie odnotowano zadnych przy-
padkéw autyzmu w grupie eksponowanej na karbamazepiny
(0/55 dzieci) (Bromley et al., 2008).

Jednak w przypadku braku suplementacji kwasem folio-
wym w ciazy w grupie eksponowanej na rézne leki przeciw-
padaczkowe aOR (ang. adjusted odds ratio; skorygowany
iloraz szans) wzrasta do poziomu 5,9-7,9 relatywnie do
wieku dziecka az do 36. miesigca zycia (Bjork et al., 2018).
Aspekt ten opisano szerzej w rozdziale Witaminy.

Rozszerzajac analize o zagadnienie politerapii w schema-
tach niezawierajacych VPA, zidentyfikowano zwiekszone
ryzyko zaburzen neurorozwojowych dla polaczen: lewe-
tiracetam z karbamazepina (aHR = 5,7; 95% CI: 2,3-14,3)
oraz lamotrygina z topiramatem (aHR = 7,4; 95% CI:
2,7-20,3). Jednakze wyniki te obarczone sa szerokimi
przedziatami ufnoéci ze wzgledu na mala liczebnos¢ grup
(Bjork et al., 2022). Nie stwierdzono natomiast podwyzszo-
nego ryzyka dla potaczenia lewetiracetamu z lamotrygina
(aHR =1,6;95% CI. 0,8-3,0) (Bjork et al., 2022). Co istotne,

w politerapiach wykluczajacych VPA wyniki w CARS nie
odbiegaly od normy — sugeruje to, ze kluczowym deter-
minantem ryzyka jest obecnos$¢ specyficznej substancji
toksycznej, a nie samo faczenie lekéw (Wood et al., 2015).

Innym, fundamentalnym, aspektem farmakoterapii
z uzyciem VPA jest jego profil dziatania zalezny od gospo-
darki witaminowej organizmu. Cze$¢ autoréw sugeruje, ze
leki takie jak VPA, poprzez wigzanie z receptorem pregnanu
X (ang. pregnane X receptor — PXR), nasilaja katabolizm wi-
taminy D (poprzez regulacje enzymu CYP24), prowadzac
do przejsciowego niedoboru tej witaminy w mézgu ptodu.
Biorac pod uwage neurotroficzng role tej witaminy, mozna
stwierdzi¢, ze jej niedobér stanowi srodowiskowy czynnik
wyzwalajacy ekspresje fenotypowa autyzmu u jednostek
genetycznie podatnych (Evatt et al., 2009).

Interpretacja powyzszych wynikéw wymaga uwzglednienia
istotnych ograniczen metodologicznych. Podstawowym pro-
blemem w badaniach obserwacyjnych jest blad systematyczny
wynikajacy ze wskazan medycznych. Ciezsza posta¢ padaczki
u matki moze wiaza¢ sie zaréwno z koniecznoscig stosowania
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wiekszych dawek lub silniejszych lekéw (np. VPA), jak i z ge-
netycznym obcigzeniem ryzykiem ASD u dziecka. W jednym
zbadan (Wiggs et al., 2020) zastosowano analize rodzenstwa
(ang. sibling control analysis), aby zminimalizowa¢ wplyw
czynnikéw genetycznych i srodowiskowych wspélnych dla
rodziny. W tej analizie ryzyko dla VPA uleglo znacznemu
oslabieniu (@HR spadto z 2,30 do 0,83), a dla topiramatu stato
sie catkowicie nieistotne (@HR = 0,99), co sugeruje, ze spora
cze$¢ obserwowanego ryzyka moze wynika¢ z czynnikéw
innych niz samo dzialanie leku. Ponadto badania dotyczace
rzadziej stosowanych politerapii (np. z topiramatem) czesto
opieraja sie na matych podgrupach, co skutkuje szerokimi
przedziatami ufnosci (mala precyzja oszacowania) i ryzykiem
btedu losowego.

Podsumowujac, dowody naukowe wskazuja na istotna
hierarchie ryzyka ASD wsréd lekéw przeciwpadaczko-
wych. Kwas walproinowy pozostaje lekiem o najwyzszym
udokumentowanym ryzyku, zaleznym od dawki i gospo-
darki witaminowej. Nowe dane sugeruja réwniez koniecz-
nos$¢ zachowania ostroznosci w przypadku topiramatu.
Lamotrygina i lewetiracetam wydaja sie bezpieczniejszymi
alternatywami w kontekscie neurorozwoju. Jednakze wy-
niki analiz uwzgledniajacych czynniki rodzinne sugeruja,
ze genetyka i ciezko$¢ choroby matki moga odgrywac role
rownorzedna lub nawet wigksza niz sama farmakoterapia,
co nakazuje indywidualizacje decyzji terapeutycznych.

Leki przeciwdepresyjne

Analiza dostepnego pi$miennictwa wskazuje, ze cho¢
badania populacyjne sugeruja korelacje miedzy prenatalna
ekspozycja na leki przeciwdepresyjne a ryzykiem zaburzen
ze spektrum autyzmu (ASD), zwigzek ten ulega znacznemu
ostabieniu po uwzglednieniu czynnikéw zakldécajacych,
takich jak genetyka i nasilenie choroby matki.

Kluczowe dowody pochodza z duzych badan rejes-
trowych wykorzystujacych modele poréwnujace ro-
dzenstwo. W badaniu (Sujan et al., 2017) obejmujacym
ogromna probe 1 580 629 szwedzkich dzieci poczatkowo
obserwowany na poziomie populacyjnym wzrost ryzyka
(aHR = 2,02; 95% CI: 1,80-2,26) catkowicie zanikl w ana-
lizie wewnatrzrodzinnej (aHR = 0,83; 95% CI: 0,62-1,13).
Przedzial ufno$ci w tej ostatniej analizie sugeruje jednak
nizsza precyzje oszacowania wynikajaca z mniejszej liczby
par rodzenistwa o zréznicowanej ekspozycji. Podobnag ten-
dencje odnotowano (Hagberg et al., 2018) w badaniu na
populacji brytyjskiej (n = 194 494). Cho¢ w analizie kohor-
towej ryzyko dla SSRI wynosito 1,68 (95% CI: 1,46-1,92),
to w analizie rodzenistwa aOR dla depresji leczonej le-
kami przeciwdepresyjnymi stracil istotno$¢ statystyczna
(@OR = 1,53; 95% CI: 0,89-2,62).

Kolejnym istotnym argumentem przeciwko bezpo-
$redniemu dzialaniu teratogennemu lekéw jest brak specy-
ficzno$ci zwigzku z okresem cigzy. Wykazano (Sujan et al.,
2017), ze ekspozycja ojcowska w pierwszym trymestrze

wigzala sie z podobnym wzrostem ryzyka ASD (HR = 1,31)
jak ekspozycja matczyna, co sugeruje role wspélnej podat-
noéci genetycznej. Ponadto nie stwierdzono podwyzszo-
nego ryzyka u dzieci kobiet przyjmujacych antydepresanty
ze wskazan innych niz depresja (np. bdl, migrena), gdzie RR
(ang. risk ratio) wynosit 0,73 (95% CI: 0,41-1,29) (Hagberg
et al., 2018). Badanie (Janecka et al., 2018) na populacji
izraelskiej (n = 96 249) dostarczylo dalszych dowoddw:
poczatkowy slaby zwigzek z lekami wptywajacymi na
uklad serotoninergiczny (HR = 1,26) zostal zupelnie zre-
dukowany po skorygowaniu o ogdlny stan zdrowia matki
(liczbe diagnoz medycznych), osiagajac wartos¢ HR = 1,06
(p = 0,73).

W analizach koncentrujacych sie na klasach lekéw oraz
czasie ekspozycji wyniki pozostaja niejednoznaczne. Wy-
kazano niemal dwukrotny wzrost ryzyka dla dowolnego
leku (@OR = 1,90), z wyzszymi wskaznikami dla lekéw
nieselektywnych (aOR = 3,20) niz dla SSRI (@OR = 2,03),
przy czym efekt ten dotyczyl gléwnie autyzmu bez nie-
pelnosprawnosci intelektualnej (Rai et al., 2013, 2017).
Z kolei (Boukhris et al., 2016) w badaniu kanadyjskim
(n = 145 456) istotne ryzyko odnotowano wylacznie dla
SSRI stosowanych w I1 i III trymestrze (aHR = 2,17) oraz
politerapii (HR = 4,39), nie wykazujac zaleznosci dla mo-
noterapii tréjpierscieniowymilekami przeciwdepresyjnymi
(ang. tricyclic antidepressants — TCA) czy inhibitorami
wychwytu zwrotnego serotoniny i noradrenaliny (ang. se-
rotonin—norepinephrine reuptake inhibitor — SNRI) w pdz-
nym okresie ciazy (Boukhris et al., 2016). Nalezy jednak
zaznaczy¢, ze oszacowania te opieraly sie na bardzo matej
liczbie przypadkéw ekspozycji (n = 31 dzieci z ASD wyeks-
ponowanych w II/III trymestrze), co znaczgco ogranicza
ich wiarygodnos¢.

W ocenie poszczegélnych substancji czynnych wstepne
dane wskazywaly na podwyzszone ryzyko dla klomipra-
miny, wenlafaksyny, citalopramu oraz escitalopramu (Rai
et al., 2017; Viktorin et al., 2017). Nalezy jednak podkre-
$li¢, ze po zastosowaniu rygorystycznej korekty Bonferro-
niego—Holma Zaden z analizowanych lekéw nie wykazal
zwigzku z ASD (Viktorin et al., 2017). Obserwacja, ze wyz-
sze ryzyko wiaze sie z lekami o nizszym powinowactwie
do transporteréw serotoniny (ang. serotonin transporter
— SERT) moze wynika¢ z faktu przepisywania tych pre-
paratéw w ciezszych lub lekoopornych postaciach depresji
(Rai et al., 2017).

Podsumowujac, przeglad badan wskazuje, ze obserwo-
wany w prostych modelach statystycznych zwiazek miedzy
lekami przeciwdepresyjnymi w ciazy a ASD jest najpraw-
dopodobniej wynikiem czynnikéw zakldcajacych (gene-
tycznych i srodowiskowych zwigzanych z sama choroba
matki), a nie bezposrednim skutkiem dziatania farmako-
logicznego. Najsilniejsze metodologicznie analizy wyko-
rzystujace rodzenstwo i ekspozycje ojcowska jako punkt
odniesienia nie potwierdzaja przyczynowego charakteru
tej asocjacji.
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Leki przeciwpsychotyczne

Analiza kohortowa (Wang et al., 2021), obejmujaca grupe
411 251 par matka—dziecko, wykorzystala zaawansowana
stratyfikacje oparta na wskazniku sklonnosci do zréwno-
wazenia grup pod wzgledem czynnikéw zaklécajacych.
Wazony wspélczynnik ryzyka (wHR) dla ASD wynidst
1,06, przy CI wynoszacym 0,70-1,60. Przedzial ufnosci
obejmujacy warto$¢ 1,0 oznacza, ze nie mozna wyklu-
czy¢ braku wptywu leku, a obserwowany efekt moze by¢
dzietem przypadku. Kluczowym elementem badania byla
analiza rodzenstwa, ktéra pozwala na kontrole niewy-
jasnionych czynnikéw genetycznych i srodowiskowych
wspdlnych dla rodziny. W tym modelu wHR wynidst 0,90
(95% CI: 0,40-2,01), co silnie przemawia przeciwko zwiaz-
kowi przyczynowemu. Nalezy jednak odnotowac¢ istotne
ograniczenie metodologiczne: w analizie rodzenstwa liczba
dzieci z ASD eksponowanych na leki byla bardzo mata
(n = 6), co skutkowato bardzo szerokim przedziatem ufno-
$ciiograniczona precyzja oszacowania. Badanie wykazato
natomiast, ze to nieleczona choroba psychiczna matki jest
istotnym czynnikiem ryzyka — u dzieci matek z zaburze-
niami psychicznymi, ktére nie przyjmowaty lekéw, ryzyko
ASD bylo niemal dwukrotnie wyzsze niz w populacji ogdl-
nej (WHR = 1,97; 95% CI: 1,60-2,43).

Whioski te koreluja z wynikami badan opartych na
amerykanskich bazach danych (Straub et al., 2022), ktére
objety tacznie ponad 3,4 mln cigz. Cho¢ dane wskazy-
waly na ponad dwukrotny wzrost ryzyka (HR = 2,44), po
uwzglednieniu czynnikéw zakidcajacych nie potwierdzo-
no istotnego zwiazku przyczynowo-skutkowego dla catej
klasy lekéw (@HR = 1,06; 95% CI: 0,85-1,34). Szczegbtowa
analiza substancji czynnych wykazata niskie ryzyko dla:
rysperydonu (aHR = 0,62), haloperydolu (aHR = 0,98),
olanzapiny (@HR = 1,00) oraz kwetiapiny (aHR = 1,12).
Wyjatek stanowil arypiprazol, dla ktérego oszacowano HR
na poziomie 1,49 przy CI: 0,91-2,47. Poniewaz dolna gra-
nica przedzialu ufnosci jest mniejsza od jednosci, wynik
ten nie jest istotny statystycznie. Autorzy sugeruja jednak
potrzebe dalszej obserwacji dzialania tego leku, nie wyklu-
czajac, ze wynik moze by¢ efektem specyficznego profilu
pacjentek stosujacych ten nowszy lek.

Powyzsze obserwacje znajduja réwniez odzwierciedle-
nie w badaniach populacji nordyckiej obejmujacych po-
nad 4,3 mln urodzen z Danii, Finlandii, Islandii, Norwegii
i Szwecji (Hélfddnarson et al., 2022). Pierwotnie podwyz-
szone HR = 2,12 uleglo redukcji po pelnej korekcie o dia-
gnozy psychiatryczne matki (@HR = 1,12; 95% CI: 0,97-1,29).
W podziale na grupy farmakologiczne typowe leki przeciw-
psychotyczne nie wykazaly zwigzku z ASD (aHR = 1,06),
natomiast dla lekéw atypowych odnotowano nieznaczny
wzrost ryzyka (@HR = 1,26). Warto podkresli¢, ze bezpo-
$rednie poréwnanie dzieci eksponowanych na leki z grupa
kontrolna dzieci matek z tymi samymi diagnozami, lecz
nieleczonych w trakcie cigzy, nie wykazato istotnych
réznic w czestosci wystepowania autyzmu (@HR = 1,28;

95% CI: 0,95-1,71). Co wiecej, poréwnanie dzieci matek
z diagnozy, ale nieleczonych, do populacji ogdlnej wykazato
istotny wzrost ryzyka (@HR = 1,89; 95% CI: 1,54-2,30), co
potwierdza decydujaca role czynnikéw genetycznych.

Podsumowujac, badania konsekwentnie wskazuja, Ze ob-
serwowany w danych wzrost ryzyka ma charakter pozorny
iwynika gléwnie z braku odpowiedniej korekty o zmienne
zakldcajace. W zadnym z nich nie wykazano istotnego
statystycznie ryzyka.

Leki przeciwbdlowe

Niniejszy rozdzial koncentruje si¢ na stratyfikacji ryzyka
stosowania lekéw przeciwbdlowych w ciazy, ze szczegdlnym
uwzglednieniem paracetamolu. Szeroka debata publiczna oraz
doniesienia medialne, w tym te z wrze$nia 2025 r. powolujace
sie na rzekome wytyczne amerykariskiej Agencji ds. Zywnosci
i Lekéw (Food and Drug Administration — FDA), zaktualizo-
waly pytania o bezpieczerstwo tego leku w kontekscie zabu-
rzen ze spektrum autyzmu (ASD). Weryfikacja tych tez wy-
maga jednak oparcia si¢ na rygorystycznej analizie dostepnych
danych naukowych (Lang, 2025). W ostatnich latach narastaja
obawy medialne wiaZzace wczesng ekspozycje na paracetamol
z wystapieniem uszkodzen neurorozwojowych, w tym spek-
trum autyzmu u podatnych dzieci. W literaturze przedmiotu
wskazuje sie, ze obecne kontrowersje wokét bezpieczenstwa
stosowania paracetamolu sa w duzej mierze nieuzasadnione
iwynikaja z blednego ukierunkowania dyskursu medycznego
oraz publicznego.

Podczas gdy debata koncentruje sie gléwnie na okresie
prenatalnym, czes¢ dowodéw naukowych sugeruje, ze to
jednak ekspozycja po urodzeniu wiaze si¢ z wyzszym ry-
zykiem uszkodzen neurorozwojowych (Zhao et al., 2024).
W badaniu kohortowym Boston Birth Cohort (7 = 996)
wykazano istotna zaleznos¢ typu dawka-odpowiedz, wyko-
rzystujac biomarkery z osocza pepowinowego jako obiek-
tywna miare ekspozycji (Ji e al., 2020). Przynalezno$¢ do
drugiego i trzeciego tercyla ,obcigzenia paracetamolem”
wigzala sie ze wzrostem ryzyka ASD odpowiednio o 2,14
(OR [ang. odds ratio; iloraz szans]) oraz 3,62 (OR) w po-
réwnaniu z grupg o najnizszej ekspozycji. Zbiezne wnioski
plyna z przegladu systematycznego (Prada et al., 2025),
gdzie wiekszo$¢ analizowanych prac (5 z 8) potwierdzila
statystycznie istotny wzrost ryzyka, a wczesniejsze meta-
analizy oszacowaly laczne ryzyko wzgledne na poziomie
1,19. Dodatkowo prospektywne badanie kohortowe (Liew
et al., 2016) z udziatem kobiet, z ktérych ponad 50% stoso-
walo paracetamol, wykazalo specyficzny wzrost ryzyka dla
ASD wspétwystepujacego z objawami hiperkinetycznymi
(HR =1,51;95% CI: 1,19-1,92), szczegélnie przy ekspozycji
trwajacej powyzej 20 tygodni lub obejmujacej wszystkie
trymestry. Nie odnotowano jednak wzrostu ryzyka dla
ogdbtu diagnoz ASD (HR = 1,06; 95% CI: 0,92-1,24).

Jako potencjalne podloze biologiczne tych korelacji
wskazuje sie zaburzenia metaboliczne i stres oksydacyjny.
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Wczesniejsze badania ekologiczne w 8 krajach (Bauer
i Kriebel, 2013) sugerowaly zbieznos¢ czasowa (r = 0,80)
miedzy wzrostem prewalencji ASD a zastapieniem kwasu
acetylosalicylowego paracetamolem w latach 80. XX w.
Autorzy postulowali, Ze paracetamol, metabolizowany
przez sulfonacje i glukuronidacje (szlaki czesto niewydolne
u noworodkdw i dzieci z autyzmem), moze prowadzi¢ do
akumulacji toksycznych metabolitéw i dysregulacji immu-
nologicznej. Niestety ze wzgledu na konstrukcje badania
(btad ekologiczny) nie moga one dowodzi¢ przyczynowo-
$ci. Nowsze analizy kliniczno-kontrolne (Costa et al., 2024)
(n = 1134) wykazaly, ze stosowanie lekéw przeciwbdlowych
w cigzy wiaze sie z ponaddwukrotnym wzrostem ryzyka
diagnozy ASD (OR = 2,26; 95% CI: 1,29-3,95), cho¢ badanie
to, oparte na wywiadach, jest obarczone ryzykiem bledu
systematycznego wynikajacego z retrospektywnej oceny
ekspozycji przez matki.

Mimo powyzszych zaawansowane badania populacyjne
podwazaja istnienie zwigzku przyczynowo-skutkowego,
wskazujac na kluczowa role czynnikéw genetycznych
i srodowiskowych. W szwedzkim badaniu kohortowym
(Ahlgvist et al., 2024), obejmujacym az 2,5 mln dzieci,
poczatkowo obserwowany niewielki wzrost HR = 1,05
(95% CI: 1,02-1,08) zanikt catkowicie w analizie poréw-
nawczej dopasowanych par rodzenstwa (HR = 0,98; 95% CI.
0,93-1,04). Sugeruje to, ze nie lek, a wspdlne czynniki ro-
dzinne determinuja wystapienie zaburzen.

Wielomianowa regresja logistyczna na danych Medi-
caid (n = 153 562) uwzgledniajaca czynniki zakl6cajace
nie wykazata zwiazku niesteroidowych lekéw przeciw-
zapalnych z ASD, cho¢ odnotowano potencjalny wzrost
OR =1,26 (95% CI: 1,10-1,46) niepelnosprawnosci intelek-
tualnej (Chowdhury et al., 2023). Co istotne, w przypadku
kwasu acetylosalicylowego niektére analizy sugeruja wrecz
odwrotna korelacje (HR = 0,87), co moze wskazywa¢ na
odmienny profil oddziatywania lub specyfike wskazan
medycznych do jego stosowania (Ahlqvist et al., 2024).

Aktualny konsensus miedzynarodowy, reprezentowany
m.in. przez WHO (World Health Organization, 2025)
oraz NHS (National Health Service, 2025), utrzymuyje, ze
brak jest spdjnych dowoddéw na przyczynowy charakter
zwiazku miedzy stosowaniem paracetamolu a autyzmem.
Dane epidemiologiczne wskazuja réwniez, ze gwaltowny
wzrost diagnoz ASD, np. o blisko 800% w Wielkiej Brytanii
w latach 1998-2018 (Russell et al., 2022), jest niepropor-
cjonalny do relatywnie stabilnego poziomu stosowania
paracetamolu, co przemawia za decydujaca rola zmian
w kryteriach diagnostycznych i §wiadomosci spolecznej,
a nie czynnikéw farmakologicznych.

Benzodiazepiny

Leki z grupy benzodiazepin oraz leki Z sa stosowane
w leczeniu leku i zaburzeni snu u kobiet ciezarnych. Ich
potencjalny wptyw na neurorozwdj plodu pozostaje nadal

przedmiotem dyskusji. Dostepne dane sugeruja, ze obser-
wowane zwigzki miedzy ekspozycja na te substancje a dia-
gnoza ASD moga wynikac raczej z czynnikéw genetycz-
nych i srodowiskowych, a nie z bezposredniego dzialania
teratogennego lekéw.

W badaniu (Chen et al., 2022) populacyjnym przeprowa-
dzonym na Tajwanie przeanalizowano imponujaca kohorte
ponad 1,5 mln urodzen, z czego 5,0% dzieci (n = 76411) bylo
eksponowanych na benzodiazepiny w zyciu ptodowym. Ob-
jeto ekspozycje na szerokie spektrum benzodiazepin (m.in.
diazepam, lorazepam, alprazolam), gdzie wstepne analizy
wykazaly nieznaczny wzrost ryzyka wystapienia ASD
udzieci eksponowanych prenatalnie. HR dla poszczegélnych
trymestréw wynosily odpowiednio: 1,13 (95% CI: 1,05-1,21)
dla pierwszego, 1,10 (95% CI: 0,98-1,22) dla drugiego oraz
1,21 (95% CI: 1,00-1,47) dla trzeciego trymestru.

Jednakze po zastosowaniu modelu analizujacego ro-
dzenstwo w modelu rodzinnym aHR wyniosly: 0,92
(95% CI: 0,75-1,14) dla pierwszego trymestru, 0,97 (95% CI:
0,71-1,33) dla drugiego i 1,07 (95% CI: 0,53-2,16) dla trze-
ciego, co wskazuje na brak asocjacji. Wynik ten pozostat
niezmienny réwniez w analizie stratyfikowanej uwzgled-
niajacej podzial na benzodiazepiny krétko i dlugo dziata-
jace. Autorzy wskazuja réwniez na ograniczenia badania,
takie jak oparcie sie na danych o wystawionych receptach,
co nie jest réwnoznaczne z faktycznym przyjeciem leku
przez pacjentke.

Zbiezne wyniki uzyskano w kolejnym badaniu (Chan
et al., 2023), opartym na danych z Hongkongu, obejmu-
jacych ponad 533 tys. par matka—dziecko. W analizie
populacyjnej odnotowano wyrazniejszy sygnal niz w ba-
daniu tajwanskim: wHR dla ASD po ekspozycji na leki
uspokajajace w dowolnym momencie ciazy wyniost 1,40
(95% CI: 1,13-1,73). Ryzyko to wydawalo sie szczegélnie
podwyzszone w przypadku ekspozycji w pierwszym try-
mestrze (WHR = 1,43; 95% CI: 1,09-1,89) oraz w podgru-
pie chlopcéw (WHR = 1,45; 95% CI: 1,16-1,83). Co istotne,
zwiazek ten nie byl istotny dla lekéw Z (zopiklon, zolpidem;
wHR = 1,22; 95% CI: 0,88-1,69).

Podobnie jak w poprzednim badaniu kluczowa analiza
z dopasowaniem rodzeristwa zniosta obserwowang za-
leznos¢ (WHR = 1,10; 95% CI: 0,70-1,72), sugerujac brak
bezposredniego wplywu farmakoterapii na ryzyko auty-
zmu. Badacze zastosowali réwniez tak zwang kontrole ne-
gatywna, czyli poréwnanie z matkami przyjmujacymi leki
przed cigza, ale nie w jej trakcie. Potwierdzita ona, ze ob-
serwowane ryzyko wynika prawdopodobnie z czynnikéw
zwiazanych z sama matka (np. genetyka, styl Zycia), a nie
z dziatania farmakologicznego lekéw. Ograniczeniami ba-
dania pozostaja niestety brak danych z sektora prywatnego
oraz brak informacji o historii medycznej ojcéw.

Reasumujac, oba badania dostarczaja sp6jnych dowoddéw
na to, ze obserwowany w prostych analizach populacyj-
nych zwiazek miedzy prenatalna ekspozycja na benzo-
diazepiny a ryzykiem ASD jest artefaktem statystycznym,
wynikajacym z czynnikéw zakldécajacych. Zastosowanie



Farmakoter Psychiatr Neurol. 2026;42(1):53-72

69

zaawansowanych metod kontroli wewnatrzrodzinnej
w obu przypadkach doprowadzilo do zaniku istotnosci
statystycznej, a przedzialy ufnosci dla oszacowan ryzyka
konsekwentnie obejmowaly warto$¢ 1,0. Wyniki te su-
geruja, ze nie farmakoterapia, lecz najprawdopodobniej
czynniki zwiazane z kondycja psychiczna matki i tlem
genetycznym rodziny determinuja ryzyko wystapienia
zaburzen neurorozwojowych u dziecka.

Witaminy

Prawidlowy stan odzywienia matki w okresie okoto-
koncepcyjnym stanowi jeden z fundamentalnych czynni-
kéw determinujacych neurogeneze ptodu. W kontekscie
farmakoterapii stosowanej w czasie ciazy suplementacja
witaminowa, w szczeg6lnosci kwasem foliowym, przestaje
by¢ jedynie elementem profilaktyki wad cewy nerwowej,
a staje sie kluczowym modyfikatorem ryzyka teratogen-
nego. Ponizsza analiza koncentruje sie¢ na potencjale pro-
tekcyjnym suplementéw w niwelowaniu odlegtych skutkéw
neurorozwojowych u dzieci eksponowanych in utero na
czynniki farmakologiczne.

Dostepne dowody wskazuja na istotny, ochronny wplyw
suplementacji kwasem foliowym u kobiet ciezarnych przyj-
mujacych leki przeciwpadaczkowe. W prospektywnym,
populacyjnym badaniu kohortowym (Bjork et al., 2018)
przeanalizowano dane 104 946 dzieci, w tym podgrupe
335 dzieci eksponowanych na leki przeciwpadaczkowe
w zyciu plodowym. Wykazano, ze brak oslony folianowej
w grupie eksponowanej wiaze si¢ z wyraznym wzrostem
ryzyka wystapienia cech autystycznych u potomstwa: aOR
wyniost 5,9 (95% CI: 2,2-15,8) w 18. miesiacu zycia oraz
wzrést do nawet 7,9 (95% CI: 2,5-24,9) w 36. miesigcu Zy-
cia w poréwnaniu z grupa suplementujaca foliany. Efekt
ten obserwowano niezaleznie od profilu farmakoterapii
(monoterapia vs politerapia, w tym VPA, lamotrygina,
karbamazepina i inne). Nalezy jednak zwrdci¢ uwage na
szerokie przedzialy ufno$ci w tych szacunkach, szczegdlnie
w 36. miesigcu zycia (od 2,5 do 24,9). Tak duza rozpietos¢
wskazuje na mniejsza precyzje oszacowania, co wynika
z relatywnie matej liczebno$ci grupy kobiet z padaczka
nieprzyjmujacych suplementéw.

Badanie ujawnito réwniez odwrotna korelacje typu
dawka--odpowiedz: wyzsze stezenie folianéw w osoczu
matki oraz wyzsze dawki suplementacyjne (zwlaszcza
w I trymestrze) wigzaly sie z mniejszym nasileniem cech
autystycznych. Za krytyczne okno terapeutyczne uznano
okres od 4 tygodni przed poczeciem do 12. tygodnia ciazy
(Bjork et al., 2018).

Warto podkresli¢ istotne ograniczenie metodologiczne
pracy Bjork et al. (2018) — punktem koricowym nie byla
diagnoza kliniczna, lecz ocena cech autystycznych za po-
moca kwestionariuszy rodzicielskich (M-CHAT [ang. Mo-
dified Checklist for Autism in Toddlers; Zmodyfikowany
Kwestionariusz Autyzmu w Okresie Poniemowlecym)] oraz

SCQ [ang. Social Communication Questionnaire; Kwe-
stionariusz Komunikacji Spolecznej]). Narzedzia te maja
wysoka specyficznosé¢, ale zmienng pozytywna wartosé
predykcyjna. Oznacza to, ze badanie ocenialo ryzyko dys-
funkeji neurorozwojowych szerzej niz tylko w kontekscie
pelnoobjawowego autyzmu.

Niezalezne analizy typu case-control (Levine et al., 2018)
przeprowadzone na duzej kohorcie izraelskiej (n = 45 300),
w ktérej zidentyfikowano 572 przypadki klinicznie zdia-
gnozowanego ASD, potwierdzaja szerszy efekt ochronny
suplementacji obejmujacej kwas foliowy oraz kompleksy
multiwitaminowe (wit. A, B, C, D). Badacze wykazali, ze
stosowanie kwasu foliowego i/lub multiwitamin przed
cigza wiazalo sie¢ ze zmniejszonym ryzykiem ASD u po-
tomstwa (RR = 0,39; 95% CI: 0,30-0,50), a efekt ten byt jesz-
cze silniejszy przy suplementacji w trakcie ciazy (RR = 0,27;
95% CI: 0,22—-0,33). Waskie przedziaty ufnosci w tym bada-
niu $wiadcza o wysokiej precyzji oszacowan i duzej mocy
statystycznej proby. Co ciekawe, analiza wykazata redukeje
ryzyka nawet w przypadku suplementacji stosowanej na
2 lata przed ciaza.

Autorzy sugeruja jednak ostroznos¢ w interpretacji
tego wyniku, wskazujac, ze moze on odzwierciedla¢ tak
zwany bfad zdrowego uzytkownika — matki przyjmujace
witaminy dlugofalowo moga prowadzi¢ ogélnie zdrowszy
tryb zycia, co samo w sobie dziala protekcyjnie. Co wie-
cej, ograniczeniem wspomnianego badania (Levine et al.,
2018) jest oparcie si¢ na danych o realizacji recept, co nie
jest jednoznaczne z faktycznym spozyciem suplementéw
przez pacjentki. Brak tez danych o stezeniu folianéw we
krwi, co uniemozliwilo weryfikacje biologiczna.

Inne leki

Ponizszy rozdzial stanowi przeglad literatury dotyczacy
wplywu heterogennych grup lekéw — od agonistéw recep-
toréw (m.in. f-adrenergicznych, muskarynowych, opio-
idowych), poprzez antybiotyki, az po $rodki stosowane
w okresie okotoporodowym.

Duze duniskie badanie kliniczno-kontrolne obejmujace
5200 przypadkéw ASD oraz 52 000 oséb z grupy kontro-
Inej dostarcza istotnych danych na temat wplywu ago-
nistéw receptora [3,-adrenergicznego. Wykazano w nim,
ze ekspozycja in utero wigze si¢ z umiarkowanym wzro-
stem ryzyka ASD (aOR = 1,3; 95% CI: 1,1-1,5) (Gidaya
et al., 2016). Zalezno$¢ ta byla obserwowana niezaleznie
od trymestru ciazy (OR wahalo si¢ od 1,3 do 1,5), a takze
w okresie przedkoncepcyjnym (OR = 1,3; 95% CI: 1,0-1,6).
Obserwacja ta sugeruje, ze za wyniki moze odpowiada¢ nie
tylko samo dzialanie farmakologiczne leku (przenikanie
przez fozysko i zaburzanie réznicowania neurondéw), ale
réwniez czynniki zwigzane z choroba podstawowa matki,
mimo ze badacze dokonywali korekty o te zmienna.

Jeszcze silniejsza asocjacje odnotowano w analizie
34 grup lekéw w kohorcie ponad 96 tys. dzieci z izraelskiego
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systemu opieki zdrowotnej (Janecka et al., 2018). W bada-
niu tym zidentyfikowano duzy wzrost ryzyka ASD w przy-
padku ekspozycji na antagonistéw neuronalnego receptora
nikotynowego acetylocholiny alfa (HR = 12,94). Nalezy
jednak zachowa¢ daleko idaca ostrozno$¢ w interpretacji
tego wyniku ze wzgledu na niezwykle szeroki przedzial
ufnosci (95% CI: 1,35-124,25; p = 0,03), co wskazuje na
mala precyzje oszacowania, wynikajaca z niewielkiej liczby
zbadanych przypadkdéw ekspozycji w tej podgrupie. W tej
samej analizie (Janecka et al., 2018) zaobserwowano jednak
odwrotnag korelacje dla niektorych grup lekéw, w tym pa-
racetamolu (jako agonisty receptoréw kannabinoidowych
/ inhibitora FAAH; HR = 0,72) oraz agonistow recepto-
réw muskarynowych (np. pilokarpina, betanechol) oraz
opioidowych (np. morfina, kodeina, tramadol). Autorzy
postuluja, ze obnizone ryzyko moze wynika¢ z ogdlnego ta-
godzenia objawéw choroby matki (bélu i stanu zapalnego),
co wpisuje sie w hipoteze o roli matczynego stresu fizjo-
logicznego w patogenezie ASD. Nalezy jednak podkreslic,
ze o ile opioidy wykazuja dziatanie immunomodulujace,
to w przypadku paracetamolu potencjalny efekt ochronny
wigze si¢ prawdopodobnie z dzialaniem przeciwbélowym
i przeciwgoraczkowym, a nie stricte przeciwzapalnym.

Zwiazek miedzy stosowaniem antybiotykéw a ASD
nadal pozostaje przedmiotem debaty metodologiczne;j.
W badaniu populacyjnym obejmujacym ponad 3,6 mln
dzieci zaobserwowano poczatkowo istotny statystycznie
wzrost ryzyka ASD w przypadku ekspozycji na antybio-
tyki w okresie prenatalnym (HR = 1,14; 95% CI: 1,11-1,17)
(Choi et al., 2024). Jednakze zastosowanie analizy rodzen-
stwa spowodowalo oslabienie sity zwiazku (@HR = 1,06;
95% CI: 1,01-1,12). Podobne wnioski ptyna z analizy pod-
grup — antybiotykéw o szerokim spektrum (m.in. penicy-
liny o rozszerzonym spektrum, cefalosporyny I[I-IV gene-
racji, makrolidy, chinolony) w poréwnaniu z tymi o waskim
spektrum (np. penicyliny wrazliwe na -laktamaze, cefa-
losporyny I generacji, sulfonamidy). Obserwowane ryzyko
wynika w przewazajacej mierze z czynnikéw zaklécajacych
(np. podatnosci genetycznej na infekcje), a nie z bezposred-
niej neurotoksycznos$ci antybiotykéw (Choi et al., 2024).

W kontekscie innych lekéw przeciwinfekcyjnych wska-
zano na chinolony jako potencjalny czynnik ryzyka
(Heilbrun et al., 2015). Co istotne, zwrécono uwage na
profil zdrowotny samych dzieci z ASD, ktére w poréwna-
niu z grupg kontrolna blisko pieciokrotnie cze$ciej wyma-
galy dlugotrwatej antybiotykoterapii (OR = 4,9) i cze$ciej
wykazywaly niepozadane reakcje poszczepienne, co moze
wskazywaé na ogdlna nadwrazliwo$¢ chemiczng lub im-
munologiczna w tej grupie pacjentow.

W kontekscie ogélnej wrazliwosci organizmu badania
kliniczno-kontrolne (Heilbrun et al., 2015) sugeruja istnienie
podgrupy dzieciz ASD charakteryzujacej si¢ specyficznym
profilem immunologicznym. Wykazano, ze matki z wysokim
wskaznikiem nietolerancji chemicznej (Quick Environmen-
tal Exposure and Sensitivity Inventory — QEESI) trzykrotnie
czesciej mialy dziecko z ASD (OR = 3,01; 95% CI: 1,50-6,02).

Co istotne, same dzieci z ASD, w poréwnaniu z grupa kon-
trolna, blisko pieciokrotnie cze$ciej wymagaly w wywiadzie
dlugotrwalej antybiotykoterapii z powodu nawracajacych
infekeji (OR = 4,9; 95% CI: 2,7-8,6). Interpretacja tego wy-
niku wymaga jednak ostroznosci ze wzgledu na retrospek-
tywny charakter badania i ryzyko btedu przypomnienia
u matek dzieci z diagnoza neurorozwojowq.

Analizie poddano réwniez interwencje farmakologiczne
w okresie okotoporodowym. Sugeruje sie tez, ze taczne
wystapienie komplikacji porodowych oraz podanie le-
kéw indukujacych poréd (np. syntetyczna oksytocyna)
lub znieczulajacych (bupiwakaina) zwieksza ryzyko ASD
(OR = 2,3-2,8 w zaleznosci od kohorty), co wskazuje na
efekt synergiczny (Smallwood et al., 2016). Nalezy jed-
nak podkresli¢, ze mata liczebno$¢ préby w tym badaniu
nakazuje traktowac te wyniki jako wstepne, wymagajace
potwierdzenia na wiekszych zbiorach danych.

Odnosnie do substancji psychoaktywnych duze badanie
kohortowe (n = 178 948) oceniajace wplyw prenatalnej
ekspozycji na konopie indyjskie dostarczylo uspokajajacych
danych w kontek$cie ogdlnego ryzyka. Po skorygowaniu
o kluczowe zmienne zakltécajace (m.in. palenie tytoniu, sta-
tus socjoekonomiczny) nie potwierdzono zwigzku miedzy
uzywaniem konopi we wczesnej ciazy a ASD (aHR = 1,05;
95% CI: 0,84-1,32) (Avalos et al., 2024). Warto jednak od-
notowad, ze w podgrupie kobiet deklarujacych codzienne
uzywanie konopi punktowe oszacowanie ryzyka bylo pod-
wyzszone (@HR = 1,55), cho¢ przedzial ufnosci (95% CI:
0,85-2,81) nie pozwala na wyciagniecie jednoznacznych
wnioskéw (Avalos et al., 2024).

Ostatnim przykladem znalezionym w literaturze byt po-
twierdzony znany teratogenny wplyw talidomidu (przyj-
mowanego we wczesnej ciazy) (Heilbrun et al., 2015). Od-
notowano takze istotny zwiazek dla heterogennej grupy
innych lekéw (przeciwnadci$nieniowe, przeciwzakrze-
powe, przeciwcukrzycowe) (Costa et al., 2024).

Mimo ze zauwazono asocjacje statystyczne dla poszcze-
gblnych klas farmaceutykéw, wnioskowanie o zwiazku
przyczynowo-skutkowym jest ograniczone przez liczne
czynniki zaklécajace. Omdéwione w tym rozdziale dane
stanowia istotny przyczynek badawczy, jednak na obecnym
etapie wiedzy nie powinny determinowa¢ zmian w stan-
dardach postepowania terapeutycznego bez dalszej wali-
dacji naukowe;j.

Whnioski

Przeprowadzona synteza najnowszych dowodéw nauko-
wych ukazuje, ze relacja miedzy farmakoterapia prenatalng
a ryzykiem wystapienia zaburzen ze spektrum autyzmu
(ASD) jest zjawiskiem ztozonym i niejednorodnym. Ana-
liza pi$miennictwa wyraznie wskazuje na trend: im bar-
dziej rygorystyczna metodologia badania (uwzglednienie
czynnikéw genetycznych, analiza rodzeristwa), tym stabszy
staje sie obserwowany zwiazek miedzy farmakoterapia
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a ASD. Sugeruje to, ze w wielu przypadkach kluczowa role
odgrywa dziedziczenie podatnosci na zaburzenia neuro-
rozwojowe, a nie samo dziatanie leku.

Bezsprzecznie najsilniejszym czynnikiem ryzyka pozo-
staje kwas walproinowy. W odniesieniu do lekéw przeciw-
depresyjnych (SSRI, TCA), przeciwpsychotycznych oraz
benzodiazepin korelacje z ASD widoczne w badaniach
populacyjnych ulegaja znacznemu ostabieniu lub zanikaja po
uwzglednieniu obciazen genetycznych i srodowiskowych.
Co istotne, pomimo kontrowersji medialnych rygorystyczne
analizy obejmujace miliony przypadkéw podwazaja istnie-
nie zwigzku przyczynowo--skutkowego miedzy stosowa-
niem paracetamolu a autyzmem. Waznym elementem pro-
filaktyki pozostaje suplementacja witaminowa — wykazano,
ze kwas foliowy pelni kluczowa role ochronna, redukujac
ryzyko ASD, zwlaszcza w grupach narazonych na dziatanie
lekéw przeciwpadaczkowych.

Nalezy podkresli¢, ze rezygnacja z farmakoterapii nie
jest rozwiazaniem wolnym od ryzyka — nieleczona choroba
psychiczna matki moze stanowi¢ dla ptodu wieksze zagro-
zenie niz samo leczenie. Rekomenduje si¢ zastepowanie
ryzykownych lekéw (gléwnie VPA) ich bezpieczniejszymi
odpowiednikami oraz unikanie faczenia zbyt wielu farma-
ceutykéw. Bardzo wazna jest tez suplementacja witamin
oraz sam zdrowy tryb zycia matki w cigzy. Ostateczne
decyzje terapeutyczne powinny opierac si¢ na indywidu-
alnym bilansie korzy$ci i ryzyka, przy jednoczesnym mo-
nitorowaniu neurorozwoju potomstwa i $wiadomosci, ze
zagadnienie to wcigz wymaga dalszych badan.
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Interdependence between digestive system diseases and mental disorders:
The importance of a holistic approach in internal medicine practice
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Abstract

The aim of the study was to synthesize the associations between selected gastrointestinal diseases, including
irritable bowel syndrome (IBS), inflammatory bowel disease (IBD), gastroesophageal reflux disease, and celiac
disease, and the symptoms of anxiety and depression, with a focus on the gut—brain axis.

In February 2025, a narrative review of the PubMed® database covering publications from 2020 to 2025
was performed. Studies addressing neuroendocrine, immune and microbiota-related mechanisms as well
as clinical evidence regarding co-occurring gastrointestinal and psychiatric symptoms were included.

Observational studies and reviews consistently report a higher burden of symptoms of anxiety and depres-
sion in patients with functional and inflammatory gastrointestinal conditions. Proposed mechanisms include
dyshiosis, increased intestinal permeability, low-grade inflammation, hypothalamic—pituitary—adrenal (HPA)
axis activation, altered serotonergic signaling, and vagal afferent pathways. Conversely, chronic stress and
mood disorders are associated with the exacerbation of gastrointestinal symptoms, poorer quality of life and
reduced treatment adherence.

Ininternal medicine, parallel assessment and management of gastrointestinal and psychological symptoms
are warranted. A biopsychosocial model that includes psychological interventions, lifestyle modification
and tailored pharmacotherapy, may improve patient-reported outcomes, although the strength of evidence
varies by condition and intervention.

Keywords: gut—brain axis, microbiota, depression, anxiety, irritable bowel syndrome, inflammatory bowel
disease, biopsychosocial model
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Streszczenie

Celem pracy jest syntetyczne omdwienie zaleznosci pomiedzy wybranymi chorobami uktadu pokarmowego (m.in. zespotem jelita drazliwego, nieswoistymi chorobami
zapalnymi jelit, chorobg refluksowa przetyku i celiakia) a objawami leku i depresji, ze szczegéinym uwzglednieniem osi jelito—mézg.

Przeprowadzono narracyjny przeglad pismiennictwa w bazie PubMed® (luty 2025), obejmujacy publikacje z lat 2020—2025. Uwzgledniano prace opisujace mecha-
nizmy neuroendokrynne, immunologiczne i mikrobiotyczne oraz dane kliniczne dotyczace wspotwystepowania objawdw gastroenterologicznych i psychicznych.

Dane z badari obserwacyjnychi przegladowych konsekwentnie wskazujg na czestsze wystepowanie objawdw leku i depresji u chorych z zaburzeniami czynnosciowymi
oraz zapalnymi przewodu pokarmowego. Istotne znaczenie przypisuje sie dysbiozie, zwiekszonej przepuszczalnosci bariery jelitowej, przewlektemu stanowi zapalnemu
niskiego stopnia, aktywadji osi podwzgérze—przysadka—nadnercza oraz zmianom w sygnalizadji serotoninergicznej i aferentnej aktywnosci nerwu btednego.
Jednoczesnie przewlekty stres i zaburzenia nastroju sa zwiazane z nasileniem dolegliwosdi jelitowych, gorsza jakoscia zycia i nizsza adherencja.

W praktyce internistycznej zasadne jest rownolegte rozpoznawanie i leczenie objaw6w somatycznych oraz psychicznych. Model biopsychospoteczny (w tym inter-
wencje psychologiczne, modyfikacje stylu zycia i dobrana farmakoterapia) moze poprawiac wyniki zgtaszane przez pacjentow, jednak sita dowoddw jest zréznicowana

w zaleznosci od jednostki chorobowej i rodzaju interwengji.

Stowa kluczowe: oS jelito—mozg, mikrobiota, depresja, lek, zespot jelita drazliwego, choroby zapalne jelit, model biopsychospoteczny

Introduction

In recent years, a growing body of evidence has sug-
gested an association between gastrointestinal function
and mental well-being. A key conceptual framework for
these observations is the gut—brain axis, defined as the bi-
directional communication network linking the enteric
and central nervous systems, the neuroendocrine system,
including the hypothalamic—pituitary—adrenal (HPA) axis,
the immune system, and the gut microbiota. Dysregulation
within these pathways may co-occur with both gastroin-
testinal symptoms and psychiatric manifestations, such
as anxiety and depressed mood, although the nature and
strength of these associations vary depending on the spe-
cific disorder and clinical context. Symptoms of anxiety
and depression are reported more frequently among pa-
tients with irritable bowel syndrome (IBS), inflammatory
bowel disease (IBD), gastroesophageal reflux disease, and
celiac disease than in the general population. Conversely,
chronic stress and mood disorders have been associated
with worsening gastrointestinal symptoms through mech-
anisms that include altered HPA axis activity, modula-
tion of the gut microbiota, and changes in visceral pain
perception. From an internist’s perspective, it is impor-
tant to identify co-occurring psychiatric symptoms and
to implement a management strategy that addresses both
somatic and psychosocial factors.

Objectives

The objective of this narrative review is to: 1) synthesize
the evidence on the co-occurrence of selected gastrointes-
tinal disorders, including IBS, IBD, gastroesophageal reflux
disease, and celiac disease, with symptoms of anxiety and
depression; and 2) discuss the mechanisms of the gut—brain
axis most commonly proposed to underlie these associations.

The review addresses the following questions: a) Which
neuroendocrine, immunological, and microbiota-related
mechanisms are best supported by the available evidence?;
b) To what extent are psychological factors, including
chronic stress, anxiety, depression, and trauma, associ-
ated with the severity of gastrointestinal symptoms?; and
¢) Which interventions consistent with the biopsycho-
social model have demonstrated clinical benefits, such
as improved quality of life, reduced symptom severity,
and better treatment adherence, in the selected disorders?
The authors do not seek to establish causal relationships.
Rather, they aim to provide a critical synthesis of evidence
from observational, interventional, and review studies and
to identify practical implications for internists.

Material and methods

This article is a narrative review of the literature. A lit-
erature search was conducted in the PubMed® database
in February 2025 and was restricted to articles published
from 2020 to 2025. Combinations of relevant keywords

» o«

were used, including “gut-brain axis”, “microbiota”,

» o«

“irritable bowel syndrome”, “inflammatory bowel dis-
ease”, “gastroesophageal reflux”, “celiac disease”, “anxiety”,
“depression”, “stress”, and “HPA axis”.

English-language publications involving adult popula-
tions were considered eligible if they addressed: 1) the co-
occurrence of gastrointestinal disorders and psychiatric
symptoms; 2) neuroendocrine, immunological, or microbi-
ota-related mechanisms of the gut—brain axis; or 3) clinical
interventions consistent with a biopsychosocial approach,
including pharmacotherapy, psychotherapy, lifestyle modi-
fication, and microbiota-targeted interventions.

Publications for which the full text was not available,
conference abstracts, studies conducted exclusively



Farmakoter Psychiatr Neurol. 2026;42(1):73—88 75

Table 1. Summary of data on the prevalence of anxiety and depressive symptoms in gastrointestinal diseases and the major pathophysiological
mechanisms linking these conditions

Gastrointestinal
disease

Prevalence of anxiety and
depressive symptoms

Main pathophysiological mechanisms

+ Hyperactivity of the HPA axis leads to increased secretion of the corticotropin-releasing hormone,
thereby disrupting intestinal function.

« Amygdala hyperactivity and chronic stress disrupt intestinal regulation.

« Gut dysbiosis may promote inflammation, increase intestinal permeability, and alter immune
function, potentially contributing to anxiety disorders. Alterations in the gut microbiota may
lead to the production of lower amounts of serotonin, which is required by the body for mood
regulation.

« The co-occurrence of irritable bowel syndrome and psychiatric disorders also originates from
the anatomy of brain structures and genetic factors.

Irritable bowel
syndrome

- anxiety symptoms: 39.1%
- depressive symptoms: 28.8%

« Increased intestinal epithelial permeability enhances the translocation of bacterial components into
the bloodstream and consequently promotes neuroinflammation in glial cells.

+ Abnormal bacterial flora alter tryptophan metabolism, including its diversion toward the kynurenine
pathway, and produce toxins that affect serotonergic and GABAergic pathways and synaptic
plasticity.

- Deficiencies in folic acid, B vitamins, vitamin D, iron, and omega-3 fatty acids, caused
by chronic inflammation, elimination diets, and diarrhea, may limit the synthesis of the relevant
neurotransmitters and consequently impair brain function.

Inflammatory
bowel disease

« anxiety symptoms: 32.1%
« depressive symptoms: 25.2%

« Reflux causing nocturnal awakenings activates the autonomic nervous system and the HPA axis,
thereby increasing sympathetic activity and altering cortisol secretion.

+ Hypercortisolemia also results from chronic stress and pain, which contribute to the development
of depressive and anxiety disorders, among others.

- These disorders share, in part, common genetic susceptibility factors.

Gastroesophageal | - anxiety symptoms: 34.4%
reflux disease - depressive symptoms: 24.2%

+ anxiety symptoms: 3.7%
- depressive symptoms: 3.5%

« Celiac disease has an autoimmune etiology, which also results in cross-reactions with nervous tissue.

Celiac disease ) ) ) ) ; SR
- Impaired nutrient absorption contributes to neurotransmitter deficiencies.

GABA - gamma-aminobutyric acid; HPA — hypothalamic-pituitary—adrenal.

in pediatric populations, and articles that did not address
the relationship between gastrointestinal symptoms and
mental health were excluded from the review.

Given the narrative nature of the review, no formal as-
sessment of the risk of bias or meta-analysis was performed.
Nevertheless, when presenting the findings, an effort was
made to distinguish evidence derived from interventional
studies, including randomized clinical trials, from obser-
vational data and conclusions derived from review articles.

The key prevalence estimates and proposed pathophysi-
ological mechanisms are summarized in Table 1.

Literature review

Gut-brain axis and mechanisms
of bidirectional interaction

The gut-brain axis is a complex, bidirectional com-
munication system linking the central nervous system
with the gastrointestinal tract (Socata et al., 2021; Verma
et al., 2024; Wadan et al., 2025). It comprises the enteric
nervous system, the vagus nerve and sympathetic nerve
fibers, the neuroendocrine system, including the HPA
axis, the immune system, and the gut microbiota. Signals
originating in the gastrointestinal tract reach the brain
through neural pathways as well as via hormones and
immune mediators. Conversely, the brain regulates gas-
trointestinal motility, secretion, and intestinal barrier
permeability.

The gut microbiota also plays a key role in this commu-
nication network (Rutsch et al., 2020; Verma et al., 2024).
Gut bacteria produce short-chain fatty acids, tryptophan
metabolites, and other bioactive compounds that interact
with epithelial cells, neurons, and immune cells. These
substances influence the regulation of serotonin and other
neurotransmitters as well as modulate the HPA axis re-
sponse, thereby shaping the organism’s overall response
to stress. Alterations in the composition and diversity
of the gut microbiota, collectively referred to as dysbiosis,
may increase susceptibility to gastrointestinal disorders
and contribute to a higher risk of depressive and anxiety
symptoms (Reyes-Martinez et al., 2023; Tan, 2023; Yuan
etal., 2021).

The potential effects of microbiota-derived metabolites
on the gut—brain axis can be understood as the combined
activity of several pathways: 1) interactions with intes-
tinal epithelial and enteroendocrine cells, for example
through receptors for short-chain fatty acids, thereby al-
tering the secretion of gut hormones and the availability
of tryptophan for the serotonergic pathway; 2) modula-
tion of vagal afferent signaling and enteric nervous system
activity, which may influence the processing of visceral
stimuli and pain perception; 3) regulation of the mucosal
immune response, including cytokine profiles, and of in-
testinal barrier integrity, potentially contributing to sys-
temic low-grade inflammation; and 4) indirect modulation
of the HPA axis, reflected, among other effects, in al-
tered stress reactivity and cortisol dynamics. Clinically,
these mechanisms may contribute to the co-occurrence
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of gastrointestinal symptoms, such as diarrhea, consti-
pation, abdominal pain, and bloating, with psychiatric
symptoms, including anxiety, depressed mood, and in-
somnia. However, in many areas, the evidence remains
largely correlational.

Neuroimmune mechanisms constitute an important
component of the gut-brain axis (Reyes-Martinez et al.,
2023; Yuan et al., 2021). Immune cells located within
the intestinal mucosa respond to bacterial antigens by pro-
ducing pro-inflammatory and anti-inflammatory cyto-
kines. These mediators may exert both local and systemic
effects. Increased intestinal barrier permeability facilitates
the translocation of bacterial components into the blood-
stream, potentially promoting low-grade systemic inflam-
mation and affecting the function of the central nervous
system (Rutsch et al., 2020; Yuan et al., 2021). Cytokines,
stress hormones, and inflammatory mediators may influ-
ence synaptic transmission and neuroplasticity, thereby
contributing to psychiatric symptoms. The interplay
among neuronal, microbial, and immunological mecha-
nisms may therefore allow gastrointestinal disturbances
to manifest as psychiatric symptoms. Conversely, chronic
stress and mood disorders may exacerbate gastrointesti-
nal complaints. The gastrointestinal tract should thus be
regarded as an active component of the broader neuro-
immune and neuroendocrine network rather than solely
as a digestive organ. Accordingly, the gut—brain axis pro-
vides an important conceptual framework linking gastro-
intestinal disorders with mental health problems (Socala
et al., 2021; Tan, 2023; Verma et al., 2024).

Gastrointestinal disorders associated
with psychiatric symptoms

The association between gastrointestinal disorders and
mental health problems has been extensively documented
in numerous clinical studies and literature reviews (Barberio
et al., 2021; Staudacher et al., 2023). Particularly strong as-
sociations have been reported for IBS, IBD, gastroesopha-
geal reflux disease, and celiac disease (Eijsbouts et al., 2021;
He et al., 2022; Moawad et al., 2024). Across these patient
groups, depressive and anxiety symptoms, sleep distur-
bances, and impaired quality of life are more common
than in the general population (Alwhaibi, 2023; Barberio
et al., 2021; Belpinar et al., 2023).

In IBS, anxiety and depressive disorders are among
the most common co-occurring psychiatric conditions. Pa-
tients frequently exhibit heightened sensitivity to internal
bodily sensations, increased anticipatory anxiety regarding
the onset of symptoms, and a tendency to catastrophize
somatic sensations (Banerjee et al., 2024; Diao et al., 2023;
Eijsbouts et al., 2021).

Inflammatory bowel disease, including Crohn’s disease
and ulcerative colitis, are characterized by chronic inflam-
mation and pain and may require hospitalization and im-
munosuppressive therapy, all of which may contribute

to the development of depression and anxiety. The pres-
ence of these psychiatric symptoms may adversely affect
disease control and reduce treatment adherence (Barberio
et al., 2021).

In gastroesophageal reflux disease, mechanical factors,
visceral hypersensitivity, and emotional factors all play
important roles. In some patients, the severity of heartburn
and chest pain is more closely associated with stress and
anxiety levels than with the objectively measured reflux
severity (Alwhaibi, 2023; He et al., 2022).

Celiac disease is correlated not only with gastrointestinal
symptoms and malabsorption but also with a higher preva-
lence of depression, anxiety, irritability, and cognitive diffi-
culties. These manifestations may be explained by chronic
inflammation, nutritional deficiencies, and the psychologi-
cal burden associated with adherence to a gluten-free diet
(Belpinar et al., 2023; Moawad et al., 2024).

Shared features of these disorders include the involve-
ment of gut—brain axis mechanisms, such as gut dysbio-
sis, chronic low-grade inflammation, impaired intestinal
barrier integrity, activation of the HPA axis, and altera-
tions in the serotonergic transmission and other neuro-
transmitter systems. Interactions among these signaling
pathways may substantially influence both gastrointes-
tinal and psychiatric symptoms. These associations are
bidirectional: gastrointestinal disorders may contribute
to the development or worsening of psychiatric symptoms,
which, in turn, exacerbate physical complaints, impair
disease management, and reduce treatment effective-
ness (Staudacher et al., 2023; Verma et al., 2024; Wadan
et al., 2025).

Co-occurring psychiatric disorders and
their effects on gastrointestinal disease

Psychiatric disorders, including depression, anxiety dis-
orders, chronic stress, and post-traumatic stress disorder
(PTSD), frequently coexist with gastrointestinal diseases
(Staudacher et al., 2023; Taft et al., 2022) and may substan-
tially influence their onset and clinical course (Nass et al.,
2024). In many patients, psychiatric symptoms precede
the development of gastrointestinal complaints or exacerbate
pre-existing disease (Nass et al., 2024; Pefia-Galo et al., 2023).
Mood and anxiety disorders are associated with greater pain
severity, diarrhea, and constipation, as well as poorer self-
rated health and quality of life (Staudacher et al., 2023).

A key mechanism linking psychiatric and gastrointes-
tinal disorders is the chronic activation of the HPA axis
and the autonomic nervous system (Kent, 2024; Verma
et al., 2024). Persistent activation of these systems may
alter gastrointestinal motility, increase intestinal barrier
permeability, and modify the composition of the gut mi-
crobiota (Verma et al., 2024). Depression and chronic stress
are also frequently associated with dysbiosis, chronic low-
grade inflammation, and disturbances in neurotransmitter
signaling (Verma et al., 2024). These abnormalities may
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contribute to visceral hypersensitivity and the persistence
of gastrointestinal symptoms (Staudacher et al., 2023).

Patients with a history of trauma or PTSD constitute
a particularly important clinical subgroup (Pefia-Galo
et al., 2023; Taft et al., 2022). Irritable bowel syndrome
and other disorders of gut—brain interaction occur more
frequently in this population (Kent, 2024; Nass et al., 2024).
Traumatic experiences and the associated chronic activa-
tion of stress response systems may alter the perception
and interpretation of internal bodily signals (He et al.,
2022; Kent, 2024). They may also intensify somatic symp-
toms and complicate the diagnostic process.

In addition, depression, anxiety, and PTSD may affect
health-related behaviors, such as dietary habits, physical
activity, substance use, and adherence to medical recom-
mendations (Nass et al., 2024). These factors may indi-
rectly influence the course of gastrointestinal disease. Psy-
chiatric disorders should therefore be regarded not only
as clinically relevant comorbidities but also as factors that
may shape the clinical presentation, treatment response,
and prognosis of gastrointestinal disorders.

Importance of a holistic approach,
including comprehensive
pharmacotherapy

A growing body of evidence suggests that effective man-
agement of gastrointestinal disorders co-occurring with
psychiatric symptoms requires a holistic approach based
on the biopsychosocial model (Bray et al., 2022; Burgell
et al., 2024). This strategy involves simultaneous con-
sideration of somatic symptoms, mental health, lifestyle,
and social functioning rather than focusing exclusively
on a single organ or physiological system.

In this context, collaboration between an internist,
a gastroenterologist, and a psychiatrist is essential, with
the involvement of a psychologist or psychotherapist when
appropriate (Staudacher et al., 2023). Internists are of-
ten the first clinicians to identify chronic gastrointestinal
complaints and should remain alert to symptoms of de-
pression, anxiety, and chronic stress (Ross et al., 2020).
Psychiatrists, in turn, are responsible for the differential
diagnosis of psychiatric disorders and the selection of ap-
propriate pharmacotherapy.

Comprehensive pharmacological management includes
not only the treatment of the underlying somatic disor-
der but also the use of psychotropic medications as neu-
romodulators of the gut-brain axis (Hanna-Jairala and
Drossman, 2024). Numerous studies have shown that
selective serotonin reuptake inhibitors (SSRIs), tricyclic
antidepressants (TCAs), and other classes of antidepres-
sants may reduce visceral pain, modulate gastrointestinal
motility, and alleviate co-occurring symptoms of anxiety
and depression (Hanna-Jairala and Drossman, 2024; Papale
et al., 2024). In selected patients, the addition of medica-
tions targeting anxiety, sleep disturbances, or maladaptive

stress responses may also be considered (Safaei et al., 2024).
However, treatment should be individualized, with careful
assessment of potential adverse effects. Increasing atten-
tion is being given to microbiota-targeted interventions,
including dietary modification and probiotic supplemen-
tation, which may help restore or maintain homeostasis
within the gut-brain axis (Jach et al., 2023; Ross, 2023;
Wadan et al., 2025).

Non-pharmacological interventions are a particularly
important component of a holistic approach. Psychother-
apy, especially cognitive behavioral therapy, mindfulness-
based interventions, and stress reduction techniques may
reduce heightened sensitivity to internal bodily sensations
(Slouha et al., 2023). These approaches can also reduce
catastrophic interpretations of symptoms and improve
patients’ ability to cope with chronic illness (Slouha et al.,
2023). Lifestyle modifications, including regular physical
activity, appropriate sleep hygiene, reduced use of addictive
substances, and implementation of individualized dietary
plans, may have beneficial effects on both gastrointes-
tinal function and psychological well-being (Bray et al.,
2022; Jach et al., 2023). Evidence suggests that combin-
ing pharmacotherapy with psychological interventions
and lifestyle modification may produce better and more
sustained outcomes than any single treatment modality
alone (Bray et al., 2022; Burgell et al., 2024). A holistic,
multidisciplinary approach should therefore be regarded
as an important component of contemporary internal
medicine practice.

For example, systematic reviews have demonstrated that
psychological interventions, including cognitive behavioral
therapy, can reduce symptom severity and improve quality
of life in patients with IBS. Benefits have also been reported
for integrated care models in disorders of gut—brain inter-
action, in which gastroenterological treatment is combined
with psychological and dietary interventions.

In IBD, the findings from interventional studies are less
consistent. Improvements are more commonly observed
in quality of life and psychological outcomes than in sus-
tained control of inflammatory activity. However, targeted
psychotropic pharmacotherapy has also been investigated
as part of the management strategy in selected patient
groups, such as individuals in clinical remission who con-
tinue to experience IBS-like symptoms.

Challenges and barriers to implementing
a holistic model of patient care

The implementation of a comprehensive model of care
poses numerous systemic, organizational, and educational
challenges (Bray et al., 2022; Burgell et al., 2024). The pro-
vision of somatic and mental healthcare remains highly
fragmented. Patients are often treated by multiple special-
ists, and the absence of a coordinated treatment plan may
hinder continuity and integration of care (Burgell et al.,
2024).
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Although psychological interventions have demonstrated
clinical efficacy, they are rarely incorporated as a stan-
dard component of gastroenterological care (Keefer et al.,
2018). Financial and organizational constraints represent
additional major barriers. Establishing interdisciplinary
teams requires additional personnel, infrastructure, and
dedicated funding (Bray et al., 2022). Moreover, reimburse-
ment systems generally do not recognize psychological ser-
vices as an integral component of the treatment of somatic
disorders (Burgell et al., 2024). Clinical implementation
is further complicated by workforce shortages, particularly
the limited availability of psychologists and psychiatrists
with expertise in psychogastroenterology (Keefer et al.,
2018; Staudacher et al., 2023). Time constraints during
routine internal medicine visits often preclude a thorough
assessment of psychological symptoms and adequate pa-
tient education. Additional logistical barriers arise from
the need to arrange separate psychological or dietary con-
sultations, which may be particularly difficult for patients
living far from specialized medical centers (Bray et al.,
2022). The lack of standardized care pathways and inte-
grated medical records, with separate systems frequently
used for somatic and psychiatric care, further impedes
information sharing and the coordination of treatment
(Craven and Thakur, 2024).

Recommended strategies include the gradual develop-
ment of interdisciplinary teams comprising an internist
or gastroenterologist, a psychiatrist or psychologist, a dieti-
tian, and a nurse. The expansion of integrated care models
through pilot programs and the broader use of telemedi-
cine for mental health and dietary consultations should
also be considered. In addition, training in psychogastro-
enterology should be incorporated into medical specialty
curricula and continuing education programs for internal
medicine physicians (Bray et al., 2022; Keefer et al., 2018).

Another key step is the implementation of integrated
electronic health records and the routine use of brief
screening tools for depression and anxiety in internal
medicine practice. These measures may facilitate the ear-
lier identification of patients requiring additional support,
promote more comprehensive and coordinated interven-
tions, and improve the overall organization of care (Bray
et al., 2022; Craven and Thakur, 2024).

Lack of integration between psychiatry and
gastroenterology

The separation of physical and mental health care rep-
resents a major clinical challenge. In routine gastroenter-
ology practice, evidence-based psychological interven-
tions are not consistently integrated into treatment plans,
despite evidence supporting their effectiveness (Bray
et al., 2022; Keefer et al., 2018). The care of patients with
gastrointestinal disorders generally focuses on alleviat-
ing physical symptoms through specialist management,

primarily by gastroenterologists, whereas mental health
support is often regarded as a separate area of care (Burgell
et al., 2024). This fragmented model may result in poor
continuity and coordination of care. Patients may receive
simultaneous treatment from several clinicians without
a unified therapeutic strategy. Although multidisciplinary
approaches combining pharmacotherapy with behavioral
interventions are widely recognized as beneficial, they re-
main infrequently implemented in routine clinical practice
(Bray et al., 2022). Consequently, psychosocial interven-
tions are rarely incorporated into everyday gastroentero-
logical care, limiting the potential benefits of a compre-
hensive, holistic treatment approach (Burgell et al., 2024).

Funding constraints and systemic gaps

System-level factors, including the organizational struc-
ture of healthcare services and limitations in funding, rep-
resent major barriers to the implementation of integrated
care (Bray et al., 2022). Establishing interdisciplinary teams
that provide access to internists, gastroenterologists, psy-
chologists, psychiatrists, dietitians, and physical therapists
requires appropriate infrastructure and additional finan-
cial investment.

Research indicates that multidisciplinary treatment pro-
grams remain inaccessible to many patients with gastroin-
testinal disorders, largely because of the costs associated
with implementing this model of care (Bray et al., 2022).
Healthcare reimbursement and payment systems generally
do not provide adequate coverage for psychological care
delivered as part of internal medicine consultation, mak-
ing healthcare institutions less likely to offer integrated
services (Burgell et al., 2024).

Clear system-level incentives, such as dedicated funding
mechanisms and pilot programs supporting the integra-
tion of somatic and mental healthcare, are also lacking.
Consequently, holistic care models continue to be imple-
mented only in selected institutions rather than serving
as a standard component of healthcare delivery (Bray ez al.,
2022).

Workforce shortages and training gaps

Another major barrier is the limited number of profes-
sionals with expertise spanning both gastroenterology and
mental health. The literature highlights a shortage of clini-
cal psychologists specializing in gastrointestinal disorders
and other clinicians trained in psychogastroenterology
(Bray et al., 2022). Most internists and gastroenterologists
receive insufficient training during conventional medical
education to identify psychiatric symptoms in patients
with somatic disorders or to provide basic support in this
area.

Collaboration with a psychiatrist or psychologist is often
perceived as an additional burden or as falling outside
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the scope of an internist’s responsibilities. However, ex-
perts emphasize that gastroenterologists play a central role
in facilitating integrated psychological care. The treating
physician should initiate discussions about psychological
factors and appropriately refer patients for gut-directed
psychological therapies as part of routine clinical care
(Keefer et al., 2018; Staudacher et al., 2023). At present,
the limited availability of relevant training programs for
internists and gastroenterologists represents a substantial
barrier to the implementation of holistic care models.

Organizational challenges, time constraints,
and healthcare system burden

The implementation of integrated care may be hindered
by time-related and logistical constraints inherent in in-
ternal medicine practice. Consultations with internists
or gastroenterologists are typically brief, which often limits
opportunities to address psychological factors or educate
patients about the effects of stress and emotions on their
symptoms. Introducing additional forms of support, such
as psychotherapy sessions, stress management programs,
and dietary consultations, requires coordination among
multiple specialists and greater time commitments from
both patients and healthcare professionals (Bray et al.,
2022).

Preliminary studies of multidisciplinary care programs
have shown that some patients discontinue their participa-
tion due to the time required for travel and multiple ap-
pointments. In Poland, the limited number of specialized
centers may make regular access to comprehensive care
particularly difficult for patients living in smaller towns
or rural areas. High patient volumes and time pressures
also limit the ability of internists to serve as coordina-
tors of holistic care. Consequently, even when healthcare
professionals are willing to adopt an interdisciplinary ap-
proach, its implementation may remain highly challenging
(Bray et al., 2022; Burgell et al., 2024).

Lack of standardized guidelines
and information integration

From an organizational perspective, one of the principal
barriers is the limited availability of formal standards and
guidelines for the comprehensive care of patients with
co-occurring somatic and psychiatric disorders. Although
expert recommendations and review studies describe best
practices, scientific and professional societies have yet
to establish a consistent care pathway specifically intended
for internal medicine physicians.

Another important issue is the lack of integration be-
tween medical records. Information concerning a patient’s
mental health is often documented separately from records
concerning other health conditions, which impedes effec-
tive information sharing among healthcare professionals.

The integration of electronic health records, with appro-
priate safeguards for sensitive data, could provide a more
comprehensive overview of the patient’s health and fa-
cilitate treatment tailored to their diverse clinical needs.
However, most healthcare systems currently lack this level
of interoperability (Craven and Thakur, 2024).

Recommendations and examples
of system-level solutions

Despite the existing barriers, international experience
provides useful models that may support more effective
implementation of comprehensive healthcare. Selected
recommendations concerning healthcare organization and
system-level solutions are presented below.

The development of interdisciplinary care teams is of ut-
most importance. The traditional model in which a patient
is managed by a single specialist should be replaced with
a more collaborative approach. Teams comprising a gas-
troenterologist, a psychiatrist or a psychologist, a dieti-
tian, a nurse, and other relevant professionals are better
positioned to comprehensively address the diverse needs
of patients. Studies, including randomized controlled trials,
indicate that integrated multidisciplinary care may improve
the control of gastrointestinal symptoms, enhance psycho-
logical well-being and quality of life, and reduce healthcare
costs compared with conventional care (Bray ez al., 2022).

Interdisciplinary teams may operate in academic in-
stitutions and specialized gastrointestinal care centers.
More streamlined models may also be implemented
in outpatient specialty clinics, where an internist or gas-
troenterologist collaborates closely with psychologists and
other healthcare professionals. A key component of this
approach is effective coordination by designating a spe-
cific professional, such as the treating physician or a case
manager, who is responsible for maintaining a coherent
treatment plan and facilitating communication among
team members.

The implementation of publicly funded pilot programs
for integrated care is recommended. Such programs would
allow healthcare institutions to develop the necessary
organizational structures without bearing the full cost
of implementation. Insurance and reimbursement systems
should also cover psychological services provided as part
of the treatment of somatic disorders, such as behavioral
therapy incorporated into gastroenterological care (Bray
et al., 2022; Burgell et al., 2024).

Accreditation standards should also be developed to en-
courage hospitals and healthcare centers to integrate these
services. For example, access to psychological support
could be established as a recommended component of care
for patients with chronic diseases. More broadly, national
mental health strategies should address the psychological
needs of individuals with somatic disorders. Finally, mod-
ern technologies, including telemedicine and digital health
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solutions, may offer a promising means of overcoming
logistical barriers. Psychological and dietary consultations
can be delivered remotely, substantially reducing time-,
travel-, and mobility-related burdens for patients. Prelimi-
nary evidence suggests that the expansion of telemedicine
following the coronavirus disease 2019 (COVID-19) pan-
demic improved access to therapy for many individuals
who previously needed to travel for care. Healthcare sys-
tems should therefore recognize and reimburse telehealth
services as an integral component of comprehensive care
(Bray et al., 2022).

Training programs integrating gastroenterology with
psychiatry and psychology should be expanded. Such pro-
grams should cover the identification of psychiatric dis-
orders in patients presenting with somatic complaints,
the principles of effective communication with individu-
als experiencing psychosomatic symptoms, and strategies
for interdisciplinary collaboration. Clinical psychologists
should likewise receive training in gastrointestinal dis-
orders and disorders of gut—brain interaction (Burgell
et al.,2024). In clinical practice, every gastroenterologist and
internist should be able to initiate basic psychosocial inter-
ventions. For example, a brief educational intervention may
help reduce a patient’s anxiety. Simple motivational tech-
niques should also be used to support dietary and lifestyle
changes. A key component of this strategy is the effective
referral of patients to specialized interventions, including
psychotherapy, stress-management training, and support
groups (Keefer et al., 2018; Staudacher et al., 2023).

The integration of medical records and health data is es-
sential to the improvement of holistic care. This requires
interoperable information systems and standardized docu-
mentation practices. Electronic health records should con-
solidate all relevant patient information in a single system.
They should include physical health data, such as labora-
tory and diagnostic test results, internal medicine diag-
noses, and current medications, as well as mental health
information, including psychiatric diagnoses, assessments
of psychiatric symptom severity, and treatment recom-
mendations, while maintaining appropriate confidentiality
and data protection safeguards.

This approach would provide members of the interdis-
ciplinary team with role-appropriate access to compre-
hensive patient information, thereby facilitating better
coordination of care. Shared data exchange platforms
could reduce duplication of services and enable more rapid
responses to emerging clinical concerns.

Mental health assessment should also be incorporated
into routine documentation in internal medicine clinics.
This could be achieved through periodic screening for
depression and anxiety using brief validated question-
naires, with the results recorded in the electronic health
record. Such an approach may increase clinicians’ aware-
ness of patients’ mental health needs and enable objective
monitoring of the effects of holistic interventions across
multiple domains of health (Craven and Thakur, 2024).

Conclusions

The available literature indicates a clinically relevant,
bidirectional association between selected gastrointes-
tinal disorders and symptoms of anxiety and depression.
This relationship has been particularly well documented
in disorders of gut-brain interaction, such as IBS. In or-
ganic gastrointestinal diseases, including IBD, the pattern
is more heterogeneous and depends on disease activity,
symptom severity, and psychosocial factors.

From a mechanistic perspective, the most frequently
discussed components of the gut—brain axis include dys-
biosis, increased intestinal barrier permeability, chronic
low-grade inflammation, activation of the HPA axis, al-
terations in serotonergic signaling, and changes in vagal
afferent activity. However, most of the available evidence
is correlational. Conclusions should therefore be formu-
lated cautiously, with a clear distinction between proposed
mechanistic hypotheses and findings supported by clinical
data.

In internal medicine practice, gastrointestinal complaints
and co-occurring psychiatric symptoms should be assessed
and treated concurrently. Interventions consistent with
the biopsychosocial model, including psychoeducation, psy-
chotherapy, lifestyle modification, dietary interventions, and
appropriately selected pharmacotherapy, may improve qual-
ity of life, symptom perception, and treatment adherence.
However, the strength of the supporting evidence varies ac-
cording to the specific disorder and the type of intervention.

Priorities for future research include identifying patient
subgroups most likely to benefit from particular interven-
tions, validating biomarkers of the gut—brain axis, includ-
ing inflammatory and neuroendocrine markers and gut
microbiota profiles, and evaluating the long-term efficacy
and safety of strategies combining somatic and psychoso-
cial interventions.
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Wprowadzenie

W ostatnich latach ro$nie liczba danych wskazujacych na
zwiazek pomiedzy funkcjonowaniem przewodu pokarmo-
wego a dobrostanem psychicznym. Istotnym pojeciem po-
rzadkujacym te obserwacje jest of jelito—moézg (ang. gut—
brain axis) rozumiana jako dwukierunkowa komunikacja
pomiedzy jelitowym i osrodkowym ukladem nerwowym,
ukladem neuroendokrynnym (w tym osia podwzgdrze—
przysadka—nadnercza), ukladem odpornosciowym oraz
mikrobiota jelitowa. Zaburzenia w obrebie tych szlakéw
moga wspdtwystepowac z dolegliwo$ciami gastroenterolo-
gicznymi oraz objawami psychicznymi (np. lekiem i obni-
zeniem nastroju), przy czym charakter tych korelacji bywa
rézny w zalezno$ci od jednostki chorobowej i kontekstu
klinicznego. Z jednej strony u pacjentéw z zespotem je-
lita drazliwego, nieswoistymi chorobami zapalnymi jelit,
choroba refluksowa przelyku czy celiakia objawy leku i de-
presji sa opisywane czesciej niz w populacji ogélnej. Nato-
miast z drugiej przewlekly stres i zaburzenia nastroju sa
zwigzane z nasileniem objawéw jelitowych m.in. poprzez
zmiany aktywno$ci osi podwzgdrze—przysadka—nadner-
cza, modulacje mikrobioty oraz zmiany percepcji bélu
trzewnego. Z perspektywy internisty praktyczne znaczenie
ma rozpoznanie wspdlistniejacych objawdw psychicznych
i dobdr postepowania obejmujacego elementy somatyczne
oraz psychospoleczne.

Cel

Praca ma charakter narracyjnego przegladu pi$miennic-
twa. Jej celem jest 1. uporzadkowanie danych dotyczacych
wspoétwystepowania wybranych choréb ukladu pokarmo-
wego (zespdt jelita drazliwego, nieswoiste choroby zapalne
jelit, choroba refluksowa przetyku, celiakia) z objawami
leku i depresji oraz 2. oméwienie mechanizméw osi je-
lito—mozg, ktoére najczesciej sa przywolywane jako podloze
tych zaleznosci.

Dodatkowo artykul odpowiada na nastepujace pytania
przegladowe: a) jakie mechanizmy neuroendokrynne,
immunologiczne i mikrobiotyczne sa najlepiej udoku-
mentowane w dostepnej literaturze, b) w jakim zakresie
czynniki psychologiczne (przewlekly stres, lek, depresja,
trauma) sa zwiazane z nasileniem objawdéw gastroente-
rologicznych oraz c) jakie interwencje zgodne z mode-
lem biopsychospotecznym maja potwierdzone korzysci
kliniczne (np. poprawa jakosci zycia, redukcja nasilenia
objawéw, poprawa adherencji) w wybranych jednostkach
chorobowych. Zamierzeniem autoréw nie jest wykaza-
nie zalezno$ci przyczynowo-skutkowych, lecz krytyczna
synteza danych z badan obserwacyjnych, interwencyjnych
i przegladowych oraz wskazanie implikacji praktycznych
dla lekarza internisty.

Materiat i metody

Niniejsza praca ma charakter narracyjnego przegladu li-
teratury. Przeszukiwanie pi$miennictwa przeprowadzono
w bazie PubMed® w lutym 2025 r. z ograniczeniem do lat
2020-2025. Wykorzystano kombinacje stéw kluczowych
(m.in. ,,gut-brain axis”, ,microbiota”, ,irritable bowel syndrome”,
sinflammatory bowel disease”, ,,gastroesophageal reflux”, ,,celiac
disease”, ,anxiety”, ,depression’, ,stress”, , HPA axis”).

Do analizy wlaczano publikacje w jezyku angielskim
dotyczace 0séb dorostych, opisujace: 1. wspotwystepowa-
nie choréb ukladu pokarmowego i objawéw psychicznych,
2. mechanizmy osi jelito—modzg (neuroendokrynne, immu-
nologiczne i mikrobiotyczne) oraz 3. interwencje kliniczne
zgodne z podej$ciem biopsychospotecznym (farmakote-
rapia, psychoterapia, modyfikacja stylu zycia, interwencje
ukierunkowane na mikrobiote).

Wykluczono doniesienia konferencyjne, prace bez do-
stepu do petnego tekstu, artykuly dotyczace wylacznie
populacji pediatrycznej oraz publikacje nieuwzgledniajace
zwigzku miedzy objawami gastroenterologicznymi a zdro-
wiem psychicznym.

Ze wzgledu na narracyjny charakter przegladu nie pro-
wadzono formalnej oceny ryzyka btedu systematycznego
ani metaanalizy; w opisie wynikéw starano sie jednak roz-
réznia¢ dane interwencyjne (np. randomizowane badania
kliniczne) od danych obserwacyjnych oraz od wnioskéw
pochodzacych z przegladéw.

Najwazniejsze dane dotyczace czestosci wystepowania
objawéw oraz proponowanych mechanizméw patofizjolo-
gicznych zestawiono w tabeli 1.

Przeglad pismiennictwa

O$ jelito—-mozg i mechanizmy
wspotzaleznosci

Of jelito—modzg to skomplikowany, dwukierunkowy sys-
tem komunikacji miedzy o$rodkowym uktadem nerwowym
a ukladem pokarmowym (Socata et al., 2021; Verma et al.,
2024; Wadan et al., 2025). W skiad tego systemu wchodza:
jelitowy uklad nerwowy, nerw btedny oraz widkna wspét-
czulne, a takze uklad neuroendokrynny (obejmujacy o$
podwzgdérze—przysadka—nadnercza), uktad odporno$ciowy
oraz mikrobiota jelitowa. Informacje z jelit docieraja do mé-
zgu za posrednictwem neurondw, a takze poprzez hormony
i mediatory immunologiczne. Z kolei mézg reguluje moto-
ryke jelit, wydzielanie i przepuszczalno$c¢ bariery jelitowej.

Mikrobiota jelitowa réwniez odgrywa kluczowa role w tej
komunikacji (Rutsch ez al., 2020; Verma et al., 2024). Bakterie
w jelitach wytwarzaja krétkotanicuchowe kwasy ttuszczowe,
metabolity tryptofanu oraz inne substancje, ktére oddzialtuja
na komoérki nabtonka, neurony i komérki uktadu odpornos-
ciowego. Substancje te wptywaja na regulacje wydzielania se-
rotoniny oraz innych neuroprzekaznikdéw, a takze moduluja
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Tabela 1. Zestawienie danych dotyczacych czestosci wystepowania objawdw lekowych i depresyjnych w chorobach gastroenterologicznych oraz wybrane

gtéwne patomechanizmy taczace

Choroba
przewodu
pokarmowego

Czestos¢ wystepowania
objawoéw leku/depresji

Gtéwne mechanizmy patofizjologiczne

Zespdt jelita
drazliwego

- objawy lekowe: 39,1%
« objawy depresyjne: 28,8%

Choroby zapalne | « objawy lekowe: 32,1%
jelit « objawy depresyjne: 25,2%

Qieieies - objawy lekowe: 34,4%

- objawy depresyjne: 3,5%

- Nadreaktywnos¢ osi podwzgdrze—przysadka—nadnercza powoduje zbyt duze uwalnianie
kortykoliberyny, co zaburza czynnos¢ jelit.

- Hiperaktywno$¢ ciata migdatowatego i narazenie na przewlekly stres zaburzaja regulacje pracy jelit.

« Nieprawidfowa flora jelitowa generuje powstawanie stanu zapalnego, zwiekszenie
przepuszczalnosci jelit, zaburzenia odpornosci i wtérnie do tego nasilenie zaburzen lekowych.
Zaburzona mikrobiota produkuje takze mniejsze ilosci serotoniny potrzebnej organizmowi do
prawidtowej regulacji nastroju.

+ Wspodtwystepowanie zespotu jelita drazliwego z zaburzeniami psychicznymi ma takze geneze
w budowie struktur mézgowych i genetyce.

« Wzrost przepuszczalnosci nabtonka jelitowego zwieksza translokacje bakterii do krwiobiegu, a co
za tym idzie aktywuje neurozapalenie w strukturze komarek gleju.

- Nieprawidtowa flora bakteryjna modyfikuje metabolizm tryptofanu, przesuwajac go w kierunku
szlaku kynureninowego, a takze produkcje toksyn, ktére wptywaja na szlaki serotoninergiczne,
GABA-ergiczne i plastyczno$¢ synaptyczna.

+ Niedobory kwasu foliowego, witamin z grupy B i D, Zzelaza, kwaséw omega-3 spowodowane
przewlektym zapaleniem, dietg eliminacyjng i biegunkami ograniczaja synteze odpowiednich
neuroprzekaznikdw, a co za tym idzie zaburzaja funkcjonowanie mézgu.

« Wybudzajacy w nocy refluks powoduje aktywacje autonomicznego uktadu nerwowego, a takze osi
podwzgoérze—przysadka—nadnercza, zwiekszajac tym samym napiecie wspotczulne i wzmozona
produkgcje kortyzolu.

« Hiperkortyzolemia wynika takze z przewlektego stresu, bolu, co jest geneza m.in. zaburzen

+ Choroby te maja czesciowo podobng geneze, poniewaz cechuja sie wspdlng podatnoscia

« Celiakia ma etiologie autoimmunologiczng, w wyniku czego zachodza w niej takze krzyzowe
reakcje z tkanka nerwowa.
+ Uposledzone wchtanianie skfadnikdow pokarmowych sprzyja niedoborom neuroprzekaznikéw.

refluksowa . IO

przetyku © OISR CRIESCs 2425 depresyjnych i lekowych.
genetyczna.

Celiakia - objawy lekowe: 3,7%

reakcje osi podwzgoérze—przysadka—nadnercza, ksztaltujac
tym samym odpowiedz calego organizmu na stres. Zmiany
w skladzie i r6znorodnosci mikrobioty, okreslane jako dys-
bioza, moga prowadzi¢ do wiekszej podatnosci na schorzenia
przewodu pokarmowego oraz zwiekszac ryzyko wystapienia
objaw6w depresyjnych i lekowych (Reyes-Martinez et al.,
2023; Tan, 2023; Yuan et al., 2021).

Potencjalny wplyw metabolitéw mikrobioty na 0§ jelito—
modzg mozna rozumiec jako sume kilku drég: 1. dziatanie
na komorki nabtonka i enteroendokrynne (np. poprzez
receptory dla krétkotaricuchowych kwaséw ttuszczowych),
co zmienia wydzielanie hormonéw jelitowych oraz dostep-
no$¢ tryptofanu dla szlaku serotoninergicznego; 2. modu-
lacje aktywnosci aferentnej nerwu blednego i jelitowego
uktadu nerwowego, co wptywa na przetwarzanie bodzcéw
trzewnych i percepcje bolu; 3. wplyw na odpowiedz immu-
nologiczng btony $luzowej (profil cytokin) oraz integral-
nosc¢ bariery jelitowej, co moze nasila¢ uogélniony stan
zapalny niskiego stopnia; oraz 4. posrednie oddzialywanie
na o$ podwzgérze—przysadka—nadnercza, widoczne m.in.
w zmianach reaktywnosci na stres i dynamice kortyzolu.
W yjeciu klinicznym mechanizmy te moga sprzyja¢ wspét-
wystepowaniu objawéw jelitowych (np. biegunka/zaparcia,
bél brzucha, wzdecia) z objawami psychicznymi (np. lek,
obnizony nastréj, bezsennosc), jednak w wielu obszarach
zalezno$ci pozostaja w duzej mierze korelacyjne.

Mechanizmy neuroimmunologiczne stanowia istotny
komponent osi jelito-moézg (Reyes-Martinez et al., 2023;

Yuan et al., 2021). Komérki immunologiczne znajdujace
sie w blonie sluzowej jelita reaguja na antygeny bakterii,
produkujac cytokiny pro- i przeciwzapalne. Te substan-
cje moga dziata¢ nie tylko w miejscu ich wydzielania, ale
réwniez wplywac¢ na caly organizm. Zwiekszona prze-
puszczalno$¢ bariery jelitowej ulatwia przedostawanie sie
sktadnikéw bakterii do krwiobiegu, co moze prowadzi¢ do
nasilenia niewielkiego stanu zapalnego oraz mie¢ wplyw
na dziatanie o$rodkowego ukladu nerwowego (Rutsch
et al., 2020; Yuan et al., 2021). Cytokiny, hormony stresu
i mediatory zapalne wplywaja na synaptyczne przekazy-
wanie informacji oraz neuroplastyczno$¢, co ma zwiazek
z objawami psychicznymi. Wzajemne oddziatywanie me-
chanizméw neuronalnych, mikrobiologicznych i immuno-
logicznych sprawia, ze problemy w jelitach moga objawia¢
sie jako symptomy psychiczne. Z kolei dtugotrwaly stres
oraz zaburzenia nastroju moga nasila¢ te dolegliwosci.
Funkcja uktadu pokarmowego odgrywa istotna role. O$
jelito—mozg stanowi wazny element taczacy schorzenia
przewodu pokarmowego z problemami psychicznymi
(Socata et al., 2021; Tan, 2023; Verma et al., 2024).

Choroby uktadu pokarmowego
zwigzane z zaburzeniami psychicznymi

Zwiazek miedzy schorzeniami ukladu trawiennego
a problemami psychicznymi zostal szeroko potwierdzony
w wielu badaniach klinicznych oraz przegladach literatury
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(Barberio et al., 2021; Staudacher et al., 2023). Szczegol-
nie wyrazne powiazania opisano w przypadku zespoliu
jelita drazliwego, nieswoistych choréb zapalnych jelit,
refluksu zoladkowo-przelykowego oraz celiakii (Eijsbouts
etal., 2021; He et al., 2022; Moawad et al., 2024). W kaz-
dej z tych grup obserwuje sie zwiekszenie wystepowania
objawéw depresyjnych, lekowych, probleméw ze snem
oraz nizsza jako$¢ zycia w poréwnaniu z ogdétem spole-
czenstwa (Alwhaibi, 2023; Barberio et al., 2021; Belpinar
etal., 2023).

W przypadku zespolu jelita drazliwego zaburzenia le-
kowe i depresyjne sa jednymi z najczestszych probleméw
psychicznych towarzyszacych temu schorzeniu. Osoby
chore czesto wykazuja nadwrazliwo$¢ na doznania we-
wnetrzne, intensyfikacje leku przed zblizajacymi sie ob-
jawami oraz sklonno$¢ do katastroficznego postrzegania
odczu¢ somatycznych (Banerjee et al., 2024; Diao et al.,
2023; Eijsbouts et al., 2021).

Nieswoiste choroby zapalne jelit (ang. inflammatory bo-
wel disease — IBD), jak: choroba Le$niowskiego—Crohna
oraz wrzodziejace zapalenie jelita grubego, przewlekle
stany zapalne, bdl oraz konieczno$¢ hospitalizacji i terapii
immunosupresyjnej moga prowadzi¢ do rozwoju depre-
sji i leku. Obecnos¢ tych probleméw psychicznych czesto
wplywa negatywnie na kontrole choroby oraz zmniejsza
adherencje (Barberio et al., 2021).

W przypadku choroby refluksowej przetyku kluczowe
sa zaréwno aspekty mechaniczne, jak i nadwrazliwo$¢ we-
wnetrzna oraz czynniki emocjonalne. U niektérych pa-
cjentow nasilenie zgagi oraz bolu w klatce piersiowej jest
bardziej zwiazane z poziomem stresu i leku niz z rzeczy-
wistym stopniem refluksu (Alwhaibi, 2023; He et al., 2022).

Celiakia jest powiazana nie tylko z problemami jeli-
towymi i zaburzeniami wchlaniania, ale takze z wyzsza
czestoscia wystepowania depresji, leku, drazliwosci oraz
klopotéw z funkcjami poznawczymi. Zjawiska te mozna
tlumaczy¢ przewleklym stanem zapalnym, niedoborami
sktadnikéw odzywczych oraz stresem zwiazanym z ko-
nieczno$cia dostosowania sie do diety bezglutenowej
(Belpinar et al., 2023; Moawad et al., 2024).

Wspélnymi elementami wymienionych wyzej scho-
rzen s3: angazowanie mechanizmoéw osi jelito—mozg,
takich jak dysbioza jelitowa, przewlekly (niskiego stop-
nia) stan zapalny, problemy z barierg jelitows, aktywacja
osi podwzgérze—przysadka—nadnercza oraz zmiany w
przekaznictwie serotoninergicznym i innych ukladach
neuroprzekaznikowych. Interakcje miedzy neuroprzekaz-
nikami maja istotny wptyw na objawy zwiazane z jelitami
i zdrowiem psychicznym. Te powigzania nadaja wspét-
wystepowaniu symptoméw dwukierunkowy charakter
— problemy z ukladem pokarmowym moga prowadzi¢ do
nasilenia zaburzen psychicznych, ktére nastepnie poteguja

dolegliwosci fizyczne oraz utrudniaja leczenie schorzenia
(Staudacher et al., 2023; Verma et al., 2024; Wadan et al.,
2025).

Wspétwystepujace zaburzenia psychiczne
i ich wptyw na choroby uktadu
pokarmowego

Zaburzenia psychiczne, w tym depresja, zaburzenia le-
kowe, przewlekly stres oraz zespé! stresu pourazowego
(ang. post-traumatic stress disorder — PTSD), czesto wy-
stepuja jednoczeénie z chorobami ukfadu pokarmowego
(Staudacher et al., 2023; Taft et al., 2022). Maja one zna-
czacy wplyw na rozwdj i przebieg tych schorzen (Nass
et al., 2024). U wielu pacjentéw symptomy psychiczne
moga pojawiac sie przed wystapieniem probleméw z je-
litami lub poglebiac juz istniejace schorzenia (Nass et al.,
2024; Pena-Galo et al., 2023). Zaburzenia nastroju oraz
stany lekowe sa zwiazane z nasileniem bélu, biegunka,
zaparciami, a takze prowadza do gorszego postrzegania
wlasnego zdrowia i jakosci zycia (Staudacher et al., 2023).

Kluczowym mechanizmem taczacym problemy psy-
chiczne i gastroenterologiczne jest przewlekla aktywacja
osi podwzgérze—przysadka—nadnercza oraz autonomicz-
nego uktadu nerwowego (Kent, 2024; Verma et al., 2024).
Taki stan moze prowadzi¢ do zmian w motoryce ukladu
pokarmowego, zwigkszonej przepuszczalnosci bariery
jelitowej oraz zmiany w skladzie mikrobiomu (Verma
et al., 2024). Osoby borykajace sie z depresja i przewleklym
stresem czesto do$wiadczaja dysbiozy, przewlektego stanu
zapalnego oraz zaburzen w ukladzie neuroprzekaznikéw
(Verma et al., 2024). Te problemy moga prowadzi¢ do nad-
wrazliwo$ci trzewnej oraz utrwalania objawéw jelitowych
(Staudacher et al., 2023).

Szczegblna grupe pacjentéw tworza osoby, ktére do-
$wiadczyly traumy i cierpia na zesp6t stresu pourazowego
(Pena-Galo et al., 2023; Taft et al., 2022). W tej grupie
czesciej wystepuje zesp6t jelita drazliwego oraz inne funk-
cjonalne zaburzenia ukfadu pokarmowego (Kent, 2024;
Nass et al., 2024). Traumatyczne przezycia oraz zwigzana
z nimi przewlekla aktywacja ukladow reakcji stresowej
moga zmienia¢ sposéb, w jaki odczuwamy i interpretu-
jemy bodZce ptynace z naszego ciata (He et al., 2022; Kent,
2024). Mogga takze nasila¢ objawy somatyczne i utrudniaé
postawienie diagnozy.

Ponadto depresja, lek oraz PTSD maja wplyw na zacho-
wania zwigzane ze zdrowiem, takie jak nawyki zywieniowe,
poziom aktywnosci fizycznej, stosowanie substancji psy-
choaktywnych oraz przestrzeganie zaleceri medycznych
(Nass et al., 2024). To z kolei moze posrednio zmieniaé
przebieg choréb jelit. W rezultacie zaburzenia psychiczne
sa zaréwno wspdélizaleznym problemem klinicznym, jak
i elementem wplywajacym na obraz kliniczny czy pro-
gnozy dotyczace choréb ukladu pokarmowego.
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Znaczenie holistycznego podejscia,
w tym kompleksowej farmakoterapii

Coraz wiecej badan sugeruje, ze efektywne leczenie
schorzen ukfadu pokarmowego, ktére wspotwystepuja
z problemami psychicznymi, wymaga zastosowania holi-
stycznego spojrzenia opartego na modelu biopsychospo-
tecznym (Bray et al., 2022; Burgell et al., 2024). To oznacza,
ze nalezy bra¢ pod uwage objawy somatyczne, stan psy-
chiczny, styl zycia oraz funkcjonowanie spoleczne pacjenta
jednoczesnie, a nie koncentrowac sie tylko na jednym ukfa-
dzie czy narzadzie.

W tym kontekscie istotna jest wspoélpraca internisty,
gastroenterologa oraz psychiatry, a w razie potrzeby
takze psychologa lub psychoterapeuty (Staudacher et al.,
2023). Internista zazwyczaj jako pierwszy identyfikuje
chroniczne problemy zwiazane z jelitami i powinien by¢
czujny na symptomy depresji, leku oraz przewleklego
stresu (Ross et al., 2020). Z kolei psychiatra zajmuje sie
réznicowaniem zaburzen psychicznych i doborem wias-
ciwej farmakoterapii.

Holistyczna farmakoterapia obejmuje nie tylko lecze-
nie choroby podstawowej (somatycznej), ale takze stoso-
wanie lekéw psychotropowych jako neuromodulatoréw
osi jelitowo-mozgowej (Hanna-Jairala i Drossman, 2024).
Liczne badania wykazaly, ze SSRI, TLPD oraz inne grupy
lekéw przeciwdepresyjnych moga redukowac nasilenie bolu
trzewnego, regulowac ruchliwo$¢ jelit oraz lagodzi¢ towa-
rzyszace objawy leku, depresji (Hanna-Jairala i Drossman,
2024; Papale et al., 2024). U niektdérych pacjentéw warto
rozwazy¢ dodanie lekdw przeciwlekowych, stabilizujacych
sen, wplywajacych na reakcje na stres (Safaei et al., 2024).
Nalezy jednak zachowa¢ ostroznos¢ i dokladnie ocenié¢
profil dzialan niepozadanych. Coraz cze$ciej zaczyna sie
zwraca¢ uwage na interwencje skierowane na mikro-
biote, takie jak zmiana diety czy stosowanie probiotykdw,
ktére moga pomaga¢ w utrzymaniu réwnowagi miedzy
jelitami a mézgiem (Jach et al., 2023; Ross, 2023; Wadan
etal., 2025).

Bardzo waznym aspektem holistycznego podejscia sa
dzialania niefarmakologiczne. Psychoterapia (terapia po-
znawczo-behawioralna), techniki oparte na uwaznosci oraz
metody redukgji stresu przyczyniaja sie¢ do zmniejszenia
nadwrazliwosci na sygnaly plynace z ciata (Slouha et al.,
2023). Pomagaja ograniczy¢ katastroficzne interpretacje
objawdéw oraz poprawi¢ umiejetnosci radzenia sobie z cho-
robami przewlektymi (Slouha ez al., 2023). Zmiany w stylu
zycia, np. ¢wiczenia fizyczne, dbanie o higiene snu, redukcja
substancji uzalezniajacych oraz wdrazanie indywidualnych
planéw zywieniowych, maja wplyw zaréwno na dziatanie
ukladu pokarmowego, jak i na samopoczucie psychiczne
(Bray et al., 2022; Jach et al., 2023). Badania pokazuja, ze
polaczenie terapii farmakologicznej z interwencjami psy-
chologicznymi oraz zmiang stylu zycia moze prowadzi¢ do
lepszych i trwalszych rezultatéw w poréwnaniu ze stoso-
waniem wylgcznie jednej metody (Bray et al., 2022; Burgell

et al., 2024). Dlatego holistyczne podejscie staje si¢ istotnym
elementem wspolczesnej praktyki internistyczne;j.

Przyktadowo, przeglady systematyczne wskazuja na
skuteczno$¢ interwencji psychologicznych (w tym terapii
poznawczo-behawioralnej) w redukeji nasilenia objawéw
i poprawie jako$ci zycia u chorych z zespotem jelita draz-
liwego. W zaburzeniach interakcji mézg—jelito opisywano
réwniez korzys$ci z modeli opieki zintegrowanej, w ktérych
leczenie gastroenterologiczne jest faczone z interwencjami
psychologicznymi i dietetycznymi. W konteks$cie nieswo-
istych choréb zapalnych jelit dane interwencyjne sa mniej
jednorodne — czesciej wykazuje sie poprawe jakos$ci zycia
i parametréw psychicznych niz trwaly wplyw na aktyw-
nosc¢ zapalng, jednak w wybranych grupach pacjentéw (np.
w remisji z utrzymujacymi si¢ objawami IBS-podobnymi)
badano takze ukierunkowana farmakoterapie psychotro-
powa jako element postepowania.

Wyzwania i bariery wprowadzania
holistycznego modelu opieki
nad pacjentem

Wprowadzenie kompleksowego modelu opieki nad pa-
cjentem wiaze sie z wieloma trudno$ciami, ktére maja cha-
rakter systemowy, organizacyjny i edukacyjny (Bray et al.,
2022; Burgell et al., 2024). Opieka zdrowotna w zakresie
somatycznym i psychicznym pozostaje mocno podzielona.
Pacjent czesto jest leczony przez réznych specjalistow,
a brak spdjnego planu terapeutycznego utrudnia koordy-
nacje dziatan (Burgell et al., 2024).

Chociaz interwencje psychologiczne maja udokumen-
towana skuteczno$¢, rzadko sa standardowo wlaczane do
leczenia gastroenterologicznego (Keefer et al., 2018). Innym
istotnym wyzwaniem s réwniez ograniczenia finansowe
oraz organizacyjne. Formowanie zespoléw interdyscypli-
narnych wigze sie z konieczno$cia posiadania dodatkowych
zasobdw oraz osobnego budzetu (Bray et al., 2022). Ponadto
system refundacji zazwyczaj nie traktuje ustug psychologicz-
nych jako integralnej czesci terapii schorzen somatycznych
(Burgell et al., 2024). Praktyke komplikuja takze niedobory
personelu — zbyt mala liczba psychologéw i psychiatréw,
ktérzy maja doswiadczenie w dziedzinie psychogastroen-
terologii (Keefer et al., 2018; Staudacher et al., 2023). Ogra-
niczenia czasowe, ktére wystepuja podczas typowych wizyt
u internisty, uniemozliwiaja przeprowadzenie dokladnego
wywiadu psychologicznego oraz edukacji pacjenta. Ponadto
istnieja takze trudnosci logistyczne zwiazane z organizacja
dodatkowych konsultacji psychologicznych czy dietetycz-
nych, co jest szczeg6lnie problematyczne dla oséb mieszka-
jacych w duzej odleglosci od o$rodkéw medycznych (Bray
et al., 2022). Niedostatek jednolitych norm dzialania oraz
zintegrowanej dokumentacji (osobne systemy dla opieki
fizycznej i psychiatrycznej) hamuje wymiane informacji
i utrudnia koordynacje dziatar (Craven i Thakur, 2024).

Zalecane podejscia obejmuja etapowe formowanie
interdyscyplinarnych zespoléw, w sktad ktérych wchodza
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internista lub gastroenterolog, psychiatra badz psycho-
log, dietetyk oraz pielegniarka. Rekomenduje si¢ réwniez
rozwdj zintegrowanych modeli opieki poprzez programy
pilotazowe oraz szersze zastosowanie telemedycyny do
konsultacji w zakresie zdrowia psychicznego, dietetycz-
nych, a takze wlaczenie szkolen dotyczacych psychoga-
stroenterologii do programéw specjalizacji oraz kurséw
dla internistéw (Bray et al., 2022; Keefer et al., 2018).
Kluczowym krokiem jest wprowadzenie elektronicznej
dokumentacji medycznej oraz zastosowanie prostych na-
rzedzi przesiewowych do wykrywania depresji i leku w co-
dziennej praktyce internistycznej. To moze pomédc w szyb-
szym rozpoznawaniu pacjentéw potrzebujacych wsparcia
i holistycznym podejsciu do interwencji oraz usprawnié¢
organizacje opieki (Bray et al., 2022; Craven i Thakur, 2024).

Brak integracji miedzy psychiatrig a gastroenterologia

Rozdzielenie opieki nad zdrowiem fizycznym i psy-
chicznym stanowi powazny problem. W typowej prak-
tyce gastroenterologicznej skuteczne podejscie do lecze-
nia psychologicznego nie jest standardowo zintegrowane
w planach leczenia, mimo Ze istnieja dowody na jego sku-
teczno$¢ (Bray et al., 2022; Keefer et al., 2018). Opieka nad
osobami majacymi problemy z ukladem pokarmowym
zazwyczaj skupia sie na ztagodzeniu objawoéw fizycznych
przez specjalistow takich jak gastroenterolodzy. Wspar-
cie psychiczne czesto bywa postrzegane jako odrebny
obszar opieki (Burgell et al., 2024). Taki model leczenia
moze prowadzi¢ do braku ciaglosci w opiece — pacjent jest
jednoczesnie leczony przez réznych lekarzy, co skutkuje
brakiem spéjnego planu dziatania. Literatura wskazuje,
ze pomimo ogélnej akceptacji dla wielodyscyplinarnego
podej$cia taczacego farmakoterapie z terapia behawio-
ralna w praktyce klinicznej takie rozwiazanie jest rzadko
stosowane (Bray et al., 2022). Innymi slowy, interwencje
psychospoleczne rzadko sg brane pod uwage w codziennej
opiece gastroenterologicznej, co moze prowadzi¢ do nie-
wykorzystania pelni mozliwosci holistycznego podejscia
do leczenia (Burgell ez al., 2024).

Ograniczenia finansowania i luki systemowe

Czynniki systemowe, takie jak struktura organizacyjna
w sektorze zdrowia oraz problemy z finansowaniem, sta-
nowia przeszkody w implementacji zintegrowanej opieki
(Bray et al., 2022). Utworzenie interdyscyplinarnych ze-
spoléw (co umozliwi wizyty u specjalistéw takich jak in-
ternista, gastroenterolog, psycholog, psychiatra, dietetyk
i fizjoterapeuta) wymaga odpowiedniej infrastruktury oraz
dodatkowych inwestycji finansowych.

Badania pokazuja, ze wielodyscyplinarne programy te-
rapeutyczne sg niedostepne dla wielu pacjentéw z proble-
mami gastroenterologicznymi gtéwnie z powodu kosz-
téw zwiazanych z wdrozeniem tego typu modelu opieki
(Bray et al., 2022). System refundacji i rozliczen w stuzbie

zdrowia zazwyczaj nie uwzglednia finansowania opieki
psychologicznej podczas wizyty u internisty, co sprawia,
ze placowki medyczne sa mniej sklonne do proponowania
zintegrowanych ustug (Burgell ez al., 2024).

Brakuje réwniez jednoznacznych bodzcéw systemo-
wych, takich jak dodatkowe fundusze czy programy pilo-
tazowe, ktére moglyby wspierac integracje opieki. W rezul-
tacie model holistyczny wciaz jest realizowany tylko przez
wybrane placéwki, a nie stanowi standardu w systemie
ochrony zdrowia (Bray et al., 2022).

Brak odpowiednich kadr oraz luki w szkoleniu

Innym problemem jest zbyt mala liczba specjalistéw,
ktérzy maja wiedze obejmujaca gastroenterologie i zagad-
nienia zwiazane ze zdrowiem psychicznym. W literaturze
podkresla sie niedobér wykwalifikowanych psychologéw
klinicznych specjalizujacych si¢ w gastroenterologii oraz
innych ekspertéw przeszkolonych w dziedzinie psychoga-
stroenterologii (Bray et al., 2022). Wiekszo$¢ internistéw
oraz gastroenterologéw nie zdobyta podczas tradycyjnego
ksztalcenia medycznego odpowiednich umiejetnosci po-
trzebnych do identyfikowania probleméw psychicznych
u pacjentdw cierpiacych na schorzenia somatyczne i udzie-
lania podstawowej pomocy w tej kwestii.

Wspolpraca z psychiatra lub psychologiem czesto jest
postrzegana jako dodatkowy ciezar lub co$, co wykracza
poza obowigzki lekarza internisty. Eksperci podkreslaja, ze
gastroenterolog odgrywa istotna role w promowaniu zin-
tegrowanej opieki psychologicznej. To lekarz prowadzacy
powinien podejmowac ten temat i skutecznie kierowac pa-
cjenta na terapie skoncentrowana na komunikacji miedzy
jelitami a mézgiem w ramach standardowych procedur
medycznych (Keefer et al., 2018; Staudacher et al., 2023).
Obecnie niewystarczajaca liczba programéw szkolenio-
wych dla internistéw w tej dziedzinie stanowi powazna
przeszkode w implementacji holistycznego modelu.

Wyzwania organizacyjne, niedobory czasowe,
obcigzenia systemu

Wprowadzenie zintegrowanej opieki moze napotykac
trudnosci zwiazane z ograniczeniami czasowymi oraz
logistycznymi, ktére sa charakterystyczne dla praktyk
internistycznych. Wizyta u internisty lub gastroenterologa
zazwyczaj trwa krotko, co czesto skutkuje pomijaniem te-
matdéw dotyczacych psychologii oraz edukacji pacjenta na
temat wplywu stresu czy emocji na objawy. Wprowadze-
nie dodatkowych metod wsparcia (na przyklad sesje psy-
choterapii, warsztaty dotyczace radzenia sobie ze stresem
oraz konsultacje dietetyczne) wymaga zsynchronizowania
harmonogramu réznych specjalistéw i wydtuzonego czasu
opieki (Bray et al., 2022).

Wstepne badania pokazuja, ze w programach taczacych
opieke réznych specjalistow czesé pacjentéw decydowala
sie zrezygnowac z uczestnictwa w nich ze wzgledu na



86

K. Popielec-Jakubiec et al. Digestive system diseases and mental disorders

czas potrzebny na dojazdy i wizyty. W Polsce z powodu
ograniczonej liczby specjalistycznych o$rodkéw pacjenci
z mniejszych miejscowosci moga napotykaé trudnosci
w regularnym dostepie do kompleksowej opieki. Wysoka
liczba pacjentéw oraz presja czasowa utrudniajg interni-
stom pelnienie roli koordynatoréw holistycznej opieki. Te
okoliczno$ci sprawiaja, ze nawet przy checi ze strony perso-
nelu wprowadzenie modelu interdyscyplinarnego staje sie
duzym wyzwaniem (Bray et al., 2022; Burgell et al., 2024).

Brak jednolitych standardéw i integracji informacji

W kontekscie organizacyjnym jedna z gtéwnych barier
jest niewystarczajaca liczba oficjalnych standardéw oraz
wytycznych dotyczacych kompleksowej opieki nad pacjen-
tami cierpiacymi na choroby somatyczne oraz zaburzenia
psychiczne. Mimo Ze istnieja eksperckie rekomendacje
i przegladowe badania, ktére wskazuja na najlepsze prak-
tyki, nadal brakuje spdjnego protokotu dziatania wprowa-
dzonego przez organizacje naukowe dla lekarzy internistéw.

Innym istotnym zagadnieniem jest brak integracji do-
kumentacji medycznej. Informacje dotyczace zdrowia psy-
chicznego pacjenta sa czesto gromadzone oddzielnie od
dokumentacji medycznej zwiazanej z innymi problemami
zdrowotnymi. Taki podzial utrudnia wymiane informacji.
Integracja dokumentacji elektronicznej, z zachowaniem za-
bezpieczen dla danych wrazliwych, mogtaby da¢ petniejszy
obraz dolegliwosci pacjenta i lepiej dopasowac terapie do
jego réznych potrzeb. Niestety obecnie wiekszo$¢ syste-
moéw opieki zdrowotnej nie dysponuje taka mozliwoscia
(Craven i Thakur, 2024).

Zalecenia oraz przyktady
rozwigzan systemowych

Mimo istniejacych przeszkéd miedzynarodowe doswiad-
czenia oferuja wzorcowe propozycje, ktére moga przy-
czyni¢ si¢ do efektywniejszego wdrazania kompleksowej
opieki medycznej. Ponizej przedstawiono wybrane zalece-
nia dotyczace systeméw i organizacji.

Istotne jest uformowanie interdyscyplinarnych zespo-
6w opieki zamiast utrzymywania modelu, w ktérym pa-
cjent jest obstugiwany jedynie przez jednego specjaliste.
Zespoly skladajace sie z gastroenterologa, psychiatry lub
psychologa, dietetyka, pielegniarki oraz innych specja-
listow umozliwia kompleksowe zaspokojenie réznych
potrzeb pacjenta. Badania, w tym losowo kontrolowane
préby kliniczne, wykazuja, ze zintegrowana opieka wie-
lodyscyplinarna moze prowadzi¢ do lepszej kontroli ob-
jawow ze strony ukladu pokarmowego. Ponadto poprawia
ona stan psychiczny pacjentéw oraz zwieksza jako$¢ zycia,
ardwniez przyczynia sie do zmniejszenia kosztéw leczenia
w poréwnaniu z tradycyjna opieka (Bray et al., 2022).

Zespotly interdyscyplinarne moga dziala¢ w $rodo-
wisku akademickim oraz w centrach zajmujacych sie
terapia schorzen przewodu pokarmowego. Moga takze

funkcjonowaé, w bardziej zredukowanej formie, w po-
radniach specjalistycznych, gdzie lekarz internista $cisle
wspélpracuje z psychologami i innymi fachowcami. Klu-
czowym aspektem jest koordynacja opieki, czyli wyzna-
czenie konkretnej osoby, takiej jak lekarz prowadzacy czy
tzw. koordynator opieki, ktéra bedzie odpowiedzialna za
zapewnienie spdjnosci planu terapeutycznego oraz dobra
komunikacje w zespole.

Zaleca si¢ wprowadzenie programéw pilotazowych,
ktére beda finansowac zintegrowana opieke. Dzigki temu
instytucje moglyby budowa¢ odpowiednie struktury bez
konieczno$ci pokrywania pelnych kosztéw. System ubez-
pieczen powinien takze obejmowac refundacje ustug psy-
chologicznych w trakcie leczenia choréb somatycznych,
np. terapii behawioralnej w ramach leczenia gastroente-
rologicznego (Bray et al., 2022; Burgell et al., 2024).

Wazne jest rowniez opracowanie standardéw akredy-
tacyjnych, ktére motywowalyby szpitale i o$rodki zdro-
wia do gczenia tych uslug (np. zaleca sie wprowadzenie
dostepnosci wsparcia psychologicznego dla os6b cierpia-
cych na przewlekle schorzenia). W szerszym kontekscie
warto rozwija¢ krajowe strategie zdrowia psychicznego,
ktére adresowalyby problemy zwiazane z chorobami so-
matycznymi. Ostatecznie zastosowanie nowoczesnych
technologii, takich jak telemedycyna i e-zdrowie, moze by¢
obiecujacym sposobem na poprawe logistyki. Konsultacje
z psychologiem lub dietetykiem moga odbywac si¢ online,
co znaczgco redukuje czasowe i mobilne utrudnienia dla
pacjentéw. Wstepne obserwacje sugeruja, ze wprowadze-
nie telemedycyny po pandemii COVID-19 ulatwilo do-
step do terapii wielu osobom, ktére wczesniej musiaty na
nig dojezdzaé. System opieki zdrowotnej powinien zatem
uwzglednic¢ i finansowac teleustugi jako integralny sktad-
nik kompleksowej opieki (Bray et al., 2022).

Zaleca sie zwiekszenie liczby szkolen taczacych gastroen-
terologie z psychiatrig oraz psychologia. Programy szkole-
niowe powinny obejmowac rozpoznawanie zaburzen psy-
chicznych u pacjentéw z dolegliwosciami somatycznymi,
podstawy efektywnej komunikacji z osobami borykajacymi
sie z problemami psychosomatycznymi oraz zasady wspol-
pracy pomiedzy specjalistami. Istotne jest takze ksztalcenie
psychologdw klinicznych w zakresie probleméw zwigzanych
z ukladem pokarmowym (Burgell et al., 2024). W praktyce
kluczowym celem jest, aby kazdy gastroenterolog lub inter-
nista byt w stanie rozpoczaé¢ dziatania psychospoleczne, na
przyklad przeprowadzenie krétkiej interwencji edukacyj-
nej, co moze pomoc w zmniejszeniu leku pacjenta. Wazne
jest zastosowanie prostych technik motywacyjnych, ktére
wspieraja zmiang diety oraz stylu zycia. Bardzo waznym
elementem tej strategii jest skuteczne kierowanie chorych
na specjalistyczne terapie, takie jak psychoterapia, trening
umiejetnosci radzenia sobie ze stresem czy grupy wsparcia
(Keefer et al., 2018; Staudacher et al., 2023).

Integracja dokumentacji i danych medycznych stanowi
podstawe usprawnienia opieki holistycznej. Wskazuje
sie na potrzebe polaczenia systeméw informatycznych
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oraz wprowadzenia standardéw do dokumentacji. Elek-
troniczne teczki pacjenta powinny umozliwia¢ zbieranie
wszystkich informacji w jednym miejscu. Maja obejmo-
wac zaréwno dane dotyczace zdrowia fizycznego, takie
jak wyniki badan, diagnozy internistyczne oraz stosowane
leki, jak i informacje zwiazane ze stanem psychicznym,
w tym diagnozy psychiatryczne, oceny nasilenia sympto-
moéw psychicznych oraz zalecenia terapeutyczne — z za-
chowaniem poufnosci danych. Dzieki temu kazdy czto-
nek zespotu interdyscyplinarnego mégtby mie¢ dostep do
pelnych informacji o pacjencie, co pozwolitoby na lepsza
koordynacje dzialan. Wprowadzenie wspoélnych platform
do wymiany danych mogloby zminimalizowaé powta-
rzanie dzialan oraz umozliwi¢ szybsze reagowanie na
nowe problemy.

Waznym krokiem powinno by¢ réwniez wprowadzenie
oceny stanu psychicznego do regularnej dokumentacji w po-
radniach internistycznych. Mozna to osiagna¢ np. przez
przeprowadzanie okresowych badan przy uzyciu prostych
kwestionariuszy przesiewowych dotyczacych depresji i leku,
ktére nastepnie beda archiwizowane w systemie. Tego ro-
dzaju podejscie podniesie §wiadomo$¢ lekarzy na temat
zdrowia psychicznego pacjentéw oraz pozwoli na obiek-
tywne §ledzenie, jak interwencje holistyczne wplywaja na
rézne aspekty zdrowia chorych (Craven i Thakur, 2024).

Whnioski

Dostepna literatura wskazuje na istotny, dwukierun-
kowy zwiazek pomiedzy wybranymi chorobami ukladu
pokarmowego a objawami leku i depresji. Zaleznos¢ ta
jest szczegolnie dobrze opisana w zaburzeniach interak-
cji mézg—jelito (np. zespdl jelita drazliwego), natomiast
w chorobach organicznych (np. IBD) obraz jest bardziej
heterogenny i zalezny od aktywnosci choroby, nasilenia
objawéw oraz czynnikéw psychospotecznych.

Z perspektywy mechanistycznej najczesciej przywoty-
wanymi elementami osi jelito—moézg sa: dysbioza, zwigk-
szona przepuszczalno$¢ bariery jelitowej, przewlekly stan
zapalny niskiego stopnia, aktywacja osi podwzgoérze—
przysadka—nadnercza oraz zmiany w sygnalizacji sero-
toninergicznej i aferentnej aktywnos$ci nerwu blednego.
Wiekszo$¢ danych ma jednak charakter korelacyjny, dla-
tego wnioski nalezy formulowac ostroznie i z rozréznie-
niem pomiedzy hipotezami mechanistycznymi a danymi
klinicznymi.

W praktyce internistycznej zasadne jest réwnolegte roz-
poznawanie ileczenie dolegliwosci gastroenterologicznych
oraz wspolistniejacych objawdéw psychicznych. Interwencje
zgodne z modelem biopsychospolecznym (psychoeduka-
cja, psychoterapia, modyfikacja stylu zycia, interwencje
dietetyczne, dobrana farmakoterapia) moga poprawiaé
jakos¢ zycia, percepcje objawéw i adherencje, przy czym
sita dowoddw jest zréznicowana w zalezno$ci od jednostki
chorobowej i rodzaju interwencji.

Priorytetami przysztych badan pozostaja: identyfikacja
podtypdw pacjentéw najlepiej odpowiadajacych na okres-
lone interwencje, walidacja biomarkeréw osi jelito—moézg
(w tym markeréw zapalnych, neuroendokrynnych, a takze
profilu mikrobioty) oraz ocena dlugoterminowej skutecz-
nosci i bezpieczenstwa strategii taczacych interwencje so-
matyczne i psychospoleczne.
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Abstract

The landscape of neuromodulation therapy is changing rapidly. Accelerated transcranial magnetic stimulation
(TMS) protocols now compress 6-week depression treatment courses into as little as 5 days. Exploratory stud-
ies of a single-day regimen have reported remission rates of 49—729% in treatment-resistant depression (TRD).

Three converging principles define this shift: acceleration (compressing treatment from weeks to hours);
augmentation (pharmacologically enhancing synaptic plasticity); and precision targeting (connectome-
informed, individualized site selection). This narrative review synthesizes evidence across all 3 domains, with
an emphasis on studies published from 2022 to 2026.

Key milestones include a second sham-controlled RCT confirming the efficacy of the SAINT/SNT (Stanford
Accelerated Intelligent Neuromodulation Therapy) protocol and the first clinical description of a single-day
TMS regimen (ONE-D (Optimized, Neuroplasticity-Enhanced techniques in Depression)) that leverages
pharmacological augmentation with D-cycloserine (DCS) to enhance neuroplasticity. Precision strategies,
including resting-state functional connectivity magnetic resonance imaging (fcMRI)-quided targeting, closed-
loop electroencephalography (EEG) systems, and emerging biomarkers, are increasingly complementing
anatomical landmark-based methods. We devote particular attention to Parkinson’s disease (PD), where the
identification of the somato-cognitive action network (SCAN) as a key dysfunctional circuit illustrates how
these principles translate into clinical efficacy. SCAN-targeted TMS approximately doubled the magnitude of
motor improvement compared with conventional motor cortex stimulation. Finally, we review comparative
effectiveness data positioning TMS alongside pharmacotherapy and esketamine, emerging health-economic
evidence supporting its cost-effectiveness, and the challenges of scaling precision approaches for routine
clinical care. This is a narrative review without a formal risk-of-bias assessment or meta-analytic pooling;
limitations of this approach are discussed in the section “Limitations and translational challenges”.

Keywords: treatment-resistant depression, Parkinson’s disease, transcranial magnetic stimulation,
D-cycloserine
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Streszczenie

Pola zastosowan terapii neuromodulacyjnej, takiej jak przezczaszkowa stymulacja magnetyczna (ang. transcranial magnetic stimulation — TMS), ulegajg szybkim
przemianom: przyspieszone protokoty TMS pozwalajg skrdci¢ szesciotygodniowe cykle leczenia depresji do zaledwie 5 dni. W badaniach eksploracyjnych schematu
jednodniowego odsetki remisji wynosity 49—72% u 0s6b z depresja lekooporna.

Te zmiane wyznaczaja 3 zbiezne zasady: przyspieszenie trwania terapii (skrécenie czasu leczenia z tygodni do godzin), wspomaganie/augmentacja farmakologiczna
(wzmacnianie plastycznosci synaptycznej) oraz precyzyjne celowanie (zindywidualizowany dobér miejsca stymulaji oparty na funkcjonalnej konektomice, m.in.
fcMRI = ang. functional connectivity magnetic resonance imaging). W artykule zebrano dowody naukowe z lat 2022—2026 we wszystkich 3 obszarach.

Do kluczowych osiagniec naleza: potwierdzenie skutecznosci protokotu SAINT/SNT (Stanford Accelerated Intelligent Neuromodulation Therapy) w drugim badaniu
randomizowanym czy pierwsza kliniczna charakterystyka schematu jednodnioweqo (Optimized, Neuraplasticity-Enhanced Techniques in Depression — ONE-D) wy-
korzystujacego augmentacje D-cykloseryng w celu nasilenia neuroplastycznosci. Strategie precyzyjnego targetowania obejmuja prowadzenie stymulacji z uzyciem
fcMRI, systemy zamknietej petli z wykorzystaniem EEG (elektroencefalografia) oraz wytaniajace sie nowe biomarkery neurofizjologiczne. Metody te coraz czesciej
uzupeniaj tradycyjne metody wyznaczania celu na podstawie pomiardw powierzchniowych, takie jak Beam F3. W artykule szczegéIng uwage poswiecono chorobie
Parkinsona (ChP). Identyfikadja sieci somatyczno-poznawczeqgo dziatania (ang. somato-cognitive action network — SCAN) jako kluczowego dysfunkcjonalnego obwodu
ilustruje, w jaki sposéb omawiane zasady przekfadajq sie na efektywnos¢ kliniczng: W grupie stymulacji ukierunkowanej na SCAN poprawa motoryczna byta niemal
dwukrotnie wieksza niz w grupie stymulacji kory ruchowej. Oméwiono takze dane dotyczace efektywnosci poréwnawczej, sytuujac TMS obok farmakoterapiii eske-
taminy, dane farmakoekonomiczne wskazujace na opfacalnos¢ TMS oraz wyzwania zwigzane ze skalowaniem podejs¢ precyzyjnych w rutynowej opiece klinicznej.

Przeglad ma charakter narracyjny; ograniczenia oméwiono w sekgji ,Limitations and translational challenges”.

Stowa kluczowe: depresja lekooporna, choroba Parkinsona, przezczaszkowa stymulacja magnetyczna, D-cykloseryna

Introduction: From
neurochemistry to neurocircuits

A hypothetical but representative case is that of a
42-year-old teacher with major depressive disorder
(MDD) who, despite adherence to multiple antidepres-
sant regimens and psychiatric care, continues to experi-
ence persistent symptoms such as overwhelming fatigue,
social withdrawal, and pervasive despair. This scenario
reflects a substantial proportion of individuals for whom
standard treatments are ineffective. For over 50 years,
biological psychiatry has primarily operated within a neu-
rochemical framework, conceptualizing mental disorders
as consequences of neurotransmitter imbalances. How-
ever, the limitations of this model are increasingly evi-
dent: approx. 30% of patients with MDD meet commonly
used definitions of treatment-resistent depression (TRD),
which generally require an inadequate response to at least
2 adequate antidepressant trials (Mclntyre et al., 2023).

Contemporary psychiatry and neurology are moving
toward circuit-based models in which clinical symptoms
are understood as consequences of dysregulated functional
connectivity between large-scale brain networks (Cash and
Zalesky, 2024; Halassa et al., 2025; Menon, 2011). Tran-
scranial magnetic stimulation (TMS) provides a means
of modulating these circuits, selectively complementing
pharmacological approaches. Since its first U.S. Food and
Drug Administration (FDA) clearance for TRD in 2008,
TMS has evolved from an experimental technique into an
established therapeutic modality.

The years 2022-2026 have brought a series of advances
that, taken together, may substantially alter how TMS
is delivered and to whom it is delivered. They cluster
around 3 principles: 1) acceleration, which compresses
treatment duration from weeks to hours (SAINT (Stanford
Accelerated Intelligent Neuromodulation Therapy):
5 days; a single-day TMS regimen (ONE-D (Optimized,
Neuroplasticity-Enhanced techniques in Depression));
2) augmentation, which aims to enhance synaptic plastic-
ity pharmacologically (D-cycloserine (DCS)); and 3) pre-
cision targeting, which individualizes stimulation sites
using connectomics and closed-loop electroencephalog-
raphy (EEG) (Brown and Philip, 2025; Cash and Zalesky,
2024; Cole, Phillips, et al., 2022). These principles rein-
force one another, a convergence illustrated most clearly in
Parkinson’s disease (PD).

The clinical relevance of these advances is substantial.
Treatment-resistant depression affects approx. 30% of pa-
tients with MDD (Mclntyre et al., 2023). It is associated
with functional disability, suicide risk and direct health-
care costs that exceed those of treatment-responsive de-
pression. Major depressive disorder represents a leading
cause of years lived with disability in Europe. Parkinson’s
disease affects approx. 10 million people worldwide and
90,000-100,000 in Poland; its motor and non-motor symp-
toms remain incompletely managed by dopaminergic
pharmacotherapy, and demand for non-pharmacological
adjuncts is increasing. Within this context, repetitive TMS
(rTMS) combines a favorable safety profile with mounting
evidence of efficacy comparable to first-line pharmaco-
therapy, yet its routine availability and protocol selection
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in Poland still rely largely on standard 4—6 week schedules.
A synthesis of recent advances and of their underlying
scientific logic is therefore timely both for clinicians con-
sidering protocol adoption and for researchers planning
trials in Polish settings.

Objectives

The aim of this narrative review is therefore: 1) to syn-
thesize the 2022-2026 evidence on accelerated, phar-
macologically augmented, and precision-targeted rTMS
protocols; 2) to use depression and PD as paradigmatic
case studies illustrating how the 3 principles converge;
and 3) to identify the translational and infrastructural
challenges most relevant to introducing these protocols
into routine clinical practice in Poland.

Search strategy

This narrative review was conducted by searching
PubMed®, Embase, and ClinicalTrials.gov for English-
language publications from January 2022 through March
2026, combining the terms “transcranial magnetic stim-
ulation”, “accelerated TMS”, “theta-burst stimulation”,
“D-cycloserine”, “functional connectivity MRI”, “preci-
sion neuromodulation”, and “multisite rTMS” with the
indication-specific terms “treatment-resistant depression”,
“major depressive disorder”, and “Parkinson’s disease.” Ref-
erence lists of included articles were hand-searched. The
review was therefore systematically scoped to depression
and PD, the 2 indications for which the 3 principles synthe-
sized here have generated the most mature evidence. Rel-
evant studies in other indications are summarized briefly
in the subsection “Beyond depression and Parkinson’s dis-
ease”. A small number of foundational works outside the
2022-2026 window were indispensable for mechanistic or
contextual completeness (Cole et al., 2020; Fox et al., 2012;
Fox et al,, 2014; Huang et al., 2005; Lee et al., 2016). Given
the narrative design, no formal risk-of-bias assessment or
meta-analytic pooling was performed; limitations of the
evidence base are discussed in “Limitations and transla-
tional challenges”.

Neurobiological foundations

The therapeutic effects of -TMS are underpinned by syn-
aptic plasticity, specifically long-term potentiation (LTP)
and long-term depression (LTD) (Brown et al., 2022; Huang
et al., 2005). Long-term potentiation induction requires
coincident pre- and post-synaptic activity, leading to the
N-methyl-D-aspartate (NMDA) receptor activation,
calcium influx, and downstream signaling cascades
that increase the a-amino-3-hydroxy-5-methyl-4-
isoxazolepropionic acid (AMPA) receptor density and pro-
duce structural synaptic remodeling. Conventional rTMS

is commonly described as high-frequency (=5 Hz, typically
facilitatory) or low-frequency (<1 Hz, typically inhibitory).
Theta-burst stimulation is a distinct patterned form of
stimulation: intermittent theta-burst stimulation (iTBS)
typically produces facilitatory/LTP-like effects, whereas
continuous theta-burst stimulation (cTBS) typically re-
sults in inhibitory/LTD-like effects, although individual
responses vary (Huang et al., 2005; Lefaucheur et al., 2020).
The obligatory role of NMDA receptor activation in LTP
provides the mechanistic rationale for pharmacological
augmentation. Agents that enhance glycine-site occupancy
(DCS) or sustain catecholaminergic tone (lisdexamfet-
amine (LDX)) may widen the neuroplastic window within
which TMS exerts its effects (Brown and Philip, 2025;
Fitzsimmons et al., 2024). This principle is discussed in
detail in “Augmentation: Pharmacological optimization
of the neuroplastic window”.

Critically, TMS effects extend beyond the stimulated
cortical site to modulate distributed brain networks (Fox
et al., 2012; Fox et al., 2014). Of note, Fox et al. (2012)
reported that the therapeutic efficacy of left dorsolateral
prefrontal cortex (L-DLPFC) stimulation in depression
correlates with functional connectivity to the subgenual
anterior cingulate cortex (sgACC) and established the
principle that where you stimulate matters because of what
that site is connected to. This connectivity principle is the
conceptual foundation for precision targeting and, as we
discuss below, for the somato-cognitive action network
(SCAN)-targeting paradigm in PD.

Three converging principles
Acceleration: From weeks to hours

Standard TMS protocols for depression require 20—30
sessions over 4—6 weeks, typically achieving remission
rates of approx. 30% (Carpenter et al., 2012; Mutz et al.,
2019). The clinical question driving accelerated protocols
is straightforward: Can more stimulation delivered in less
time match or exceed these outcomes? Several groups have
now attempted to address this issue, with differing strate-
gies and varying levels of evidence.

The most extensively studied accelerated protocol is
SAINT, which compresses treatment into 50 iTBS ses-
sions delivered over 5 days (10 sessions/day, 50-min in-
tervals, 90,000 pulses) and uses functional connectivity
magnetic resonance imaging (fcMRI)-guided individual-
ized targeting of the L-DLPFC site maximally anticor-
related with the sgACC (Cole et al., 2020; Cole, Phillips,
etal., 2022). In the original double-blind randomized con-
trolled trial (RCT) (n = 29), SAINT achieved 79% remis-
sion on the Montgomery-Asberg Depression Rating Scale
(MADRS), compared with 13% remission noted in the
sham group (Cole, Phillips, et al., 2022). In September 2022,
the Magnus Neuromodulation System (Magnus Medical,
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Inc., Burlingame, USA) with SAINT technology received
FDA clearance.

The question of whether these findings would rep-
licate in a second, larger trial was addressed in 2026.
A second double-blind, sham-controlled RCT (n = 48) re-
ported 50.0% remission compared to 20.8% with sham
at 1 month (p = 0.035), closely recapitulating the origi-
nal trial’s 1-month remission rate of 46.2% (Kratter et al.,
2026). Beyond clinical outcomes, the study identified a
reduction in left anterior cingulate cortex (L-ACC) beta
power as a candidate mechanism, and pre-treatment
L-ACC beta power as a scalable EEG biomarker predicting
response (R? = 0.30-0.40). Important caveats remain: the
sample was single-site and demographically limited; no
direct comparison against conventional rTMS has been
conducted; and the 50-min inter-session interval (origi-
nally justified by rodent hippocampal slice data) may not
be optimal for humans. Two large accelerated iTBS trials
that demonstrated equivalence with standard rTMS used
15-min spacing, suggesting that the ideal dosing schedule
remains unresolved (Fitzgerald et al., 2026).

A conceptually different approach to acceleration in-
volves engaging multiple circuits rather than intensifying
stimulation of a single circuit. Zhao et al. (2025) tested a
sequential dual-site protocol in a sham-controlled RCT
(n = 52): 4 rTMS sessions per day over 4 days, targeting

the L-DLPFC followed by the dorsomedial prefrontal cor-
tex (DMPEC). At week 4, response and remission rates
(MADRS) were 57.69% and 38.46% (vs. 23.08% and 15.38%
for sham), with over 85% of responders maintaining remis-
sion at 6 months. Resting-state fMRI revealed dissociable
mechanisms for each target, suggesting that multi-site
stimulation may access therapeutic pathways unavailable
to single-target protocols (Zhao et al., 2025).

Where dual-site stimulation seeks to broaden therapeu-
tic reach by engaging additional circuits, a complemen-
tary logic asks whether intensifying stimulation within the
same target can overcome treatment resistance through
sheer neuroplastic dose. The Pururauka protocol tested
this premise, delivering 180,000 iTBS pulses over 5 days
in 36 adults with severe depression and active suicidal ide-
ation, doubling the pulse count of SAINT (Virto-Farfan
et al., 2025). Marked symptom reduction was observed
(Hamilton Depression Rating Scale (HDRS) decreased
from 38.89 to 13.61) and sustained at 6 months, though
these pre-experimental results lack a sham control.

Taken together, these protocols illustrate that accel-
eration can be implemented through multiple strategies,
namely temporal compression, multi-site engagement, and
dose escalation, rather than representing a single uniform
approach. However, the field remains at an early stage.
The NNDC/CTMS/IFCN (National Network of Depression

Table 1. Comparison of accelerated transcranial magnetic stimulation (TMS) protocol parameters and outcomes in treatment-resistant depression (TRD)

Protocol Duration

Total pulses, n

Targeting

Standard scalp-based heuristic
TMS/ITBS 4-6 weeks | =36,000-90,000 | L-DLPFC (Beam F3/
5-cm rule)
SAINT/SNT 5 days 90,000 fcMRI (sgACC)
scalp-based DLPFC
Dual-site (Beam F3/5-cm
acceleration 4 days S8 rule) + DMPFC (25%
nasion—inion)
scalp-based heuristic
Pururauka 5 days 180,000 L-DLPFC (Beam F3/
5-cm rule)
scalp-based heuristic
ONE-D 1 day 12,000 L-DLPFC (Beam F3/
5-cm rule)

Baseline TS e Follow-u
Augmentation . rate Evidence level . up
severity [9%] (time point)
none MADRS =30 (various level 1 post-
(e ~20-25 scales) (multiple RCTs) treatment
medications) P (4-6 weeks)
1 month
none MADRS 50-79 level 2 (primary);
~33 (MADRS) (2 RCTs) 12 weeks
(durability)
4 weeks
MADRS level 3 (primary);
rone <7 | 3B(MADRY (1RCT) 6 months
(durability)
level 4
17 post-
none T3D8R; (HDRS)/68 (usri\rfolr:»rac;\\mfd treatment;
’ (MADRS) 9 6 months
study)
6 weeks
DCS125mg+ | HDRS-17 JURDES - leve dlopen- (open-label);
LDX 20 m ~24 17)/49 label/case | 3 months
2 (PHQ-9) series)

(case series)

Remission rates reflect the highest reported figures from cited studies: SAINT/SNT: 79% from an original RCT (Cole, Phillips, et al,, 2022), 50% from

a confirmatory second RCT (Kratter et al., 2026); ONE-D: 71% from open-label series (Vaughn, Marino, Engelbertson, Dojnov, Johnson, et al,, 2025), 49% from
propensity-matched comparison (Berlow et al,, 2026); Pururauka: 17% remission on HDRS-17 (<7) at 6 months, 68% remission on MADRS post-treatment
(Virto-Farfan et al,, 2025); this protocol enrolled patients with severe baseline depression (mean HDRS of 38.89), with HDRS values substantially higher than
those reported in other listed protocols (=20-25). Therefore, remission rates are not directly comparable across rows.

DCS - D-cycloserine; DLPFC — dorsolateral prefrontal cortex; DMPFC — dorsomedial prefrontal cortex; fcMRI - functional connectivity magnetic

resonance imaging; HDRS — Hamilton Depression Rating Scale; iTBS — intermittent theta-burst stimulation; L-DLPFC — left-dorsolateral prefrontal cortex;
LDX - lisdexamfetamine; MADRS — Montgomery-Asberg Depression Rating Scale; ONE-D — Optimized, Neuroplasticity-Enhanced techniques in Depression;
PHQ-9 - Patient Health Questionnaire-9; ITMS — repetitive transcranial magnetic stimulation; RCT - randomized controlled trial; SAINT — Stanford
Accelerated Intelligent Neuromodulation Therapy; sgACC - subgenual anterior cingulate cortex; SNT — Stanford Neuromodulation Therapy.
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Fig. 1. Transcranial magnetic stimulation (TMS) protocol landscape: treatment duration versus reported remission rate

Each bubble represents a study or protocol estimate. The x-axis is logarithmic. The conventional-course standard rTMS/iTBS benchmark aggregates
evidence across multiple trials and is therefore shown as a fixed diamond rather than an n-scaled bubble. For protocols with more than 1 report, including
ONE-D and SAINT/SNT, results from separate studies are plotted separately. The remission estimates were obtained using different outcome measures

and assessment time points and are not directly interchangeable; study-specific details are provided in Table 1. Pururauka is plotted at 68% MADRS-based
remission post-treatment; the 17% HDRS-17 remission rate at 6 months is reported separately. DCS + iTBS (Cole et al,, 2022) is positioned at 28 elapsed days,
reflecting the full 4-week course of 20 weekday sessions. The curved arrow indicates a conceptual direction toward shorter treatment duration and higher

remission; it is not a fitted trend.

DCS - D-cycloserine; HDRS — Hamilton Depression Rating Scale; iTBS — intermittent theta-burst stimulation; MADRS — Montgomery-Asberg Depression
Rating Scale; ONE-D - Optimized, Neuroplasticity-Enhanced techniques in Depression; PHQ-9 — Patient Health Questionnaire-9; RCT — randomized
controlled trial; ITMS - repetitive transcranial magnetic stimulation; SAINT — Stanford Accelerated Intelligent Neuromodulation Therapy; SNT — Stanford

Neuromodulation Therapy.

Centers/Clinical TMS Society/International Federation of
Clinical Neurophysiology) consensus acknowledges ac-
celerated protocols as promising but notes that the evi-
dence is limited to small samples, and SAINT is not yet
a clinical standard of care (Trapp et al., 2025). A recent
editorial underscores that no single accelerated protocol
has emerged as superior. Key parameters (number of daily
sessions, inter-session interval, pulse number per session,
and stimulation intensity) remain empirically unresolved,
with multiple effective configurations likely to coexist
(Fitzgerald et al., 2026). The principal protocol param-
eters and reported remission outcomes are summarized
in Table 1 and Fig. 1.

Augmentation: Pharmacological
optimization of the neuroplastic window

The concept of pharmaco-TMS (Brown and Philip, 2025)
posits that TMS provides the directional stimulus (which
circuits to change), while pharmacology ensures the opti-
mal chemical environment for plasticity. D-cycloserine is

the only agent with RCT evidence for specifically enhanc-
ing TMS-induced synaptic plasticity. The ONE-D proto-
col represents its most comprehensive clinical translation
to date, combining pharmacological augmentation with
single-day accelerated delivery.

D-cycloserine, a partial agonist at the glycine site of the
NMDA receptor (100-125 mg), enhances bidirectional
NMDA receptor-dependent synaptic plasticity (Vestring
et al., 2024). In a peer-reviewed RCT on depression, Cole,
Sohn, et al. (2022) (n = 50) demonstrated a 73.9% response
in the iTBS + DCS group vs. 29.3% with iTBS + placebo,
with remission at 39.1%, and an effect size of d = 0.99.
DeMayo et al. (2025) subsequently identified a serum DCS
threshold of 7 pg/mL predictive of response, opening the
way for pharmacokinetic-guided dosing. The augmenta-
tion paradigm has since extended to obsessive-compulsive
disorder, where a triple-blind, sham- and placebo-con-
trolled RCT targeting the medial prefrontal cortex found a
similarly large effect (d = 1.34 vs. sham; n = 24), suggesting
that NMDA receptor-dependent plasticity enhancementt
may represent a transdiagnostic, circuit-general principle
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rather than a depression-specific phenomenon (McGirr
et al., 2025). Secondary analyses of the depression RCT
demonstrated rapid reduction of suicidal ideation with
concurrent modification of implicit suicide-related cogni-
tive bias, an effect independent of overall depressive symp-
tom improvement (Sohn et al., 2025).

The evidence base for ONE-D is at an early develop-
mental stage. To date, no randomized, sham-controlled
trial has been completed. The available data come from a
single open-label case series, one retrospective propensity-
matched comparison (currently a preprint), a peer-reviewed
5-patient case series, and a single independent case report.
The findings reviewed below should therefore be consid-
ered hypothesis-generating rather than confirmatory.

The ONE-D protocol (Vaughn, Marino, Engelbertson,
Dojnov, Johnson, et al., 2025) represents the most compre-
hensive implementation of this concept, combining DCS
(125 mg) and LDX (20 mg) with single-day accelerated
delivery (20 iTBS sessions over 9.5 h, 30-min inter-session
intervals, scalp-heuristic targeting of the L-DLPFC). The
mechanistic rationale for adding LDX to the ONE-D regi-
men is biologically plausible but currently entirely specu-
lative. As a prodrug converted to d-amphetamine, LDX
elevates synaptic dopamine and norepinephrine, and ani-
mal data suggest that catecholaminergic tone may modu-
late the threshold for NMDA-dependent LTP and prolong
post-stimulation plasticity (Brown and Philip, 2025). How-
ever, no randomized, controlled, placebo-blinded study
has tested LDX as an adjunct to TMS in any indication,
and no human study has demonstrated that LDX modi-
fies TMS-induced cortical plasticity, behavioral response,
or neurophysiological biomarkers. Therefore, the avail-
able data do not permit any inference about whether LDX
contributes to ONE-D outcomes; the protocol should be
regarded as an empirically untested combination inter-
vention until factorial designs (DCS alone vs. DCS + LDX
vs. placebo) are completed. In an open-label series
(n=32; TRD), ONE-D reported 87.5% response and 71.9%
remission at 6 weeks (HDRS-17, intention-to-treat). A sub-
sequent propensity-matched retrospective comparison
(n = 106 (single-day) vs. n = 191 (once-daily TMS)) found
Patient Health Questionnaire-9 (PHQ-9) remission rates
of 49.1% vs. 25.1% (p < 0.0001), thereby maintaining the
approx. 2-fold advantage over conventional TMS (Berlow
et al., 2026). A peer-reviewed case series involving 5 pa-
tients confirmed sustained remission at 3—6 months across
several protocol variants and revealed a distinctive tempo-
ral dissociation between the single-day intervention and
full therapeutic response, which in some cases required
up to 6 weeks, consistent with a delayed neuroplastic
cascade (Vaughn, Marino, Engelbertson, Dojnov, Stine,
etal.,2025). A case report from a separate clinical center re-
ported the use of the core ONE-D approach, with a reduction
in HDRS-17 from 20 to 2 within 1 week (Middleton et al.,
2025). Randomized controlled trials are essential to con-
firm efficacy of the treatment.

Several methodological limitations should be empha-
sized. First, the absence of a sham-controlled randomized
design precludes any conclusion about specific efficacy vs.
placebo or expectancy effects, which can be substantial in
TRD trials. Second, the retrospective propensity-matched
comparison study (Berlow et al., 2026) is currently a pre-
print. Third, the relative contributions of single-day de-
livery, DCS, LDX, and concurrent care cannot be disen-
tangled from the existing data. Fourth, the reports include
overlapping authorship and do not yet constitute fully in-
dependent replication. A randomized, sham-controlled
trial isolating each component is essential before ONE-D
can be recommended for clinical adoption.

Precision and personalization: from the
5-cm rule to individualized protocols

Traditional coil positioning relied on the 5-cm rule
(5 cm anterior to the motor hand area), which frequently
missed the DLPFC entirely (Herwig et al., 2001). Contem-
porary precision operates at multiple levels, forming a
practical good—better—best ladder for clinical implemen-
tation. At the entry tier, pragmatic scalp-based rules such
as the Beam F3 method (or the original 5-cm rule) allow
for rapid targeting without imaging resources; at the next
tier, anatomical MRI-guided neuronavigation refines coil
placement to each patient’s cortical anatomy; and at the top
tier, fcMRI identifies the precise DLPFC point maximally
anticorrelated with the sgACC, while electric-field model-
ing (e.g., SimNIBS), network-based targeting approaches
such as Targeted Functional Network Stimulation (TANS),
and diffusion tractography further optimize coil orienta-
tion (Cash and Zalesky, 2024). This stepped model allows
busy community clinics to select an approach matched to
available resources and expertise, facilitating broader ac-
cess to precision TMS without requiring all sites to adopt
the most resource-intensive protocols immediately.

Clinical evidence for individualized targeting is growing,
but large head-to-head trials remain limited. Connectivity-
based targeting is grounded in the observation that antide-
pressant response is associated with stimulating L-DLPFC
sites intrinsically anticorrelated with the sgACC (Fox
et al., 2012). Promising clinical outcomes have been re-
ported with individualized fcMRI-guided protocols, in-
cluding robotically delivered approaches (Hearne et al.,
2025). At the same time, consensus guidelines continue
to endorse pragmatic scalp-based rules (e.g., Beam F3 or
5.5 cm) when neuronavigation or fcMRI-guided targeting
is unavailable, given the cost and workflow complexity of
precision pipelines (Trapp et al., 2025).

Beyond spatial precision, personalization extends to the
temporal domain and to patient selection — determin-
ing when to stimulate and who is most likely to respond.
Closed-loop TMS—-EEG systems can synchronize pulses
with real-time oscillatory activity, aiming to deliver stimu-
lation at temporally optimal phases of cortical excitability.
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Resting-state EEG is also emerging as a cost-accessible
complement to fcMRI for patient stratification: reductions
in L-ACC beta power following Stanford Neuromodula-
tion Therapy (SNT) correlate with clinical improvement
(tho=~0.5), and elevated pre-treatment L-ACC beta power
predicts greater antidepressant benefit (Kratter et al.,
2026), raising the prospect of EEG-guided patient se-
lection and adaptive, beta-informed stimulation timing.
Emerging work suggests that TMS-derived cortical excit-
ability metrics may extend beyond treatment monitor-
ing toward diagnostic classification of MDD itself, with
machine learning models combining novel motor evoked
potential (MEP)-derived indices (8 and p) achieving >82%
accuracy in preliminary studies. However, replication in
larger samples is required (Lopez Pereyra et al., 2026).
The envisioned multimodal pipeline (diagnostic fcMRI,
stimulation guided by diffusion tensor imaging/finite ele-
ment method (DTI/FEM) modelling, and real-time opti-
mization via closed-loop EEG/magnetoencephalography
(MEG) with artificial intelligence (AI)) is technologically
feasible at each step; the challenge lies in integrating it into
a clinically practical workflow (Cash and Zalesky, 2024;
Fitzsimmons et al., 2024).

Positioning TMS in treatment
algorithms: Efficacy, safety, and
cost-effectiveness

Recent comparative trials are repositioning TMS from a
last-resort option to a parallel step in TRD algorithms. In
the ASCERTAIN-TRD study (n = 278), rTMS augmenta-
tion and aripiprazole augmentation both improved depres-
sive symptoms more than antidepressant switching on the
primary Symptoms of Depression Questionnaire (SDQ)
(Papakostas et al., 2024). Mean SDQ change was -33.25
(rTMS) and —33.32 (aripiprazole) vs. -28.73 with switch-
ing; rTMS also produced greater MADRS improvement
than switching (-17.39 vs. -13.22). In a separate random-
ized trial of antidepressant non-responders, rTMS as the
next step yielded substantially higher remission rates than
continued pharmacotherapy (27.1% vs. 4.9%) (Dalhuisen
et al., 2024). Comparative data against intranasal esket-
amine remain indirect. An individual participant data
analysis using propensity score matching suggested that
both rTMS and esketamine outperformed antidepres-
sant medication, with no statistically significant differ-
ences between the 2 active treatments (estimated mar-
ginal mean difference = —2.46, 95% confidence interval
(95% CI): -5.82—-0.89) (Kaster et al., 2025).

Beyond efficacy, TMS offers a favorable safety and tol-
erability profile relative to systemic pharmacotherapy.
O’Sullivan et al. (2024) systematically compared rTMS,
selective serotonin reuptake inhibitors (SSRIs), psychother-
apy, and electroconvulsive therapy (ECT) across multiple

domains and argued that conventional rTMS already meets
the Canadian Network for Mood and Anxiety Treatments
(CANMAT) criteria for first-line status in major depres-
sive episodes. Key advantages include a substantially
lower risk of serious adverse events (seizure incidence ap-
prox. 1 per 60,000 sessions; manic conversion rate com-
parable to sham) and higher treatment completion rates
(dropout: 7.5-12% vs. 15-19% for SSRIs; compliance: 80-90%
vs. 62—66%), the latter being a clinically significant advan-
tage given that antidepressant non-adherence is a major
contributor to treatment failure and relapse. These data
suggest that rTMS could be positioned earlier in treatment
algorithms, not solely after pharmacotherapy failure, par-
ticularly for patients with contraindications to systemic
medication, a history of intolerance, or a preference for
non-pharmacological approaches.

Recent health-economic analyses in Canada and the
United Kingdom suggest that rTMS/iTBS is cost-effective
relative to pharmacotherapy alone, particularly when ser-
vices achieve sufficient throughput, further supporting
consideration of TMS as an earlier-line treatment option
(Cox et al., 2026; O’Sullivan et al., 2024). Downar (2025)
introduced the metric of treatment time per remission
(TTPR): conventional protocols require over 100 h, ac-
celerated protocols under 20 h, and single-day regimens
under 5 h, approaching cost parity with pharmacotherapy.

Maintenance TMS: Sustaining the
accelerated response

The long-term durability of accelerated TMS re-
sponse remains underinvestigated. Two systematic re-
views (d’Andrea et al., 2023, n = 847; Wilson et al., 2022,
n = 1,494) converge on several conclusions: maintenance
TMS significantly reduces relapse rates; at least 3 monthly
sessions are needed to sustain response; cluster and con-
tinuous protocols outperform single-session monthly
schedules; and the risk of relapse peaks approx. 5 months
after acute treatment, delineating a critical vulnerability
window. Notably, some patients who did not meet remis-
sion criteria at the end of the acute course subsequently
converted during maintenance sessions, suggesting
a “delayed conversion” phenomenon that parallels the de-
layed neuroplastic cascade described for the ONE-D pro-
tocol (see: “Augmentation: Pharmacological optimization
of the neuroplastic window”).

A recently published Dutch-Flemish consensus state-
ment provides the most comprehensive framework to date
for structuring maintenance practice (Dalhuisen ez al.,
2026). Based on a systematic PubMed® review of 22 studies
(through June 2025) and 2 expert consensus meetings, the
panel categorized maintenance approaches into 3 types: ta-
pering (symptom-guided gradual reduction immediately
after acute treatment); maintenance rTMS (fixed-interval
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single or clustered sessions); and retreatment (reinitiating
afull treatment course upon relapse). Among maintenance
protocols, clustered sessions (specifically 5 sessions per
month delivered over 2.5-5 days) showed the most con-
sistent evidence for sustaining remission across open-label
studies, while single-session monthly schedules produced
inconsistent results. A 2025 RCT comparing weekly main-
tenance rTMS to lithium over 24 weeks found no signifi-
cant differences in relapse rates (7 events/group), while the
rTMS arm demonstrated substantially better tolerability
(Noda et al., 2025). Retreatment upon relapse, repeating
the acute protocol, was effective in over 85% of previously
responding patients surveyed across Dutch institutions,
frequently requiring fewer sessions than the original acute
series. The consensus recommendations emphasize indi-
vidualized, symptom-guided decision-making and struc-
tured monitoring (e.g., periodic symptom questionnaires)
to identify the optimal time to initiate maintenance or
retreatment.

The accelerated delivery model enables a qualitatively
distinct, reactive maintenance paradigm. Stimpson et al.
(2026) tested personalized continuation therapy (PCT)
with SAINT. Twenty-one TRD participants, remotely
monitored via wearable biometrics, received symptom-
triggered retreatment over 12 months. Participants spent
85.9% of follow-up in remission, requiring a mean of only
2.3 treatment days per retreatment course, with no evi-
dence of tachyphylaxis across repeated administrations.
The absence of tachyphylaxis is clinically significant, as it
addresses a key concern that intensive stimulation proto-
cols might progressively saturate the capacity for synaptic
plasticity. These preliminary findings suggest that acceler-
ated TMS may be amenable to an “as-needed” treatment
model analogous to episodic pharmacotherapy. However,
confirmation is required in controlled trials with longer
follow-up.

Parkinson’s disease and the
somato-cognitive action network

Consider a 67-year-old former civil servant with idio-
pathic PD who, despite optimized levodopa therapy, expe-
riences increasing axial symptoms, namely gait freezing,
postural instability, and dysarthria, that respond poorly
to dopaminergic adjustment. Such a phenotype, where
the limiting symptoms reflect non-dopaminergic circuit
dysfunction beyond the cardinal striatal pathology, exem-
plifies the unmet need that has motivated the reframing of
rTMS targets in PD discussed in this section.

Parkinson’s disease offers an instructive case study for
integrating acceleration and precision targeting and for
motivating future augmentation studies. Transcranial
magnetic stimulation has been investigated in PD for
decades, with meta-analyses reporting modest motor
improvements but high heterogeneity (Yang et al., 2018;

Zhang et al., 2022). The fundamental problem has been
the absence of a pathophysiology-grounded cortical target.
Most trials stimulated the M1 hand area or supplementary
motor area based on anatomical landmarks, treating the
motor cortex as a homogeneous structure.

Recent work has reframed this problem. Gordon et al.
(2023) discovered that the primary motor cortex contains
interleaved SCAN regions responsible for whole-body ac-
tion coordination, arousal regulation, and autonomic con-
trol, alternating with effector-specific (foot, hand, mouth)
motor representations along the central sulcus. Jensen
et al. (2023) independently confirmed a motor association
area in the depths of the central sulcus, and Dosenbach
et al. (2025) further characterized the SCAN as the brain’s
action-mode network. Ren et al. (2026), using a large mul-
timodal dataset (n = 863), demonstrated that 6 subcortical
structures central to PD are preferentially connected to
the SCAN. The authors noted that PD is characterized by
disease-specific SCAN-to-subcortex hyperconnectivity,
and, most critically for clinical practice, that all effective
PD treatments (deep brain stimulation (DBS), levodopa,
TMS, focused ultrasound) converge on normalizing this
hyperconnectivity. This parallels the role of the sgACC as
a connectivity hub in depression-focused TMS, suggesting
that circuit-level targeting may be a generalizable principle
across neuromodulation indications.

The same study included an RCT comparing SCAN-
targeted vs. effector-targeted iTBS in 36 PD patients
(accelerated schedule: 7,200 pulses/day, 14 days). The
SCAN group demonstrated approx. twice the motor
improvement (Movement Disorder Society-Unified
Parkinson’s Disease Rating Scale Part III (MDS-UPDRS-
III) reduction: 13.48 points vs. 6.49 points), with gains
across all subdomains. Critically, SCAN-targeted stimu-
lation reduced pathological hyperconnectivity, whereas
effector-targeted stimulation did not, providing both a
mechanistic explanation and a candidate treatment bio-
marker. The result is noteworthy because all stimulation
parameters were identical, except for the cortical target.
However, the trial lacked a sham arm, limiting conclusions
about the overall effect of TMS compared to placebo. The
implications of this absence merit closer examination.
Placebo responses in PD trials are typically large — meta-
analyses report mean MDS-UPDRS-III reductions of ap-
prox. 4—6 points in sham-stimulation arms, occasion-
ally exceeding 8 points in surgical-blind designs. The
6.49-point reduction observed in the effector-targeted
arm is therefore within the range plausibly attributable to
expectancy alone, while the 13.48-point reduction in the
SCAN arm clearly exceeds typical placebo magnitudes.
The differential motor improvement and the differential
normalization of SCAN-to-subcortex hyperconnectivity
together support a target-specific effect. However, the
overall efficacy of SCAN-targeted TMS in PD beyond
placebo cannot be quantified from this design. A multi-
center, sham-controlled trial is the necessary next step.
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The SCAN-PD findings invite further integration of the
framework. The established glutamatergic dysfunction of
basal ganglia circuits in PD (McGregor and Nelson, 2019)
provides a rationale for pharmacological augmentation
of NMDA-dependent plasticity, though no study has yet
tested this combination. The protocol already employed
an accelerated schedule; whether further compression
is feasible remains to be explored. SCAN-to-subcortex
hyperconnectivity as a biomarker could enable adaptive
treatment protocols, and EEG-based proxies, potentially
derived from beta-band coherence patterns (Mantini et al.,
2007), could reduce dependence on fcMRI for SCAN lo-
calization. More broadly, the PD trial illustrates a gener-
alizable three-step logic: discover the circuit architecture;
characterize its disease-specific dysregulation; and target
it individually, a template that may serve for psychiat-
ric applications. However, a critical difference must be
acknowledged. Parkinson’s disease has a relatively well-
understood neurodegenerative cause that may make it be-
have as a single pathophysiological entity with a mappable
network-level correlate. Depression and other psychiatric
disorders likely encompass multiple distinct entities, each
potentially involving different network-level dysfunctions
(Drysdale et al., 2017). They may therefore require iden-
tification of multiple disorder-specific circuit signatures
before comparable precision can be achieved.

Beyond depression and
Parkinson’s disease

While depression and PD provide the most developed
test beds for the 3 principles reviewed here, accelerated,
multi-site, augmented, and connectivity-based rTMS pro-
tocols are increasingly being explored across the neuropsy-
chiatric spectrum. The most directly analogous example to
the depression and PD paradigms reviewed above comes
from Alzheimer’s disease. Koch et al. (2022) targeted
the precuneus — a key node of the default mode network
(DMN) — in a 24-week phase 2 randomized, double-blind,
sham-controlled trial, demonstrating slowed cognitive and
functional decline in mild-to-moderate AD. A 52-week
extension using personalized neuronavigated TMS-EEG
to refine the precuneus target confirmed durable benefit
across cognition, activities of daily living and behavioral
symptoms (Koch et al., 2025). A recent narrative synthe-
sis from the same group situates this program within a
broader framework for non-invasive brain stimulation in
dementia (Koch et al., 2024). The Koch protocol is notable
because it combines acceleration with connectivity-based
precision targeting, further refined by EEG-guided per-
sonalization. An earlier randomized double-blind sham-
controlled trial established proof of concept for combining
multi-site rTMS with cognitive training in mild-to-mod-
erate AD (Lee et al., 2016), a complementary augmenta-
tion strategy that has continued to inform contemporary

multi-target dementia protocols. Beyond AD, sequential,
neurocircuit-informed rTMS targeting both the DLPFC
and DMPFC has shown promise for bipolar II disorder in
adolescents (Luo et al., 2024), extending the dual-site logic
developed in adult depression. Accelerated rTMS targeting
the primary motor cortex is also under randomized inves-
tigation for chronic neuropathic pain (e.g., NCT05295498).
For obsessive—compulsive disorder, DCS augmentation of
TMS produced large-effect results in a triple-blind RCT
(McGirr et al., 2025), as discussed in “Augmentation: Phar-
macological optimization of the neuroplastic window”.
This finding suggests that the augmentation principle may
transfer beyond depression. Comparable efforts are under-
way in addiction (DLPFC accelerated protocols), tinnitus
(auditory-cortex multisite designs), and post-stroke mo-
tor rehabilitation. These applications are mentioned for
completeness; a comprehensive cross-indication synthesis
would warrant a separate review.

Limitations and translational
challenges

Enthusiasm must be tempered by critical appraisal.
Many key findings are based on small samples (n = 29-36
in the key RCTs for SAINT and SCAN-targeted PD-TMS).
The NNDC/CTMS/IFCN consensus (Trapp et al., 2025)
explicitly notes that SAINT is not yet a clinical standard.
Durability data for accelerated protocols are limited to 4—6
weeks in most studies. Moreover, approx. half of SAINT
responders relapsed within 12 weeks in 1 follow-up study,
highlighting the need for maintenance strategies (Geoly
et al., 2025; Fitzgerald et al., 2026). The SCAN-targeted
TMS trial lacked a sham control. While comparing 2 active
targets demonstrates the superiority of SCAN targeting,
it does not isolate the overall TMS effect from placebo.
Multicenter replication is essential.

Precision targeting introduces logistical and economic
barriers: fcMRI-guided personalization requires special-
ized imaging, computational infrastructure, and expertise
not yet available in most clinical settings; conventional
methods such as Beam F3 have yielded lower response rates
in indirect cross-study comparisons. However, dedicated
head-to-head trials are still needed (Cash and Zalesky,
2024), as no prospective clinical trial has yet demonstrated
superior outcomes for imaging-based targeting over practi-
cal scalp-based methods that account for head size, such
as Beam F3 (Fitzgerald et al., 2026). Evidence of pharma-
cological augmentation comes from a single trial (n = 50).
The plasticity ceiling concept, which posits that intensive
protocols may saturate synaptic LTP capacity, limiting the
additional benefit of NMDA agonism, requires empirical
testing (Ganesh et al., 2025). However, preliminary data
from PCT suggest no tachyphylaxis across repeated ac-
celerated courses (see: “Maintenance TMS: Sustaining the
accelerated response”).
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Several additional methodological concerns warrant
consideration. Protocol heterogeneity across accelerated
TMS studies limits direct comparison and impedes iden-
tification of optimal parameters. Many key findings origi-
nate from a small number of research groups (notably Cole
for SAINT/SNT, Downar/Vaughn for ONE-D, and Ren/
Zhang for SCAN-PD), raising concerns about indepen-
dence from replication and investigator allegiance. Avail-
able data come overwhelmingly from North American and
East Asian cohorts; generalizability to European popula-
tions remains untested. Finally, publication bias is a con-
cern, and several cited studies (Berlow et al., 2026; Ganesh
et al., 2025) are preprints that were not peer-reviewed.

The present review is narrative in scope, without formal
risk-of-bias assessment or meta-analytic pooling. System-
atic reviews with pre-registered protocols are needed for
each domain discussed here.

Implications for the Polish
healthcare context

Translation of the protocols reviewed here into routine
clinical practice in Poland will face several practical bar-
riers. Functional connectivity MRI-guided targeting re-
quires resting-state MRI acquisition with individualized
post-processing pipelines, expertise that is currently con-
centrated in academic centers. Reimbursement pathways
for accelerated TMS, including SAINT-type protocols, are
not yet defined within the Polish public health system, and
the National Health Fund (NFZ) reimburses only stan-
dard rTMS for TRD in selected centers. Pharmacological
augmentation with DCS is feasible (DCS may be sourced
via direct import authorization in some European Union
(EU) jurisdictions), whereas LDX has been available in
Poland since 2023 but remains restricted to attention defi-
cit hyperactivity disorder (ADHD) indications, requiring
off-label use under appropriate institutional governance
for any TMS-augmentation application. We therefore an-
ticipate that the most immediately translatable advances
for Polish settings are: 1) accelerated iTBS schedules us-
ing scalp-based targeting (Beam F3), which require no
additional imaging infrastructure; 2) DCS augmentation,
contingent on protocol approval and drug sourcing; and
3) the conceptual framework of circuit-based targeting,
which may inform research collaborations with centers
possessing fcMRI capability.

Conclusions

Transcranial magnetic stimulation is entering a phase
of active development defined by the convergence of accel-
eration, augmentation, and precision targeting. Together,
these principles share a simple aim: to maximize the bio-
logical impact of each stimulation session by delivering

treatment efficiently, within a neuroplasticity-optimized
milieu, and to the right cortical target for each patient.

Parkinson’s disease illustrates the integration of accel-
eration and precision targeting particularly clearly; phar-
macological augmentation remains a testable extension.
The demonstration that SCAN-targeted stimulation ap-
prox. doubled motor improvement over effector-targeted
stimulation (using identical parameters) provides initial
evidence for circuit-informed target selection. However,
the absence of a sham arm and the small sample (n = 36)
require confirmatory trials before clinical adoption.

Across indications — from TRD, where TMS is increas-
ingly positioned alongside pharmacotherapy and esket-
amine, to PD, where circuit-level targeting has shown early
promise — these 3 principles provide a framework for ongo-
ing clinical innovation. The TTPR metric (Downar, 2025)
suggests that accelerated and augmented protocols may
eventually bring TMS toward cost parity with pharma-
cotherapy, though this depends on achieving sufficient
clinical throughput. Current priorities include adequately
powered multicenter RCTs, scalable precision-targeting
workflows, systematic pharmacological augmentation tri-
als, and biomarker integration to enable adaptive, individu-
alized treatment. For the patient described in our introduc-
tion, the 42-year-old teacher who has exhausted standard
pharmacological options, these developments suggest that
a single day of pharmacologically augmented TMS, even
with scalp-based targeting, may warrant evaluation as an
alternative to prolonged medication adjustment, pending
confirmation in controlled trials.
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