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ABSTRACT 

Pregnancy is a critical development period, in a way that small alterations can be crucial in 

shaping an individual's health for the rest of his life. Depending on wich adversive conditions 

the fetus is exposed to, like metabolic, hormonal and nutricional alterations by the mother, there 

is a higher susceptibility in developing certain diseases, syndromes and disturbs. Among the 

aforementioned adversities, we can mention the excessive use of synthetic glucocorticoids 

during pregnancy. It is known that glucocorticoids act at various levels within the fetal brain, 

physiologically modulating the individual's neurological function, and, by that, exposing him 

to cognitive decline and behavioral changes. This review aimed to explore some evidence of 

the impact of excessive glucocorticoid signaling on HPA axis modulation and consequent fetal 

adaptive changes, related to the vulnerability of the development of Attention Deficit 

Hyperactivity Disorder (ADHD). In view of the growing number of diagnoses of this disease, 

it is necessary to review medical recommendations, the use of these drugs by pregnant women 

and infants, and public health policies. 

 

Keywords: gestation, HPA axis, fetal programming. 

 

RESUMO 

A gestação é um período crítico de desenvolvimento, de maneira que pequenas alterações 

podem ser determinantes em moldar a saúde de um indivíduo pelo resto de sua vida. Condições 

adversas às quais o feto é exposto, como alterações metabólicas, hormonais e nutricionais, 
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aumentam sua suscetibilidade ao desenvolvimento de doenças, síndromes e distúrbios. Dentre 

estas adversidades, destaca-se o uso excessivo de glicocorticoides sintéticos durante o período 

gestacional. Sabe-se que os glicocorticoides atuam em vários níveis dentro do cérebro fetal, 

modulando fisiologicamente a função neurológica do indivíduo e expondo-o a quadros de 

declínios cognitivos e alterações comportamentais. Assim, pode-se concluir que a exposição 

fetal excessiva aos glicocorticoides pode promover modificações importantes no 

funcionamento do eixo hipotálamo-pituitária-adrenal (HPA) que comprometem sua função e 

impedem o desenvolvimento corporal e cerebral usual do feto. Este comprometimento pode 

estar diretamente associado aos sinais clínicos do transtorno de déficit de atenção e 

hiperatividade (TDAH) observados. Frente ao crescente número de diagnósticos desta doença, 

faz-se necessário a revisão de recomendações médicas, do uso destes medicamentos por 

gestantes e lactentes e das políticas de saúde pública. 

  

Palavras-chave: gestação, Eixo HPA, programação metabólica. 

  

 

1 INTRODUCTION 

The use of medications by pregnant women is common in medical practice, and in 

countries such as France, Canada, the United States, and Brazil, 80% of women use drugs 

during pregnancy.  To these values, we can add the fact that the intrauterine period is marked 

by fetal metabolic programming that, in the face of possible maternal injuries, can permanently 

interfere in the structural, functional, and metabolic components of the fetus as part of an 

adaptive response to the environment in which it is inserted. Among these injuries are bad eating 

habits, lack of exercise, sleep deficit and, above all, the excessive use of medications such as 

synthetic glucocorticoids (OWEN, 2005; COSTA et al. 2017; MONTENEGRO YAH, 2019). 

Glucocorticoid metabolism differs between the adult and the fetus, since maternal 

glucocorticoids can cross the placental barrier. The fetal hypothalamic-pituitary-adrenal (HPA) 

axis is partly responsible for regulating endogenous glucocorticoid production. Therefore, as 

this axis has not yet reached its full maturity, several enzymes play a key role in its regulation. 

Glucocorticoid signaling is marked by three distinct windows during the embryonic and fetal 

period, highlighting that both excessive signaling, mediated by prolonged synthetic 

administration, and lack of signaling can negatively impact fetal development and predispose 

individuals to develop diseases late in adulthood (OWEN, 2005; BUSADA, 2017; KATZUNG, 

2017). 

Thus, during gestation, fetal exposure to synthetic glucocorticoids has significant effects 

on the reduction of HPA axis activity. This condition is justified by the fact that some classes 

of glucocorticoids are not metabolized by the enzyme 11b-hydroxysteroid dehydrogenase (11b-

HSD), expressed by the placenta and responsible for converting active cortisol into inactive 
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cortisol, thus being associated with a greater transfer of maternal cortisol to the fetus (OWEN, 

2005; BUSADA, 2017; KATZUNG, 2017; MONTENEGRO YAH, 2019).  

Moreover, the high level of plasma ACTH and, consequently, its prolonged action in 

the individual are associated with a reduction in the density of glucocorticoid receptors in the 

nervous system and an increase in the expression of the dopamine receptor, leading to failures 

in the formation of structural components of the prefrontal cortex, interfering in the behavioral 

and cognitive spheres, as happens in attention deficit hyperactivity disorder (TDAH) 

(KATZUNG, 2017; BENZING; SCHMIDT, 2019; CHEN et al., 2019).  

ADHD, in turn, is characterized by a fragmented pattern of deficits in relatively 

independent cognitive domains. Characteristics of these cognitive domains generally include 

inhibition, decreased working memory, response variability, arousal, temporal information 

processing, activation, memory, decision making, delay aversion, impulsivity, hyperactivity, 

and inattention (BENZING; SCHMIDT, 2019).  

In this sense, the study seeks to elucidate the direct relationship between exogenous 

glucocorticoid use during all phases of the gestational period and the development of ADHD 

in the offspring.  

 

2 METHODOLOGY 

A systematic review was conducted on the main changes caused by the use of exogenous 

glucocorticoids and their relation to the development of ADHD. The search was conducted for 

clinical studies, systematic reviews, and meta-analyses published in English and Portuguese in 

the PubMed, LILACS, Scielo, and CAPES Portal Periodicals databases from January 2012 to 

June 2022. In addition, we used papers found in a general search in the same databases with the 

same keywords but addressing their use in the titles and abstracts. 

The key words used were “glucocorticoid, neuronal development, pregnancy 

pharmacology, HSD3B2 enzyme, hypothalamus pituitary adrenal axis, dexamethasone, 

prednisone, cortisol, pregnancy, hippocampus, frontal lobe, ADHD, metabolic programming, 

fetal metabolism, maternal metabolism, types of glucocorticoids”. The following were used as 

filters: clinical trials, systematic review and meta-analysis in humans, full text and publication 

within the last 10 years. 

  

3 RESULTS 

The selected articles underwent a critical evaluation to verify whether they adequately 

responded to the proposed objectives and guiding question. The search for existing 
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bibliographies was based on the methodology described, and after its application, we obtained 

56 articles included in this systematic review.  

The productions found in the databases totaled 21,526 articles, being 314 in Scielo; 

2,481 in MEDLINE; 11,720 in PUBMED; 2,481 in LILACS, and 4,530 in the CAPES portal. 

The articles were numbered according to chronological order and the data were analyzed 

according to thematic approaches. 

Considering the exclusion and inclusion criteria applied (Figure 1), we subjected the 

search to these, excluding texts older than 10 years of publication; other associated pathologies; 

drugs other than corticoids associated with pregnancy; repeated articles; treatment of ADHD; 

review articles; other target population; incomplete texts and paid texts, leaving 457 articles. 

The inclusion of the remaining articles occurred by searching for the key words, described in 

the methodology, in the titles of the articles, including those that had them and fit into articles 

of systematic review, clinical trial and meta-analysis, where we obtained 43 usual publications.  

 

Figure 1 – Results obtained by searching databases. 

 
Authorship: Authors, 2023. 

 

Furthermore, for the composition of the references, we also used the advanced search 

mechanism, which combines terms and words present in the text. Thus, after the combination 

of the words "ADHA" and "Glucocorticoid", we obtained 81 results in the Pubmed, Scielo and 

Medline platforms, 64 of which in Pubmed, zero in Scielo and 17 articles in Medline.  
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However, from these 81 results, we excluded texts older than 10 years of publication 

(29); texts without the terms in the title (18); other pathologies and other medications associated 

with ADHD (12), repeated articles (5), and treatment of the disorder (6). Thus, only 11 articles 

were selected for the composition of this bibliographic review. Moreover, it was necessary for 

the authors to include 2 articles published in the "google academic" platform to compose the 

chapter: "ADHD and its relationship", totaling 13 articles. 

 

Figure 2 - Results obtained by searching databases with a combination of terms. 

 
Authorship: Authors, 2023. 

 

To these 13 results, the 43 obtained in the first search were added, thus totaling 56 

articles read and compiled. Figure 3 shows the percentage relation of the composition of the 

databases of the references used. Of these, 27 were from the PUBMED database, corresponding 

to 48.2% of the references; 8 from MEDLINE, 14.3%; 7 from SCIELO, 12.5%; 4 from 

LILACS, 7.1%; 2 from the CAPES journal, 3.6%, and other databases, totaling 14.3%, that 

needed to be added for a better elaboration of this article.   
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Figure 3 – Percentage of articles used by database. 

 
Authorship: Authors, 2023. 

 

With the selected articles, it was possible to perform the quantitative references, 

classified into 4 variants (year, number of authors, modality, and type of publication). As for 

the year variant, a pattern of exponential increase in research related to ADHD and 

corticosteroids was found in 2017, and 3 articles from the year 2012 were selected, 

corresponding to 5.3% of all references cited. In 2013, 4 articles were selected (7.1% of all 

production). From the year 2015, 3 articles were selected (5.3%); in 2016, 9 papers (16%); 2017 

was the year that had more results, 12 (21.5%) of all review; it was also obtained 7 articles from 

the year 2018 (12.5%), 6 articles from 2019 (10.7%), 5 articles from 2020 and 2021, 

corresponding to 9% each; besides 2 articles in 2022, 3.6% of the total articles included. 

When analyzing the number of authors who produced each selected text, 9 of these, 

present 1 author, corresponding to 16% of the total; 12 (21.5%) 2 authors; 14 (25.0%) 3 authors 

and 21 publications, or 37.5% of the selected articles, were written by 4 or more authors.   

The articles were divided into four subtypes: clinical trial, systematic review, meta-

analysis and dissertation, representing 21.5%, 41%, 26.8% and 10.7%, respectively, of the texts 

included.  

Finally, regarding the type of publication in terms of its place of publication, we found 

that about 46% of the references were published in journals; 20% in books; 20% in newspapers 

and 14% in other sites, including university sites and local publications. 
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Figure 4 - Characterization of the articles included in the review. 

 
Authorship: Authors, 2023. 

 

4 DISCUSSION 

4.1 METABOLIC PROGRAMMING 

Several studies indicate that the extrauterine environment has a strong influence on fetal 

development. Pregnant women who were the target of the stress caused by the attack on 

September 11th, 2001, in USA, had children with reduced cortisol concentration and babies 

susceptible to changes in their development (FALL et al, 2019). This condition can be explained 

by the concept of metabolic programming, introduced by David Barker in the mid-1980s. This 

is characterized by the adversities present in the intrauterine environment to which the fetus is 

exposed, promoting changes in its structural and/or systemic development, to adapt to the 

environment. In the long term, they may cause functional impairment to the individual and, 

consequently, a greater predisposition to several types of diseases (FALL et al, 2019; 

ROLDÃO, 2019; NORONHA; KALE; TORRES; COSTA; CAVALCANTI; SZKLO, 2017). 
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These changes occur in periods considered critical to development, in which the tissues 

have high cellular plasticity and are in an intense process of proliferation and differentiation. 

Faced with these moments, when adverse environmental conditions are observed, the 

developmental pathway can be redefined in an attempt to adapt to the changes the fetus is 

exposed to and prepare it for the type of environment it is likely to develop in (ALTARESCU, 

2020; BARBOSA, 2020). The fetal period and the first year after birth are considered critical 

moments for the brain development of the individual. Injury from the environment in which the 

individual is inserted can directly influence its formation process, since the fetal brain is 

undergoing an intense process of synaptic formation (MONTENEGRO YAH, 2019). 

After the end of neurulation, most of the billions of neurons that exist in the central 

nervous system are already formed and show intense cellular activity. However, it is in the fetal 

period, that neurons improve their specializations, through migration, connection and 

differentiation (GLOVER et al, 2017; PEARSON; TARABULSY; BUSSIÈRES, 2015). 

Between the 20th week of gestation and the early fetal period, the brain is already provided 

with the necessary structures for its mature functioning, but its cortical plate is still smooth. 

However, it is in the late fetal period that the specialization of the different regions of the brain 

occurs, and axons and synapses start to form in the cortical plate, progressing until early 

childhood. Thus, the fetal brain is vulnerable to injuries (MONTENEGRO YAH, 2019).  

Several maternal adversities can impact fetal development, such as stress, anxiety, 

depression, post-traumatic stress disorders, microbiota composition, eating disorders, sleep 

impairment, and indiscriminate use of synthetic glucocorticoids. These factors are associated 

with increased serum glucocorticoids, due to their relationship with the hypothalamic-pituitary-

adrenal (HPA) axis. This makes the axis highly susceptible to being programmed during 

development (PATRICK, STEPHEN, 2018). The consequent pathophysiological processes 

involved with the function of the HPA axis following prolonged maternal exposure to 

glucocorticoids are presumed to occur by epigenetic reprogramming in several biochemical 

pathways (MARCINIAK et al., 2017; BARBOSA, 2020; CASTRO, 2020). In humans, 

mutations in the 11βHSD-2 gene and increased fetal cortisol levels have been associated with 

intrauterine growth restriction (PERRONE et al, 2016). However, stress in the intrauterine 

environment is not only related to adult metabolic disorders, but also impacts the 

neuroendocrine and neurobehavioral system. Studies have shown an association between CRH 

(corticotrophin-releasing hormone) levels during pregnancy and cortical thinning, mainly in the 

temporal and frontal regions, directly related to the gestation time when stress is experienced 

and the stage of fetal brain development (PERRONE et al, 2016; MARCINIAK et al, 2017; 
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HANC, CORTESE 2018; ROLDÃO, 2019). Thus, studies evaluating mothers exposed to 

certain hormones, drugs and toxins, are conducted seeking to explore the period of maternal 

and fetal changes in gestation and how these influence the metabolic programming and future 

physical, mental and behavioral health of the offspring.  

 

4.2 GLUCOCORTICOIDS AND THEIR RECOMMENDATIONS 

To relieve the rheumatic pains of the gestational period, exogenous cortisol was first 

administered to pregnant women in 1948, two years after the advent of its synthesis in 1946. 

During subsequent years, its indications spread to the various medical specialties, including 

dermatology, endocrinology, oncology, ophthalmology, gynecology, and obstetrics 

(CASULARI; MOTTA, 2022; SACCONE; BERGHELLA, 2016; CUTOLO; IACCARINO; 

DORIA; GOVONI; SULLI; MARCASSA, 2013; LONGUI, 2007). However, side effects were 

observed in prolonged treatments, in which sodium retention with edema formation 

predominated. The unfavorable effects of these drugs were recognized, thus imposing limits on 

the use of glucocorticoids (GCs). In this sense, this aspect becomes a challenge to health 

professionals during the prescription of a drug, being necessary the risk-benefit evaluation for 

mother and fetus (TAVARES et al, 2021; RIBEIRO et al, 2017).  

When they reach the maternal systemic circulation, glucocorticoids can behave in two 

ways. The first is their inactivation by the placenta, as occurs with prednisone and prednisolone, 

where less than 10% of the active drug is detected in the fetal circulation. While dexamethasone 

and betamethasone are not inactivated (NAKAI T, KITADA A, FUKUI S, OKADA M., 2021; 

BRUNTON, 2018). Corticosteroid therapy in pregnancy is appropriate for controlling maternal 

diseases that are clinically active by exogenous replacement in physiological doses, in the face 

of adrenal gland insufficiency (SACCONE; BERGHELLA, 2016). 

During pregnancy, the administration of glucocorticoids is indicated for the treatment 

of children with structural heart disease associated with neonatal lupus and also for the cellular 

maturation of type II pneumocytes, consisting of increased production and secretion of 

surfactant and increased fluid absorption present in the lung, thus favoring its maturation for 

the postpartum period (PAULINO, 2021;  M.D., 2016). To mature the fetal lung, administration 

is indicated in pregnant women between 24 and 33 weeks 6 days, whenever there is a risk of 

preterm delivery, including multiple gestations and premature rupture of membranes (PMBO). 

For pregnant women with gestational age 23 weeks and above, who are at risk of preterm birth 

within 7 days, based on a family decision, administration is indicated regardless of the presence 



Brazilian Journal of Health Review 
ISSN: 2595-6825 

11367 

 

 

Brazilian Journal of Health Review, Curitiba, v. 6, n. 3, p. 11358-11378, may./jun., 2023 

 

of RPMO and the number of fetuses, with betamethasone and dexamethasone being the drugs 

of choice (SAÚDE, 2012; PAULINO, 2021). 

 

4.3 MATERNAL GLUCOCORTICOID METABOLISM 

During pregnancy, women experience several changes in their organism mediated by 

the placenta. This organ secretes hormones and peptides responsible for neuroendocrine control 

in the maternal brain, in order to promote physiological changes that optimize fetal development 

and protect it from adverse events, thus achieving reproductive success. Serotonin and 

melatonin play important roles in determining maternal mood and behavior, both during 

pregnancy and in the postpartum period. Furthermore, TRH (thyrotropin-releasing hormone) is 

responsible for the release of thyrotropin hormone from the anterior pituitary gland. In high 

amounts, it is essential for stimulating the secretion of the prolactin-like hormone by the 

placenta.  During the first trimester of gestation, increased expression of genes encoding 

different ligands and receptors that support the interaction between placenta and maternal brain 

have been observed (BEHURA SK et. al, 2019; BRUTON, 2018; PEARSON; TARABULSY; 

BUSSIÈRES, 2015).  

Thus, the maternal hypothalamus plays a central role in regulating different fetal 

endocrine systems, such as the hypothalamic-pituitary-adrenal (HPA) axis. The regulation of 

the HPA axis will be critical to control fetal serum glucocorticoid levels (CAI, 2021; 

GJERSTAD, 2018; HERMAN, 2016). Moreover, high levels of progesterone also contribute 

to the increase in this physiological state by acting as antagonists of glucocorticoid (GR) and 

mineralocorticoid (MR) receptors, resulting in increased bioavailability of cortisol to the tissues 

(GJERSTAD et al, 2018; HERMAN et al, 2016).  

The placental transfer of glucocorticoids to the fetus will depend on maternal 

metabolism, gestational age, binding, and storage proteins, the liposolubility of the drug, and 

its molecular size. The lower the binding to maternal plasma proteins, the easier the transfer of 

the drug from mother to fetus will be (PAULINO, 2021; LAUGESEN; BYRJALSEN; 

FROSLEV; OLSEN; SORENSEN, 2017). The mechanism of corticoid transfer from maternal 

metabolism to fetal blood circulation is influenced in gestation by the enzymes 11β-

hydroxysteroid dehydrogenases, present along the trophoblast layer in the placenta, which 

catalyze reduction (11β-HSD1). The mechanism of corticoid transfer from maternal 

metabolism to fetal blood circulation is influenced in gestation by the enzymes 11β-

hydroxysteroid dehydrogenases, present along the trophoblast layer in the placenta, which 
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catalyze reduction (11β-HSD2) (BRUNTON, 2018; LAUGESEN; BYRJALSEN; FROSLEV; 

OLSEN; SORENSEN, 2017; PEARSON; TARABULSY; BUSSIÈRES, 2015).  

However, it is known that even though there is a metabolization that makes cortisol 

inactive, part of it reaches the fetal circulation. Dexamethasone and betamethasone - the 

glucocorticoids most commonly used by pregnant women - cross the transplacental barrier by 

67% and 33%, respectively. This percentage is relatively high when compared with other 

glucocorticoids that are not recommended in the first trimester of pregnancy, such as 

prednisolone and hydrocortisone, which exceed the transplacental barrier by 10% and 15%, 

respectively (LAUGESEN; BYRJALSEN; FROSLEV; OLSEN; SORENSEN, 2017).   

In addition, it is observed that after the ingestion of corticoids by the mother, it will 

interact with specific DNA sequences, called glucocorticoid response element sequence (GRE). 

Thus, GR-GRE drug interactions induce gene transcription, activating or inhibiting genes, such 

as COX-2, inducible NOS (NOS2), and inflammatory cytokines. Pregnant women with liver 

failure, promote increased bioavailability of glucocorticoids to the fetus, and may lead to the 

maturation of the fetal HPA axis, at the inappropriate time or ineffectively (BEHURA SK et. 

al, 2019; BRUNTON, 2018).  

 

4.4 FETAL METABOLISM 

The glucocorticoid guides a broad aspect of fetal development and is critical to enabling 

survival both in utero and after birth. Tissues responsible for immediate neonatal survival, such 

as the lungs, liver, brain, heart, and kidneys, are targeted primarily (FOWDEN, 2016; 

O’DONNELL et al, 2017; MORGADO et al, 2017).  Direct cortisol secretion from fetal adrenal 

glands and consequent preparatory maturation for birth is possible through effective 

development of the HPA axis. While there is improved survivability, overexposure to 

glucocorticoids at a gestational age of increased vulnerability results in lifelong functional 

consequences. Thus, the increase in exogenous corticosteroids promotes deregulation of the 

negative feedback of the fetal axis, since it sensitizes its receptors, resulting in decreased fetal 

production of adrenocorticotrophic hormone (ACTH) and, in turn, the adrenal gland becomes 

less stimulated and suffers hypotrophy (FOWDEN et al, 2016; O’DONNELL et al, 2017).  

The developing adrenal gland originates from two different embryonic layers: a 

mesodermal portion, which forms the cortex; and an ectodermal portion, which forms the 

medulla. During the fifth week of development, mesothelial cells, between the root of the 

mesentery and the developing gonad, begin to proliferate and penetrate the underlying 

mesenchyme differentiating into large acidophilic cells that form the fetal adrenal cortex 
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(MONTENEGRO YHA, 2019; SADLER, 2021). While the fetal cortex is being formed, neural 

crest cells invade its medial region, where they are arranged in strands and clusters to form the 

medulla of the gland. When differentiated, these cells are called chromaffin cells (SADLER, 

2021). These cells represent modified postganglionic sympathetic neurons that are innervated 

by sympathetic fibers and, when stimulated, produce epinephrine and norepinephrine, which 

are released directly into the bloodstream (BUSADA; CIDLOWSKI, 2017; MONTENEGRO 

YHA, 2019). 

The initiation of glucocorticoid production by the fetus is closely linked to the 

development of the adrenal gland. Hormone production is tightly controlled by the regional 

expression of a cascade of steroidogenic enzymes (BUSADA; CIDLOWSKI, 2017; 

BATTARBEE; YE; SZYCHOWSKI; CASEY; TITA; BOGGESS, 2022). Prolonged exposure 

to high levels of glucocorticoids suppresses fetal and placental growth and has been associated 

with cardiovascular disease, metabolic disorders, neurological and learning defects 

(MONTENEGRO YHA, 2019; O’DONNELL, 2017).  

Alterations resulting from the increase of corticoids in the encephalic region also trigger 

changes in the cerebral cortex, besides alterations in neurotransmitters and synapses. In this 

sense, any interference during pregnancy, which implies in changes in the quantity of hormonal 

or teratogenic substances that reach this cortex, can modify the quantity of neurons, their 

connections and plasticity. The association between depressive symptoms and neuronal 

population indicates that cortical thinning is a proposed endophenotype for depression and 

mediates, in part, the relationship between prenatal maternal mood and externalizing behaviors 

(MORGADO et al, 2017).  

When allocated in fetal metabolism, GRs are directed to their receptors in the prefrontal 

cortex and hippocampus, causing dendritic atrophy and synaptic loss, generating deficits in 

working memory, declarative memory, and behavioral flexibility. The loss of part of the 

functionality in the prefrontal cortex promotes hypertrophy of the terminal nucleus, which is 

directly related to anxious behavior (O’DONNELL, et al, 2017; MORGADO et al, 2017). 

Recent studies performed soon after birth reveal that prenatal maternal anxiety promotes 

variation in the microstructure of fetal brain regions important for emotional function, cognitive 

(right insula and dorsolateral prefrontal cortex), sensory processing (right middle occipital 

cortex) and social emotional function (right angular gyrus, uncinate fasciculus, posterior 

cingulum and parahippocampus), predicting infant internalizing behavior (CASULARI et al, 

2022, O’DONNELL et al, 2017). 
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Moreover, birth weight is a risk marker for possible metabolic disorders that will 

accompany the individual in the future. The analysis of low birth weight exposes the 

intergenerational actions of glucocorticoids, which lead to obesity, hypertension, metabolic 

syndrome, cardiovascular disease, cognitive delays, and mental health deficits, manifested 

through increased susceptibility to develop schizophrenia, alcohol and drug use disorders, 

ADHD, anxiety disorders, and somatoform disorders in adulthood (O’DONNELL et al, 2017; 

FOWDEN, et al, 2016; BATTARBEE; YE; SZYCHOWSKI; CASEY; TITA; BOGGESS, 

2022).   

 

4.5 TDAH AND ITS RELATION 

Attention deficit hyperactivity disorder (ADHD) is characterized as one of the 

psychiatric disorders that most commonly affects children, with a prevalence of 3 to 5%. 

(FORTIER et al, 2012; SCHOTE et al, 2016; NOORDERMEER; LUMAN; OOSTERLAAN, 

2016). The significant heritability, from 70 to 80% of cases, shows the contribution of the 

genetic character in the etiopathogenesis of ADHD. In addition, gene-environment interactions 

may have an influence on dopamine receptors, the main focus of clinical investigations in 

ADHD (CHEN, 2019; GRAY et al, 2017; NOORDERMEER; LUMAN; OOSTERLAAN, 

2016). In this sense, the dysregulation of the HPA axis, may contribute to the development of 

ADHD (FORTIER et al, 2012; SCHOTE et al, 2016).  

Children with ADHD have a resistant cortisol response to psychosocial stressors, a 

decreased cortisol arousal response, or lower plasma daytime cortisol (CHEN, 2019; FORTIER 

et al, 2012). Although GR and MR are abundantly expressed in the brain, genetic variants of 

GR have direct effects on the functioning of neurons present in the prefrontal cortex, 

hippocampus and amygdala (WU, L.H., CHENG, W., YU, M. et al, 2017; SCHOTE et al, 2016; 

ZHU Y et al, 2020), which are often impaired in individuals with ADHD (MCEWEN; NASCA; 

GRAY, 2015; MEER et al, 2016;  SCHOTE et al, 2016).  

Because GR and MR mediate the cortisol signal, variations in the two genes encoding 

these receptors (NR3C1 and NR3C2) have been associated with four functional single 

nucleotide polymorphisms (SNPs) in NR3C1. Consequently, this polymorphism has stabilizing 

effects on the mRNA of the GR-9 haplotype (MEER et al, 2016; SCHOTE et al, 2016). Altered 

GR-9 gene expression is associated with higher serum cortisol levels. Furthermore, long-term 

exposure to stress can reduce NR3C1 expression, leading to reduced negative feedback from 

the HPA axis. This results in the reduction of GR activity to a pathologically low level, 

contributing to ADHD-related behavior. Furthermore, dexamethasone administration, increases 
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serotonin transporter gene (5-HTT) expression and its high availability is associated with lower 

NR3C1 expression. We therefore suggest the presence of a feedback loop between GR and 5-

HTT, raising the possibility that genetic variation in NR3C1 and 5-HTT may moderate their 

effects on the stress response in the brain (MEER et al, 2016; SCHOTE et al, 2016).  Also, 

glucocorticoids interact with other neurotransmitter systems in the brain, such as the 

monoaminergic neurotransmitter system, which has been shown to be involved in the 

pathogenesis of ADHD, such as dopamine (DA) and norepinephrine (NE), responsible for the 

biochemical mechanism of attention. ADHD sufferers have an imbalance in the concentration 

of available DA and NE in the brain synaptic cleft, also associated with dysfunction of the DA 

receptor in the brain (CHEN, 2019; CHEN, 2017; SCHOTE et al, 2016).  

According to studies, there are also differences in the stress response in the metabolism 

of female and male offspring due to the fact that the enzyme 11βHSD2 is more highly expressed 

in the placenta of the female fetus (REYNOLDS, 2013; FOWDEN et al, 2016; LAUGESEN; 

BYRJALSEN; FROSLEV; OLSEN; SORENSEN, 2017). This may indicate why in boys this 

disorder is more prevalent (REYNOLDS, 2013; FOWDEN et al, 2016). However, it is 

important to remember that studies demonstrating how the influence of prenatal maternal habits 

modify the anatomical and functional characteristics of the fetus through medication, food, and 

external stressors are still lacking. Moreover, even with the discovery of neurotransmitters and 

genes responsible for cortical alteration and development of ADHD, new researches are still 

required to help explore the etiologies and risk factors of this disorder, thus contributing to 

improve future interventions and treatments.  

 

5 CONCLUSION 

The effects of overexposure to glucocorticoids, especially prednisolone and 

hydrocortisone, in early pregnancy cause changes in gene expression and structure of the HPA 

axis, which may persist throughout life or even into the subsequent generation. Thus, 

glucocorticoid-induced changes may become maladaptive and lead to the onset of neuronal 

dysfunctions, related to dendritic atrophy, synaptic loss in the prefrontal cortex and 

hippocampus, decreased dopamine concentration in the brain, leading to attention deficit 

hyperactivity disorder. Thus, glucocorticoids and their influences on metabolic programming 

remain a topic for discussion, as studies demonstrating how and why these neurotransmitters 

decrease and/or change are still lacking. 
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HIGHLIGHTS 

1 - Epigenetic factors are involved in the modulation of the fetal brain, generating ADHD; 

2 - Prednisolone and dexamethasone act as maternal villains in the first months of pregnancy; 

3 - Increased cortisol reduces dopamine levels in the cerebral cortex.  

4 - Decreased dopamine and increased noradrenaline in the prefrontal cortex results in ADHD. 
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