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Summary

Depression in children and adolescents poses a significant health issue that requires ef-
fective treatment strategies. According to epidemiological data, depression among children 
and adolescents is becoming increasingly prevalent, reaching up to 10% of this population. 
It can lead to tragic outcomes, including suicides, which are one of the leading causes of death 
among young people. Diagnosis of depression relies on recognizing the presence of at least five 
characteristic symptoms for at least two weeks, one of which needs to be: persistent low mood 
or loss of interest or pleasure in activities. In children, diagnosis may be more difficult due to 
masked behavioral symptoms, frequent irritability, as well as its atypical course (including 
the duration of symptoms and their variability within a short period of time). There are many 
predisposing factors for depression, including gender, family history of mental disorders, 
subclinical depressive symptoms, anxiety disorders, and stressful life events. Treatment pri-
marily involves medications such as selective serotonin reuptake inhibitors (SSRIs). However, 
due to the limited availability of approved medications, off-label use is common. Fluoxetine 
is an important medication for treating depression in children, demonstrating efficacy and 
good tolerability. However, patients should be monitored for suicidal thoughts. Sertraline, 
although not approved for the treatment of pediatric depression, is often used off-label and has 
demonstrated a positive response. Escitalopram, approved for the treatment of depression in 
children over 12 years of age, is more potent and more selective than citalopram, but its ap-
proval is based on limited clinical trials. The dosing of SSRIs typically starts with low doses, 
gradually increased as therapy progresses until clinical response or the occurrence of adverse 
effects. However, selecting the appropriate therapy can be challenging due to the diversity of 
symptoms and limited scientific research in the field of child and adolescent psychiatry. It is 
currently recommended that antidepressant therapy be personalized and based on achieving 
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optimal therapeutic drug concentrations in the blood. Children and adolescents have distinct 
pharmacokinetic and pharmacodynamic profiles, which necessitates an individualized approach 
to pharmacological treatment. Therapeutic Drug Monitoring (TDM) can be a significant tool in 
treating depression in this patient group, allowing for dose adjustment to individual needs and 
minimizing adverse effects. TDM also facilitates understanding of drug interactions, reasons 
for treatment non-response, and the impact of genetic variability. This way TDM can help to 
optimize treatment and minimize adverse effects. Thus the role of pharmacists in monitoring 
antidepressant therapy in children and adolescents is also valuable, which may contribute to 
improving clinical outcomes.

This article examines the efficacy and safety of antidepressants in children and adolescents, 
with an emphasis on SSRIs, and identifies issues related to treatment selection, with particular 
emphasis on personalized care and the growing role of TDM.
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Introduction

Depression is increasingly becoming a major challenge in both public health and 
social contexts. According to the World Health Organization (WHO), approximately 
280 million people worldwide suffer from depression, accounting for about 3.8% of 
the global population [1]. It is the second most common mental disorder, following 
only anxiety disorders in prevalence [2]. It is now understood that depression affects 
not only adults; it is estimated that up to 10% of children and adolescents suffer from 
depressive disorders. In its most severe form, depression can lead to suicide, which 
is the fourth leading cause of death among individuals aged 15 to 19 years [2‒4]. The 
diagnosis of depressive episodes in children and adolescents is based on two widely 
used classification systems: the International Classification of Diseases 11th Revision 
(ICD-11) and the Diagnostic and Statistical Manual of Mental Disorders, 5th Edi-
tion (DSM-5) [5]. The diagnosis of depression relies on the identification of at least 
five characteristic symptoms persisting for a minimum of two weeks, which include: 
a persistently depressed mood throughout the day, loss of interest and pleasure in life, 
weight loss, sleep disturbances, feelings of chronic fatigue, difficulty concentrating, 
and the presence of suicidal thoughts. Diagnosing depression can often be challenging 
due to the possibility of its symptoms being “masked” by behavioral manifestations 
such as aggression, hyperactivity, and learning difficulties [6].

Among children and adolescents, various predisposing factors for depression 
have been observed. One of these factors is female gender, which is likely related to 
hormonal imbalances and increased vulnerability to stress. A confirmed correlation 
exists between the onset of depression in children and the presence of this disorder in 
the family, especially when one of the parents is affected. This aspect is considered 
one of the strongest risk factors for depression due to both genetic and environmental 
influences. Diagnosing subclinical depression in a child may predispose them to a full 
depressive episode in the future, similarly to the occurrence of anxiety disorders and 
exposure to stressful life events such as the loss of a loved one or experiencing physi-
cal or psychological abuse [7]. It has been demonstrated that the implementation of 
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depression prevention programs in schools and the use of cognitive-behavioral therapy 
at the subclinical symptom level can contribute to symptom reduction, but they do 
not influence the likelihood of developing severe mental disorders within the next 12 
months [8, 9].

In child and adolescent psychiatry, the amount of scientific data is significantly 
more limited than in adult psychiatry. As a result, clinicians are frequently confronted 
with the need to make difficult decisions regarding the appropriate therapy for pediatric 
patients. Many of the treatment strategies for depression in the pediatric population 
are derived from adult treatments [7, 8]. It is now known that data obtained from adult 
patients should not be extrapolated to children and adolescents. This is due, among 
other factors, to the observed increased risk of suicidal thoughts in individuals under 
24 years of age using SSRI antidepressants, as well as the lack of efficacy of tricyclic 
antidepressants (TCA) [10].

The limited availability of medications approved for treating depressive episodes 
in children and adolescents is a significant concern. Currently, the FDA (Food and 
Drug Administration) has approved escitalopram (from age 12) and fluoxetine (from 
age 8) for depression treatment. In treating obsessive-compulsive disorder, sertraline 
is recommended (from age 6) [11‒13]. These drugs belong to the group of selective 
serotonin reuptake inhibitors (SSRIs), the most commonly used group of medications 
for treating mental disorders in both children and adults [14]. The dosing of SSRIs 
often begins with low doses that are gradually increased during therapy until a clinical 
response is achieved. The appearance of side effects often necessitates reducing the 
SSRI dose or discontinuing therapy [15]. The lack of sufficient data in the pediatric 
population frequently leads to the off-label use of medications, raising concerns about 
safety and efficacy [16]. The percentage of antidepressants used off-label in children is 
approximately 50% [17]. Due to the dynamic biochemical and physiological changes 
that occur in the developing bodies of children and adolescents, significant differ-
ences in pharmacokinetic and pharmacodynamic parameters are observed compared 
to adults. As a result, the need for a more personalized therapeutic approach for this 
patient group is evident.

Therapeutic Drug Monitoring (TDM), based on the analysis of drug concentrations 
in plasma or other body fluids, can be an important tool in the treatment of depressive 
disorders in children and adolescents. TDM allows for the adjustment of drug dosages 
to the individual needs of the patient, ensuring optimal therapeutic effectiveness and 
minimizing the risk of adverse effects [16, 18, 19]. TDM offers the opportunity to uti-
lize the individual variability in the pharmacokinetics of antidepressants to understand 
drug-drug interactions, identify the cause of treatment failure, and comprehend the 
impact of genetic variability [15].

The literature review was conducted by searching the PubMed and Google Scholar 
databases from January 2024 to May 2024. The search terms included keywords related 
to diseases and adverse events (AEs) such as “Pharmacotherapy of depression,” “SSRI,” 
“Therapeutic Drug Monitoring,” “Depression,” and “Childhood depression.” The 
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analysis includes a review of literature from the last 10 years on the pharmacotherapy 
of depression in children and adolescents, including analyses of clinical trials, FDA 
guidelines and data on off-label drug use. The review also covers the pharmacokinetics 
and pharmacodynamics of drugs in this age group and the application of therapeutic 
drug monitoring (TDM) in clinical practice.

The article aims to present the current knowledge on the efficacy and safety 
of antidepressants in the treatment of depression in children and adolescents, with 
a particular focus on selected SSRIs. The article also seeks to identify issues related 
to selecting appropriate therapy, with a particular emphasis on personalized treatment 
and the growing role of TDM in this process.

Pharmacological treatment

Selective serotonin reuptake inhibitors (SSRIs) are commonly used as first-line 
therapy in the treatment of depression and other psychiatric disorders in children, ado-
lescents and adults. Their popularity stems from their mild side effect profile, safety, and 
good patient tolerance. The most frequently used SSRIs include fluoxetine, sertraline, 
citalopram, escitalopram, and paroxetine. Despite their varied chemical structures, they 
share the same mechanism of action. They inhibit the serotonin reuptake transporter 
(SERT) located on presynaptic neuron membranes, resulting in increased serotonin 
concentration in the synaptic cleft and enhanced serotonin availability in the brain. It 
has been demonstrated that SSRIs cause fewer side effects than tricyclic antidepres-
sants (TCAs) and monoamine oxidase inhibitors (MAOIs) due to their lesser impact 
on adrenergic, cholinergic, and histaminergic receptors.

FDA-approved indications for SSRIs extend beyond depression treatment and in-
clude anxiety disorders, bulimia, obsessive-compulsive disorder, premenstrual tension, 
and post-traumatic stress disorder [20, 21]. In the first weeks of treatment with some 
antidepressants from the SSRI and SNRI classes, there has been an observed increase 
in the risk of suicidal behavior, particularly in children and adolescents. A 2020 meta-
analysis noted an increased risk of suicidal behavior in children and adolescents with 
depression treated with venlafaxine, and in those with anxiety disorders treated with 
paroxetine. However, sertraline was associated with a reduced likelihood of suicidal 
behavior in children and adolescents. In 2004, a warning was added to the labels of 
antidepressants registered for depression treatment (citalopram, fluvoxamine, parox-
etine, fluoxetine, sertraline, venlafaxine, mirtazapine, bupropion), indicating a potential 
increase in the risk of suicidal thoughts and behaviors [22]. However, the increased 
number of suicidal behaviors did not translate into a rise in completed suicides [23]. 
Due to these concerns, the FDA recommends that physicians adhere to certain guide-
lines when treating children and adolescents with antidepressants:

	– Always consider the appropriateness of prescribing antidepressants and ex-
plore alternative therapies, such as family therapy or cognitive-behavioral 
therapy.
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	– Start treatment with a low dose, typically ½ or ¼ of the adult dose, and gra-
dually increase the dosage.

	– Regularly conduct follow-up visits and monitor for symptoms such as hope-
lessness, aggression and suicidal thoughts or tendencies.

	– Consider combining pharmacotherapy with psychotherapy [24].

However, this warning was based on analyses of randomized controlled trials 
(RCTs) that were sponsored by the pharmaceutical industry and published over a decade 
ago. In recent years, an increasing number of studies have highlighted the methodo-
logical limitations of the FDA analyses [25]. In most RCTs evaluating the efficacy 
of SSRIs in treating depression in patients under the age of 18, the rates of suicidal 
thoughts emerging or worsening during observation are similar to those observed in 
the placebo groups. Suicide attempts are rare, and isolated cases are reported in both 
active treatment and placebo groups. Only venlafaxine therapy, in the short-term treat-
ment period, has shown a significant increase in the risk of suicidal behaviors and/or 
suicidal ideation compared to placebo [26].

In Poland, the primary role in patient care within psychiatric facilities is held 
by physicians, psychotherapists and psychologists. Review articles have confirmed 
the competencies of pharmacists in detecting, preventing and resolving drug-related 
problems. Additionally, the provision of pharmaceutical care in psychiatric wards has 
a positive impact on improving clinical and economic outcomes. In one study conducted 
on patients hospitalized for more than 6 months with schizophrenia, the absence of 
a clinical pharmacist on the team was associated with an increased number of adverse 
events (a 34.9% increase) and a higher mortality rate (a 53.64% increase) per 100 beds. 
The pharmacists’ tasks involved addressing drug-related problems (DRPs). Among 
49 patients, 71 DRPs were identified, with 1 to 4 DRPs occurring per patient. Due to 
their specialized knowledge, pharmacists can play a crucial role in monitoring and 
optimizing antidepressant therapy in patients [27].

Fluoxetine

In the treatment of severe depressive disorders in individuals under 18 years of age, 
fluoxetine is the first-line medication, demonstrating efficacy both as monotherapy and in 
combination with cognitive-behavioral therapy, as confirmed by clinical studies [3, 28]. 
Fluoxetine stands out for its high effectiveness in reducing depressive symptoms and its 
good tolerance, with relatively infrequent discontinuation due to adverse effects. This 
may be attributed to the fact that fluoxetine was the first SSRI to be thoroughly studied, 
whereas data on other drugs in this class are limited. Studies have also confirmed that 
fluoxetine is more effective than placebo in preventing relapses and prolonging the time 
between the end of therapy and the reappearance of symptoms [29].

During the implementation of fluoxetine therapy, patients must be continuously 
monitored due to the potential for suicidal thoughts, suicide attempts, and hostility, 
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which are more frequently observed in children taking antidepressants compared to 
the placebo group. However, when compared to other drugs in the same class, such 
as paroxetine (OR = 1.77) and venlafaxine (OR = 2.43), where the highest risk of sui-
cidal thoughts and attempts was noted, fluoxetine (OR = 1.33) is associated with only 
moderately increased risk, making it relatively safer in this study [30, 31]. The long 
half-life of fluoxetine is correlated with a lower risk of withdrawal syndrome compared 
to other SSRI drugs [30, 32].

When considering fluoxetine therapy, all its pharmacokinetic properties must be 
taken into account (Table 1). The long half-life of fluoxetine and its active metabolites 
can be both an advantage and a disadvantage. This drug may be a preferred therapeutic 
option for patients who are observed to have poor medication adherence. This is be-
cause even after missing a dose, the concentration of active metabolites decreases only 
slightly. On the other hand, when there is a need to switch medications, the washout 
period for fluoxetine and its active metabolites from the body is prolonged. As a result, 
a delay in initiating another therapy may be necessary due to the potential for adverse 
effects or the development of serotonin syndrome [33].

Sertraline

Currently, sertraline is not approved for the treatment of depression in individuals 
under 18 years of age. The only indication for its use in children and adolescents (from 
6 years old) is for the treatment of obsessive-compulsive disorder. Nevertheless, many 
clinicians choose to use sertraline off-label based on numerous clinical studies that 
confirm its efficacy in treating depression. In a randomized clinical trial conducted by 
Wagner et al. in 2003 [32] on a pediatric population, a positive response to treatment 
was observed in 69% of patients receiving sertraline compared to 59% of patients re-
ceiving placebo. Sertraline treatment was generally well-tolerated, as evidenced by the 
fact that only 9% of patients discontinued treatment due to persistent adverse effects, 
including diarrhea, vomiting, and anorexia. Statistically significant improvement in 
patient condition was observed after 3 weeks of initiating therapy [32].

In a study conducted on a limited research sample, Tierney et al. [34] proposed 
a hypothesis of a potential advantage of sertraline over fluoxetine. This was attributed 
to the absence of observed exacerbation of suicidal thoughts and attempts following 
sertraline administration, contrasting with the results for fluoxetine [34]. To determine 
appropriate dosing, it is necessary to consider the pharmacokinetic properties of ser-
traline (Table 1).

Escitalopram

Escitalopram, the (S)-enantiomer of citalopram, is a selective serotonin reuptake 
inhibitor (SSRI) [35]. Compared to citalopram, escitalopram shows significantly higher 
response to treatment rates. The advantage of escitalopram is particularly pronounced 
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in patients with more severe forms of the disorder, suggesting that it acts more strongly 
and selectively [36]. Escitalopram has been approved by the FDA for the treatment of 
major depressive episodes in children and adolescents over the age of 12, both in acute 
and maintenance phases. The adverse effects of escitalopram are similar to those of cit-
alopram but occur much less frequently. The most common adverse effects reported by 
patients include nausea, vomiting, and headaches. The approval of escitalopram for use 
in children is based solely on two randomized clinical trials, which means it should not be 
considered a first-line treatment [37]. Periclou et al. [38] compared the pharmacokinetics 
of a single oral dose of escitalopram (10 mg) in adolescents aged 12‒17 years and healthy 
adults aged 18‒35 years, finding no clinically significant differences in parameters such 
as clearance, peak concentration, half-life, and bioavailability [38] (Table 1).

Table 1. Pharmacokinetic properties of fluoxetine, sertraline, and escitalopram [11–13]

Fluoxetine Sertraline Escitalopram

Absorption

it is well absorbed after oral 
administration

food intake does not affect 
bioavailability

food has no significant effect 
on bioavailability

food intake increases Cmax by 
25% and reduces tmax from 8 

to 5.5 hours

it is well absorbed after oral 
administration, regardless of 

food intake

Distribution

it binds to plasma proteins 
(95%)

the volume of distribution is 
20-40 l/kg

steady-state plasma 
concentration is achieved 

after several weeks of drug 
administration

it binds to plasma proteins 
(98%)

the average volume of 
distribution is 20 l/kg
steady-state plasma 

concentration is achieved 
after one week of once-daily 

dosing

it binds to plasma proteins 
(<80%)

the volume of distribution is 
12-26 l/kg

steady-state plasma 
concentration is achieved 
after approximately one 

week

Metabolism

nonlinear pharmacokinetics
disproportionate increase in 
concentration following dose 

escalation
maximum plasma 

concentration occurs 6‒8 
hours after administration
metabolized primarily by 
the polymorphic enzyme 

CYP2D6 to the active 
metabolite: norfluoxetine

dose-proportional 
pharmacokinetics within the 

range of 50 to 200 mg
maximum plasma 

concentration occurs 
4.5 to 8.4 hours after 

administration.
Primarily metabolized by 
CYP3A4, CYP2C19, and 

CYP2B6

linear pharmacokinetics
maximum plasma 

concentration occurs 4 hours 
after administration
biotransformation to 

demethylated metabolites 
primarily involves the 
CYP2C19 enzyme

Elimination

the half-life ranges from 
4 to 6 days

excretion primarily occurs 
through the kidneys

the average half-life  
is 26 hours

metabolites are excreted 
primarily through feces 

and urine in roughly equal 
amounts

the half-life is approximately 
30 hours

metabolites are primarily 
excreted in the urine
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A review of meta-analyses conducted by Janas-Kozik et al. [26] does not currently 
allow for definitive conclusions regarding the efficacy of specific selective serotonin 
reuptake inhibitors (SSRIs) in the treatment of major depression in children and adoles-
cents. The obtained results remain inconclusive, which presents a significant limitation 
in precisely determining which drugs in this pharmacological group demonstrate the 
highest therapeutic efficacy in the pediatric population. This highlights the urgent need 
for clinical pharmacokinetic and pharmacodynamic studies in this age group of patients.

Therapeutic drug monitoring

Therapeutic drug monitoring involves the measurement and quantitative analysis 
of drug concentrations in plasma to optimize the therapeutic process. This method 
takes into account interindividual variability in pharmacokinetics and drug properties, 
allowing for the adjustment of therapy to meet the patient’s individual needs. TDM 
also involves determining a “therapeutic reference range” of drug concentrations that 
ensures maximum effectiveness while maintaining safety. This is defined by setting the 
lower and upper boundaries of therapeutically effective and tolerated concentrations. 
In the absence of reliable data, the therapeutic reference range can be estimated by 
determining the mean ± standard deviation of drug concentrations in individuals who 
respond to treatment. The upper limit of the therapeutic range is often set by increased 
risk of adverse effects, while the lower limit is determined by assessing the minimum 
concentration needed for clinical efficacy [18].

A significant limitation of established therapeutic reference ranges is their lack of 
evaluation concerning efficacy and safety in children, adolescents, and elderly patients 
[19]. The use of TDM in psychiatry and neurology may be particularly beneficial for 
the following patient groups:

	– children and adolescents,
	– pregnant women,
	– elderly patients,
	– individuals with intellectual disabilities,
	– patients with pharmacokinetic disorders.

After administering the same dose of medication, plasma concentrations can vary 
more than twentyfold. Such variations may result from individual differences in drug 
absorption, distribution, metabolism, and excretion, which can be influenced by age, 
comorbid conditions, and genetic differences [18]. Physicians should consider incor-
porating therapeutic drug monitoring in cases where:

	– there is no response after administering therapeutic doses,
	– there is suspicion of non-adherence to prescribed therapy,
	– there is an intolerance to the treatment [18].
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International guidelines on therapeutic drug monitoring in neuropsychopharmacol-
ogy define levels of recommendation for the use of TDM (Table 2).

Table 2. Levels of TDM recommendations [18]

Levels Description Antidepressant 
medication

Level 1
“highly recommended”

therapeutic reference ranges have been 
established

controlled clinical trials have demonstrated  
the beneficial effects of TDM.

Citalopram, amitriptyline, 
clomipramine, imipramine, 

nortriptyline

Level 2
“recommended”

therapeutic reference ranges were obtained 
based on drug concentrations at therapeutically 

effective doses
TDM is recommended for dose determination  

and troubleshooting

bupropion, escitalopram, 
desipramine, doxepin,

duloxetine, fluvoxamine, 
maprotiline, mirtazapine, 
sertraline, trazodone, 
venlafaxine, vortioxetine

Level 3
“useful”

drug concentrations associated with therapeutic 
effects are not well established or are based on 

retrospective TDM data, individual cases,  
or unsystematic clinical experience

fluoxetine, mianserin,
paroxetine, reboxetine,

tianeptine

Level 4
“Probably useful”

drug concentration does not correlate with clinical 
effects due to the drug’s unique pharmacokinetics
TDM is not recommended for dose determination 

but may be useful for troubleshooting.

agomelatine,
tranylcypromine

Level 5
“not recommended”

Currently, therapeutic drug monitoring (TDM) is highly recommended for most 
tricyclic antidepressants. However, for selective serotonin reuptake inhibitors (SSRIs), 
there is a weak but significant association between clinical improvement and dosage, 
while tolerance decreases with higher doses. Among SSRIs, citalopram is highly 
recommended (Level 1 recommendation) for TDM, while other SSRIs are rated at 
Level 2 or 3. For these other SSRIs, there is a lack of definitive studies on the clinical 
significance of TDM; nevertheless, TDM is still advised at this level to determine the 
appropriate dosage of the medication. Optimal neuropsychopharmacotherapy should 
aim to establish the “individual optimal therapeutic range,” which may vary depend-
ing on the population group and the severity of the mental disorder. Approximately 
50‒60% of patients do not respond to first-line therapy. In cases of non-response, there 
are three strategies to consider:

(1)	 dose escalation;
(2)	 augmentation by adding another medication;
(3)	 switching to a different medication within the same class [39].
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Non-adherence to medical recommendations is a common cause of lack of clini-
cal response to treatment, especially among pediatric populations. TDM serves as an 
essential tool for monitoring patient compliance by measuring drug concentrations in 
plasma. If low or undetectable drug levels are found in the blood after administering 
standard doses, non-compliance on the part of the patient may be suspected [40]. One 
factor contributing to non-compliance may be the delayed onset of antidepressant ef-
fects. Achieving full clinical benefits often requires a prolonged waiting period, lasting 
weeks or even months. During this time, a range of adverse effects may be observed, 
which can mimic either untreated depression or overdose symptoms (such as persistent 
gastrointestinal disturbances, mood swings, anxiety, and tension). TDM can help de-
termine whether these adverse effects are due to inappropriate plasma concentrations 
[39, 41]. Additionally, therapeutic drug monitoring allows for the assessment of the 
relationship between plasma drug levels and the occurrence of idiosyncratic reactions 
in the patient, helping to establish if an uncontrolled, rare drug reaction is associated 
with high plasma concentrations [41].

In TDM, the interpretation of results is as important as the results themselves. 
The full clinical profile of the patient must be considered. Factors influencing the 
interpretation of results include pregnancy, age, weight, sex, genetics, heart, kidney, 
and liver diseases, poor nutrition, hypoalbuminemia, and concomitant medications 
[33]. Therapeutic drug monitoring (TDM) allows for the assessment of whether an 
increase in drug dosage is justified in cases of insufficient clinical improvement and 
absence of adverse effects. Conversely, if adverse effects occur alongside clinical 
improvement, TDM provides information on whether it is safe to reduce the drug 
dosage.

Despite documented benefits of monitored therapy in psychiatric practice, estab-
lished therapeutic concentration ranges for children and adolescents that correlate 
with therapeutic effects are lacking. These ranges are based on those observed in 
adults; however, it should be noted that changes due to growth and maturation can 
affect both pharmacokinetics (PK) and pharmacodynamics (PD) of drugs [15, 18]. 
PK and PD change throughout development and growth, suggesting that data from 
adults cannot be directly transferred to children. Data should be evaluated individually 
for each substance, as literature provides varying information. Differences in plasma 
drug concentrations may be due to varying activities of drug-metabolizing enzymes, 
which depend on factors such as age and coexisting kidney and liver diseases. It 
is worth noting that all SSRIs are characterized by intense hepatic metabolism and 
a highly variable ability to inhibit CYP450 isoenzymes. The use of TDM provides 
a better understanding of drug interactions in patients undergoing polytherapy. One 
example of drug interaction is the combination of fluoxetine and bupropion. Both 
fluoxetine and bupropion are strong inhibitors of CYP2D6 and CYP3A4. The use 
of this combination may therefore lead to a significant increase in bupropion levels 
and the emergence of dangerous adverse effects such as seizures, delirium, and 
anxiety [42].
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In addition to considering drug interactions, it is also crucial to address the im-
pact of commonly used substances on the metabolism of antidepressant medications. 
Significant clinical relevance has been demonstrated with concurrent smoking (>10 
cigarettes per day) and the use of drugs that are substrates of CYP1A2, including clo-
zapine, duloxetine, and olanzapine. CYP1A2, responsible for the metabolism of these 
drugs, is induced by components of cigarette smoke (polycyclic aromatic hydrocar-
bons). Therefore, it is advisable to consider dose reduction of these medications when 
a patient stops smoking to avoid increased drug levels in the plasma [18].

Currently, there is an increase in the use of cannabis among children and adoles-
cents, including THC (tetrahydrocannabinol) and CBD (cannabidiol). It is estimated 
that adolescents suffering from depression are twice as likely to use cannabis. Cannabis 
is a moderate to strong inhibitor of cytochrome CYP450 and interacts with SSRIs, 
potentially increasing their plasma concentrations. The adverse event reporting sys-
tem database has shown that co-administration of CBD and SSRIs metabolized by 
CYP2C19 increases the risk of some SSRI-related adverse effects, such as diarrhea, 
dizziness, and fatigue. There is a suspicion that these side effects may be related to 
increased SSRI levels [43]. Particular attention should be given to fluoxetine, due to 
the fact that its inhibition of CYP enzyme activity can persist for several weeks after 
discontinuation of the medication. This is attributed to the long half-life of fluoxetine 
and its active metabolite, norfluoxetine [43].

Many drug interactions have been discovered through TDM or retrospective analy-
sis of TDM databases. A thorough analysis of potential drug interactions is essential 
when using SSRIs in combination with other medications. Drug-metabolizing enzymes, 
especially CYP isoenzymes, exhibit genetic variability [18, 42]. The population can 
be classified into several types based on the ratio of the parent drug excreted by the 
kidneys to its metabolites:

	– ultra-rapid metabolizers (UM),
	– rapid metabolizers (EM),
	– intermediate metabolizers (IM),
	– poor metabolizers (PM).

Genetic polymorphisms of drug-metabolizing enzymes have clinical significance. 
In poor metabolizers (PM), there may be an increased risk of unexpected adverse 
effects and toxicity due to high drug concentrations, whereas ultra-rapid metabo-
lizers (UM) may experience a lack of therapeutic response due to subtherapeutic 
drug levels in the blood [18, 44]. Patients may not respond to treatment due to the 
presence of allelic variants in CYP2D6, CYP2C19, or CYP2B6 genes that affect the 
biotransformation of antidepressant medications. Sertraline, citalopram, and esci-
talopram are primarily metabolized by CYP2C19, so variations in its activity lead 
to different levels of exposure to these drugs. Patients in the CYP2C19 UM group 
are more likely to discontinue treatment or require medication changes compared 
to those with normal metabolism (NM). Therefore, dose adjustments or the use of 
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medications not predominantly metabolized by CYP2C19 should be considered for 
these patients [45]. For escitalopram, a dose of 10 mg/day is appropriate for poor 
metabolizers (PM), while a dose of 30 mg/day may be needed for ultra-rapid me-
tabolizers (UM) to achieve plasma concentrations similar to those of individuals with 
normal metabolism receiving 20 mg/day. For sertraline, poor metabolizers should 
be started on a dose of 100 mg/day, while ultra-rapid metabolizers may require 200 
mg/day to achieve AUC and Cmax values comparable to those of normal metaboliz-
ers receiving 150 mg/day [27, 44]. Since the activity of CYP2D6, CYP2C19, and 
CYP2B6 reaches levels comparable to adults early in childhood, extrapolation of 
adult data to the pediatric population under close supervision may be considered. 
However, further studies in children and adolescents are needed to investigate the 
relationship between CYP2C19, CYP2B6, CYP2D6 activity and treatment tolerance 
and efficacy [45].

Conclusions

Pharmacotherapy for depression in the pediatric population requires a complex 
and personalized approach. Individual differences in drug metabolism and treatment 
response are crucial and must be taken into account.

This review of the literature highlights the challenges of modern pharmacotherapy 
for depression in children and adolescents. Currently, data on the correlation between 
drug concentrations, clinical response, and adverse effects in the pediatric population 
are still limited, which may increase the risk of dosing errors and expose young patients 
to potential adverse effects. Establishing therapeutic concentration ranges and imple-
menting therapeutic drug monitoring could help minimize the occurrence of adverse 
drug reactions, leading to better drug tolerance and improved patient compliance. It is 
now understood that data from adults cannot be directly extrapolated to children for 
antidepressant medications. Considering factors (such as pharmacological influences, 
risk of disorders, and interpersonal factors) related to suicidal thoughts should guide 
cautious prescribing and monitoring. In this context, integrating a clinical pharmacist 
into the hospital team could be beneficial.

Future directions should focus on increasing both the quantity and quality of 
research conducted in children, as well as evaluating the benefits of introducing phar-
maceutical care in psychiatric settings.
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