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Abstract: Adolescence is a key period of
development when regulation of emotions and
complex cognitive processing mature
significantly. Importantly, adolescence marks
the peak age of internalizing disorders and
learning problems. It suggests that there are
neurobiological bases common for both types
of conditions that require further clarification.
In this paper, I explore the mechanisms of
neuroplasticity involved in emotion-cognition
interaction problems in adolescents who suffer
from depression, anxiety, and learning
disabilities. Based on the neuroimaging data,
the results of longitudinal behavior research,
and intervention programs, I will develop a
theoretical framework according to which co-
morbidity of emotional and cognitive
problems is based on abnormal neuroplasticity
of prefrontal-limbic neural systems, especially
of the amygdala-prefrontal cortex network
supporting the integration of cognition and
emotion. My analysis highlights three
interrelated aspects: (1) stress-related changes
in synapses of the hippocampus and prefrontal
cortex leading to problems with executive
functions and cognitive flexibility; (2)
hyperactivity of the amygdala and
dysfunctional prefrontal regulatory systems
increasing the interference of emotions into
learning; and (3) malfunctioning reward
system of the striatum decreasing motivation
and engagement in studying. There are
developmental periods at which interventions
can normalize neuroplasticity of the
adolescent brain.
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1. Introduction
Adolescence is an important stage of
neurodevelopmental change marked by synaptic
pruning, myelination, and reorganization of

neural networks responsible for emotional
regulation and cognitive processing. On one hand,
this developmental period allows young
individuals to gain new knowledge and skills; on
the other hand, it is accompanied by a higher risk
of mental disorders and school failure.
Depression and anxiety peak in adolescents;
around 20% of young people throughout the
world suffer from clinically relevant
internalization. At the same time, learning
disorders and poor academic performance prevail
in large percentages of students and often go hand
in hand with emotional issues complicating the
process of diagnosing.
The fact that emotional disorders and learning
problems often coexist in adolescents indicates
that there are common biological underpinnings
for both of them. Adolescents suffering from
depression or anxiety have cognitive problems
with executive functions, working memory and
cognitive flexibility that hinder academic learning.
Likewise, adolescents who have learning
difficulties demonstrate high levels of emotional
distress which may be due to the psychological
impact of learning problems and/or similar
biological risks. Even though there is a
considerable clinical and educational importance
of such comorbidity, the current research on
emotional problems and learning difficulties
treats them as two different topics without proper
connection between affective neuroscience,
cognitive psychology and educational research [1].
This research project tackles the important
theoretical and practical issue of how emotion-
cognition interaction deficits arise during
adolescence due to mechanisms of neuroplasticity.
Our hypothesis is a theoretical framework that
states the link between the co-occurrence of
emotional distress and cognitive dysfunction
because of neuroplasticity dysfunction in two
interconnected brain regions - prefrontal-limbic
regions that are responsible for the integration of
emotions and cognition. It suggests that stress
exposure, genetic predispositions and other
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factors lead to dysfunction in normative
neuroplasticity in these two systems: (1) emotion
regulation and cognitive control associated with
the amygdala and prefrontal regions and (2)
learning and memory associated with
hippocampus and prefrontal regions.
Further sections of the paper are structured as
follows. Section 2 provides the review on
theoretical concepts of the emotion-cognition
interaction and neurobiological basis. Section 3
considers mechanisms of neuroplasticity behind
the comorbidity. Section 4 describes the
developmental pathways and risk factors. Section
5 discusses the proposed theoretical framework
and intervention pathways. Section 6 gives
conclusions on educational and clinical aspects.

2. Results and Discussions

2.1 The Emotion-Cognition Interface in
Adolescence
The interaction between emotions and cognition
has been an important focus of study in the field
of psychology for several decades, and current
neuroscience research suggests that these two
aspects are not distinct from one another, rather
they are highly intertwined with each other at the
neural level as well as at the behavioral level.
Emotions impact attention, memory, decision
making, and cognitive control; on the other hand,
cognition impacts emotions and emotional
regulation as well.

2.2 Prefrontal-Limbic Circuitry and Its
Developmental Trajectory
The circuitry responsible for the interaction of
emotion and cognition contains extensive
bidirectional connectivity among the prefrontal
cortex, amygdala, hippocampus, and striatum.
The prefrontal cortex, specifically the
dorsolateral and ventromedial areas, facilitates
executive function and cognitive regulation. The
amygdala senses emotionally significant stimuli
and regulates the response. The hippocampus
facilitates learning and memory formation. The
striatum is responsible for reward and motivation.
These circuits allow adaptive behaviors. [2]
The development of these circuits during the
adolescent period is very active. While
maturation of the prefrontal cortex occurs
gradually and continues until the third decade of
life in the form of synaptic refinement and
myelination, subcortical regions such as the
amygdala and the striatum mature much sooner,

leading to a period of possible imbalance where
emotional reactivity exceeds regulatory capacity.

2.3 Defining the “Emotion-Cognitive”
Comorbidity
The “emotion-cognition” comorbidity implies
that emotional conditions (depression, anxiety)
and cognitive problems (learning disabilities,
executive dysfunctions) occur together. Emotion-
cognitive comorbidity is of clinical importance
since it is linked to higher symptomatology,
poorer treatment prognosis, and more negative
consequences for functioning. In accordance with
the concept of neuroplasticity, this comorbidity is
explained by the presence of the same
vulnerability factors – namely, the impact of
stress on brain circuits involved in emotion and
cognition regulation.

3. Neuroplasticity Mechanisms Underlying
Emotion-Cognition Interaction Deficits

3.1 Stress-Induced Synaptic Remodeling in the
Hippocampus and Prefrontal Cortex
The effect of emotional distress on cognitive
functioning can be explained through chronic
stress, which constitutes one of the main factors
that affect cognitive processes. Chronic stress
leads to activation of the hypothalamic-pituitary-
adrenal axis, which results in glucocorticoids
being secreted and affecting the synaptic
plasticity in a regional-specific manner.
Specifically, chronic stress decreases dendritic
arborization, neurogenesis, and synaptic
connectivity in the hippocampus [3], making it
unable to participate in processes associated with
learning and memory formation.
In the prefrontal cortex, chronic stress affects the
dendritic morphology and synaptic density,
especially within the medial prefrontal cortex
responsible for cognitive control and working
memory. It should be noted that glucocorticoids
affect synaptic plasticity in various ways, but they
are not the only factor contributing to these
effects of stress.

3.2 Amygdala-Prefrontal Circuit Dysfunction:
Hyperreactivity and Impaired Regulation
The amygdala-prefrontal pathway is a vital
component for emotion and cognition regulation.
Normally, prefrontal areas regulate the responses
of the amygdala to emotionally salient stimuli
through inhibitory control. In depressed and
anxious adolescents, however, there is
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dysfunction within the amygdala-prefrontal
circuitry, which consists of amygdala over-
reactivity to threatening and negative stimuli
alongside diminished prefrontal regulation of
those responses.
Thus, there is a feedforward process whereby
increased activity in the amygdala causes too
much interference by emotions in the process of
learning, which cannot be regulated by the
prefrontal area, and therefore interferes in
cognitions, causing problems in academic
performance. Such functional changes have been
shown to be associated with structural changes in
the amygdala-prefrontal pathways.

3.3 Reward Processing and Motivation: The
Role of Striatal Circuits
Reward processing and motivation play a crucial
role in academic engagement and learning;
however, in depressed and anxious adolescents,
reward processing and motivation are impaired.
The striatum is one of the nodes in the reward
pathway that is responsible for processing both
expected and obtained rewards; it is well supplied
by dopaminergic neurons of the ventral tegmental
area. Striatal development is intense during
adolescence. In depressed and anxious
adolescents, decreased sensitivity to reward in the
striatum has been documented, as well as
increased sensitivity to punishment.
The problem with the reward system can be
considered one of the possible mediators of
comorbidity between emotional disorders and
learning disabilities [4]. Decreased reward
sensitivity leads to the decrease in motivation,
thus affecting academic persistence. In addition,
high anxiety about failures can shift the focus of
attention from learning to threat detection.

4. Developmental Pathways and Risk Factors

4.1 Developmental Windows and Sensitive
Periods
Adolescence contains multiple developmental
phases where certain neural circuitries are very
plastic and sensitive to environmental
experiences. Adolescents can be helped during
these developmental phases but they are also
vulnerable during these periods. Early
adolescence (between ages 10 and 14 years) is a
phase where puberty is at its height and there is
massive synaptic pruning. It is a phase where
there is great uncertainty in both emotional and
cognitive development.

4.2 Genetic Vulnerabilities and Epigenetic
Modifications
Individual variations in the vulnerability to
emotions-cognition disorders can be explained by
genetic factors. Genetic variability of genes
involved in the regulation of the stress response,
neurotransmitter metabolism, and neuroplasticity
could influence the probability of development of
emotional disorders as well as the impact of these
disorders on cognition. Modifications in gene
expression as a result of environmental factors is
one more way of experience-neuroplasticity
connection.

4.3 Environmental Adversity and Psychosocial
Stress
Environmental influences, including family
conflict, socio-economic hardship, and trauma,
have a significant impact on neurodevelopment.
Stress hormone imbalance, neuroinflammation,
and gene regulation are the means by which
environmental hardship impacts
neurodevelopment [5]. Additionally, chronic stress
during the teenage years may affect the normal
plasticity of the brain, especially in stress-
susceptible brain areas.

5. Integrative Framework and Intervention
Pathways

5.1 Early Identification and Targeted
Screening
Proper treatment for adolescents’ emotion-
cognitive comorbidity necessitates the
identification of individuals at risk prior to the
manifestation of symptoms in such a way that
these can be easily identified and treated in order
to avoid the formation of symptoms which cannot
be effectively addressed. This is emphasized in
the neuroplasticity framework wherein the
adolescent brain is highly malleable, hence,
making it possible to redirect the course of
development when early identification of at-risk
children is done.
Screening programs should consider not only the
academic factors but also the socio-emotional
factors. Academic factors such as poor grades,
teacher ratings on inattention, and test results
indicate the presence of cognitive problems, and
these might either precede or coexist with the
existence of emotional problems in the life of the
individual. Moreover, socio-emotional factors
like self-ratings on depressive symptoms, teacher
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ratings on social withdrawal and irritability [6],
and parental ratings on anxiety serve as indicators
of emotional problem. It is vital to include both
factors because emotion-cognitive comorbidity
involves reciprocal interaction where academic
problems lead to emotional problems and vice
versa.

5.2 Neuroplasticity-Informed Interventions
Interventions in adolescents experiencing the
comorbidity of emotion and cognition disorders
must be based on the mechanisms of
neuroplasticity described above. That is,
interventions in such adolescents are not simply
therapeutic actions, but also the way in which
certain changes take place in the brain structure
responsible for emotion and cognition regulation
and learning.
In particular, cognitive-behavioral therapy aimed
at both emotion regulation and cognitive
flexibility was found to be efficient in adolescents
suffering from depression and anxiety disorders.
In the framework of such an intervention,
adolescents are taught how to recognize their
thoughts about themselves or the world around
them, reframe these thoughts, and engage in
behaviors. Recently, the cognitive component of
such an intervention has been expanded to include
cognitive remediation targeting executive
function impairment. Interventions in adolescents
with comorbid learning disabilities can be very
helpful in addressing their cognitive biases and
attentional distraction.
Finally, educational interventions providing
scaffolding and eliminating emotional
interference in the learning process can also be
highly effective. In particular, in adolescents
whose learning disabilities are complicated by
anxiety, approaches involving low levels of
pressure (including low-stake training) may
prove superior to those emphasizing high-stake
performance.
In addition, the use of pharmacotherapy that
targets the stress response pathways as well as the
neurotransmitter system might be useful in
promoting neural plasticity. SSRIs, which are the
most common drugs used in treating adolescent
depression and anxiety, affect serotonin signaling
in such a way that it promotes neuroplasticity [7].
There is an emerging type of intervention that
specifically targets neuroplasticity processes.
One such intervention includes cognitive training
aimed at improving working memory and
executive functions. Another intervention

includes the use of non-invasive brain stimulation
techniques such as rTMS and tDCS.

5.3 Multimodal Approaches and
Comprehensive Support
Due to the complexity of the issue of emotion-
cognitive comorbidity, it is possible that
interventions that employ several different
approaches at once will yield the best results.
Interventions conducted in schools, where
educational assistance and emotional assistance
can be provided simultaneously, can serve as
appropriate interventions for the benefit of
affected adolescents.

6. Conclusion
In this study, we have investigated the
neuroplasticity mechanisms that lead to emotion-
cognition interaction deficits in adolescents,
suggesting that the combination of depression,
anxiety, and poor learning is related to abnormal
neuroplasticity in prefrontal-limbic and striatal
circuits.
We were able to identify three different pathways
where emotional disturbances negatively impact
cognitive processes: remodeling of synapses
under the influence of stress in the hippocampus
and prefrontal cortex, problems in amygdala-
prefrontal circuitry, and disruption of reward
processing.
Understanding the development process of these
circuits in adolescents opens many windows of
vulnerability as well as opportunities for
intervention. Early detection and plasticity-based
treatment are necessary in dealing with
adolescents with these comorbidities. Further
research should be done on the developmental
paths of these neural networks and the effect of
certain environmental influences on them.
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