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University of Thessaly, Lamia, Greece; nzygouris@uth.gr; Tel.: +302231060184 

Abstract: Depression is diagnosed when a specific set of symptoms appear over a defined period 

with a certain intensity. According to the DSM-5, Major Depressive Disorder (MDD) is diagnosed 

when five or more symptoms are present over a two-week period. Depression, a debilitating mental 

health disorder affecting millions worldwide, poses a complex challenge for researchers and 

clinicians. In children and adolescents, depression can result in negative outcomes such as substance 

abuse, academic problems, risky sexual behavior, physical health issues, impaired social 

relationships, and a thirty-fold increased risk of suicide. This paper presents the findings of a study 

that evaluated the effectiveness of Cognitive Behavioral Therapy (CBT) alone and CBT combined 

with selective serotonin reuptake inhibitors (SSRIs) in a remediation program. The study included 

16 children and adolescents with depression (8 males and 8 females) and 16 typically developing 

peers (8 males and 8 females) aged 9 to 15 years (M = 11.94, SD = 2.02). Baseline evaluations using 

Event-Related Potentials (ERPs), the Children Depression Inventory (CDI), and reaction time tests 

showed that participants with depression had cognitive deficits in attention and memory, indicated 

by longer P300 latencies. After undergoing remediation with either CBT alone or CBT combined 

with medication, the children and adolescents with depression exhibited lower CDI scores and 

shorter P300 latencies and reaction times compared to before remediation and relative to the control 

group. 

Keywords: children and adolescent depression; cognitive behavioral therapy; event related 

potentials; remediation depression; P300 latency 

 

1. Introduction 

Major Depressive Disorder (MDD) is one of the most prevalent mental disorders among children 

and adolescents. The 3-month rates of prevalence for children and adolescents aged 9-16 are 2.2% 

overall, 2.8% for males, and 1.6% for females. By the age of 16, the cumulative prevalence rate is 

expected to reach 9.5% in the overall population, 11.7% in females, and 7.3% in males [1]. A meta-

analysis estimated the prevalence of depression among young children (under 13) is 2.8%. 

Furthermore, 5.6% of all adolescents (aged 13 to 18) suffer from depression, including more female 

patients (5.9%) than male patients (4.6%) [2]. Another study found that the onset of mental health 

disorders (such as depression) peaks about 14 years of age [3]. According to the World Health 

Organization, depression and anxiety disorders are among the top five causes of psychopathologies 

in European children and adolescents [4]. 

According to the DSM-5, cognitive impairments are one of the primary symptoms of depression. 

It is defined as a reduction in the ability to think, focus, or make judgments. The cognitive level of 

performance in patients with major depressive disorder (MDD) is extremely important because 

cognitive impairments correlate with impaired ability to function in daily life [5]. Previous study has 

found executive function, memory, psychomotor speed, and attention problems in MDD patients 
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compared to healthy controls [6]. Such deficits range from mild to severe and may persist even after 

depression has been treated [7]. These studies also describe impairments in attention, executive 

function, and memory after remission. They note that reducing depression symptoms does not 

necessarily result in cognitive enhancement. This could be because cognitive impairments are trait 

markers, not condition signals, for depression [8]. So far, research on the association between 

symptom severity and cognitive impairment has yielded ambiguous results, while a positive 

correlation is suggested [9]. 

Neural and psychological assessments can provide relatively objective measures of emotional 

processing, offer insight into the brain circuitry underpinning susceptibility, and contribute to levels 

of analysis of elements of the study domain criterion [10]. The application of neuroimaging 

techniques has significantly advanced our understanding of the neural underpinnings of depression. 

According to Mclean’s description [11], the brain is divided into three parts: the prefrontal neocortex 

(involved in higher cognitive processes as well as emotion regulation via connections to the limbic 

region), the limbic brain (involved in emotions that guide self-preservation and species procreation), 

and the reptilian complex, which includes the basal ganglia and brain stem structures and is involved 

in routine motor function and reflexes, as well as social communication achievement. 

In vivo neuroimaging studies have revealed depression-related correlations in brain structure 

and function. Discoveries connecting amygdala-medial prefrontal cortex circuitry to emotional [12] 

and social processing [13] led to the concept that dysfunctional interactions of cortical and subcortical 

systems cause depression [14]. Disrupted metabolism and changed gray matter volume in patients’ 

prefrontal cortex are other important features of depression which may track illness duration [15]. 

Furthermore, neuroimaging studies have revealed minor patterns of cortical thinning in the medial 

prefrontal cortex, subgenual anterior cingulate cortex, and ventral temporal lobes that correlate with 

illness severity [16]. Depression is related with reductions in global brain connectivity in medial 

prefrontal cortex and subgenual anterior cingulate cortex, which extend to dispersed portions of the 

multimodal association cortex [17]. Additionally, in people with depression, the salience network 

(cortical and limbic brain areas, such as the amygdala-hippocampal complex), which is activated by 

emotional salient stimuli, tends to perpetuate negative affect, and the amygdala is hyperactive during 

negative stimuli but hypoactive during positive ones. Adolescents with severe depressive disorders 

showed reduced activity in the amygdala-hippocampal complex during positive self-processing 

compared to neutral processing tasks. [18]. The biological causes of these changes are unclear, but 

they may be related to GABAergic changes [19] or decreased size and density of neurons and glia, 

particularly astrocytes [20]. 

Event-related potentials (ERPs) are a non-invasive electrophysiological technique that can lead 

to the acquisition of information about brain activity associated with cognitive information 

processing. ERPs have been proposed as the most investigated tool for determining correlations 

between brain electrical activity and the dynamic processes of cognitive stimuli [21]. The P300 is a 

well-studied ERP component that has been proposed to represent higher-order cognitive information 

processing and attentional tasks linked with contextual evaluation when attending to a given stimuli 

[22]. P300 latency of ERPs is proposed to reflect higher-order cognitive processes such as classification 

and stimulus appraisal. As a result, it has been claimed that P300 latency may serve as a temporal 

signal of brain activity, supporting the speed of attention allocation and memory processes [23]. 

There have been studies that have used ERPs as a method of assessing depression suggesting 

inconsistent results. More specifically, a previous study found no significant difference in the latency 

of the P300 waveform [24]. These findings have been attributed to the wide variety of methodological 

interventions and the utilization of varied research groups that included both patients receiving 

pharmacological and psychotherapy interventions as well as patients receiving neither. Nevertheless, 

the P300 component has garnered particular interest in the study of depression. 

Numerous studies have reported alterations in P300 amplitude and latency in individuals with 

depression, suggesting disruptions in cognitive processing and attentional mechanisms [25]. It is now 

understood that patients suffering from depressive disorder have a significant difference in latency 

of P300 waveform. In various cross-sectional studies, P300 in individuals with depression presents 
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lower amplitudes and prolonged latencies compared to healthy controls [26–32]. This result is 

proposed to be indicative of the severity and pathogenesis of depression combined with cognitive 

deficits that face participants with depression [33]. In general, electrophysiological studies provide 

knowledge on the neural mechanisms following depression, revealing abnormalities in brain activity 

that contribute to the disorder’s cognitive, affective, and behavioral indicators. 

Leveraging neuroscience to explore cognition, behavior, and the impact of the environment 

greatly contributes to developing and accessing personalized treatments and clinical methodologies 

[34]. Brain plasticity, characterized by rapid and reversible alterations in brain function and structure, 

manifests in learning, memory, and perception. Changes in synaptic plasticity signify learning and 

memory on a cellular level, indicating that neurons have the ability to adjust the strength and 

arrangement of their synapses based on experience [35]. 

Cognitive behavioral therapy (CBT) is one of the empirically supported psychological methods 

for the treatment of a variety of psychological disorders, including depression [36,37]. CBT is a group 

of methods that includes cognitive reconstruction, behavioral change, and social support, with the 

goal of assisting individuals in identifying stress levels and modifying negative cognitive beliefs and 

behaviors, reducing or eliminating symptoms of psychological distress, and resuming normal 

psychological and social functions [38]. Group CBT and individual CBT treatment options have the 

same content. Group CBT uses the group format to encourage peer modelling, practice interpersonal 

and communication skills, provide feedback, use positive reinforcement, and examine social 

comparisons [39]. Numerous studies have been conducted suggesting the efficacy of CBT in 

depressive disorders. A review and meta-analysis of studies [40] found that CBT is an effective 

treatment strategy for depression, and that combining it with medication is much more beneficial 

than pharmacotherapy on its own. Evidence also suggests that patients treated with CBT had a 

reduced relapse rate than those treated with medication alone [41–43]. 

The main aim of this research was to contrast the electrophysiological brain responses of 

children and adolescents diagnosed with depression for the first time, at a state child and adolescent 

psychiatric hospital, with those of their typical peers using Event-Related Potentials (ERPs). 

Specifically, the ERP component investigated was the P300 latency. Subsequently, the group of 

depressed children and adolescents engaged in a remedial program based on Cognitive Behavioral 

Therapy (CBT) intervention or a combination of CBT and psychopharmacological support, as 

recommended by their children and adolescent psychiatrist. Their brain activity was recorded upon 

completion of the program. Additionally, both the depressed group and the control group underwent 

two behavioral assessments. The first assessment involved all participants completing the Greek 

version of the Children Depression Inventory (CDI) [44], while reaction times were measured by 

instructing all participants to press a button on a joystick when the oddball stimuli presented. 

Along the lines of previous studies, the first hypothesis of the current study was that children 

and adolescents with depression would have higher P300 latency, reaction times, and CDI scores 

than the control group. The second hypothesis of the current study was that after conducting the 

remediation program, individuals with depression would have decreased P300 latency, response 

time, and CDI scores than before remediation [45,46]. The current study’s third hypothesis was that 

following administration, participants with depression would have differential P300 latency and 

reaction time according to the remediation program used. 

2. Materials and Methods 

2.1. Participants 

Sixteen right-handed children and adolescents (8 males and 8 females) aged 9 to 15 years old (M 

= 11.94 SD = 2.02) who had been diagnosed with depression by the Athens Children and Adolescent 

Psychiatric Hospital participated in this study. It is important to note that none of the participating 

in the depression group had previously completed any therapeutic program as they received 

assessment and diagnosis for the first time. The control group consisted of sixteen right-handed 

children and adolescents of the same age (mean = 11.74, SD = 3.10) and gender (8 males and 8 females) 

as the depression participants. No one in the control group had any psychopathological difficulties. 
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According to school medical records, no one of the control or depressed children and adolescents’ 

group had learning difficulties, developmental disorders, or significant visual or hearing 

impairments. All volunteers were recruited after reading informative newspaper articles, receiving 

study notifications from the hospital, and attending informative school sessions. Participants with 

depression were diagnosed using standard and typical assessment protocols, such as a clinical 

interview using the Greek version of K-SADS-PL DSM-5 [47] administered by a child and adolescent 

psychiatrist in accordance with DSM-5, as well as their responses to the Greek version of Children 

Depression Inventory (CDI) [44] a widely used and well-studied scale for depressive symptoms in 

children [48,49]. It is worth noting that all participants’ parents/guardians were required to sign the 

consent form allowing their child to participate in the research. Finally, all human data included in 

this manuscript were obtained in compliance with the Helsinki Declaration and the guidelines of the 

Ethics and Deontology Committee of the University of Thessaly. 

2.2. Electrophysiological Assessment 

A paradigm involving auditory oddballs was employed in the study. Participants received 200 

auditory stimuli through headphones while seated comfortably in a reclining armchair with their 

eyes closed. These stimuli consisted of tones at 85 dB intensity and 40 milliseconds duration (with 10 

milliseconds rise and fall times), separated by an interstimulus interval (ISI) of 1500 milliseconds. The 

non-target stimuli had a frequency of 1000 Hz, whereas the target stimuli had a frequency of 2000 

Hz. Participants were instructed to press a button quickly and accurately upon detecting the oddball 

(target) stimulus using their right hand, with their reaction time being recorded [50]. 

Event-related potentials were recorded using a Medronic device. The P300 latency was 

measured from 15 electrode sites based on the 10–20 International System [51] using Ag-AgCl 

electrodes (FP1, FPZ, FP2, F3, Fz, F4, F7, F8, C3, CZ, C4, P3, PZ, P4, OZ). All channels were referenced to 

linked mastoids, and the ground electrode was positioned at the nasion. Electrode impedance was 

maintained below 10 kΩ. Recordings were sampled at 256 Hz with bandpass filters ranging from 0.16 

to 70 Hz. EEG data were segmented into epochs spanning from 200 milliseconds pre-stimulus to 800 

milliseconds post-stimulus. P300 latency was assessed across all derivations for both standard and 

target stimuli. The P300 component, identified as the longest positive peak following the N200 

waveform with a delay of 250-450 milliseconds, was analyzed. Trials were excluded if voltage 

exceeded 70 μV in any of the 15 channels (excluding EOG) or if incorrect responses were given. 

Separate period averaging was conducted for target and non-target stimuli, with baseline correction 

applied to the 200 milliseconds pre-stimulus period. Only children with a minimum of 30 artifact-

free sessions for both non-target and target stimuli were included in the analysis, ensuring 

consistency across participants in the post-remediation program. Recordings were conducted in a 

distraction-free, soundproof room [52–54]. 

2.3. Remediation Program 

All sixteen children diagnosed with depression participated in the four-month remediation 

program (16 sessions), which included two additional sessions held one and three months later. 

Children’s sessions were held once a week for 45 minutes to an hour. The general terms of the CBT 

program include activities in order to inform the child/adolescent about depression, according to 

their cognitive and emotional development, and establish a good therapeutic association. Also, 

activities were included in order to establish the structure and content for the remediation, set an 

agenda and agree upon the goals of the CBT intervention. Additionally, CBT included: (a) Exposure 

techniques and guided discovery; (b) Cognitive restructuring techniques and behavioral 

experiments; (c) Self-talk and a combination of thought interruption and positive imagery; (d) 

Communication skills and scheduling interesting and pleasant events with peers in order to build 

friendship relations; (e) Strengthening problem solving abilities and relaxing techniques. 

Furthermore: Self-help sessions in order to recognize and dealing appropriately with their depression 

symptoms, and also training in reinforcement strategies, including logical rewords for gradually 

facings depressive situations. 
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The CBT program also encompasses family interventions. All parents of depressive children 

formed a group and attended 10 sessions, one day each week, isolated from their children and lasting 

45 minutes to an hour. The parent sessions aimed at dealing appropriately with their own anxiety 

and/or depression, and also included: (a) Strengthening family communication in order to solve 

possible tensions in an intelligible approach; (b) Informative sessions about depression and 

expectations; (c) Role play strategies with examples of their child’s fearful behaviors, including 

cognitive techniques and problem-solving skills. Lastly, parents were instructed in order to form a 

support group. 

It should be noted that 8 children (4 males and 4 females) were only engaged in the CBT 

program, whereas another 8 children (4 male and 4 female) participated in both the CBT program 

and psycho-pharmacological support. The child and adolescent psychiatrist who diagnosed them 

suggested SSRIs. 

3. Statistical Analysis 

The following statistical tests were performed: series of one-way ANOVAs comparing pre-

remediation P300 latency in children and adolescents with depression against control group, post-

remediation P300 latency results in children and adolescents with depression against their average 

peers. Furthermore, non-parametric statistical analysis was used to compare children and adolescent 

P300 latency who participated in the CBT program against those who used CBT in conjunction with 

medication. In addition, effect sizes using Cohen’s d were calculated and reported alongside the 

ANOVA findings. Cohen categorizes effect sizes as small (less than 0.20), medium (0.20–0.50), and 

big (more than 0.50) [55]. Moreover, series of one-way ANOVAs was used to compare the differences 

in reaction time before and after remediation against the control group. Lastly, descriptive statistics 

were conducted to present the results in CDI test in children and adolescents with depression before 

and after remediation in comparison to control group. 

4. Results 

Prior to commencing the remediation program, we performed a series of one-way analyses of 

variance (ANOVAs) to compare the results of children with depression against their typically 

achieving peers. Descriptive statistics have been utilized to analyze mean scores and standard 

deviations of P300 latency (in milliseconds) measured at 15 scalp sites. The same procedure was 

followed for the reaction time measurement. Additionally, Cohen’s d effect sizes were calculated. 

Table 1 presents the mean scores, standard deviations, statistical significance and effect size of P300 

latency from all recorded brain areas. 

Table 1. Mean scores, standard deviations, significance and effect size of P300 latency for children 

and adolescents that participated in the control group and children and adolescents with depression 

pre-remediation. 

Electro/ 

encephalographic sites 

Control group Depression pre-

remediation  

 

 

M SD M SD 

F 

Cohen’s 

d 

FP1 304.28 13.74 377.11 13.64 64.247** 5.32 

FPZ 306.67 13.72 381.20 16.57 58.237** 4.89 

FP2 313.02 8.22 373.95 10.66 58.936** 6.40 

F3 310.41 10.64 365.28 9.98 75.102** 5.32 

FZ 316.24 11.12 372.01 19.41 99.454** 3.55 

F4 320.20 10.31 363.96 14.10 100.391** 3.54 

F7 311.97 10.47 375.57 15.31 86.294** 4.85 
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F8 318.99 9.03 364.65 14.71 48.201** 3.74 

C3 319.50 12.28 351.15 15.23 41.882** 2.29 

CZ 325.58 7.38 346.56 16.01 22.684** 1.68 

C4 328.36 14.25 347.65 17.99 11.316* 1.19 

P3 314.30 15.34 352.15 18.68 21.659** 2.21 

PZ 321.88 12.87 349.90 11.36 20.211** 2.31 

P4 326.06 8.72 346.48 17.67 17.283** 1.46 

OZ 321.36 9.05 336.56 14.44 5.436* 1.26 

Note: * p<0.05 ** p<0.01. 

As shown in Table 1, all children and adolescents diagnosed with depression, presented longer 

latencies in P300 waveform in all topographic brain in comparison to the control group (p<0.05). The 

effect-sizes calculated in the fifteen brain areas were all large ranging from 1.19 to 6.40. 

The reaction time was recorded as the participants with depression and their average peers had 

to push a button in joystick when the oddball stimuli was presented. The reaction time of children 

with depression was at 429.75 ms (SD 43.06 ms) and their average peers presented at 334.54ms (SD 

23.55 ms). The ANOVA revealed that children with depression presented larger latencies in reaction 

time in comparison to children that participated in the control group (p<0.01). In CDI test all children 

and adolescents with depression recorded scores ≥ 22 in comparison to their typical achieving peers 

that scored ≤ 13. 

Next, the analysis focused on children with depression post-remediation and children and 

adolescents that participated in the control group. It is worth to mention that for both groups 

electroencephalographic activity was reassessed following the same ERPs protocol. Table 2 presents 

mean scores and standard deviations of P300 latency (in milliseconds), one-way ANOVA results that 

was performed to compute the statistical significance and effect size. 

Table 2. Mean scores, standard deviations, significance and effect size of children and adolescents 

that participated in the control group, and children and adolescents with depression post-

remediation. 

Electro/ 

encephalographic sites 

Control group Depression post-

remediation   

 

 

M SD M SD 

F 

 

Cohen’s 

d 

FP1 297.47 9.83 295.90 5.38 1.523 0.20 

FPZ 303.14 8.95 300.43 6.62 1.113 0.34 

FP2 307.21 8.22 303.26 6.33 1.417 0.54 

F3 304.21 9.99 308.12 9.51 0.538 0.40 

FZ 307.77 9.66 311.26 7.94 0.424 0.39 

F4 312.76 9.24 313.64 9.12 0.044 0.09 

F7 306.72 11.47 303.80 8.09 1.029 0.29 

F8 314.71 11.65 309.78 8.63 1.942 0.48 

C3 319.41 6.50 317.02 7.31 0.654 0.34 

CZ 322.58 5.93 324.21 6.82 0.262 0.25 

C4 326.28 6.58 326.11 7.53 0.014 0.02 

P3 324.47 6.38 321.61 7.79 2.202 0.40 

PZ 323.18 7.08 323.46 6.17 1.303 0.04 

P4 329.86 7.02 326.28 8.47 1.161 0.46 

OZ 323.48 6.19 325.94 12.82 0.584 0.24 
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Following the application of the remediation program, the same comparisons were performed 

between the two groups. As Table 2 indicates no statistically significant differences were detected in 

the P300 latency in these post remediation comparisons. The evidence suggests that the remediation 

program (CBT and combination of CBT with SSRIs) proved successful in improving the cognitive 

profile of children and adolescents with depression. A careful study of the calculated effect sizes 

reveals that in 12 out of 15 P300 waveforms, the differences between the two groups were small to 

medium, ranging from 0.02 to 0.40. It must be mentioned that only in Fp2, F8 and P4 brain regions 

the effect size was large ranging from 0.48 to 0.54. 

The reaction time of children with depression was recorded at 325.09ms (SD 35.78 ms), and 

children that formed the control group pushed the bottom at the joystick when oddball stimuli was 

presented at 322.01ms (SD 28.22 ms). The ANOVA revealed no statistical difference (p>0.05) of the 

reaction time of both children with depression and the control group. In CDI test all children and 

adolescents with depression had a mean score of ≤ 15, in comparison to their typical achieving peers 

that scored ≤ 13. 

Then the analysis concentrated exclusively on assessing any differentiations of the P300 latencies 

of children and adolescents with depression based on their participation in the remediation program, 

which consisted of either only CBT or both CBT and SSRIs. It should be noted that a Mann-Whitney 

non-parametric statistical analysis was performed, since 8 children and adolescents with depression 

participated in CBT, and 8 children and adolescents received both CBT and SSRIs medicine. The 

results are displayed in Table 3. Table 3 presents the mean scores, standard deviations, and statistical 

significance of the P300 latency of participants with depression based on the Remediation program 

they followed. It should be noted that because a non-parametric method of statistical analysis was 

implemented, the effect size was not computed. 

Table 3. Mean scores, standard deviations and significance between children and adolescents with 

depression that followed CBT and SSRIs and children and adolescents that followed only CBT 

remediation program. 

Electro/ 

encephalographic sites 

Children and adolescents 

that followed CBT and 

medication 

Children and adolescents 

that followed only CBT 

program  

 

M SD M SD 

U 

FP1 291.36 3.07 295.90 5.37 0.071 

FPZ 297.95 6.62 300.43 6.62 0.758 

FP2 301.65 7.55 303.25 6.33 1.000 

F3 308.12 9.51 308.26 14.01 1.000 

FZ 310.40 11.85 311.26 7.94 1.000 

F4 313.64 9.12 314.04 11.05 1.000 

F7 300.10 9.86 303.81 8.09 0.351 

F8 305.69 9.63 309.78 8.63 0.351 

C3 317.02 4.31 318.13 4.83 0.299 

CZ 322.28 4.95 324.21 4.42 0.408 

C4 326.09 4.09 326.11 4.72 1.000 

P3 319.55 4.79 321.61 3.67 0.470 

PZ 320.52 4.17 323.46 3.81 0.114 
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P4 325.64 7.07 326.28 7.44 1.000 

OZ 321.29 5.19 323.50 4.34 0.299 

As shown in Table 3, all children and adolescents with depression that followed CBT 

remediation program presented larger latencies of P300 waveform in comparison to participants that 

followed CBT and medication combined program. However, the analysis found no significant 

difference (p>0.05). Lastly, one-way ANOVA was implemented to measure the reaction time between 

the two groups. Children and adolescents with depression that followed a combined program using 

CBT and medication had a reaction time at 330.72 ms (SD 20.48ms) and children and adolescents that 

underwent only the CBT program reacted at the oddball stimulus at 338.84 ms (SD 22.81ms). These 

results were not statistically significant (p>0.05). 

In summary, the results of the study, taken collectively, suggest positive outcomes for both the 

remediation programs. The implications of this study are discussed in the next section. 

5. Discussion 

The present study was designed in order to evaluate the electrophysiological brain activity of 

children and adolescents with depression utilizing the latency of P300 waveform of ERPs, against 

those of typically developing counterparts. The first hypothesis, which was based on earlier studies 

[eg. 31] compared the P300 latencies and reaction times of children and adolescents with depression 

against those obtained from a control group. The expected longer latencies in the P300 component in 

individuals with depression were verified within the present study. 

The statistically significant (p<0.05) longer latency of P300 waveform that is presented for 

children and adolescents with depression in this and other studies probably explains the cognitive 

deficits that depressed children exhibit. It is suggested that the longer latency of P300 reflects 

cognitive impairments of children and adolescent participants with depression [56]. In a meta-

analytic level, the study of Marchetti et al. [57] found a strong association between depression and 

memory. Moreover, the same study suggested that preferential recall of depressotypic information 

is already present in individuals who are at-risk to develop major depression. Furthermore, cognitive 

disorders such as attention deficit, memory and executive function impairments are commonly 

suggested by studies in depressed individuals [30,32]. Effect sizes that have been found large in this 

study were ranging from 1.19 to 6.40. This result suggests that the differences in P300 latencies 

between the two groups were large and clinically important [55]. Reaction time was found 

statistically significant between children and adolescents with depression and their typically 

developing peers, in the same line of other studies [58,59]. Delays in reaction time can be seen as a 

result of poor attention to and interest in the activity, particularly in depressives, where this theory 

appears to correspond to their clinical picture [60]. Children and adolescents with depression scored 

higher at Children Depression Inventory in comparison to the control group. These results verify our 

first hypothesis. 

The present study’s second hypothesis stemmed from research on brain plasticity and neural 

cortex activation, which demonstrated variations in P300 latencies and reaction times after 

administering CBT and/or SSRIs to children, adolescents, and adults with depression. In the present 

study, children and adolescents with depression presented shorter latencies in the P300 component 

and reaction times after the implementation of the remediation program. There were no statistical 

differences in P300 latency and reaction time (p>0.05) in comparison to their typically developed 

peers. Also, effect size revealed that in 12 out of 15 brain sites P300 waveforms, the differences 

between the two groups were small to medium, ranging from 0.02 to 0.40. This finding suggests small 

variations between the two groups of children and adolescents. Shorter P300 latency and reaction 

time is possibly reflecting better memory and attentional functions, as it is proposed that the ability 

of children and adolescents with depression post remediation to inhibit responses, improves 

sufficiently as they answer with more confidence [61]. According to a number of studies, CBT 

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 27 May 2024                   doi:10.20944/preprints202405.1717.v1

https://doi.org/10.20944/preprints202405.1717.v1


 9 

 

intervention program and family CBT programs are suggested to have significant and clinically 

relevant results in remediation of adult and children depression [36,62–65]. 

The third hypothesis of the present study concentrated only on depressed children according to 

their remediation program. It is worth to keep in mind that children and adolescents with depression 

followed only a CBT remediation program or a combination of CBT and SSRIs. The analysis revealed 

that depressed children that implemented the combined program exhibited better P300 latency and 

better reaction time in comparison to depressed children that were treated only with a CBT program. 

This might reflect that neurotransmitter such as serotonin play an important role in both depression 

and P300 waveform. However, results presented no statistically significant differences (p>0.05). 

Consequently, the third hypothesis of the present study was partly verified. 

SSRIs are a well-established, evidence-based intervention method that can significantly improve 

symptoms and functioning [66]. Sufficient data supports their safety and tolerability in children and 

adolescents, and they have the added benefit of being widely available in most communities. While 

SSRIs are beneficial as a monotherapy, when paired with CBT, they consistently produce the most 

positive benefits for children and adolescents with depression [67]. The American Psychiatric 

Association practice guidelines for the treatment of patients with major depressive disorder suggests 

the combination of CBT with SSRIs [42]. 

The reader should bear in mind various limitations of the current research protocol. Not all ERP 

waveforms mentioned in the literature were used in the present investigation. Only P300 was chosen 

since it is the most typically used when dealing with higher mental ability concerns. Another 

limitation is the small sample size, which may have lowered statistical analysis power. Our study’s 

strength is determined by the vast number of statistically meaningful results presented. Furthermore, 

the researcher tried to find children and adolescents who were drug free and never followed any 

psychotherapeutic protocol, as all participants received the diagnosis of depression for their first 

time. 

Behaviorally the current protocol found that children and adolescents with depression have 

longer latencies than the control group, indicating that they have attentional and memory deficits, 

which may explain their poor academic performance. Research data suggests that increased P300 

latency is associated with attention [68]. and memory deficits [25]. The shorter P300 latency, 

demonstrated in the current research protocol, indicates an improvement in the higher cognitive 

functions. Furthermore, the reduction in reaction times observed in children with depression 

following the remediation program may reflect a change in cognitive behavior, as well as advanced 

organization. These findings can be used to inform the development of intervention programs in 

schools. 

Despite the limitations of the present study, the findings are positive, not only for the assessment 

of children with depression, but also for the scientific community’s continued efforts to develop and 

implement better therapeutic programs for children and adolescents with that kind of diagnosis. The 

current research is based on the outcomes of a remediation program on a rather small sample size, 

and additional research is necessary. Future study efforts could focus on repeating this intervention 

in more participants and implementing more ERPs waveforms, allowing for more accurate 

generalization. Notably, such research will be more important to be longitudinal in nature, 

comprising follow-up assessments of remediated children over extended time periods. 
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